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RESUMO

A Bacia de Barreirinhas ocupa a porcao costeira e da plataforma continental na
margem equatorial brasileira do estado do Maranhao, e possui um bom registro
féssil de ostracodes marinhos, que até o momento nao foram estudados. Os
estudos de ostracodes, de maneira geral, contribuem para a melhor
compreensao da evolucao paleoambiental e discussdes bioestratigraficas na
regidao. Esse trabalho tem como objetivo apresentar os resultados do estudo
realizado a partir dos ostracodes recuperados dos pocos 1-MAS-1, 1-MAS-3A,
1-MAS-4A e 1-MAS-14 da Bacia de Barreirinhas. Foram preparadas e
analisadas 147 amostras, resultando na recuperacao de 495 espécimes,
identificados em 40 espécies, 16 géneros e nove familias. Foram identificados
os géneros Cytherella Jones, 1849, Bairdoppilata Coryell, Sample & Jennings,
1935, Argilloecia Sars, 1866, Paracypris Sars, 1866, Cythereis Jones, 1849,
Ovocytheridea Grekoff, 1951, Sapucariella Puckett, 2016, Dumontina Deroo,
1966, Potiguarella Piovesan, Cabral & Colin, 2014, Sergipella Kroemmelbein,
1967, Krithe Brady, Crosskey & Robertson, 1874, Nigeroloxoconcha Reyment,
1960, Conchoecia? Dana, 1849, e Protocosta Bertels, 1969, além de dois taxa
indeterminados. Com base na fauna encontrada, foi possivel definir trés
paleoambientes distintos: Marinho 1, Marinho 2A e Marinho 2B, tendo sido
atribuido um ambiente neritico interno a médio para o Marinho 1, neritico médio
a externo para o Marinho 2A, e neritico externo para o Marinho 2B. Baseando-
se em biozonas de ostracodes previamente estabelecidas para a Bacia de
Sergipe, foi possivel identificar as biozonas Nigeroloxoconcha aff.
Nigeroloxoconcha sp. GA A 22 Range Zone, do Cenomaniano inferior; e a
Brachycythere sapucariensis Interval Zone, que se estende do Turoniano ao

Coniaciano médio.



ABSTRACT

The Barreirinhas Basin occupies the coastal and continental platform portion of
the Brazilian equatorial margin of the Maranhdo state, and contains a good
marine ostracod fossil record, that haven’t so far been studied. The study of
ostracods, in general, can contribute towards the better comprehension of the
paleoenvironmental evolution and biostratigraphic discussions of the area. This
work presents the result of the study made with ostracodes recovered from the
wells 1-MAS-1, 1-MAS-3A, 1-MAS-4A and 1-MAS-14 of the Barreirinhas Basin,
with the aim of expanding the knowledge about cretaceous ostracods of the
Barreirinha Basin and, consequently, of the Brazilian equatorial margin. 147
samples were prepared and analysed, resulting in the recovery of 495
specimens, distributed between 40 species, 16 genera and nine families. The
following genera were identified: Cytherella Jones, 1849, Bairdoppilata Coryell,
Sample & Jennings, 1935, Argilloecia Sars, 1866, Paracypris Sars, 1866,
Cythereis Jones, 1849, Ovocytheridea Grekoff, 1951, Sapucariella Puckett,
2016, Dumontina Deroo, 1966, Potiguarella Piovesan, Cabral & Colin, 2014,
Sergipella Kroemmelbein, 1967, Krithe Brady, Crosskey & Robertson, 1874,
Nigeroloxoconcha Reyment, 1960, Conchoecia? Dana, 1849, and Protocosta
Bertels, 1969, as well as two unidentified genera belonging to unknown families.
Based on the fauna found, three distinct paleoenvironments were defined:
Marine 1, Marine 2A and Marine 2B, with an inner to outer neritic environment
being attributed to Marine 1, a middle to outer neritic environment to Marine 2A,
and an outer neritic one to Marine 2B. . Based on previously stablished
biozones for the Sergipe basin, two biozones were identified: the
Nigeroloxoconcha aff. Nigeroloxoconcha sp. GA A 22 Range Zone, of lower
Cenomanian age; and the Brachycythere sapucariensis Interval Zone, of
Turonian to middle Coniacian age.
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1. INTRODUCAO

Ostracodes sdao micro-crustaceos com carapacgas quitino-calciticas que
habitam praticamente todos os tipos de ambientes, sendo primariamente
encontrados em meios aquaticos. Seu amplo registro féssil e boa capacidade
de adaptacdo fazem com que eles sejam muito utilizados em estudos
paleoambientais. Devido ao seu provincialismo e distribuicdo geografica
geralmente restrita, ostracodes marinhos sdo algumas vezes utilizados para
correlacées regionais. O grupo tem também contribuido em refinamentos
bioestratigraficos e paleoambientais em ambientes de mares rasos e proximais
(Moore & Pitrat, 1961; Morkhoven, 1963; Viviers et al, 2000; Coimbra & Bergue,
2011).

A Bacia de Barreirinhas, a area de estudo, esta localizada na Margem
Equatorial Brasileira, estado do Maranhdo. Sua origem e evolucao estado
associadas com a separacdao dos continentes Africano e Sul Americano,
conforme discutido por diversos autores (ex., Pamplona, 1969; Azevedo, 1986;
Soares Jr., 2002; Trosdtorf et al., 2007). Apesar da busca por reservatérios de
hidrocarbonetos ter sido abandonada quando os resultados iniciais se
mostraram insatisfatérios nas décadas de 60 a 80, recentemente houve
renovado interesse na bacia, com a perfuracdo de trés pocos em aguas
profundas desde 2009 (Trosdtorf et al., 2007; Ferreira, 2013).

Os estudos micropaleontol6gicos existentes até o momento para a Bacia
de Barreirinhas foram focados principalmente em foraminiferos (Regali et al.,
1985; Silva, 2011), radiolarios (Souza, 2006), e palinomorfos (Regali et al.,
1985). Apesar da existéncia de estudos em ostracodes para a bacia vizinha, a
Bacia Para-Maranhao (ex., Piovesan 2008; Piovesan et al., 2009), ndo ha
equivalentes para a Bacia de Barreirinhas, sendo ausentes até mesmo
trabalhos de taxonomia. Portanto, o presente trabalho pretender expandir os
conhecimentos dos ostracodes para a Bacia de Barreirinhas, ser uma base
para inferéncias paleoecolégicas e bioestratigraficas, e contribuir para a melhor
compreensao da evolucdo da Margem Equatorial Brasileira.



Este trabalho estd divido em duas partes. A primeira contém a base
tedrica utilizada no desenvolvimento do estudo, enquanto a segunda consiste
no artigo cientifico intitulado “Cretaceous ostracods of the Barreirinhas Basin:
taxonomy, biostratigraphic considerations and paleoenvironmental inferences”,

que contém o desenvolvimento, resultados e discussdes do trabalho.
2. OBJETIVOS

O presente trabalho possui como objetivo geral a realizacao de estudos
taxonémicos, bioestratigraficos e paleoecolégicos de ostracodes para o
Cretaceo da Bacia de Barreirinhas.

Como objetivos especificos, possui 0s seguintes propositos:

» Identificar taxonomicamente os espécimes de ostracodes recuperados
das amostras provenientes de quatro pocos da Bacia de Barreirinhas,
nordeste do Brasil;

* Realizar inferéncias paleoecoldgicas para a bacia a partir dos géneros e
espécies identificados;

* Realizar inferéncias bioestratigraficas para a bacia a partir dos eventos
de ostracodes previamente estabelecidos para a margem continental
brasileira.

3. AREA DE TRABALHO
3.1. Generalidades

Segundo Feij6 (1994), a Bacia de Barreirinhas ocupa a por¢céao costeira e
de plataforma continental do Estado do Maranhdo, pertencendo a margem
equatorial brasileira (Figura 1). De acordo com Pamplona (1969), essa bacia foi
citada pela primeira vez em 1959 pela Petrobras, quando estudos de
gravimetria na regido demonstraram anomalias indicativas de um pacote
sedimentar alongado de orientacdo Leste-Oeste. Entre as décadas de 1960 e
1980, os estudos no local se focaram na por¢cdo emersa da bacia, devido ao
potencial acimulo de hidrocarbonetos (Queiroz, 1965). O reconhecimento de

sua extensao submarina ocorreu posteriormente através de estudos de sismica



de reflexdao (Rezende & Araujo, 1970). Os primeiros furos para a secao
marinha da bacia iniciaram em 1968 pela Petrobras, primeiro em aguas rasas
(em torno de 50 m) e, posteriormente, em lamina d’dgua de até 200 metros
(Amaral et al., 1972).

De acordo com Trosdtorf Junior et al. (2007), a bacia é limitada entre os
meridianos de 44° e 42° W e pelos paralelos de 0° a 3° S, possuindo um total
de 46.000 km? de area, sendo 8.000 km? emersos, e sua cota batimétrica se
estende até os 3.000 m. Seus limites, de acordo com os autores, sdo o Alto de
Tutdia a leste, 0 embasamento raso a sul e a plataforma de llha de Santana a
oeste. Seu limite noroeste é arbitrario, ndo existindo nenhuma feicdo geoldgica
que a separe da Bacia Para-Maranhao.
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Figura 1: Localizag@o da Bacia de Barreirinhas. As linhas pretas indicam os limites da bacia.

A Bacia de Barreirinhas é considerada um classico exemplo de bacia
transtensional rémbica. Sua tafrogenia cretacea iniciou e terminou tardiamente
em relacdo a outras bacias da margem continental, permitindo com que ela
tivesse um preenchimento de ambiente marinho durante o Albiano. (Trosdtorf
Junior et al., 2007).



3.2. Divisao Estratigrafica

De acordo com Feij6 (1994) e Trosdtorf Junior et al. (2007), a Bacia de
Barreirinhas esta dividida em trés grupos (Figura 2):

Grupo Canarias: Interpretado como leques deltdicos de ambiente
marinho, de idade eo/mesoalbiana, com sua datacao baseada em foraminiferos
planctonicos e palinormofos (Regali et al, 1985). Pamplona et al. (1972)
inferem uma idade albo-aptiana para o grupo. Litologicamente, esse grupo €&
composto por rochas de origem siliciclastica, incluindo arenito litico imaturo,
cinza-claro, fino e grosso, siltito cinza a castanho-avermelhado, e folhelho
cinza-médio a esverdeado. Dentro deste grupo, existem as seguintes

formacoes:

e Formacdo Arpoador. Unidade basal do Grupo Canarias, assentada
sobre o0s depoésitos sedimentares pré-cretdaceos e rochas do
embasamento. Caracterizada na base por conglomerados, seguidos por
uma sequéncia de folhelhos cinza-escuros e pretos;

 Formacdo Bom Gosto: Interpretada como depositada por correntes de
turbidez por Pamplona (1969). Essa formacao € caracterizada por
arenitos brancos a cinza-claros, médios a grossos, conglomeraticos e
imaturos, intercalados com espessas secbes de folhelhos, de idade
albiana;

e Formacdo Tutdia: Essa formacao esta relacionada as areas
relativamente baixas da bacia. Ela é caracterizada por uma secao
macica de folhelhos cinza-escuros a pretos, com a ocorréncia
esporadica de niveis de arenitos brancos finos e argilosos;

e Formacado Barro Duro: Caracterizada por sua heterogeneidade textural
dos arenitos finos, grosseiros e conglomeraticos que se intercalam,
sendo esses arenitos os depodsitos sedimentares predominantes.
Pamplona (1969) divide a formagdo entre os membros Caeté
(intercalacbes e interlaminacdes de folhelhos nos arenitos finos) e
Sobradinho (pacotes espessos de arenitos). Queiroz (1965) classifica
seus sedimentos como sendo parte dos depoésitos sedimentares mais
rasos da bacia. Essa formacdo representa o fim da sedimentacao

4



terrigena da bacia, se iniciando apo6s a influéncia marinha com a

sedimentacao carbonética.

Grupo Caju: Formalizado por Pamplona (1969), esse grupo foi
depositado em ambiente de agua rasa de plataforma superior a média, datado
a partir de foraminiferos plancténicos (Beurlen, 1982) e palinormofos (Regali et
al., 1985). Este grupo é composto por rochas de origem marinha, com
calcarenitos, calcilutitos e folhelhos subordinados. Inclui as seguintes

formacgdes:

» Formacao Preguicas: Caracterizada por intercalacées de gradacdes de
camadas de calcilutitos, margas e folhelhos. Seu contato superior com a
Formacdo Bonfim é gradacional, assim como seu contato inferior
sobreposto a Formacéao Barro Duro;

 Formacdo Bonfim: Originalmente incluida na Formacado Barreirinhas
nomeada por Mesner & Woldridge (1964 a, b) para designar a secao
carbonatica da bacia, Pamplona (1969) propds a formalizagdo do nome
Formacao Bonfim, devido ao fato de que o termo anterior j4 era usado
na nomenclatura estratigrafica da Bacia Amazénica. Ela é caracterizada
pela predominancia de sedimentacao terrigena sobre a quimica, com
gradacodes de calcarenitos e calcilutitos, margas, e arenitos. Pamplona et
al. (1972) relaciona a formacédo a uma grande transgressdao marinha na
bacia neste periodo;

 Formacido Peria: Caracterizada principalmente por folhelhos cinzentos
com calcarenitos. As datacdes biostratigraficas disponiveis para esta
secdao apontam uma idade neoalbiana (Regali et al., 1985). Queiroz
(1965) e Feij6 (1994) associam esses depodsitos sedimentares a um

ambiente marinho raso.

Grupo Humberto de Campos: Formalizado por Pamplona (1969), seus
depositos sedimentares foram depositados em um ambiente marinho profundo,
batial e abissal. Esse grupo € composto por rochas de origem marinha, como
carbonatos de alta energia, folhelhos escuros, clasticos grossos e arenitos

finos. Inclui as seguintes formacgdes:
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Figura 2: Carta estratigrafica da Bacia de Barreirinhas. Reitrado de Trosdtorf Junior et al. (2007).



* Formacéo Areinhas: Formacao que representa a seg¢ao basal do grupo,
em contato discordante com a Formagao Bonfim (Figueiredo et al., 1982
apud Feijo, 1994). E constituida por pacotes macicos de arenitos finos e
intercalagdes de folhelhos, siltitos e calcilutitos. Pamplona (1969),
baseando-se em estudos de palinomorfos, atribui uma idade turoniana-
santoniana para esta formacéo;

» Formacéao llha de Santana: Caracterizada por intercalacdes de folhelhos,
margas, calcarenitos e calcilutitos, depositados nos flancos Leste e
Oeste da bacia. Pamplona (1969) atribui uma idade Turoniano-
Santoniano a essa formagdo com base em estudos de palinomorfos,
enquanto Figueiredo et al. (1982 apud Feij6, 1994) mostram uma
distribuicdo do Turoniano ao Mioceno;

e Formacdo Travosas: Definida por Figueiredo et al. (1982 apud Feijo,
1994), que identificaram folhelhos escuros e arenitos finos intercalados e
lateralmente situados aos carbonatos da Formacdo Ilha Santana, e
atribuem seu ambiente deposicional a ambientes marinhos profundos
batiais e abissais. Regali et al. (1985) dataram essa formacdo como
sendo de idade Turoniano-Oligoceno com base em estudos de

palinomorfos.

Além dos trés grupos previamente descritos, Trosdtorf Junior et al. (2007)
também cita o Grupo Canindé, de idade devoniana, constituido pelas
formacoes Itaim, Pimenteiras e Cabecas. Sua significativa espessura sismica
indica a possibilidade de rochas mais novas ou velhas do que o Devoniano,
podendo ser correlacionadas ao preenchimento sedimentar da Bacia do

Parnaiba.
4. MATERIAS E METODOS
4.1. Material

Neste estudo, foram analisadas 147 amostras de calha, provenientes
dos pogos 1-MAS-1, 1-MAS-3A, 1-MAS-4A e 1-MAS-14A da Bacia de
Barreirinhas (Figura 3). As amostras foram cedidas pelo Instituto Tecnolégico



de Micropaleontologia (itt Fossil) da Universidade do Vale do Rio dos Sinos
(UNISINOS), e pertencem aos grupos Caju e Humberto de Campos.

Os pocos possuem litologia composta predominantemente por
carbonatos, calcilutitos, e pelitos, com ocorréncias secundarias de arenitos,
margas, e siltitos. Os intervalos analisados consistem em aproximadamente
594 m para o po¢o 1-MAS-1, 510 m para o poco 1-MAS-3A, 375 m para 0 poco
1-MAS-4A, e 738 m para o po¢o 1-MAS-14

4.2. Métodos
4.2.1. Amostras

As amostras foram preparadas no Instituto Tecnoldgico de
Micropaleontologia da UNISINOS (itt Fossil). O método consistiu em: (a)
pesagem das amostras (utilizando-se em média 60 g por amostra); (b)
desagregacao mecanica das amostras; (c) adicdo de 200 ml de peréxido de
hidrogénio (H202 a 10%) sobre as amostras por um periodo de 24 horas; (d)
lavagem em agua corrente através de peneira de malha 45 um; (e) repeticao
do passo "c", por um periodo de 2 horas e em banho de areia a 60 °C; (f)
lavagem em agua corrente através de peneiras de malha 180 e 250 um; (g)
secagem em estufa a 60 °C; (h) triagem e agrupamento de morfotipos de

ostracodes com a utilizagdo de um estereomicroscédpio com aumento de 10x.

4.2.2. Classificacao taxonémica e inferéncias paleoambientais e
bioestratigraficas

A classificagcdo taxondmica foi realizada a partir da identificacdo de
diferentes morfotipos. O espécime representativo de cada grupo identificado foi
imageado em Microscépio Eletronico de Varredura, no itt Fossil. A classificacdo
dos ostracodes foi realizada baseanda em literatura especializada (ex., Moore
& Pitrat, 1961; Morkhoven, 1963; Delicio, 1994; Delicio et al., 2000; Viviers et
al., 2000; Fauth et al., 2005; Piovesan et al., 2015).

As inferéncias bioestratigraficas foram baseadas na proposta pioneira de
Viviers et al. (2000), utilizando-se de literatura complementar para as

amplitudes das espécies de ostracodes quando necessario.
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Figura 3: Perfil litologico dos pogos estudados e a localizagdo dos pogos na Bacia de Barreirinhas (circulos

vermelhos).




As inferéncias paleoambientais foram realizadas através da identificagao
e delimitacdo de associacbes de ostracodes, e a consulta a bibliografia
relevante para a identificacdo dos ambientes preferenciais dos géneros e
espécies encontrados (ex., Delicio et al., 2000; Viviers et al., 2000; Fauth &
Koutsoukos, 2002; Fauth et al., 2005; Piovesan, 2008; Piovesan et al., 2009,
Santos Filho et al., 2015; Piovesan et al., 2015).

A organizacao dos dados e calculo da razao carapaca/valva, utilizada no
desenvolvimento das inferéncias paleoambientais, foram feitas nos softwares

Microsoft Excel® and Stratabugs®.
5. OSTRACODES
5.1. Generalidades

Ostracodes sao crustaceos com carapacgas quitino-calciticas que
habitam &aguas marinhas, mixohalinas e doces, sendo alguns adaptados
também a vida semi-terrestre, habitando o humus de florestas. Seu habito pode
ser bentdnico, planctdnico ou necto-bentdnico, sendo os planctbnicos mais
raros e encontrados preferencialmente em ambientes marinhos. Possuem
tamanho diminuto, tendo normalmente entre 0,4 a 1,5 mm, mas podendo
chegar até 30 mm. A caracteristica marcante do grupo é a sua carapaca
bivalve, que pode ser lisa ou altamente ornamentada, e sem linhas de
crescimento, uma vez que as valvas sdao descartadas a cada estagio
ontogenético. Em ostracodes recentes, a classificagdo de diferentes taxons é
baseada principalmente na estrutura dos apéndices, como os dois pares de
antenas e o primeiro e segundo par de patas toraxicas. Para os taxons fosseis,
a classificacdo é baseada na morfologia da carapaca. Seu registro fossil é
abundante, e pode ser encontrado desde o periodo Ordoviciano até o Holoceno
(Moore & Pitrat, 1961; Morkhoven, 1962; Horne et al., 2002).

Os ostracodes sao amplamente referenciados como indicadores
paleoambientais, utilizando-se metodologias de comparacao atualistica,
morfologia adaptativa da carapaca e estrutura populacional. Varios fatores
devem ser considerados quando se propdée um modelo paleoambiental, sendo
0s mais comuns a possibilidade de as carapacas terem sofrido transporte, a
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estrutura populacional da associacao, e as preferéncias ecoldgicas dos taxons
identificados. A rigor, ndo existem caracteristicas morfologicas exclusivas de
espécies marinhas, mixohalinas e de agua doce, embora possa-se distinguir
algumas tendéncias. Em ambientes lacustres, os ostracodes tendem possuir
carapacas lisas, pouco calcificadas, e charneira adonte, enquanto os marinhos
normalmente apresentam carapacas fortemente calcificadas e ornamentadas,
com charneiras robustas (Moore & Pitrat, 1961; Morkhoven, 1963; Armstrong &
Brasier, 2005, Coimbra & Bergue, 2011).

5.2. Morfologia

O corpo dos ostracodes é dividido nas regides cefalica e toraxica ou
tronco (Figura 4). O numero de apéndices varia entre cinco a sete pares, de
acordo com a espécie, com a espécie Manawa staceyi sendo notavel por ser a
Unica a apresentar oito pares de apéndices. Os apéndices cefalicos
desemprenham funcbes sensoriais, locomotoras e alimentares, enquanto os
toraxicos possuem funcdo principalmente locomotora (Coimbra & Bergue,
2011). Em sua regido posterior, ha um par de estruturas denominadas de furca,
que podem desempenhar diversas funcdées, como locomocéo, alimentacédo ou

escavacao, dependendo do grupo considerado (Meisch, 2007).

Valva direita (interna)
com apéndices

e ™
k|
)

apéndice

s,

j \
Mandibula L Quinto = %\ Seecies —\\
Antenna Maxillula apéndice apéndice :

e

Figura 4: Vista interna da valva direita de um ostracodes, com os apéndices destacados. Retirado de Horne (2005).
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Ostracodes sao onivoros; os planctonicos alimentam-se principalmente
de diatomaceas e particulas orgéanicas, enquanto os bentdnicos sdo, em
grande parte, detritivoros ou, em alguns casos, filtradores (Coimbra & Bergue,
2011).

A carapaca de um ostracode pode ser transparente, transllicida ou
opaca. Seu formato é variavel, sendo comum contornos sub-ovalados, sub-
circulares ou sub-retangulares, mas podendo apresentar diversas outras
formas (Figura 5). A carapaca é composta por duas valvas, sendo que,
geralmente, a valva esquerda se apresenta maior do que a direita, com raras
excecdes (como por exemplo, o género Cytherella). Cada valva é composta por
uma lamela externa e uma lamela interna, sendo que esta ultima sé se
apresenta calcificada em sua margem periférica, que recebe o nome de
"duplicatura” (Figura 10) (Morkhoven, 1962, Martens & Horne, 2009).

Subretangular

Subcircular

Subtriangular

Subtrapezoidal

Figura 5: Alguns dos possiveis contornos da carapaga de um ostracode (A: Nigeroloxoconcha itanhaensis Nicoladis &
Piovesan, 2013; B: Cytherella gabonenses Neufville, 1973; C: Sapucariella sp. 1, este trabalho; D: Bairdoppilata
barreirinhensis sp. nov. Santos Filho, Fauth & Piovesan, este trabalho)

O crescimento dos ostracodes se da através de mudas, onde uma nova
carapaca € secretada e a antiga é inteiramente descartada no ambiente, sem

que haja a reutilizacdo de seu carbonato. No geral, o nimero de estagios
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ontogenéticos é igual a oito. A cada estagio, o volume do corpo e o nimero de
apéndices do animal aumenta. A distincdo entre juvenis e adultos se da tanto
pelo tamanho quanto pela ornamentacdao da carapaca, sendo as dos juvenis
menores, menos calcificadas, e com ornamentagdo menos desenvolvida
(Moore & Pitrat, 1961; Horne et al., 2002).

Ostracodes podem apresentar dimorfismo sexual. Machos podem ser
maiores ou menores que as fémeas; geralmente, as carapagas dos machos
sao mais baixas e compridas, enquanto as fémeas sdao mais altas e largas,
principalmente em sua regiao posterior (Figura 6) (Morkhoven, 1963; Ozawa,
2013).

Figura 6: Exemplo de dimorfismo sexual na espécie Potiguarella maranhensis sp. nov. Santos Filho, Fauth &
Piovesan, descrita neste trabalho. As setas apontam para a regiao anterior dos ostracodes. A escala equivale a 100
pm.

Um dos elementos mais importantes para a classificacao taxonémica de
ostracodes & a charneira (Figura 7), regido onde as valvas se articulam.
Algumas poucas espécies, como as do género Cytherella, ndo possuem
charneira, havendo apenas um simples encaixe entre as valvas. Nas demais,
essa estrutura € composta por diferentes arranjos de elementos denominados
dentes, alvéolos, barras e caneluras, que sao caracteristicos de determinados
géneros e variam ao longo do desenvolvimento ontogenético (Moore & Pitrat,
1961, Armstrong & Brasier, 2005).
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De acordo com Coimbra & Bergue (2011), podem ser identificados trés

tipos basicos de charneira:

» Adonte: O tipo mais simples. Composta por uma barra que se encaixa em
uma canelura na valva oposta;

» Merodonte: Nesse tipo, cada valva possui trés elementos: anterior, mediano
e posterior. Usualmente, os elementos anteriores e posteriores sdo dentes
gue se encaixam em alvéolos na valva oposta, e os elementos medianos
sao barras e caneluras.

« Anfidonte: E o tipo mais elaborado, formado por quatro ou mais elementos

em cada valva, com dentes e alvéolos em ambas.

adonte merodonte anfidonte

41

=

A B C

Figura 7: Tipos basicos de charneiras. A: Adonte (espécie figurada: Chlyamydotheca sp.), 1. Canelura; B: Merodonte
(espécie figurada: Saida ionia Ciampo, 1986), 1 e 3: Alvéolos, 2. Barra; C: Anfidonte (espécie figurada: Kunihirella sp.),
1 e 4. Dentes, 2. Alvéolo, 3. Canelura. Retirado de Coimbra & Bergue (2011).

As charneiras do tipo merodonte e anfidonte sdo ainda subdivididas em
diversos subtipos, dependendo da distribuicdo e morfologia de seus elementos
(Figura 8). Coimbra & Berge (2011) dividem as charneiras merodontes entre
ser divididas entre lofodonte, onde todos os elementos se encontram lisos, e
entomodonte, onde os elementos terminais sdo crenulados e a barra pode ser
lisa ou crenulada. Moore & Pitrat (1961) dividem as merodontes entre quatro
tipos: paleomerodonte, composta por uma barra lisa e projecdes cardinais

crenuladas; holomerodonte, com uma barra crenulada e cuspides terminais;
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antimerodonte, com projecées cardinais e canelura crenulados; e

holoamfidonte, similar a antimerodonte mas com elementos medianos lisos.

As charneiras anfidontes possuem uma grande diversidade de divisoes.
Morkhoven (1962) as divide em: arquidonte, uma forma transicional entre
charneiras merodontes e anfidontes; lobodontes, onde ha uma pronunciada
subdivisdo do elemento mediano, com a barra e os dentes podendo ser
crenulados; heterodontes, com um Unico dente anterior, uma barra que pode
ser lisa ou crenulada, e a presenca de um dente e alvéolo na regido posterior; e

esquizodonte, uma variacdo de charneiras anfidontes.

Charneira merodonte A HrN

ru TR
R i B ===t ) \
“ qj// _'J 4~ h
a. Lofodonte b. Lobodonte
g i e
/ J\ J \\ " T e ]
| £ - = ||| 4 — B\
J' | - 4
b. Entomodonte c. Heterodonte
'
¥ -J. Y Charneira anfidonte “ ‘{
(.:. \ P T N { 'E‘L e
| / " \\\\\\ | | v S ST
| : 4 N | | 74 —‘\\
{ .
a. Arqﬁid&-mte d. Esquizodonte

Figura 8: Diferentes subdivisdes das charneiras merodonte e anfidonte. Retirado de Morkhoven (1962).

Segundo Moore & Pitrat (1961), Morkhoven (1962), Horne et al. (2002),
Horne (2005), e Coimbra & Bergue (2011), outro elemento importante para a
classificacdo de ostracodes sdo as cicatrizes musculares impressas na

superficie interna da carapaca (Figura 9, 11). Sdo divididas entre:

» Cicatrizes centrais ou adutoras, situadas na regiao anterior das valvas, que
sdo a impressao dos musculos adutores que o ostracodes utilizam para
fechar e abrir suas valvas e sao consideradas como as mais importantes

para propdésitos de classificacao;
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» Cicatrizes dorsais, situadas na regido anterodorsal das valvas, que marcam

os pontos de conexdao dos musculos das antenas,

exoesqueleto.

mandibulas e

Existem ainda as cicatrizes geradas pelas partes quitinosas das

mandibulas e as geradas pela impressao dos 6rgaos internos do ostracodes,

que sao de menor valor taxondmico.

As cicatrizes centrais sdao as mais notaveis, vendo que o numero e

arranjo das cicatrizes individuais diferem consideravelmente entre subordens,

familias, subfamilias e, em alguns casos, até géneros.
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Figura 9: Cicatrizes musculares das diferentes superfamilias de ostracodes. Os ostracodes estao fora de escala.

Retirado de Horne et al. (2002).

A carapaca dos ostracodes pode se apresentar completamente lisa ou

fortemente ornamentada, com diversas fei¢cdes distintas (tubérculos, espinhos,

sulcos, costelas, entre outras) (Figura 10A, C). Sylvester-Bradley & Benson

(1970)

realizaram uma das primeiras analisadas detalhadas sobre a
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ornamentagdo da carapaga de ostracodes utilizando microscopia eletronica,
propondo termos para estruturas que ndo haviam sido previamente
identificadas por microscopia 6ptica e dividindo as caracteristicas entre

positivas (ex., tubérculos, nédulos) e negativas (ex., poro-canais, sulcos).

A ornamentacdo da carapaca pode ser dividida em primaria e
secundaria, sendo de fundamental importancia para a classificacdo
taxondmica. A ornamentacdo primaria € a mais aparente e tende a estar
presente nas espécies de um mesmo género, enquanto a secundaria pode ser
utilizada para diferenciar espécies e subespécies. A ornamentacao tem como
utilidades principais a sustentacdo da carapaca e a proteg¢éao contra dissolucao,
principalmente em agua profundas (Figura 10B). Certas espécies,
principalmente as que habitam ambientes dulciaquicolas e transicionais, podem
apresentar forte variacao intraespecifica devido a diferencas nas caracteristicas
quimica da agua, desenvolvendo, por exemplo, nodulacées. (Morkhoven, 1962;
Coimbra & Bergue, 2011).

Costela Dorsal

Costela

Costela i Antero-marginal
Mediana -

Tuberculo

Costela Ventral Sub-central

Espessamento dos muros
da ornamentagio reticulada formam
uma segunda camada calcaria

Superficie externa /
ffr ff{.’ "f ¢ ] 7"

Superficie interna

Figura 10: Exemplos de ornamentagéo em ostracodes. A: Posicao e terminologia de alguns tipos comuns de costelas
ornamentais. A escala equivale a 100 um (Cythereis gabonenses Neufville, 1973); B: Secao esquematica de uma
ornamentagao do tipo esponjosa ou reticulada, que auxilia na protegao da carapacga contra dissolugéo; C: Exemplos de
diferentes tipos de ornamentagéo: 1 — Potiguarella sp. 1, deste trabalho, apresentando reticulagdo como ornamentagao
primaria; 2 — Nigeroloxoconcha itanhaensis Nicoladis & Piovesan, 2013, apresentando reticulagdo como ornamentagao
primaria e secundaria; Conchoecia? sp. 1, deste trabalho, apresentando estrias como ornamentagao primaria.
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Figura 11: Diagrama de uma valva direita demonstrando feicdes comuns da morfologia interna da carapaga de um
ostracode. Retirado de Horne (2005).

5.3. Paleoecologia de Ostracodes
5.3.1. Aspectos gerais

Ao longo de seu processo evolutivo, os ostracodes se adaptaram a
grande parte dos ambientes aquaticos, sendo que a maior parte das espécies
se encontra nos ambientes marinhos neriticos, batiais e abissais (Figura 12).
Cada ambiente possui associacbes caracteristicas a eles, que podem variar
dependendo de diversos fatores, como isolamento geogréfico, caracteristicas
quimicas da agua, capacidade de adaptacao das espécies, entre outros. Esses
fatores podem levar a evolucdo de formas endémicas, diferenciando as
ostracofaunas de varias regides. Acredita-se que o atual padrao de distribuicao
de ostracodes foi estabelecido no Eoceno onde, devido a estratificacao térmica
dos oceanos entre uma termosfera quente e uma psicrosfera fria, as aguas
rasas passaram a apresentar taxa com alto grau de endemismo. Por fim, as
faunas de latitudes baixas tendem a ser mais diversificadas do que as de
latitudes altas (Coimbra & Bergue, 2011).
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Figura 12: Esquema demonstrando a variagao da fauna de ostracodes em diversos ambientes. Modificado de
Armstrong & Brasier (2005).

Em regides batiais e abissais, as faunas de ostracodes séao
diversificadas e sensiveis a mudancgas hidrolégicas, o que as fazem uteis em
analises paleoceanogréaficas. Apesar disso, ambientes de aguas profundas
tendem a ser mais estaveis que os neriticos; logo, alguns géneros de
ostracodes de aguas batiais e abissais possuem uma distribuicdo pandémica
(Morkhoven, 1963; Horne, 2005).

Além de serem Uteis em analises paleobiogeograficas, ostracodes
fosseis sdo também utilizados como indicadores paleocambientais (Whatley,
1988; Horne et al., 2002; Horne, 2005; Coimbra & Bergue, 2011). Grande parte
dos ostracodes recentes sdo encontrados em rochas do Mioceno e muitos
possuem parentes proximos em associagbes Mesozoicas, permitindo a
inferéncia de comportamentos e preferéncias ambientais através do
uniformitarismo. Ostracodes séo uteis na definicdo de niveis de paleosalinidade

e sua variacao ao longo de sucessdes marinhas, e sdo também indicadores de
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climas pretéritos, tendo sua distribuicdo uma correlacido direta com a
temperatura do ambiente (Horne, 2005).

A composicdo da associacdo estudada deve ser considerada
integralmente antes que se possa propor um modelo paleoambiental baseado
em ostracodes, analisando diversos aspectos tafon6micos dos fésseis, como a
sua autoctonia. Apdés a morte ou muda do animal, sua carapaca ira se
comportar como uma particula sedimentar, e, logo, esta sujeita a processos de
transporte, abrasao e dissolugdo, podendo resultar em géneros dulciaquicolas
sendo encontrados no meio de associagdes marinhas (Horne et al., 2002;
Coimbra & Bergue, 2011).

Informagbes que podem ser utilizadas para determinar a autoctonia da
associacao estudada sdo o grau de abrasdo e fragmentacdo das carapacas,
que € indicadora do transporte post mortem, e a razao juvenil/adulto,
considerando que, devido ao fato de que ostracodes realizam mudas, as
carapacas dos juvenis deveriam ser encontradas na mesma tanatocenose dos
adultos. Na pratica, é extremamente raro encontrar a carapaca de todos os
instars de um ostracode, tendo em vista que estas sdo raramente preservadas
devido a sua fragilidade. Normalmente, sdo preservados os ultimos quatro a
cinco estagios ontogenéticos das espécies, que, devido ao seu tamanho
variado, podem possuir comportamentos hidrodindmicos diferentes (Horne et
al., 2002). Whatley (1988) prop6s um modelo que se utiliza desse principio
como indicador dos niveis de energia de um ambiente, assim como na

determinagdo da autoctonia dos elementos de uma associagao.

A razao carapacga/valva é outra relagdo amplamente utilizada como
indicador paleoambiental, pois aponta o grau de perturbacdo do sedimento
apds a morte dos organismos, e pode também ser utilizada para se realizar
inferéncias sobre as caracteristicas da taxa de sedimentacao local. Uma alta
porcentagem de individuos articulados indica que eles sofreram pouco
transporte post-mortem, ou que os animais foram soterrados antes que seu

processo de decomposicado desarticula-se a carapacga (Whatley, 1988).
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Entre os primeiros trabalhos a utilizarem esta relacdo estdo o de
Pokorny (1964), que analisou este parédmetro para duas espécies de
ostracodes marinhos do Cretaceo Superior da Boémia, Checoslovaquia,
notando uma porcentagem de carapacas maior na zona axial da bacia, que
apresentava com uma taxa de sedimentacdo maior € um substrato menos
perturbado. Outro trabalho foi o de Oertli (1971), em estudos de comparagao
entre a fauna de ostracodes das Bacias de Paris e de Aquitania, atribuindo a
elevada taxa de carapacas em zonas de sedimentacao rapida ao seu peso,
que seria suficiente para se enterrar no substrato de tal maneira que, mesmo

apoés a deterioragdo dos musculos que ligam as valvas, elas ndo se separam.

Conclusdes similares foram encontradas por diversos outros autores:
Cabral (1995) calculou a relacdo de carapaca/valvas em seu estudo sobre os
ostracodes do Algarve, encontrando sempre valores elevados, que foram
interpretados como indicadores de um meio de deposicdo calmo, de
sedimentacao rapida; baseados na porcentagem alta de valvas, Hussain et al.
(2007) atribuem ao estuario do rio Adyar, Chennai indices relativamente
rapidos de sedimentcao; Hussain e Kalaiyarasi (2013), em seu estudo sobre a
distribuicdo de ostracodes na Laguna Mullipallam, india, encontraram uma
porcentagem extremamente elevada de carapacas, inferindo um rapido

processo de sedimentacdo para a laguna.

Para se determinar as caracteristicas de um paleoambientes através da
fauna de ostracodes, é importante também considerar as preferéncias
ecoldgicas de diferentes taxons. Enquanto alguns géneros sao restritos e
caracteristicos de ambientes dulciaquicolas, mixohalinos ou marinhos, existem
géneros que sao capazes de tolerar mudangcas no nivel de salinidade. Por
exemplo, Limnocythere e llyocypris sao géneros de agua doce que podem
suportar a presenca de um certo nivel de salinidade, enquanto que Cyprideis,
tipicos de ambientes mixoalinos, também podem ser encontrados em
ambientes de plataforma interna (Armstrong & Brasier, 2005, Coimbra &
Bergue, 2011).

Por fim, é necessario ressaltar que nao existem caracteres morfolégicos

exclusivos de espécies de ambientes distintos. Porém, algumas tendéncias
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podem ser observadas, como a predominancia de carapacas lisas, pouco
calcificadas e de charneira adonte dos ostracodes dulciaquicolas da
superfamilia Cypridoidea, enquanto grupos tipicamente marinhos, como os da
familia Trachyleberididae, apresentam um alto grau de ornamentacao (Coimbra
& Bergue, 2011).

Em ambientes marinhos, a grande maioria das espécies de ostracodes
sdao bentbnicos, com sua distribuicdo sendo controlada pela salinidade,
substrato e temperatura. Sedimentos finos tendem a ser mais ricos em
ostracodes do que sedimentos grossos, e 0 grau de compactagcdo também
pode afetar a diversidade da populacdo, tendo em vista que certos géneros
(ex., Krithe) sao infaunais. Ostracodes planctonicos sado praticamente todos
pertencentes a ordem Myodocopina e, devido a sua carapaga menos
calcificada, sdo menos frequentemente encontrados no registro féssil (Horne,
2005; Coimbra & Bergue, 2011).

5.3.2. Paleoecologia dos géneros estudados

Sao descritas aqui algumas caracteristicas paleoecolégicas dos géneros
e espécies encontrados nas amostras deste trabalho, de acordo com algumas

publicagdes:
Conchoecia? Dana, 1849

Generalidades: Conchoecia € um género exclusivamene marinho
(Andreu, 1991; Andreu, 1992) que dificilmente encontra-se preservado no
registro fossil devido ao fato de sua carapaca ser fracamente calcificada
(Morkhoven, 1962, 1963).

No Albiano inferior da Formacao Madiéla, Bacia do Gabao, espécimes
de Conchoecia podem ser encontradas com a presenca ou auséncia de
rostrum, e estdo associados a ocorréncia de radiolarios e foraminiferos
planctonicos (Grosdidier, 1979). Nos sedimentos do Albiano superior e
Cenomaniano inferior da Bacia de Agadir, Marrocos, uma espécie atribuida ao

género foi encontrada associada a foraminiferos plancténicos, para um
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ambiente interpretado como neritico interno a externo, conectado a mar aberto
(Andreu, 1992).

Nas bacias de Santos e Pelotas, o género foi reconhecido em facies
neritica externa e associado a foraminiferos benténicos (Dorothia, Gavelinella e
Lenticulina) e plancténicos (Favusella e Hedbergella) (Koutksoukos & Dias-
Brito, 1987). Colin & Andreu (1990) interpretaram a associacao de Conchoecia
com os foraminiferos plactdnicos Favusella e Hedbergella e os foraminiferos
bentdnicos Trocholina, Lenticulina e calcisferulideos na bacia de Campos como
indicativa de um ambiente de plataforma externa, considerando a interpretacao
como estando de acordo com a profundidade rasa do paleoambiente descrito
por Koutsoukos & Dias-Brito (1987).

Viviers et al. (2000) encontraram espécies representativas do género
sem o rostrum entre o Aptiano e Cenomaniano inferior das bacias de Sergipe e
Gabao, sendo um dos primeiros géneros marinhos a ocorrerem nas bacias,
assim como Amphicytherura e Veenia. Antonietto (2015) também registrou a
presenca de Conchoecia? no Aptiano da Bacia de Sergipe. Para o Albiano e
Cenomaniano superior de Israel, Rosenfeld & Raab (1984) identificaram o
género associado aos ostracodes Monoceratina, Krithe, ‘Bairdia’, Polycope,
Cytheropteron, Paracypris, propondo um ambiente com profundidade entre 500
e 1000 m.

Para o Atlantico Sul, o género é frequentemente encontrado associado a
radiolarios, como pode ser visto na formacdo Madiéla do Gabao (Grosdidier,
1979) e na margem brasileira (Koutsoukos & Dias-Brito, 1987). Em ambos os
casos, Conchoecia ocorre nos sedimentos do primeiro evento transgressivo do
Albiano, o que é apoiado pelas observacées de Viviers et al. (2000), que
notaram que a primeira ocorréncia de géneros marinhos de ostracodes nas

bacias de Sergipe e Gabao incluia este género.

Portanto, de acordo com a literatura disponivel, torna-se dificil
determinar o ambiente em que o género Conchoecia? habitava, sendo que ele
foi encontrado em facies carbonaticas rasas (Grosdidier, 1979; De Azevedo et
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al., 1987b), de plataforma argilosa (Kaye, 1975; Charollais et al., 1977), e de
aguas profundas (Rosenfeld & Raab, 1984).

Cytherella Jones, 1849

Generalidades: Um género marinho que pode ser encontrado em todas
as profundidades e, raramente, em ambientes salobros (Morkhoven, 1963).
Como todos os representantes da ordem Platycopida, se alimentam por
filtracdo e sao bentdnicos (Horne, 2005). Whatley (1988) afirma que, nos
oceanos atuais, espécies de Cytherella se estendem da zona intramaré até a
zona abissal, sendo, porém, mais abundante em aguas tropicais rasas. Horne
(2003) também considera o género como caracteristico de plataforma
continental. De acordo com Babinot & Colin (1983), espécies de plataforma
carbonatica interna podem desenvolver pontuacao, depressoes longitudinais,

costela antero-marginal, e uma forte assimetria das valvas.

Grandes quantidades de Cytherella espécimes foram associadas com
niveis baixos de oxigénio por diversos autores (Jarvis et al., 1988; Puckett,
1997; Gebhardt, 1999; Majoran, 1999; Whatley et al, 2003; Fauth &
Koutsoukos, 2007; Gebhardt & Zorn, 2008) devido a algumas de suas
caracteristicas anatbémicas, como sua alimentacao por filtragem, adaptacdes
especiais em seu sistema de circulacdo, e sua habilidade de selar suas

carapacas hermeticamente.

Essa associacao tem sido contestada; Swanson et al. (2005) e Bergue et
al. (2007), por exemplo, ndo encontraram correlagcao entre picos de ostracodes
deste género e zonas de baixo nivel de oxigénio. Branddo & Horne (2009)
avaliaram o uso destes ostracodes como um marcador de niveis baixos de
oxigénio, e concluiram que nao ha dados sélidos que apoiem essa correlagao.
Os autores citam o fato de que os habitos dos Platycopida atuais ndo sao
necessariamente um reflexo de seus ancestrais e que, como a essa odem é
muito diversificada e abundante ao redor do mundo, picos de abundancia de
Cytherella podem ser um simples reflexo da composi¢do da associagdo, sem

necessariamente serem indicativos de baixos niveis de oxigénio.
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Sapucariella Puckett, Andreu & Colin, 2016

Generalidades: Puckett et al. (2016) revisaram o género Brachycythere,
colocando a maioria dos ostracodes do Gondwana que haviam sido
previamente alocados ao género sob o novo género Sapucariella. E um género
exclusivamente marinho, abundante durante o Cretaceo superior
(Cenomaniano — Maastrichtiano) da América do Sul e nos sedimentos
marinhos Africanos, e € particularmente util para correlacées regionais de

depdsitos marinhos rasos na América do Sul (Puckett et al., 2016).

Sapucariella sapucariensis (Kréemmelbein, 1964): Andreu (1992)
descreveu esta espécie como sendo capaz de se adaptar a pequenas
mudancas na quantidade de O2 na agua, e como tendo preferéncia por
substratos lamosos. Em seus estudos de uma sec¢ao transversal do Cretaceo
de Agadir-Nador, Marrocos, ele identificou essa espécie como sendo
dominante em um ambiente litoraneo, junto aos géneros Nigeroloxoconcha
Procytherura, Eocytheropteron, Cythereis, Praephacorhabdotus, e
Protocythere. Gebhardt (1999), em seus estudos no Cretaceo da formacéao
Nkalagu, Nigéria, notou a presenca desta espécie juntamente com os géneros
Buntonia, Clithocytheridea, Cythereis, Ovocytheridea e Paracypris, que foram
interpretados como sendo pertencente a uma associacdo de ambiente batial

superior, 6xico a suboxico, com niveis normais de salinidade.

Sapucariella multidifferentis (Nicolaidis and Piovesan, 2013): Piovesan et
al. (2013) descreveram essa espécie para o Cenomaniano — Turoniano da
Bacia de Santos, encontrada juntamente as espécies Paracypris eniotmmetos
Nicolaidis and Piovesan, 2013 e Nigeroloxoconcha itanhaensis Nicolaidis and
Piovesan, 2013, além de cytherellideos e trachyleberidideos durante o
Cenomaniano, e Paracypris eniotmmetos para o Turoniano — Santoniano
inferior da parte sul da bacia. Essas associa¢des sdo exclusivamente marinhas,
e, juntamente com o soterramento de sedimentos carbonaticos por
siliciclasticos de aguas profundas, foram consideradas indicativas do aumento
da profundidade na bacia, marcando um evento transgressivo.
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Sergipella Kroemmelbein, 1967

Generalidades: Do Carmo et al. (2012) registrou a ocorréncia deste
género nas bacias de Sergipe/Alagoas e Gabao em duas associacdes distintas:
na primeira, o género Sergipella ocorria junto com foraminiferos, gastropodes,
fragmentos de equinodermas e outros géneros de ostracodes como Aracajuia,
Ovocytheridea, Bythoceratina, Cytheropteron, Bairdia, Paracypris e Cetacella?,
todos marinhos. A segunda associacdao foi caracterizada por sua baixa
diversidade, em que Sergipella era o género dominante, representando quase
95% da associagcdo. Devido a presenca de valvas e carapacas bem
preservadas tanto de adultos quanto de juvenis em ambas as associagdes, 0s
autores concluiram que elas representavam um ambiente marinho raso com

deposicao calcaria.
Bairdopillata Coryell, Sample & Jennings, 1935

Generalidades: Um género exclusivamente marinho que pode ser
encontrado tanto em aguas rasas quanto aguas profundas (Morkhoven, 1963).
Espécies recentes de Bairdoppilata sao abundantes em aguas rasas de regioes
tropicais e subtropicais, com salinidade entre 30 a 40% (Kornicker, 1961;
Horne, 2005; Maddocks, 1969).

Argilloecia Sars, 1866

Generalidades: Um género marinho que ocorre principalmente em
aguas mais profundas (infraneritico e batial), frequentemente associado a
faunas de foraminiferos pelagicos (Morkhoven, 1963). Gunther & Hunt (1976)
registraram esse género para o Holoceno do Lago Champlain, América do
Norte, em uma associacdo interpretada como sendo representativa de um

ambiente estuarino-marinho de baixa temperatura.

Em estudos do Cenozéico Superior do sul do Mar da China, Zhao (2005)
registrou a presenca do género para o Oligoceno inferior-Mioceno médio,
associado a bairdiides e ao género Krithe. O autor inferiu um ambiente batial
superior € nout a rapida diminuicdo na abundancia de Argilloecia conforme

aumentava a paleoprofundidade inferida em direcdo ao Mioceno. Piovesan et
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al. (2009) identificou esse género no Cretaceo da Bacia do Para-Maranh&o, em

uma associacao que foi considerada como sendo de um ambiente neritico.

Krithe Brady, Crosskey & Robertson, 1874

Generalidades: Krithe é um género exclusivamente marinho,
encontrado em ambientes infraneritico a batiais (Morkhoven, 1963). Ele é
extensivamente estudado devido a suas possiveis aplicacbes para
paleobatimetria, paleotemperatura e niveis de oxigénio.

Peypouquet (1975), Puckett (1997) e Do Carmo et al. (2009) levantaram
a hipétese de que o tamanho do vestibulo anterior deste género teria relacao
direta com o nivel de oxigénio; os trabalhos de Whatley e Zhao (1993), Zhao e
Whatley (1997) e Coles et al. (1994), porém, nao observaram a existéncia de
tal relacdo. Dingle et al. (1990) demonstra que, para o Quaternéario, a
abundancia do género esta relacionada ao aumento de profundidade. No
Atlantico Sul os autores atribuiram os seguintes valores de abundancia relativa
para o género relativo a profundidade do ambiente: 19% em profundidades de
1000 m, 13% para 1000 — 1500m, 51% para 1500 — 2000m e >42% para 1500
— 4736 m.

Coles et al. (1994), em sua revisdo do género Krithe para o Cenozbico
Superior do Atlantico Norte, descreve o género como sendo principalmente
confinado a substratos de baixa energia em aguas rasas, mas passando a ter
grande abundancia e diversidade em profundidades batiais (1000 — 2000 m) a
abissais (maiores que 2000 m). Zhao (2005) identificou para o intervalo do
Oligoceno ao Quaternario do Mar da China uma grande quantidade de
exemplares do género Krithe, cuja abundancia aumentava significativamente
em direcdo ao Quaternario, que foi considerado como indicativo do
aprofundamento da Iamina d’agua.

Ovocytheridea Grekoff, 1951

Generalidades: Um género exclusivamente marinho (Grekoff, 1962).
Piovesan (2008), em seus estudos da Bacia Para-Maranhao, identificou esse

género em ambientes de plataforma média a externa, associado com o0s
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ostracodes Cytherella, Paracypris, Argilloecia, Bairdoppilata, e Krithe. Gebhardt
(1999) encontrou este género para o Cenomaniano — Coniaciano da Formacao
Nkalagu, Nigéria, em um ambiente de plataforma, associado aos géneros
Cytherella, Cythereis, e Paracypris, € em um ambiente batial superior, junto
com Cythereis, Sapucariella, Paracypris, Buntonia, e Clithrocytheridea, sendo

Ovocytheridea e Cythereis dominantes no segundo paleoambiente.
Paracypris Sars, 1866

Generalidades: Exclusivamente marinho. Morkhoven (1963) descreve
esse género como habitando ambientes infraneriticos a batiais. Babinot & Colin
(1983) atribuem a ele um ambiente litoral em plataforma carbonatica externa, e
Andreu (1991) registrou a presenga deste género tanto em contextos litorais

restritos quanto abertos.

Paracypris eniotmetos Nicolaidis & Piovesan, 2013: Piovesan et al.
(2013) descreveram essa espécie para o Albiano — Santoniano inferior da
Bacia de Santos, onde foi encontrada junto a outras espécies
predominantemente  marinhas, como Sapucariella  multidifferentis,
Nigeroloxoconcha itanhaensis, cytherellideos e trachyleberidideos durante o
Cenomaniano, e Sapucatriella multidifferentis para o]
Turoniano?/Coniaciano?/Santoniano inferior da parte sul da bacia.

Cythereis Jones, 1849

Generalidades: Cythereis é um género exclusivamente marinho
(Morkhoven, 1963). Andreu (1992) considera o género como sendo oportunista,
sendo encontrado em ambientes infralitorais com substrato carbonoso. No
Paledgeno Inferior de Sinai, Egito, Ismail e led (2004) identificaram Cythereis
em um ambiente possivelmente marinho profundo. Andreu et al. (2013)
identificou o género para o Cenomaniano Superior — Turoniano inferior do
“Preafrican rift’, encontrado em uma associacdo indicativa de ambiente

plataformal raso, de substrato carbonoso.

Cythereis gabonensis Neufville, 1973: Gebhardt (1999) identificou
esse género no Cenomaniano — Coniaciano da Formagao Nkalagu, Nigéria, em
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dois ambientes: um plataformal de aguas rasas, dominado por espécies do
género Cytherella e onde os géneros Cythereis, Ovocytheridea e Paracypris
ocorriam de maneira secundaria; e um batial superior, onde Cythereis e
Ovocytheridea eram dominantes, ocorrendo junto com Paracypris,
Sapucariella, Buntonia, e Clithrocytheridea. Uzoegbu (2014) encontrou essa
espécie na Formacao Dukul, Nigéria, de idade cenomaniana — turoniana, que

foi interpretado como um ambiente variando entre litoral a plataformal.
Protocosta Bertels, 1969

Generalidades: Um género exclusivamente marinho (Brandao, 2014).
Bertels (1975) descreveu espécies desse género para ambientes quentes, de
profundidades estimadas entre 150 a 300 metros na Bacia de Neuquén.
Espécies deste género foram também encontradas em ambientes variando do
neritico interior (Piovesan et al., 2015) a rampa carbonatica média e externa
(Fauth et al., 2002; Miller, 2002)

6. TRABALHOS PREVIOS COM OSTRACODES MARINHOS DO
CRETACEO SUPERIOR NA MARGEM CONTINENTAL BRASILEIRA

Os depositos marinhos do Cretaceo Superior das bacias da margem
continental Brasileira contém uma fauna rica em ostracodes. As bacias
sedimentares do Norte e Nordeste brasileiro em particular possuem um grande
namero de trabalhos cientificos com microfésseis, muitos dos quais baseados
em ostracodes, que tinham por objetivo aumentar o conhecimento evolutivo

dessas bacias para a prospeccao de hidrocarbonetos.

Alguns exemplos de trabalhos relevantes para essa regidao incluem os
de Krémmelbein (1962), que descreveu diversas espécies do género
Paracypridea Swain, 1946 nas bacias do nordeste; Krémmelbein (1964a), que
descreveu a espécie Brachycythere (Brachycythere) sapucariensis na Bacia de
Sergipe-Alagoas; Krommelbein (1967) que, na mesma bacia, definiu dois novos
géneros, Aracajuia Krémmelbein, 1967 e Sergipella Krémmelbein, 1967, com
suas respectivas espécies tipo, Aracajuia benderi Krémmelbein, 1967 e
Sergipella transatlantica Krémmelbein, 1967; e Neufvile (1973, 1979), que

realizou na Bacia de Sergipe-Alagoas o mais detalhado levantamento
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taxonbmico das espécies de ostracodes do Cretaceo Superior-Paleoceno,
descrevendo sete espécies novas.

A partir da década de noventa, existem os trabalhos de Delicio (1994) e
Delicio et al. (2000), que realizaram estudos taxonémicos, paleobiogeograficos
e bioestratigraficos para o Cretaceo da Bacia Potiguar, reconhecendo a
limitada distribuicdo geografica das espécies e sua similaridade com as
encontradas no Oeste africano; Viviers et al (2000), que realizaram o ultimo
grande levantamento bioestratigrafico com base em ostracodes nas bacias de
Sergipe e Potiguar, identificaram mais de 100 taxa, e expandiram o
zoneamento das bacias até o Campaniano, tendo também observado a forte
afinidade das espécies de idade Aptiano-Cenomaniano dessas bacias com a
Baca do Gabao. Fauth & Koutsoukos (2002) e Fauth et al. (2005) realizaram
inferéncias paleoecolégicas para o Maastrichtiano e Daniano da Bacia de
Pernambuco-Paraiba, identificando um ambiente de plataforma profunda a
batial superior para o Maastrichtiano e um ambiente neritico médio a profundo

para o Daniano.

Mais recentemente, existem os trabalhos de Piovesan (2008) e Piovesan
et al. (2009), que realizaram estudos taxonémicos, paleobiogeograficos e
paleoecoldgicos de ostracodes para o Cretaceo da Bacia do Para-Maranhdo,
onde identificaram sete géneros pela primeira vez para o Cretaceo da margem
brasileira, e inferiram um ambiente neritico para a associagéo; Piovesan et al.
(2014a, 2014b), que estudaram a taxonomia, paleoecologia e
paleobiogeografia das associacdes de ostracodes para o Cretaceo Superior da
Bacia Potiguar e encontraram associag¢des faunisticas indicativas de ambiente
predominantemente marinho raso intercalado com niveis mixohalinos tipicos.
Santos Filho et al. (2015), que realizaram inferéncias paleoambientais para o
Cretaceo da Bacia Potiguar utilizando ostracodes e microfacies carbonaticas
em um afloramento e em um poco, identificando um ambiente mixohalino para
o afloramento e marinho para o poco; e Antonietto (2015), em sua tese de
doutorado, que realizou a revisao taxonémica de 39 espécies de ostracodes da
Formacao Riachuelo da Bacia de Sergipe-Alagoas, propondo o novo género
Gabonorygma, e expandindo as interpretacbes paleogeograficas e
bioestratigraficas para a formacao.
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ABSTRACT

Ostracods are microcrustaceans that inhabit different aquatic environments and
are frequently used in paleoecological interpretations and biostratigraphic
studies. The Barreirinhas Basin, Northern of Brazil, contains a well preserved
ostracod assemblage in its sedimentary rocks of early and late Cretaceous age,
which have been so far poorly studied. This paper contains the first taxonomic
identification of the ostracod assemblages, as well as the elaboration of
paleoenvironmental and biostratigraphic inferences, for the Cretaceous of the
Barreirinhas Basin. The studied material consists of 147 samples from the wells
1-MAS-1A, 1-MAS-3A, 1-MAS-4A and 1-MAS-14A. 495 specimens were
recovered, distributed between 40 species, 16 genera and 9 families, including
three new species. Based on previously stablished biozones for the Sergipe
basin, two biozones were identified: the Nigeroloxoconcha aff.
Nigeroloxoconcha sp. GA A 22 Range Zone, of lower Cenomanian age; and the
Brachycythere sapucariensis Interval Zone, of Turonian to middle Coniacian
age. Finally, three distinct paleoenvironments were defined: Marine 1,
dominated by Conchoecia? species and attributed to an inner to middle neritic
environment; Marine 2A, well diversified and considered as representative of a
middle to outer neritic environment; and Marine 2B, with cold water ostracods

such as Krithe, classified as an outer neritic environment.

KEY-WORDS: Ostracods, Cretaceous, Biostratigraphy, Paleoenvironment,
Barreirinhas Basin
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1. INTRODUCTION

Ostracods are widely used as paleoenvironmental indicators, with
methods such as actualistic comparisons, adaptive morphology of the
carapace, and population structure being some of the most utilized tools for
such analyzes. Due to their provincialism and generally restricted geographic
distribution, marine ostracods are rarely used for regional correlation. However,
they can provide useful biostratigraphic data on certain environments, such as
in shallow seas and coastal marine environments, due to their high abundance
(Moore, 1961; Morkhoven, 1963; Viviers et al, 2000; Coimbra & Bergue, 2011).

The Barreirinhas Basin is a transtensional basin located in the Brazilian
Equatorial Margin. Its origin and evolution are associated with the separation of
the South American and African continents, as discussed by numerous authors
(e.g. Pamplona, 1969; Azevedo, 1986; Azevedo et al. 1985; Szatmari et al.
1985; Szatmari et al. 1987; Soares Jr., 2002; Zalan et al. 2004, Trosdtorf et al.,
2007). Though the exploration for potential hydrocarbon reservoirs was
abandoned due to unsuccessful initial results between the 60’s and 80’s
(Queiroz, 1965), recently there has been a reignited interest in the basin, with
three new wells having been drilled in deep waters since 2009 (Trosdtorf et al.,
2007; Ferreira, 2013).

Currently, micropaleontological studies in the Cretaceous of the
Barreirinhas Basin were focused on foraminifers (Regali et al., 1985; Silva,
2011), radiolarians (Souza, 2006), and palynomorphs (Regali et al., 1985).
Despite the existence of ostracod studies in the Para-Maranhdo Basin, a
neighboring basin (e.g., Piovesan 2008; Piovesan et al., 2009), the ostracods of
the Barreirinhas Basin have yet to be studied in any capacity. Therefore, this
paper has the objective of studying the ostracod taxonomy of this basin, and
presenting biostratigraphic considerations and paleoecological interpretations
based on the assemblages found, with the aim of expanding the knowledge
regarding ostracods for the Cretaceous of the Barreirinhas Basin and,

consequently, for the Brazilian Equatorial Margin.

32



2. STUDIED AREA

The Barreirinhas Basin occupies the coastal and platformal portion of the
Maranhao state, belonging to the Brazilian Equatorial Margin, between the
meridians of 44° and 42° W and by the parallels of 0° and 3° S (Fig. 1). It has
an area of approximately 46.000 km2, 8.000 of which are onshore, and its
bathymetric quota is of 3.000 m. Its limits are the Alto de Tutdia to the east, the
basement to the south, and the llha de Santana platform to the west. Its
northeastern limit is arbitrary, with no geological feature separating it from the
Para-Maranhao Basin (Feijé, 1994; Trosdtorf Junior et al., 2007).

45°0'0"W 44°0'0"W 43°00"W 42°00"W

41°0'0"W

{505
2°0'0"S {

Brazil

300s {inE |

Age

\ | Quaternary |:| Cretaceous \ Silurian

\ Neogene - Carboniferous - Cambrian
Paleogene - Devonian - Proterozoic

Figure 1: Barreirinhas Basin location. The black lines delimitate the limits of the basin.

The Barreirinhas Basin is considered a classic example of a
transtensional rhombic basin, and its Cretaceous taphrogeny began and ended
belatedly compared to other marginal basins, which allowed for marine
sediments to reach it during the Albian (Trosdtorf Junior et al., 2007).

According to Feijé (1994) and Trosdtorf Junior et al. (2007), the basin is
divided in three groups: Canarias Group, interpreted as deltaic fans in a marine

environment, of early — middle Albian age, dated through planktonic foraminfers
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and palynomorphs (Regali et al., 1985); Caju Group, deposited in a shallow
water environment of upper to mid platform, of late Albian — Cenomanian age,
dated through planktonic foraminifers (Pamplona, 1969; Beurlen, 1982) and
palynomorphs (Regali et al, 1985); and the Humberto de Campos Group,
deposited in a deep marine environment, bathyal and abyssal, of Turonian —
Chattian age, dated through planktonic foraminifers and palynomorphs (Regali
et al., 1985).

3. MATERIAL AND METHODS

In this study, 147 cutting samples of the wells 1-MAS-1, 1-MAS-3A, 1-
MAS-4A and 1-MAS-14 of the Barreirinhas Basin were analyzed (Fig. 2). The
wells are predominantly composed of calcilutite and shale, with secondary
occurrences of sandstone, marl, and siltstone. The analyzed intervals consist of
approximately 594 m for well 1-MAS-1, 510 m for well 1-MAS-3A, 375 m for well
1-MAS-4A, and 738 m for well 1-MAS-14.

The samples were prepared and analyzed in the Instituto Tecnoldgico de
Micropaleontologia (itt Fossil) from the Universidade do Vale do Rio dos Sinos
(UNISINOS). The method utilized was the usual for fossil ostracods, and
consisted in: (a) sample weighting (approximately 60 g); (b) mechanical
degradation of the samples; (c) immersion of the sample in 200 ml of hydrogen
peroxide (H20:2 at 10%) for 24 hours; (d) washing in running water through a 45
um mesh; (e) repetition of step “c”, for 2 hours in sand bath at 60 °C; (f)
washing in running water through 180 and 250 um meshes; (g) drying in a
hothouse at 60 °C; (h) hand picking and grouping of ostracod morphotypes with
the use of a stereoscopic microscope with a magnifying factor of 10x; (i)
taxonomic identification of the genera and species through the use of images
generated through scanning electron microscopy (SEM) conducted at itt Fossil,
and selected literature.

The biostratigraphic considerations were done primarily based on the
biozones defined by Viviers et al. (2000), using complementary bibliography for
the range of ostracod species when necessary.
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Figure 2: Profile of the studied wells. The location of each well is represented by red circles on the map.
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The paleoenvironmental analysis was developed through the
consultation of relevant literature regarding the environmental preferences of
the taxa identified (ex., Delicio et al., 2000; Viviers et al, 2000; Fauth &
Koutsoukos, 2002; Fauth et al., 2005; Piovesan, 2008; Piovesan et al., 2009,
Santos Filho et al., 2015; Piovesan et al., 2015).

The organization of the data and calculation of the carapace/valve ratio,
used to aid in the development of the paleoenvironmental analysis, were

performed in the softwares Microsoft Excel® and Stratabugs®.

4. PREVIOUS MARINE OSTRACOD STUDIES IN THE BRAZILIAN
CONTINENTAL MARGIN

The deposits of the early and late Cretaceous in the Brazilian continental
margin have rich ostracod faunas. The northern and northeastern basins in
particular have been the focus of a large amount of studies, due to their great
potential as hydrocarbon reservoirs. Examples of works in the region include
Krommelbein (1962), who described numerous species of the genus
Paracypridea Swain, 1946 in the northeast basins; Krdommelbein (1964), who
described the species Brachycythere (Brachycythere) sapucariensis in the
Sergipe-Alagoas Basin; Krommelbein (1967), in the same basin, who registered
two new genera, Aracajuia Krommelbein, 1967 and Sergipella Krommelbein,
1967; and Neufvile (1973, 1979), who made the most detailed taxonomic study
of the Upper Cretaceous — Paleocene ostracods of the Sergipe-Alagoas Basin,

describing seven new species.

From the nineties onwards, there are the works done by Delicio (1994)
and Delicio et al. (2000), who did taxonomic, paleogeographic and
biostratigraphic studies in the Potigar Basin, observing the limited geographic
distribution of the species and their similarity to the ones found in the west of
Africa. Viviers et al. (2000) developed the last large scale biostratigraphic study
based on ostracodes in the Sergipe and Potiguar basins, identifying more than
100 taxa and expanding the basins’ zones to the Campanian, showing also the
strong affinity between the Aptian-Cenomanian species of these basins to the
Gabado Basin. Finally, there is Fauth & Koutsoukos (2002), who made
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paleoecological inferences for the Maastrichtian and Danian of the Paraiba
Basin, identifying a deep platform to upper bathyal environment for the
Maastrichtian and a medium to deep neritic one for the Danian.

More recently, there are the works of Piovesan (2008) and Piovesan et
al. (2009), who carried out taxonomic, paleobiogeographic and paleoecological
studies for the Cretaceous of the Para-Maranhao Basin, identifying numerous
ostracod genera for the first time in the Brazilian margin, and inferring a neritic
environment for the assemblage. Piovesan et al. (2014a, 2014b) studied the
taxonomy, paleoecology and paleobiogeography of the ostracod assemblages
of the Potiguar Basin, finding faunal assemblages indicative of predominately
shallow marine environments intercalated with typical brackish water levels.
Santos Filho et al. (2015) performed paleoenvironmental studies in an outcrop
and a drill core of the Potiguar Basin using ostracodes and carbonate
microfacies, identifying a brackish water environment for the outcrop and a
marine one for the drill core. Lastly, there is Antonietto (2015), who made the
taxonomic revision of 39 ostracod species for the Riachuelo Formation of the
Sergipe-Alagoas Basin, proposed the new genus Gabonorygma Antonietto,
2015, and expanded the paleogeographic and biostratigraphic interpretations

for the formation.
5. RESULTS AND DISCUSSIONS
5.1. Taxonomy

Suprageneric taxonomy follows the classification of Horne (2005). In the
descriptions, the following abbreviations are employed: L: length, H: height, W:
width, C: carapace, RV: right valve, LV: left valve, IV: inner view, DV: dorsal
view. All dimensions are in mm. The material is deposited in the Laboratério de
Histéria da Vida e da Terra (LAVIGEA), at UNISINOS under the curatorial
numbers ULVG-11760 to ULVG- 11839.

Class Ostracoda Latreille, 1802
Subclass Podocopa Sars, 1866
Order Platycopida Sars, 1866
Suborder Platycopina Sars, 1866
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Superfamily Cytherelloidea Sars, 1866
Family Cytherellidae Sars, 1866
Genus Cytherella Jones, 1849

Cytherella ventercavus Santos Filho, Fauth & Piovesan sp. nov.
(Fig. 3, n? 1-2)

Derivatio nominis: From the concavity in its ventral margin.

Holotype ULVG-11763, Carapace, L: 0.576; H: 0.341; W: 0.246, well 1-MAS-
3A, sample 2280-2295 m.

Paratypes: ULVG-11831, ULVG-11832, ULVG-11833.
Material: 43 specimens.
Measurements: L: 0.35—-0.5; H: 0.2 -0.34; W: 0.15 - 0.25.

Occurrences: 1-MAS-1 (samples 906-924 m, 924-942 m, 1194-1212 m), 1-
MAS-3A (sample 2265-2280), 1-MAS-14 (samples 1008-1026 m, 1026-1044 m,
1044-1062 m, 1116-1134 m, 1692-1710 m).

Diagnosis: A species of the genus Cytherella characterized by the conspicuous
concavity in its ventral margin and the way its poster-dorsal margin truncates

downwards.

Description: Carapace sub-rectangular in lateral view, ovoid in dorsal view.
Anterior and posterior margins rounded, with the postero-dorsal margin
truncating slightly downwards. In dorsal view, the anterior and posterior regions
are more compressed; the maximum width is in the posterior third. Dorsal
margin convex, ventral margin concave at middle region. RV slightly larger than
LV, overlap visible on the ventral and dorsal area. Greatest height and width
medianly. Smooth surface. Internal characteristics could not be observed. No
sexual dimorphism could be observed.

Discussion: This species differs from the previous ones due to its smaller size,
slightly convex ventral margin and less pronounced overlap of the valves. It
bears some similarity to Cytherella austinensis Alexander, 1929, but it is
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significantly smaller in size, and Cytherella austinensis lacks the concavity in

the ventral margin.

Geographic and stratigraphic distribution: Barreirinhas Basin, Brazil,

Turonian — middle Coniacian.

Cytherella gabonensis Neufville, 1973
(Fig. 3, n® 3-4)

1973 Cytherella gabonensis Neufville, p. 121-122, plate 7.1, 1a-g

1994 Cytherella gambiensis (Apostolescu, 1963) — Delicio, p. 54-55, plate 1,
figs. 5-6

2000 Cytherella aff. C. gabonensis — Viviers et al., p. 415, fig. 8, 3-4

Figured material: ULVG-11760, Carapace, L: 0.694; H: 0.445; W: 0.307, well
1-MAS-14, sample 1242-1260.

Material: 74 specimens.
Measurements: L: 0.6 —0.7; H: 0.3-0.4; W: 0.3.

Occurrences: 1-MAS-1 (samples 978-996 m, 996-1014 m, 1122-1140 m,
1158-1176 m), 1-MAS-3A (samples 2025-2040 m, 2085-2100 m, 2340-2355 m),
1-MAS-4A (sample 1140-1155 m), 1-MAS-14 (samples.1008-1026 m, 1026-
1044 m, 1044-1062 m, 1062-1080 m, 1098-1116 m, 1242-1260 m).

Discussion: Cytherella gabonensis is similar to Cytherella sp. 1 identified by
Piovesan et al. (2009), differing in the overlap of the right valve, which is more
pronounce in Cytherella sp. 1, and in the dorsal margin, which is straight in
Cytherella sp. 1. It can be differentiated from the other species of Cytherella in
this study by its nearly symmetrical anterior and posterior margins.

Geographic and stratigraphic distribution: Sibang Formation, Gabon,
Cenomanian (Neufville, 1973); Jandaira Formation, Potigar Basin, Brazil,
Turonian - Coniacian (Delicio, 1994); Jandaira Formation, Potiguar Basin,
Brazil, late Turonian - lower Campanian (Viviers et al., 2000); Barreirinhas

Basin, Brazil, Turonian — middle Coniacian.
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Figure 3: Scale bar for images 15, 16 and 17 = 20 ym, all others = 100 ym. 1-2: Cytherella ventercavus, ULVG-11763,
well 1-MAS-3A, sample 2280-2295; 1 - LV, 2 — DV. 3-4: Cytherella gabonensis, ULVG-11760, well 1-MAS-14, sample
1242-1260; 3 — LV, 4 — DV. 5-6: Cytherella ovata, ULVG-11761, well 1-MAS-1, sample 924-942; 5 — LV; 6 — DV. 7-8:
Cytherella sp. 1, ULVG-11762, well 1-MAS-3A, sample 2175-2190; 7 — DV; 8 — LV. 9: Cytherella sp. 2, ULVG-11764,
well 1-MAS-1, sample 972-990; 9 — LV. 10-11: Baridoppilata barreirinhensis, ULVG-11765, well 1-MAS-1, sample 906-
924; 10 — RV; 11 — DV. 12-13: Bairdoppilata sp. 1, ULVG-11766, well 1-MAS-1, sample 942-960; 12 — RV; 13 — DV. 14:
Bairdoppilata sp. 2, ULVG-11767, well 1-MAS-1, sample 972-990; 14 — RV. 15-16: Argilloecia sp. 1, ULVG-11768, well
1-MAS-14, sample 1698-1710; 15— DV; 16 — LV. 17-18: Argilloecia sp. 2, ULVG-11769, well 1-MAS-3A, sample 2265-
2280; 17 — LV; 18 — DV. 19: Paracypris eniotmetos, ULVG-11770, well 1-MAS-14, sample 1026-1044; 19 — RV. 20:
Paracypris caudata, ULVG-11771, well 1-MAS-4A, sample 1335-1350; 20 — RV. 21-22: Paracypris sp. 1, ULVG-11772,
well 1-MAS-1, sample 906-924; 21 — RV; 22 — DV. 23-24: Paracypris sp. 2, ULVG-11773, well 1-MAS-14, sample 1044-
1062; 23 — LV; 24 — DV. 25-26: Paracypris sp. 3, ULVG-11774, well 1-MAS-3A, sample 2265-2280; 25 — RV; 26 — DV.
27-28: Cythereis gabonensis, ULVG-11775, well 1-MAS-1, sample 978-996; 27 — RV; 28 — DV.
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Cytherella ovata (Roemer, 1841) Bosquet, 1860
(Fig. 3, n® 5-6)

1963 Cytherella ovata? (Roemer, 1841) — Morkhoven, p. 18, figs. 12-13

1992 Cytherella ovata (Roemer, 1840) — Lissenberg & Schuurman, p. 44-45,
plate 1, figs. 9-10

1997 Cytherella ovata (Roemer) — Ismail & Soliman, p. 176-177, plate 2, figs. 2-
3

Figured material: ULVG-11761, Carapace, L: 0.644; H: 0.428; W: 0.315, well
1-MAS-1, sample 924-942.

Material: 32 specimens.
Measurements: L: 0.6 - 0.7; H: 0.3 -0.4; W: 0.3.

Occurrences: 1-MAS-1 (samples 906-924 m, 924-942 m, 942-960 m, 1266-
1284 m, 1302-1320 m), 1-MAS-14 (samples 1008-1026 m, 1044-1062 m, 1098-
1116 m).

Description: Carapace of elliptical outline in lateral view, ovoid in dorsal view.
Anterior and posterior margins obliquely rounded, and very similar to each
other. Greatest width at posterior region. Dorsal margin convex, ventral margin
almost straight to slightly concave. RV larger than LV, and overlaps throughout
all of the carapace except in the posterior and postero-ventral margins.
Maximum height at the median. Smooth surface. Internal features could not be

observed.

Discussion: This species differs from Cytherella gabonensis in its sharper
postero-dorsal angle in both males and females, and a small depression in the
dorso-median margin of the left valve. It resembles Cytherella sp. 6 described
by Andreu (1991) for the Agadir-Nador Transversal, Maroc; however, the
African species is larger, has a smaller postero-dorsal angle, and the posterior
region of the right valve tapers at dorso-median height. It can be compared to
Cytherella tazzouguertensis Andreu, 2013, but the slightly upturned,

asymmetrical posterior is absent in the present species.
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Geographic and stratigraphic distribution: Southern France, upper Aptian
(Morkhoven, 1963); Mlnster Basin, Netherlands, Cenomanian (Lissenberg &
Schuurman, 1992); Abu Roash Formation, Abu Gharadig Basin, Egypt,
Cenomanian (Ismail & Soliman, 1997); Barreirinhas Basin, Brazil, Turonian —
middle Coniacian.

Cytherella sp. 1
(Fig. 3, n? 7-8)

Figured material: ULVG-11762, Carapace, L: 1,016; H: 0,672; W: 0,394, well
1-MAS-3A, sample 2175-2190.

Material: Two specimens.
Measurements: L — 1.0; H: 0.5-0.67; W: 0.4.
Occurrences: 1-MAS-3A (samples 2145.-2160 m, 2175-2190 m, 2190-2205 m)

Description: Large sub-circular carapace in lateral-view, ovoid in dorsal view.
Anterior margin rounded, posterior margin obliquely rounded; anterior margin
significantly compressed. Dorsal margin convex, ventral margin almost straight.
RV larger than LV, overlap present overall except at the posterior region.
Greatest height at antero-median region, greatest width at middle one-third.
Smooth surface. Internal characteristics could not be observed.

Discussion: This species differs from the previous ones due to its greater size,
more circular outline overall, and significantly compressed anterior margin. It
resembles Cytherella aff austinensis identified by Piovesan et al. (2014) in
lateral view, but the studied species has a larger carapace size and a rounded
postero-dorsal margin.

Geographic and stratigraphic distribution: Barreirinhas Basin, Brazil,

Turonian — middle Coniacian.
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Cytherella sp. 2
(Fig. 3, n?9)

Figured material: ULVG-11764, Carapace, L: 0.657; H: 0,432, well 1-MAS-1,
sample 972-990.

Material: 10 specimens.
Measurements: L: 0.6 — 0.7; H: 0.4 — 0.49.

Occurrences: 1-MAS-1 (samples 960-990 m, 1356-1374 m, 1410-1428 m,
1446-1464 m), 1-MAS-4A (sample 1155-1170 m), 1-MAS-14 (samples 990-
1008 m, 1008-1026 m, 1134-1152 m).

Description: Carapace elliptical in lateral view. Anterior and posterior margins
rounded, anterior margin broader compared to posterior margin. Dorsal and
ventral margins slightly concave. RV larger than LV, overlapping it on dorsal
and ventral margins. Greatest height at the median region. Smooth surface.
Due to the poor preservation of the recovered valves, the internal features could
not be observed.

Discussion: This species differs from previous ones due to its weak overlap.
Though it resembles Cytherella sp. 1 in outline, it is far smaller in size. It
resembles Cytherella cf. C. ovata identified by Morsi (2000), differing mainly in
its less pronounced overlap.

Geographic and stratigraphic distribution: Barreirinhas Basin, Brazil,
Turonian — middle Coniacian.

Order Podocopida Sars, 1866
Suborder Bairdiocopina Griindel, 1967
Superfamily Bairdiodea Sars, 1865
Family Bairdiidae Sars, 1888
Genus Bairdoppilata Coryell, Sample & Jennings, 1935

Bairdoppilata barreirinhensis Santos Filho, Fauth & Piovesan sp. nov.

(Fig. 3, n® 10-11)
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2013 Bairdoppilata sp. 1 Piovesan et al., p. 243, fig. 3, 8a-8b

Derivatio nominis: From Barreirinhas Basin, where the species was firstly

recorded.

Holotype: ULVG-11765, Carapace, L: 0.830; H: 0.593; W: 0.476, well 1-MAS-
3A, sample 2280-2295 m.

Paratypes: ULVG-11834, ULVG-11835, ULVG-11836.
Material: 12 specimens.
Measurements: L: 1.2 -1.5; H: 0.8 = 1.0; W: 0.74.

Occurrences: 1-MAS-1 (samples 906-924 m, 960-990 m), 1-MAS-3A (samples
2280-2295 m, 2445-2460 m, 2460-2475 m), 1-MAS-14 (samples 1026-1044 m,
1044-1062 m, 1134-1152 m).

Diagnosis: A species of the genus Bairdoppilata species characterized by its
upturned anterior margin, acuminate posterior margin, and prominent overlap of

the LV over the RV in the dorsal and ventral margins.

Description: Large carapace of typical bairdioid shape in lateral view, elliptical
in dorsal view. Anterior and posterior margins of similar shape, tapering at
median height, with the posterior margin being acuminate and the anterior
margin being upturned. Posterior and anterior margins symmetrical in dorsal
view. Dorsal margin significantly convex, ventral margin slightly convex. LV
larger than RV, overlap visible throughout the whole outline of the carapace,
particularly at the dorsal and ventral margins. Greatest height and width at the
median region. Light punctuation can be seen in a few specimens. Due to poor

preservation of the valves, internal features were not seen.

Discussion: It differs from other species due to its more prominent ventral and
dorsal overlap. resembles Bairdoppilata sp. identified by Crane (1965);
however, its anterior margin is less pointed upwards, and its ventral margin is

more concave.
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Geographic and stratigraphic distribution: Florianépolis and Guaruja
formations, Santos Basin, Brazil, Aptian — lower/middle Albian (Piovesan et al.,
2013), Barreirinhas Basin, Brazil, Turonian — middle Coniacian.

Bairdoppilata sp. 1
(Fig. 3, n® 12-13)

Figured material: ULVG-11766, Carapace, L: 0.882; H: 0.551; W: 0.417, well
1-MAS-1, sample 942-960.

Material: Three specimens.
Measurements: L: 0.882; H: 0.551; W: 0.417.
Occurrences: 1-MAS-1 (samples 924-942 m, 942-960 m, 978-996 m).

Description: Large carapace of typical bairdioid shape in lateral view. Anterior
and posterior margins of similar shape, tapering at median height. Dorsal
margin convex, ventral margin slightly convex. LV overlaps the RV, less on the
anterior and posterior extremities. Greatest height at the median region. Smooth
surface. Internal characteristics could not be observed.

Remarks: This species differ from the previous ones due to their more
symmetrical anterior and posterior margins, and a less pronounced overlap in
the dorsal margin. Very similar to Bairdia hiwanneensis Howe & Law, 1936,
identified by Neufville (1973); however, its significantly smaller. There are
similarities to the species Bairdoppilata comanchensis Alexander, 1929, also
recorded by Swain & Brown (1964) and Antonietto (2015); however, it has a

less pronounced overlap overall and a longer posterior region.

Geographic and stratigraphic distribution: Barreirinhas Basin, Brazil,

Turonian — middle Coniacian.

Bairdoppilata sp. 2
(Fig. 3, n? 14)

1991 Bairdia sp. 1 Andreu: plate 11, fig. 1
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Figured material: ULVG-11767, Right valve, L: 0.694; H: 0.353, well 1-MAS-1,
sample 972-990.

Material: One specimen.
Measurements: L: 0.694; H: 0.353.
Occurrences: 1-MAS-1 (sample 960-990 m).

Description: Carapace of bairdioid shape in lateral view. Anterior margin
elongated, with apex at median height. Posterior margin acuminated, with a
weakly developed caudal process of ventro-median height, pointing slightly
upwards. Dorsal margin slightly convex, ventral margin straight. Greatest height
at the antero-median region. Smooth surface. Internal characteristics could not
be seen due to the poor preservation of the specimen.

Remarks: This species is very similar to Bairdia dolicha van den Bold, 1957
identified by Neufville, 1973, differing by having a shorter and less acute
posterior region.

Geographic and stratigraphic distribution: Agadir, Marocco, lower
Cenomanian (Andreu, 1991), Barreirinhas Basin, Brazil, Turonian — middle

Coniacian.

Suborder Cypridocopina Jones, 1901
Superfamily Pontocypridoidea Miiller, 1894
Family Pontocyprididae Miller, 1894
Genus Argilloecia Sars, 1866

Argilloecia sp. 1
(Fig. 3, n® 15-16)

Figured material: ULVG-11768, Carapace, L: 0.525; H: 0.223; W: 0.198, well
1-MAS-14, sample 1698-1710.

Material: Two specimens.

Measurements: L: 0.3-0.5; H: 0.15-0.22; W: 0.2.
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Occurrences: 1-MAS-4A (sample 1410-1425 m), 1-MAS-14 (sample 1692-
1710 m).

Description: Elongate sub-rectangular carapace in lateral view, sub-elliptical in
dorsal view. Anterior margin narrowly rounded, posterior margin declines at
median height. Dorsal margin almost straight, ventral margin straight in right
valve, slightly biconvex in left valve. RV overlaps LV except in the dorsal and
postero-ventral margins. Greatest height at postero one-third, greatest width at
the median region. Smooth carapace. Internal morphology could not be
observed.

Remarks: This species differs from Argilloecia sp. 2 by having a less acute
posterior margin, dorsal and ventral margins almost straight, and a less
pronounced overlap.

Geographic and stratigraphic distribution: Barreirinhas Basin, Brazil,

Turonian — middle Coniacian.

Argilloecia sp. 2
(Fig. 3, n® 17-18)

Figured material: ULVG-11769, Carapace, L: 0.532; H: 0.252; W: 0.211, well
1-MAS-3A, sample 2265-2280.

Material: One specimen.
Measurements: L: 0.532; H: 0.252; W: 0.211.
Occurrences: 1-MAS-3A (sample 2265-2280 m).

Description: Elongate carapace in lateral view, sub-elliptical in dorsal view.
Anterior margin obliquely rounded; posterior margin acute with ventral apex.
Dorsal margin convex, ventral margin slightly concave. RV larger than LV,
overlapping it overall. Greatest height and width at the median region. Smooth
surface. Internal characteristics could not be observed.

Remarks: The specimen is similar to Bythocypris adunca Esker, 1968 identified
by Shahin (1991), Argilloecia? sp. identified by Viviers et al. (2000) and to
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Argilloecia sp. 2 described by Piovesan (2008); however, the overlap is much

more developed in the present species.

Geographic and stratigraphic distribution: Barreirinhas Basin, Brazil,

Turonian — middle Coniacian.

Superfamily Cypridoidea Baird, 1845

Family Candonidae Kaufmann, 1900

Subfamily Paracypridinae Sars, 1923
Genus Paracypris Sars, 1866

Paracypris eniotmetos Nicolaidis & Piovesan, 2013
(Fig. 3, n? 19)

2000 Paracypris sp. P3 Viviers et al., p. 419-420, figure 10, n. 10-11
2013 Paracypris eniotmetos Piovesan et al., p. 243, figure 3, 10b

Figured material: ULVG-11770, Carapace, L: 0.775; H: 0.343; W: 0.299, well
1-MAS-14, sample 1026-1044.

Material: Six specimens.
Measurements: L: 0.7 — 0.87; H: 0.29 — 0.38; W: 0.3.

Occurrences: 1-MAS-1 (samples 906-924 m, 924-942 m, 960-990 m, 996-
1014 m), 1-MAS-4A (sample 1110-1125 m), 1-MAS-14 (sample 1026-1044 m).

Remarks: Differs from Paracypris cf. P. gracilis (Bosquet, 1854) Jones & Hinde,
1890 in its whole outline and the lack of any ornamentation. The size
differences are attributed to different ontogenetic states. It is similar to
Paracypris sp. 1 described by Delicio (1994), but differs regarding height and
valve overlap, which are, respectively, lower and less visible in the studied

species.

Geographic and stratigraphic distribution: Jandaira Formation, Potiguar
Basin, Brazil, Coniacian-Santonian (Vivers et al., 2000), Sao Mateus Formation,
Espirito Santo Basin, Brazil, upper Albian-lower Santonian (Piovesan et al.,

2013), Barreirinhas Basin, Brazil, Turonian — middle Coniacian.
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Paracypris caudata (Bold, 1964) Neufville, 1973
(Fig. 3, n? 20)

1973 Paracypris caudata (van den BOLD) Neufville, p. 125-126, plate 7.3, fig. 4
1979 Paracypris umzambaensis Dingle, p. 18, figure 7B

1987 Paracypris nigeriensis Okosun, p. 136-137, plate 15, figure 16

2000 Paracypris caudata (van den Bold) — Viviers et al, p. 418-419, figure 10,
number 14

2014a Paracypris aff. caudata (Bold, 1964) — Piovesan et al., p.216-217, plate
1, figure L

Figured material: ULVG-11771, Right valve, L: 0.734; H: 0.363, well 1-MAS-
4A, sample 1335-1350.

Material: Two specimens.
Measurements: L: 0.7; H: 0.36.

Occurrences: 1-MAS-3A (sample 2205-2220 m); 1-MAS-4A (sample 1335-
1350 m).

Remarks: Differs from other species due to its well-defined sub-triangular

outline.

Geographic and stratigraphic distribution: Richard’s Bay, Zululand, South
Africa, Santonian-Campanian (Dingle, 1979), Quebradas Formation, Potiguar
Basin, Brazil, Cenomanian-mid-Coniacian (Vivers et al., 2000), Jandaira
Formation, Potiguar Basin, Brazil, Turonian (Piovesan et al., 2014), Barreirinhas

Basin, Brazil, Turonian — middle Coniacian.

Paracypris sp. 1
(Fig. 3, n? 21-22)

Figured material: ULVG-11772, Carapace, L: 0.673; H: 0.275; W: 0.234, well
1-MAS-1, sample 906-924.

Material: One specimen.
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Measurements: L: 0.673; H: 0.275; W: 0.234.
Occurrences: 1-MAS-1 (sample 906-924 m).

Description: Elongate carapace of sub-rectangular outline in lateral view,
elliptical in dorsal view. Anterior margin rounded, posterior margin very
elongated and acuminated, pointing towards the ventral margin. Dorsal margin
convex, ventral margin concave. LV slightly larger than RV, overlap visible
throughout the dorsal margin. Maximum height and width at the median.
Ornamentation consists of faint punctuation on the anterior area. Internal

characteristics not observed.

Remarks: This Paracypris species differs from the other described species due
to its significantly convex ventral margin and downward pointing posterior. It
bears some resemblance to Paracypris dubertreti? identified by Majoran (1989),
but the antero-dorsal height is taller in said species, and the angle of the dorsal
margin towards the posterior is sharper. It is similar to Paracypris aff. gracilis
(Bosquet, 1854) identified by Fauth et al. (2005); due to that species’ dubious
taxonomic history, however, the authors chose to not use that name in this
study.

Geographic and stratigraphic distribution: Gramame Formation, Paraiba
Basin, Brazil, upper Maastrichtian (Fauth et al., 2005), Barreirinhas Basin,

Brazil, Turonian — middle Coniacian.

Paracypris sp. 2
(Fig. 3, n°® 23-24)

Figured material: ULVG-11773, Carapace, L: 0,783; H: 0,294; W: 0,298, well
1-MAS-14, sample 1044-1062.

Material: Six specimens.
Measurements: L: 0.7 — 0.8; H: 0.24 — 0.29; H: 0.3.

Occurrences: 1-MAS-3A (samples 2160-2175 m, 2265-2280 m), 1-MAS-4A
(sample 1200-1215 m), 1-MAS-14 (sample 1008-1026 m, 1044-1062 m).
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Description: Elongate sub-triangular carapace in lateral view. Anterior margin
obliquely symmetrically, posterior margin elongated, pointing towards the
ventral margin. Dorsal margin convex, ventral margin straight. Greatest height
at the median region. Smooth surface. Internal morphology could not be
observed.

Remarks: Differs from Paracypris sp. 2 due to its smaller size. The very poor
preservation of the studied specimens did not allow to securely differentiating
them further.

Geographic and stratigraphic distribution: Barreirinhas Basin, Brazil,

Turonian — middle Coniacian.

Paracypris sp. 3
(Fig. 3, n? 25-26)

Figured material: ULVG-11774, Carapace, L: 1.340; H: 0.531; W: 0.358, well
1-MAS-3A, sample 2265-2280.

Material: Four specimens.
Measurements: L: 1.340; H: 0.531; W: 0.358.

Occurrences: 1-MAS-1 (samples 996-1014 m, 1248-1266 m), 1-MAS-3A
(samples 2160.-2175 m, 2265-2280 m)

Description: Large, elongate sub-triangular carapace in lateral view, elliptical in
dorsal view. Anterior margin rounded, slightly compressed, posterior margin
very elongated, pointing towards the ventral margin. Dorsal margin convex,
ventral margin strongly concave. LV slightly larger than RV, with overlap visible
in the dorsal area. Greatest height at the median region, greatest width at the
postero-median one-third. Smooth surface. Internal characteristics could not be
observed.

Remarks: This species differs from Paracypris cf. P. gracilis in particular due to
its significantly larger size and lack of ornamentation.
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Figure 4: Scale bar for images 14 and 21 = 20 ym, all others = 100 pm. 1-2: Cythereis sp. 1, ULVG-11776, well 1-MAS-
4A, sample 1170-1185; 1 — RV; 2 — DV. 3-4: Cythereis sp. 2, ULVG-11777, well 1-MAS-3A, sample 2025-2040; 2 — LV;
3 — IV (LV). 5-6: Cythereis? sp. 1, ULVG-11778, well 1-MAS-14, sample 1044-1062; 4 — LV; 5 — DV. 7-8: Cythereis? sp.
2, ULVG-11779, well 1-MAS-1, sample 924-942, 6 — RV; 7 — DV. 9: Ovocytheridea sp., ULVG-11780, well 1-MAS-1,
sample 972-990; 8 — RV. 10-11: Ovocytheridea? sp., ULVG-11781, well 1-MAS-4A, sample 1335-1350; 10 — RV; 11 —
DV. 12-13: Sapucariella sapucariensis, ULVG-11782, well 1-MAS-4A, sample 1095-1110; 12 — DV; 13 — RV. 14-15:
Sapucariella multidifferentis, ULVG-11783, well 1-MAS-14, sample 1008-1026; 14 — DV; 15 — RV. 16-17: Sapucariella
sp. 1, ULVG-11784, well 1-MAS-1, sample 924-942; 16 — RV; 17 — DV. 18-19: Sapucariella sp. 2, ULVG-11785, well 1-
MAS-14A, sample 1098-1116; 18 — DV; 19 — RV. 20-21: Dumontina? sp., ULVG-11786, well 1-MAS-14, sample 1296-
1314; 20 — RV; 21 — DV. 22-25: Potiguarella maranhensis, well 1-MAS-14, sample 1098-1116; 22 and 23, ULVG-11787,
morphotype 1; 24 and 25, ULVG-11788, morphotype 2. 22 — DV; 23 — RV, 24 — RV; 25 — DV. 26: Potiguarella sp.,
ULVG-11789, well 1-MAS-1, sample 1248-1266; 26 — RV. 27-28: Sergipella sp., ULVG-11790, well 1-MAS-1, sample
924-942. 27 — RV; 28 — DV.
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Geographic and stratigraphic distribution: Barreirinhas Basin, Brazil,

Turonian — middle Coniacian.

Suborder Cytherocopina Baird, 1850
Superfamily Cytheroidea Baird, 1850
Family Cytheridae Baird, 1850
Genus Cythereis Jones, 1849

Cythereis gabonensis Neufville, 1973
(Fig. 3, n? 27-28)

1973 Cythereis gabonensis Neufville, p. 131-132, plate 7.6, fig. 1a-1c

Figured material: ULVG-11775, Carapace, L: 0.768; H: 0.428; W: 0.325, well
1-MAS-1, sample 978-996.

Material: Six specimens.
Measurements: L: 0.7 - 0.75; H: 0.36 — 0.42; W: 0.3 — 0.32.

Occurrences: 1-MAS-1 (samples 942-960 m, 978-996 m, 996-1014 m, 1014-
1032 m), 1-MAS-14 (sample 1404-1422 m).

Remarks: This species differs from Cythereis sp. 1 mainly regarding the
ornamentation, possessing larger reticulum, in the greater length of the median
rib, and in the posterior, which is more elongated; it also differs from Cythereis
sp. 2, being smaller in size, in the median rib, which is smaller and not
connected to the sub-central tubercle, the ventral rib, that connects to the

anterior rib, and the sub-central tubercle, which is noticeably smaller.

Geographic and stratigraphic distribution: Rembo Cotto, Gabon,
Cenomanian-Turonian (Neufville, 1973), Barreirinhas Basin, Brazil, Turonian —

middle Coniacian.
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Cythereis sp. 1
(Fig. 4, n® 1-2)

Figured material: ULVG-11776, Carapace, L: 0.740; H: 0.398; W: 0.367, well
1-MAS-4A, sample 1170-1185.

Material: One specimen.
Measurements: L: 0.740; H: 0.398; W: 0.367.
Occurrences: 1-MAS-4A (sample 1170-1185 m).

Description: Carapace sub-rectangular in lateral and sub-hexagonal with
compressed extremities in dorsal view. Anterior margin broadly rounded;
posterior margin obliquely rounded with a sharp postero-dorsal angle. Dorsal
margin almost straight; ventral margin slightly sinuous. LV slightly larger than
RV, with overlap visible in the postero-dorsal and whole anterior margin.
Greatest height at the anterior one-third; maximum width at the antero-median
region. Well-developed ornamentation: the reticulum vary in size, covering the
whole carapace, being larger in the anterior region; dorsal rib weakly-developed
pointing upwards and extending from the postero-dorsal area to slightly behind
the ocular tubercle without reaching it; very small and weakly developed median
rib that connects to a sub-central tubercle; marginal rim present with numerous
denticles alongside the anterior, ventral and postero-ventral margins. Weakly-

developed eye tubercle. Internal characteristics could not be observed.

Remarks: This species differs from other Cythereis species due to its strong
ornamentation, shorter posterior region, median rib and well-developed sub-
central tubercle.

Geographic and stratigraphic distribution: Barreirinhas Basin, Brazil,

Turonian — middle Coniacian.
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Cythereis sp. 2
(Fig. 4, n® 3-4)

Figured material: ULVG-11777, Left valve, L: 1.048; H: 0.548, well 1-MAS-3A,
sample 2025-2040.

Material: Two specimens.
Measurements: L: 1.0; H: 0.5.
Occurrences: 1-MAS-3A (sample 2025-2040 m).

Description: Large sub-rectangular carapace in lateral view. Anterior margin
well rounded with a marginal rim, posterior margin sub-triangular, tapering
upwards at median height. Dorsal margin straight and declining posteriorly,
ventral margin straight. Greatest height at the antero-dorsal. Well-developed
ornamentation: the reticulum comprises cells which are mostly symmetrical in
size, covering the whole carapace; dorsal rib weakly-developed, extending from
the postero-dorsal area to slightly behind the ocular tubercle; median rib straight
and weakly developed, starting at the posterior, connected to a large sub-
central tubercle; ventral rib arched and very well developed, extending from the
antero-ventral to the postero-ventral margin; anterior marginal rim extends from
the eye tubercle to the antero-ventral margin. Numerous denticles are present
alongside the anterior, ventral and postero-ventral margins. Heterodont hinge,
with a smooth bar, a single socket in the posterior, a smooth tooth in the
anterior, and a second socket adjacent to the tooth; the central muscule scar
could not be observed.

Remarks: This species differs from the previous one due to its larger size,
different ornamentation, well-developed eye tubercle, sub-central tubercle,
straight dorsal rib, and very well-developed ventral rib.

Geographic and stratigraphic distribution: Barreirinhas Basin, Brazil,

Turonian — middle Coniacian.
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Cythereis? sp. 1
(Fig. 4, n® 5-6)

Figured material: ULVG-11778, Carapace, L: 0.666; H: 0.349; W: 0.216, well
1-MAS-14, sample 1044-1062.

Material: One specimen.
Measurements: L: 0.666; H: 0.349; W: 0.216.
Occurrences: 1-MAS-14 (sample 1044-1062 m).

Description: Carapace sub-rectangular in lateral view. Anterior margin broadly
rounded; posterior margin strongly pointed, with a sharp postero-dorsal angle,
tapering upwards at ventro-median height. Dorsal and ventral margin straight.
LV slightly larger than RV. Greatest height at the anterior one-third; greatest
width at the posterior one-third. Well-developed ornamentation: reticulum
varying in size, covering the whole carapace. The largest cell are located in the
anterior region; dorsal, median and ventral ribs and sub-central tubercle absent;
anteromarginal rim rib weakly developed. Small spines can be seen in the
postero-ventral margin. Small, weakly developed eye tubercle. Internal

morphology could not be observed.

Remarks: This species differs from previous ones due to the absence of
median and ventral ribs and the sub-central tubercle, as well as its strongly
acuminate posterior margin. It resembles “Imhotepia” GAF 5 from Grosdidier
(1979), but differs in its ornamentation pattern. It can also be compared to
Parvacythereis sp. 2 identified by Andreu et al. (2007), but it has a wider

anterior region and a less developed ventral rib.

Geographic and stratigraphic distribution: Barreirinhas Basin, Brazil,

Turonian — middle Coniacian.
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Cythereis? sp. 2
(Fig. 4, n® 7-8)

Figured material: ULVG-11779, Carapace, L: 0.654; H: 0.357; W: 0.256, well
1-MAS-1, sample 924-942.

Material: One specimen.
Measurements: L: 0.654; H: 0.357; W: 0.256.
Occurrences: 1-MAS-1 (sample 924-942 m).

Description: Carapace sub-rectangular in lateral view and sub-hexagonal in
dorsal view. Anterior margin well rounded, compressed in dorsal view; posterior
margin compressed, with a symmetrical postero-dorsal and postero-ventral
angle, tapering at median height. Dorsal and ventral margins straight. LV
slightly larger than RV, overlapping in the dorsal margin. Greatest height at the
anterior one-third, where the eye tubercle is located. Well-developed
ornamentation: reticulum covering the whole carapace, with the largest cells
located in the anterior region; weakly developed dorsal and ventral ribs, with the
ventral rib connecting to the antero-marginal rim. Median rib absent. Small,
weakly developed eye tubercle. Internal morphology could not be observed.

Remarks: Differs from previous species in the lack of the median rib. It
resembles Cythereis cretaria cretaria Bold, 1964 identified by Morsi (2000) for
the Senonian of Sinai, Egypt, differing in having a straight ventral margin and in
its reticulation, which is not as well developed. It can also be compared to
Parvacythereis sp. 1 recorded by Andreu et al. (2007) for the Cretaceous of the
Jaisalmer Basin, India, differing in the size of the reticulum and its straight

ventral margin.

Geographic and stratigraphic distribution: Barreirinhas Basin, Brazil,

Turonian — middle Coniacian.
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Family Cytherideidae Sars 1925
Genus Ovocytheridea Grekoff, 1951

Ovocytheridea sp.
(Fig. 4, n® 9)

Figured material: ULVG-11780, Right valve, L: 0.872; H: 0.513, well 1-MAS-1,
sample 972-990.

Material: 13 specimens.
Measurements: L: 0.76 — 0.87; H: 0.43 — 0.51.

Occurrences: 1-MAS-1 (samples 924-942 m, 960-990 m, 978-996 m, 996-
1014 m, 1356-1374 m, 1392-1410 m), 1-MAS-4A (sample 1140-1155 m), 1-
MAS-14 (samples 972-990 m, 1009-1026 m).

Description: Carapace elliptical in lateral view. Anterior margin elongated with
an obtuse antero-dorsal angle, posterior margin rounded. Dorsal margin
convex, ventral margin slightly sinuous. Greatest height at the median region.
Smooth surface. Due to the poor preservation of the recovered valves, the

internal characteristics could not be observed.

Remarks: This species differs from Ovocytheridea? sp. due to the absence of

punctation and by being significantly larger. No carapaces were found.

Geographic and stratigraphic distribution: Barreirinhas Basin, Brazil, lower

Cenomanian — middle Coniacian.

Ovocytheridea? sp.
(Fig. 4, n® 10-11)

Figured material: ULVG-11781, Carapace, L: 0.664; H: 0.346; W: 0.269, well
1-MAS-4A, sample 1335-1350.

Material: One specimen.

Measurements: L: 0.6; H: 0.34; W: 0.27.
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Occurrences: 1-MAS-4A (sample 1335-1350 m).

Description: Elongate, elliptical carapace in lateral view, sub-elliptical in dorsal
view. Anterior margin rounded, posterior margin obliquely rounded. Dorsal
margin slightly convex, ventral margin with a small concavity in the
anteromedian region. LV larger than RV. Greatest height in the posterior third,
greatest width at the postero-median part. Ornamentation consists of
widespread punctuation through the whole carapace, more dense on the
anterior area, all symmetrical and of the same size. Absence of ocular tubercle.
Internal characteristics could not be observed.

Remarks: Similar to Ovocytheridea aff. O. symmetrica from Viviers et al. (2000)
and Ovocytheridea reymenti from Piovesan et al. (2014a), but in this species
the anterior margin is more compressed, less punctated, and the greatest width
is in the postero-median region.

Geographic and stratigraphic distribution: Barreirinhas Basin, Brazil,

Turonian — middle Coniacian.

Family Trachyleberididae Sylvester-Bradley, 1948
Genus Sapucariella Puckett, Andreu and Colin, 2016

Sapucariella sapucariensis (Kroemmelbein, 1964)
(Fig. 4, n® 12-13)

1964 Brachycythere (Brachycythere) sapucariensis Krémmelbein, p.494-495,
figures 3a-c

1973 Brachycythere sapucariensis Krommelbein, 1964 - Neufville, p. 92, plate
6.7, fig. 2b

1999 Brachycythere sapucariensis Krommelbein, 1964 - Gebhardt, p. 90-91,
figure 6, n. 3-4

2000 Brachycythere ex gr. sapucariensis Krommelbein, 1964 — Viviers et al., p.
420-421, figure 11, n. 21

2016, Sapucatriella sapucariensis (Krommelbein, 1964) — Puckett et al., p. 59,
plate 14, figs. 1-4, 8
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Figure 5: Scale bar for images 8, 13, 14, 15 and 16 = 20 ym, all others = 100 ym. 1-2: Protocosta sp. 1, ULVG-11797,
well 1-MAS-4A, sample 1335-1350; 1 — RV; 2 — DV. 3-4: Krithe sp. 1, ULVG-11791, well 1-MAS-3A, sample 2145-2160;
3 — RV; 4 — DV. 5-6: Krithe sp. 2, ULVG-11792, well 1-MAS-3A, sample 2280-2295; 4 — RV; 5 — DV. 7-8:
Nigeroloxoconcha itanhaensis, ULVG-11839, well 1-MAS-4A, sample 1335-1350; 7 — RV; 8 — DV; 9-10
Conchoecia? sp.1, ULVG-11793, well 1-MAS-1, sample 1410-1428; 7 — RV; 8 — DV. 11-12: Conchoecia? sp.2, ULVG-
11794, well 1-MAS-1, sample 1428-1446; 11 — DV; 12 — LV. 13-14: Conchoecia? sp.3, ULVG-11795, well 1-MAS-1,
sample 1446-1464; 13 — RV; 14 — DV. 15-16: Conchoecia? sp.4, ULVG-11796, well 1-MAS-1, sample 1446-1464; 15 —
LV; 16 — DV. 17-18: Gen. et. sp. indet. 1, ULVG-11798, well 1-MAS-14, sample 1314-1332; 17 — RV; 18 — DV. 19-20:
Gen. et. sp. indet. 2, ULVG-11799, well 1-MAS-4A, sample 1245-1440; 19 — RV; 20 — DV.
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Figured material: ULVG-11782, Carapace, L: 0.789; H: 0.431; W: 0.335, well
1-MAS-4A, sample 1095-1110.

Material: 13 specimens.
Measurements: L: 0.78 — 0.92; H: 0.4 — 0.5; W: 0.33 — 0.45.

Occurrences: 1-MAS-1 (samples 906-924 m, 960-990 m), 1-MAS-4A (sample
1095-1110 m), 1-MAS-14 (samples 1008-1026 m, 1098-1116 m, 1134-1152 m,
1404-1422 m).

Remarks: Due to the revision of the genus Brachycythere by Puckett et al.
(2016), which placed the majority of the brachycytherid ostracods of the
Gondwana under the new Sapucariella genus (including Brachycythere
sapucariensis), all brachycytherid species in this study will also be placed under
this genus. The studied specimens fulfill most of the criteria to be classified
under the Sapucariella sapucariensis species, with an elongate carapace, an
acuminated posterior end, and blunt denticles in the anterior margin. Compared
to most illustrated S. sapucariensis specimens (Krommelbein, 1964; Neufville,
1973; Viviers, 2000), however, they present a noticeably smaller width in the
median region, and the posterior and anterior margins are not as compressed in
dorsal view as it would be expected. Nevertheless, at the lateral outline
matches exactly the diagnosis for the species, the authors decided to keep the

current classification.

Geographic and stratigraphic distribution: Sapucari Formation, Sergipe
Basin, Sergipe, Brazil, lower Turonian (Krémmelbein, 1966, Neufville, 1979),
Eze-Aku Shale, East Central State, Nigeria, lower Turonian (Neufville, 1973),
Agadir and Fes, Marocco, upper Cenomanian-lower Turonian (Andreu, 1991),
Quebradas Formation, Potiguar Basin, northeastern Brazil, middle Cenomanian
(Viviers et al.,2000), Tarfaya Basin, Morocco, Cenomanian (Gebhardt & Zorn,
2008), Barreirinhas Basin, Brazil, Turonian — middle Coniacian.

Sapucariella multidifferentis (Nicolaidis and Piovesan, 2013)

(Fig. 4, n® 14-15)
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1959 Ostracode T 2 Glintzboeckel & Magné, p. 67, plate 4, figure 43

2013 Brachycythere multidifferentis Nicolaidis and Piovesan, p. 246, figure 6, n.
1

2016 Sapucatriella multidifferentis (Nicolaidis and Piovesan,2011) - Puckett et
al., p. 59, plate 11, figs. 10-14

Figured material: ULVG-11783, Carapace, L: 0.605; H: 0.395; W: 0.325, well
1-MAS-14, sample 1008-1026.

Material: One specimen.
Measurements: L: 0.605; H: 0.395; W: 0.325.
Occurrences: 1-MAS-14 (sample 1008-1026 m).

Remarks: This species differs from the previous species due its less well-
developed ocular tubercle, less compressed anterior and posterior margins, and
slightly upturned posterior margin.

Geographic and stratigraphic distribution: Tunisia and east Algeria, upper
Cretaceous (Glintzboeckel and Magné, 1959), Santos Basin, Brazil,
Cenomanian-Turonian (Piovesan et al, 2013), Barreirinhas Basin, Brazil,

Turonian — middle Coniacian.

Sapucariella sp. 1
(Fig. 4, n® 16-17)

Figured material: ULVG-11784, Carapace, L: 0.661; H: 0.437; W: 0.330, well
1-MAS-1, sample 924-942.

Material: 17 specimens.
Measurements: L: 0.65; H: 0.45; W: 0.33 - 0.4.

Occurrences: 1-MAS-1 (samples 924-942 m, 960-978 m, 978-996 m, 1068-
1085 m, 1230-1248 m), 1-MAS-3A (samples 2190-2205 m, 2280-2295 m),1-
MAS-14 (samples 1008-1026 m, 1134-1152 m).
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Description: A short, sub-triangular carapace in lateral view, elliptical with
compressed anterior and posterior margins in dorsal view. Anterior margin
rounded, posterior margin elongate and narrow, ventral margin slightly sinuous.
LV larger than RV, overlapping it throughout the whole outline of the carapace.
Greatest height at antero-dorsal margin, greatest width at median. Posterior
region sub-triangular, pointed at ventral margin. Punctation throughout the
carapace, strongest in the anterior margin. Well-developed ocular tubercle.

Internal characteristics could not be observed.

Discussion: This species differ from previous ones in the shorter carapace and
lack of denticles on the anterior margin. Neufville (1973) classifies a
Sapucariella of similarly compressed length as Sapucariella sapucariensis;
however, he does not provide measurements to properly compare our
specimens with his. Musacchio (1990) described the species Sapucariella
branisae, which possess a similar lateral outline; however, it differs in having a
more prominent overlap and in the broadly rounded and higher anterior margin.
Therefore, despite some similar attributes to the Sapucariella sapucariensis
species and the lack of more material, the authors decided to leave it in open

nomenclature.

Geographic and stratigraphic distribution: Eze-Aku Shale, East Central
State, Nigeria, lower Turonian (Neufville, 1973), Miraflores Formation, El
Molino, Cerro Huanaquino, Potosi Department, Bolivia, Cenomanian
(Musacchio, 1990), Barreirinhas basin, Brazil, Turonian — middle Coniacian.

Sapucariella sp. 2
(Fig. 4, n® 18-19)

Figured material: ULVG-11785, Carapace, L: 0.637; H: 0.349; W: 0.311, well
1-MAS-14A, sample 1098-1116.

Material: One specimen.
Measurements: L: 0.63; H: 0.35; W: 0.3.

Occurrences: 1-MAS-14 (sample 1098-1116 m).
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Description: Carapace elongate, sub-triangular in lateral view, rhomboid in
dorsal view. Anterior margin rounded, posterior margin elongate and narrow,
with a gentle postero-dorsal angle. Dorsal margin straight, declining towards the
postero-ventral margin. LV overlaps RV throughout the whole carapace.
Greatest height at antero-dorsal margin, greatest width at posterior one-third.
Posterior region acuminate, pointed at ventral margin. Surface punctated at the
median region. Well-developed ocular tubercle. Displays a strong depression in
the anterior region, starting in post-ocular region and ending on the antero-
ventral margin, more visible in dorsal view. Internal characteristics could not be

observed.

Discussion: This species differs from the previously described ones due to its
gentler postero-dorsal angle, its rhomboidal outline in dorsal view, with large,
angular lateral projections, and the presence of rib-like antero-marginal
structure. The distinct rhomboid shape and prominent antero-marginal rim does
not appear to be the result of deformation, as they are symmetrical and the
carapace does not display signs of significant weathering; thus, this specimen
might represent a new species. Due to the lack of more material, the authors

choose to leave it in open nomenclature.

Geographic and stratigraphic distribution: Barreirinhas basin, Brazil,

Turonian — middle Coniacian.
Genus Dumontina Deroo, 1966
Dumontina? sp.
(Fig. 4, n® 20-21)
1979 “Dumontina” GA E 20 Grosdidier, plate 3, figures 17b-c

Figured material: ULVG-11786, Carapace, L: 0.625, H: 0.291; W: 0.225, well
1-MAS-14, sample 1296-1314.

Material: Five specimens.

Measurements: L: 0.5-0.6; H: 0.24 — 0.3; W: 0.2.
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Occurrences: 1-MAS-1 (sample 978-996 m), 1-MAS-14 (samples 972-990 m,
1044-1062 m, 1296-1314 m).

Description: Elongate, sub-rectangular carapace in lateral view and sub-
hexagonal in dorsal view. Anterior margin slightly obliquely rounded, posterior
end pointed medianly. Dorsal margin slightly convex, ventral margin slightly
sinuous. LV overlaps RV, mainly at ocular tubercle. Greatest height antero-
dorsally; width greatest medianly. Ornamentation consists of a dorsal rib,
slightly arched upwards and extending from the postero-dorsal to the antero-
dorsal margin; a median rib, displayed with a slightly diagonal slope towards the
anterior, that extend from the postero-median to the antero-median region; and
a ventral rib, extending from the postero-ventral to just behind the antero-ventral

region. Internal characteristics could not be observed.

Remarks: This species can be compared to Dumontina sp. recorded by
Okosun (1987), differing mainly in the ornamentation pattern. One specimen
indicates that the species might be reticulated, but the preservation is very poor.

Geographic and stratigraphic distribution: Gabon, lower Turonian
(Grosdidier, 1979); Barreirinhas Basin, Brazil, Turonian — middle Coniacian.

Genus Potiguarella Piovesan, Cabral & Colin, 2014a
Potiguarella maranhensis Santos Filho, Fauth & Piovesan sp. nov.
(Fig. 4, n® 22-25)
2000 Cythereis? aff. C. gabonensis Viviers, p. 433, figure 19, numbers 12-13

Derivatio nominis: From Maranhao state, where is located the Barreirinhas

Basin.

Holotype: ULVG-11787, morphotype 1, L: 0.675; H: 0.381; W: 0.278, well 1-
MAS-14, sample 1098-1116 m.

Paratypes: ULVG-11788 (morphotype 2), ULVG-11837 (morphotype 1), ULVG-
11838 (morphotype 1).
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Material: Seven specimens.
Measurements: L: 0.66 — 0.75; H: 0.33 — 0,38; W: 0,27.

Occurrences: 1-MAS-1 (samples 906-924 m, 996-1014 m, 1068-1085 m,
1248-1266 m), 1-MAS-14 (samples 972-990 m, 1098-1116 m).

Diagnosis: A species of the genus Potiguarella species characterized by its

weakly developed ribs, anteromarginal rim, and sub-central tubercle.

Description: Carapace sub-rectangular in lateral view, sub-hexagonal in dorsal
view. Anterior margin well rounded, compressed in dorsal view; posterior
margin compressed, sub-triangular and tapering downwards at ventro-median
height. Dorsal margin straight, ventral margin slightly sinuous to straight. LV
overlapping RV in the postero-dorsal and anterior margin. Greatest height at
the antero-dorsal; greatest width postero-medianly. Well-developed
ornamentation: reticulum of varying size, covering the whole carapace, with the
largest cells located in the anterior region; weakly-developed dorsal rib arched
upwards, extending from the postero-dorsal area to slightly behind and below
the ocular tubercle; median rib weakly developed, slightly arched, connected to
a small sub-central tubercle; ventral rib weakly developed, extending from the
postero-ventral margin to the middle antero-ventral margin; anteromarginal rim
weakly developed, covering the anterior margin from the eye tubercle to
the antero-ventral margin. Small eye tubercle. Morphotype 2 have longer
carapaces than morphotype 1. Internal characteristics could not be observed.

Remarks: This species differs from Potiguarella sp. 2 in its height and in its
more pronounced anterior cardinal angle. It has a similar outline to
“Rehacythereis” GA E 10 described by Grosdidier (1979), but with far less
pronounced ribs. Somewhat similar to Cythereis gabonensis Neufville, 1973,
but differs in its connection between the median rib and the sub-central
tubercle, and in the lack of connection between the ventral rib and the
anteromarginal rim. It resembles Potiguarella grosdidieri Piovesan, Cabral &
Colin, 2014; however, it lacks the post-ocular groove characteristic of that

species.
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Geographic and stratigraphic distribution: Barreirinhas Basin, Brazil,

Turonian — middle Coniacian.

Potiguarella sp.
(Fig. 4, n® 26)

Figured material: ULVG-11789, Right valve, L: 0.677; H: 0.303, well 1-MAS-1,
sample 1248-1266.

Material: One specimen.
Measurements: L: 0.677; H: 0.303.
Occurrences: 1-MAS-1 (sample 996-1014 m).

Description: Elongated sub-rectangular carapace in lateral view. Anterior
margin well-rounded, posterior margin bluntly pointed at about mid-height.
Dorsal margin straight to slightly convex, ventral margins very slightly concave
to straight. Greatest height anterodorsally. Well-developed ornamentation, with
reticulum varying in size. The largest cells are located on the anterior region.
Weakly-developed dorsal rib, slightly arched, ranging from the postero-dorsal to
the antero-dorsal margin, slightly behind and below the eye tubercle; weakly-
developed median rib, slightly arched, ranging from the postero-median to the
antero-median region, connected to a weakly developed sub-central tubercle;
weakly-developed ventral rib, ranging from the postero-median to the antero-
median region, ending just below the sub-central tubercle; weakly developed
antero-marginal rim, ranging from the eye tubercle to the antero-ventral margin.
Internal characteristics could not be observed due to poor preservation of the

recovered specimen.

Remarks: Differs from the previous species in being lower, having an
acuminate posterior end, and displaying well pronounced ribs. It is similar to
“Rehacythereis” GA F 8 identified by Grosdidier (1979), but differs in its longer
carapace, more developed ornamentation, and smaller median and ventral ribs.
It also resembles Potiguarella coimbrai Piovesan et al., 2014, but it is smaller

and possesses a different reticulation pattern.
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Geographic and stratigraphic distribution: Barreirinhas Basin, Brazil,

Turonian — middle Coniacian.
Genus Sergipella Kroemmelbein, 1967

Sergipella sp.
(Fig. 4, n® 27-28)

Figured material: ULVG-11790, Carapace, L: 0.589; H: 0.292; W: 0.243, well
1-MAS-1, sample 924-942.

Material: One specimen.
Measurements: L: 0.589; H: 0.292; W: 0.243.
Occurrences: 1-MAS-1 (sample 924-942 m).

Description: Sub-rectangular carapace in lateral view. Anterior margin
obliquely rounded; posterior margin tapers at median to dorso-median height.
Dorsal margin convex, ventral margin straight. LV overlaps RV in the dorsal and
anterior margins. Greatest height at the antero-dorsal. Ornamentation consists
of a dorsal rib, arched upwards that extends from the postero-dorsal to the
antero-dorsal margin; a very short median rib that extends from the postero-
median to just behind the median region; and a ventral rib, extending from the
postero-ventral to the antero-ventral margin. Internal characteristics could not

be observed.

Remarks: This species shows similarities to Sergipella grosdidieri Do Carmo et
al., 2012, being slightly smaller, with less prominent ribs, and possessing

reticulation.

Geographic and stratigraphic distribution: Barreirinhas Basin, Brazil,

Turonian — middle Coniacian.
Genus Protocosta Bertels, 1969
Protocosta sp.

(Fig. 5, n® 1-2)
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Figured material: ULVG-11797, Carapace, L: 0.831, H: 0.459; W: 0.348, well
1-MAS-4A, sample 1335-1350.

Material: Seven specimens
Measurements: L: 0.83 — 0.95; H: 0.43 — 0.5; W: 0.35 - 0.44

Occurrences: 1-MAS-4A (samples 1305-1320 m, 1320-1335 m, 1335-1350 m,
1410-1425 m), 1-MAS-14 (samples 1656-1674 m, 1674-1692 m, 1692-1710 m)

Description: An elongate, sub-rectangular carapace in lateral view, sub-ovate
in dorsal view. Anterior margin rounded, compressed in dorsal view; posterior
margin bluntly pointed at mid-height. Dorsal margin straight, inclined to the
posterior, ventral margin straight. LV overlaps RV, especially on the anterior
margin. Greatest height anterodorsally, greatest width postero-medianly. Well-
developed ornamentation, consisting of symmetrical punctuation spread
throughout the whole carapace, specially developed at the anterior margin.
Sub-central tubercle weakly developed. Weakly developed ventral rib that
extends from antero-ventral to postero-ventral margin. Weakly developed,
arched dorsal rib extending from the postero-dorsal margin to above the sub-
central tubercle. Small tubercles present in the postero-ventral margin. Antero-
marginal rim well developed, with 4 to 5 small tubercles from the mid-height to

antero-ventral margin. Internal characteristics could not be observed.

Remarks: The absence of a median rib is noted as being possible by Bertels
(1969). It resembles Protocosta reticulata Fauth et al., 2005, differing mainly in
the ornamentation, which is less developed, and the presence of the antero-
marginal tubercles. It can also be compared to Protocosta n. sp. Bertels, 1975,
differing mostly by the ornamentation pattern and the lack of the antero-
marginal tubercles.

Geographic and stratigraphic distribution: Barreirinhas Basin, Brazil, lower

Cenomanian — middle Coniacian.

Family Krithidae Mandelstam, 1958
Genus Krithe Brady, Crosskey & Robertson, 1874
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Krithe sp. 1
(Fig. 5, n® 3-4)

Figured material: ULVG-11791, Carapace, L: 0.835; H: 0.443; W: 0.371, well
1-MAS-3A, sample 2145-2160.

Specimens: Five specimens.
Measurements: L: 0.8 — 0.9; H: 0.45-0.53; W: 0.35 - 0.42.

Occurrences: 1-MAS-3A (samples 2145-2160 m, 2190-2205 m, 2235-2250 m,
2430-2245 m).

Description: Elongate sub-rectangular carapace in lateral view, sub-ovate in
dorsal view. Anterior margin well-rounded, posterior margin truncated,
possessing the characteristic posterior indentation in each valve. Dorsal margin
straight to slightly convex, ventral slightly concave. LV larger than RV, with the
overlap visible throughout all carapace. Greatest height postero-medianly,
greatest width medianly. Smooth surface. Internal characteristics could not be
observed.

Remarks: This species differs from other species due to its larger width,
smaller length, and lack of a ventral concavity. It resembles Krithe cushmani
Alexander, 1929, differing in its more compressed posterior region and rounder

anterior margin.

Geographic and stratigraphic distribution: Barreirinhas Basin, Brazil,

Turonian — middle Coniacian.

Krithe sp. 2
(Fig. 5, n® 5-6)

Figured material: ULVG-11792, Carapace, L: 0.757; H: 0.329; W: 0.288, well
1-MAS-3A, sample 2280-2295.

Material: One specimen.

Measurements: L: 0.757; H: 0.329; W: 0.288.
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Occurrences: 1-MAS-3A (sample 2280-2295 m).

Description: Elongate sub-rectangular carapace in lateral view and sub-
elliptical in dorsal view. Anterior margin well-rounded, posterior margin
truncated, possessing the characteristic posterior indentation in each valve.
Dorsal margin slightly convex, ventral concave. LV larger than RV, with the
overlap more pronounced anterodorsally. Greatest height postero-medianly,
greatest width at the posterior one-third. Smooth surface. Internal

characteristics could not be observed.

Remarks: The described specimen differs from the previous ones due to its
narrow width and elongated shape. It is possible that it presented a small
degree of convexity in the ventral margin; however, due to poor preservation,
this cannot be confirmed. It is similar to Krithe solomoni Honigstein, 1984,
registered by Morsi (2000), but the studied specimen is longer, and its posterior

region is more prominent.

Geographic and stratigraphic distribution: Barreirinhas Basin, Brazil,

Turonian — middle Coniacian.

Family Loxoconchidae Sars, 1925

Genus Nigeroloxoconcha Reyment, 1960
Nigeroloxoconcha itanhaensis Nicolaidis and Piovesan, 2013
(Fig. 5, n® 7-8)

2013 Nigeroloxoconcha itanhaensis Nicolaidis and Piovesan, p. 244, fig. 4, 11a-

c

Figured material: ULVG — 11839, Carapace, L: 0.418; H: 0.174; W: 0.122, well
1-MAS-4A, sample 1335-1350 m.

Material: One specimen
Measurements: L: 0.418; H: 0.174; W: 0.122.

Occurrences: 1-MAS-4A (sample 1335-1350 m)
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Remarks: A more complete specimen of the species described by Piovesan et
al. (2013) for the Cenomanian of the Santos Basin, with the posterior margin
intact. The smaller dimensions and differences in the ornamentation can be
attributed to the fact that the studied specimen is a juvenile. It is similar to
Nigeroloxoconcha sp. P2 described by Viviers et al. (2000), differing in size and

by the absence of the horizontal median rib.

Geographic and stratigraphic distribution: Intanhaém Formation, Santos
Basin, Brazil, Cenomanian (Piovesan et al., 2013); Barreirinhas basin, Brazil,

Turonian — middle Coniacian.

Subclass Myodocopa Sars, 1866
Order Halocyprida Dana, 1853
Suborder Halocypridina Dana, 1853
Superfamily Halocypridoidea Dana, 1853
Family Halocyprididae Dana, 1853
Genus Conchoecia Dana, 1849

Conchoecia? sp. 1
(Fig. 5, n® 7-8)

1979 “Conchoecia’ GA D 31. Grosdidier, p. 32-33, plate 11, figures 60a-d
1990 ‘Conchoecia sp. Colin & Andreu, figures 10-12

1991 Conchoecia sp. 1 Andreu, plate 1, figures 1-3

1992 Conchoecia sp. 1 Andreu, p. 296-297, plate 1, figure 1

2000 Conchoecia? sp. Seb6 aff. ‘C’ sp. GA D 31 Viviers et al., p. 438, plate 24,
figs 10-11.c

2015 Conchoecia? sp. 1 Antonietto, p. 25-26, figures 7d-f

Figured material: ULVG-11793, Carapace, L: 0.509; H: 0.395; W: 0.283, well
1-MAS-1, sample 1410-1428.

Material: Five specimens.

Measurements: L: 0.5; H: 0.35-0.4; W: 0.3.
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Occurrences: 1-MAS-1 (samples 1410-1428 m, 1446-1464 m), 1-MAS-4A
(samples 1395-1410 m, 1410-1425 m).

Description: Short, small carapace of circular outline in lateral view, ovoid in
dorsal view. LV slightly larger than RV, overlap visible on dorsal, anterior and
ventral areas. Posterior margin rounded; anterior margin obliquely rounded with
apex at median height. Dorsal margin convex, ventral margin straight to slightly
concave. Greatest height and width medianly. Ornamentation consists of
numerous horizontal to diagonal striae with thick mid-sections, absent only in
the median region of the carapace. Internal characteristics could not be
observed.

Remarks: Pokorny (1964) was the first to record the presence of halocypridids
in the Lower Cretaceous of the Atlantic Ocean (Coniacian of Czechoslovakia).
Numerous authors (e.g. Collin & Andreu, 1990; Andreu, 1991; Andreu, 1992;
Viviers et al. 2000; Antonietto, 2015) have provisionally attributed some
specimens to Conchoecia Dana 1849, due to the presence of a rostrum and/or
their striated ornamentation. Internal features have not been described in detalil
for the mentioned specimens. Therefore, the chose to keep this species in the

current taxonomic classification.

Geographic and stratigraphic distribution: Agadir, Marrocos, Albian — Lower
Cenomanian (Colin & Andreu, 1990; Andreu, 1991, Andreu, 1992). Maruim
Member, Riachuelo Formation, Sergipe-Alagoas Basin, Brazil, Upper Aptian
(Viviers et al., 2000; Antonietto, 2015), Barreirinhas Basin, Brazil, lower

Cenomanian.

Conchoecia? sp. 2
(Fig. 5, n? 9-10)

Figured material: ULVG-11794, Carapace, L: 0.642; H: 0.478; W: 0.370, well
1-MAS-1, sample 1428-1446.

Material: Four specimens.

Measurements: L: 0.65-0.7; H: 0.46 — 0.5; W: 0.37.
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Occurrences: 1-MAS-1 (samples 1428-1446 m, 1446-1464 m, 1482-1500 m).

Description: Short, circular carapace in lateral view, ovoid in dorsal view. LV
slightly larger than RV, overlap visible on dorsal, anterior and ventral areas.
Posterior margin obliquely rounded; anterior margin broadly rounded. Dorsal
margin strongly convex, ventral margin slightly concave. Greatest height and
width medianly. Ornamentation consists of numerous horizontal to slightly
diagonal thin striae, absent only in the median region of the carapace. Internal

characteristics could not be observed.

Remarks: Differs from Conchoecia? sp. 1 in size and in the shape of the striae,
which do not have the thick mid-sections of Conchoecia sp. 1. The posterior of
Conchoecia? sp. 2 is also wider, retaining the same approximate width of the

median section until its posterior extremity.

Geographic and stratigraphic distribution: Barreirinhas Basin, Brazil, lower

Cenomanian.

Conchoecia? sp. 3
(Fig. 5, n®11-12)

1991 Conchoecia? sp. 2 Andreu, plate 1, figures 10-16

Figured material: ULVG-11795, Carapace, L: 0.636; H: 0.495; W: 0.406, well
1-MAS-1, sample 1446-1464.

Material: One specimen.
Measurements: L: 0.636; H: 0.495; W: 0.406.
Occurrences: 1-MAS-14 (sample 1692-1710 m).

Description: Short, small carapace of circular outline in lateral view, elliptical in
dorsal view. LV overlaps RV, less visible in the posterior area. Posterior and
anterior margins rounded, with the anterior extremity slightly acute at median
height. Dorsal and ventral margins strongly convex. Greatest height and width
medianly. Smooth surface. Internal characteristics could not be observed.
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Remarks: This species differs from Conchoecia? sp. 1 and Conchoecia? sp. 2

by the lack of ornamentation and a more elliptical outline in dorsal view.

Geographic and stratigraphic distribution: Ait Attab and Ouaouizeght,
Morroco, Lower Aptian (Andreu, 1991), Barreirinhas Basin, Brazil, lower

Cenomanian.

Conchoecia? sp. 4
(Fig. 5, n® 13-14)

Figured material: ULVG-11796, Carapace, L: 0.487; H: 0.316; W: 0.263, well
1-MAS-1, sample 1446-1464.

Material: One specimen.
Measurements: L: 0.487; H: 0.316; W: 0.263.
Occurrences: 1-MAS-1 (sample 1446-1464 m).

Description: Small, elliptical carapace in lateral view, sub-ovoid shape in dorsal
view. LV overlaps RV. Posterior margin well rounded, anterior margin slightly
acute at median height. Dorsal margin and ventral margin convex. Greatest
height and width medianly, width remains constant from antero-median to
postero-median region. Smooth surface. Internal characteristics could not be
observed.

Remarks: This species differs from Conchoecia? sp. 1 in its ovoidal outline in

lateral view, as well as the lack of ornamentation.

Geographic and stratigraphic distribution: Barreirinhas Basin, Brazil, lower

Cenomanian.
INDETERMINATE TAXA

Gen. et sp. indet. 1
(Fig. 5, n? 15-16)

Figured material: ULVG-11798, Carapace, L: 0.635, H: 0.306; W: 0.286, well
1-MAS-14, sample 1314-1332.
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Material: One specimen.
Measurements: L: 0.635, H: 0.306; W: 0.286.
Occurrences: 1-MAS-14 (sample 1314-1332 m).

Description: Sub-rectangular, elongate carapace in lateral and dorsal view.
Anterior margin rounded, posterior margin compressed in dorsal view. Dorsal
margin and ventral margins straight. LV overlaps RV in the anterior margin.
Greatest height at the antero-dorsal; width remains constant from the antero to
the postero-median region. Ornamentation with large reticulum of same size
cover the anterior of the carapace and seem to extend throughout all surface;
however, poor preservation does not allow this to be described. The marginal
anterior rim is well-developed. Internal characteristics could not be observed.

Geographic and stratigraphic distribution: Barreirinhas Basin, Brazil,

Turonian — middle Coniacian.

Gen. et sp. indet. 2
(Fig. 5, n® 17-18)

Figured material: ULVG-11799, Carapace, L: 0.438; H: 0.244; W: 0.181, well
1-MAS-4A, sample 1245-1440.

Material: One specimen.
Measurements: L: 0.438; H: 0.244; W: 0.181.
Occurrences: 1-MAS-4A (sample 1425-1440 m).

Description: Elongated, sub-rectangular carapace in lateral view. Anterior
margin obliquely rounded; posterior margin truncated. Dorsal margin slightly
sinuous, slopping downwards to the posterior margin. Ventral margin straight.
LV overlaps RV in the anterior and posterior margins. Greatest height at the
antero-dorsal region. Weakly-developed ornamentation, consisting of faint
punctation spread throughout the carapace. Internal characteristics could not be

observed.
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Geographic and stratigraphic distribution: Barreirinhas Basin, Brazil, lower

Cenomanian.
5.2. Biostratigraphic considerations

Two biozones were inferred for the studied wells, based on the zones
defined by Viviers et al. (2000) for the Sergipe basin (Figures 6A, 7A, 8A and
9A). The biostratigraphic correlation between the wells can be seen in Figure
10.

Nigeroloxoconcha aff. Nigeroloxoconcha sp. GA A 22 Range Zone (OSE-2)

Wells: 1-MAS-1 (1500 m — 1428 m), 1-MAS-4A (1470 m — 1410 m)
Age: Lower Cenomanian

The OSE-2 biozone was defined by Viviers et al. (2000). It is
characterized by the total local range of Nigeroloxoconcha aff.
Nigeroloxoconcha sp. GA A 22. It is also characterized by the first occurrence

(FO) and last occurrence (LO) of four different Conchoecia? species.

Though no specimens of Nigeroloxoconcha aff. Nigeroloxoconcha sp.
GA A 22 were found, one of the Conchoecia species described by Viviers et al.
(2000), Conchoecia? sp. Seb6 aff. ‘Conchoecia’. sp. GA D 31, was considered

synonymous to Conchoecia? sp. 1 in this work.

Therefore, the top of this biozone in this study was defined by the LO of
Conchoecia? sp.1 (Figs. 6F and 8F). The lower boundary of this biozone could
not be properly identified, and likely extends below the interval analyzed in this

study.

Brachycythere sapucariensis Interval Zone (OSE-4)

Wells: 1-MAS-1 (960 m — 906 m), 1-MAS-3A (2220 m — 2025 m), 1-MAS-
4A (1350 m — 1095 m), 1-MAS-14 (1422 m — 1026 m)

Age: Turonian — middle Coniacian
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Viviers et al. (2000) defines this biozone as being the interval between
the LOs of Rehacythereis aff. dentonensis (Alexander) and Sapucariella
sapucariensis, with the latter being the dominant species of this zone. In
addition, the Cytherella gabonensis species can also be found on this zone,

being considered a scarce but important marker.

In this study, the top of this biozone was delimited primarily by the LO
of Sapucariella sapucariensis (Figs. 6F, 8F and 9F). When Sapucariella
sapucariensis was absent, Cytherella gabonensis was considered as being
indicative of the presence of this biozone in the well (Fig. 7F).

In wells 1-MAS-14 and 1-MAS-3A, the lower boundary of this
biozone could not be properly identified, and likely extends below the

interval analyzed in this study.
5.3. Ostracod Assemblages and Paleoecological considerations

The samples analyzed from wells 1-MAS-1, 1-MAS-3A, 1-MAS-4A
and 1-MAS-14 have a fairly diversified ostracod assemblages. In addition to
the analysis of the ostracod fauna identified, the carapace/valve ratio was
also calculated in order to aid in the paleoenvironmental interpretations. The
carapace/valve ratio has been used by numerous authors (e.g. Pokorny,
1964; QOertli, 1971; Whatley, 1988; Cabral, 1995; Hussain et al., 2007;
Hussain and Kalaiyarasi, 2013) as indicative of transportation of specimens
and sedimentation rates for the paleoenvironment; a greater amount of
carapaces would be indicative of smaller amounts of transportation and
higher sedimentation rates, while a predominance of valves would be
indicative of an allochthonous assemblage. With these parameters, three
paleoenvironments were delimited (Fig. 11).
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79



A B |© D E  Ostracods F E [
E =
Q
= 8’ o2 P g = 8 ® S | carapaceivalve
8 'E- — Q9 i Pl ‘;§ o~ ..ﬂe_b g Ostracod g Ratio
G2 : . S
ol o || Eo [(3ss ssfsts , Events 2
= A | = ® £ 28 20 L8 LBIT g &
m - — w S O 0 E: E 7} % 3 % ‘q_; Q o °
= S o uumuau.g.m"’m.- Q |®Carapaces
SR IE r
S0aAC¥ana<Onys Q. oy, 100%
2025-2040m |2 1 L . :
2050 i L.O. Cytherella gabonensis
2055 -2070 m 1
2100 2085-2100m 1 1
21302140 m 1 3
2150 :
2145-2160m 11 7 e
2160-2175m P 3
2175-2190m z | 1
2200 2180-2205m 2 1 1 2
2205-2220m A 1 m
< ! L by ()]
w1 | 2250 22352250 m CR 1 £
7] ' |-
1]
o : N =
2265-2280m 1 16 —
2260-2295m : q 113
2300 j | }
2295-2310m . ! ; 1
2310-2325m 1
2350 ! : :
2340-2355m 1 ! £ 2
2400
2R 2 1 P A e ——
2450 ;
24452460 m 1
2460 - 2475 m 12
Key
B shale = calcilutite
B siitstone  [E]Marl
Sandstone
[T|Calcarenite

Figure 7: Well 1-MAS-3A. Scale — 1:2400. A) Biozone based on ostracod events; B) Depth; C) Lithology of the well; D)
Samples containing ostracods; E) Ostracod distribution range; F) Ostracod events, where LO stands for Last
Occurrence; G) Paleoenvironments inferred for the well; H) Carapace/valve ratio calculated for the samples.

80



1-MAS-4A
A B |c P E  Ostracods E = M
B2] e
0 a =
2 g £
e 3 Bw |58% £ = c Val
& 2'g L& arapace/Valve
Sls(o| 25 |igi. §3g= o | Ostracod || ™"
— Q= € (o] i = o —
N 2 o £ o § 280V~ 45538073 Events >
(] o s 0382500208 FTE, c
o = CUE Emm%mmmmgmg'gm'& (1)
= Q| = 2 S8l 0EEIS RGBS o
m  — N — S LSS P LOE L9 0 ¢+ Q
| %um%wmu%%ueﬁgmu — |mcarapaces
2 PS0SES85088cFES @ |mValves
T OS2S55528362062070 o
»ao0000na0a20T0OE 0% 100%
1095 - 1110 m 1 1 [r— |
L.O. Sapucariella sapucariensis
1110-1125m 1 1
1150m 1140 - 1155 m 1 1 1 |— .
BRARISER L.O. Cytherella gabonensis
1155- 1170 m 1 2
1170 - 1185m 1
1200m
gy I I
Iz | | | |— 1200-1215m 1 |
] ]
1215-1230m 1
<
? [}
(<]
w 1250m £
24 s
o =
1300m
1305- 1320 m 1
1320- 1335 m 1
1350m 1335- 1350 m 1 11 1
1400m
1395-1410m 2 N —
' ] L.O. Conchoecia? sp. 1
1410- 1425 m 1 11 7 -
N o
. c
L 1425 - 1440 m 28 =
) |1450m T
(@) =
1455 - 1470 m 1
Key
[ shale = calcilutite
B siitstone  [E] Marl
Sandstone
fC|Calcarenite

Figure 8: Well 1-MAS-4A. Scale — 1:2400. A) Biozone based on ostracod events; B) Depth; C) Lithology of the well; D) Samples
containing ostracods; E) Ostracod distribution range; F) Ostracod events, where LO stands for Last Occurrence; G)
Paleoenvironments inferred for the well; H) Carapace/valve ratio calculated for the samples.

81



1-MAS-14
O L i Ostracods g e P
w bt
P =
& 2 £
Q > o = &
c o 8w § § 88 2 g
B £ |0 5o | B E wEE. NETS b Ostracod = Caraﬁmtgfvalve
o s - g3 T80 .aog8es .~ @& - atio
0o @ _g g g 2 ﬁ%E%g%ﬁ*éQEEE%%;d Events =
= ; sEat S
== 5 et s R 2
& S| P |rgggseeisneipecifsl L ——
SSSERREE gsiitiy & [mve
3 Go5E8S3GEEFa < SE| oo 100%
|—— 972-9%0m 1 1 2 2
1000m :
990-1008 m 2
1 1006 - 1026 m 111 3 652191 29—
H ¥ LO. Cy‘lll!ﬂ?ﬁh? gabonensis
L memen PP L.O. Sapucariella
1050m :
1044 - 1062 m 1 3 8
1062 - 1080 m : :
1100m |
1088 - 1116 m 3 1 11
M6- 1134 m 1
1150m — 1134-1152m 1 i
1200m :
1206-1224m 1
1250m
- 1242-1260m 1 2
1300m ; P
1296 - 1314 m i 1 g
=
1314-132m 1 m
< =
i 11350
w m
[2}
(@]
1400m
1404 - 1422 m 5
1450m-|
1500m
1550m 1530 - 1548 m 1
1600m
1650m
1656 - 1674 m 1 1
1674 - 1692 m 1 5 E
1700m 5
| 1692-1710m 1 11120 L
Key
Eshale & calcilutite
B siitstone  [E Marl
Sandstone
[T]calcarenite

Figure 9: Well 1-MAS-14. Scale — 1:2400. A) Biozone based on ostracod events; B) Depth; C) Lithology of the well; D)
Samples containing ostracods; E) Ostracod distribution range; F) Ostracod events, where LO stands for Last
Occurrence; G) Paleoenvironments inferred for the well; H) Carapace/valve ratio calculated for the samples.

82



aff.
A 22 Range Zone (Lower Cenomanian)

4300W

[l OSE-4: Brachycythere sapucariensis Interval
Zone (Turonian - middle Coniacian)

Age

[ Cuatemary [ cretacecus [ Siturian
Necgene [l Carsoniterous [l Cambrian

[ Paieogene [N Devonian [ Proterozoic
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Marine 1 (lower Cenomanian)

Occurs on wells 1-MAS-1 (1500 m to 1410 m), 1-MAS-4A (1470 m to
1395m), and 1-MAS-14 (1710 m to 1656 m) (Figs. 6G, 8G and 9G). This
interval displays low diversity and abundance. Ostracod species found in this
environment are Cytherella ventercavus, Cytherella sp. 2, Argilloecia sp. 1,
Paracypris caudata, Paracypris sp. 1, Ovocytheridea sp. 1, Protocosta sp.,
Conchoecia? sp. 1, Conchoecia? sp. 2, Conchoecia? sp. 3, Conchoecia? sp. 4

and an unidentified genus (Gen. et. sp. indet. 2).

There is a predominance of Conchoecia? forms, with all species being
restricted to this interval. In the South Atlantic, this genus has been found
alongside radiolarians in the Madiéla Formation of Gabon (Grosdidier, 1979)
and Santos and Pelotas basins (Koutsoukos & Dias-Brito, 1987), in which they
occur during the first marine transgressive sediments of the Albian. This fact
was also observed by Viviers et al. (2000) for the Sergipe and Potiguar basins,
who also remarked that they could sometimes be associated with non-marine to
transitional cypridids, indicating a certain proximity to the coastline. Grosdidier
(1979) interprets the presence of Conchoecia? with radiolarians as suggesting
relatively strong oceanic influences, and Koutsoukos & Dias-Brito (1987)
characterized the lower Albian of the Santos and Campos basins, in which they
found Conchoecia? species, as representative of the early pre-oceanic phase of
a shallow topical sea (less than 50 m deep); they also attributed the low
diversity of the fauna to hypersaline conditions, but this could not be verified in

the current work.

Other genera found in the interval are Cytherella, Argilloecia, Paracypris,
Protocosta and Ovocytheridea, all in low abundance. Cytherella can be found at
a large range of depths, from intertidal to abyssal zones (Morkhoven, 1963;
Whatley, 1988; Horne, 2003). Species of the genus Protocosta have been
found from inner neritic environments (Piovesan et al., 2015) to medium and
outer carbonatic ramp ones (Fauth et al., 2002; Miller, 2002). Ovocytheridea
species have been registered in mid to outer shelf environments, associated
with Cytherella, Paracypris, Argilloecia, Bairdoppilata and Krithe (Piovesan,
2008), and Gebhardt (1999) found this genus in both a shelf and an upper
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bathyal environment, where it display low abundance in the former and was

dominant in the latter.

@ MARINE 1 (U. ALBIAN - L. CENO.)

Wells: 1-MAS-1, 1-MAS-4A, 1-MAS-14

Well: 1-MAS-3A

Figure 11: Inferred paleoenvironments. Marine 1 (upper Albian to lower Cenomanian), ranging from an inner neritic to
an middle neritic environment; Marine 2A (middle Cenomanian to middle Coniacian), interpreted as middle to outer
neritic; and Marine 2B (middle Cenomanian to middle Coniacian), interpreted as an outer neritic environment. Figured
specimens: A — Conchoecia? sp. 1; B — Protocosta sp.; C — Argilloecia sp. 1; D — Cytherella gabonensis; E —
Sapucariella sapucariensis; F — Cythereis gabonensis; G — Paracypris eniotmetos; H — Krithe sp. 1; | — Argilloecia sp. 1;
J — Krithe sp. 2. Figure adapted from Piovesan et al. (2015).

The carapace/valve ratio for this interval (Figs. 6H, 8H and 9H) shows a
clear predominance of carapaces over disarticulated valves, indicating little to
no transportation and/or rapid burial, as well as calm depositional conditions

and high sedimentation rates.

Based on the ostracod species that compose this assemblage, this

interval was interpreted as a shallow, inner to middle neritic paleoenvironment.

Marine 2A (middle Cenomanian — middle Campanian)

85



Occurs on wells 1-MAS-1 (1410 m to 906 m), 1-MAS-4A (1395 m to
1095m), and 1-MAS-14 (1656 m to 972 m) (Figs. 6G, 8G and 9G). This interval
displays high ostracod diversity, but generally low abundance levels. Species
found in this environment are Cytherella ventercavus, Cytherella gabonensis,
Cytherella ovata, Cytherella sp. 2, Cytherella sp. 3, Bairdoppilata
barreirinhensis, Bairdoppilata sp. 1, Bairdoppilata sp. 2, Paracypris eniotmetos,
Paracypris sp. 1, Paracypris sp. 2, Paracypris sp. 3, Cythereis gabonensis,
Cythereis sp. 1, Cythereis sp. 3, Cythereis sp. 4, Sapucariella sapucariensis,
Sapucariella multidifferentis, Sapucariella sp. 1, Sapucariella sp. 2, Sapucariella
sp. 3, Dumontina? sp., Potiguarella maranhensis, Potiguarella sp.,
Nigeroloxoconcha itanhaensis, Sergipella sp., and an unidentified genus (Gen.

et. sp. indet. 1).

Sapucariella species found in this interval include Sapucariella
sapucariensis, which Andreu (1992) described as a dominant ostracod in the
circalittoral environment of the Cretaceous Agadir-Nador transversal. Gebhardt
(1999) reports the presence of this species in deep water assemblages of the
Cretaceous of the Nkalagu Formation, Nigeria.

The environmental range of Bairdoppilata extends from very shallow to
very deep waters (Morkhoven, 1963; Maddocks, 1969), though they tend
towards greater abundance in warm and shallow carbonate environments
(Kornicker, 1961; Horne, 2005).

Cythereis is an opportunist, exclusively marine genus found in infralitoral
to deep water environments, usually associated to carbonate substrate
(Morkhoven, 1963; Andreu, 1992; Ismail e led, 2004; Andreu et al., 2013). The
species identified in this interval, Cythereis gabonensis, was reported by
Gebhardt (1999) for the Nkalagu Formation, Nigeria. He attributed two
environments to it: a shelf, shallow water one, where Cytherella species
dominated and where Cythereis was subordinate alongside Ovocytheridea, and
Paracypris; and an upper bathyal environment, occurring alongside
Ovocytheridea, Paracypris, Sapucariella, Buntonia, and Clithrocytheridea, in
which Cythereis and Ovocytheridea were the most frequent genera. Uzoegbu
(2014) found Cythereis gabonensis in the Dukul Formation, Cenomanian —
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Turonian of Nigéria, in an association that was interpreted as a litoral to platform

environment.

A peculiar feature of well 1-MAS-14 is the sudden peak of Cytherella
specimens towards its top, specifically in the 1062 — 1026 m interval. High
numbers of Cytherella have been associated with low oxygen levels by a
number of different authors (Jarvis et al., 1988; Puckett, 1997; Gebhardt, 1999;
Majoran, 1999; Whatley et al., 2003; Fauth & Koutsoukos, 2007; Gebhardt &
Zorn, 2008), which is attributed to its anatomical features, such as their filtering
feeding habit, special adaptations in its ventilation system, and the ability to
hermetically seal their carapaces (Corbari et al., 2005; Whately et al..2003).
This assumption has been contested; Swanson et al. (2005) and Bergue et al.
(2007), for example, did not find correlations between cytherellid peaks and low
oxygen zones. Brandao & Horne (2009) evaluated the use of Platycopid
ostracod abundance as a marker of low oxygen levels, referred to the authors
as the Platycopid Signal Hypothesis (PSH), and concluded that there is no
convincing support for the PSH, and that modern data is not necessarily
indicative of the behavior of the Platycopid ancestors. As this family is highly
diversified and abundant all over the world, their abundance peaks might simply
reflect the assemblage’s composition and do not necessarily indicate oxygen
levels. Considering that the peak in cytherellid abundance in the studied well is
not coincident with a decrease in the diversity of other genera, which retain their
low abundance levels that are seen throughout the well, it is not likely that it
reflects low oxygen conditions for the interval.

Similarly to the Marine 1 paleoenvironment, the carapace/valve ratio
(Figs. 6H, 8H and 9H) shows a predominance of articulated carapaces over
disarticulated valves, indicating likewise little to no transportation and/or rapid
burial, as well as calm depositional conditions and high sedimentation rates.

Based on the ostracod fauna identified, this interval was interpreted as a

middle to outer neritic paleoenvironment.
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Marine 2B

Occurs on well 1-MAS-3A (1410 m to 906 m) (Fig. 7G). This interval
displays a low diversity and abundance levels. Ostracod species found in this
environment are Cytherella gabonensis, Cytherella sp. 1, Bairdoppilata
barreirinhensis, Argilloecia sp. 2, Paracypris caudata, Paracypris sp. 1,
Paracypris sp. 2, Cythereis sp. 1, Cythereis sp. 2, Sapucariella sp. 1, Krithe sp.
1, and Krithe sp. 2.

Krithe is an exclusively marine genus found in infraneritic to bathyal
environments (Morkhoven, 1963). It is an extensively studied genus due to their
applications in paleobathymetry, paleotemperature and oxygen levels.
Peypouquet (1975) and Puckett (1997) proposed that the size of the anterior
vestibule of this genus had a direct relation to the oxygen level in the
environment. Studies by Whatley and Zhao (1993), Zhao and Whately (1997)
and Coles at al. (1994), however, found no evidence of this relation. Dingle et
al. (1990) demonstrates that, for the Quaternary, the abundance of the genus
increases alongside depth; for the Quaternary of the South Atlantic, the relative
abundance values of the genus were of 19% for depths of 1000 m, 13% for
1000-1500 m, 51% for 1500-2000 m, and >42% for 1500-4736. Coles et al.
(1994), in their revision of the Krithe genus for the Late Cenozoic of the North
Atlantic, describes the genus as being mainly restricted to low energy
substrates in shallow waters, but being highly diversified and abundant in
bathyal (1000 — 2000 m) to abyssal (more than 2000 m) depths, being
frequently more numerous than all other species combined. Zhao (2005)
identified for the Oligocene — Quaternary interval in the South China Sea a large
amount of Krithe specimens, whose abundance significantly increase towards
the Quaternary, which was considered as indicative of increased water depth by
the author.

The genus Argilloecia tends to occur in greater abundances in deeper
waters (infra-neritic and bathyal), frequently associated with pelagic foraminifera
(Morkhoven, 1963). In his studies of the Late Cenozoic of the southern Chinese
Sea, Zhao (2005) noticed the presence of this genus from the lower Oligocene
to the middle Miocene, associated with bairdiids and Krithe, inferring an upper
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bathyal environment. Piovesan et al. (2009) identified this genus in the Para-
Maranhao Basin, in an assemblage that was interpreted as a mid to outer neritic

environment.

Paracypris is an exclusively marine genus which commonly inhabits
infra-neritic to bathyal environments (Morkhoven, 1963). Babinot & Colin (1983)
attribute to it an external carbonate platform environment, and Andreu (1991)
registered the presence of this genus both in restrict littoral and open ocean

contexts.

Similarly to the previous intervals, the carapace/valve ratio (Fig. 7H)
shows a predominance of articulated carapaces over disarticulated valves,
which is indicative of little to no transportation and/or rapid burial, as well as

calm depositional conditions and high sedimentation rates.

Due to the genera found in this environment, this interval was interpreted

as representing an outer neritic paleoenvironment.

6. CONCLUSIONS

In this paper, 40 species distributed between 16 genera and nine families
were identified in the four studied well, with three new species being described.
Genera include Cytherella (five species, one new), Bairdoppilata (three species,
one new), Argilloecia (two species), Paracypris (five species), Cythereis (five
species), Ovocytheridea (two species), Sapucariella (four species), Dumontina?
(one species), Potiguarella (two species, one new), Sergipella (one species),
Protocosta (one species), Krithe (two species), Nigeroloxoconcha (one

species), and Conchoecia? (four species), as well as two indeterminate taxa.

Biostratigraphic considerations were made based on the biozones
defined by Viviers et al. (2000) for the Sergipe basin. Two mains zones were
identified for the studied wells: Nigeroloxoconcha aff. Nigeroloxoconcha sp. GA
A 22 Range Zone, of lower Cenomanian age, for wells 1-MAS-1 and 1-MAS-4A,
identified by the presence of Conchoecia? sp. 1; and  Brachycythere

sapucariensis Interval Zone, of Turonian to middle Coniacian age, in wells 1-
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MAS-1, 1-MAS-3A, 1-MAS-4A and 1-MAS-14, identified by the presence of
Sapucariella sapucariensis and Cytherella gabonensis.

Three paleoenvironments were defined, based on the ostracod
assemblages found: Marine 1, found on wells 1-MAS-1, 1-MAS-4A and 1-MAS-
14, is composed by the genera Cytherella, Conchoecia, Argilloecia,
Ovocytheridea, Paracypris, Protocosta and Gen. et. sp. indet. 2, and was
interpreted as a shallow, inner to middle neritic paleoenvironment; Marine 2A,
found on wells 1-MAS-1, 1-MAS-4A and 1-MAS-14, is the most diverse and
abundant, and is composed by the genera Cytherella, Bairdopillata, Paracypris,
Cythereis, Sapucariella, Dumontina?, Potiguarella, Sergipella, and Gen. et. sp.
indet. 1, and was interpreted as a mid to outer neritic paleoenvironment; and
Marine 2B, found on well 1-MAS-3A, is composed by the genera Cytherella,
Bairdopillata, Argilloecia, Paracypris, Cythereis, Sapucariella and Krithe, and
was considered as an outer neritic paleoenvironment, with low diversity and
abundance. The carapace valve ratio of all assemblages pointed towards
environments with little transportation, rapid burial, calm depositional conditions
and high sedimentation rates.

Overall, this study has contributed to the improvement of
micropaleontological knowledge for the area. It provided a taxonomic base,
described three new species for the basin, delimited three paleoenvironments
ranging from inner to outer neritic for the upper Cretaceous of the Barreirinhas
Basin, and inferred the presence of two ostracod biozones for the studied wells.
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8. CONCLUSOES

Foram identificadas 40 espécies, distribuidas entre 16 géneros e nove familias
nos quatro pocos estudados. Os géneros identificados incluem Cytherella
(cinco espécies), Bairdoppilata (trés espécies), Argilloecia (duas espécies),
Paracypris (cinco espécies), Cythereis (cinco espécies), Ovocytheridea (duas
espécies), Sapucariella (quatro espécies), Dumontina? (uma espécie),
Potiguarella (duas espécies), Sergipella (uma espécie), Krithe (duas espécies),
Nigeroloxoconcha (uma espécie), Conchoecia? (quatro espécies) e Protocosta
(uma espécie), assim como dois géneros nao identificados pertencentes a

familias indeterminadas.

Baseando-se em biozonas de ostracodes previamente estabelecidas para a
Bacia de Sergipe, foi possivel identificar as biozonas Nigeroloxoconcha aff.
Nigeroloxoconcha sp. GA A 22 Range Zone, do Cenomaniano inferior; e a
Brachycythere sapucariensis Interval Zone, que se estende do Turoniano ao

Coniaciano médio.

Trés paleoambientes foram definidos baseando-se nos tdxons de ostracodes
encontrados: Marinho 1, encontrado nos pogos 1-MAS-1, 1-MAS-4A e 1-MAS-
14, populado por Cytherella, Conchoecia, Argilloecia, Ovocytheridea,
Paracypris, Protocosta e um género nao identificado, e interpretado um
ambiente neritico interno a médio; Marinho 2A, encontrado nos pogos 1-MAS-1,
1-MAS-4A e 1-MAS-14, com uma fauna mais abundante e diversa, composta
por Cytherella, Bairdopillata, Paracypris, Cythereis, Sapucariella, Dumontina?,
Potiguarella, Sergipella e um género nao identificado, e interpretado como um
ambiente neritico médio a externo; e Marinho 2B, encontrado no po¢o 1-MAS-
3A, populado por Cytherella, Bairdopillata, Argilloecia, Paracypris, Cyhtereis,
Sapucariella e Krithe, e interpretado como um ambiente neritico externo, com
baixa diversidade e abundancia. A razdo carapaga/valva para todas
associagbes apontam para ambientes com pouco transporte, soterramento

rapido, condigbes deposicionais calmas, e taxas de sedimentagéo altas.
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APENDICE TAXONOMICO - LISTA DE ESPECIES

Class Ostracoda Latreille, 1802
Subclass Podocopa Sars, 1866
Order Platycopida Sars, 1866
Suborder Platycopina Sars, 1866
Superfamily Cytherelloidea Sars, 1866
Family Cytherellidae Sars, 1866
Genus Cytherella Jones, 1849

Cytherella ventercavus Santos Filho, Fauth & Piovesan sp. nov.
Cytherella gabonensis Neufville, 1973

Cytherella ovata Roemer, 1841

Cytherella sp. 1

Cytherella sp. 2

Order Podocopida Sars, 1866
Suborder Bairdiocopina Griindel, 1967
Superfamily Bairdiodea Sars, 1865
Family Bairdiidae Sars, 1865
Genus Bairdoppilata Coryell, Sample & Jennings, 1935

Bairdoppilata barreirinhensis Santos Filho, Fauth & Piovesan sp. nov.
Bairdoppilata sp. 1
Bairdoppilata sp. 2

Suborder Cypridocopina Jones, 1901
Superfamily Pontocypridoidea Miiller, 1894
Family Pontocyprididae Muller, 1894
Genus Argilloecia Sars, 1866

Argilloecia sp. 1
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Argilloecia sp. 2

Superfamily Cypridoidea Baird, 1845
Family Candonidae Kaufmann, 1900
Subfamily Paracypridinae Sars, 1923
Genus Paracypris Sars, 1866

Paracypris eniotmetos Nicolaidis e Piovesan, 2013
Paracypris caudata (Bold, 1964) Neufville, 1973
Paracypris sp. 1

Paracypris sp. 2

Paracypris sp. 3

Suborder Cytherocopina Baird, 1850
Superfamily Cytheroidea Baird, 1850
Family Cytheridae Baird, 1850
Genus Cythereis Jones, 1849

Cythereis gabonensis Neufville, 1973
Cythereis sp. 1

Cythereis sp. 2

Cythereis? sp. 1

Cythereis? sp. 2

Family Cytherideidae Sars 1925
Genus Ovocytheridea Grekoff, 1951

Ovocytheridea sp.

Ovocytheridea? sp.
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Family Trachyleberididae Sylvaster-Bradley, 1948
Genus Sapucariella Puckett, Andreu and Colin, 2016

Sapucariella sapucariensis (Kréemmelbein, 1964)
Sapucariella multidifferentis (Nicolaidis e Piovesan, 2016)
Sapucariella sp. 1
Sapucariella sp. 2

Genus Dumontina Deltel, 1963
Dumontina? sp.

Genus Potiguarella Piovesan, Cabral & Colin, 2014

Potiguarella maranhensis Santos Filho, Fauth & Piovesan sp. nov.

Potiguarella sp.

Genus Sergipella Kroemmelbein, 1967
Sergipella sp. 1

Genus Protocosta Bertels, 1969
Protocosta sp. 1

Family Krithidae Mandelstam, 1958
Genus Krithe Brady, Crosskey & Robertson, 1874

Krithe sp. 1
Krithe sp. 2

Family Loxoconchidae Sars, 1925
Genus Nigeroloxoconcha Reyment, 1960

Nigeroloxoconcha itanhaensis Nicolaidis and Piovesan, 2013

119



Subclass Myodocopa Sars, 1866
Order Halocyprida Dana, 1853
Suborder Halocypridina Dana, 1853
Superfamily Halocypridoidea Dana, 1853
Family Halocyprididae Dana, 1853
Genus Conchoecia Dana, 1849

Conchoecia? sp. 1
Conchoecia? sp. 2
Conchoecia? sp. 3
Conchoecia? sp. 4
INDETERMINATE TAXA
Gen. et sp. indet. 1

Gen. et sp. indet. 2

120



APENDICE — TABELAS

Tabela 1: Contagem do numero de carapacas, valvas, total de individuos, e

porcentagem de carapacas e valvas paras os pocos 1-MAS-1.

1-MAS-1

Carapa Total de Carapacas Valvas
Amostras gasp Valvas Individuos (‘y'z)g (%)
906-924 8 1 9 88,89% 11,11%
924-942 15 3 18 83,33% 16,67%
942-960 5 2 7 71,43% 28,57%
960-978 2 0 2 100,00% 0,00%
972-990 7 11 18 38,89% 61,11%
978-996 6 0 6 100,00% 0,00%
996-1014 3 5 8 37,50% 62,50%
1014-1032 2 0 2 100,00% 0,00%
1068-1085 2 0 2 100,00% 0,00%
1085-1104 1 0 1 100,00% 0,00%
1122-1140 0 1 1 0,00% 100,00%
1158-1176 1 0 1 100,00% 0,00%
1194-1212 1 0 1 100,00% 0,00%
1230-1248 1 0 1 100,00% 0,00%
1248-1266 1 0 1 100,00% 0,00%
1266-1284 1 0 1 100,00% 0,00%
1302-1320 0 1 1 0,00% 100,00%
1356-1374 4 0 4 100,00% 0,00%
1392-1410 1 0 1 100,00% 0,00%
1410-1428 2 0 2 100,00% 0,00%
1428-1446 3 0 3 100,00% 0,00%
1446-1464 6 0 6 100,00% 0,00%
1464-1482 6 0 6 100,00% 0,00%
1482-1500 1 0 1 100,00% 0,00%

Tabela 2: Contagem do numero de carapacas, valvas, total de individuos, e
porcentagem de carapacas e valvas paras os pocos 1-MAS-3A.

1-MAS-3A
Total de Carapacas
Amostras Carapagas | Valvas | Individuo (;)c Valvas (%)
0
S
2025-2040 3 4 75,00% 25,00%
2055-2070 1 2 50,00% 50,00%
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2085-2100 2 0 2 100,00% 0,00%
2115-2130 1 0 1 100,00% 0,00%
2130-2145 4 0 4 100,00% 0,00%
2145-2160 7 2 9 77,78% 22,22%
2160-2175 1 1 2 50,00% 50,00%
2175-2190 3 0 3 100,00% 0,00%
2190-2205 4 2 6 66,67% 33,33%
2205-2220 1 2 3 33,33% 66,67%
2235-2250 3 0 3 100,00% 0,00%
2265-2280 7 0 7 100,00% 0,00%
2280-2295 6 0 6 100,00% 0,00%
2295-2310 1 0 1 100,00% 0,00%
2310-2325 2 0 2 100,00% 0,00%
2340-2355 3 0 3 100,00% 0,00%
2415-2430 1 0 1 100,00% 0,00%
2430-2445 2 0 2 100,00% 0,00%
2445-2460 1 0 1 100,00% 0,00%
2460-2475 2 0 2 100,00% 0,00%

Tabela 3: Contagem do numero de carapacas, valvas, total de individuos, e

porcentagem de carapacas e valvas paras os pocos 1-MAS-4A.

1-MAS-4A
Amostras Carapacgas Valvas I::;itlai:iﬂis Carapagas (%) | Valvas (%)
1095-1110 2 0 2 100,00% 0,00%
1110-1125 1 1 2 50,00% 50,00%
1140-1155 3 1 4 75,00% 25,00%
1155-1170 2 2 4 50,00% 50,00%
1170-1185 2 0 2 100,00% 0,00%
1200-1215 1 0 1 100,00% 0,00%
1215-1230 0 1 1 0,00% 100,00%
1245-1260 2 0 2 100,00% 0,00%
1305-1320 2 0 2 100,00% 0,00%
1320-1335 2 0 2 100,00% 0,00%
1335-1350 2 1 3 66,67% 33,33%
1395-1410 6 0 6 100,00% 0,00%
1410-1425 11 0 11 100,00% 0,00%
1425-1440 4 1 5 80,00% 20,00%
1440-1455 0 1 100,00% 0,00%
1455-1470 0 100,00% 0,00%
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Tabela 4: Contagem do numero de carapacas, valvas, total de individuos, e
porcentagem de carapacas e valvas paras os pocos 1-MAS-14.

1-MAS-14

Amostras Carapacgas Valvas I::i:la;:iﬂis Carapagas (%) | Valvas (%)

972-990 3 1 4 75,00% 25,00%
990-1008 0 2 2 0,00% 100,00%
1008-1026 123 8 131 93,89% 6,11%
1026-1044 9 1 10 90,00% 10,00%
1044-1062 29 2 31 93,55% 6,45%
1062-1080 0 1 1 0,00% 100,00%
1095-1110 1 0 1 100,00% 0,00%
1098-1116 9 2 11 81,82% 18,18%
1116-1134 3 0 3 100,00% 0,00%
1134-1152 3 2 5 60,00% 40,00%
1188-1206 1 0 1 100,00% 0,00%
1206-1224 0 1 1 0,00% 100,00%
1242-1260 2 1 3 66,67% 33,33%
1296-1314 1 0 1 100,00% 0,00%
1314-1332 1 0 1 100,00% 0,00%
1404-1422 2 0 2 100,00% 0,00%
1530-1548 1 0 1 100,00% 0,00%
1656-1674 1 1 2 50,00% 50,00%
1674-1692 8 1 9 88,89% 11,11%
1692-1710 27 0 27 100,00% 0,00%
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