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RESUMO

A Formacdo Manacapuru, Bacia do Amazonas, aflora as margens da rodovia federal
BR-174 na regido de Presidente Figueiredo, estado do Amazonas. Uma analise
faciol6gica e palinologica foi realizada no local com o objetivo de contribuir com o
entendimento do paleoambiente em que a unidade foi depositada, bem como seu
posicionamento cronoestratigrafico. A andlise faciol6gica levou em conta parametros
como textura, granulometria e estruturas e permitiu o reconhecimento de 6 facies
predominantemente argilosas intercaladas a lentes arenosas, sendo elas: Argilito
macico, Folhelho, Arenito fino a muito fino com laminag&o plano-paralela, Arenito fino a
muito fino com laminag¢é@o ondulada, Arenito fino a muito fino com laminagéo cruzada
swaley e Arenito fino a muito fino com laminagdo cruzada hummocky. Foi possivel
observar a presencga de conteido macrofossil associado a algumas litofacies descritas.
Os processos relacionados as mesmas sugerem que a deposi¢do se deu em uma regiao
de offshore inserida em uma plataforma marinha de l|admina d’agua rasa e
constantemente influenciada por tempestade. Um total de 27 amostras foram coletadas
para andlises palinolégicas e encaminhadas para processamento de acordo com
procedimento padrdo no Laboratério de Palinologia Marleni Marques Toigo, da
Universidade Federal do Rio Grande do Sul. O processamento se deu a partir de
ataques 4&cidos a fracdo inorganica da rocha. Os palinomorfos recuperados
compreendem esporomorfos (representantes de fungos e esporos), matéria organica
amorfa, escolecodonte, acritarcos e quitinozoarios, sendo o Ultimo utilizado como
ferramenta para fins bioestratigraficos. Os espécimes recuperados foram devidamente
descritos e ilustrados. Os géneros Ancyrochitina e Angochitina se destacam como 0s
mais diversos. Foi possivel identificar uma assembleia de idade Lochkoviana Inferior,
atribuida a Formacdo Manacapuru Superior e cuja as espécies caracteristicas sao
Angochitina filosa, Cingulochitina ervensis, Lagenochitina navicula e Pterochitina
megavelata. Também foi possivel identificar um intenso retrabalhamento na exposicao,
evidenciado pela presenca de paleofaunas de idade Ludfordiana a Pridoliana, que pode
estar associado aos constantes eventos de tempestade que atingiam a plataforma.

Palavras-chaves: Quitinozoarios, Devoniano, Formagdo Manacapuru, Bacia do
Amazonas



ABSTRACT

The Manacapuru Formation, Amazonas Basin, crops out on the banks of the federal
highway BR-174 in the region of Presidente Figueiredo, state of Amazonas. A
faciological and palynological analysis was carried out in the place with the aiming to
contribute to paleoenvironmental understanding in which the unit was deposited, as well
its chronostratigraphic position. The faciology analysis took into account parameters
such as texture, granulometry and structures and allowed the recognition of 6
predominantly muddy facies interbedded with sandy lenses, they are: Massive
Mudstone, Shale, Parallel-laminated Sandstone, Wave-laminated Sandstone,
Hummocky cross-laminated Sanstone and Swaley cross-laminated Sandstone. It was
possible to observe the presence of macrofossil content associated with some described
facies. The processes related to them suggest that the deposition occurred in an offshore
region inserted in a shallow marine shelf and constantly influenced by storm. A total of
27 samples were collected for palynological analysis and forwarded for processing
according to standard procedure at Marleni Marques Toigo Palynology Laboratory,
Federal University of Rio Grande do Sul. The processing took place from acid attacks to
the inorganic fraction of the rock. The recovered palynomorphs comprise sporomorph
(representatives of fungi and spores), amorphous organic matter, scolecodont, acritarch
and chitinozoa, the latter being used as a tool for biostratigraphic purposes. The
recovered specimens were duly described and illustrated. The genus Ancyrochitina and
Angochitina stand out as the most diverse. It was possible to identify an assemblage of
lower Lochkovian, attributed to the Upper Manacapuru Formation and whose
characteristic species are Angochitina filosa, Cingulochitina ervensis, Lagenochitina
navicula and Pterochitina megavelata. It was also possible to identify an intense
reworking in the exposure, evidenced by the presence of paleofaunas ranging from
Ludfordian to Pridolian, which may be associated to the constant storm events that
reached the shelf.

Keywords: Chitinozoa, Devonian, Manacapuru Formation, Amazonas Basin.
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APRESENTACAO

Esta dissertacdo intitulada “Palinoestratigrafia e Interpretagéo
Paleoambiental da Formacdo Manacapuru, Regido de Presidente Figueiredo
(AM), Lochkoviano da Bacia do Amazonas” foi desenvolvida entre 2016 a 2018,
nas dependéncias do Departamento de Geociéncias, Instituto de Ciéncias
Exatas (DEGEO/UFAM), junto ao Programa de Pds-Graduacao em Geociéncias.

A Dissertacdo esta estruturada da seguinte forma:

e Capitulo 1 — Introducéo

Aborda-se aspectos fundamentais do corpo da dissertacdo, tais como
objetivos, justificativas, area de estudo e materiais e métodos, para
compreensao geral da temética.
e Capitulo 2 — Contexto Geoldgico

E resumidamente abordado o preenchimento da Bacia do Amazonas.

e Capitulo 3 — O Registro Fossil da Formacdo Manacapuru e suas Implicacdes
bioestratigraficas e paleoambientais.

Discorre sobre a estratigrafia da unidade alvo de estudo, a Formacéao
Manacapuru e sobre seus estudos paleontoldgicos.

e Capitulo 4 — Resultados

Nesse capitulo é apresentado de maneira objetiva, além dos temas
abordados nos capitulos supracitados, informacdes referentes aos resultados,
discussdes e conclusdes obtidas. E apresentado em formato de artigo.

e Capitulo 5 — Conclusdes

Sao apresentadas as conclusdes obtidas a partir dos dados taxondmicos e
estratigraficos.



CAPITULO 01

INTRODUCAO

A Bacia do Amazonas é classificada como uma sinéclise Paleozdica do
tipo intracratbnica, localizada no norte do Brasil e que possui uma area de
aproximadamente 480.000 kmz2 (REIS, 2006). A bacia é reconhecida como uma
area pioneira na exploracdo de petrdleo no norte do pais e as atividades de
pesquisa na regido iniciaram em 1917 através do antigo Servico Geoldgico e
Mineraldgico do Brasil, que entdo tinha como principal objetivo a descoberta de
jazidas de carvao. As primeiras investigacfes direcionadas a exploracao de 6leo
e gas sao reportadas ao ano de 1925 na regido de Itaituba, estado do Para (ANP,
2015).

Foi no contexto da prospeccédo e exploracdo de hidrocarbonetos que
diversas campanhas de mapeamento geoldégico foram realizadas na bacia,
principalmente pela estatal brasileira Petrobras (e. g. KREMER, 1956; SWAN,
1957 e FREYDANCK, 1958 apud GRAHN & MELO, 2003).

Especificamente para o Grupo Trombetas, unidade na qual se insere a
formacao abordada nesse trabalho, os estudos palinologicos iniciaram a partir
dos anos de 1960, utilizando, em parte as amostras coletadas nos mapeamentos
anteriormente citados.

O principal objetivo dessas investigacdes era propor um zoneamento
bioestratigrafico para o Paleozdico da bacia. Assim, se destacam os trabalhos
de Lange (1967), Costa (1969, 1971), Daemon & Contreiras (1971), Grahn
(1992a, 1992b), Grahn & Paris (1992).

Os trabalhos de cunho palinolégico relacionados ao Grupo Trombetas,
principalmente a partir da década 2000, tiveram como objetivo um refinamento
bioestratigrafico das colunas propostas pelos autores anteriores (e.g. GRAHN &
MELO, 2003; GRAHN, 2005; AZEVEDO-SOARES, 2007, 2009). O grupo objeto
de estudo foram principalmente os quitinozoarios, que por possuirem ampla
distribuicdo geografica e relativamente curta distribuicdo estratigrafica sao
bastante utilizados para fins bioestratigraficos em estratos Paleozoicos
(ARMSTRONG & BRASIER, 2005).
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Embora existam estudos palinolégicos realizados na bacia, para o0s
estratos Paleozobicos estes sado majoritariamente em subsuperficie. Em
superficie sdo poucos e quase sempre destituidos de correlacdes estratigraficas.

Um dos grandes limitadores de pesquisas dessa natureza é a escassez
de afloramentos e/ou a dificuldade de acesso. Portanto, neste trabalho é
proposto um estudo palinologico sistematico de rochas da Formacao
Manacapuru, de idade Siluro-Devoniano, com o intuito de contribuir com
questdes relativas ao entendimento do paleoambiente a época de formacédo da

unidade e seu posicionamento cronoestratigrafico.

1.1 Justificativa e relevancia

Estudos paleontoldgicos na regido de Presidente Figueiredo sdo poucos,
e voltados aos levantamentos de icnofosseis (NOGUEIRA et al. 1999; SOUZA &
NOGUEIRA, 2009), e ainda que ocorram em outras unidades, estes sdo
reportados formalmente apenas aos arenitos da Formacdo Nhamunda. Na
regido de Presidente Figueiredo hd uma exposicdo correspondente a unidade
Formacao Manacapuru, ao longo da rodovia BR-174, onde o acesso é facilitado.

Apesar da exposicao ser objeto de estudo de Grahn & Melo (2003) e
Steemans et al. (2008), nenhum dos autores menciona o numero de amostras
utilizadas ou mesmo seus posicionamentos no afloramento. A idade é consenso
entre 0s autores, o qual associam ao Lochkoviano Inferior. No local foi
identificada uma associacgéo retrabalhada de idade Pridoliana Inferior.

Os dados bibliogréficos levantados mostram que essa unidade Paleozoica
da Bacia do Amazonas permanece pouco explorada do ponto de vista
paleontolégico, principalmente em contexto de superficie. Dos levantamentos
palinolégicos realizados, ndo h& detalhamento das exposicdes. Sao
apresentados elementos pouco diversos destas formas, talvez resultado de
pequena amostragem nos trabalhos anteriores. A pesquisa se justifica em
decorréncia dos poucos dados palinoldgicos, bem como falta de posicionamento

estratigrafico em alguns estudos.

1.2 Objetivos

O objetivo geral desta pesquisa € desenvolver um estudo palinologico
com énfase em quitinozoarios, em exposicéo de idade Devoniana pertencente a
Formacdo Manacapuru. O intuito da pesquisa € contribuir para o entendimento
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do paleoambiente em que a unidade foi formada, bem como seu posicionamento
cronoestratigrafico. Algumas etapas prévias foram necessarias para alcancar o
objetivo geral, a saber:

¢ Levantamento de perfil estratigrafico com o devido posicionamento dos niveis
amostrados no afloramento da Formacao Manacapuru;

e Descricao das facies sedimentares observadas no perfil;

¢ Classificacéo sistematica dos quitinozoarios encontrados e o levantamento de
sua distribuicdo estratigrafica,

e Estabelecimento de correlacdes entre o contetdo fossilifero encontrado e
aqueles provenientes de estudos paleontolégicos anteriores realizados na
Formagao Manacapuru.

1.3 Area de estudo

O afloramento alvo de estudo esta localizado em um corte de estrada no
quildmetro 982 (antigo km 99) da rodovia BR-174, que conecta a cidade de
Manaus (AM) a Boa Vista (RR). (Figura 1).
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SIMBOLOS E CONVENGOES
@ Area de estudo AN

0 1020 30 40 S50Km

Figura 1 - Localizacdo da &rea de estudo. Em vermelho, o afloramento alvo deste
trabalho. Modificado de Souza & Nogueira (2009).

A exposicdo da Formacdo Manacapuru (Figura 2) pode ser vista a
margem esquerda da rodovia apds a ponte sobre o Rio Urubu, sentido Manaus
— Presidente Figueiredo e suas coordenadas geogréaficas sdo 02°06’45.5” S e
59°59'31.0” W. O ponto esta localizado, geograficamente, na margem norte da

porgcdo central da Bacia do Amazonas.
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Figura 2 - Vista geral do afloramento estudado, situado nas coordenadas 02°06’45.5” S e 59°59'31.0” W. Na imagem é possivel observar o
aspecto laminado do folhelho e suas intercala¢cdes com niveis arenosos.
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O afloramento € composto por um pacote de camadas horizontais de

folhelho intercalado a niveis de argilito e arenito fino (Figura 3), totalizando cerca

de 6,5 metros de espessura e estendendo-se por aproximadamente 65 metros.

Uma descri¢do detalhada da exposicao e as facies identificadas, bem como suas

implicacdes paleoambientais sdo apresentadas no Capitulo 4.
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Figura 3 - Perfil estratigrafico levantado para o afloramento com os respectivos niveis
amostrados e a associacao facioldgica interpretada.
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1.4 Materiais e Métodos

Durante todas as etapas de desenvolvimento da pesquisa foram
realizadas consultas a literatura referente ao tema estudado (paleontologia,
taxonomia, palinologia, estratigrafia) e ao contexto na qual ela se insere, como a

geologia regional e, especificamente, a Formacao Manacapuru.

Amostragem

Para a realizagao do estudo foram coletadas 27 amostras no afloramento
selecionado (Figura 2), as quais foram posteriormente encaminhadas para
processamento organico palinologico. A amostragem foi feita da base para o
topo da exposigcédo e nomeadas de AM1 a AM27 (Figura 3).

A coleta foi realizada em um intervalo de aproximadamente 20 em 20 cm
(Figura 3) e preferencialmente nos niveis mais escuros, pois sédo portadores de
maiores quantidades de matéria organica. As amostras foram acondicionadas
em sacos plasticos devidamente fechados para evitar possiveis contaminacdes

com material recente.

Processamento das amostras

Apdés a etapa de campo, as amostras coletadas seguiram para o
Laboratério de Geoquimica da Universidade Federal do Amazonas (UFAM), para
procedimento de trituracdo e pesagem, em aliquotas de 10 g (para niveis mais
escuros) a 30 g (material mais claro).

Em seguida, as amostras foram encaminhadas para o Laboratério de
Palinologia Marleni Marques Toigo (LPMMT), da Universidade Federal do Rio
Grande do Sul (UFRGS) para fase de tratamento quimico e confeccdo das
laminas palinoldgicas, conforme metodologia padrdo para amostras pré-
quaternarias seguida pelo laboratério e descrita em Wood et al. (1996).

O tratamento quimico consiste primeiramente na adicdo de acido
cloridrico (HCI) a 32-37% para remocao dos carbonatos presentes na rocha. A
amostra foi inserida em um béquer de plastico e apos o término da reacao foi
lavada com agua destilada. Seguiu-se repouso da solucdo até decantar e se
sucedeu o descarte da agua. Esse procedimento € realizado trés vezes, até que
ocorra a neutralizagao das amostras.

Posteriormente, foi feito o ataque com adi¢cdo de acido fluoridrico (HF)
40-48%, para a eliminacéo dos silicatos. Apos repouso de 24h adiciona-se agua
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a solucdo. Apds a decantacdo do material, foi feito lentamente o descarte da
agua. Uma segunda adicdo de HCI foi realizada, com o intuito de remover os
flaor-silicatos gerados na reacéo anterior. O concentrado obtido foi lavado com
hidréxido de potassio (KOH) 10% visando a remogdo do excesso de matéria
organica amorfa.

Apos esse tratamento quimico, seguiu-se o peneiramento com auxilio de
malhas de tamanhos entre 20 a 250 um. Com o residuo resultante foram
confeccionadas as laminas microscopicas. O residuo palinolégico foi fixado as
laminas de vidro através de laminulas, que por sua vez foram coladas com o
auxilio de cola Entellan.

Foram confeccionadas 3 laminas por estrato amostrado, o que totalizou
81 laminas palinolégicas que foram devidamente identificadas e estdo
depositadas no Laboratério de Paleontologia da UFAM sob codificacdo MP-P
13327 a MP-P 13359.

Andlise palinologica

A andlise das laminas palinolégicas foi feita em microscépio petrografico
de luz transmitida, no Laboratdrio de Microscopia da P6s-Graduacéo da UFAM.
Os espécimes foram visualizados com auxilio das objetivas de 10X e 20X. A
objetiva de 40X foi utilizada para maior detalhamento dos organismos e seus
registros fotogréficos, que por sua vez foram feitos com camera acoplada ao
microscoépio e através do software Olympus Image Analysis.

As estampas foram confeccionadas a partir da selecdo das
fotomicrografias mais representativas de cada espécie identificada e com o
auxilio do software CorelDraw X7. Alguns espécimes se apresentaram bem
escuros, o que de certa forma dificultou a identificacdo. Nesses casos, as
imagens foram tratadas com o objetivo de clarea-las usando CorelPHOTO X7.

Nas estampas algumas informacdes pertinentes foram descritas nas
legendas: nome da espécie, identificagcdo da lamina na qual ela foi encontrada e
sua respectiva localizacdo de acordo com as coordenadas que constam na
lamina auxiliar England Finder.

A classificacdo taxonémica dos quitinozoarios encontrados seguiu a

proposta de classificacdo descrita em Paris et al. (1999), no qual os autores
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propéem uma classificacdo supra genérica essencialmente empirica para o

taxon,

baseada exclusivamente em caracteres morfoldgicos (Figura 4).

Nesta proposta sdo reconhecidas duas Ordens — Operculatifera e

Prosomatifera, ou seja, aqueles dotados de opérculo e de prossoma,

respectivamente. A classificacdo em Familia é feita de acordo com a

diferenciacdo do pescoco e Subfamilia esta relacionado a superficie da camara.

Para distincdo genérica, os critérios utilizados sdo a forma da camara e o arranjo

da ornamentacgao da testa.

pescogo

camara
5

polo apertural polo apertural polo apertural
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| abertura =~—~——
> ] _“__(
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central
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l central
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externa

/
margem l mucro ol

l .
apice processo l
(=apéndice) apice

polo anti-apertural polo anti-apertural

Figura 4 - Principais caracteres morfoldgicos dos quitinozoarios. A distincdo dos
mesmos se torna essencial para a correta identificagdo das espécies. Modificado de
Paris (1981).

Como auxilio na identificacdo dos organismos e para analise

bioestratigrafica, foram consultados trabalhos realizados na Bacia do Amazonas

e em

outras sinéclises paleozoicas brasileiras (CRUZ, 1987; COSTA, 1972;

GRAHN et al. 2000; GRAHN & MELO, 2003; GRAHN, 2005; AZEVEDO-
SOARES, 2007, 2009) e trabalhos consagrados na literatura referente a
quitinozoarios (e. g. EISENACK, 1931; LAUFELD, 1974; CRAMER, 1964;
PARIS, 1981)
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Andlise faciolégica

A descricdo das facies sedimentares considerou parametros como
litologia, textura e estruturas sedimentares, segundo a concepcédo de Walker
(1992). Como instrumento de auxilio & descrigdo das facies, a interpretacao dos
Seus processos e respectivos ambientes deposicionais, elaborou-se secoes
colunares e panoramicas baseadas nas propostas de Wizevic (1991) e Arnot et
al. (1997).

A secao panoramica do afloramento foi feita de acordo com a técnica de
fotomosaico, a partir do qual € possivel definir os elementos arquiteturais que

definem o paleoambiente deposicional (Miall, 1985).
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CAPITULO 02

CONTEXTO GEOLOGICO
2.1 A Bacia do Amazonas: geologia regional e estratigrafia

A Bacia do Amazonas (Figura 5) se localiza entre os cratons das Guianas,
ao norte, e do Brasil, ao sul. Sua area € de aproximadamente 480.000 km2 e
abrange parte dos estados do Amazonas e Para. A leste, o Arco de Gurupa limita
a Bacia do Amazonas com a bacia tafrogénica do Marajo e a oeste o limite com
a Bacia do Solimdes se dé& pelo Arco de Purus (REIS, 2006).

Figura 5 - Mapa de localizagdo geogréfica da bacia, representando seus limites.
Modificado de Gongalves et al. 2017.

A Bacia do Amazonas é uma sinéclise intracratonica cujo preenchimento
sedimentar é, em grande parte, reflexo das variagdes eustéaticas do nivel do mar,
ocasionadas por eventos tectbnicos Paleozdicos na borda oeste da placa
gondwanica. Os arcos e discordancias regionais que ocorrem na bacia sao
resultados de movimentos orogenéticos ocasionados por esses eventos, 0S
quais também controlaram as ingressfes e regressbes marinhas, que
influenciaram diretamente nas facies e ambientes deposicionais descritos na
bacia (CUNHA et al. 2007).

A sucesséo de rochas sedimentares da Bacia do Amazonas recobre o
Craton Amazobnico, substrato Pré-Cambriano representado por rochas
metamorficas de faixas moveis acrescidas a um nucleo central mais antigo
denominado Provincia Amazonia Central, composto por rochas graniticas, pouco
ou ndo orientadas (CORDANI et al. 1984). Varias provincias geocronoldgicas

tém sido propostas para o Craton Amazoénico, com destaque para os estudos de
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Tassinari & Macambira (1999, 2004) e Santos et al. (2000, 2006). O
embasamento da bacia apresenta comportamento rigido desde o final do
Proterozoico, entretanto alguns autores como Almeida et al. (2000) e Cunha
(2000) acreditam que durante a orogenia brasiliana as estruturas preexistentes
foram reativadas, controlando a origem da bacia.

Segundo Neves et al. (1989) a origem da Bacia do Amazonas esta
relacionada a dispersao de esfor¢cos no fim do ciclo brasiliano. A instalacdo da
faixa movel Araguaia-Tocantins, relacionada & orogenia Brasiliana/Pan-Africana
(ALMEIDA, 1967) permitiu esforcos compressivos na direcdo leste-oeste e de
alivio na direcdo norte-sul. Essa zona de alivio foi a responsavel pela instalacéo
do rifte precursor da bacia, se propagando ainda de leste para oeste através de
reativacao de zonas de fraqueza. O resfriamento das massas magmaticas apos
esse evento distensivo permitiu uma subsidéncia térmica regional e a
implantacdo da sinéclise (CUNHA, 2000).

O preenchimento sedimentar se iniciou, segundo Teixeira (2001) com os
sedimentos da Formagé&o Prosperanca e Acari, depositados na fase rifte da bacia
durante o Cambriano. No entanto, a idade do Grupo Purus nédo é consenso. Para
Cunha (2000) os sedimentos das Formacdes Prosperanca (arenitos aluviais e
fluviais) e Acari (carbonatos de planicies de maré) foram depositados
anteriormente a implantac@o da sinéclise, nas etapas finais do ciclo brasiliano
em condicdes tardias pds-orogénicas.

Segundo Cunha et al. (2007) o arcabouco estratigrafico da bacia (Figura
6) apresenta duas megassequencias de primeira ordem, Paleozbica e Meso-
Cenozoica. A primeira € marcada por um grande volume de intrusdes de diques
e soleiras de diabasio Mesozdicos e pode ser subdividida em quatro sequéncias

de segunda ordem:

Sequéncia Ordovicio-Devoniana

Representa o estagio inicial de deposicédo na sinéclise. A ingresséo dos
sedimentos foi de leste para oeste, com carater pulsante transgressivo-
regressivo e com alternancia de sedimentos glaciais e marinhos em onlap sobre
0 Arco de Purus, que impedia a conexdo com a Bacia do Solimdes. A leste a
conexao era livre com as bacias do oeste africano, devido a inexisténcia do Arco
de Gurupa (MATSUDA et al. 2010).
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Nesse estagio, ocorreu a deposicdo do Grupo Trombetas (CAPUTO,
1984) composto, da base para o topo, pelas seguintes formacdes: Autas-Mirim
(arenitos e folhelhos neriticos) de idade Neo-Ordoviciana (GRAHN,1992a,
1992b) no intervalo Caradoc — Ashgill; Nhamunda (arenitos neriticos e
glaciogénicos) datada por andlises bioestratigraficas (GRAHN, 1992a; GRAHN
& PARIS, 1992) como Eo-Siluriana (Llandoveriano — Eo-Wenlockiano); Pitinga
(folhelhos e diamictitos marinhos) datados do Llandoveriano Médio ao Pridoliano
Inferior (GRAHN, 2005); Manacapuru (arenitos e pelitos neriticos) Neo-Silurianos
— Eo-Devonianos (Ludloviano Superior — Lochkoviano Inferior) segundo Grahn &
Melo (2003) e por fim, a Formacéao Jatapu (arenitos e siltitos marinhos paralicos)

depositados no intervalo Lochkoviano — Eo-Emsiano (CUNHA et al. 2007).

Sequéncia Devono-Tournaisiana

De acordo com Pereira et al. (2012) esta sequéncia ocorre em todas as
sinéclises brasileiras e representa um segundo ciclo transgressivo-regressivo
iniciado no Devoniano e encerrado no Eo-Carbonifero. A sedimentacdo dessa
sequéncia se inicia apos a discordancia relacionada a Orogenia Caledoniana
(CUNHA et al. 2007) e a sedimentacdo € de origem marinha com o registro de
incursdes glaciais, sem conexdo com a Bacia do Solimdes.

O Grupo Urupadi é representado, da base para o todo, pela Formacao
Maecuru (arenitos e pelitos neriticos a deltaicos) de idade Eo a Meso-Devoniano
e Formacao Ereré (siltitos, folhelhos e arenitos neriticos) datada do Meso-
Devoniano. O Grupo Curua € representado pelas formacbes Barreirinha
(folhelhos e siltitos marinhos) datada do Eo-Frasniano ao Eo- ou Meso-
Fameniano; Curiri (diamictitos,folhelhos, siltitos e arenitos de ambientes glacial
a periglacial) de idade Neo-Devonianoa; e Oriximina (arenitos e siltitos
depositados em ambiente marinho raso/fluvial) datados do Neo-Devoniano ao
Tournasiano (CUNHA et al. 2007).

Sequéncia Neoviseana

Depositada apdés a Orogenia Acadiana e representada apenas pela
Formacado Faro, constituida de arenitos e pelitos flavio-deltaicos e litoraneos
(CUNHA et al. 2007). O topo da formacao foi afetado por intensos processos
erosivos. Estudos baseados em midsporos realizados por Melo & Loboziak

(2003) permitiram a datacéo da unidade como Viseana.
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Sequéncia Pensilvaniano-Permiana

A Ultima sequéncia de segunda ordem do Paleozoico da bacia formou-se
apos um hiato de cerca de 15 Ma e caracteriza um novo ciclo transgressivo-
regressivo. E marcada pela sedimentacdo do Grupo Tapajos, que reune as
formacdes Monte Alegre (arenitos edlicos, siltitos e folhelhos de interdunas e
lagos) datados do Neo-Bashkiriano; Itaituba (folhelhos, carbonatos e anidritas
lagunar e marinho rasa/inframaré) com idade Neo-Bashkiriana — Moscoviana;
Nova Olinda (calcarios, anidritas e halitas de inframaré) datados do Moscoviano
— Eo-Permiano; e Andira (siltitos e arenitos fluviais e lacustrinos) de idade
Permiana.

A megassequéncia Meso-Cenozodica € composta pelas formacdes Alter
do Chéao (arenitos e conglomerados de planicies e leques aluviais) datada do
Cretaceo; Solimdes (sedimentos argilosos) datado do Mioceno-Plioceno e
Marajo (sedimentos arenosos/argilosos) de idade Paledgena (CUNHA et al.
2007; REIS, 2006). Trabalhos de cunho estratigrafico, sedimentar e
paleontolégico (e. g. SOARES, 2007; SOARES et al. 2010) propuseram a
individualizagdo de sedimentos Miocenos, que ocorrem no topo da Formacao
Alter do Chado, em Formacdo Novo Remanso. Essa unidade ainda nédo foi

formalizada.
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Figura 6 - Carta estratigrafica da Bacia do Amazonas. Destaque (em azul) para a Formag¢ao Manacapuru,

Cunha et al. 2007.
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CAPITULO 03

FORMACAO MANACAPURU: ESTRATIGRAFIA E REGISTRO
FOSSIL

3.1 Geologia da Formacdo Manacapuru

O Membro Manacapuru foi proposto por Caputo et al. (1971) para
designar a unidade superior da entdo Série Trombetas de Derby (1878 apud
CAPUTO, 1984). Caputo (1984) elevou a Série Trombetas a hierarquia de grupo
e suas subdivisdes a categoria de formagoes.

Segundo Carozzi et al. (1973) a unidade € constituida de camadas de
arenitos intercaladas a folhelhos, com ocorréncia de niveis sideriticos associado
aos arenitos no topo e na base da se¢do. Para os autores, a formacao € resultado
de uma sequéncia regressiva — transgressiva onde se desenvolveram ambientes
deltaico, distal-deltaico, litoraneo, shoreface e offshore. As facies shoreface e
offshore dominavam a bacia, e eram limitadas a N e S por faixas litoraneas. Na
margem oeste predominavam as facies deltéicas, e as areas situadas a NW e
SW eram importantes fontes de suprimento. A margem sul seria caracterizada
por facies litoraneas, representando uma zona protegida e estagnante.

Caputo (1984) descreveu a formacdo como camadas de arenito com
folhelhos e siltitos intercalados. Sua espessura maxima é cerca de 200 m na
porcdo central da bacia. Em afloramento, ocorre como arenitos brancos e
amarelados, bem selecionados, com granulometria areia fina a muito fina, e
camadas de arenito com estratificacdo cruzada, intercaladas com folhelhos e
siltitos.

Em subsuperficie, os arenitos sao principalmente finos, com laminacao
paralela, bioturbados, com camadas de espessura de 5 a 20 cm, com siltitos
intercalados. Trés corpos principais de arenito separados por folhelhos e siltitos
sao identificados em muitos pogos (CAPUTO, 1984). A formacéao registraria uma
regressao generalizada na bacia com algumas oscila¢des transgressivas, em
ambientes deltadico e seus canais distributarios, litordneo, shoreface, offshore.

Para o autor, o contato basal com a Formacéo Pitinga seria aparentemente
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concordante. O contato de topo com a Formacdo Jatapu também seria
concordante (CUNHA et al. 2007).

Ja para Cunha (2000), a Formacdo Manacapuru € constituida
principalmente por arenitos finos a médios intercalados com pelitos acinzentados
e laminados, caracteristicos de ambientes neriticos e costeiros associados ao

rebaixamento do nivel do mar.

3.2 O registro féssil

O Grupo Trombetas é uma das unidades litoestratigraficas mais antigas
com registros de macrofésseis, encontrados principalmente nas Formacdes
Pitinga e Manacapuru (WANDERLEY-FILHO et al. 2005).

De acordo com Cardoso & Rodrigues (2005), a maioria do macrofésseis
descritos na literatura para o Grupo Trombetas sdo reportados a Formacéao
Pitinga na regido da corredeira Viramundo e a jusante, no Rio Trombetas,
municipio de Oriximina (Pard), situado na margem norte da Bacia do Amazonas.
No entanto, macrofdsseis séo raros em afloramentos da Formacédo Manacapuru
(JANVIER & MELO, 1988, 1992; STEEMANS et al. 2008; TOMASSI et al. 2015),
especialmente para a area de estudo deste projeto.

A sequir sera feita uma revisao dos registros de macro e microfésseis da
Formac&do Manacapuru, em distintas por¢cdes da Bacia do Amazonas, bem como

suas implica¢cBes cronoestratigraficas e paleoambientais.

O registro de macrofésseis

Os primeiros registros de macrofésseis na unidade séo creditados a Derby
(1878) e Clarke (1899) (apud GRAHN, 1992a), que relataram a ocorréncia de
Arthrophycus harlani nas proximidades do Rio Trombetas. Caputo (1984) relata
a ocorréncia de arenitos finos bioturbados com Skolithos na porgcdo mais
ocidental da bacia e que sugerem para essa regiao onde aflora a Formacéo
Manacapuru a deposi¢cdo em um ambiente litoraneo.

Janvier & Melo (1988) registram a ocorréncia de impressdes de partes de
Acanthodii (coluna, escama e dentes). Os fésseis foram coletados na porcéo
noroeste do estado do Para, em uma regido onde o Rio Trombetas e seu
tributario Mapuera atravessam afloramentos Siluro — Devonianos do flanco norte
da Bacia do Amazonas. A fauna encontrada pelos autores ocorre em arenitos e

siltitos muito bioturbados e sugere uma idade do Devoniano inferior, embora os
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autores ndo descartem uma idade do Siluriano superior. O contetudo fossilifero
foi relacionado ao entdo Membro Pitinga superior.

Entretanto, em trabalho posterior (JANVIER & MELO, 1992) na mesma
regido e a luz de novas investigagdes de campo, concluiu-se que os fragmentos
de vertebrados encontrados anteriormente pertenciam a Formag&o Manacapuru.
Esses autores encontraram mais fésseis que confirmaram as descricdes
anteriores, e ainda sugeriam a possibilidade de se tratar de fragmentos de
Chondrichthyes, que teriam sido depositados sob condi¢cdes de baixa energia,
em ambiente marinho.

Wanderley-Filho et al. (2005) destacam a ocorréncia de conularias,
fragmentos de euripterideos, braquidépodes inarticulados dos géneros Lingula e
Orbiculoidea, além do icnoféssil Arthrophycus na unidade, mas nao discutem as
implicacdes bioestratigraficas e/ou paleoambientais dos achados.

Tomassi et al. (2015) registraram a ocorréncia de macrofésseis na mesma
unidade, resultado da recuperacdo de achados paleontolégicos em areas
adjacentes a hidrelétrica de Belo Monte (estado do Pard). Foram identificados
diversos e abundantes braquiépodes da ordem dos Lingulata, nos afloramentos
Siluro — Devonianos estudados. Além desses, também foram registrados
braquidopodes Rhynchonellata, sendo uma espécie do género Spiriferidae néo
identificada, e uma segunda, identificada como Paucicrura rogata. Nos sitios
estudados também ocorre diversa assembleia de graptdlitos, entretanto somente
duas espécies puderam ser identificadas: o mais abundante, Monograptus aff.
priodon e Climacograptus innotatus brasiliensis. Fésseis pertencente a classe de

peixes Agnata também foram descritos.

O registro microfossil

Por constituirem, em geral, uma importante ferramenta que permite a
datacdo das rochas sedimentares, os microfésseis vém sendo o principal alvo
de estudos na Formacdo Manacapuru, com destaque para o grupo dos
quitinozoarios, midsporos e acritarcos, a exemplo dos trabalhos de Grahn & Paris
(1992); Grahn & Melo (2003); Grahn (2005); Cardoso & Rodrigues (2005);
Steemans et al. (2008); Azevedo-Soares (2007, 2009).
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Quitinozoarios

Coube a Lange (1967) a execucao de um estudo bioestratigrafico pioneiro
empregando Chitinozoas e Leiofusidae, recuperados de afloramentos dos rios
Urubu e Urupadi. O objetivo do estudo era estabelecer o zoneamento
bioestratigrafico da coluna Siluro - Devoniana, na entdo Bacia do Baixo
Amazonas.

Daemon & Contreiras (1971) propuseram um zoneamento palinologico
para a bacia e, especificamente para a Formacdo Trombetas e 0s quitinozoarios
constituiram uma ferramenta Gtil para datacdo, posicionando esta unidade no
Siluriano Inferior.

Os quitinozoarios também foram estudados com objetivo de datacdo da
Formacgédo Trombetas por Quadros (1985a, 1985b apud GRAHN, 1992a) que
posicionou 0 Membro Manacapuru no intervalo Lochkoviano Superior - Pragiano.
Esse grupo de palinomorfos serviu de base para trabalhos de Grahn (1992a) e
Grahn & Paris (1992), que dataram a base da Formacdo Manacapuru no
intervalo Ludloviano superior ao Pridoliano, e seu topo como pertencente ao
Lochkoviano Inferior.

Grahn & Melo (2003) propuseram uma revisao da coluna estratigrafica
proposta por Lange (1967) para a regido dos rios Urubu, Uatuma e Abacate,
localizados na margem norte da porcdo central da Bacia do Amazonas. No
trabalho, os autores distinguiram cinco associacbes de quitinozoarios
denominadas A (Ludloviano superior), B (Pridoliano inferior), C (Lochkoviano
inferior), D (Givetiano inferior) e E (Frasniano). Somente as associacfes A, B e
C foram relacionadas a Formacado Manacapuru. A associacado “A” corresponde
supostamente a base da Formacdo Manacapuru. Apesar disso, a possibilidade
de ser correspondente a porcao superior da Formacéao Pitinga nao foi descartada
pelos autores.

No poco 1-AM-1-AM, a secdo de referéncia para o limite Siluro —
Devoniano em subsuperficie para a Bacia do Amazonas, a base da Formacgao
Manacapuru esta situada no Pridoliano Inferior. No entanto, a ocorréncia
conjunta de Ancyrochitina polentinensis, Cingulochitina sp. e Tanuchitina aff. T.
cylindrica exclui a idade Pridoliana para essa associacdo. Ja a presenca das
espécies Eisenackitina granulata, Euconochitina gordonensis e Pterochitina

perivelata indicam uma idade Ludloviano Superior.
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A associagdo “B” é caracteristica da Formagdo Manacapuru Inferior.
Angochitina sp., Armigutta urubuense, Ramochitina bjornsundquisti e
Saharochitina gomphos indicam uma idade do Pridoliano Inferior. Os autores
afirmam que essa associagdo se encontra retrabalhada dentro da Formacéo
Manacapuru Superior.

A associacao “C” de Grahn & Melo (2003) representa a porgcao superior
da unidade. A presenca de espécies como Eisenackitina cf. E. bohemica,
Lagenochitinha navicula e Pterochitina megavelata posicionam o estrato como
pertencente ao Lochkoviano Inferior. A associagcdo “A”, segundo os autores,
deve ser alvo de maiores investigacdes ao longo do Rio Urubu, e se confirmada
como pertencente a Formacdo Manacapuru, isso implicara que a base da

unidade é diacrona.
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Figura 7 - Quadro comparativo de atribuicbes de idade da Formacdo Manacapuru. Na
lateral, as associagfes ou palinozonas propostas em alguns trabalhos selecionados.

Grahn (2005) analisou quitinozoéarios Silurianos e Devonianos, em
afloramentos ao longo do Rio Trombetas e seus tributarios Cachorro e Mapuera,
na margem norte da bacia, estado do Para, e em afloramentos ao longo do
Igarapé da Rainha e Igarapé Ipiranga, margem sul.

O autor distinguiu sete associa¢fes de quitinozoarios que variam do Eo-
Siluriano ao Eo-Devoniano. A associacao 5 é referida como a transicéo entre a
Formacgéo Pitinga e a Formacgdo Manacapuru e foi posicionada no Pridoliano
Inferior. Espécies restritas a essa associagdo na Bacia do Amazonas incluem
Angochitina sp. aff. A. cyrenaicensis, Angochitina? sp., Fungochitina kosovensis,
Ramochitina bjornsundquisti, Rhabdochitina conocephala?, Saharochitina
gomphos, Urochitina sp. A, e Vinnalochitina corinnae.

A associacao 6 esta relacionada a Formacao Manacapuru Inferior/Média
e se posiciona na base do Lochkoviano. A presenca de Margachitina catenaria
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confirma essa idade. Angochitina cf. Sphaerochitina densibaculata e
Ramochitina sp. cf. R. devonica s&o espécies caracteristicas.

A associacdo 7 de Grahn (2005) é pertencente a Formagdo Manacapuru
superior de idade Lochkoviano inferior. Espécies caracteristicas incluem
Ancyrochitina aff. A. asterigis, Ancyrochitina cantabrica, Ancyrochitina ollivierae,
Angochitina filosa, Angochitina strigosa, Cingulochitina ervensis, Eisenackitina
cf. E. bohemica, Plectochitina sp. A, e Pterochitina megavelata. O autor conclui
que a porcdo mais basal da Formagdo Manacapuru pertence ao Pridoliano
Inferior na area do Rio Trombetas (Para), mas pode alcancar idades do
Ludloviano superior para area do Rio Urubu (GRAHN & MELO, 2003). O autor
também constatou a existéncia de um intervalo mal caracterizado pertencente a
base do Lochkoviano Inferior que ocorre sobre o Pridoliano Inferior na area
estudada.

Miosporos

Melo & Loboziak (2003) propuseram um zoneamento bioestratigrafico
com base em midsporos para o Devoniano - Carbonifero da Bacia do Amazonas.
Esse trabalho foi realizado em afloramentos e testemunhos, em regides que
abrangem as porcdes sul, norte e central da bacia, onde os autores puderam
associar 18 palinozonas.

Para a Formacdo Manacapuru a associagcdo recuperada foi pouco
diversificada e com poucos e pequenos exemplares. Segundo o0s autores, esse
resultado  provavelmente se justifica pela pequena amostragem.
Especificamente a Formacdo Manacapuru se correlaciona a palinozona Non-
spinose Zonates Interval Zone (NsZ), caracterizada pelos taxons
Archaeozonotriletes  chulus, Synorisporites tripapillatus,  Biornatispora
salopiensis, Brochotriletes foveolatus, Chelinospora cassicula e Cirratriradites
diaphanus. Essa palinozona se insere na secao Devoniano Inferior e
compreende a por¢cdo mais superior da Formagdo Manacapuru e uma pequena
porcdo do Membro Jatupu (Formacdo Maecuru). Os autores atribuiram, mais
especificamente, uma idade do Lochkoviano Inferior para a unidade.

Steemans et al. (2008) recuperaram miosporos bem preservados e em
sua maioria de coloragdo amarela em amostras previamente estudadas por

Grahn & Melo (2003), na regido do Rio Urubu. Apesar das amostras serem
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relativamente pobres, o estudo revelou a mais diversificada palinoflora do
intervalo Siluriano - Lochkoviano Inferior ja reportada para a América do Sul, em
um intervalo onde midsporos séo relativamente raros.

As amostras investigadas pelos autores s&o ricas em quitinozodrios e
microfitoplancton de parede orgéanica (acritarcos, prasindfitas). Miosporos séo
raros, demonstrando o carater marinho dos estratos. Entretanto, o progressivo
aumento da razdo miosporos/palinomorfos marinhos permite inferir uma
configuragdo marinha mais proximal para os sedimentos Lochkovianos. Ao todo,
64 espécies foram identificadas, das quais duas sdo novas: Artemopyra
urubuense e Retusotriletes amazonenses.

Os autores concluiram que apesar de estudos bioestratigraficos com base
em miosporos serem ainda escassos para a América do Sul, a associagcao de
miosporos identificada na Bacia do Amazonas para o intervalo estudado ndo
apresenta diferencas significativas em relacao a palinofloras de outras areas do
Gondwana Noroeste. Os miosporos estudados eram amplamente distribuidos
em regides de altas a baixas latitudes, ou seja, de temperaturas frias a

subtropicais secas.
Acritarcos

Estudos baseados em acritarcos sdo também raros para o Siluro —
Devoniano da Bacia do Amazonas. Cardoso & Rodrigues (2005) em
testemunhos procedentes das regides dos rios Trombetas em Mapuera (flanco
norte da bacia) encontraram uma associacao diversa de acritarcos para o Grupo
Trombetas.

Especificamente para a por¢cdo basal da Formacdo Manacapuru, as
espécies que se destacam sdo Baltisphaeridium pilar, B. cariniosum,
Multiplicisphaeridium  saharicum, M. scaber, Domasia rochesterensis,
Dateriocradus monterrosae, Neoveryhachium carminae e Perforela perforata,
atribuidas ao Pridoliano. O acritarco Perforela perforata € caracteristico de altas
paleolatitudes da regido perigondwana e Gondwana Norte. As autoras
concluiram que a distribuicdo dos acritarcos do Siluriano Médio a Superior
estudados coincidem com a distribuicdo de outros grupos fosseis (graptolitos,
trilobitas e braquidpodes) em relacdo as massas continentais. A temperatura da

agua e barreiras fisicas sao fatores que podem ter influenciado na distribuicéo
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desses organismos. Os acritarcos recuperados revelaram uma grande
semelhanca com aqueles registrados em bacias nos Estados Unidos, Canada,
Arabia Saudita, Argentina, Espanha, entre outros, o que revela um carater
cosmopolita dos taxons identificados.

O trabalho de Grahn & Melo (2003) apesar de ter como enfoque o0 estudo
dos quitinozoarios, revelou a ocorréncia do acritarco Tyrannus giganteus e 0s
autores registraram essa ocorréncia devido ao seu significado bioestratigrafico.
A ocorréncia desse taxon na associacdo A descrita pelos autores, juntamente
com os quitinozoarios encontrados, corrobora o posicionamento da mesma no
Ludloviano superior, visto que a espécie ndo ocorre em camadas mais jovens
que o Ludloviano.

Da mesma forma, Steemans et al. (2008) registram a ocorréncia do
acritarco Schizocystia spp. pela primeira vez em camadas inferiores ao limite
Siluro — Devoniano. Poucos espécimes de Schizocystia cf. S. saharica foram
encontrados nas associacbes A e B (Ludloviano Superior e Pridoliano,

respectivamente).
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ABSTRACT: The Manacapuru Formation, Amazonas Basin, crops out on the margins
of a highway in the region of Presidente Figueiredo, state of Amazonas. A faciological
and a systematic palynological analysis was carried out with the aiming to contribute to
paleoenvironmental understanding of the Manacapuru Formation and its respective age.
The faciological analysis allowed the recognition of 6 predominantly muddy sedimentary
facies with sandy intercalations that suggest deposition in a region of offshore inserted in
a shallow marine shelf and influenced by storm. This work uses as a tool for
biostratigraphic purposes the analysis of the chitinozoan. A total of 27 samples were
collected in which an assemblage of Lower Lochkovian can be recognized, whose
characteristic species are Angochitina filosa, Cingulochitina ervensis, Lagenochitina
navicula and Pterochitina megavelata. It was possible to identify an intense reworking in
the exposure, evidenced by the presence of paleofaunas ranging from Ludfordian to

Pridolian, which may be associated to the constant storm events that reached the shelf.

KEYWORDS: Chitinozoan, Devonian, Manacapuru Formation, Amazonas Basin.
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1 INTRODUCTION

In the Silurian and Devonian period, the South Pole was located close to the South
American paleoplate margins (Steemans et al. 2008, Breuer et al. 2017). This
paleogeographic setting resulted in extensive glaciers formation in the South Pole region,
which affects some South American basins, including the Amazonas Basin.
Subsequently, large sea transgressions occurred that invaded part of the emerged areas of
the supercontinent Gondwana (Carozzi et al. 1973, Johnson 2006, Diaz-Martinez and
Grahn 2007). In the lower Paleozoic Gondwana was located in high latitudes, which
turned its Silurian seas cold and explains calcareous formations absence and siliciclastic
rocks predominance (Almeida and Carneiro 2004). In this context, the sediments that
constitute the Manacapuru Formation were deposited.

In Brazil, paleontology studies in the Silurian-Devonian rocks are numerous, but
in the Amazonas Basin these investigations are few and are based mainly on subsurface
data, particularly for palynological surveys (a historical review is given in Grahn 1992),
while the surface ones are related to ichnology (Nogueira et al. 1999, Matsuda et al. 2010,
Gongalves et al. 2017).

Grahn and Melo (2003) presented the chitinozoan taxonomy and biostratigraphy
in outcrops along the Urubu, Uatuma and Abacate rivers, in Amazonas state. The authors
compared the results with more intensively investigated areas in Brazil, and proposed five
chitinozoan assemblages. In some sections reworking was recognized. Among them, the
outcrop named by the authors as Pt. 10 stands out, which is the target section of this study.
The site was correlated by the authors to the Upper Manacapuru Formation, Lochkovian
in age, supported by the preliminary study of the reference well for the Trombetas Group
1-AM-1-AM and later formalized by Azevedo-Soares and Grahn (2005). This outcrop
was also investigated by Steemans et al. (2008). The authors used as a biostratigraphic
tool the study of miospore, which indicated an age of the Lower Lochkovian.

Grahn (2005a) also studied outcrops and wells in the Amazon Basin, using the 1-
AM-1-AM well as a reference and identified seven assemblages of chitinozoa, related to
the Pitinga, Manacapuru and Maecuru Formations. In the Trombetas River region the
Manacapuru Formation is of Early Pridoli in age, but in the Urubu River area the unit can
reach Upper Ludlow age (Grahn and Melo 2003).

In this work a systematic faciological and palynological (based on chitinozoan

group) study of Manacapuru Formation rocks, Silurian-Devonian in age, is presented,
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aiming to contribute with questions regarding to the paleoenvironmental understanding
in the formation time of the unit and its chronostratigraphic position. The outcrop is
located at kilometer 982 (former km 99) on BR-174 highway, which connect the city of
Manaus (AM) to Boa Vista (RR) (Figure 1A).

GEOLOGICAL UNITS
Alluvial Deposits
[:I Javari Group

- Trombetas Group

- Prosperanca Formation

Jauaperi Complex
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60°30'W = 6(;‘:60‘W =
Figure 1. A. Location and geological map of the region where the outcrop is located (modified
from Souza and Nogueira 2009). B. Location of the Amazonas Basin and its regional boundaries.

2 THE AMAZONAS SEDIMENTARY BASIN AND THE MANACAPURU
FORMATION

The Amazonas Basin has an approximately area of 480.000 km?2 and it covers part
of the Amazonas and Para states (Figure 1B). According to Teixeira (2001), the
sedimentary filling began with the sediments of the Prosperanga and Acari Formation
deposited in the rift phase of the basin during the Cambrian. However, the age of Purus
Group sediments is not consensus. For Cunha (2000) the sediments of the Prosperanca
(alluvial and fluvial sandstones) and Acari (tidal plateau carbonates) formations were
deposited prior to the basin implantation, in the final stages of the Brazilian cycle in late

post-orogenic conditions. According to Cunha et al. (2007) the current stratigraphic
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framework of the basin presents two first-order mega sequences, one Paleozoic and the
other Meso-Cenozoic.

The first is marked by eustatic variations of sea level and a large volume of
Mesozoic diabase dikes and sills intrusions, and it can be subdivided into four sequences
of second order: Ordovician-Devonian, Devonian-Tournaisian, Neovisean and
Pennsylvanian-Permian Sequence. In this study, part of the Ordovician-Devonian
Sequence was analized, which deposited the Trombetas Group. This is composed, from
the base to the top, by the following formations: Autas-Mirim; Nhamunda, Pitinga,
Manacapuru and Jatapu.

The Manacapuru Member was elevated to formation category by Caputo (1984).
According to Cunha (2000), this unit is characterized by fine to medium sandstones
interbedded with grayish and laminated mudstones, which occur alternately to layers of
shales, with fossiliferous content composed mainly of chitinozoan, graptolites, acritarch,
sporomorphs (Grahn 1992, Grahn and Paris 1992, Grahn and Melo 2003, Melo and
Loboziak 2003, Cardoso and Rodrigues 2005, Steemans et al. 2008) and brachiopods
(Tomassi et al. 2015).

The sedimentary fill is a record of sea level oscillations (Cunha et al. 2007), where
a general regression with some transgressive oscillations allowed sedimentation in the

deltaic, coastal, shoreface and offshore environments (Carozzi et al. 1973, Caputo 1984).

3 MATERIAL AND METHODS

The faciological analysis was performed in an outcrop (Figure 1) along the BR-
174 highway, on the Urubu River banks with geographical coordinates 02°06'45.5 " S and
59°59'31.0 " W. The outcrop was described based on the elaboration of a vertical profile,
according to a scheme proposed by Walker (1992).

For the palynological analysis, mainly pelitic layers were collected, which are
common in the outcrop. In total, 27 samples were collected. Sampling was done from the
base to the top of the section and named from AM1 to AM27. The weighing and grinding
of the samples were carried out at the Geochemistry Laboratory of the Amazonas Federal
University (UFAM) and then sent to the organic palynological processing.

The palynological processing was done at the Marleni Marques Toigo Palynology
Laboratory (LPMMT) of the Federal University of Rio Grande do Sul and consisted of
successive attack steps with acidic reagents (HCI and HF) in order to remove the
inorganic fraction of the samples, according to procedure described in Wood et al. (1996).
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Eighty-one palynological slides were made, 3 of them for each sampled level. The slides
were deposited at the Paleontology Laboratory of the Amazonas Federal University under
MP-P 13327 at MP-P 13359 coding. The analysis of the palynological slides was

performed using a binocular microscope at the Microscopy Laboratory of the UFAM.

4 SEDIMENTARY FACIES

The sedimentary rocks of the Manacapuru Formation analysed are located on BR-
174 federal highway (Figure 1) and are below and in abrupt contact with argillite of the
Alter do Chao Formation, of Cenozoic age.

The Manacapuru Formation is represented by predominantly clay lithotypes with
fine to very fine sandstone interbedded, which surface with a maximum thickness of
approximately 7 m and are laterally continuous for up to 65 m (Figure 2). The rocks show
yellowish coloration, greyish to reddish, and are friable and intensely oxidized. However,

the sedimentary structures are well preserved, especially in sandstones.
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Figure 2. General appearance and details of the Manacapuru Formation exposure target of the investigation.
A. Section interpreted with emphasis on the depositional geometry of the unit, represented by muddy layers
(facies F and Mm) with sandy lenses interbedded with pinch-and-sweel bedding, internally structured with
the litofacies Sp, Sw, Sh and Ss. B and C. Detail of contact relations and the facies in the sandstone lenses
interbedded with muddy beds.

The muddy and sandy facies are composed mainly of lenticular bodies, however
the intercalated sandy facies occur in discontinuous lenses form, which exhibit lateral
thickening and thinning (pinch-and-swell bedding) and can reach thickness of up to 70
cm (Figure 2A). Additionally, the sandstone lenses have a slightly erosive base and wavy

top.
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The faciologycal analysis carried out in this work allowed the construction of a

composite stratigraphic column and defined six sedimentary facies, namely: massive

mudstone (Mm), shale (F), fine to very fine sandstone with plan-parallel lamination (Sp),

fine to very fine sandstone with wave lamination (Sw), fine to very fine sandstone with

swaley cross-lamination (Ss) and fine to very fine sandstone with hummocky cross-

lamination (Sh), comprised in a marine platform under the action of storm waves (Figure

3).
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Figure 3. Compos'ite 'collumnar section of the Manacapuru Formation on federal highway BR 174
with sedimentary facies defined and interpreted in this study. Rocks of this unit are below and in
abrupt contact by argillite of the Alter do Chdo Formation, of Cenozoic age.
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Massive Mudstone Facies (Mm)

Mm facies occur in a lenticular layer form, dark gray color, with a thickness varying
from 20 to 70 cm and a massive structure (Figures 2, 3 and 4). In an isolated way, this
facies is intruded by vertical features up to 3cm long and filled by very fine sandstone
that increase in thickness in the upper portion, forming sub-horizontal lenses up to 7cm

in length and maximum thickness of 1cm (Figure 4A).

. 7

anacapuru Formation sedimentary facies evaluated in this
work. A. Massive mustone (Mm) with endichnial trace fossil (TF) and massive sandstone dike.
B, C, D. Remains and moulds of Lingulida brachiopods found in F facies and their evident growth
lines. The scale bar represents 1 cm. E, F. Horizontal and oblique trace fossil that occur associated
with the facies Ss.

In this facies, simple and isolated endichnial tubular features occur uniformly
distributed, horizontally to oblique oriented in relation to bedding and with a very fine
massive sandstone filling (Figure 4A). In longitudinal sections its length varies between
0.8 and 3cm, while in cross sections they have circular to semicircular shapes with a of
up to 0.8cm diameter.

Sedimentary process
Mudstone lenticular layers are compatible with deposition with absence of traction
and dominated by decantation processes of clay granulometry particle in suspension.
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Additionally, the massive structure may be linked to granulometric contrast absence or
even to intense weathering (Potter et al. 2005). Massive fine sandstones dykes occurring
in the Mm facies are related to restricted processes of total liquefaction and injection of
water supersaturated sediments directed to areas of lower pressure (Owen 2003). The

massive filling of the intrusion coincides with this interpretation.

Shale Facies (F)

The facies F is the most representative of the outcrop, composed of dark grey
lenticular bodies that reach a 1m maximum thickness and are laterally continuous for
more than 50 m. The lower contact of this facies conform to waved sandstone lenses
(described below), while the upper limit is slightly erosive. Internally, it presents fissility
planes, sometimes incipient, and slightly waved with up to 2 mm thickness (Figures 2B,
C and 3). Remains and molds of inarticulate and fragmented brachiopods make up the
macrofossil content. The brachiopods have length and width between 1.5 cm and 2.5 cm
and 1.4 cm and 2.2 cm, respectively. In the found specimens it is possible to observe the
organisms well marked growth lines. They have a circular to elongate outline and are
related to the Lingulidae (Figures 4B, C and D).

Sedimentary process

Lenticular and laterally continuous shales layers are traditionally bound to
depositional sites with no traction processes and dominated by clay-sized particles
deposition related to decantation under low energy conditions (Tucker 2003). However,
slightly wavy fissile planes suggest incipient performance of basin processes related to
oscillatory flow (Schieber et al. 2007, Schieber and Southard 2009, Schieber 2011).

Parallel-laminated Sandstone Facies (Sp)

This facies occurs in the form of grey to yellowish lenticular bodies, up to 15 cm
thick, laterally restricted and composed of very fine to fine sandstones, with rounded and
well selected grains (Figures 2 and 3). Internally, they are structured with plane-parallel
lamination with millimetric foresets organized in sets up to 7 cm thick (Figures 2B and

C). The lower and upper contact relationships with other sandy facies are usually erosive.

Sedimentary Process
The Sp facies formation may be related to the migration of sandy bed forms in both
the unidirectional and the combined flow. In the first example, it refers to the process of

sand-bed migration (sandsheets) in pipelines under upper-flow (Miall 2006, Nichols
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2007). On the other hand, when associated to combined-flows is the result of sandy grains
migration in flat beds form related to greater contribution of the unidirectional component
(Dumas and Arnott 2006, Plint 2010). The absence of pipes in the associated sandstone

facies is consistent with the second interpretation.

Wave Laminated Sandstone Facies (Sw)

The Sw facies exhibits grey to yellowish lenticular bodies. They reach up to 16 cm
thick and they are laterally continuous for up to 15m and found more frequently on top
of sandstone lenses interbedded in F facies (Figures 2 and 3). They are composed of very
fine to fine sandstones with rounded and well selected grains, structured with wave
lamination with 15 cm and 4 cm maximum length and width, respectively. The
millimetric foresets are organized in wavy sets of up to 8 cm that locally develop erosive
bases (Figures 2B and C).

Sedimentary process

Fine to very fine wavy laminated sandstones are related to the sandy bed forms
migration associated to oscillatory currents under shallow water depth hydrodynamic
conditions (Dumas and Arnott 2006, Nichols 2007). The base of the Sw facies waved sets
with locally erosive character, together with the high ratio between the length and width
of the foresets reinforce this proposal.

Swaley Cross-laminated Sandstone Facies (Ss)

The facies Ss is characterized by greyish to yellowish lenticular layers, composed
of very fine to fine sandstone with rounded and well selected grains, up to 12 cm thick
and laterally continuous for more than 10 m (Figures 2 and 3). They exhibit swaley cross
lamination with millimetric foresets, arranged in sets of up to 7 cm with concave, slightly
excavated and asymmetric bases which laterally gradate to the Sw or Sh facies, described
later (Figures 2B and C).

The fossiliferous content observable in the Ss facies is concentrated in the upper
portion of the bed and are described as predominantly horizontal to oblique trace fossil in
relation to the bedding, simple and slightly sinuous, ranging from endichnial to exichnial,
without branching and intercrossed (Figures 4E and F). They are tubular features without
active filling, internally massive and with same host rock texture. The outer portion of the

tube is smooth and without ornamentation, however trace fossil occurs with external wall
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with apparent longitudinal groove. The trace fossils are between 2 and 8 cm length, which

in cross sections show semi-circular to elliptical forms with a 1.5 cm maximum diameter.

Sedimentary process

Fine to very fine sandstones with wavy sets and asymmetric erosive bases
structured with swaley cross lamination are associated to erosion and filling features of
the sandy substrate by dunes influenced by combined flow, with unidirectional
component predominance over the oscillatory, related to the energy decline phase of the
storm events (Cheel and Leckie 1993, Dumas and Arnott 2006, Plint 2010). The lateral
association with facies related to oscillatory and unidirectional flow, Sh and Sp facies
respectively, are compatible with laterally changes in the hydrodynamical conditions of

the bed forms, traditionally attributed to storm stream (Plint 2010).

Hummaocky Cross-laminated Sandstone Facies (Sh)

This facies is composed of yellowish to greyish lenticular bodies of fine to very fine
sandstone, with rounded and well selected grains, presenting a maximum thickness of 15
cm and laterally continuous for more than 12 m (Figures 2 and 3). The Sh facies are
organized in wavy sets up to 10 cm thick, with a concave and slightly erosive base, where
symmetrical shapes predominate. Internally to the sets, isotropic to anisotropic
hummocky cross-laminations occur, with an 85 cm maximum wavelength and a 7cm
width, with inclined foresets with angles smaller than 8° that develop low angle
truncations. Laterally, the facies Sh gradate for planar to wavy laminations (Sp and Sw
facies) (Figures 2B and C).

The fossiliferous content associated with Sh facies is represented by trace fossils in
the form of endichnial to exichnial tubes, horizontal to oblique in relation to the bedding

and concentrated in the upper portion of the layers, similar to those described in Ss facies.

Sedimentary process

Fine to very fine sandstones with isotropic to anisotropic hummocky cross-
lamination are compatible with the migration of dunes under combined flow, with
predominance of the oscillatory component under the unidirectional, related to storm
events in marine shelfs (Arnott and Southard 1990, Cheel and Leckie 1993). The lateral
gradation for the plane and wavy facies is related to the decrease of the oscillatory
component and increase of the unidirectional currents acting with the storm energy
decline (Dumas and Arnott 2006).
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5 PALYNOLOGY

The 27 stratigraphic levels sampled showed satisfactory palynological results,
with different concentrations and degrees of palynomorph preservation. In general, the
samples are fertile, with diverse and abundant palynological content. The most
representative groups of the recovered association are the acritarch followed by the
chitinozoan, which reinforces the marine character of the assemblage. Subordinately
occur miospore, scolecondont and fungus spore. There is a significant amount of
amorphous organic matter, which in some cases makes it difficult to visualize the
diagnostic characters of the chitinozoan.

In relation to chitinozoan, it was possible to identify them at a generic and specific
level. These organisms occur predominantly as isolated tests and less commonly in short
chains. For this study were consulted mainly the papers of Grahn and Melo (2003), Grahn
(2005a) and Azevedo-Soares (2009), recent work on the Silurian-Devonian interval of
the Amazonas Basin and based on chitinozoan.

All chitinozoan genera and species recovered in the studied outcrop are
alphabetically listed by genus and species, as well as their respective illustrations are
indicated (Table 1).
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Table 1. Relation of recovered chitinozoan and their respective locations on the figures

Taxon Figure
Ancyrochitina fragilis Eisenack 1955 Fig. 5.1
Ancyrochitina aff. A. tomentosa Taugourdeau and Jekhowsky 1960 Fig. 5.2
Ancyrochitina cf. A. brevis Taugourdeau and Jekhowsky 1960 Fig. 5.3
Ancyrochitina ex. gr. A. ancyrea Eisenack 1931 Fig. 5.4
Ancyrochitina ex. gr. A. gutnica Laufeld 1974 Fig. 5.5
Ancyrochitina? ex. gr. A. floris Jaglin 1986 Fig. 5.6
Ancyrochitina sp. A sensu Grahn and Melo 2003 Fig. 5.7
Angochitina echinata Eisenack 1931 Fig. 5.8
Angochitina elongata Eisenack 1931 Fig. 5.9
Angochitina filosa Eisenack 1955 Fig. 5.10
Angochitina sp. aff. A. cyrenaicensis Paris 1988 sensu Grahn and Paris 1992 Fig. 5.11
Angochitina sp. aff. A. mourai Schweineberg 1987 sensu Grahn and Melo 2003 Fig. 6.1
Angochitina sp. B sensu Grahn 2005a Fig. 6.2
Angochitina? sp. sensu Grahn and Paris 1992 Fig. 6.3,6.4
Armigutta urubuense Grahn and Melo 2003 Fig. 6.5, 6.6
Belonechitina cf. B. sp. A sensu Grahn 2005a Fig. 5.12
Bursachitina sp. A sensu Grahn and Melo 2003 Fig. 5.13
Cingulochitina ervensis Paris 1979 in Paris 1981 Fig. 6.7
Cingulochitina serrata Taugourdeau and Jekhowsky 1960 Fig. 6.8, 6.9
Cingulochitina wronai Paris and Kriz 1984 Fig. 6.10
Cingulochitina aff. C. serrata Taugordeau and Jekhowsky 1960 Fig. 6.11, 6.12
Conochitina gordonensis Cramer 1964 Fig. 6.13, 6,14
Conochitina pachycephala Eisenack 1964 Fig. 6.15
Conochitina tuba Eisenack 1932 Fig. 6.16
Desmochitina cortesiana Schweineberg 1987 Fig. 7.1
Eisenackitina granulata Cramer 1964 Fig.7.2,7.3
Eisenackitina cf. E. bohemica Eisenack 1934 Fig.7.4,7.5
Fungochitina kosovensis Paris 1981 Fig. 7.6
Hoegisphaera sp. A Fig. 7.7
Lagenochitina navicula Taugourdeau and Jekhowsky 1960 Fig. 7.8
Linochitina sp. A sensu Grahn and Melo 2003 Fig. 7.9
Plectochitina carminae Cramer 1964 Fig. 7.10, 7.11
Pterochitina megavelata Boumendjel 2002 Fig. 7.12,7.13
Pterochitina perivelata Eisenack 1937 Fig. 7.14,7.15
Ramochitina bjornsundquisti Grahn and Melo 2003 Fig. 7.16, 7.17
Ramochitina sp. sensu Grahn and Paris 1992 Fig. 7.18
Saharochitina gomphos Grahn and Melo 2003 Fig. 7.19
Saharochitina sp. A Fig. 7.20
Sphaerochitina acanthifera Eisenack 1955 Fig. 8.1, 8.2
Sphaerochitina sphaerocephala Eisenack 1932 Fig. 8.3, 8.4
Vinnalochitina corinnae Jaglin 1986 Fig. 8.5

5.1 Systematic Paleontology

The taxonomy follows the scheme proposed by Paris et al. (1999). Only the
species left in open nomenclature are discussed below. The photomicrographs of the
organisms recovered are shown in the Figures 5, 6, 7 and 8 and the information about its

respective provenance are shown in the Figure 9.

Group Chitinozoa Eisenack 1931
Order Operculatifera Eisenack 1931
Family Desmochitinidae Eisenack 1931 emend. Paris 1981
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Subfamily Desmochitininae Paris 1981

Genus Bursachitina Taugourdeau 1966

Type species — Desmochitina bursa Taugourdeau and Jekhowsky 1960

Bursachitina sp. A sensu Grahn and Melo 2003
Figure 5.13
2003 Bursachitina sp. A — Grahn and Melo, plate 111, figs. 14, 15.

Discussion: The specimen found here is some smaller than those described by Grahn and
Melo (2003), who characterized them by a conical, smooth chamber and a rounded basal
margin.

Dimension (1 specimen measured): Total length 160 um, width of aperture 76 pm;
maximum width 160 pum.

Occurrence: Lower Manacapuru Formation, Assemblage B from Grahn and Melo (2003).
Level 11, this work.

Genus Hoegisphaera Staplin 1961 emend. Paris et al. 1999

Type species — Hoegisphaera glabra Staplin 1961
Hoegisphaera sp. A

Figure 7.7

Discussion: specimen of Hoegisphaera with the glabrous chamber, a widened aperture
and absence of collarette.

Dimension (one specimen measured): Total length 98 um, maximum width 82 um, width
of aperture 38 pum.

Occurence: level 13, Manacapuru Formation.
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Figure 5. Chitinozoan from outcrop of Manacapuru Formation. The scale bar represents 50 pm.
In parentheses, slide and location in the England Finder. 1. Ancyrochitina fragilis Eisenack 1955
(13342, E30). 2. Ancyrochitina aff. A. tomentosa Taugourdeau and Jekhowsky 1960 (13339, O35-
3). 3. Ancyrochitina cf. brevis Taugourdeau and Jekhowsky 1960 (13285, P49-2). 4.
Ancyrochitina ex. gr. A. ancyrea Eisenack 1931 (13323, S54-3). 5. Ancyrochitina ex. gr. A.
gutnica Laufeld 1974 (13300, S33). 6. Ancyrochitina? ex. gr. floris Jaglin 1986 (13279, R29). 7.
Ancyrochitina sp. A sensu Grahn and Melo 2003 (13288, P50). 8. Angochitina echinata Eisenack
1931 (13303, S50). 9. Angochitina elongata Eisenack 1931 (13306, X48). 10. Angochitina filosa
Eisenack 1955 (13312, Q30). 11. Angochitina sp. aff. A. cyrenaicensis Paris 1988 sensu Grahn
and Paris 1992 (13345, X61-4). 12. Belonechitina cf. B. sp. A sensu Grahn 2005a (13351, P38-
3). 13. Bursachitina sp. A sensu Grahn and Melo 2003 (13310, Q47-1).
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Subfamily Eisenackitininae
Genus Eisenackitina Jansonius 1964 emend. Paris 1981

Type species — Eisenackitina castor Jansonius 1964

Eisenackitina cf. E. bohemica Eisenack 1934
Figure 7.4 and 7.5
1934 Desmochitina? bohemica — Eisenack, plate 5, figs. 14, 15.
1981 Eisenackitina bohemica — Paris, plate 25, figs. 5, 6, 7, 8, 9, 10, 11, 12.
1992 Eisenackitina cf. E. bohemica — Grahn and Paris, plate 3, fig. 10.
2003 Eisenackitina cf. E. bohemica — Grahn and Melo, plate V, figs 1, 2.
2005a Eisenackitina cf. E. bohemica — Grahn, plate 11, fig. 19.

Discussion: Eisenacktina bohemica is characterized by having a cylindrical collar, a base
with a mucron and small spines in the chamber (Paris 1981). Eisenackitina cf. E.
bohemica differs from Eisenacktina bohemica by its smaller length and its broader
aperture (Grahn and Melo 2003, Grahn 2005a).

Dimension (3 specimens measured): Total length 224 pm, maximum width 189 pum,
width of aperture 86 pm.

Occurrence: Assemblage C of Grahn and Melo (2003), early Lochkovian — upper
Manacapuru Formation. Assemblage 7 of Grahn (2005a). Levels sampled 4, 14, 18, 21,
23.

Subfamily Margachitininae Paris 1981
Genus Linochitina Eisenack 1968 restrict. Paris 1981

Type species — Desmochitina erratica Eisenack 1931

Linochitina sp. A sensu Grahn and Melo 2003
Figure 7.9
2003 Linochitina sp. A — Grahn and Melo, plate I, figs. 3, 4.

Discussion: see Grahn and Melo (2003). The specimens observed here have a maximum
width slightly smaller than those described by the authors.
Dimension (2 specimens measured): Total length 100 pm, length of neck 32 um,

maximum width 42 um, width of aperture 35 um.
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Occurence: Late Ludlow, Lower Manacapuru Formation, Assemblage A (Grahn and
Melo 2003). Level 27, this work.

Subfamily Pterochitininae Paris 1981
Genus Cingulochitina Paris 1981
Type species — Desmochitina cingulata Eisenack 1937

Cingulochitina aff. C. serrata Taugourdeau and Jekhowsky 1960
Figure 6.11 and 6.12
1981 Cingulochitina serrata — Paris, plate 21, figs. 17, 20.
1992 Cingulochitina sp. aff. serrata — Grahn and Paris, plate 1, fig. 10.
2003 Cingulochitina aff. C. serrata — Grahn and Melo, plate 1V, fig. 10
2005a Cingulochitina aff. C. serrata — Grahn, plate 111, fig. 5.
2011 Cingulochitina sp. aff. C. serrata — Grahn, plate 4, figs. K, O.

Discussion: Cingulochitina aff. C. serrata has a shorter neck and more convex flanks than
C. serrata (Grahn, 2011). The specimens observed here have a maximum width slightly
smaller than those described by the authors

Dimension (3 specimens measured): Total length 80 um, length of neck 35 um, maximum
width 40 um, width of aperture 45 pm.

Occurrence: Assemblages 2 and 3 of Grahn (2005a) and Assemblages A and B in Grahn
and Melo (2003). Lower Pitinga Formation and Lower Manacapuru Formation,

respectively. Levels 8, 10, 11 and 14 of this study.
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Figure 6. Chitinozoan from outcrop of Manacapuru Formation. The scale bar represents 50 pm.
In parentheses, slide and location in the England Finder. 1. Angochitina sp. aff. A. mourai
Schweineberg 1987 sensu Grahn and Melo 2003 (13291, C57-1). 2. Angochitina sp. B sensu
Grahn 2005a (13311, U35-3). 3. Angochitina? sp. sensu Grahn and Paris 1992 (13280, J34-4). 4.
Angochitina? sp. sensu Grahn and Paris 1992 (13358, U51-4). 5. Armigutta urubuense Grahn and
Melo 2003 (13311, M59-3). 6. Armigutta urubuense Grahn and Melo 2003 (13351, N53-4). 7.
Cingulochitina ervensis Paris 1979 in Paris 1981 (13358, F40). 8. Cingulochitina serrata
Taugourdeau and Jekhowsky 1960 (13357, E32-2). 9. Cingulochitina serrata Taugourdeau and
Jekhowsky 1960 (13357, P44). 10. Cingulochitina wronai Paris and Kriz 1984 (13359, L49). 11.
Cingulochitina aff. C. serrata Taugordeau and Jekhowsky 1960 (13311, F48). 12. Cingulochitina
aff. C. serrata Taugordeau and Jekhowsky 1960 (13318, J47). 13. Conochitina gordonensis
Cramer 1964 (13309, V32-1). 14. Conochitina gordonensis Cramer 1964 (13310, U44). 15.
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Conochitina pachycephala Eisenack 1964 (13332, P50-3). 16. Conochitina tuba Eisenack 1932
(13285, K47).

20

Figure 7. Chitinozoan from outcrop of Manacapuru Formation. The scale bar represents 50 pum.
In parentheses, slide and location in the England Finder. 1. Desmochitina cortesiana
Schweineberg 1987 (13279, F47). 2. Eisenackitina granulata Cramer 1964 (13280, M38-2). 3.
Eisenackitina granulata Cramer 1964 (13337, M39-4). 4. Eisenackitina cf. E. bohemica Eisenack
1934 (13288, G52-1). 5. Eisenackitina cf. E. bohemica Eisenack 1934 (13332, N33-3). 6.
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Fungochitina kosovensis Paris 1981 (13359, L44-2). 7. Hoegisphaera sp. A (13317, M44-4). 8.
Lagenochitina navicula Taugourdeau and Jekhowsky 1960 (13313, W49-3). 9. Linochitina sp.
A sensu Grahn and Melo 2003 (13357, J31-1). 10. Plectochitina carminae Cramer 1964 (13322,
E41). 11. Plectochitina carminae Cramer 1964 (13352, U53-1). 12. Pterochitina megavelata
Boumendjel 2002 (13351, M27-4). 13. Pterochitina megavelata Boumendjel 2002 (13318, L42).
14. Pterochitina perivelata Eisenack 1937 (13279, P28-4). 15. Pterochitina perivelata Eisenack
1937 (13356, F42-4). 16. Ramochitina bjornsundquisti Grahn and Melo 2003 (13279, U37-2).
17. Ramochitina bjornsundquisti Grahn and Melo 2003 (13318, Q45-3). 18. Ramochitina sp.
sensu Grahn and Paris 1992 (13344, 033). 19. Saharochitina gomphos Grahn and Melo 2003
(13359, L28). 20. Saharochitina sp. A (13280, J43-3).

Figure 8. Chitinozoan from outcrop of Manacapuru Formation. The scale bar represents 50 pm.
In parentheses, slide and location in the England Finder. 1. Sphaerochitina acanthifera Eisenack
1955 (13326, XA47). 2. Sphaerochitina acanthifera Eisenack 1955 (13320, H36). 3.
Sphaerochitina sphaerocephala Eisenack 1932 (13279, N28-4). 4. Sphaerochitina
sphaerocephala Eisenack 1932 (13279, F37-2). 5. Vinnalochitina corinnae Jaglin 1986 (13320,
S46-2).

Order Prosomatifera Eisenack 1972
Family Conochitinidae Eisenack 1931 emend. Paris 1981
Subfamily Belonechitininae Paris 1981

Genus Belonechitina Jansonius 1964

57



Type species — Conochitina micracantha subsp. robusta Eisenack 1959

Belonechitina cf. B. sp. A sensu Grahn 2005a
Figure 5.12
2005a Belonechitina sp. A — Grahn, plate V, figs. 3, 4.

Discussion: the specimens recovered here differs from Belonechitina sp. A sensu Grahn
2005a in having a more conical shape, with the flexure more unconspicuous.
Dimensions (2 specimens measured): total length 116 pum, length of neck 40 pm,
maximum width 88 pum, width of aperture 53 pm.

Occurrence: Belonechitina sp. A range from Late Llandovery to Early Pridoli,
Assemblages 3 to 5 (Grahn 2005a). Level 25 to 26, this work.

Family Lagenochitinidae Eisenack 1931 emend. Paris 1981

Subfamily Ancyrochitininae Paris 1981
Genus Ancyrochitina Eisenack 1955

Type species Conochitina ancyrea Eisenack 1931

Ancyrochitina aff. A. tomentosa Taugourdeau and Jekhowsky 1960
Figure 5.2
1981 Ancyrochitina tomentosa — Paris, plate 31, figs. 4, 6, 9, 10, 12, 18.
2005a Ancyrochitina aff. A. tomentosa — Grahn, plate I, fig. 13.

Discussion: Chitinozoan with a conical body covered by tiny spines which are bigger
above the flexure. Its cylindrical neck is bigger than that of Ancyrochitina tomentosa,
which makes them different. See discussion in Grahn (20005a).

Dimension (2 specimens measured): Total length 165 pum, maximum width 70 um, width
of aperture 45 um, length of neck 72 um, length of appendices 35 um, length of spines
15 pm.

Occurrence: Late Llandovery and lower Pridoli — Lower Pitinga Fm. and Lower
Manacapuru Fm., assemblages 3 and 5 of Grahn (2005a) in the southern margin of the
Amazonas Basin. Levels 4 and 27 of this work.

Ancyrochitina cf. A. brevis Taugourdeau and Jekhowsky 1960
Figure 5.3
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1989 Ancyrochitina fragilis brevis — Quadros, plate 1.
2005a Ancyrochitina cf. A. brevis — Grahn, plate I, figs. 4, 5.
2011 Ancyrochitina sp. cf. A. brevis — Grahn, plate 9, figs. V, W.

Discussion: Ancyrochitina cf. A. brevis has a conical body and in its basal margin has 6
to 8 appendices clavate at their tips (Grahn 2011). The specimens observed here have a
slightly larger neck.
Dimensions (4 specimens measured): total length 184 pum, length of neck 89 um,
maximum width 88 pum, width of the aperture 50 um, maximum length of appendices 78
pm.
Occurrence: Assemblages 4, 5 and 7 which covers Upper Pitinga Formation, Lower and
Uppermost Manacapuru Formation and Lower Maecuru Fm (Grahn 2005a). Levels
sampled 1, 3, 11, 20 and 21.

Ancyrochitina ex. gr. A. ancyrea Eisenack 1931
Figure 5.4
1931 Conochitina ancyrea — Eisenack, plate 2, fig. 8.
1974 Ancyrochitina ancyrea — Laufeld, figs. 4, 5.
1981 Ancyrochitina ancyrea — Paris, plate 20, figs. 9,11, plate 21, figs. 10, 19.
2003 Ancyrochitina ex. gr. A. ancyrea — Grahn and Melo, plate 2, figs. 11, 12.
2003 Ancyrochitina ancyrea — Grahn et. al., plate 5, fig. 1.
2005a Ancyrochitina ex. gr. A. ancyrea — Grahn, plate 1, fig. 2.
2011 Ancyrochitina spp. ex. gr. A. ancyrea — Grahn, plate 9, fig. M, N.

Discussion: Ancyrochitina ancyrea has up to eight appendices on the margin that curve
like antler in its distal portion. Ancyrochitina ex.gr. A. ancyrea differs from A. ancyrea
by her thinner form (Grahn and Melo 2003, Grahn 2005a).

Dimension (8 specimens measured): total length 144 pm, maximum width 85 pm, width
of aperture 50 um, length of neck 72 um, length of appendices 66 um, length of spines
40 pm.

Occurrence: Assemblages A and B of Grahn and Melo (2003) — late Ludlow and early
Pridoli in the Urubu River region, northern margin of the Amazonas Basin. Assemblages
3 and 5 of Grahn (2005a). Assemblage 11, IV and V of Azevedo-Soares (2007), late
Llandovery to early Pridoli in the Trombetas River region. Sampled levels 6, 10, 11, 13,
14,15, 20, 21, 22 and 25.
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Ancyrochitina? ex. gr. A. floris Jaglin 1986
Figure 5.6
1992 Ancyrochitina sp. e.g. floris — Grahn and Paris, plate 3, fig. 2.
2003 Ancyrochitina ex. gr. A. floris — Grahn and Melo, plate 2, figs. 13, 14.
2005a Ancyrochitina ex. gr. A. floris — Grahn, plate 1, fig. 7.

Discussion: Questionably referred to Ancyrochitina ex. gr. A. floris because the only
specimen recovered was poorly preserved. For a description of Ancyrochitina floris see
Jaglin (1986). Ancyrochitina ex. gr. A. floris differs from A. floris s.s. in having a glabrous
chamber (Grahn and Melo 2003).

Dimension (one specimen measured): length of chamber 85 pum, maximum width 92 pm,
length of appendices 65 pm.

Occurrence: Uppermost Pitinga Fm. and Lowermost Manacapuru Fm., assemblage A and
B of Grahn and Melo (2003). Assemblages 4 and 5 (Grahn 2005a) — Late Ludlow and
Lower Pridoli. Level 1 of this work.

Ancyrochitina ex. gr. A. gutnica Laufeld 1974
Figure 5.5
1974 Ancyrochitina gutnica — Laufeld, plate 9.
2003 Ancyrochitina ex. gr. gutnica — Grahn and Melo, plate 11, figs. 15, 16.

Discussion: A. gutnica has a cylindric-conical chamber with a convex base. At its basal
margin it carries on average eight long spines, which branch 2-4 times at their tips. The
neck is provided with long and curved spines (Laufeld 1974). A. ex. gr. gutnica differs in
having a shorter neck. The specimens observed here are somewhat smaller and thinner
than those of Grahn and Melo (2003).

Dimension (4 specimens measured): total length 150 pum, maximum width 70 um, width
of aperture 45 pm, length of neck 72 um, length of spines 42 um, length of spines on
neck 50 pm.

Occurrence: Assemblage B, early Pridoli of Grahn and Melo (2003) — Lower Manacapuru

Formation. Sampled levels 8, 9, 11, this work.

Ancyrochitina sp. A sensu Grahn and Melo 2003
Figure 5.7
2003 Ancyrochitina sp. A — Grahn and Melo, plate 111, fig. 1.
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Discussion: for a description of Ancyrochitina sp. A in the sense used here see Grahn and
Melo (2003).

Dimension: total length 205 pum, maximum width 85 um, width of aperture 45 pm, length
of neck 116 pum, length of spines 48 um, length of spines on neck 30 pm.

Occurrence: Lower Manacapuru Formation, late Ludlow — early Pridoli. Assemblage A
and B of Grahn and Melo (2003). Level 4 of this work.

Subfamily Angochitininae Paris 1981
Genus Angochitina Eisenack 1931
Type species Angochitina echinata Eisenack 1931

Angochitina sp. aff. A. cyrenaicensis Paris 1988 sensu Grahn and Paris 1992
Figure 5.11
1988 Angochitina cyrenaicensis — Paris, plate 13, figs. 1-7.
1992 Angochitina n. sp. aff. A. cyrenaicensis — Grahn and Paris, plate 3, figs. 3a-b.
2005a Angochitina n. sp. aff. A. cyrenaicensis sensu Grahn and Paris 1992 — Grahn, plate
2, fig. 7.

Discussion: For a description of Angochitina cyrenaicensis see Paris (1988). A. n. sp. aff.
cyrenaicensis differ in having longer spines (Grahn 2005a).

Dimension (one specimen measured): total length 230 um, length of neck 100 pm,
maximum width 65 pum, width of aperture 45 pm.

Occurrence: Lower Manacapuru Formation, according Grahn and Paris (1992) and

assemblage 5 of Grahn (2005a), Lower Pridoli of this unit.

Angochitina sp. aff. A. mourai Schweineberg 1987 sensu Grahn and Melo 2003
Figure 6.1
2003 Angochitina sp. aff. A. mourai — Grahn and Melo, plate Ill, figs. 9, 10.
2005a Angochitina sp. aff. A. mourai — Grahn, plate V, fig. 2.

Discussion: Angochitina mourai has the wall of the chamber covered by spines randomly
distributed. The chamber is subspherical and the neck is cylindrical. A. sp. aff. A. mourai
has simple spines (Grahn and Melo 2003). The specimens observed here are slightly

longer than those originally described.
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Dimension (3 specimens measured): Total length 175 um, length of neck 60 um, length
of spines 10 um, maximum width 75 pm, width of the aperture 40 pm.

Occurrence: Assemblage 4 and 5, Ludlow — Early Pridoli (Grahn 2005a). Assemblages
A and B from Grahn and Melo (2003) — Late Ludlow to Early Pridoli in the Urubu River

region. Level 5 sampled.

Angochitina sp. B sensu Grahn 2005a
Figure 6.2
2005a Angochitina sp. B — Grahn, plate 11, fig. 15.

Discussion: see Grahn 2005a.

Dimension (4 specimens measured): Total length 200 um, length of neck 115 um,
maximum width 90 um, width of aperture 50 pm.

Occurrence: Assemblage 7 from (Grahn 2005a), lower Maecuru Formation. Levels 11,
12, 13, 14, 15, 16 and 20 sampled.

Angochitina? sp. sensu Grahn and Paris 1992
Figure 6.3 and 6.4
1992 Angochitina? sp. — Grahn and Paris, plate 3, fig. 11.
2003 Angochitina? sp. — Grahn and Melo, plate 111, figs. 16, 17.
2005a Angochitina? sp. — Grahn, plate II, figs. 18, 19.
2011 Angochitina? sp. — Grahn, plate 8, figs. N, O.

Description: Uncertain attribution to the genus Angochitina. Long and cylindrical neck
that expands toward the aperture. Chamber covered by small spines (see Grahn 2011).
Dimension (3 specimens measured): Total length 280 um; length of neck 95 um,
maximum width 60 um, width of aperture 32 um.

Occurrence: Assemblage B (Grahn and Melo, 2003) and Assemblage 5 (Grahn 2005a),
Early Pridoli. Levels 1, 3 and 27.

Genus Ramochitina Sommer and van Boekel 1964 emend. Paris et al. 1999
Type species — Ramochitina ramosi Sommer and van Boekel 1964

Ramochitina sp. sensu Grahn and Paris 1992
Figure 7.18
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1992 Gotlandochitina sp. — Grahn and Paris, plate 2, fig. 10.
2005a Ramochitina sp. sensu Grahn and Paris — Grahn, plate VII, figs. 7, 8.

Description: For the description of Ramochitina sp. as used herein, see Grahn 2005a.
Dimension (2 specimens measured): Total length 180 um, length of neck 100 um,
maximum width 70 um, width of the aperture 42 pm.

Occurrence: Assemblage 3 and 4, Late Llandovery to Late Ludlow (Grahn 2005a). Levels
9, 18 and 22 of this study.

Subfamily Lagenochitininae Paris 1981
Genus Saharochitina Paris et al. 1999
Type species — Fungochitina? jaglini Oulebsir and Paris 1993

Saharochitina sp. A
Figure 7.20

Discussion: A Saharochitina specie with a glabrous and conical chamber, flexure slightly
convex, a rounded edge and a flat base.

Dimension (2 specimens measured): Total length 147 pm, length of neck 56 um,
maximum width 65 pum, width of the aperture 28 um.

Occurrence: Level 1 sampled in this work.

6. DISCUSSION

In the Mm facies there are the presence of tubular structures that are related to trace
fossils of feeding produced by the vermiform organism activity that excavated the rich
muddy substrate and generated active filling of the tunnels, features compatible with the
ichnogenus Planolites and Thalassinoides (Pemberton and Frey 1984, Seilacher 2007).

Lingulida brachiopods occur in the facies F. Their living and fossil specimens
inhabit or inhabited in greater abundance regions of continental shelf and upper slope,
approximately between 50 and 500 m deep (Clarkson 2007, Alvarez and Chacon 2009).
Specifically, in the Paleozoic these organisms preferentially colonized the shallow
epicontinental seas (Fonseca 2004). The recognition of these lingulids indicates that the
muddy substratum was partially colonized by these organisms, which are infaunal,
benthic and exclusively marine (Fonseca 2004, Alvares and Chacon 2009), considering

an autochthonous assemblage. If the organisms in question are allochthonous, storm
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events could be responsible for transporting the organisms. Trace fossil predominantly
horizontal and concentrated at the top of the facies (Ss and Sh), with absence of branching
and ornamentation, besides the passive filling with massive structure and textually similar
to the matrix rock are compatible with the ichnogenus Paleophycus (Keighley and
Pickerill 1995). These traces are related to habitat and/or feeding records related to soft
body organisms (nemathelminths) with suspensivorous habits and/or predators that used
the sandy substrate for habitation after the storm event (Pemberton and Frey 1984,
Seilacher 2007). All these ichnogenus occurs in the Cruziana ichnofacies (Fernandes et
al. 2002).

From the stratigraphic aspect, it is possible to observe that laterally continuous
layers composed of muddy facies (F and Mm) refer to planar deposition sites, with low
energy, absence of traction currents and dominated by fine particle decantation processes
in suspension (Reineck and Singh 1980, Potter et al. 2005). However, the presence of fine
to very fine sandstones lenses interbedded in the facies F, formed by the action of
oscillatory (Sw facies) and combined (Sp, Ss and Sh facies) flows, suggests that
deposition sites dominated by decanting processes were eventually supplanted by the
acting of basins currents, represented here by the storm waves action (Cheel and Leckie
1993, Dumas and Arnott 2006).

Sandstone facies exhibiting thickening and thinning lateral patterns (pinch-and-
swell bedding) reinforce the interpretation of remobilization and erosion of sandy
sediments associated with wave acting (Arnott and Southard 1990).

In storm events, increased wavelengths influenced by increased wind velocities
produce two distinct conditions: 1) intensifies the return streams that carry shoreface
sediments to offshore, and 2) shifts the wave-base level to deeper regions (Plint 2010).
Thus, shales with interbedded sandstones generated predominantly by combined flow
form shallowing upward metric cycles in the marine shelf associated to storm events.

Under these conditions, fine to very fine sand sediments carried by return streams
and then available to deeper regions could still be remobilized by combined flow (Dumas
and Arnott 2006, Della Favera 2008). Additionally, the sandy sediments input by return
streams over offshore clays could also induce total liquefaction processes (massive
structure) and injection of sediments found in the Mm facies (Nichols 2007, Plint 2010).

With the storm energy decline, the wavelength decreases and the base level returns
to good weather conditions, in this way the sandy sediments were reworked by vermiform

organisms. Layers of the facies F with waved and concordant basal contact with the
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sandstone lenses reinforce the return of the normal sedimentation conditions of suspended
muddies that cover the sandy macroform (Della Favera 2008).

The predominance of muddy facies with interbedded sandstone lenses generated
by the combined flow action coincides with deposition sites related to the offshore sub-
environment inserted in a shallow-water marine shelf and influenced by storm events.

Regarding the analysis of the chitinozoan, the assemblage here reported belongs
to the Upper Manacapuru Formation, according to the correlation to the 1-AM-1-AM
reference well, also used by Grahn and Melo (2003) and Grahn (2005a).

The recovered organisms, in general, are well preserved, although some elements
are torn or corroded. The Manacapuru Formation in the studied outcrop presents diversity
and abundance, with 385 specimens of chitinozoan being recognized along the
stratigraphic levels analysed (Figure 9). The systematic classification allowed to

recognize 41 species, however 18 of them were left in open nomenclature.
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Figure 9. Distribution of the recovered specimens along the profile.



Of the 41 recognized taxa, twenty differ from those presented by Grahn and Melo
(2003) in the Pt. 10, they are: Ancyrochitina cf. A. brevis, A. aff. A. tomentosa, A.? ex. gr.
A. floris, A. sp. A sensu Grahn and Melo 2003, Angochitina elongata, Angochitina sp. aff.
A. cyrenaicensis, Armigutta urubuense, Belonechitina cf. B. sp. A sensu Grahn 2005a,
Bursachitina sp. A sensu Grahn and Melo 2003, Cingulochitina ervensis, C. aff. C.
serrata, Fungochitina kosovensis, Hoegisphaera sp. A, Lagenochitina navicula,
Linochitina sp. A sensu Grahn and Melo 2003, Plectochitina carminae, Ramochitina sp.
sensu Grahn and Melo 2003, Saharochitina sp. A, Sphaerochitina sphaerocephala and
Vinnalochitina corinnae. Among the most diverse forms are the genus Angochitina and
Ancyrochitina. The recovered organisms allowed the recognition of reworked faunas with
two distinctives ages and one assemblage, younger and which defines the age of the
exposure.

In relation to the reworked faunas, it can be stated that one of them is characteristic
of the Upper Ludlow. Species such Angochitina elongata, Linochitina sp. A sensu Grahn
and Melo 2003, Plectochina carminae and Ramochitina sp. sensu Grahn and Paris 1992
limited the paleofauna to a maximum age of the Upper Ludlow (Figure 10). The joint
occurrence of species such as Conochitina gordonensis, Eisenackitina granulata,
Pterochitina perivelata, among others, allows to infer a Ludfordian age.

The other paleofauna reworked and recognized in the outcrop can be associated
with the Lower Pridoli (Figure 10). In it, occur species that have a long-range stratigraphic
distribution like Ancyrochitina fragilis and Cingulochitina serrata. Abundant species
such as Pterochitina perivelata, Sphaerochitina acanthifera and Sphaerochitina
sphaerocephala indicate an age no older than Ludfordian. The occurrence of
Angochitina? sp. sensu Grahn and Paris 1992, Ramochitina bjornsundquisti,
Saharochitina gomphos, Armigutta urubuense, Vinnalochitina corinnae narrows the age
of the reworked paleofauna to the Lower Pridoli.

According to the literature, the occurrence of Ramochitina bjornsundquisti is
restricted to Pridolian strata. It should be emphasized that is the most representative
guantitative taxa, with 134 of 385 tests attributed only to the species and with a wide
stratigraphic distribution in the profile, indicated in 25 of the 27 levels sampled. This
expressive occurrence may be the result of intense reworking or it can be considered that

the total age span of the specie could extend into the Early Lochkovian.
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Range of selected chitinozoans
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Figure 10. Stratigraphic amplitude of the taxa identified according to literature. (1) Chitinozoan Zones of Western Gondwana according to Grahn (2006) for the

Silurian, Grahn (2005b) and Mauller et al. (2009) for the Devonian. (2) Global Chitinozoan Zones according to Verniers et al. (1995) for the Silurian and Paris

et al. (2000) for the Devonian Period.
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The assemblage identified in the exposure is typical of the Lower Lochkovian.
Characteristics species are Angochitina filosa, Cingulochitina ervensis, Lagenochitina navicula
e Pterochitina megavelata. Also presents long-range species such Ancyrochitina fragilis,
Ancyrochitina cf. brevis and Cingulochitina serrata. Represents the Upper Manacapuru
Formation and it are within the Angochitina strigosa Total Range Zone of Western Gondwana,
proposed by Grahn (2005b) and revised by Mauller et al. (2009). This assemblage is correlated
to Assemblage C by Grahn and Melo (2003), Assemblage 7 by Grahn (2005a) and Assemblage
VIl by Azevedo-Soares (2009).

There are few publications on environmental control over chitinozoan. Apparently, the
occurrence of this organisms is minimally controlled by facies (Achab and Paris 2007). It is
well known that the group inhabited nearshore and offshore environments, but its greatest
diversity occurred in cold waters of high paleolatitudes and upper and lower offshore
environments (Laufeld 1974, Grahn and Paris 2011). Shallowing of the shelf is often
accompanied by increased abundance of chitinozoan, which may be related to an input of
terrigenous (Paris 1981). It was not possible to establish a control between the described facies
with their respective implications, and the distribution of the chitinozoan along the profile. This
may be related to: 1) the intense reworking in the section, as indicated by the palofaunas
recovered and their distribution along the outcrop or 2) by the small representation of the
outcrop for environmental control statements.

The successive storm events, evidenced by the shallowing upward cycles (Figure 3),
may have been responsible for the intense rework observed in the profile. During these events
a large volume of water accumulates in the shallow water areas and returns to the platform
through the return streams, which during this process erode and rework the substrate (Holz and
Simoes 2002).

7. CONCLUSION

In the outcrop six muddy and sandy facies were identified. The muddy facies, resulting
from decantation processes, interbedded with the sandstone lenses generated by the combined
flow acting indicate that the sedimentation took place in an offshore sub-environment inserted
in a shallow-water marine shelf and constantly influenced by storm events. The presence of
ichnofossils in the sandy sediments suggests that after these events, the substrate was reworked

by vermiform organisms.
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The palynological analysis allowed the recognition of an assemblage of chitinozoan
attributed to the Lower Lochkovian, which reaffirms what was proposed in other works in the
place. There is an intense reworking, evidenced by the occurrence of paleofaunas with
Ludfordian to Pridolian ages. Although no faciological control has been observed on the
occurrence and distribution of the chitinozoa along the profile, it is possible that the intense
reworking observed in the section is due to the constant storm events evidenced by the

shallowing upward cycles and other observed structures.
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CAPITULO 05

CONCLUSOES

A analise faciologica do afloramento alvo deste estudo permitiu o
reconhecimento de seis litofacies, sendo elas:

- Argilito macico (Mm): Caracterizada por deposicdo por processos de
decantacdo de particulas em suspensdo. Na litofacies, foi possivel observar a
presenca de diques de arenitos finos e feicdes tubulares relacionadas a tragos fosseis
e atribuidas ao icnogénero Planolites.

- Folhelho (F): A mais representativa do afloramento. Estdo ligados a sitios
deposicionais dominados por deposicdo a partir da decantacdo de particulas do
tamanho argila em condicbes de baixa energia. Planos de fissilidade ondulados
sugerem atuacao de processos baciais. O conteudo macrofossil esta relacionado a
braquiépodes Lingulideos.

- Arenito Fino a Muito Fino com Laminacao Plano-Paralela (Sp): Ocorre como
corpos lenticulares, estruturados com laminacédo plano-paralela e associados a fluxos
combinados.

- Arenito Fino a Muito Fino com Laminacdo Ondulada (Sw): Ocorre com
geometria lenticular e € encontrada mais frequentemente no topo das lentes de
arenito. Estruturada com laminacao ondulada e relacionada a migracado de formas de
leito arenosas ligadas a correntes oscilatérias em condi¢des hidrodindmicas com
lamina d’agua rasa.

- Arenito Fino a Muito Fino com Lamina¢do Cruzada Swaley (Ss): Corpos
lenticulares estruturados internamente com laminagdo cruzada swaley. Estas
estruturas estao ligadas a feices de erosao e preenchimento do substrato por dunas
influenciadas por fluxo combinado e relacionadas a fase de declinio de energia em
eventos de tempestades. Tracos fésseis relacionados ao icnogénero Paleophycus
foram identificados.

- Arenito Fino a Muito Fino com Laminacao Cruzada Hummocky (Sh): Apresenta-
se como corpos lenticulares estruturados com laminagcdo cruzada hummocky,

relacionada a migragcdo de dunas sob fluxo combinado relacionado a eventos de
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tempestade em plataformas marinhas. O conteudo fossilifero desta litofacies se
assemelha ao da anterior.

O predominio de litofacies argilosas com intercalagbes de lentes de arenitos
geradas por pela atuacdo de fluxo combinado sugerem que a deposicdo dos
sedimentos estava relacionada ao subambiente de offshore inseridos em uma
plataforma marinha com lamina d’agua rasa e influenciada por eventos de
tempestades.

Os 27 niveis estratigraficos amostrados apresentaram um resultado palinologico
satisfatorio. Os grupos mais representativos recuperados foram os acritarcos,
seguidos pelos quitinozoarios. Subordinadamente, ocorrem escolecodontes e
midsporos. Com relacdo aos quitinozoarios, objeto de estudo deste trabalho, foi
possivel identifica-los em nivel genérico e especifico. A classificacdo sistematica
permitiu o reconhecimento de 41 espécies, sendo 18 delas deixada em nomenclatura
aberta.

Dentre os 41 taxons reconhecidos, 20 diferem dos encontrados por Grahn &
Melo (2003), unico estudo com base em quitinozoarios no mesmo afloramento. Entre
as formas mais diversas, destacam-se os géneros Angochitina e Ancyrochitina.

Os organismos recuperados permitiram o reconhecimento de uma paleofauna
retrabalhada de idade Ludfordiana e Pridoliana. Espécies como Conochitina
gordonensis, Eisenackitina granulata, Plectochitina carminae, Pterochitina perivelata,
sdo exemplos de faunas Ludfordianas, enquanto que Ramochitina bjornsundquisti,
Vinnalochitina corinnae e Fungochitina kosovenensis séo restritas ao Pridoliano.

A ocorréncia de Angochitina filosa, Cingulochitina ervensis, Lagenochitina
navicula e Pterochitina megavelata permitiu o reconhecimento de uma assembleia,
nomeada de Assembleia 1 e que atribui o posicionamento cronoestratigrafico a secao.
Representa a Formacao Manacapuru Superior, de idade Lochkoviano Inferior e esta
relacionada as Assembléias C de Grahn & Melo (2003), 7 de Grahn (2005) e VIl de
Azevedo-Soares (2009).

Apesar de néo ter sido observado um controle faciolégico sobre a ocorréncia e
distribuicdo do quitinozoarios ao longo do perfil, é possivel que o intenso
retrabalhamento observado na se¢éo se deva aos constantes eventos de tempestade

evidenciados pelos ciclos de raseamento ascendente e outras estruturas observadas.
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