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RESUMO

O avancgo dos estudos abordando a bioestratigrafia com base em ostracodes tem
evidenciado uma contribuicdo efetiva deste grupo microféssil no conhecimento da
historia geoldgica das bacias do Nordeste brasileiro. Os resultados bioestratigraficos
obtidos através do estudo de ostracodes ndo marinhos na Bacia do Recdncavo foram
determinantes na caracterizacdo cronoestratigrafica do Mesozoico das bacias
brasileiras. Além da idade, o reconhecimento dos andares locais da Série do
Recbncavo tem permitido correlacfes estratigraficas e faunisticas em diversas bacias
interiores do Brasil. Neste contexto, o presente trabalho objetivou a andlise de
ostracodes ndo marinhos dos Andares Rio da Serra (Berriasiano—Hauteriviano) e
Aratu (Hauteriviano—Barremiano), recuperados da Formacdo Maracangalha, Bacia do
Reconcavo. A metodologia de preparacdo de amostras seguiu os procedimentos
usuais para recuperacao de microfésseis carbonaticos em folhelhos e siltitos ao longo
dos perfis Gameleira e Manguinhos (llha de Itaparica) e Praia da Falha (llha dos
Frades) Baia de Todos os Santos. Foram realizadas sessdes de Microscopia
Eletrbnica de Varredura e Espectrometria de Energia Dispersiva, de modo a detalhar
elementos morfologicos das carapacas, bem como o habito mineral das piritas e a
identificacdo pontual de elementos quimicos nas carapacas dos ostracodes. No
material analisado, foram identificadas sete espécies do género Cypridea Bosquet,
1852; duas espécies de Reconcavona Krommelbein, 1962; trés espécies de Ilhasina
Krommelbein, 1963; uma espécie de Candona Baird, 1945; uma espécie de
Brasacypris Krommelbein, 1965 e uma espécie do género Alicenula Rossetti &
Martens, 1998. A associacado de ostracodes encontrada foi interpretada como tipica
de ambiente lacustre. O posicionamento biocronoestratigrafico no Andar Rio da Serra,
subzona RT-004.2, foi possivel pela presenca da espécie-guia Reconcavona? polita
Viana, 1966, no afloramento Manguinhos. No afloramento Praia da Falha, a
associacao faunistica permitiu inferir sua idade entre os andares Rio da Serra e Aratu
(Valanginiano—Hauteriviano), através do registro das espécies llhasina amphotera e
Cypridea lunula. No afloramento Gameleira, as interpretacbes de idade foram
inconclusivas, devido a raridade e mé preservacao da assembleia microfossilifera. O
padrao de preservacao das carapacas de ostracodes variou conforme a mudanca de
facies sedimentares, o que implicou em ostracodes com substitui¢cdo total ou parcial

da carapaca por pirita. Os resultados das analises de EDS indicaram a presencga de



Fe e S indicando mineralizagao por sulfeto de ferro. As imagens de MEV revelaram o
habito euédrico e framboidal das piritas nas carapacas, que indicam condi¢cbes de

diagénese precoce e baixas profundidades de soterramento.

Palavras-chave: Ostracoda; taxonomia; piritizacdo; Andar Rio da Serra; Andar Aratu;

Mesozoico.



ABSTRACT

The advancement of studies addressing biostratigraphy based on ostracods has
shown an effective contribution of this microfossil group to the knowledge of the
geological history of the basins of Northeast Brazil. The biostratigraphic results
obtained through the study of non-marine ostracods in the Recdncavo Basin were
decisive in the Mesozoic chronostratigraphic characterization of Brazilian basins. In
addition to age calibration, the recognition of the local stage of the Recéncavo Series
has allowed stratigraphic and faunal correlations in several interior basins of Brazil. In
this context, the present work aimed to analyze non-marine ostracods from Rio da
Serra Stage (Berriasian—Hauterivian) and Aratu Stage (Hauterivian—Barremian),
recovered from the Maracangalha Formation, RecOncavo Basin. The sample
preparation methodology followed the usual procedures for the recovery of carbonate
microfossils in shales and siltstones along the Gameleira and Manguinhos profiles (llha
de Itaparica) and Praia da Falha (llha dos Frades) Baia de Todos os Santos. Scanning
Electron Microscopy and Energy Dispersive Spectrometry sessions were carried out
to detail morphological features of the carapaces, as well as the mineral habit of pyrites
and the punctual identification of chemical elements in the carapaces of ostracods. In
the analyzed material, seven species of the genus Cypridea Bosquet, 1852; two
species of Reconcavona Krommelbein, 1962; three species of Ilhasina Krommelbein,
1963; one species of Candona Baird, 1945; one species of Brasacypris Krommelbein,
1965 and one species of the genus Alicenula Rossetti & Martens, 1998. The ostracod
association found was interpreted as typical of a lacustrine environment. The
biochronostratigraphic positioning in Rio da Serra Stage subzone RT-004.2, was
possible by the recognizing of the guide species Reconcavona? polita Viana, 1966, in
the Manguinhos outcrop. In the Praia da Falha outcrop, the faunal association pointed
an age between the Rio da Serra and Aratu stages (Valanginian—Hauterivian), through
the record of the species llhasina amphotera and Cypridea lunula. In the Gameleira
outcrop, the age interpretations were inconclusive, due to the rarity and poorly
preservation of the microfossiliferous assemblage. The preservation pattern of the
ostracods carapaces varied according to the change of sedimentary facies, which
implied in ostracods with total or partial replacement of the carapaces by pyrite. The
results of the EDS analyzes indicated the presence of Fe and S, indicating iron

sulphide mineralization. The SEM images revealed the euhedral and framboidal habit



of the pyrites in the carapaces, which indicate conditions of early diagenesis and low
burial depths.

Keywords: Ostracoda; taxonomy; pyritization; Rio da Serra Stage; Aratu Stage;
Mesozoic.
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1 INTRODUCAO

Esta dissertacéo foi desenvolvida conforme as normas do Programa de POs-
graduacdo em Geociéncias da UFPE e se apresenta na forma de dois artigos
cientificos, um deles publicado na Journal South American Earth Sciences e o
segundo a ser submetido a Brazilian Journal of Geology.

O subtépico 1.1 apresenta um breve histérico sobre as pesquisas com
ostracodes n&o marinhos desenvolvidas na Bacia do RecOncavo. Ao final, no
subtépico 1.2, sdo apresentados o objetivo geral e os especificos do trabalho.

O tépico 2 compreende a caracterizacdo da area de estudo, ressaltando
aspectos referentes ao contexto geoldgico e a estratigrafia da Bacia do Recbéncavo,
com apresentacao da carta estratigréafica.

O topico 3 apresenta a metodologia empregada ao longo deste trabalho, bem como
0s equipamentos e laboratérios utilizados durante as analises.

O topico 4 apresenta os Resultados e Discussfes da dissertacdo na forma de
dois artigos. O primeiro artigo, localizado no apéndice A, foi publicado na Journal
South American Earth Sciences, aborda o0 registro taxonémico e aplicacao
bioestratigrafica dos ostracodes ndo- marinhos da Formacao Maracangalha, na Bacia
do Recbdncavo. O segundo artigo, submetido a mesma revista, apresenta as
implicacbes paleoambientais e diferentes processos tafonémicos envolvidos na
piritizacdo de carapacas de ostracodes ndo marinhos, associadas as variacdes
faciologicas da Formacdo Maracangalha (Bacia do Recdncavo), nas localidades de
Manguinhos, Praia da Falha e Gameleira.

Por fim, no tépico 5, ttm-se as conclusdes do trabalho e perspectivas futuras.

11 GENERALIDADES DOS OSTRACODES

Os ostracodes constituem um grupo de microcrustaceos com amplo registro
féssil, caracterizado por possuir o corpo completamente envolvido em uma carapaca
bivalve de composicdo quitino-calcitica. A carapaca é secretada pela epiderme e
estruturada de forma similar a dos moluscos bivalves, porém sem linha de
crescimento. A maioria mede entre 0,4 e 1,0 mm de comprimento na fase adulta,

embora alguns excedam estas dimensdes (COIMBRA & BERGUE, 2011).
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Esses microfésseis possuem um habitat essencialmente aquético, podendo ser
encontrados em ambientes marinhos, ndo marinhos e de transicdo (HORNE, 2005;
BERGUE, 2006). Ha também registros de espécies que habitam aguas de bromélias
e utilizam o corpo de anfibios, lagartos e mamiferos para a dispersao e colonizacao
de outras plantas (LOPEZ et al., 2002; 2005).

Coimbra & Bergue (2011) apontam que a maioria dos autores concordam que
0s ostracodes surgiram no Ordoviciano, quando apareceram 0s primeiros registros de
ordens conhecidas, e que de uma forma geral, o registro féssil mostra que no
Paleozoico o grupo teve o seu apogeu, entre o Devoniano e o Carbonifero. Segundo
Bergue (2010), os ostracodes constituem o mais diversificado grupo de crustaceos
maxilépodes, com aproximadamente de 13.000 espécies viventes descritas (BRUSCA
& BRUSCA, 2007). Considerando as espécies fésseis, a soma chega a cerca de
65.000, numero que pode ser superestimado devido a sinonimias (HORNE et al.,
2002).

Ostracodes estdo entre os fosseis mais comuns no Mesozoico de depdsitos
nao marinhos do mundo. Devido ao seu pequeno tamanho, bom registro fossil e
preservacdo, bem como sua ecologia e estratégias de dispersao, tém um alto
potencial para serem bons fosseis guia nesses depositos (SAMES, 2011a). A
carapaca calcificada dos ostracodes |hes confere um elevado potencial de
fossilizagcdo. Em alguns casos, ela pode se preservar com ou sem alteracdo da sua
estrutura, através de recristalizacdo, substituicdo por silica ou piritizacdo (COIMBRA
& BERGUE, 2011).

Este trabalho seguiu a nomenclatura taxonémica supragenérica proposta por
Horne (2005) e se concentra na analise de ostracodes ndo marinhos pertencentes a
ordem Podocopida incluindo taxons das superfamilias Cypridoidea e Darwinuloidea
Os podocopideos constituem a maior e mais diversificada Ordem de ostracodes
viventes. As espécies pertencentes ao grupo apresentam a carapaga com caracteres
morfoldgicos variados, que refletem adaptacdes a diferentes habitats. A margem
dorsal da carapaca é frequentemente convexa ou sub-retilinea. A charneira varia de
adonte até tipos mais elaborados. As impressfes musculares estao situadas logo a
frente da metade do comprimento das valvas, normalmente em pequeno ndmero e
variando em forma e disposicdo. Com ou sem dimorfismo sexual. Habitam

praticamente qualquer ambiente aquatico. Os podocopideos distribuem-se do
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Ordoviciano ao Recente, compreendendo maior numero de ostracodes poés-
paleozoico conhecidos (COIMBRA & BERGUE, 2011).

O estudo da carapaca dos ostracodes baseia-se em caracteres morfoldgicos (Figura
1), como o contorno, as dimensdes e ornamentagdo, a estrutura da charneira e a
identificac&o das cicatrizes musculares, os quais auxiliam na descri¢ao, classificacao
e identificacdo do grupo (MORKHORVEN, 1962; RODRIGUEZ-LAZARO e RUIZ-
MUNOZ, 2012).

Figura 1 - Elementos morfolégicos de um ostracode (Podocopida). A-B: valvas. C: carapaga.
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Ostracodes tém sido utilizados com sucesso na interpretacdo das sequéncias
deposicionais de ambientes marinhos, ndo-marinhos e costeiros. A andlise das
assembleias de ostracodes, carapacas e valvas podem fornecer informagdes cruciais
para a compreensdao dos ambientes deposicionais, processos tafondmicos,
paleoclimas e paleobioeografia (BOOMER et al., 2003).

No concerne a paleobiogeografia, ao longo do seu processo evolutivo
adaptaram-se a praticamente todos os ambientes aquéticos, contudo a maior parte
das espécies € encontrada em ambientes marinhos neriticos, batiais e abissais, com
associacdes caracteristicas em cada um deles. H& véarios modelos de dispersao
propostos para explicar a ocorréncia pandémica de alguns taxa, baseados no
potencial de resisténcia dos ovos, foresia e mesmo agédo antropica (COIMBRA &
BERGUE, 2011).

Os ostracodes fosseis sdo largamente utilizados como indicadores
paleoambientais. Os estudos paleoecoldgicos baseados nesses organismos apoiam-
se em métodos como comparacdo mutualistica, morfologia adaptativa da carapaca e
estrutura populacional. Alguns géneros cenozoicos possuem espeécies viventes, o que
torna as interpretacbes paleoecoldgicas mais faceis. Contudo, como ocorre com
muitos outros grupos, a medida que se recua no tempo, o0 registro se torna mais
incompleto e de dificil interpretacdo (COIMBRA & BERGUE, 2011).

1.2 HISTORICO DE PESQUISAS DE OSTRACODES NAO MARINHOS NA BACIA
DO RECONCAVO

A aplicacado de ostracodes ndo marinhos no estudo de bacias sedimentares tem
se baseado principalmente em seu elevado potencial bioestratigrafico,
particularmente em sec¢des nas quais ndo ocorrem outros grupos de microfosseis
calcéarios (MILHOMEM et al., 2001). As valvas e carapacas dos ostracodes sao
comumente abundantes e largamente distribuidas nos sedimentos que se acumulam
em ambientes ndo marinhos, tornando-os indicadores extremamente Uteis para a
correlacdo das sucessdes deposicionais de uma bacia e seus paleoambientes nao-
marinhos lacustres (HORNE, 2003; SAMES, 2011b).

Existem poucos trabalhos que discutem a fauna de ostracodes ndo marinhos
do Cretaceo inferior na Bacia do Recéncavo. Entre os trabalhos acessiveis destacam-
se Swain (1946), Grekoff (1953), Wicher (1959), Krommelbein (1961, 1962, 1963,
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1964a, 1964b, 1965, 1966a, 1966b), Viana (1966a, 1966b), Krommelbein e Wenger
(1966), Grekoff e Krommelbein (1967), Krommelbein e Weber (1971), Viana et al.
(1971), Moura 1972, Cunha e Moura (1979), Poropat e Colin (2012) e Queiroz-Neto
et al. (2014). Recentemente, trabalhos sobre a fauna de ostracodes foram
desenvolvidos por Rios (2020) e Novaes (2020). Os dois ultimos séo dissertacdes de
mestrado, que utilizaram amostras cedidas por empresas petroliferas, cuja divulgacéo
de dados de localizacdo dos pocos ou a ilustracdo de seus espécimes nao foram
autorizadas, o que dificulta a publicacdo dos conhecimentos a respeito dos ostracodes
do Recbdncavo. Além disso, grande parte do conhecimento sobre os ostracodes e a
bioestratigrafia da Bacia do Recbncavo encontra-se em relatérios internos de
companhias de petroleo.

Ao realizar a revisdo estratigrafica da Bacia Reconcavo/Tucano, Viana et al.
(1971) definiram a idade de parte do periodo Mesozoico, utilizando critérios litolégicos
e micropaleontolégicos. A sequéncia bioestratigrafica, baseada em ostracodes néao-
marinhos, consistiu primordialmente em 9 zonas e 26 subzonas (VIANA et al., 1971).
A coluna cronoestratigrafica foi dividida em seis unidades locais. O Andar Dom Joao
(Titoniano), biozona RT-001, de espécie guia Theriosynoecum pricei Pinto e
Sanguinetti, 1958. O Andar Rio da Serra (Berriasiano-Hauteriviano), que se subdivide
em trés biozonas, a biozona RT-002, da subespécie guia Theriosynoecum
varietuberatum varietuberatum Grekoff and Krémmelbein, 1967, a biozona RT-003
gue tem como indice Cypridea (Morininoides) candeiensis Krommelbein, 1962 e RT-
004, registrada através da espécie guia Paracypridea brasiliensis Krommelbein, 1961.
As proximas biozonas, homeadas como RT-005 e RT-006, definem o Andar local
Aratu (Hauteriviano-Barremiano) com as espécies guia Paracypridea obovata obovata
(Swain, 1946) Krommelbein, 1961 e Cypridea (Morinina?) bibullata bibullata (Wicher,
1959) Krommelbein, 1962, respectivamente. O Andar Buracica (Barremiano) foi
estabelecido pela presenca das espécies Coriacina coriacea Krommelbein, 1962,
biozona RT-007 e Cypridea (Sebastianites?) fida minor Moura, 1972, biozona RT-008.
Os andares locais Jiquia e Alagoas foram previamente definidos na Revisao
Estratigrafica da Bacia de Sergipe/Alagoas de Schaller (1969), sendo o andar Jiquia
constituido pelas biozonas RT-009 e RT-010, com as espécies-guia Petrobrasia
diversicostata Krommelbein, 1965 e Limnocythere? troelseni Krommelbein e Weber,

1971, respectivamente (Figura 2).
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Posteriormente, 0 zoneamento bioestratigrdfico das bacias do
Recbncavo/Tucano foi aprimorado através do registro de novas espécies de
ostracodes (MOURA, 1972; CUNHA & MOURA, 1979). Moura (1972) propds nove
espécies e cinco subespécies atribuidas aos andares Rio da Serra, Aratu, Buracica e
Jiquia. Cunha e Moura (1979) propuseram mais nove espécies novas em depdsitos
do Cretaceo Inferior das bacias do Recbéncavo/Tucano, distribuidos ao longo dos
estagios Rio da Serra, Aratu e Buracica.

Figura 2 - Coluna bioestratigrafica baseada em ostracodes ndo marinhos da Bacia do
Recdncavo/Tucano (Viana, 1966; Viana et al., 1971; Moura, 1972).
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1.3 OBJETIVOS
1.3.1 Objetivo Geral

O objetivo principal deste trabalho foi desenvolver um estudo bioestratigrafico e
paleoecoldgico da fase tectbnica syn-rifte da Bacia do Recéncavo, buscando
identificar os par@metros faunisticos e ambientais que caracterizam os andares
Rio da Serra e Aratu na Bacia. Os dados obtidos visaram adicionar novos dados
a reconstrucdo do paleoambiente e compreensdo da evolucdo dos depositos

lacustres da fase syn-rifte no Nordeste brasileiro.

1.3.2 Objetivos Especificos

1. Refinar o arcabouco bioestratigrafico dos depdsitos relativos aos andares
Rio da Serra e Aratu (Berriasiano—Barremiano) nas localidades de Manguinhos,
Gameleira e Praia da Falha.

2. Reconhecer a distribuicdo e padrédo de preservacdo dos ostracodes nao
marinhos da Formac&do Maracangalha, visando a proposicdo de um modelo
tafonGmico.

3. Associar as interpretacoes facioldégicas aos diferentes processos
tafondmicos presentes nos afloramentos Manguinhos, Gameleira e Praia da
Falha.

4. Reconstruir os paleoambientes nos intervalos estudados e estabelecer suas

correlacdes com base nas andlises realizadas.
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2 CONTEXTO GEOLOGICO

A éarea de estudo inserida no contexto geoldgico da Bacia do Recotncavo
(Formagéo Maracangalha) foi distribuida em trés afloramentos nas llhas de Frades e
Itaparica, litoral do estado da Bahia, Nordeste do Brasil.

A Bacia do Reconcavo localiza-se no Estado da Bahia, Nordeste do Brasil,
ocupando uma area de aproximadamente 11.500 km?. Seus limites séo representados
pelo Alto de Apord, a norte e noroeste; pelo sistema de falhas da Barra, a sul; pela
Falha de Maragogipe, a oeste; e pelo sistema de falhas de Salvador, a leste (SILVA
et al., 2007) (Figura 3).

O embasamento da Bacia do Recbncavo € representado predominantemente
por gnaisses granuliticos arqueanos pertencentes ao Bloco Serrinha, a oeste e norte;
aos cinturdes Itabuna Salvador-Curaca, a oeste-sudoeste; e Salvador Esplanada, a
leste-nordeste. Ao Norte, ocorrem ainda rochas metassedimentares de idade
neoproterozoica, relacionadas ao Grupo Estancia (SILVA et al., 2007).

A configuracao estrutural da bacia relaciona-se aos esforgos distensionais que
resultaram na abertura do Oceano Atlantico. Sua arquitetura basica é a de um meio
graben, com falha de borda a leste e orientacédo geral NE-SW. O mergulho regional
das camadas para leste € condicionado por falhamentos normais planares com
direcdo preferencial N30°E. Zonas de transferéncia com orientacdo N40°W
acomodaram taxas de extensdo variaveis entre diferentes compartimentos da bacia
ao longo de sua evolucéo (SILVA et al., 2007). Segundo Abrah&o & Warme (1990), o
campo de tensdes responsavel pelo rifteamento teria atuado entre o Mesojurassico e
o Eocretaceo.

As sequéncias meso-cenozoicas das bacias do Recdncavo, Tucano e Jatoba
foram originadas, como as demais bacias da margem continental brasileira, pelo
processo de estiramento crustal que culminou com a fragmentacdo do Gondwana e
deu origem aos continentes sul-americano e africano (SANTOS & BRAGA, 1990).
Considerada como parte integrante do sistema de rifte Recdncavo-Tucano-Jatob4, a
Bacia do Recbncavo é preenchida por sedimentos do Jurdssico e Cretaceo Inferior
(SANTOS & BRAGA, 1990; SILVA et al., 2007).
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Figura 3 — (a) Mapa de localizacéo da Bacia do Recéncavo no Brasil. (b) Arcabouco estrutural e
principais estruturas da Bacia do Recéncavo, que incluem as falhas de: 1) Inhambupe, 2) Pedras, 3)
Fazenda Cajueiro, 4) Fazenda Alvorada, 5) Baixa Grande, 6) Palmeiras, 7) Patioba, 8) Tombador, 9)
Sauipe, 10) ltanagra, 11) Pedra do Salgado, 12) Aracas-Boa Esperanca, 13) Biriba, 14) Mata-Catu,

15) Orobd, 16) Paranagud, 17) Salvador, 18) Maragogipe, 19) Capimirim, 20) Nova América, 21)
Candeias, 22) Lamarao, 23) Barra.

b)

Bacia do
Tucano Sul

LEGENDA
Falhas extensionais com
indicagao de mergulho

A Mergulho regional das
camadas

/Bacialde Camamu 0km 2

Fonte: Modificado por Amorim (2018) de Milhomem et al. (2003).

Os depodsitos sedimentares mais antigos da Bacia do Recbéncavo
correspondem a unidade Permiana da Formacéo Afligidos, constituida por arenitos
sobrepostos por folhelhos vermelhos (AGUIAR & MATO, 1990; MAGNAVITA et al.,
2005). A estratigrafia mesozoica da Bacia do Recéncavo (Figura 4) é constituida por
depdsitos continentais do Supergrupo Bahia que incluem sedimentos com idades
entre o Jurassico Superior e o Cretaceo Inferior baseados em ostracodes néo
marinhos da Série do Recéncavo (VIANA et al.,, 1971; MAGNAVITA et al., 2005).
Kuchle & Scherer (2010) utilizaram novos conceitos de tratos de sistemas tectdnicos

na Bacia do Recdncavo para considerar a Formagdo Afligidos, embasamento da
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bacia, como pertencente ao estégio tectdnico pré-rifte, e posicionando o subsequente
Grupo Brotas como syn-rifte. Desta forma, a sucessdo syn-rifte (KUCHLE &
SCHERER, 2010) comec¢a com a deposi¢céo de rochas posicionadas no Andar local
Dom Joéo (Titoniano) (VIANA et al., 1971). Esses depdsitos continentais pertencem
ao Grupo Brotas, que sao formados por sedimentos fluvio-edlicos e lacustres,
atribuidos as Formacdes Alianca e Sergi (MILANI et al., 2007). Na sequéncia, tem-se
a deposicido das Formacdes ltaparica e Agua Grande, unidades inferiores do Grupo
Santo Amaro no Andar Rio da Serra (Berriasiano), segundo registros
micropaleontoldgicos (VIANA et al., 1971; SILVA et al., 2007).

A deposicado da fase syn-rifte continua com acumulagbes de estratos que
constituem os andares Rio da Serra, Buracica, Jiquia (VIANA et al.,, 1971;
MAGNAVITA et al., 2005). Esta fase € marcada pela ativacdo da grande falha de
Salvador, elemento tectonico que controlava a subsidéncia do graben (MILANI et al.,
2007). Os depositos lacustres e deltaicos relacionados a esta fase na Bacia do
Reconcavo incluem folhelhos, arenitos turbiditicos e progradacdes deltaicas da porgéo
superior do Grupo Santo Amaro (Formacgfes Candeias e Maracangalha) (MILANI et
al., 2007). Na sequéncia do Cretaceo Inferior, uma sedimentacéo deltaica compde o
Grupo das llhas (Formacgdes Marfim e Pojuca) (CAIXETA et al., 1994; MILANI et al.,
2007). A Formacao Taquipe ocupa uma feicdo erosiva em forma de canion que se
estende até a Bacia do Tucano Sul (BUENO, 1987; PICARELLI & CAIXETA, 1991).
Um assoreamento final por sistemas fluviais arenosos do Grupo Massacara
(Formacéo Sao Sebastido) e Formacédo Salvador fecha a fase rifte na bacia (MILANI
et al., 2007).

O preenchimento de depdésitos arenosos clasticos da Formacdo Marizal
caracteriza o inicio da fase pos-rifte no estagio Alagoas da Bacia do Recbncavo
(MILANI et al., 2007; SILVA et al., 2007). Esse ciclo tectbnico termina com a deposi¢ao
da Formacdo Sabia, relacionada a uma transgressao marinha de idade Mioceno
(PETRI, 1972) e com o sistema de leques aluviais do Plioceno do Grupo Barreiras
(SILVA et al., 2007).

A Formacao Maracangalha, objeto desde estudo, apresenta um contato basal
concordante com a Formacdo Candeias, e seus limites superiores ocorrem
interdigitados lateralmente com o Grupo llhas (formac¢des Marfim, Pojuca e Taquipe)
(SILVA et al., 2007).
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Figura 4 — Carta cronoestratigrafica da Bacia do Recdncavo (estagios syn-rifte e pds-rifte sensu
Kuchle e Scherer (2010).
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Fonte: Modificado de Silva et al. (2007, p.430 e 431).

A Formacao Maracangalha é subdividida nos membros Pitanga e Caruacu, que
sdo compostos litologicamente por: (i) depédsitos de granulacdo fina de ambiente
lacustre, apresentando leitos de arenitos macicos ricos em argila do membro Pitanga,;
e (ii) leitos lenticulares de arenitos finos a meédios, com estratificacdo plana e
estratificacdo cruzada do membro Caruacu (CAIXETA et al. 1994; SILVA et al. 2007).
Com base em analises bioestratigraficas de ostracodes ndo marinhos, Caixeta et al.
(1994) inferem uma faixa etaria entre a parte superior do Rio da Serra e Aratu para a
Formac&o Maracangalha, também discutida por Silva et al. (2007). Freire et al. (2017)
datam as rochas da Ilha de Maré (Membro Pitanga, Formagcdo Maracangalha), como
Barremiano, parte superior do Andar local Aratu (subzona RT-006.2), através do
registro da subespécie indice Cypridea (Morinina?) bibullata bibullata Wicher, 1959, e

espécies atribuidas ao género Reconcavona Krommelbein, 1962.
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3 MATERIAL E METODOS

Para realizagdo deste trabalho foram coletadas e analisadas 11 amostras,
provenientes de trés afloramentos da Formacao Maracangalha (andares locais Rio da
Serra e Aratu), Bacia do Reconcavo. As amostragens realizadas em folhelhos e siltitos
ao longo dos perfis Gameleira e Manguinhos (Ilha de Itaparica) e Praia da Falha (llha
dos Frades) Baia de Todos os Santos, foram preparadas no Laboratério de
Micropaleontologia Aplicada (LMA), localizado no Laboratdrio Integrado de Tecnologia
em Petréleo, Gas e Biocombustiveis (LITIPEG) da Universidade Federal de
Pernambuco (UFPE), de acordo com os procedimentos usuais para recuperagao de
microfésseis carbonaticos (Figura 5).

Na etapa de coleta de amostras para o estudo bioestratigrafico, se fez
necessario o cuidado em amostrar rochas pouco intemperizadas, visando minimizar
as alteracdes quimicas. Em caso de amostras extremamente friaveis e de dificil
recuperacdo dos microfésseis carbonaticos, uma preparacdo mais branda se fez
necessaria, ou seja, sem adicao de reagentes. Estas amostras foram lavadas apenas
em agua corrente, visando uma recuperacdo mais eficaz dos ostracodes. Depois de
secas, as amostras foram triadas no estereomicroscopio Stemi 305 - Zeiss e 0s
espécimes acondicionados em laminas especificas segundo caracteristicas
morfologicas similares. Posteriormente o material foi fotografado em Microscopio
Eletrbnico de Varredura (MEV) para melhor detalhamento das estruturas
caracteristicas de cada taxon.

Foram realizadas secdes de Espectrometria de fluorescéncia de raios-x por
Dispersao de Energia (Energy Dispersive System — EDS), que constitui uma analise
gualitativa onde as linhas espectrais de raios-x secundarios de todos os elementos
presentes na amostra foram excitados, detectados simultaneamente e separados com
base nas energias dos fotons de raios-x emitidos, realizado no LMA-UFPE. O método
analisou a composicdo das carapacas, permitindo a identificacdo pontual de
elementos quimicos e seu comportamento durante o processo fossildiagenético.

Os espécimes coletados, ilustrados nos artigos foram integrados a colecao
cientifica do Laboratério de Micropaleontologia Aplicada (LMA) da Universidade
Federal de Pernambuco (UFPE).
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Figura 5 - Procedimentos laboratoriais utilizados para a recuperacao e triagem de microfosseis

carbonaticos.
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4 RESULTADOS E DISCUSSOES

Os resultados e discussdes referentes a esta dissertacéo sao apresentados na
forma de dois artigos cientificos intitulados:

- EARLY CRETACEOUS NON-MARINE OSTRACODS FROM RECONCAVO
BASIN, NORTHEAST OF BRAZIL (apresentado no apéncice A)

-  PYRITE-BEARING NON-MARINE OSTRACODS FROM THE LOWER
CRETACEOUS MARACANGALHA FORMATION, RECONCAVO BASIN, NE
BRAZIL: DEPOSITIONAL CONTROLS AND PALEOECOLOGICAL
IMPLICATIONS
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Abstract

Ostracods are aquatic microcrustaceans which use calcium dissolved in water
to synthesize their carapaces, along with a low magnesium content. Depending on the
conditions of the depositional environment and diagenetic processes, ostracods can
be preserved in the fossil record, with or without alteration of the original chemical
composition. In this study, samples from shales, siltstones and silty sandstones of the
Maracangalha Formation (Recbncavo Basin) along the Gameleira and Manguinhos
(Ilha de Itaparica) and Praia da Falha (llha dos Frades) outcrops, Baia de Todos os
Santos, were analyzed. Results show that the pattern of ostracod carapaces
preservation was controlled by distinct sedimentological processes. In the Manguinhos
and Praia da Falha outcrops, ostracod specimens show total or partial replacement of
the carapace by pyrite, with the more expressive pyritization observed in shale from
Manguinhos. In the Gameleira outcrop, on the other hand, no pyritized carapaces were
observed. Results of the Energy Dispersive Spectrometry (EDS) from Manguinhos and
Praia da Falha outcrops indicate the presence of Fe and S pointing to pyrite
mineralization. The Scanning Electron Microscopy (SEM) images revealed the
euhedral and framboidal habit of pyrites present in the carapaces. The low recovery of
specimens from Gameleira and Praia da Falha, as well as the abundance of specimens
in Manguinhos, seem to have depositional controls. At Gameleira and at Praia da
Falha, facies associated with low-to-high density turbidity currents may have hampered
preservation, thus low recovery of ostracods. Despite the occurrence of fragmented
carapaces, the anoxic conditions of the Manguinhos shale samples allowed a better
preservation of specimens. The Manguinhos facies are interpreted as relatively deep
lacustrine deposits. The presence of framboidal pyrite suggests early conditions of
diagenesis at low burial depths. Pyrite mineralization may have occurred through a
hydrogen sulfide environment, rich in organic matter, with dissolution of the carbonate
carapace through the acidic pH of the medium and relative rapid post-mortem burial.
The sedimentary facies described, along with the taphonomic results of ostracod
preservation, corroborate a lacustrine environment with occasional sediment gravity

flows to the Maracangalha Formation.

Key words: Diagenesis, Ostracod taphonomy, Sedimentary facies.

1. Introduction
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Ostracods are aquatic microcrustaceans that use calcium dissolved in water to
synthesize their carapaces along with a low magnesium content (Turpen & Angell,
1971; Keyser & Walter, 2004). Depending on the conditions of the depositional
environment and diagenetic processes, ostracods can be preserved as fossils with or
without alteration of the original chemical composition (Coimbra and Bergue, 2011;
Santos and Ramos, 2023). The altered forms preserved are usually pyritized (Siveter
et al., 2014), phosphatized (Matzke-Karasz et al., 2013), recrystallized (Bennett et al.,
2011), silicified (Wilkinson et al., 2010), preserved in iron oxides (Williams et al., 2008),
or dolomitized (Bertanni & Carozzi, 1985).

The pyritization process is relevant to understand that under anoxic conditions,
methane acts as an energy source for chemosynthetic microbial communities (Ge et
al., 2010). In the Sulfate-Methane Transition Zone (SMTZ), methane is consumed in
the sediments through Anaerobic Methane Oxidation (AMO), associated with Microbial
Sulfate Reduction (MSR) (Dantas et al., 2022). This process is interceded by a
microbial set between methanotrophic archaeal and sulfate-reducing bacteria (Ge et
al., 2010; Hu et al., 2014; Lin et al., 2016a-d). Metabolic processes cause changes in
chemical parameters and diagenetic conditions of sediments (Hu et al., 2014), inducing
carbonate precipitation and release/adsorption of trace elements due to increased
alkalinity in the environment (Ge et al., 2010; Palomares et al., 2012). Furthermore,
they may favor the precipitation of monosulfides in sediments through reaction with
iron compounds which result in the formation of pyrite (FeSz) (Peckmann et al., 2001,
Lin et al., 2016b-d; Zhang et al., 2018).

There are numerous publications that record pyritization in macrofossils (e.qg.,
Briggs, et al., 1991; Gaines et al., 2008; Raiswell et al., 2008). In Brazil, Osés et al.
(2017) recorded the first occurrence of pyritized soft tissues of fossil fish, preserved in
limestone from the Santana Group of the Araripe Basin. The study revealed that the
soft tissues were pyritized or kerogenized in different microfacies, resulting in different
types of preservation. Osés et al. (2017) proposed that the different taphonomic
pathways were controlled by distinct sedimentation rates and microfacies.

There are few studies that discuss pyritization in ostracod carapaces in Brazilian
Basins. With regard to marine ostracods, Golgalves et al. (2021), Zabini et al. (2021)
and Dantas et al. (2022) bring the record and a brief discussion about this replacement

process. For non-marine ostracods, there is the dissertation by Novaes (2021) that
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discusses bioestratinomic processes, as well as the recently published article by
Santos and Feij6 (2023) who used the taphonomic study of Neogene ostracods as
tools for paleoenvironmental reconstruction. To date, there are no published scientific
articles that discuss pyritization in non-marine ostracod fossils of Cretaceous. Some
interpretations about the processes involved in the preservation of pyritized fossil
organisms (e.g., Osés et al.,, 2017) were expanded to the ostracods of the
Maracangalha Formation in the present study.

The taphonomic analysis of fossiliferous concentrations combined with
sedimentological data are extremely relevant for paleoenvironmental reconstructions,
as they provide important information on hydrodynamics, sediment geochemistry,
sedimentation rates (Holz & Simdes, 2002; Firsich, 1990) and diagenetic processes
(Bennett et al., 2011). In this paper, we combine taphonomic aspects and depositional
setting of non-marine ostracods from Maracangalha Formation (Reconcavo Basin) to
show how the paleoenvironment influences the recovery and preservation of ostracod

specimens.

2. Geological setting

The Manguinhos and Gameleira (Itaparica Island) and Praia da Falha (Frades
Island) outcrops are located in the Baia de Todos os Santos, east coast of the Bahia
state, being part of the Maracangalha Formation, Recbncavo Basin. The
Maracangalha Formation is part of the syn-rift tectonic phase associated with the
progressive development of the Recéncavo basin (Figure 1).

The Recdncavo Basin belongs to a larger, lower Cretaceous failed rift system,
the Recbncavo-Tucano-Jatoba rift system, that also includes the Tucano and Jatoba
basins to the north (Costa et al., 2007). Its evolution is associated with the crustal
stretching process that culminated in the Gondwana break-up and thus establishing
the South Atlantic Ocean (Santos and Braga, 1990; Caixeta et al., 1994, Silva et al.,
2007).

The Maracangalha Formation, focus of this study, is positioned in the late Rio
da Serra (= Berriasian—Hauterivian) and Aratu (= Hauterivian—Barremian) stages and
can be subdivided into the Pitanga and Caruagu members. The biochronostratigraphic

positioning was defined based on the record of non-marine ostracods from the
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Reconcavo Series (Viana et al., 1971, Caixeta et al., 1994, Silva et al., 2007; Mendes
Britto et al., 2022).

3. Material and Methods

Approximately 50 m of detailed sections were measured through the Itaparica
and Frades islands at Baia de Todos os Santos area, represented by three
sedimentary logs at a scale of 1:50 (Figure 1). Outcrop samples were collected on
shales, siltstones and very fine grained sandstones of the Maracangalha Formation
along Gameleira, Manguinhos and Praia da Falha outcrops. Stacking pattern and
facies distribution were depicted based on 11 different facies recognized throughout
all three outcrops; characteristics of each are given in full in Table 1.

The specimen analysis partially followed the usual methodology for recovery of
carbonate microfossils. In friable samples, no reagents were added, preventing the
destruction or dissolution of the carbonate carapaces. The specimens were screened
in a stereomicroscope binocular (Zeiss Discovery V8) and individualized on specific
slides according to similar morphological characteristics. After picking,
photomicrography sessions were carried out in SEM and stereomicroscope binocular
(Zeiss Discovery V16) in order to highlight morphological elements of the carapaces,
as well as the mineral habit of pyrites. EDS analyzes allowed the punctual identification
of chemical elements in ostracod carapaces. The equipment used in the
photomicrography and EDS analyzes was the Phenom XL Scanning Electron
Microscopy (SEM). All laboratorial procedures were performed at the Laboratorio de
Micropaleontologia Aplicada in Instituto de Pesquisa em Petréleo e Energia at the

Federal University of Pernambuco (UFPE).
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Figure 1. Location map of the study area. (A) Location of the Bahia State (NE of Brazil)
in South America context; (B) The Recdncavo-Tucano-Jatoba Rift System; (C) The
Recbdncavo Basin; (D) Geological map of the study area and position of the outcrops
in the Maracangalha Formation (Santo Amaro Group) (modified from Souza et al.,
2004 - Scale: 1:1,000,000). Abbreviations: BA — Bahia; JB — Jatoba Basin; TN —
Tucano Norte Basin, TC — Tucano Central Basin; TS — Tucano Sul Basin; RC —
Recbncavo Basin; RTJ Rift System — Rec6ncavo-Tucano-Jatoba Rift System.



32

4. Results

The facies and microfossils distribution are illustrated along the sedimentary
logs described in the Manguinhos (Figure 2), Gameleira (Figure 3) and Praia da Falha
(Figure 4) outcrops. Of the analyzed samples, 15 taxa were identified from a total of
1,036 specimens recovered. Samples M1, M2, GO, G2 and G3 were barren for
ostracods (Mendes Britto et al., 2022).

The highest recovery of ostracods occurred in shales of the Manguinhos (M)
outcrop. The Manguinhos shales revealed an association of pyritized ostracods,
predominantly composed of specimens of the genus Cypridea Bosquet, 1852. In the
samples M3, M4 and M5 (Figure 2), 998 adult and juvenile ostracods were recovered
and distributed among the species Cypridea aff. C. vulgaris Krommelbein, 1962;
Cypridea sp. 1; Cypridea spp.; Reconcavona? polita Viana, 1966; Reconcavona sp.
and Candona? condensa Krémmelbein, 1962. Samples M4 and M5 show the largest
population of juvenile carapaces of Cypridea genus. Other fossil groups, such as fish
teeth, have also been recorded in M4.

In the Gameleira outcrop (G), the occurrence of Brasacypris sp. in sample G1
was limited to a juvenile specimen. In samples GO and G2, well-preserved fish teeth
and scales were recognized. In the Praia da Falha (P) outcrop, ostracod recovery was
less abundant and carapace pyritization is less expressive when compared to
Manguinhos outcrop. A total of 37 well-preserved ostracod carapaces were recovered,
identified as Cypridea ellipsoidea Krommelbein and Weber, 1971; Cypridea lunula
Krémmelbein, 1962; Cypridea sp. 2; Cypridea sp. 3; llhasina amphotera Krommelbein,
1963; llhasina sp. aff. I. remanei cuneiformis Krommelbein, 1963; llhasina sp.,
Alicenula sp. Most of the identified species show a single occurrence, probably of
juvenile stages.

Sedimentary facies distribution, the respective recovery of ostracods, and

different taphonomic processes involved in all outcrops are shown in Table 1.
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Facies

Description

Interpretation

Clast-supported, poorly-sorted conglomerate, consisting of
granules to pebbles and abundant mudstone clasts. Matrix
composed of very coarse- to medium-grained sand. It
occurs associated with matrix-supported, poorly-sorted
gravelly-sandstone. Massive fabric, eventually showing
incipient trough cross-bedded. Lenticular geometry.

Sediment-
currents

Hyperconcentrated density flows.
laden stream flow and/or residual
associated with waning stages.

Very fine to medium-grained sandstone, eventually with
disperse mudstone clasts and/or plants/coal debris.
Massive fabric. It also shows fluidized, very fine grained to
muddy sandstone. Lenticular or tabular geometry.

Sand-rich high-density turbidity current.

Coarse or medium-grained to very fine-grained sandstone.
Normally graded, eventually with trough cross-bedded,
plane-bedded stratification and/or current ripple lamination.
Eventual fluidizations. It also contains intervals of inverse
graded, with fine to very coarse— grained sandstone.
Lenticular or tabular geometry.

Waxing to waning turbidity currents with
alternating phases.

Medium to very fine-grained sandstone. Plane bedded
lamination, eventually fluidized. It shows medium-scale
trough cross-bedding or ripple lamination. Lenticular or
tabular geometry.

High-density turbidity current.

Fine-grained sandstone with hummocky (HCS)-like
geometry. It eventually shows fluidization structures.

Low density turbidity current deposits associated
with hydraulic jump.

Very fine- to medium-grained sandstone with sigmoidal
geometry showing massive fabric, fluidization structures
and/or climbing ripple lamination.

Currents related to transitional flow regime.

Fine to very fine-grained sandstone and siltstone showing
supercritical climbing ripple lamination. Eventually showing
fluidization. Sigmoidal or lenticular geometry.

High suspension load related to transitional
high- to low-density turbidity currents.

Fine to very fine-gained sandstone and mudstones. Plane-
bedded stratification to (or alternating with) ripple cross
lamination, eventually with massive to normally graded
sandstone base and dispersed coarse grains. Lenticular
or tabular geometry.

Low density turbidity currents associated with
lower and upper flow regime. Long- and/or short-
lived turbidity currents.

Intercalation of thin bedded sandstones and mudstones.
Sandstones include plane-bedded and/or ripple lamination.
The mudstones show massive fabric or normal graded
siltstone to claystone. Eventually includes plant debris
and bioturbation.

Low-density turbidity plumes.

Foliated gray to black claystone to siltstone. Shale.

Mud suspension fall-out.

Interbedded sandstone and siltstone with synsedimentary
folds and faults and eventual sand injections.

Slump - locally affected by sand injections.

Table 1: Sedimentary facies codes, lithological description and interpretation of the

studied outcrops of the Maracangalha Formation.
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Figure 2. (A) General view of the Manguinhos outcrop. (B) Pyritized ostracods of the
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4.1 Mineral substitution

The pyritized ostracods of the Maracangalha Formation show 96% of the
internal molds completely replaced by pyrite; 3.5% of the carapaces are partially
replaced and less than 1% of the specimens remained with the original chemical
composition. The total replacement of the internal molds by iron sulfide occurs in the
Manguinhos outcrop, most of the carapaces were dissolved and just few specimens
remain with part of the original carbonatic carapace preserved. In Praia da Falha
outcrop, pyritization is less conspicuous when compared with samples from
Manguinhos outcrop and there is no evidence of a pyritization of the internal molds. In
the Gameleira outcrop there is no evidence of pyritization.

The pattern of ostracod carapaces preservation is closely linked to changes in
sedimentary facies, with the densest pyritization associated with the Manguinhos
shales. Although the greatest abundance of ostracods was reported in samples from
the Manguinhos outcrop, the greatest diversity of species was recorded in the Praia
da Falha outcrop, where ostracods are also better preserved.

The result of the EDS analyzes in the ostracods of the Maracangalha Formation
indicated the presence of Fe and S, which corroborates the pyrite mineralization in the
Manguinhos and Praia da Falha outcrops (Figure 5). SEM images revealed the

euhedral and framboidal habit of pyrites in ostracod carapaces (Figure 6).
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Figure 5. Spot analysis EDS in different areas of ostracod carapaces.
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Figure 6. Pyrite (FeO2) habits cubic and framboidal identified in ostracod carapaces

from the Manguinhos and Praia da Falha outcrops of the Maracangalha Formation.

5. Discussion

The association of non-marine ostracods described in the Maracangalha
Formation is interpreted as typically lacustrine, composed of the genera Cypridea
Bosquet, 1852, Reconcavona Krommelbein, 1962, llhasina Krémmelbein, 1963,
Candona Baird, 1845, Brasacypris Krommelbein, 1965 and Alicenula Rossetti &
Martens, 1998 (Mendes Britto et al., 2022). The biostratigraphic positioning on the Rio
da Serra Stage (subzone RT-004.2) is given by the occurrence of the guide species of
Reconcavona? polita Viana, 1966, on the Manguinhos outcrop (Mendes Britto et al.,
2022). No guide species were recorded in Praia da Falha, but the faunal association

suggests an age range between the upper part of the Rio da Serra Stage to Aratu
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Stage (Valanginian—Hauterivian), based on the record of the species lhasina
amphotera Krommelbein, 1963 and Cypridea lunula Krémmelbein, 1962 (Mendes
Britto et al., 2022). In the Gameleira outcrop, the results were inconclusive, due to the
low preservation of microfossils.

From the analysis of the ontogenetic stages and the carapace/valve ratio of
ostracods, it is possible to infer the energy of the depositional environment. Examining
the population structure, it is possible to determine whether the specimens likely
represent a fossil association preserved in situ (autochthonous) and/or suffered post-
mortem transport (alochthonous) (Boomer et al. 2003, Brouwers, 1988, Whatley,
1991).

In the Manguinhos outcrop, the assemblage consists of predominantly juveniles
with the exception of some adult specimens of Cypridea vulgaris (Figure 7A). In the
Gameleira outcrop the only specimen of Brasacypris sp. is probably a juvenile (Figure
7B), as well as the specimens from eight species recorded in the Praia da Falha
samples (Figure 7C).

The fauna recorded for the Maracangalha Formation was considered mostly as
juveniles (Figure 7D), with specimens ranging from 0.3—1.0 mm. According to Horne
(2005), adult ostracods normally vary between 0.5-2.0 mm, with rare exceptions.
Based on the size of the holotype defined in the appearance of each taxon, which
should normally be adult specimens, a comparative study was carried out, in which it
was observed that most individuals had smaller dimensions than the holotypes. As the
ostracods of the present study did not have a good representation of individuals per
species (most with single specimens), it was not possible to detail the exact phase of
ontogeny. In the specimens represented in Figure 7, it is possible to observe an
agglomeration of different species with similar sizes, indicating that there was particle
selection. This refinement was made possible through post-mortem transport, possibly

related to gravity-driven sediment flow deposits.
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Figure 7. Population structure of juvenile and adult specimens from Manguinhos (A),
Gameleira (B), Praia da Falha (C) outcrops and comparison among the three (D). The
Length (L) and Height (H) measurements refer to the carapace dimensions in side view

of the different specimens.

Samples P1 (facies F2, Table 1), P2 and G1 (facies F9; Table 1) are associated
with high and low-density turbidity currents, which may have reduced the degree of
ostracod preservation and thus their recovery. Samples M3, M4 and M5 (facies F10,
Table 1) suggest a mud suspension fall-out dominated interval, representing a relative
distal, lacustrine setting. Despite the presence of fragmented ostracod carapaces, the
environment of reducing conditions of the Manguinhos shale allowed a better recovery
of the specimens.

Pyritized ostracods in shale facies have been reported by other authors,
including those who first identified the species (Krommelbein, 1962; Viana, 1966). In
the Brazilian basins, there are few studies that discuss pyritization in ostracod
carapaces and most of them are related to marine settings. Goncalves et al. (2021)
presented the oldest record of this type of preservation in marine ostracods,
Harpabollia harparum Troedsson, 1918 and Satiellina paranaensis Adérno and Salas,
2016 in the lapd Formation (Hirnantian) of the Parana Basin. This record was recently
discussed by Zabini et al. (2021) in the study about fossil diversity and taphonomy in

the early Paleozoic. The taphonomic aspects discussed by Zabini et al. (2021) point
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out that the pyritized species previous recorded by Gongalves et al. (2021) indicate
abrupt burial and/or anoxic conditions. Santos and Ramos (2023), in a taphonomic
study of the Neogene ostracod association of the Solimdes Formation (Solimdes
Basin), studied the biostratinomy, fossildiagenesis, mineralogical composition and
sedimentological aspects involved in their depositional processes. According to that
author, the type of ostracod carapaces preservation reflected conditions of early
diagenesis and rapid burial. In another case, the past occurrence of methane activity
in the Santos Basin is suggested by Dantas et al. (2022), through the record of
authigenic framboidal pyrites and gypsum in Pleistocene deep marine sediments.

In the Recbncavo Basin, pyritization of non-marine Cretaceous ostracods was
never discussed, although this type of preservation has been reported in some
taxonomic studies (Krommelbein, 1962; Viana, 1966). Novaes (2021), in a recent study
on the Candeias Formation (Taua Member), analyzed the taphonomy,
paleobiogeography and paleoecology of the associated non-marine ostracod fauna.
Substitutions and fillings in the carapaces of ostracods were observed through
mineralization that are similar to pyrite and hematite (Novaes, 2021). However, no
chemical or morphological analyses of the pyrites were made and the author did not
discuss the diagenetic processes involved in the preservation of those carapaces.

The carapaces associated with the Manguinhos outcrop may have remained
longer in the sulfate reduction zone and the sediment particles may have been
enriched in Fe, filling the molds. Another possibility is that, once the carapaces were
broken, the contact with the host sediment rock led to the pyritization of the internal
molds. The mineral replacement process could result in carapaces completely
substituted by pyrite (FeO2) and loss of morphological information when total
pyritization occurs. In Manguinhos outcrop (samples M3, M4 and M5), the ostracod
fauna is composed by completely pyritized internal molds. In some specimens, the
carbonate carapace is still present, but extremely fragile (Figure 8A and B). In Praia
da Falha outcrop (samples F2 and F9), the carbonate carapace is preserved and
pyritization is less conspicuous. Thus the original morphological elements (Figure 8C
and D) are still recognizable. Some of the pyrites show alteration from sulfide to iron
oxide (brown to reddish color), probably originated during diagenesis final stages
exposure.

The lack of disarticulation in ostracod carapaces may be associated with post-

mortem high-energy conditions (Siveter et al., 2014). The interpretation of the energy
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obtained through the biostratinomic factor, support the interpretation of density flows
in the Maracangalha Formation.
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Figure 8. Pyritized ostracods from the Manguinhos and Praia da Falha outcrops

photographed using a stereomicroscope (A and C) and SEM (B and D).

Framboidal pyrite (FeS) indicates early diagenesis conditions and low burial
depths associated with the sedimentary environment (Tucker, 1991; Bennett et al.,
2011; Wang et al., 2013). Dantas et al. (2022) carried out statistical study about the
parameters that influence the size of framboids associated with marine ostracods from
the Santos Basin. Based on the established criteria, a plot of the mean size of the
framboids versus standard deviation indicated that most samples were formed under
dysoxic conditions and others under anoxic-dysoxic transition conditions. The
presence of framboidal pyrite was related to the first diagenetic step, formed by
metabolic reactions between sulfate and methane in the sulfate-methane transition
zone (SMTZ).

Fine-grained sediments, rich in organic matter, organic carbon, iron and sulfate
are essential to pyritization process in fossils. It originates from the breakdown of
organic matter (animal tissue) which triggers sulfate reduction (2CH20 + SO4>H,S +
2HCO™®) by bacteria that saturate the percolation waters with iron monosulfides (FeS).
This process removes hydrogen ions, increasing the pH of the medium. The dissolved
sulfide produced by sulfate reduction reacts with the element sulfur (S), precipitating
rapidly in the form of pyrite (FeSz) as microcrystalline mosaics (framboids), which retain
evidence of their internal structure, or as euhedral crystals. The iron necessary for the
formation of pyrite comes from both, the organic matter itself and the percolation
waters, disseminated by diffusion (Raiswell, 1997; Tucker, 1991). Itis an early process
in the depositional history, which occurs up to a few meters below the surface of the
substrate, in reducing settings with low circulation and anoxic conditions, which favor
the almost instantaneous precipitation of pyrite (Tucker, 1991).

The paleoenvironmental interpretation of the Maracangalha Formation indicates
that the iron sulfide mineralization may have occurred through the creation of a
hydrogen sulfide environment rich in organic matter, with dissolution of the carbonate

carapace through the acidic pH of the medium and relative rapid post-mortem burial.

6. Conclusions
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The mostly juvenile fauna identified in the Manguinhos, Praia da Falha and
Gameleira outcrops suggests post-mortem transport related to sediment-gravity flow
deposits. The domain of articulated carapaces was associated with a high energy
environment that corroborates the interpretation of turbidity currents for the
Maracangalha Formation. After Manguinhos sediment deposition, there was
dissolution of the carbonate carapace through the acidic pH of the medium and relative
rapid post-mortem burial. During this process, the carapaces that had their structure
broken favored the pyritization of the internal mold through contact with the host
sediment and percolating fluids rich in sulfur. The carapaces recovered from the
Manguinhos outcrop may also have remained longer in the sulfate reduction zone, and
the sediment particles may have been enriched in Fe, which resulted in internal molds
completely replaced by pyrite (FeO2). In the Praia da Falha outcrop, the pH of the
environment did not dissolve the carapaces and there were only occasional
pyritizations. In Gameleira there was no pyritization. The sedimentary facies described
for the samples, corroborated with the taphonomic results of ostracod preservation

suggest a lacustrine setting associated to gravity-driven deposits.
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CONCLUSOES

Das 11 amostras analisadas, um total de 1.036 espécimes de ostracodes foram
recuperados e 15 taxons foram identificados nos afloramentos Manguinhos,

Gameleira e Praia da Falha.

A fauna de ostracodes identificada foi interpretada como tipica de ambiente
lacustre, composta pelos géneros Cypridea Bosquet, 1852; Reconcavona
Krommelbein, 1962; Candona Baird, 1845; Ilhasina Krommelbein, 1963;

Brasacypris Krommelbein, 1965 e Alicenula Rossetti & Martens, 1998.

A baixa recuperacédo nas amostras dos afloramentos Praia da Falha e Gameleira,
bem como a abundancia de espécimes em Manguinhos esta associada a

variacdes sedimentologicas.

Nos afloramentos Praia da Falha e Gameleira, facies associadas a correntes de
turbidez de baixa densidade podem ter dificultado a recuperacdo dos ostracodes.
Apesar da ocorréncia de carapacas fragmentadas, o ambiente redutor do folhelho

de Manguinhos permitiu uma melhor recuperacédo dos espécimes.

As carapacas associadas ao afloramento de Manguinhos podem ter permanecido
mais tempo na zona de reducdo de sulfato, o que resultou em moldes internos

completamente substituidos por pirita (FeO.).

As andlises pontuais de Espectrometria de Energia Dispersiva (EDS) nas
carapacas dos ostracodes da Formacdo Maracangalha indicaram a presenca de
Fe e S, corroborando a mineralizacao por pirita nos afloramentos de Manguinhos

e Praia da Falha.

O registro de pirita framboidal, identificada através de imagens de Microscopia
Eletronica de Varredura (MEV), foi associada a condi¢cbes precoces de diagénese

e baixas profundidades de soterramento.
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8) O posicionamento biocronoestratigrafico no Andar Rio da Serra (Berriasiano-
Valanginiano) (subzona RT-004.2) foi possivel através da identificacdo da espécie
guia de Reconcavona? polita Viana, 1966, no afloramento de Manguinhos.

9) Nenhuma espécie guia foi registrada no afloramento da Praia da Falha, mas a
associacao faunistica sugere um range de idade entre a parte superior do Andar
Rio da Serra até o Andar Aratu (Valanginiano-Hauteriviano), através do registro
das espécies llhasina amphotera Krommelbein, 1963 e Cypridea lunula
Krommelbein, 1962.

10) As facies sedimentares descritas, corroboradas com os resultados tafondmicos de
preservacao dos ostracodes, sugerem a Formacao Maracangalha um ambiente

lacustre associado a depasitos de fluxos gravitacionais.
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APENDICE A — EARLY CRETACEOUS NON-MARINE OSTRACODS FROM THE
RECONCAVO BASIN, NORTHEAST OF BRAZIL

Autores: Daniele de Melo Mendes Britto, Enelise Katia Piovesan, Deise Marli da

Silveira, Claus Fallgatter, Jeanine Grillo

Este artigo apresenta o registro da fauna de ostracodes n&o marinhos da
Formacdo Maracangalha, Bacia do Recbncavo. A andlise faunistica identificou um
total de 6 géneros e 15 espécies de ostracodes. A associacdo de ostracodes foi
interpretada como tipica de ambiente lacustre. O  posicionamento
biocronoestratigrafico no Andar Rio da Serra (Berriasiano—Valanginiano), subzona
RT-004.2, foi possivel pela presenca da espécie-guia Reconcavona? polita Viana,
1966, no afloramento Manguinhos. No afloramento Praia da Falha a associagao
faunistica sugeriu um range de idade entre a parte superior do Andar Rio da Serra até
o Andar Aratu (Valanginiano-Hauteriviano), através do registro das espécies llhasina
amphotera Krémmelbein, 1963 e Cypridea lunula Krommelbein, 1962.

A publicacdo do artigo ocorreu em maio de 2022, pela revista Journal South
American Earth Sciences (SAMES). Disponivel em:
<https://doi.org/10.1016/j.jsames.2022.103841>
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