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RESUMO

O estudo da matéria organica sedimentar € de grande importancia, pois através
desse tipo de analise podem ser realizadas inferéncias sobre o tipo de querogénio
presente nas rochas sedimentares, sobre o paleoambiente deposicional, além de
outros parametros. O presente trabalho teve como objetivo avaliar e classificar a
matéria organica sedimentar na Formagao Maracangalha (Bacia do Recéncavo,
Cretaceo Inferior) e inferir o paleoambiente deposicional. A analise foi realizada a
partir de 21 amostras coletadas nos afloramentos denominados Manguinhos,
Gameleira, Praia da Falha e Penha. Para a preparacdo das amostras, foram
empregadas técnicas que consistem na utilizacdo de acido cloridrico (HCI) e
fluoridrico (HF) para a eliminacdo da fragcdo mineral. Foram realizadas analises
qualitativas e quantitativas das particulas orgénicas, além de anadlise de
agrupamento com base nas caracteristicas das particulas encontradas. As particulas
organicas foram agrupadas em: matéria organica amorfa (MOA) (fina, espessa e
pseudomorfa); fitoclastos opacos (equidimensional, alongado e corroido); fitoclastos
nao opacos (néo bioestruturados e bioestruturados); e palinomorfos (graos de pdlen
e esporos). Foi possivel a individualizagdo de quatro palinofacies distintas. A
palinofacies | (Pl) € composta por uma alta abundancia de fitoclastos nao opacos
(51,22%), seguidos por palinomorfos (23,61%), no afloramento Praia da Falha. A
palinofacies Il (PIl) apresenta uma alta abundancia de fitoclastos ndo opacos (71,67
%), seguidos pelos fitoclastos opacos (12%), no afloramento Penha. A palinofacies
[l (PIIl) € composta por uma alta abundancia de MOA (48,07%), seguida por
fitoclastos opacos (32,6%), ocorrendo no afloramento Manguinhos. A palinofacies IV
(PIV) também apresenta uma alta abundancia de MOA (47,05%), seguida de
fitoclastos ndo opacos (28,76%), ocorrendo no afloramento Gameleira. De acordo
com as associagdes de matéria organica sedimentar, sugere-se um cenario lacustre
(também corroborado pela literatura), com particulas de origem continental. As
palinofacies indicam um sistema deposicional fortemente controlado por influéncia
flavio-deltaica. No geral, os afloramentos da Praia da Falha e da Penha sugerem
assentamento das particulas préximo da fonte de deposicdo num ambiente de alta
energia. A predominancia de fitoclastos ndo opacos indica deposicao em condigdes
oxicas, provavelmente nas margens do lago. Nos afloramentos de Gameleira e

Manguinhos, o predominio de OMA sugere deposicdo afastada da fonte



deposicional em ambiente de baixa energia, com condigdes subdxico-andxicas,
depositado em area mais distal do sistema lacustre.
Palavras-chave: Analises de afloramentos; matéria organica sedimentar; sistema

deposicional.



ABSTRACT

The study of sedimentary organic matter is of great importance, because through this
type of analysis inferences can be made about the type of kerogen present in the
sedimentary rocks, about the depositional paleoenvironment, as well as other
parameters. The aim of this study was to evaluate and classify the sedimentary
organic matter in the Maracangalha Formation (Recéncavo Basin, Lower
Cretaceous) and infer the depositional paleoenvironment. The analysis was carried
out using 21 samples collected from the Manguinhos, Gameleira, Praia da Falha and
Penha outcrops. The samples were prepared using techniques consisting of
hydrochloric acid (HCI) and hydrofluoric acid (HF) to remove the mineral fraction.
Qualitative and quantitative analysis of the organic particles was carried out, as well
as grouping analysis based on the characteristics of the particles found. The organic
particles were grouped into: amorphous organic matter (AOM) (fine, thick and
pseudomorphous); opaque phytoclasts (equidimensional, elongated and corroded);
non-opaque phytoclasts (non-biostructured and biostructured); and palynomorphs
(pollen grains and spores). It was possible to identify four distinct palynofacies.
Palynofacies | (Pl) is composed of a high abundance of non-opaque phytoclasts
(51.22%), followed by palynomorphs (23.61%), in the Praia da Falha outcrop.
Palynofacies Il (Pll) shows a high abundance of non-opaque phytoclasts (71.67%),
followed by opaque phytoclasts (12%) at the Penha outcrop. Palynofacies Il (PIIl) is
composed of a high abundance of MOA (48.07%), followed by opaque phytoclasts
(32.6%), occurring in the Manguinhos outcrop. Palynofacies IV (PIV) also shows a
high abundance of MOA (47.05%), followed by non-opaque phytoclasts (28.76%),
occurring in the Gameleira outcrop. According to the associations of sedimentary
organic matter, a lacustrine setting is suggested (also corroborated by the literature),
with particles of continental origin. The palynofacies indicate a depositional system
that is strongly controlled by a fluvio-deltaic influence. Overall, the Praia da Falha and
Penha outcrops suggest settlement of the particles close to the depositional source
in a high-energy environment. The predominance of non-opaque phytoclasts,
indicate deposition under oxic conditions probably on the shores of the lake. In the
Gameleira and Manguinhos outcrops, the predominance of AOM suggest deposition
away from the depositional source in a low-energy environment, with suboxic-anoxic

conditions, deposited in a more distal area of the lacustrine system.



Keywords: Outcrop analysis; sedimentary organic matter; depositional system
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1 INTRODUGCAO

Esta dissertacdo foi desenvolvida conforme as normas do Programa de
Pos-graduacdo em Geociéncias da UFPE e se apresenta na forma de um artigo
cientifico intitulado “Palynofacies analysis in lacustrine systems in the Maracangalha
Formation (Lower Cretaceous), Recdncavo Basin, Brazil: Paleoenvironmental
implications. Na Introducao (tépico 1), apresenta-se uma breve revisao sobre os
sistemas lacustres, estudos da matéria organica sedimentar e uso das palinofacies.
O topico 2 compreende a caracterizacdo da area de estudo, ressaltando aspectos
referentes ao contexto geoldgico e a estratigrafia da Bacia do Recdncavo, com
apresentagao da carta estratigrafica. O topico 3 apresenta o material e metodologia
empregada no trabalho. O toépico 4 apresenta os Resultados e Discussdes da
dissertagcao na forma de um artigo,”. Por fim, no tépico 5, tém-se as conclusdes do
trabalho.

1.1 SISTEMAS LACUSTRES

Um lago € um corpo de agua parada, ndo marinha, que se forma onde ha o
abastecimento de agua para uma baixa topografica na superficie terrestre (Prothero
e Schwab, 1996; Nichols, 2009). Sado encontrados geralmente em regides de
depressao tectonica como rift grabens, depressdes glaciais, crateras de meteoritos,
entre outros (Prothero e Schwab, 1996). Apresentam sensibilidades as alteracdes
climaticas, sendo bons indicadores de paleoclima continental, e variagdes abruptas
das facies sedimentares em sequéncias verticais (Talbot e Allen., 1978).

Os lagos séo alimentados principalmente por rios (que fornecem agua e
sedimentos) ou aguas subterrdneas, e perdem &agua pela evaporagcdo e/ou
escoamento do rio. O equilibrio entre a entrada e saida da agua e a taxa de
evaporacdo, controlam o nivel e a quimica da agua no lago (Nichols, 2009).
Segundo Talbot e Allen (1978), a regulacéo da dindmica fisica e quimica dos lagos e
suas interagdes, é controlada em grande parte pelas diferengas na densidade da
agua, que determina a estratificacdo dos lagos. Os lagos estratificados termicamente
geralmente apresentam: Uma camada superior denominada de epilimnio, que &
quente e oxigenada; e uma camada inferior mais fria denominada hipolimnio, que
pode ser andxica favorecendo a preservagcdo da matéria organica do fundo do lago.
Essa preservagao depende das taxas de produtividade orgéanica, das condigdes

andxicas do fundo ou de uma combinacéo das duas.
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Do ponto de vista sedimentolégico, Nichols (2009) considera que ha trés tipos
de lagos: Os lagos de agua doce, que apresenta baixa salinidade, baixo
abastecimento de ions dissolvidos e sao hidrologicamente abertos ou fechados; os
lagos salinos, que sao hidrologicamente fechados e apresenta corpos de agua
perenes com alta concentracdo de ions dissolvidos; e os lagos efémeros, que
ocorrem principalmente em ambientes com clima arido, sdo corpos de agua
temporarios que se formam apos grandes tempestades na area de influéncia.

Os rios sao os responsaveis pela maior parte dos sedimentos depositados
nos lagos, seja em suspensao ou como carga de fundo e a natureza e o tamanho
das bacias de drenagem circundantes exercem uma grande influéncia na entrada
desses sedimentos (Talbot e Allen., 1978). Muitos lagos antigos s&o grandes o
suficiente para produzir padrées semelhantes aos das sequéncias marinhas.
Podendo por exemplo, ter correntes de turbidez, e formagao de depdsitos deltaicos
lacustres, sendo esses de escala menor quando comparados aos seus analogos
marinhos (Prothero e Schwab, 1996). As caracteristicas dos depdsitos de ambientes
lacustres sédo controladas por fatores que controlam a profundidade e o tamanho da
bacia, o fornecimento de sedimentos ao lago e o equilibrio entre o abastecimento e a
perda de agua através da evaporagédo (relacionada com o clima). Assim, por
exemplo, se o clima for umido um lago sera hidrologicamente aberto e seus
depodsitos sao caracterizados pela acumulagdo tanto nas margens, onde os
sedimentos sao fornecidos aos deltas e praias, e em aguas profundas, através das
correntes de suspenséo e turbidez (Nichols, 2009).

O preenchimento sedimentar das antigas bacias lacustres pode ser dividido
em quatro associagcbes principais de facies: dominada por clasticos, evaporitos,
carbonatos, ou por matéria organica (Talbot e Allen., 1978). Sendo a areia e a lama
os componentes mais comuns dos depdsitos lacustres (Nichols, 2009). As facies
lacustre rasas apresentam caracteristicas semelhantes aos depdsitos lagunares,
com areias onduladas intercaladas com lamas, depositadas em suspensdo. E os
ambientes mais profundos do lago se assemelham aos dos mares com
profundidades semelhantes ou maiores, que incluem depdsitos de suspensao e
turbiditos. Um dos critérios que distinguem entre as facies marinhas e lacustres, séo
as diferencas entre os organismos e habitats existentes nesses ambientes. (Nichols,
2009).
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1.2. PALINOFACIES
O termo palinofacies foi introduzido pela primeira vez por Combaz (1964), que

a descreve como uma associagao total de constituintes da matéria organica contida
em uma amostra apos a remocao da matriz inorganica pela acidificacdo com acidos
cloridrico (HCI) e fluoridrico (HF). A analise de palinofacies compreende o estudo da
fragado particulada da matéria organica sedimentar contida em rochas sedimentares,
sendo dividida em duas fragdes, o querogénio (fracdo da matéria organica insoluvel
em solventes organicos, ou seja, a propria matéria organica sedimentar) e o betume
(matéria organica soluvel em solventes organicos) (Mendonga Filho et al., 2010).

O objetivo do estudo das palinofacies consiste em integrar todos os aspectos
das associagdes dos componentes organicos, tais como: a identificacdo dos
componentes palinolégicos individuais, a classificagcdo dos grupos e subgrupos da
matéria organica particulada e a determinagdo das proporgdes relativas atentando
para a dimensao, forma e o estado de preservacdo. A subdivisdo criteriosa em
categorias, com o principal objetivo de identificar qualquer variagcdo quantitativa
relacionada aos principais controles na distribuicdo da matéria organica, permite
utilizar tais fatores para a determinagdo do significado paleoambiental (Mendonga
Filho et al., 2010).

A andlise de palinofacies preservadas em registo sedimentar € de grande
importancia devido a sua abordagem interdisciplinar, que € util para estabelecer o
conteudo da matéria organica contida em sedimentos e rochas sedimentares,
fornecendo interpretagdes paleoambientais (por exemplo, Carvalho et al., 2006,
2013, Silva et al., 2013; Trindade et al., 2015; Portela et al., 2016; Teixeira et al.,
2017; Crud et al., 2017; Gonzalez et al., 2019; Amaral et al., 2020; Vallejo et al.,
2023). A analise permite a visualizagdo direta dos constituintes do querogénio,
avaliando a origem e o estado de preservagdao da matéria organica através de
métodos qualitativos e quantitativos. Com base nos autores Tyson (1995) e
Mendonca Filho et al. (2010, 2011), pode-se identificar e quantificar os trés principais
grupos que constituem a matéria organica particulada: a matéria organica amorfa
(MOA), fitoclastos e palinomorfos. A MOA sé&o as particulas organicas microscépicas
sem estruturas proveniente de produtos amorfos derivados de fitoplancton,
bactérias, resinas de vegetais superiores e da diagénese de tecidos macrofagos,
podendo ser de origem marinha ou ndo marinha. Os fitoclastos sdo fragmentos de

tecidos derivados de plantas ou fungos e sua autofluorescéncia depende do tecido
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derivado. Podem ocorrer fitoclastos translucidos (ndo opacos) ou pretos (opacos).
Os fitoclastos nao opacos referem-se as particulas de coloragdo marrom, laranja ou
amarela, provenientes de plantas terrestres ou hifas de fungos. Os fitoclastos
opacos sao representados pelas particulas pretas e incluem todos os tecidos
lenhosos oxidados ou particulas carbonizadas derivadas das plantas. Os
palinomorfos sdo todos os microfésseis de paredes organicas resistentes ao ataque
com acidos cloridrico e fluoridrico (exemplos: esporos, graos de pélen, algas, cistos
de dinoflagelados) (Quadro 1). Em relagdo a abordagem sedimentologica, as
palinofacies podem fornecer informagdes sobre os sistemas deposicionais, tais
como: determinar a relagdo proximal-distal com a fonte sedimentar (através de
fitoclastos e palinomorfos), condigdes didxicas-andxicas (MOA) a oxicas, identificar
tendéncias regressivas e transgressivas na estratigrafia de sequéncias e

distinguindo ambientes deposicionais (Tyson, 1995).



Quadro 1 — Classificagdo da matéria organica particulada — Grupo MOA, Fitoclastos e Palinomorfos.

GRUPOS E SUBGRUPOS ORIGEM DESCRICAO
“MOA™ ’ s A Material nao estruturado com formato variado: amarelo-
& Derivado de liloloplancton ou 3 2 ¥ i
MATERIA e st e e ek laranja-vermelho; laranja-marrom; cinza. Homogéneo; com
ORGANICA g i ) o "speckles”; com inclusées (palinomorfos, fitoclastos, pirita).
AMORFA RESINA Derivado de plantas superiores de | Particula nio estruturada, hialina, homogénea, nao-
florestas tropicais e subtropicais. fluorescente e arredondada.
Equidimensional Particula preta quadrada e sem bioestrutura interna
OPACO Alongado Parhcu%a preta dc‘furmzli alongada. Fﬁ.lxo longo trés vezes mais dd
- que o eixo curto. Sem bioestrutura interna.
Corroido Particula de cor preta com contornos difusos e irregulares.
o Particula marrom sem bioestruturas
bioestruturado = Eeanis ; ; =
Bioes ad Particula marrom biocestruturada (estriado. listrado, bandado
FITOCLASTO joestruturado Derivados de tecidos lenhosos del o)
) Cuticula plantas superiores ou fungos Particulas amarelo palido a marrom claro, delgadas, algung
NAO OPACO © casos com estomatos visiveis.
Membranas Particulas amarelo palido, comumente transparente.
Hila de Fungos Derivados de fungos Filamenlos individuais do micélio da [ase vegelatliva dos [ungi.
" = —— . Palinomorfo de forma em geral {iriangular ou circular
: Palinomorfo terrestre produzido por ; =)
Esporos e s it - usualmente apresentando a marca trilete (*Y) ou monolete (I}
pteridofitas, bridfitas e fungos. 2§ ;
Ornamentacao variada.
Palinomorfo terresires produzidos| Palinomorfos com morfologia complexa a simples; usualmente
ESPOROMORFOS | Graos de polen por plantas  gimnospermas el esférico a subesférico: com varios tipos de ornamentacio;
angiospermas. aberturas podem esta presentes.
: w Parede ("forro”) interna del Parede interna quitinosa; marrom; camaras menores muitag
Palinoforaminifero - - .
foraminiferos benténicos. veres mais escuras.
ZOOMORFOS Bacolecodonie p‘dl’lt‘S-{IU apartrll‘lu bucal de alguns| Aparelho bll('&il-t?ll] forma de "dente” constituido de quitina,
vermes poliquelos (maioria marinha)| marrom escuro; tamanho 100-1000 pm.
Microfosseis com varias formas e esculturas que lembram
; Pequenos microlésseis de origem| dinollagelados. Apresentam uma cavidade central lechada po:
Acritarcos = : 5
desconhecida. uma parede com uma camada simples ou por multiplag
camadas; Tamanho 5-240 pm.
Principal caracteristica é a paratabulagio que divide a teca e o
PALINOMORFOS Restos dos  cistos  produzidos| cisto em placas retangulares ou poligonal separadas por
Dinoflagelados durante a parie sexual do ciclo del suturas, Trés principais morfologias: proximados, cavados e
vida da Classe Dinophyceae. corados; muilas vezes com uma abertura (arqueopilo) através
" do qual ocorre o encistamento.
FITOPLANCTON = 5 = = > = -
T Microfosseis produzidos por Maioria, como Tasmanites, sao esféficos: diametro 50 a 2000
a a pequenas algas quadriflageladas. um.
Botryococcus: colonias globular irregular; tamanho 30 a 2.000
pm, algumas vezes com varios lobulos; laranja-maroom.
Algas Algas exclusivamente de agua doce| Pediastrum: algas verdes coloniais, radialmente simétricas;
Chlorococalles (Botryococcus e Pediastrum). tamanho 30-200 pm em diametro e com um ou 2 chifres no
anel mais externo das células. Células internas podem ser de
forma irregular com espacos entre elas ou conpactadas.

Fonte: Modificado de Silva (2017) e de Mendonga Filho et al. (2010).
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A elevada percentagem de MOA em relagdo ao querogénio total resulta de
um ambiente com uma elevada taxa de preservagao e condi¢cdes de baixa energia.
Este fato pode ser interpretado como um ambiente redutor ou, pelo menos,
temporariamente diséxico a andxico e esta relacionado com uma elevada
produtividade primaria (Tyson, 1993). Uma proporcao significativa do querogénio
total representado por fitoclastos, esta principalmente associada a condi¢cdes de
deposi¢cdo na proximidade da fonte pontual fluvio-deltaica. O principal fator de
influéncia é a distancia limitada ao longo da qual as particulas foram transportadas.
Outros fatores, incluindo as condicdes de oxidacdo e a resisténcia inerente dos
tecidos de revestimento, também estdo ligados a proximidade da area de origem
(Mendongca Filho et al., 2011). Os fitoclastos opacos sdo mais resistentes a
degradacédo e podem ser transportados por longas distancias, sendo encontrados
em ambientes mais distais. Os fitoclastos ndo opacos, por outro lado, estédo
associados a ambientes mais proximais e sao progressivamente degradados a
medida que sdo transportados (Tyson, 1995). Os palinomorfos apresentam as taxas
mais baixas dos trés grupos principais e a sua incidéncia é controlada pela MOA e
pela diluigdo dos fitoclastos. Assim, as elevadas percentagens de palinomorfos,
dominados por esporomorfos (sobretudo esporos), podem estar associadas a
ambientes oxigenados e podem estar relacionadas com a proximidade da vegetacao
de origem ou com o transporte flivio-deltaico na bacia. Consequentemente, a MOA

apresenta uma percentagem baixa (Tyson, 1993).

1.3 IMPORTANCIA DOS ESTUDOS NA BACIA DO RECONCAVO

A area estudada faz parte da Bacia do Recbncavo, é constituida por
depdsitos preenchidos por sedimentos durante o Jurassico Superior ao Cretaceo
Inferior, durante a fase de abertura do Supercontinente Gondwana (Santos e Braga,
1990; Costa, 2007; Silva et al., 2007). E uma das pioneiras na exploragdo de
petroleo, sendo a primeira descoberta do 6leo na regido em 1939, no Distrito de
Lobato na cidade de Salvador (Santos e Braga, 1990) e sua importancia na geragao
de hidrocarbonetos, esta relacionada aos depdsitos lacustres, que estao
representados basicamente folhelhos e arenitos (Magnavita et al., 2005; Bastos,
2017). A maior parte dos dados exploratérios da Bacia do Recdncavo consistem em
relatorios internos de empresas petroliferas. Dentre os trabalhos realizados na bacia

que analisam o estudo da matéria organica sedimentar, destacam-se: Magacho
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(2011); Cerqueda (2014); Portela et al. (2016) e Amaral et al. (2020), que realizaram
estudos na Bacia do Recbncavo abordando as condigbes paleoambientais e
geracao de hidrocarbonetos, a partir da caracterizagcdo geoquimica orgéanica e
analise de palinofacies nas formagdes Pojuca, Candeias e Maracangalha.

A Formacdo Maracangalha (Cretaceo Inferior), foco deste estudo, registra a
fase sin-rifte da Bacia do Recdncavo. Seus depdsitos consistem basicamente em
folhelhos e arenitos de granulagao fina (Caixeta et al., 1994; Silva et al., 2007). A
natureza dominante de granulacédo fina dos depdsitos da Formag&o Maracangalha é
ideal para a preservagao da matéria organica sedimentar. A sedimentologia e a
bioestratigrafia da Formagado Maracangalha, sdo mais prevalentes na literatura (ex.
Guerra, 2002; Coura, 2006; Freire et al., 2017; Amorim, 2018; Britto et al., 2022,
2023; Castro et al., 2023; Silveira et al., 2023), com alguns poucos focando no

estudo das palinofacies (e.g., Amaral et al., 2020).

1.4 OBJETIVOS
1.4.1 Objetivo Geral
O objetivo geral do estudo, € avaliar a matéria organica sedimentar e refinar o
paleoambiente deposicional da Formagdo Maracangalha através da analise de
palinofacies com base em amostras de afloramento.
1.4.2 Objetivos Especificos
e Identificar os diferentes componentes da matéria organica sedimentar;
e Fazer uma analise qualitativa e quantitativa das particulas organicas;
e Individualizar as diferentes palinofacies com base na associagdo das
particulas presentes no sedimento;
e Caracterizar o paleoambiente deposicional presente nos afloramentos

utilizando analise de palinofacies.
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2 CONTEXTO GEOLOGICO

A Bacia do Recdncavo esta localizada no nordeste do Brasil, no estado da
Bahia, ocupando uma area de aproximadamente 11.500 km2, e compdem a porgao
sul do sistema de riftes intracontinentais Recéncavo-Tucano-Jatoba. Tais bacias
compreendem um sistema de rifte abortado que foi preenchido por sedimentos do
Jurassico Superior ao Cretaceo Inferior, durante a fase de abertura do
Supercontinente Gondwana. Seus limites sdo definidos pelo Alto Apora, a norte e
noroeste; pelo sistema de falhas da Barra, a sul; a oeste pela Falha de Maragogipe;
e a leste pelo sistema de falhas de Salvador (Silva et al., 2007) (Figura 1).

Sua arquitetura basica € a de um graben assimétrico, se alongando na
diregdo NE-SW, com suas camadas mergulhando para SE (Santos e Braga, 1990;
Silva et al., 2007). O mergulho regional das camadas para leste é condicionado por
falhamentos normais planares com direcao preferencial N30°E. Zonas de
transferéncia com orientagcdo N40°W acomodaram taxas de extensao variaveis entre
diferentes compartimentos da bacia ao longo de sua evolugao (Silva et al., 2007). De
acordo com Abrahdo e Warme (1990), o campo de tensbes responsavel pelo
rifteamento da Bacia teria atuado entre o Mesojurassico e o Eocretaceo.

Segundo Silva et al. (2007) o embasamento da Bacia do Recéncavo foi
desenvolvido sobre o Craton do Sao Francisco e é composto predominantemente
por gnaisses granuliticos arqueanos do Bloco Serrinha, a oeste e norte; pelos
cinturbes Itabuna-Salvador-Curaca, a oeste-sudeste; e Salvador-Esplanada, a
Leste-nordeste. Ao Norte, ocorrem também rochas metassedimentares de idade

Neoproterozoica, relacionadas ao Grupo Estancia.
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Figura 1 — (a) Mapa de localizacdo da Bacia do Recdncavo no Brasil. (b) Arcabougo estrutural e
principais estruturas da Bacia do Recdncavo, que incluem as falhas de: 1) Inhambupe, 2) Pedras, 3)
Fazenda Cajueiro, 4) Fazenda Alvorada, 5) Baixa Grande, 6) Palmeiras, 7) Patioba, 8) Tombador, 9)
Sauipe, 10) Itanagra, 11) Pedra do Salgado, 12) Aragas-Boa Esperanga, 13) Biriba, 14) Mata-Catu,
15) Orobo, 16) Paranagua, 17) Salvador, 18) Maragogipe, 19) Capimirim, 20) Nova Ameérica, 21)
Candeias, 22) Lamaréo, 23) Barra.

a) b)
Bacia do

Tucano Sul

BRASIL A

LEGENDA

Falhas extensionais com
indicacdo de mergulho

P, Mergulho regional das
camadas

[0 Area de trabalho

Fonte: Modificado por Amorim (2018) de Milhomem et al. (2003).
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Os depdsitos sedimentares mais antigos da Bacia do Recbéncavo se iniciam
no Paleozdico, e correspondem a unidade permiana da Formacgdo Afligidos
(Membros Pedrao e Cazuza). Sendo o Membro Pedrao caracterizado por arenitos,
laminitos algais e evaporitos; e o Membro Cazumba, por pelitos e lamitos vermelhos
lacustres, com nédulos de anidrita constituido por arenitos sobrepostos por folhelhos
vermelhos (Magnavita et al., 2005; Silva et al., 2007). A estratigrafia do Mesozdico
da Bacia do Recéncavo (Figura 2) é constituida por depdsitos continentais do
Supergrupo Bahia e incluem sedimentos com idades entre o Neojurassico e o
Eocretaceo, baseados no conteudo de ostracodes destas rochas (Viana et al.,1971;
Magnavita et al., 2005). De acordo com a litologia a bacia é dividida em: Grupo
Brotas (Jurassico Superior) composto pelas as formagdes Alianga e Sergi; Grupo
Santo Amaro (Cretaceo Inferior, Berriasiano—Barremiano) com as formagodes
ltaparica, Agua grande, Salvador, Candeias e Maracangalha; Grupo llhas
(Barremiano) com as formag¢des Marfim, Pojuca e Taquipe; Grupo Massacara
(Barremiano — Aptiano Inferior) composto pela Formacdo Sao Sebastidao; A
Formacao Marizal de idade Neo-alagoas; e por fim a sequéncia do Nedégeno com a
Formagao Sabia de idade Miocénica e Grupo Barreiras de idade Pliocénica (Caixeta
et al., 1994; Magnavita et al., 2005; Silva et al., 2007).

As sequéncias sedimentares relacionadas ao preenchimento da bacia
ocorreram durante os estagios inicio de rifte, climax de rifte e pds-rifte (ver Kuchle et
al., 2011). Utilizando novos conceitos de tratos de sistemas tectbnicos para a Bacia
do Recéncavo, Kuchle e Scherer (2010) consideram a Formagado Afligidos como
embasamento da bacia, pertencente ao estagio tectonico pré-rifte, e posicionando o
Grupo Brotas como sin-rifte (inicio de rifte).

No inicio de rifte ocorreram os estagios iniciais de flexura da crosta, que
originaram a sequéncia rifte, e correspondem a trés ciclos fluvio-edlico
representados pelo Membro Boipeba da Formagao Alianga e pelas formagdes Sergi
e Agua Grande e transgressées lacustres de carater regional, correspondendo ao
Membro Capianga (Formacao Alianga) e a Formagao Itaparica (Silva et al., 2007).

A sequéncia rifte € composta por sistema deposicional fluvio-lacustre, deltaico
e leques aluvionares, que compreendem as outras formagdées do Grupo Santo
Amaro, Grupo llhas e Formacao Sao Sebastido (Grupo Massacara) (Magnavita et
al., 2005; Silva et al., 2007). A secéo rifte € marcada pela ativagcado da grande Falha

de Salvador, que foi o elemento tectbnico que controlou a subsidéncia do graben
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(Milani et al., 2007). A Formacdo Salvador, caracterizada por conglomerados e
arenitos, ocorre préxima a esta falha (caixeta et al., 1994; Milani et al., 2007).

Os depdsitos lacustres e deltaicos, incluem folhelhos, arenitos turbiditicos e
progradagdes deltaicas da porgdo superior do Grupo Santo Amaro (formagdes
Candeias e Maracangalha); e na sequéncia deposicional, uma sedimentagao
deltaica compreende as formagdes Marfim e Pojuca do Grupo llhas (Caixeta et al.,
1994; Milani et al., 2007). A Formacgao Taquipe representa uma porgao erosiva em
forma de Canion, caracterizada por folhelho cinza e arenitos muito finos, finos e
médios (Caixeta et al., 1994; Magnavita et al., 2005). A Formagado Sdo Sebastido
apresenta arenito grosso com intercalacbes de argila siltica, depositados por
sistemas fluviais, que testemunha a fase final de assoreamento do rifte. (Caixeta et
al., 1994; Silva et al., 2007).

O inicio da fase pos-rifte € caracterizado pelo preenchimento de depdsitos
arenosos clasticos da Formacido Marizal, e termina com deposicao da Formagao
Sabia, relacionada a uma transgressao marinha e com sistema de leques aluviais na
Formacao Barreiras (Magnavita et al., 2005; Silva et al., 2007).

A Formacdo Maracangalha (Grupo Santo Amaro), foco deste trabalho,
sobrepbe-se a Formagao Candeias e € sobreposta pelo Grupo Ilhas (Magnavita et
al., 2005). E geralmente subdividida na literatura em membros Pitanga e Caruacu. O
Membro Caruagu é constituido por arenitos lenticulares, de granulagao fina a média,
que apresentam estratificagdo cruzada e plana, com deformacdes locais de
sedimentos moles, enquanto o Membro Pitanga é composto por estratos
intensamente deformados, constituidos por arenitos muito finos e lamitos (Caixeta et
al.,, 1994; Silva et al.,, 2007; Silveira et al., 2023). Esses depoésitos tém sido
interpretados na literatura como turbiditos de aguas profundas (Membro Caruagu) e
slumps de frentes deltaicas (Membro Pitanga) (ver Silva et al., 2007). No entanto, o
recente estudo sedimentolégico realizado por Silveira et al. (2023) considerou os
depodsitos da Formagdo Maracangalha como sistemas deltaicos de aguas rasas,
deformados por processos de fluidizagao (ver também Klein et al., 1972). Estudos de
analise de facies, dispersao de sedimentos e proveniéncia sedimentar demonstram
dois sistemas principais preenchendo a bacia: um axial ao eixo do rifte, progredindo
para sul, e um sistema transversal associado a falha ativa (Falha de Salvador),
progredindo para oeste-noroeste (Castro et al., 2023; Silveira et al., 2023). Além

disso, a Formagédo Maracangalha possui uma organizagéo deformacional complexa
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atribuida a numerosas deformacgdes de sedimentos moles e injegdes de arenitos,
causadas por fluidizagdo pés-deposicional (Silveira et al.,, 2023). Estudos sobre
ostracodes ndo marinhos realizados por Britto et al. (2022) mostram uma idade
Berriasiana-Valanginiana (estagio local de Rio da Serra), com associa¢ao faunistica
sugerindo uma idade Valanginiana-Hauteriviana (estagio local tardio de Rio da Serra

a Aratu).



Figura 2 — Carta estratigrafica da Bacia do Recéncavo.
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3 MATERIAL E METODOS
3.1 SECOES ESTUDADAS

Um total de vinte e uma (21) amostras foram obtidas de quatro afloramentos
localizados nas ilhas de Itaparica (afloramento Manguinhos, Gameleira e Penha) e
Frades (afloramento Praia da Falha), na regido da Baia de Todos os Santos, estado
da Bahia, Brasil. (Figuras 3, 4 e 5). O controle sedimentoldgico para a recolha de
amostras é derivado do trabalho de Silveira (2023). Os afloramentos da Praia da
Falha e Gameleira pertencem ao sistema deposicional axial, enquanto os
afloramentos da Penha e Manguinhos pertencem ao sistema transversal (Silveira et
al., 2023). Portanto, a amostragem engloba os dois sistemas deposicionais que
controlam os padrbes de dispersdo de sedimentos na bacia da Maracangalha ao

longo do tempo (Figura 5).

Figura 3 — Mapa de localizagao da area de estudo. (A) Localizagdo do estado da Bahia (NE do Brasil)
na América do Sul; (B) Mapa geolégico da area de estudo e posigdes dos afloramentos de
Manguinhos, Gameleira, Penha e Praia da Falha na Baia de Todos os Santos, estado da Bahia.
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Fonte: A autora (2023).
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Figura 4 — Fotografias dos afloramentos estudados. A) Afloramento Penha (llha de ltaparica). B)
Afloramento Praia da Falha (llha dos Frades). C) e D) Afloramentos Gameleira e Manguinhos,

respetivamente (Ilha de Itaparica).

Fonte: A autora (2023).

3.2 PREPARACAO DAS AMOSTRAS

A preparagcdo das amostras foi desenvolvida no Laboratério de
Micropaleontologia Aplicada da Universidade Federal de Pernambuco (LMA-UFPE).
Foram utilizadas técnicas descritas por Tyson (1995) e Mendonga Filho et al. (2011),
fazendo algumas alteragbes quanto ao tempo de preparagdo com ataque acido.
Essas técnicas envolvem o uso de acido cloridrico (HCI) e acido fluoridrico (HF) para
a eliminagdo da fracdo mineral. Foi realizada a pesagem da rocha (30 gramas),
desagregacdo mecanica (reduzindo-as a particulas de 2 a 5 mm), e o ataque
quimico com acido cloridrico (HCI) (37-10%), e acido fluoridrico (HF) (40%), a fim de
eliminar carbonatos e silicatos respectivamente. Adicionou-se HCI (37%) suficiente
para cobrir completamente a amostra, deixando agir por 24 horas. As amostras

foram lavadas com agua destilada e em seguida adicionou-se HF (40%), cobrindo a
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amostra deixando-a reagir por 24 horas. As amostras foram lavadas novamente com
agua destilada e peneiradas em malha de poliéster com abertura de 10 ym. HCI
(10%) foi adicionado novamente ao residuo, cobrindo a amostra por mais 24h e
finalmente lavado com agua destilada. Neste trabalho as amostras n&o passaram
pelo método de oxidagao, devido o trabalho focar na analise da matéria organica.
Apos isso, foi feita a preparagcdo das laminas usando alcool polivinilico e cola

Norland optical adhesive para montagem.
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Figura 5 — Registros sedimentares dos afloramentos mostrando a posigéo estratigrafica das amostras.
Escala vertical em metros.
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3.3 ANALISE DE PALINOFACIES

Para analise das laminas, assim como para execugao de fotomicrografias, foi
utilizado o microscopio Zeiss AXIO Imager A2 com fonte de fluorescéncia HxP 120v
e camera acoplada, utilizando objetivas de 20x com realizagdo de varredura em
sentido verticais consecutivos, com a luz branca e luz ultravioleta. No estudo de
palinofacies, foi utilizado a analise qualitativa e quantitativa dos diferentes
componentes da matéria organica particulada (querogénio), baseando-se no sistema
de classificagdo proposto por Tyson (1995) e Mendonga Filho et al. (2011). A analise
quantitativa foi realizada a partir da contagem de 300 particulas do material organico
em cada amostra. A analise qualitativa teve como finalidade identificar os diferentes
componentes da matéria organica particulada, sua forma e seu estado de
preservagao. As particulas foram agrupadas em: matéria organica amorfa, ou MOA
(MOA fina, espessa e pseudomorfa); fitoclastos opacos (equidimensional, alongado
e corroido); fitoclastos nao opacos (ndo bioestruturados e bioestruturados); e
palinomorfos (grdos de pdlen, esporos). Através dessas analises pode-se fazer as
inferéncias do paleoambiente deposicional. Os dados foram depois representados

em graficos utilizando o programa riojaPlot version 0.9-31, 2020.



4 RESULTADOS E DISCUSSOES

4.1 ARTIGO 1 - PALYNOFACIES ANALYSIS OF A LACUSTRINE SUCCESSION:
THE MARACANGALHA FORMATION (LOWER CRETACEOQOUS),
RECONCAVO BASIN, BRAZIL

Autores: Valquiria Verbnica da Silva, Enelise Katia Piovesan, Juan David Vallejo,

Claus Fallgatter, Deise Marli da Silveira, Fernando Farias Vesely

Os resultados e discussdes referentes a esta dissertagdo sao
apresentados na forma de um artigo cientifico. O artigo apresenta a analise de
palinofacies do Cretaceo Inferior da Formagao Maracangalha, visando contribuir
na discussado sobre o paleoambiente deposicional através da caracterizacdo da
matéria organica sedimentar do sistema lacustre durante a fase sin-rift da Bacia
do Recbébncavo, Nordeste brasileiro.

O artigo intitulado “Palynofacies Analysis of a Lacustrine Succession: The
Maracangalha Formation (Lower Cretaceous), Recdncavo Basin, Brazil”, foi
publicado na revista “Journal of South American Earth Sciences” em 03 de agosto
de 2024. Disponivel em: <https://doi.org/10.1016/j.jsames.2024.105050>
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ARTICLEINFO ABSTRACT

Keywords:
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A palynofacies analysis was carried out using samplescollected from the Manguinhos, Gameleira, Praia da Falha
and Penha outcrops of the Lower CretaceousMaracangalha Formation, Redncavo Basin, NE Brazil. Qualitative
and quantitative analysis of the organic particles, aswell asgrouping analysis basedon the characteristics of the
particles found, were conducted to establish the present database. The organic particles were grouped into
amorphous organic matter (AOM); opaque phytoclasts; non-opaque phytoclasts and palynomorphs and four
distinct palynofacies were recognized. The palynofacies | (P I), presentin the Praia da Falha outcrop, is composed
of ahigh abundance of non-opaque phytoclasts (51.22%), followed by palynomorphs (23.61%). The palynofacies
I (P1I), oceurring in the Penhaoutcrop, shows a high abundance of non-opaque phytoclasts (71.67%), followed
by opaque phytoclasts (12%). The palynofacies Il (P lll), occurring in the Manguinhos outcrop, consistsof a high
abundance of AOM (48.07%), followed by opaque phytoclasts (32,6%). The palynofacies IV (P IV), occurring in
the Gameleira outcrop, also has a high abundance of AOM (47.05%), followed by non-opaque phytoclasts
(28.76%). According to the associations of sedimentary organic matter, essentially represented by particles of
continental origin, alacustrine setting is well characterized, corroborating what hasbeen previously suggestedin
the literature. The palynofacies interpretation also indicates deposition strongly controlled by fluvio-deltaic
input. Overall, the Praia da Falha and Penha outcrops suggestproximity to the depositional sourcein a high-
energy environment. In these localities, the predominance of non-opaque phytoclasts indicates deposition
under oxic conditions probably near the lake shore. On the other hand, in the Gameleira and Manguinhos
outcrops, the predominance of AOM suggestsdeposition away from the sediment sourcein a more distal, low-
energy environment, with prevalence of suboxic-to-anoxic conditions.

1. Introduction preservation of organic matter through qualitative and quantitative

methods. Thus, it enables the identification and quantification of the

Palynofacies analysis is an interdisciplinary approach that provides
insights for paleoenvironmental interpretations basedon the particulate
organic matter preservedin the sedimentary record (e.g., Carvalhoetal
20086, 2013; Silvaetal., 2013; Trindade et al., 2015; Portelaet al., 2016;
Teixeira et al., 2017; Crud et al., 2017; Gonzalezet al., 2019; Amaral
etal., 2020; Vallejo et al., 2023). The analysis allows direct visualization
of kerogen constituents, allowing to assessthe origin and state of

three main groups that make up palynofacies: amorphous organic
matter (originating from bacterial or algal organic matter and degra-
dation ofl and plants), phytoclasts (predominantly representative ofl and
plants) and palynomorphs (spores, pollen grains, dinoflagellates, chiti-
nozoans, acritarchs and other benthic and planktonic microorganisms).
Relative to the sedimentological approach, palynofacies can provide
information about depositional systemsby defining the proximal-distal
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relationship of the sedimentary source (through phytoclasts and paly-
nomorphs), dysoxic-anoxic (AOM) to oxic conditions, identifying
regressive and transgressive trends, and distinguishing depositional
envirenments (Tyson, 1995).

The high percentageof AOM relative to total kerogen results from an
environment with both high preservation rate and low energy condi-
tions. This can be interpreted as a reducing environment or, at least,
temporarily dysoxic to anoxic, and is related to high primary produc-
tivity (Tyson, 1993). A significant proportion of the total kerogen, rep-
resented by phytoclasts, is primarily associated with depositional
conditions near the fluvio-deltaic point source. The key influencing
factor is the limited distance over which particles have beentransported.
Additional factors, including oxidizing conditions and the inherent
resistanceofl ining tissues,are also linked to the proximity of the source
area (Mendonca Filho et al., 2011). Opaque phytoclasts are more
resistant to degradation and can be transported over long distances,
being found in more distal settings. Non-opaque phytoclasts, on the
other hand, are associatedwith more proximal environments and are
progressively degraded as they are transported (Tyson, 1995). Paly-
nomorphs show the lowest rates of the three main groups and their
incidence is controlled by AOM and phytoclast dilution. Thus, the high
percentages of palynomorphs, dominated by sporomorphs (mainly
spores), may be associatedwith oxygenated environments and may be
related to the proximity of the vegetation of origin or fluvial-deltaic
transport in the basin and the AOM shows a low percentage (Tyson
1993).

The Maracangalha Formation, focus of this study, records the syn-rift
phaseof the Reddncavo Basin (Brazil) and hosts hydrocarbon reservoirs
associatedwith a lacustrine environment. Its deposits consist of shales,
very fine-to- very coarse-grained sandstonesand conglomerates (Mag-
navita et al., 2005; Bastos, 2017; Silveira et al.,, 2023). Palynological
studies are scarcein the Redncavo Basin (Magacho, 2011; Cerqueda,
2014, Portela et al., 2016; Amaral et al., 2020) and most of the data
consists ofi nternal reports from oil companies. The referred authors
focused on the analysis of paleoenvironmental conditions and hydro-
carbon generation, basedon organic geochemical characterization and
analysis of palynofacies in the Pojuca, Candeias and Maracangalha
formations.

Clastic material accountsfor most of the sedimentinput to lacustrine
basins, either assuspendedfines or ascoarsebedload (Talbot and Allen,
1978; Nichols, 2009). The dominant fine-grained nature of the Mar-
acangalha Formation deposits favored the preservation of sedimentary
organic matter. Studies focusing on sedimentology and biostratigraphy
of the Maracangalha Formation are prevalent in the literature (e.g.
Guerra, 2002; Coura, 2006; Freire et al., 2017; Amorim, 2018; Britto
et al., 2022, 2023; Castro et al., 2023; Silveira et al., 2023), with few
focusing on the study of palynofacies (e.g. Amaral et al., 2020). The use
of palynofacies as a study tool is generally focused in marine or
marine-influenced continental palecenvironments. Due to the scarcity of
studies using palynofacies in lacustrine successionsthe aim of this study
was to evaluate the sedimentary organic matter and refine the deposi-
tional palecenvironment of the Maracangalha Formation through the
analysis of palynofacies basedon outcrop samples.

2. Geological setting

The Redncavo Basin is located in Bahia state, northeastern Brazil,

occupying an area of approximately 11,500 km 2 and forming the
southern portion of the Redncavo-Tucano-Jatoba intracontinental rift
system. It consists of an NE-SWoriented, asymmetrical graben (Santos
and Braga, 1990; Silva et al., 2007). It representsan aborted rift that was
filled by sediments between the Late Jurassicand the Early Cretaceous,
during the opening phaseof the Gondwana Supercontinent. The basin is
limited by the Apora High to the north and northwest, the Barra Fault
systemto the south, the Maragogipe Fault to the west and the Salvador
fault to the east(Silva et al., 2007).
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Four major lithostratigraphic units make up the Redncavo Basin:
Brotas Group (Upper Jurassic), comprising the Alianga and Sergi for-
mations; Santo Amaro Group (Lower Cretaceous, Berria-
sian-Barremian), with the Itaparica, Agua Grande, Salvador, Candeias
and Maracangalha formations; Ilhas Group (Barremian), with the Mar-
fim, Pojuca and Taquipe formations; Massacaa Group (Barre-
mian—-Lower Aptian) composed of the Sao Sebasthdo Formation; the
Marizal Formation of Alagoaslocal Stage(= Aptian age);and finally the
Neogene sequencewith the Sabia Formation of Miocene age and the
Barreiras Group of Pliocene age (Caixeta et al., 1994, Magnavita et al_,
2005; Silva et al., 2007). The rift climax sequence(see Kuchle et al.,
2011) is represented by lacustrine, fluvio-deltaic and alluvial fan sys-
tems belonging to the Santo Amaro Group, the llhas Group and the Sao
SebastBo Formation (Massaca@& Group) (Magnavita et al., 2005; Silva
et al., 2007).

The Maracangalha Formation (Santo Amaro Group) overlaps the
CandeiasFormation and is overlaid by the Illhas Group (Magnavita et al_,
2005). It is dominantly composed ofl aminated mudstones but it also
includes two sand-rich units named as the Pitanga and Caruagu mem-
bers. The Caruacu Member consists ofl enticular, fine-to
-medium-grained sandstones showing trough cross stratification and
plane-parallel stratification with local soft-sediment deformations,
whereas the Pitanga Member comprise intensely deformed strata, con-
sisting of very fine-grained sandstonesand mudstones (Caixeta et al |
1994; Silva et al., 2007; Silveira et al., 2023). Thesedeposits have been
interpreted as deep-water turbidites (Caruagu Member) and delta front
slumps (Pitanga Member) (see Silva et al., 2007). However, the recent
work by Silveira et al. (2023) considered the deposits of the Mar-
acangalha Formation as shallow-water delta systems subsequently
deformed and remobilized by fluidization processegseealsoKlein etal,,
1972). Facies analysis, sediment dispersion, and sedimentary prove-
nance studies demonstrate two main systemsfilling the basin: one axial,
prograding southwards, and a transverse system associated with the
active fault (Salvador Fault), prograding west-northwestwards (Castro
et al., 2023; Silveira et al., 2023). Studies on non-marine ostracods
carried out by Britto et al. (2022) show a Berriasian-Valanginian age
(Rio da Serra local stage) for the Manguinhos outcrop of the Mar-
acangalha Formation due to the presenceof the guide species Recon-
cavona?polita. And through the faunal association of other ostracode
species, | suggesteda Valanginian-Hauterivian age (late local stages
from Rio da Serrato Aratu) for the Praia da Falha outcrop, also of the
Maracangalha Formation.

Eleven sedimentary facies (F1 - F11) were described in some out-
crops of the Maracangalha Formation (Britto et al., 2023). Of these
facies, the samplesanalyzed here come from the facies F2, F3, F9 and
F10. The facies F2 is composed of very fine to medium-grained sand-
stone, eventually with disperse mudstone clasts and/or plants/coal
debris and interpreted as sand-rich high-density turbidity current. The
facies F3 is composedof coarseor medium-grained to very fine-grained
sandstoneand considered as waxing to waning turbidity currents with
alternating phases.The facies F9is representedby a intercalation of thin
bedded sandstones and mudstones and interpreted as low-density
turbidity plumes. And finally, the facies F10 is composed off oliated
gray to black claystone to siltstone and interpreted as deposition from
low density turbidity currents.

3. Material and methods

A total of twenty-one (21) samples offi ne-grained facies were ob-
tained from four outcrops located on the Itaparica (Manguinhos,
Gameleira and Penha outcrops) and Frades (Praia da Falha outcrop)
islands in the Baia de Todos os Santos area, Bahia state, Brazil
(Figs. 1-3). The sedimentological control for sampling is derived from
the work of Silveira (2023). The outcrops of Praia da Falha and Game-
leira belong to the axial depositional system, whereas the outcrops of
Penha and Manguinhos belong to the transverse system (cf. Silveira



33

V.V. Silva et al. Journal of South American Earth Sciences 145 (2024) 105050
38°48'0"W 38°24'0"W
70°0'0"W 35°00"W
A g
N . 2
-8 :""
S
o
°
9
a
0
°
. &
2
LITHOESTRATIGRAPHY GEOLOGICAL AND CARTOGRAPHIC CONVENTIONS
CENOZOIC MESOZOIC PROTEROZOIC  ARCHEAN o )
Quaternary Paleoproterozoic .7+« Hydrography @® Salvador City
EI Holocene [ cretaceous 1 Rhyacian [ Neoarchean Fault @ Outcrops
Pleistocene Bl Jusssic m
Paleogene Mesoarchean
1 Ologocene

Fig. 1. Location map of the study area. (A) Location of the Bahia State (NE Brazil) in South America; (B) Geological map of the study area and positions of the
Manguinhos, Gameleira, Penha and Praia da Falha outcrops in the Bafa de Todos os Santos, Bahia state.

et al., 2023). Therefore, the sampling encompassesthe two sediment
dispersal systemsthat were active during the deposition of the Mar-
acangalha Formation (Fig. 3).

The sampleswere processedat the Applied Micropaleontology Lab-
oratory of the Federal University of Pernambuco (UFPE)for analysis of
sedimentary organic matter, using techniques described by Tyson
(1995) and Mendonca Filho et al. (2011), making some changesto the
preparation time with acid attack. Thesetechniques involve the use of
hydrochloric acid (HCI) and hydrofluoric acid (HF) for the elimination
of the mineral fraction.

The rock samples, initially weighing 30 g each, were mechanically
disaggregatedand reduced to particles of 2-5 mm. Chemical attack with
hydrochloric acid (HCI) (37%) and hydrofluoric acid (HF) (40%) was
then employed to eliminate carbonates and silicates, respectively. A
sufficient amount of HCI (37%) was added to completely cover the
sample, and left reacting for approximately 10 h, and then washed with
distilled water. Then, enough HF (40%) was added to cover the entire
sample, left reacting for 24 h, and washed again with distilled water
before being sieved through a 10 pm mesh. To eliminate fluorsilicates,
HCI (10%) was added, left reacting for 24 h, and finally washed with
distilled water. In this study, the samples were not subjected to the
oxidation method becausethe analysis was focused on organic matter.
After sample preparation, the residual material was mounted on slides
using polyvinyl alcohol and Norland optical adhesive, cured under ul-
traviolet light.

The slides were examined using the Zeiss AXIO Imager A2 micro-
scope. For palaeoenvironmental studies, 300 particles of sedimentary

organic matter were counted in each sample and grouped into the
following categories: Amorphous Organic Matter (AOM); Non-opaque
phytoclasts (cuticles, membranes, non-biostructured and bio-
structured); Opaque phytoclasts (equidimensional, lath and corroded)
and Palynomorphs. The data were then plotted using the RiojaPlot site.

4. Results

Samplesyielded a dominance of non-opaque phytoclasts (N-OpPh),
comprising a general average of 40.83% of total kerogen, followed by
amorphous organic matter (AOM), with a general average of 26.99% of
total kerogen (Fig. 4 and Table 1). Four palynofacies types were iden-
tified based on the abundance and associations of organic particles
(Fig. 5).

The associationswere designated based on the morphology, origin,
and state of preservation of the particulate organic matter. The most
significant associations are those with an average percentage signifi-
cantly higher than the overall average of all associations.

4.1. Particlesassociation

4.1.1. Non-opaquephytoclasts(N-OpPh)

The most abundant of the total kerogen (40.83%) is represented by
the non-opaque phytoclasts. The highest averageswere observedin the
Penha and Praia da Falha outcrops (71.67% and 51.22%) (Table 1).
Non-biostructured particles were consistently found throughout the
sections, in association with biostructured particles, cuticles and
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Fig. 2. Photographs of the studied outcrops. (A) Penhaoutcrop (ltaparica Island). (B) Praia da Falha outcrop (Fradeslsland). (C) and (D) Gameleira and Manguinhos

outcrops, respectively (Itaparica Island).

membranes (Fig. 4A-D). In general, these particles exhibit colors
ranging from yellow, orange and brown, in white light. Cuticles and
membranes appeared yellow to orange in ultraviolet light, while other
phytoclasts exhibit a brown hue. Non-degraded, non-biostructured
particles are the most abundant in both outcrops (Praia da Falha and
Penha), followed by striated and striped biostructures. The Penha
outcrop shows an abundance of non-opague phytoclasts in all samples,
with small percentage variations. In Praia da Falha, non-opaque phy-
toclasts are alsodominant, with variations in their abundancefrom base
to the top of the section (Fig. 5).

In the Manguinhos and Gameleira outcrops, non-opaque phytoclasts
were not very representative. In Manguinhos, non-opaque phytoclasts
increaseand decreasethroughout the outcrop, with ahigher percentage
in samples M1 and M3. Cuticles are the most abundant particles, fol-
lowed by non-degraded, non-biostructured phytoclasts. In Gameleira,
the non-opaque phytoclasts also vary throughout the section, showing
higher values at the baseand in the middle, and lower values at the top,
with greater abundance in samples G0, G2 and G3, with non-degraded
non-biostructured phytoclasts being the most representative (Fig. 5).

4.1.2. Amorphousorganic matter (AOM)

Amorphous organic matter (AOM) is the second most abundant as-
sociation of total kerogen (26.99%), with high averagesrecorded in the
Manguinhos and Gameleira outcrops. It is made up of AOM with thick
morphology, thick granular appearance, and irregular contours; fine,
with a fine granular appearance and irregular contours; and pseudo-
amorphous, with a thick granular appearance and regular contours
(Fig. 4E-H). The color of the AOM varies from yellow, dark brown to
black in white light and yellow, brown or non-existent fluorescence.lt is
mostabundant, particularly in the thick morphology, in the Manguinhos
and Gameleira outcrops, with averagesof 48.07% and 47.05% respec-
tively (Table 1). Manguinhos hasa higher abundance of AOM in samples
M3, M4 and M5, with the percentagegradually increasing from baseto
top. In Gameleira, the greatest abundance of AOM was found in the
samplesG1, G4, G5 and G6, and the percentage varies throughout the
section. The Praia da Falha and Penha outcrops also show variations
upsection (Fig. 5).

4.1.3. Opaquephytoclasts

Opaque phytoclasts are present in all the studied outcrops and
represent the third most abundant association with an averageof 19.76
% of the total kerogen. A highest averageof 32.6 % was observedin the
Manguinhos outcrop (Table 1). They have corroded, equidimensional
and elongated shapes and a black color with no fluorescence. The
corroded forms are predominant in the Manguinhos and Gameleira
outcrops and the equidimensional forms in the Praia da Falhaand Penha
outcrops. Variations in the proportion of opaque phytoclasts were
observedthroughout the stratigraphic stacking of all the outcrops.

The Manguinhos outcrop shows greater abundance of opaque phy-
toclastsin samplesM1 and M5. In Gameleira, asin the other outcrops, it
shows low representation, with the highest percentagesin samplesG4,
G5 and G6.At Praia da Falha, opaque phytoclasts are abundant in
samplesPF3 and PF5. And in the Penha outcrop, sample P1 shows the
highest abundance (Fig. 5).

4.1.4. Palynomorphs

This association has the lowest average (12.43 % of total kerogen)
relative to the other particles. The highest averageswere found in the
Praia da Falha and Gameleira outcrops, with 23.61% and 11.10%,
respectively (Table 1). The particles found are sporomorphs, with plant
sporesand pollen grains being the most abundant. Fungal spores (not
found in the Praia da Falha outcrop) are the least abundant. The spor-
omorphs show yellow, orange and brown colors in white light, and
yellow to orange in fluorescence. There are also reworked Paleozoic
components, representedby prasinophytes and acritarchs, that were not
considered in our analysis. Brito and Quadros (1995) and Pons et al.
(1996), through studies in the Araripe Basin, suggestthat these Paleo-
zoic representatives are reworked from the Late Devonian.

In the Praia da Falha outcrop, palynomorphs are very representative,
being the second dominant group, with greater abundance in samples
PF5 and PF6 and dominance of spores (of cryptogamic plants) and
pollen grains. The abundance of palynomorphs in the Praia da Falha
outcrop increasesfrom baseto top. In the Gameleira outcrop, there is an
alternation in the abundance of sporomorphs from the baseto top, with
higher amounts at the base(sample G0). In the Manguinhos outcrop, the
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Fig. 3. Sedimentary logs of the outcrops showing stratigraphic position

of samples. Vertical scalein meters. Modified from Silveira (2023).
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Fig. 4. Sedimentary particles identified: (A-B) Penhaoutcrop; (C-D) Praia da Falha outcrop; (E-F) Gameleira outcrop; (G-H) Manguinhos outcrop. (AOM) amor-
phous organic matter; (OpPh) opaque phytoclasts; (N-OpPh) non-opaque phytoclasts; (Paly) palynomorphs (Photomicrographs A, C, E, G - transmitted white light
mode; Photomicrographs B, D, F, H - fluorescence mode). Scalebar: 50 pm.
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Table 1

Average of the associationsanalyzed in the outcrops.
Outcrops AOM (%) OpPh (%) N-OpPh (%) Paly (%)
Manguinhos 48.07 32.60 11.67 07.67
Gameleira 47.05 13.10 28.76 11.10
Praia da Falha 03.83 21.33 51.22 2361
Penha 09.00 12.00 71.67 07.33
General Average 26.99 19.76 40.83 12.43

sporomorphs decreasein abundance from base to top and are more
abundant in samplesM1 and M2. In the Penhaoutcrop, the sporomorphs
also show lower percentageswhen compared to the other groups and
their abundance varies along the succession,being more abundant in
sample P1 (Fig. 5).

4.2. Palynofacies

The relative proportion of constituent groups allowed the identifi-
cation off our distinct palynofacies (PI-PIV). Each palynofacies is
representative of eachof the four examined outcrops (PI, Praia da Falha;
Pll, Penha;PlIll, Manguinhos; PIV, Gamaleira) (Fig. 5; Table 1).

Palynofacies| (P I) is composedof a high abundance of non-opague
phytoclasts (51.22%), followed by palynomorphs (23.61%), opaque
phytoclasts (21.33%) and low abundance of AOM (3.83%). With
exception of the samples PF1and PF3 (opaque and non-opaque phyto-
clastswith the highest averages),all the other samplesshow non-opaque
phytoclasts and palynomorphs with the highest averages.

Palynofacies Il (P Il) shows a high abundance of non-opaque phy-
toclasts (71.67 %), followed by opague phytoclasts (12%), and low
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abundance of AOM (9%) and palynomorphs (7.33%). In all the samples
from the Penhaoutcrop, the non-opaque and opaque phytoclasts show
the highest averages.

Palynofacies Il (P Ill) is composed of a high abundance of AOM
(48.07%) and opaque phytoclasts (32.6%) and a low abundanceof non-
opaque phytoclasts (11.67%) and palynomorphs (7.67%). The distri-
bution of associations with a high abundance of AOM and opaque
phytoclasts occursin all the samplesfrom the Manguinhos outcrop.

Palynofacies IV (P V) also shows a high abundance of AOM
(47.05%) but associatedwith a high abundance of non-opaque phyto-
clasts (28.76%) and a low abundance of opaques (13.1%) and paly-
nomorphs (11.1%). In the Gameleira samples,the particle distributions
are different, with the basal samples (G1, G2 and G3) showing the
highest averages of AOM and non-opaque phytoclasts and the top
samples (G4, G5 and G6) showing higher averagesof AOM and opaque
phytoclasts.

Overall, the abundance of AOM patrticles in all the samplesshowsan
inverse correlation with that of non-opaque phytoclasts and
palynomorphs.

4.2.1. Depositionalsettingsinferred by palynofacies

Palynofacies (P I) is composedmainly of non-opaque phytoclast and
palynomorphs (Fig. 5). The lithology of the samplesconsists of a com-
bination offi ne-to medium-grained sandstones with siltstones and
mudstones. Even though non-opaque phytoclasts are dominant, the
prevalence of phytoclasts indicates short transport path of the particles
(Tyson,1995), suggesting proximal depositional conditions, and prox-
imity to the source of vegetation, corresponding probably to a delta
setting (Tyson, 1995; Batten, 1996).

o
SAMPLES AOM OpPh N-OpPh Paly L
o
PF6 2
PF5 ot
P.F4 Pl g
PF3 0
PF2 >
PF1 | ! =,
10 20 30 40 50 60 70 10 20 30 40 10 20 30 40 50 80 70 80 10 0 30 Qi
9]
<
wn
&
SAMPLES AOM OpPh N-OpPh Paly 3
G6
G5
G4
G3
G2
G1
Go — I
10 20 30 40 50 60 70 10 20 30 40 10 20 30 40 50 60 70 80 10 20
o
@
°
<}
@
=
SAMPLES AOM OpPh N-OpPh Paly 5
=3
B> — 4 — el S
P1 =
PO - =
10 20 30 40 50 &0 70 10 20 30 40 10 20 30 40 50 &0 70 80 0 20 0]
=5
w
<
D] ]
w
o
SAMPLES AOM OpPh N-OpPh Paly )
=
M5 - @
M4 T @
M3 3
M2
M1 ¢ .,
10 20 0 40 50 60 70 10 20 30 40 10 20 30 40 50 &0 70 80 10 20
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According to Tyson (1995), woody phytoclasts are relatively abun-
dant in coastal areas,within sand-and silt-rich lithologies, redeposited
in relatively oxidizing faciesin which lessresistant materials are selec-
tively destroyed. As the sediment moves, the abundance of non-opaque
phytoclasts tend to decrease, since there is a natural sequence of
degradation of phytoclasts, according to lignin content and resistance,
with the non-opaque, non-biostructured ones the first components to
disappear (Tyson, 1993, 1995). Thus, in the proximal facies, the phy-
toclasts are mostly non-opaque; while in the distal faciesthe percentages
of opaque material are higher. The particles from the Praia da Falha
outcrop show high abundances of non-opaque phytoclasts and paly-
nomorphs, which indicate a more proximal environment. The
non-opaque phytoclasts and sporomorphs are darker in color, in asso-
ciation with a fraction of opaque phytoclasts, indicating a more
oxidizing depositional area.

The samples collected at Praia da Falha outcrop correspond to the
facies F2, F3, and F9 (Britto et al., 2023, their Fig. 4, p. 7). The basal
samples(PF1) presentin faciesF3 and PF2and PF3presentin faciesF2,
are associated with a more transitional environment, showing abun-
dance of non-opaque phytoclasts, followed by palynomorphs and opa-
gue phytoclasts within a fine to medium-grained sandstone.Thesedata
point to a proximal-transitional environment (Tyson, 1995). The sam-
ples PF4 and PF5 (facies F9 of Britto et al., 2023) show dominance of
non-opaque phytoclasts, followed by palynomorphs (sporomorphs),
which are typical of deposition in a proximal area relative to the
fluvio-deltaic source, similar to the results of Crud et al. (2017).

Palynofacies Il, which occurs in the Penha outcrop, is similar to
palynofacies | from Praia da Falha outcrop (Fig. 5). However, the par-
ticles are dominated by non-opaque phytoclasts (more than 70%),
particularly the non-biostructured ones,which are the first subgroupsto
be degraded by transport as they move away from the parent flora
(Mendonca Filho et al., 2011). This abundance of non-opaque phyto-
clasts, asdiscussedabove, is indicative of a more proximal depositional
environment (Tyson, 1995; Carvalho et al., 2005; Fonseca-Silvaet al.,
2015; Teixeira et al., 2017; Vallejo et al., 2023). Basedon the type of
particles presentand the lithology of the samples,we suggestthat these
were originated from a fluvial source and were also deposited on the
shoresof a lacustrine environment. Like the Praia da Falha outcrop, the
Penhaoutcrop also has non-opaque phytoclasts and dark sporomorphs,
as well as opaque phytoclasts as the secondmost abundant group, also
indicative of a more oxidizing environment. This shallow/proximal
context is also corroborated by the sedimentological interpretation of
Silveira et al. (2023).

The high percentagesof sporomorphs and low AOM present in the
Praia da Falha and Penha outcrops are also indicative of proximal
deposition and oxygenated areas. The spores are generally deposited
close to the original flora and are not transported over long distances;
they become scarceas they move away from proximal sources(Tyson,
1993, 1995; MendoncaFilho etal., 2010). In addition, the large quantity
of spores(mainly triletes) may indicate the development off erns vege-
tation around the depositional site, as well as humid conditions in the
source area and subaqueoustransport. Pollen grains can be transported
in different ways and are found in a wide variety of environments. In a
lacustrine setting, they are dispersedby air or water (Bauermannet al_,
2002). In the samplesfrom Praia da Falha and Penha outcrops, spores
are more abundant than pollen grains, indicating that the vegetation
around these outcrops could be composedmainly off erns. To date, no
studies on the Maracangalha Formation found non-opaque phytoclasts
to be more abundant than AOM (e.g., Portela et al., 2016; Amaral et al.,
2020).

Samplesthat reflect Palynofacies Ill (P Ill) are located in the Man-
guinhos outcrop (Fig. 5), and hasbeeninterpreted asa relatively distal,
lacustrine setting (Britto et al., 2023; Silveira et al., 2023). P Ill is
dominated by amorphous organic matter (AOM) with predominance of
thick morphologies and opaque phytoclasts (corroded). This may sug-
gest fluvial derived sediment deposited in the most central part of the
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lacustrine environment.

The associationof the amorphous organic matter (AOM) and opaque
phytoclasts (corroded), found in P I, indicates a suboxic-anoxic envi-
ronment deposited in a low energy, distal portion relative to the source
(Tyson, 1995; Mendonga Filho et al.,, 2010).This is reinforced by the
lithology (mostly silt and clay) linked to this palynofacies. High per-
centagesof AOM are typical of areasfar away from intense sediment
input (low energy environments), as there is a processof dilution by
sporomorphs and phytoclasts (Tyson, 1993, 1995). The opaquesare a
result of oxidizing conditions and are either in proximity to terrestrial
sources or a result of the redeposition of organic matter from a
fluvio-deltaic setting (Tyson, 1989; Kholeif and Ibrahim, 2010; Carvalho
et al.,, 2013). The abundance of phytoclasts relative to opaguessuggests
a proximity to a fluvio-deltaic source (Kholeif and Ibrahim, 2010). In
general, phytoclasts can be transported in the sameway asgrains of silt
and sand. However, opaque phytoclasts are more resistant to degrada-
tion and are the lessdenseparticles among other phytoclasts, being able
to be transported by suspensionand deposited in distal environments
(Tyson, 1995; Meyer et al., 2006). Corroded opaque phytoclasts are the
most dominant subgroup among the opaque phytoclasts and are small in
size, which is also indicative of distal deposition.

The abundance of opaque phytoclasts and AOM deposited together
in the Manguinhos outcrop may be related to suspensionfall-out. The
studied facies correspond to the intercalation of thin sandstonesand
mudstones beds and shales, related to facies F9 and F10, respectively
(Britto et al., 2023, their Fig. 2, p. 5). Thesefacies are associatedwith
low-density currents and deposition from suspendedsediments, inter-
preted as a prodelta setting of the transversal system and lacustrine
background deposits (see parent unit of Silveira et al., 2023).

Palynofacies|V occursin the Gameleira outcrop and is dominated by
amorphous organic matter (AOM) and non-opaque phytoclasts (non-
biostructured, non-degraded) (Fig. 5). Similar to the Manguinhos
outcrop, the deposition of the Gameleira outcrop also suggestsriver-
derived sediment, but in a shallower context relative to the Man-
guinhos outcrop. This is indicated by the occurrence of non-opaque
phytoclasts in association with AOM.

The Gameleira samplesare from facies F9 (Britto et al., 2023, their
Fig. 3, p. 6). The predominance of AOM and opaque phytoclasts in the
samples indicates a distal, low-energy environment. The observed
dominance of AOM may also be associatedwith low-density currents (cf.
Mendonca Filho et al., 2011). The sedimentary processesand the paly-
nofacies results support the interpretation of prodelta setting of the axial
system for the Gameleira outcrop, as previously proposed by Silveira
et al. (2023).

In the work of Britto et al. (2023), carried out in the outcrops of
Gameleira, Manguinhos and Praia da Falha, carapaces and internal
molds of non-marine ostracods with pyritization were recorded. The
Manguinhos outcrop presented the most pyritized specimens, Praia da
Falha had few specimenspyritized and Gameleira had no evidence of
pyritization. According to Cal and Hua (2007), the presenceof pyrite
suggestsanoxic conditions, which corroborates our results at the Man-
guinhos outcrop. The anoxia can also be evidenced by the dominance
and intensity of AOM fluorescence, which varied in intensity from high
to medium in the particles analyzed of palynofacies IV. According to
Tyson (1995), when AOM and palynomorphs exhibit high fluorescence
intensity, they indicate sedimentation in good conditions of preservation
(i.e., an anoxic-dysoxic environment), and when AOM showslow or even
no fluorescence, they indicate sedimentation in an oxic depositional
environment.

Our results also corroborate those found by Amaral et al. (2020),
who analyzed TOC, palynofacies, among other analyses, in the
Redncavo Basin (Maracangalha and Candeias Formations). In their
study, AOM was identified as the dominant group, deposited under
anoxic conditions. Portela et al. (2016) also obtained similar data, with
high concentrations of AOM, followed by phytoclasts, in the Pojuca
Formation.
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P.F (Pl) - Praia da Falha (Palynofacies I)
P (PIl) - Penha (Palynofacies Il)

M (PIll) - Manguinhos (Palynofacies Ill)
G (PIV) - Gameleira (Palynofacies V)
Qutcrops @

Fig. 6. Simplified depositional model of the study area showing the axial and transversal sediment-dispersal systemsof the Maracangalha Formation and position of

the outcrops.

Paleocurrents, petrography and geochemical data from the same
studied outcrops of the Maracangalha Formation were recently pub-
lished (seeCastroet al., 2023; Silveira et al., 2023). According to Silveira
et al. (2023), the paleocurrents show two preferential trends of disper-
sion: southwards (Gameleira, Enseadado Sol and Porto Sobrado out-
crops in the Itaparica Island); and westwards (Penha, Jaburu and
Manguinhos in the Itaparica Island, and Ponta da Sapocain the city of
Salvador). Theseresults are also corroborated by Castroet al. (2023) in
their provenance study basedon petrographic and geochemical analyses
of the same outcrops. For Castro et al. (2023), the outcrops showing
southwards sediment dispersion show a slight increasein mineralogical
maturity and are also slightly more clustered than those with a pre-
dominantly westwards flow trend.

In this context, the Praia da Falhaand Gameleira outcrops are part of
the same axial depositional system. The Praia da Falha outcrop was
deposited at a most proximal areain adelta-front setting, and Gameleira
in the more transitional-to distal area of the lacustrine environment in a
prodelta setting (Silveira et al., 2023). The Penha and Manguinhos
outcrops, on the other hand, are part of the transverse depositional
system. The Penha outcrop was deposited closer to the proximal zones
(delta front setting) of the lacustrine environment and the Manguinhos
outcrop closer to the lake depocenter, dominated by shales (see also
Silveira., 2023) (Fig. 6).

Britto etal. (2022), basedon non-marine ostracods,assigneda Rio da
Serra (Berriasian-Valanginian) ageto the samplesfrom the Manguinhos
outcrop, and an Valanginian—Hauterivian age to the Praia da Falha
outcrop. Data integration allows an interpretation that the Manguinhos
and Penha outcrops, which belong to the transverse system (Castro
etal., 2023; Silveira et al., 2023), were deposited first when compared to
the Praia da Falha and Gameleira outcrops of the axial system. The
palynofacies results of the present study indicate a depositional trend
controlled by a fluvio-deltaic input in a lacustrine environment. In
general, the Praia da Falha and Penhaoutcrops suggestdeposition close
to the source, under oxic and high-energy conditions, due to the

predominance of non-opaque phytoclasts, deposited near the lake shore.
In the Gameleira and Manguinhos outcrops, the particles found and the
predominance of AOM suggestdeposition further away from the depo-
sitional source, under suboxic-anoxic and low energy conditions, being
deposited in a more distal part of the lacustrine environment.

5, Conclusion

This research provides insights on the paleoenvironmental condi-
tions during the Early Cretaceous of the Redncavo Basin based on
palynofacies recorded in the MaracangalhaFormation. Our outcrop data
suggest a depositional trend that is strongly controlled by a fluvio-
deltaic input to a lacustrine environment. The Praia da Falha and
Penhaoutcrops suggestdeposition closeto the depositional sourceof the
lacustrine environment. The Gameleira and Manguinhos outcrops sug-
gestdeposition further away from the depositional source, deposited in
the center of the lacustrine environment. Due to the scarcity of studies
using palynofacies in lake systems,we propose the use of this toal to
better understand the lake paleoenvironment, since it shows good
preservation of organic matter and is sensitive to climate change,
making it a good indicator of continental paleoclimate.
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5 CONSIDERAGOES FINAIS

Esta pesquisa fornece contribuicbes sobre as condigdes paleoambientais
durante o Cretaceo Inferior da Formacdo Maracangalha. Os nossos dados de
afloramento sugerem uma tendéncia deposicional que é fortemente controlada
por uma entrada fluvial-deltaica para um ambiente lacustre. Onde os afloramentos
da Praia da Falha e da Penha sugerem deposi¢cao proxima a fonte deposicional
do ambiente lacustre. Os afloramentos de Gameleira e Manguinhos sugerem
deposicdo mais afastada da fonte deposicional, depositada no centro do ambiente
lacustre.

Este trabalho é de grande importancia por ser um dos poucos a utilizar
palinofacies para inferir paleoambientes deposicionais em um sistema lacustre. E
também o primeiro estudo a utilizar palinofacies para estudar paleoambientes
deposicionais nos afloramentos da Praia da Falha, Penha, Gameleira e
Manguinhos. Devido a escassez de estudos utilizando palinofacies em sistemas
lacustres, sugere-se a proposigao de novos estudos utilizando palinofacies como
ferramenta para melhor compreender o paleoambiente lacustre, uma vez que este
apresenta boa preservacdo de matéria organica e é sensivel as mudangas

climaticas, tornando-se um bom indicador do paleoclima continental.
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