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RESUMO

7

A criacdo da acomodacdo em bacias rifte € controlada principalmente pela
tectonica. Entretanto, durante estagios iniciais de riftes, a atividade de falhas
normais € dispersa e incipiente, o que torna dificil definir o rift onset. O padrao
de empilhamento sedimentar dos ambientes deposicionais relacionados ao rift
pode ser decisivo quanto a essa questdo. Esse trabalho objetiva avaliar o
registro sedimentar da Formacéo Serraria (Tithoniano ou Berriasiano da Bacia
de Sergipe-Alagoas), que foi depositada na Depressao Afro-Brasileira durante
a distensédo inicial do rifteamento sul-atlantino. 14 litofacies foram descritas,
interpretadas e agrupadas em sete associacfes de facies de origem fluvial,
eollica ou flavio-deltaica. Essas unidades genéticas foram quantificadas a fim
de fornecer interpretagcdes mais precisas sobre o ambiente deposicional. Na
base da formacdo ocorre deposicdo de barras e lencois de areia dentro de
pequenos canais sobre os pelitos lacustres da Formacdo Bananeiras. Existe
uma mudanca da arquitetura estratigrafica na secdo intermediaria, onde os
canais fluviais tornam-se mais caudalosos, promovendo maior empilhamento
de barras arenosas e cascalhosas. Eventuais depdésitos de crevasse splay e
campos de dunas restritos poderiam ocorrem adjacentemente aos canais
fluviais. Em direcdo ao topo, a Formacdo Serraria passa a ser dominada por
depositos de frentes e planicies deltaicas. As associacfes de facies de origem
fluviais e edlica representam uma diminuicdo progressiva da acomodacao,
enquanto que o intervalo fluvio-deltaico superior representa um aumento da
acomodacédo, marcando o climax do estagio inicial de rifte. Os arenitos fluviais
denominados “Caioba”, que ocorrem sobre a Formacao Serraria, indicam
reestabelecimento das drenagens, dado o tectonismo decrescente. Dessa
forma, o padréo de empilhamento sedimentar da Formacao Serraria representa
ciclos de maior frequéncia dentro de um trato de sistemas tectbnico de inicio de

rifte.

Palavras-chave: Formacgdo Serraria, Bacia de Sergipe-Alagoas, arquitetura

deposicional fluvial; estratigrafia de estagio inicial de rifte.
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ABSTRACT

Accommodation rates in rift basins are mainly controlled by tectonics. However,
during early rift stages, normal faults activity is dispersed and incipient, which
makes the definition of the rift onset a difficult task. The sedimentary stacking
pattern of rift-related depositional environments can be decisive to solve this
question. This paper aimed to evaluate the stratigraphic record of the Tithonian-
Berriasian (?) Serraria Formation (Sergipe-Alagoas Basin, Brazil), which was
deposited in the Afro-Brazilian Depression, as a result of the early extension of
the South Atlantic rifting. 14 lithofacies were described, interpreted and grouped
into 7 facies associations of fluvial, aeolian and fluvio-deltaic origin. These
genetic units were quantified in order to provide a more accurate depositional
system interpretation. At the base of the formation occur bars and sand sheets
within small channels, which are on top of lacustrine mudstones of the
Bananeiras Formation. There is a change in stratigraphic architecture by the
intermediate section, where fluvial channels become deeper due to increasing
discharge, promoting greater rates of sand and gravel bar stacking. Crevasse
channels and restricted aeolian dune fields could occur adjacent to fluvial
channel belts. Upwards, the Serraria Formation becomes dominated by delta
front and delta plain deposits. Fluvial and aeolian facies associations represent
a progressive decrease in accommodation, while the upper fluvio-deltaic
interval means an increase in accommodation, pointing to the early rift stage
climax. The fluvial “Caioba” sandstone on top of the Serraria Formation indicate
reestablishment of fluvial drainage due to the decreasing tectonism. Thus, the
sedimentary stacking pattern of Serraria Formation represents higher frequency
cycles within an early rift tectonic system tract.

Keywords: Serraria Formation, Sergipe-Alagoas Basin, fluvial depositional
architecture; early rift stage stratigraphy.
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CAPITULO | - INTRODUCAO

Apresentacao:

O preenchimento de bacias sedimentares pode ser avaliado com base
na relacdo dos principais controladores alogénicos: eustasia, tectbnica e aporte
sedimentar (Posamentier & Vail, 1988; Prosser, 1993; Catuneanu, 2006).
Entretanto, em bacias rifte, os efeitos eustaticos sdo subordinados em relacao
ao papel da tectdnica (subsidéncia devido a falhas) e do aporte sedimentar
(Prosser, 1993; Gawthorpe & Leeder, 2000). Os processos, transporte e
padrées de sedimentacdo, em especial para fases iniciais de bacias rifte (e.g.
Prosser, 1993; Kuchle & Scherer, 2010), podem ser muito variaveis e de dificil
identificacdo. Durante esse estagio, a atividade de falhas normais ainda é
incipiente e o0s depocentros sdo pouco delineados. Desse modo, a
sedimentacado ainda sofre forte influéncia das condicbes da fase pré-rifte,
tornando uma tarefa complexa separar essas duas fases. A dispersédo e
transporte sedimentar de sistemas fluviais podem ser decisivos para resolver
essa questao, uma vez que as drenagens de fontes distantes (pré-rifte) tendem
a se adequar progressivamente as novas configuracfes estruturais (Prosser,
1993; Gawthorpe & Leeder, 2000). Além disso, as relacdes estratigraficas com
outros sistemas deposicionais geneticamente associados (e.g. deltas, lagos)
podem fornecer informacBes importantes sobre a relacdo aporte
sedimentar/acomodagéo, e consequentemente sobre a evolugédo deposicional

nesse tipo de bacia.

A Formacao Serraria da Bacia de Sergipe-Alagoas é um bom exemplo
para se avaliar a deposicao inicial em bacias do tipo rifte. Essa unidade
litoestratigrafica teria sido depositada na Depressdo Afro-Brasileira (Estrella,
1972), uma suposta depressdo ampla e rasa no interior do Gondwana, a qual
englobaria parte das bacias do nordeste brasileiro e oeste africano durante o
Tithoniano ou Berriasiano (Andares locais Dom Joé&o ou base do Rio da Serra)
(Schaller, 1969; Kuchle et al., 2011). E consenso que o significado tectono-
estratigrafico da Depressao Afro-Brasileira seja o reflexo dos estiramentos

crustais iniciais, onde viriam a se instalar os riftes cretaceos e consequente
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abertura do Oceano Atlantico Sul (Magnavita, 1992; Bueno, 2004; Ponte &
Asmus, 2004). Entretanto, o termo “pré-rfite” ganhou popularidade entre os
geologos brasileiros ao fazer alusdo ao estagio de distensdo inicial do
rifteamento sul-atlantino (Estrella, 1972; Bueno, 2004). Por outro lado, diversos
modelos propdem que a fase pré-rifte esteja completamente dissociada do
evento rifte, separada por discordancia da ordem de dezenas a centenas de
milhdes de anos (Prosser, 1993; Boscense, 1998). Dessa forma, a falta de
consenso sobre o limite entre as fases pré-rifte e rifte, seja pela ambiguidade
da nomenclatura ou pela diversidade de critérios para o posicionamento do rift
onset (Souza-Lima & Borba, 2007; Borba, 2009;), somada a dificuldade de se
identificar em campo superficies confidveis para correlacdo, tem fomentado
discussBes sobre a origem e 0 posicionamento estratigrafico da Formacédo

Serraria.

Como forma de contribuir com essas discussfes, 0 presente trabalho
traz novos dados e interpretacdes que vém a somar a compreensao da historia
tectono-deposicional da Formacdo Serraria. Isso pode ser visto como um
exemplo de estudo de padrBes deposicionais de estagio de inicio de rifte,
aplicado a Bacia de Sergipe-Alagoas. As discussdes aqui apresentadas foram
baseadas em interpretacdes paleoambientais para as rochas da Formacao
Serraria, observando a organizacdo interna, relacdes espaciais e distribuicao
de unidades genéticas (e.g. facies, associacbes de facies, elementos

arquitetonicos).

Esses dados e interpretacdes foram organizados e discutidos na forma
de um artigo cientifico, intitulado de “DEPOSITIONAL ARCHITECTURE AND
FACIES QUANTIFICATION OF THE SERRARIA FORMATION, SERGIPE-
ALAGOAS BASIN, NORTHEASTERN, BRAZIL”, que encontra-se no Capitulo Il
desse volume, ja submetido a revista Sedimentary Geology. As normas de

submissao da revista encontra-se no Anexo |.
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Objetivos:

O objetivo principal desse trabalho consiste em caracterizar
detalhadamente o registro sedimentar da Formacdo Serraria em escala de
afloramento. Dessa forma, espera-se contribuir com as interpretacfes dos
possiveis ambientes deposicionais, dos padrdes de transporte, dos principais
controles da deposicdo e acumulacdo sedimentar, além de fomentar
discussbes a cerca do contexto tectono-deposicional dessa unidade

litoestratigrafica. Como objetivos especificos lista-se:

e Descrever e interpretar as facies, associacbes de facies, suas
paleocorrentes e geometrias em afloramentos da Formagéo Serraria;

e Avaliar as variacdes laterais e verticais dos ambientes deposicionais da
Formacgéo Serraria e seus padrbes de transporte sedimentar, e discutir
0s controles deposicionais que as expliquem;

e Avaliar o contexto tectono-sedimentar da Formacgéao Serraria.

e Quantificar as interpretacfes de facies e suas associacdes através de

dados uni e bidimensionais.

Localizacdo da area

A Bacia de Sergipe-Alagoas consiste em uma estreita faixa orientada
segundo NE-SW, ao longo do litoral dos Estados homo6nimos. Na sua porcao
emersa, a se¢do aflorante da sequéncia pré-rifte sensu Campos Neto et al.
(2007) localiza-se préxima ao limite estadual (Rio S&o Francisco), em geral
orientada ao longo da falha de borda da bacia, condicionada por estruturas
soerguidas do embasamento, como os altos de Japoatd, Penedo e Palmeira
Alta (Figura 1).

A area de estudo desse trabalho compreende grande parte das
melhores exposi¢cdes da Formacao Serraria. Na Sub-bacia de Sergipe, 0s
afloramentos séo de facil acesso, localizados em cortes da BR-101 a sudeste
da cidade de Muribeca, e no entorno das cidades de Malhada dos Bois, S&o
Francisco e do Povoado Bananeiras. Ja na Sub-bacia de Alagoas, as

principais areas aflorantes estdo nos flancos da feicdo geoldgica-
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geomorfolégica conhecida como Domo de Igreja Nova, no Alto de Palmeira
Alta, caracterizada como uma estrutura ovalada centralizada nas
proximidades da cidade que lhe confere o nome (Figura 1). As coordenadas

dos afloramentos estudados nesse trabalho encontram-se no Anexo |V.
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Métodos de trabalho

Andlise de facies, superficies limitantes e arquitetura deposicional

O principio da andlise de facies consiste em diferenciar o conteddo
sedimentar baseado na litologia (composicdo), textura (granulometria,
selecionamento, arredondamento e esfericidade dos graos), estruturas
sedimentares e paleocorrentes. Estruturas biogénicas, conteudo fossilifero e
cor podem auxiliar na definicdo e distingdo de litofacies (Miall, 1996; Tucker,
2014). O conjunto das caracteristicas que constituem uma facies permite a
interpretacbes dos processos e condicBes deposicionais (Ashley, 1990;
Nichols, 2009). Diferentes facies podem ser agrupadas em associacfes de
facies, implicando em sucessivos processos deposicionais geneticamente
relacionados a um mesmo contexto sedimentar (Collinson, 1996). Esse
procedimento permite a interpretacdo e reconstrucdo do paleoambiente
deposicional, que pode ser comparado com modelos de referéncia da
literatura (e.g. Walker & James, 1992; Reading, 1996; Posamentier & Walker,
2006). Associacdoes de facies caracterizadas por geometria especifica,
relacionada a geomorfologia do ambiente deposicional original, usualmente
definida por superficies limitantes, podem ser chamadas de “elementos
arquitetdnicos” (Reading, 1996; Dalrymple & James, 2010). Esses, por sua
vez, representam segmentos distinguiveis dentro de um sistema deposicional
(e.g. canais fluviais, barras intracanal, barra em pontal, planicies de
inundacao).

A classificacdo hierarquica de superficies limitantes € uma abordagem
utilizada ha muito tempo no estudo de sucessdes sedimentares de diversos
ambientes deposicionais (Brookfield, 1977, 1992; Allen, 1983; Miall, 1985;
Bridge, 1993). Apesar de interpretativos, os critérios utilizados para a
hierarquizagdo das superficies limitantes (consequentemente das unidades
genéticas) sado baseados na relacdo da superficie e camadas sobre e
sotopostas, morfologia (irregular, concava, convexa), extensdo lateral e
natureza das facies associadas (Miall, 1996). Entretanto, a aplicabilidade
dessa metodologia a sistemas onde haja interagdo entre ambientes
deposicionais ainda se mostra muito incipiente (Clemmensen & Trisgaard,

1990). Dada essa dificuldade, nesse trabalho, a classificacdo das superficies
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limitantes seguiu principalmente a classificacdo de Miall (1996), e se utilizou
de adaptacdes a partir de Figueiredo (2013), uma vez que a Formacéo
Serraria € dominantemente fluvial. Nos intervalos com interacdes entre
sistemas deposicionais, foram feitas adaptacfes das obras de Fryberg et al.
(1990), Kocurek (1988) e Clemmensen & Trisgaard (1990), apesar da

ressalva da dificuldade de hierarquizacdo dessas superficies.

Nesse trabalho, a metodologia de analise de facies, suas associacdes e
superficies limitantes seguiu os preceitos de Miall (1996; 2000); Walker &
James (1992) e Tucker (2014), e consistiu basicamente em: 1) Registro
fotografico dos afloramentos e composicdo de fotomosaicos, com escala e
orientacdo geografica devidamente anotados; 2) Demarcacdo das principais
superficies limitantes; 3) ldentificacdo e descricdo das facies presentes no
afloramento; 4) Levantamento de perfis colunares em posicfes estratégicas
do afloramento, sempre os localizando no fotomosaico; 5) Medicdo da
direcdo de mergulho (paleocorrentes) das estratificacdes e limites de séries,
ou outras superficies quando possivel e/ou necessario; 6) Interpretacdo dos
dados.

Além disso, uma das propostas desse trabalho foi quantificar a
contribuicdo de cada unidade genética (associacdes de facies e elementos
arquiteténicos), como proposto por Colombera et al. (2013). Quando possivel,
quantificou-se a area vertical exposta nos afloramentos (dados 2D) de cada
associacao de facies. Isso foi feito através dos fotomosaicos dos afloramentos
com o auxilio software ImageJ, que permite o calculo de areas em fotografias
apos a definicdo de uma escala para a foto. Em afloramentos onde nao foi
possivel construir um fotomosaico, utilizou-se a espessura das associacdes de
facies medidas nas sec¢fes colunares (dados 1D). Também foram realizadas
analises da probabilidade de transicdes verticais de facies, através da
computacdo das interacdes verticais entre facies observadas nos
levantamentos das sec¢des colunares (total de 790 mudancas verticais de
facies). Além da transicdo vertical entre facies distintas, foram também
contabilizadas as transi¢cdes verticais entre mesmas facies. Devido a essa
abordagem, a matriz para a analise da transicao vertical de facies se mostrou

mais realista, evitando os zeros diagonais comuns de trabalhos que néao
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consideram auto-transicdes entre as superficies limitantes (Carr et al., 1966;
Selley, 1970; Colombera et al., 2013).

Andélise de paleocorrentes

A anadlise de paleocorrentes é uma ferramenta fundamental para a
compreensao da dinamica deposicional. Diversas estruturas sedimentares
(e.g. estratificagOes cruzadas, seixos imbricados, turboglifos) sdo capazes de
registrar a diregcdo, e muitas vezes o sentido, do fluxo responséavel pela
deposicao (Miall, 1996; 2000; Tucker, 2014). No caso de depdsitos fluviais,
as estratificacbes cruzadas séo as estruturas mais utilizadas para o estudo
de paleocorrentes. Considera-se que a direcdo da paleocorrente era paralela
ao rumo do mergulho (dip direction) do plano inclinado de estratificacdes
cruzadas tabulares e tangenciais (Potter & Pettijohn, 1977). Ja para as
estratificacbes cruzadas acanaladas, assume-se o sentido de mergulho do
eixo do festdo como sentido da paleocorrente (Potter & Pettijohn, 1977). A
aquisicdo sistematica de dados de paleocorrentes pode auxiliar na
construcdo de modelos de dispersdo e transporte sedimentar, Uteis em
reconstrucdes paleogeograficas e na inferéncia da proveniéncia de
sedimentos (Potter & Pettijohn, 1977).

Nesse trabalho, foram tomadas medidas de paleocorrentes em
diferentes tipos de estratificacdes cruzadas. Quando possivel, foram medidos
também o rumo dos limites basais de séries, entendidos como superficies de

acrescédo para migracao de novas formas de leito.

No total, foram tomadas 605 medidas de paleocorrentes e 198 limites de
série. Quando observado basculamento nos afloramentos, as paleocorrentes
foram corrigidas em relacdo ao leito deposicional conforme a proposta de
Tucker (1996), através do software Stereo Net 8., onde as rosetas das

paleocorrentes também foram criadas.
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ABSTRACT

Accommodation rates in rift basins are mainly controlled by tectonics. However,
during early rift stages, normal faults activity is dispersed and incipient, which
difficult the recognition of early crustal extension imprints. The sedimentary

stacking pattern of rift-related depositional environments can be decisive to
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solve this question. This paper aimed to evaluate the stratigraphic record of the
Tithonian-Berriasian (?) Serraria Formation (Sergipe-Alagoas Basin, Brazil),
which was deposited in the Afro-Brazilian Depression, as a result of the early
extension of the South Atlantic rifting. 14 lithofacies were described, interpreted
and grouped into seven facies associations of fluvial, aeolian and fluvio-deltaic
origin. These genetic units were quantified in order to provide a more accurate
depositional system interpretation. At the base of the formation occur bars and
sand sheets within small channels, which are on top of lacustrine mudstones of
the Bananeiras Formation. There is a change in stratigraphic architecture by the
intermediate section, where fluvial channels become deeper due to increasing
discharge, promoting greater rates of sand and gravel bar stacking. Crevasse
channels and restricted aeolian dune fields could occur adjacent to fluvial
channel belts. Upwards, the Serraria Formation becomes dominated by delta
front and delta plain deposits. Fluvial and aeolian facies associations represent
a progressive decrease in accommodation, while the upper fluvio-deltaic
interval means an increase in accommodation, pointing to the early rift stage
climax. The fluvial “Caioba” sandstone on top of the Serraria Formation
indicates reestablishment of fluvial drainage due to the decreasing tectonism.
Thus, the sedimentary stacking pattern of Serraria Formation represents higher

frequency cycles within an early rift tectonic system tract.

Keywords: Serraria Formation, Sergipe-Alagoas Basin, fluvial depositional

architecture; early rift stage stratigraphy.

INTRODUCTION

Sedimentary basin fills can be assessed on the basis of allogenic controls, such
as eustasy, tectonics and sediment supply (Posamentier and Vail, 1988;
Prosser, 1993; Catuneanu, 2006). However, in rift basins, eustatic effects are
subordinate when compared to the role of tectonics and sedimentary supply
(Prosser, 1993; Gawthorpe and Leeder, 2000). In early rift stages, when

accommodation space is low, processes responsible for both transport and
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deposition of particles, and the modes of architectural preservation, are difficult
to predict or even identify (e.g., Prosser, 1993; Kuchle and Scherer, 2010),
especially because during this stage, activity of normal faults is incipient, and
depocenters and graben shoulders are poorly developed. In that sense, one
can assume that sedimentation would begin within catchment areas still
strongly influenced by inherited pre-rift basement structures, which makes it
difficult to distinguish sedimentation of pre-rift from early rift stages. In order to
tackle this problem, the analysis of sediment dispersal from fluvial depositional
systems can be decisive, since drainage from distal sources (pre-rift river
systems) tends to adapt progressively to the new basin structural framework,
and may also vary in fluvial style (Prosser, 1993; Gawthorpe and Leeder, 2000).
Furthermore, stratigraphic relations with other genetically-linked depositional
systems (e.g., deltas and lakes) can provide relevant information on the
sediment supply/accommodation ratio, and consequently on depositional

evolution at rift basins.

The Serraria Formation of the Sergipe-Alagoas Basin, Northeastern
Brazil, is a good example to contribute to evaluation of initial deposition in rift
systems. This Tithonian to Berriasian unit (Schaller, 1969; Kuchle et al., 2011)
was deposited in the Afro-Brazilian Depression (Estrella, 1972), a shallow and
broad depression inside West Gondwana, that encompassed most of the
Brazilian northeast basins. Although some researchers name Afro-Brazilian
Depression as “pre-rift” (e.g., Magnavita, 1992; Bueno, 2004), it is widely
recognized that it represents the initial crustal stretching phase whereas the
Cretaceous rifts settled later, resulting in the rupture of West Gondwana and
consequent opening of the South Atlantic Ocean (Chang et al., 1992; Matos,
1999). Previous works presented the distribution of paleoenvironments based
on vertical stratigraphic sections and paleocurrent analysis in a widespread
area of the basin (e.g. Garcia and Wilbert, 1995; Garcia et al., 2005).
Nevertheless, only few works present detailed outcrop interpretations that
explain possible variations in depositional architecture and their distribution
through time (e.g., Garcia, 1991; Souza-Lima, 2007; Kifumbi et al., 2017).
Furthermore, those works are mostly based on qualitative approach of
traditional facies associations, which triggers a lack of quantitative data

regarding outcrop information of the Serraria Formation.
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Colombera et al. (2013) have already pointed out problems related to the
ambiguity of qualitative approaches of traditional facies models (e.g. Miall,
1985; Walker & James, 1992). Thereby, a quantitative approach is important to
understand and interpret spatial relations between genetic units, in addition to
evaluate uncertainties and the predictive capacity of facies models (Bridge et
al., 2000; Colombera, 2013; Lunt et al., 2013). The application of architectural
guantitative data can also contribute to the building of upscaled models, of great
importance to predict the distribution of sand-bodies between seismic and drill
cores scales, applied in the petroleum industry (e.g., Gonzalo and Martinius,
1993; Bridge et al., 2000; Martinius and Naess, 2005; Viste, 2008).

This paper aims to describe and interpret facies associations and
depositional architecture at the outcrop scale, in order to build a more reliable
model that represents paleoenvironmental changes in Serraria Formation. Our
work contributes to discussion of sediment transport patterns and the main
forcing factors on sedimentary fills and accumulation related to early extension
of South Atlantic rifting in the Sergipe-Alagoas Basin. These new data and
interpretations contribute to reconstruction of the tectono-depositional history of
the Afro-Brazilian Depression during the rift onset in the Sergipe-Alagoas Basin,
and can be seen as a practical example of depositional style during early rift

stages.

GEOLOGICAL SETTING

The Sergipe-Alagoas Basin (Fig. 1) is genetically related to lithospheric
stretching in West Gondwana, which resulted in the development of the present
eastern continental margin Brazilian basins (Chang et al., 1992; Szatimari and
Milani, 2016). The southern and southeastern portion of the extensional zone
was subjected to crustal doming due to Parana-Etendeka Igneous Province
basaltic magmatism (Bueno, 2004). In marginal areas of this uplift, peripheral
depressions developed, whose depositional climax occurred during the
Tithonian or Berriasian (Estrella, 1972; Matos, 1999). The Afro-Brazilian
Depression stands out in this scenario, corresponding to a north-south

elongated broad and shallow depression (Cesero and Ponte, 1997).
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Figure 1: Geological map with the location of the Serraria Formation in the study area. Paleocurrents measured in

outcrops are localized. Modified from the CPRM (Brazilian Geological Survey) database and Jardim de Sa (2008).



31

The development of the Afro-Brazilian Depression would have been
conditioned by this extensional event during the formation of rift basins,
aulacogens and passive margin basins in the present region of Northeast Brazil
and West Africa (Fig. 2). This includes several basins such as Almada,
Camamu, Recbncavo, Tucano, Jatoba, Araripe, Sergipe-Alagoas, Congo-
Cambinada, Gabon, as well as small sedimentary basins in northeastern
Brazil’s interior (Garcia and Wilbert, 1995; Cesero and Ponte, 1997; Kuchle et
al.,, 2011). Afro-Brazilian Depression sedimentation has been preserved
beneath each of these basins and is still a subject of discussion. Many authors
name it as a pre-rift sedimentary fill (e.g., Schaller 1969, Viana et al., 1971,
Garcia 1991; Campos Neto et al., 2007), although their descriptions coincide
with early rift models sensu Lambiase and Morley (1999) Gawthorpe and
Leeder (2000) Morley (2002). Recent works has evaluated Afro-Brazilian
Depression sedimentation as the product of an early rift tectonic system tract
(e.g., Scherer et al., 2007, 2014; Kuchle et al., 2011; Fambrini et al.,
2011,2017).

The fluvial deposition is a remarkable characteristic of the final phase of
Afro-Brazilian Depression filling. Fluvial deposits extend beyond the current
limits of the Sergipe Alagoas Basin, as shown by the correlative sedimentation
in other neighboring basins (Fig. 2). Garcia and Wilbert (1995) and Garcia et al.
(1998) suggest that by this time, the climate was more humid but hot in northern
portion of the Afro-Brazilian Depression while the southern segment would be
under hot and dry climatic conditions (Fig. 2).

From a stratigraphic view, the Serraria Formation lies on top of lacustrine
pelitic rocks of the Bananeiras Formation. The upper contact is transitional with
greenish shales deposited in deep lakes of the Feliz Deserto Formation,
interpreted as rift phase sediments (Campos Neto et al.,2007). In the contact
between the Serraria and Feliz Deserto formations there is a sandstone layer
about 10 m thick, referred as the “Caioba Sandstone” (Garcia, 1991; Souza-
Lima, 2007; Jardim de S&, 2008). This layer can be correlated to the Agua
Grande Formation fluvial sandstones (Borba, 2009), designated as pre-rift
phases in the Reconcavo Basin (Silva et al.,2007).
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Despite the rare occurrence of non-marine ostracods in the Serraria
Formation (Souza-Lima, 2007), they do not present diagnostic age. In this way,
stratigraphic relations with upper and lower units set the Serraria Formation
within Dom Jo&o or Rio da Serra local Stages, corresponding to the Tithonian-
Berriasian interval (Arai et al., 1989; Arai, 2006; Kuchle et al., 2011).
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Figure 2: Sedimentary record of the Afro-Brazilian Depression. A) Sketch of the paleogeographic reconstruction of the
Afro-Brazilian Depression. Modified from Garcia & Wilbert (1995); Garcia et al. (2005), Oliveira (2005). B)

Chronostratigraphic charts of the main basins inserted in the context of the Afro-Brazilian Depression. Adapted from

Kuchle et al. (2011).
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METHODS AND DATABASE

Collected data was based on the study of 15 outcrops of the Serraria
Formation located in the Sergipe-Alagoas Basin (Fig. 1). Facies and facies
associations werer observed on each outcrop and latter compared to a known
reference depositional model for continental and transitional environments, as
proposed by Walker and James (1992), Miall (1996) and Reading (1996).
Detailed columnar sections were constructed in order to assess vertical facies
changes and followed the proposals of Miall (1977). Photomosaics of outcrops
were constructed in order to assess the lateral variation, geometry and contact
interactions between facies and facies associations. Paleocurrent
measurements in several cross strata types were taken and positioned in each
section as proposed by Miall (1996). Whenever possible, the attitude of
accretion surfaces was also measured in order to interpret the bedform
migration pattern through the difference between dip direction of paleocurrents
and their respective accretion surfaces (Miall, 1996). In total, 605 paleoflow data
and 198 cross dip direction of accretion surfaces were taken. When tilting was
observed in outcrops, paleocurrents were corrected to the depositional bedding
as proposed by Tucker (1996) through Stereo Net 8 software. Paleocurrent rose

diagrams were constructed with the same software.

The bounding surface hierarchical classification is a long used approach
in studies of sedimentary successions, and applied to several depositional
environments (Brookfield, 1977, 1992; Allen, 1983; Bridge, 1993; Miall, 1985).
However, the applicability of this method to systems where there is interaction
between depositional environments is still poorly constrained (Clemmensen and
Trisgaard, 1990). Given this difficulty, in this work, the bounding surface
classification followed mainly the classification of Miall (1996), with some
adaptations from Figueiredo (2013). In intervals with interactions between fluvial
and eolian depositional systems, adaptations of Kocurek (1988), Fryberg et al.

(1990) and Clemmensen and Trisgaard (1990) were used.

Photomosaics in 10 outcrops were used in order to assess the lateral
variation, geometry and contact interactions between facies associations.. The

exposed of facies associations(2D data) was quantifiedthrough the outcrops
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photomosaics supported by ImageJ software, which allows areas and lengths to
be calculated, after defining a scale for the photo. In outcrops where it was not
possible to construct a photomosaic, the thickness of the facies associations

measured in columnar sections (1D data) was utilized.

In addition, vertical facies transition probability analyses were performed.
This analysis is a useful tool for predictive model construction, very common in
subsurface data (Colombera et al., 2013), through which it is possible to assess
the probability of one single facies or several facies to reappear in a given
vertical section from a specific area of the basin.. In this paper, this method is
applied as a way to measure and evaluate the interplay of individual facies as a
result of their depositional context. All vertical interactions between facies seen
in columnar sections measurements were computed, totalizing 790 vertical
changes of facies. Besides the vertical transition between distinct facies, the
vertical transitions between the same facies (usually through basal cross bed
set boundary) were also accounted for, thanks to the bounding surfaces
hierarchization. Due to this approach, the matrix for vertical facies transitions
analysis was more realistic, avoiding the diagonal zeros, commonly seen in
works that do not consider self-transitions between bounding surfaces (Carr et
al., 1966; Selley, 1970; Colombera et al., 2013).

FACIES, FACIES ASSOCIATIONS AND BOUNDING SURFACES

Facies analysis was carried out on 15 outcrops and allowed
interpretation of 14 facies (Table 1, Figs. 3 and 4) grouped in 7 facies
associations: FA1l- Lacustrine facies association, FA2 — Small channel
downstream accretion bar facies association, FA3 — Braided channel and bar
facies association, FA4 — Crevasse splay facies association, FA5 — Gravel bar
facies associations, FA6 — Delta front/ delta plain facies association, and FA7 —

Aeolian dune facies association, summarized in Fig. 5.

Table 1: Summary of description and interpretation of identified lithofacies.

Code

Facies Description Interpretation
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Massive or horizontal laminated, reddish, greenish
or dark purple, sometimes mottled or bioturbated

Deposition due suspension in

. . fluvial plains or lakes. When
Massive and | mudstones. Beds can be up to 4.5 m thick, usually P )
. mottled, suggests  subaerial
F laminated between 10 and 70 cm. Usually the contacts are
. . . . exposure. The dark mudstones,
mudstones irregular/erosive with facies Sm, St, Sh, Gm, Gcs or .
. . usually associated to SFh,
SFh, but when transitional, it is marked by a gradual .
. . represent prodelta deposition
increase in sand content.
Very fine to conglomeratic sandstones, with trough/
asymptotical cross bedding. This facies is well
ymp - 9 Product of 3D subaqueous dunes
sorted when in fine sands, and moderately to poorly .
. . . migration under lower flow
Sandstone sorted in coarser grains. The cross bedding sets .
. regime. The presence of muddy
St with trough | range between 0.1 and 2.7 m. Contacts are usually | . X .
. ) . intraclasts points to reworking of
cross bedding | made by same facies festoons truncation. Normal . . .
o . mud plains adjacent to fluvial
grading internally to foresets laminae are common, . .
. . channels during high stage flows.
as well as sparse or imbricated granules, pebbles or
muddy intraclasts.
Sandstone with planar cross bedding and texture | Product of 2D subaqueous dunes
Sandstone similar to facies St. The cross sets thickness range | migration (lower flow regime).
. between 0.1 and 2.5 m, usually truncated by cross | Foreset convolutions represent
Sp with planar . . .
cross beddin bed set bounding surfaces (S1). In thick sets, | loose sediments slumps due to
g commonly in coarse sand, slumps can occur in | flow shear stress or small seismic
steep foresets (>25°). activities.
Sandstone with texture and sedimentary structures | Small linguoid or straight crests
Sandstone similar to facies St and Sp. However, foresets dip | subaqueous dunes migration, or
Sl with low angle | angle are less than 10°. Laterally it can become | attenuation of 2D or 3D dunes in
cross bedding | sigmoidal. Cross bed sets are usually 10 to 60 cm | lower/upper flow regime
thick. transition.
Sandstone Sandstone with texture similar to facies St and Sp,
with but with compound cross bedding (internal | Agradation of diferente hierarchy
Sc truncation of planar and trough cross laminae). Sets | bedforms over compound
compound .
. are 10 to 70 cm thick. Cossets can reach up to 3 m | macroforms and/or dunes.
cross bedding .
thick.
Massive sandstone with texture similar to facies St | Product of rapid deposition
sm Massive and Sp. It can be conglomeratic (either | through suspension during high
sandstone intraformational or not). Bed sets are 10 to 70 cm | stage events due to deceleration
thick, and can be normal or inverse graded. of hyperpycnal flows.
Very fine to medium sandstones, well rounded, well
Sandstone sorted, with climbing ripple cross lamination, usually | Product of subaqueous ripple
S with ripple | subcritic. Ripples are less than 5 cm in amplitude | migration under lower flow
cross and 10 cm in wave length. Cosets of this facies are | conditions, thin water column and
lamination up to 1.5 m thick, truncated by facies Sm, Sp, St or | high sedimentation rates.
Sl.
Very fine to medium, well sorted sandstones with | Deposition in upper plane bed
Sandstone horizontal lamination. Beds are 10 to 65 cm thick, | conditions due ephemeral poorly
Sh with horizontal | usually bounded by Sp facies cross bed set | channeled flows, or due
lamination bounding surfaces (S1) or coset bounding surfaces | acceleration of shallow currents

(S2).

over bar tops.
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Very fine to coarse sandstones, sometimes silty, | Fluidization of water saturated
Sandstone deformed by convolution structures. It includes | sediments under high
with flame structures, convolute folds, fluid scape and | sedimentation rates, due
Sd convoluted fluidization structures. Bed sets are 10 cm to 70 cm. | sedimentary loading and fluids
bedding It occurs locally, usually associated to facies St, Sp | scape. Sin-depositional small
(deformed) or Sot. In some cases, soft sediment deformations | seismic activity (in association
can be related to deformation bands. with deformation bands).
Sandstone Very fine to medium sandstones with overturned | Cross bedding deformation due
Sot with cross bedding. Bed sets are 10 to 50 cm thick. This | subaqueous current shear stress
overturned facies occurs locally, usually grading laterally to | over loose water saturated
cross bedding | facies Sp or St. sediments.
Intercalation of mudstones and sandstones laminae,
forming packages up to 1.5 m thick. Very fine to | Product of alternating traction and
Sandstones/ coarse sandstones laminae are centimetric, while | decantation depositional
mudstones mudstones laminae are sub-centimetric. Climbing | processes under high
SFh | with ripples up to 5 cm in amplitude, load structures, and | sedimentation rates, typical of
heterolithic decimetric cross bedding with mud laminae on | delta fronts. Rheological
bedding foresets can occur. This facies is usually associated | differences between sand and
with facies F, Sp or St in erosive/ irregular or | mud generate load structures
transitional boundaries.
Very fine to medium, well rounded, very well sorted
sandstones with trough cross bedding and pin and | Product of  aeolian dune
Sandstones stripe structure. Cross bed sets are 0.2 to 2 m thick, | migration. Laminae that thin
S(ae) | with  aeolian | with foresets dipping up to 30°. Internally, 2 to 5 cm | downward are interpreted as grain
bedding thick asymptotical laminae can thin towards bottom | flow deposits that alternate with
set, where they alternate with fine to very fine sand | translatent ripples at the base
climbing ripples.
Para and ortho massive conglomerates (rarely with .
L . o Deposition due abrupt
incipient horizontal lamination). They tend to be . . .
. . . deceleration of high internal
oligomictic, dominated by rounded quartz pebbles .
. cohesion subaqueous currents,
. (up to 6 cm). Mud intraclasts (up to 40 cm) are .
Massive . . associated to the base of
Gm common, and can form intraformational
conglomerate . . channels or base of bars and
conglomerates. This facies often occurs as lags, but .
. o longitudinal  dunes. Intraclasts
can be up to 1m thick. Matrix is usually coarse sand . .
. . . - suggest erosion of mud plains
rich. Decimetric fragments of silicified trunks are . .
adjacent to fluvial channels.
common, but some can reach up to 4.5 m long.
Conglomerate | Para and ortho oligomictic conglomerates and
and conglomeratic sandstones with planar or trough
. . L . .| Product of gravel macroforms
conglomeratic | cross bedding. Texture is similar to facies Gm. This S .
Gces o . . . . migration; deposition on channels
sandstones facies is restricted, generally in contact with facies bottom: or chutes fill
with cross | Gm, Sp and/or St. Cross bedding sets are up to 65 ' '

bedding

cm.




Figure 3: Examples of facies from the Serraria Formation at study area: A) Mottled massive mudstones (facies F).

Switch blade is 10 cm. B) Laminated mudstone (F) overlain by fine, massive sandstone (Sm). C) Sandstone
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convoluted beds (Sd) overlain by trough cross stratification (St). Hammer is 33 cm. D) Convoluted sandstone bed sets
(Sd) alternated with climbing ripple beds (Sr), overlain by sandstones with planar cross bedding (Sp). Scale are in
centimeters. E) Coset of sandstones with trough (St) and planar (Sp) cross bedding with open-framework gravel. F)
Set of sandstones with planar cross bedding (Sp), which laterally evolve into convoluted sandstones within the same
set. G) Erosive based pebbly sandstone rich in intraclasts with trough cross-bedding (St) over mudstones (F). Position
of picture referenced in Fig. 10. H) Highlighted is a large cross-bed set that thickens downstream and pinch out

upstream. Over this, there are smaller sets of compound cross bedding. Geologist is 1.75 m high.
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Figure 4: Examples of facies from the Serraria Formation at the study area (continuation): A) Massive sandstone with
erosive base and normal grading (Sm). Pen is 16 cm high. B) Coset of sandstones with overturned cross beds.
Hammer hanging on the contact with Sandstones with low angle cross bedding (SI) is 33 cm. C) Coset of sandstones
with subcritic climbing ripples (facies Sr). Coin diameter is 1.5 cm. D) Heterolith sandstones (facies SFh) with mud-
balls ate the base, dislocations bands, and on the top of picture there is a cross bed. Scale is in centimeters. E)
Succession of dark, massive mudstones (F) overlain by heterolithic sandstones (SFh), interbedded with cross-
bedded, coarse sandstone (St) with erosive base. Hammer highlighted at left is 33 cm high. F) Sandstones with
aeolian bedding (S(ae)) composed of translatent ripples at the bottom of grain flow strata. G) Fragment of silicified
fossil trunk (Agathoxylon?) in massive conglomerate (facies Gm). H) Conglomerate with trough cross bedding (facies
Gcs).
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[FACIES ASSOC.l GEOMETRY _ DESCRIPTION INTERPRETATION

— FAD——— —|Dominated by reddish, sometimes|product of mud settling in still
—{mottled, massive or laminated|shallow water bodies. The mottled
mudstones, organized in tabularftexture is related to subaerial

Lacustrine strata up to 4.5 m thick and few]exposure and paleosol formation.
hundreds of meters of laterallsandstone Ilaminae and the
(FAL) continuity. c¢m scale sandstonelcoarsening upward is interpreted

occur. Upper part is|las increasing influx of sand by
small fluvial channels.

ostly composed by sets of massive [Migration of linguoid dunes or
and planar, eventualy trough, crossvertical stacking of small bars
bedded fine grained sandstones.underlowerflowregimes (SBor DA
Sets range from 10 to 40cm, withlelement; Miall, 1996). Laminated
accretion surfaces  dipping|sand sheets suggest deposition in
Hownstream NN downstream,  organized inlupper flow-regime during flash
i —— 'ﬁomgtrle?. oft.smgle ?:: multstl_?rey IQOOdr? due tof\éariationg of ﬂolw
e . Reactivation surfaces haveldepth on top of bars, or by poorly
accretion \{_‘_\!\\\}}i"\‘*\ minor occurence, less than 15mfconfined ephemeral channels. The
bar Sh—— = ] diping downstream. jmain explanation is deposition by
i sand sheets occur|small braided channels associated

(FA2) with highstage events.

= Dominated by medium to very|The increase in grain size and
coarse/conglomeratic sandstones |crossbed thickness, and deeper
with trough and planar cross|reactivation  surfaces, Sugl];est
——] bedding, with sets up to 2.65 m |deeper fluvial channels, capable of
. ~]thick, organized in arranged inlerode and transport coarser
«. %] multistorey sheets. Cross bed sets [sediments. This change is marked
“«Jmigrate downstream and tend to b%/an erosive surface, interpreted as
be thicker than FA2, and may show cbanntell base, assf?c'atfg. W||-|th an
. ; abrupt increase in fluvial discharge.
S ([:)%r]%;?%uendd fores(:g?sssare ftr)ggg(le%gt: he downstream dip of reactivatlgon
JBedform reactivation surfaces are glil-d acclretmnl surfacest, dthe t.|°W
more frequent and erosive than in persal in pajeocurrent direction,
FA2 with deeper scours diopin the absence of mud layers, and the
' P PPING Imultistorey  geometry  suggest
3 deposition from medium to big
braided rivers

This FA is interfingered with FA3, It | Interfingering with FA3 suggests
is composed of fine to coarse, |deposition in the overbank area
massive  or  cross bedded | adjacent to channel belt. The
sandstones with ribbon geometry erosive-based sandstones are
(0.3 to 2 m thick) and erosjve|interpreted as a product of
Jbases, that may show ﬁnlng bedload transport inside
Jupward. Ribbons can be stacked | crevasse channels eroding distal
bounded by erosive surfaces, or be | fioodplain deposits represented
—isolated amid mudstones, which by mudstones

4can have sandstones laminae, ;

s FA3Dominated by massive and cross|The cross bedded conglomerates
bedded conglomerates rangingland sandstones indicate a

: > : : frontq .0.5'1|;p.# r(;\ th|¢#<. wthlchkmay changleled funidirectional flow
e contain silicified conifers trunks upjcapable of transport coarse

Gravel bar S to 4.5 m long. Trough and planar|grains,  promoting  bedform
(FAS) T s cross bedded sandstones are alsolmigration under lower flow
+Jfound. This FA is interbedded with]condition. Association with FA3

Small
channel

Braided

channel

and bar
(FA3)

Crevasse

splay
(FA4)

—|FA3 through erosive surfaces,|suggests restricted deposition
4= marked by abrupt grain]inside fluvial channels controlled
.. \FA3_]coarsening. by autogenic factors.

3 | At the base FA6 is composed of [Mud couplets indicate traction and
= :Dp| heterolithic sandstones , Istillwaterdepositionin asubaqueous
interbedded with dark mudstones |non-channeledenvironment, suchas
s up to 70cm thick, and medium to dist_al geltg front ngprommal delta
———— T ———"————""1 coarse grained sandstone ribbons [plain. Sandstone ribbons represent
Delta front/ 18cago--7Poon to3 gth k b ded b bble [distributary channels or mouth bars,
. up to 3m thick, bounded by pebble . . )

delta plaln e lags. The upper portion of FA6 SugEestlng river dominated deltas.
overlies an erosive surface |Park mudstones represent prodelta
(FAB) Dch ™ containing intraclasts of [drownings. ~ The = amalgamated
" heterolithic composition. Upwards, [gandstone bodies at the upper
7 PARE: i , | beds of coarse to very coarse [Nterval  represent delta plain

“{4)== crossbedded sandstones. progradation, and delta front

= FA reworking.

Tabular beds composed of fine to|Steep foresets, and grain flow
“Imedium sandstones with pin stripe|deposits alternated with translatent

; lamination, trough cross bedding|ripples suggestmigration of aeolian
Aeolian sets  with stegp foresets with|dunes. Hor?zontal and overturned
d «_|translatent ripples at the base. Beds|bedding sets, bounded by erosive
une -Jof sandstones with horizontal,|surfaces indicate local reworking by
FA7 overturned, massive or convoluted|poorly confined streams. Massive

( ) structures also occur and may beland convoluted sandstones points

bounded by erosive surfaces withlto water table rises. Interfingerin
iFnA1:§aC|aStS. FA7 is interbedded with Wit‘g FA3 points Ito restricte ddng

fields, adjacentto fluvialchannels.

Figure 5: Summary of facies associations of the Serraria Formation. Codes: Cch (crevasse channel); Dp (Delta plain);

Dch (Distributary channel); S(ae) (Aeolian cross stratification).
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In addition, five orders of bounding surfaces were hierarchized: Cross-
bed set bounding surface, Coset bounding surface, Bedform reactivation

surface, Facies association/ architectural element surface; Major channel/

channel complex surface (Fig. 6).

SURFACE

GEOMETRY

DESCRIPTION

INTERPRETATION

Cross-bed
set
bounding
surface
(accretion
surface)

[t

Surfaces that limit sets of planar
and trough cross bedding. When
bounding planar cross bedding, this
surface horizontal to sub horizontal,
relatively flat and with great lateral
continuity (up to tens of meters). In
trough cross bedding, this surface
is curvilinear, laterally bounded by
surfaces of the same hierarchy.

It represents the erosion of the
back and top of previous dune,
forming a new depositional bed for
continuous sedimentation of trains
of bedforms of similar type.
Equivalent to the first order surface
of Miall (1996).

Coset
bounding
surface

Sub-horizontal, gently concave up
surfaces. They are generally
concordant with accretion
surfaces, although locally may
truncate lower hierarchy surfaces
at low angles. They bound cosets
of different bedding sets.

Theses surfaces result from
changes in bedforms types or
migration direction . This implies in
hydrodynamic condition changes
without a big depositional hiatus.
Equivalent to 2nd order from Miall
(1996).

Bedform
reactivation
surface

0,5m

Irregular  surfaces of lateral
continuity ranging from sub-metric
to tens of meters. They can be
truncated by the same or higher
hierarchy surfaces. Usually they
crosscut and are overlain by bed
sets of a same facies, or can
crosscut several facies indistinctly,
commonly associated with pebbly
and intraclasts lags.

Product of the reworking of dunes
or bars, interpreted as erosion
followed by new depositional
events. This implies in changes in
water column depth and new
phases of sedimentation increment.
Equivalent to the 3rd order surface
of Miall (1996), and surfaces 2 and
4 of Figueiredo (2013).

Facies
association/
architectural

element
surface

Irregular, concave up gently
dipping surfaces. They occur as
pebbly lags, sometimes with
intraclasts. Their lateral extension
vary from meters to hundreds of
meters, and usually points out
abrupt facies changes.

These surfaces bound different
facies associations or architectural
elements, in the same or distinct
depositional environments. They
generally represent bars stacking
inside fluvial channels, channels
abandonments, and incision of
chute channels inside or outside
channel belts, or even in deltaic
context. They still can represent
changes in sedimentation
environment (e.g. superposition of
delta fronts over fluvial bars). They
are comparable to Miall's (1996)
4th order, surfaces 5, 7 and 8 of
Figueiredo (2013), supersurfaces of
Fryberg et al. (1990) and Kokurek
(1988), or even sand drift suface of
Clemmense & Trisgaard (1990).

Maijor
channel/
channel
complex
surface

Surface only observed in two
outcrops, even though it is very
expressive and laterally continuous
up to hundreds of meters. It shows
an irregular concave up geometry,
clearly dipping to north. It crosscuts
indistinctly several types of facies
and lower hierarchy surfaces, and
usually is overlain by
intraformacional conglomerates,
with decimetric intraclasts.

This surface represents major
channel or channel belts incisions.
Internal lower order channels and
downstream accretion bars would
be bounded by facies association/
architectural element surfaces, as
proposed by Miall (1996). This
surface is equivalent do 5th order
surface of Miall (1996).

Figure 6: Bounding surfaces. Adapted from Miall (1996) and Figueiredo (2013).
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FA1l - Lacustrine facies association

This facies association is dominated by reddish, massive or laminated
mudstones (Fig. 3A), organized in tabular strata sets ranging from 1.4 to 4.5 m
thick and few hundreds of meters of lateral continuity. The lower boundary was
not observed, once this facies association always appeared at the base of
outcrops. Schaller (1969) and Souza Lima (2007) reported the presence of
ostracods in this stratigraphic interval. Sub cm-scale sandstones laminae are
eventually found, and become more frequent upward. The upper section of FA1
becomes sandier (coarsening upward) and may progressively present

elongated gray to yellow-brownish mottles at some localities.

Interpretation

This facies association was interpreted as the product of mud settling in
still shallow water bodies. Ostracods described by Shaller (1969) suggests to a
lacustrine environment for this stratigraphic interval. Sandstones laminae
suggest high frequency climate cycles, when small drainages were able to
deliver sand into the lake during wetter periods (Renaut and Gierlowski-
Kordesch, 2011). However, the reddish color and mottled texture, interpreted as
root marks (Kraus and Hasiotis, 2006), are related to subaerial exposure and
soil development. The coarsening upward is interpreted as increasing influx of

sand by small fluvial channels.

FA2 — Small channel downstream accretion bar facies association

This facies association is arranged mostly as sheet and tabular
geometries of multistorey fill (Friend et al., 1979), composed of sets of massive
and planar or trough cross bedded sandstones. The cross bedding sets are
relatively thin, ranging from 10 cm to 60 cm thick, and accretion surfaces
usually dip downstream. Locally, overturned cross bedding (Sot) and fluid
escape deformation (Sd) can be observed (Fig. 3D). Bedform reactivation
surfaces are less common, but can crosscut sand bodies, usually dipping

downstream at low angles, and are less than 15 m long (Figs 7-9). Within this



45

facies association, laminated sand sheets limited by coset bounding surfaces or
bedform reactivation surfaces can be distinguished (Fig. 7-9). These sand
sheets are dominated by sandstones with horizontal lamination and low angle
cross bedding, that can become laterally sigmoidal. The basal contact of this
facies association is with underlying lacustrine mudstones (facies association
FA1), usually through pebbly lags, mostly composed of vein quartz lithoclasts
and mud intraclasts, that pass upward to inverse graded muddy fine-grained

sandstones.

Interpretation

The geometry and thickness of cross bedding sets accreting over
downstream dipping bounding surfaces favors the interpretation of migration of
linguoid subaqueous dunes (SB element; Miall, 1996) or vertical stacking of
small bars under lower flow regimes (DA element; Miall, 1996). Laminated sand
sheets (LS element; Miall, 1996) suggest deposition in upper flow-regime bed
condition during flash floods (Ashley, 1990; Fielding, 2006), or shear stress
increase due to flow acceleration on bar tops (Bristow, 1993). Convoluted and
overturned bedding are, respectively, interpreted as product of water escape
and current shear under high stage flow (Mills, 1983; Owen et al., 2011). The
main explanation for this facies association is deposition by small braided river
channels associated with high stage events likewise the Platte River (Miall,
1977).

FA3 — Braided channel and bar facies association

This facies association has the broadest occurrence over the basin, and
is evidenced in most of the studied outcrops. It is dominated either by medium
to very coarse or conglomeratic sandstones with trough and planar cross
bedding organized in tabular sets up to 2.65 m thick, and can reach lateral
continuity of tens of meters. The cross bedded strata may present alternating
gravel and coarse to medium sandstones on foresets, where mud intraclasts
and pebbles may be imbricated (Fig. 3E). Cross bed sets migrate downstream
and tend to be thicker compared to FA2 (Table 2). Sometimes single cross-bed
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set becomes gradually thicker downstream, ranging from a pinch out geometry
to a 2.65 m bed set (Fig. 3H). Overturned and convoluted foresets are frequent,
and occur more often as internal deformation within the bed set, although it can
rarely disrupt coset bounding surfaces (Fig. 3C and 3F) or be related to
deformation (disaggregation) bands (Fossen, 2010). This facies association is
arranged in multistorey sheets a few hundreds of meters wide (Figs. 7-9).
Bedform reactivation surfaces are more expressive than in FA2, showing
deeper scours with lateral extensions of tens of meters. The lower boundary of
this facies association with FA2 is an erosive surface overlain by
intraformational conglomerates up to 40 cm thick, containing angular intraclasts
up to 30 cm diameter (Fig. 8). This surface may be tracked continuously along
one kilometer in close spaced outcrops, and may be seen in outcrops 40 km
away. The upper part of FA3 records intercalations with gravel bar facies
association (FA5) through erosive contacts (Fig. 7), and silicified conifer trunks
(Fig. 4G) are more common in this upper portion. The upper boundary of FA3 is
transitional with delta front/delta plain facies association (FA6), marked by a
progressive increase of heterolithic sandstones/mudstones (facies SFh).

Interpretation

The increase in grain size and cross bed thickness, and deeper and
more erosive bedform reactivation surfaces, suggests a deeper fluvial channel,
more capable of erode and transport coarse sediments (Bridge, 1993; Leclair
and Bridge, 2001). This change is marked by an expressive and erosive
surface, here interpreted as 5th order surface sensu Miall (1996), and is more
likely associated with an abrupt increase in fluvial system discharge. The record
of intraclast boulders could indicate abandonment of the main channel and the
lateral shift of subqueous dunes capable to rip-up mud from the former channel
position (Slingerland and Smith 2004). Alternating gravel and sand on large
foresets are interpreted as open-framework gravel, as a result of
superimposition of smaller bedform on stoss side of larger bedforms (Lunt et al.,
2004). The gradual downstream thickening of cross bedding sets suggests
growth of bedforms in pools in front of downstream accretion bedforms, as

suggested by Chakraborty (1999). The downstream dip of bedform reactivation
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surfaces and subsequent downstream accretions, the low dispersal in
paleocurrent direction and accretion surfaces, the absence of muddy layers,
and the multistorey sheet geometry of the sand bodies suggest deposition from
perennial medium to large braided rivers (Miall, 1996; Best et al., 2003; Bridge,
2006). Gravel
intercalations with facies association FA5 (Smith et al., 2006; Reesink et al.,

2015).

bar migration could also occur, which is suggested by

Table 2: Bedform and bankfull channel depths estimations based on Leclair and Bridge (2001).
146 and 328 cross sets were measured for FA2 and FAS3, respectively. Bankfull depth is
calculated from mean bedform high estimation, assuming that bankfull depth to bedform high

ratio is between 6 and 10.

Cross set Bankfull Channel depth (for mean
mean Bedform height (m) bedform height) (m)
Facies thickness
Association (m) Min Mean Max Min Mean Max
FA2 0.18 0.39 0.522 0.64 3.13 4.17 5.22
FA3 0.34 0.73 | 0.9715 1.2 5.82 7.77 9.71
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FA4 — Crevasse splay facies association

This facies association is laterally and vertically interfingered with braided
channel and bar facies association (FA3) in outcrop MUR-06, which is around
50 m wide and 4.5 m high (Fig. 10). At the base, the association is composed of
massive or cross-bedded conglomeratic sandstones with intraclasts, organized
in a wedge shaped bed with erosive base over mudstones (Fig. 3G). FA4 is
dominated by sandstone bodies with ribbon geometry, ranging from 0.3 to 2 m
thick, composed of fine to medium massive or cross bedded sandstones (Fig.
10). Sandstone ribbons are isolated amid massive or horizontally laminated
mudstones with cm-scale sandstones laminae (Fig. 3B). However, eventually,
sandstones ribbons can be stacked, bounded by erosive architectural element
surfaces (4) (Fig. 10).

Interpretation

Sandstone ribbons interbedded with mudstones and the nature of lateral
and upper boundaries with facies association FA3 suggest that deposition took
place in the overbank area adjacent to channel belt (Miall, 1996; Gulliford et al.,
2017). The erosive-based coarse sandstones with intraclasts are interpreted as
a product of bedload transport inside crevasse channels, that reworked
adjacent floodplain deposits during levee breaching episodes (e.g., Miall 1996;
Reading 1996,; Bristow et al., 1999). The mudstones are interpreted as
decantation of fine grained sediments of distal crevasse splay to floodplain
deposits (Gulliford et al., 2017).
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FA5 — Gravel bar facies association

This facies association is dominated by massive conglomerates (Gm)
and cross bedded conglomerates (Gcs) (Fig. 4H) ranging from 0.5 to 4 m thick
(Fig. 11), which sometimes contains silicified conifers trunks up to 4.5 m long.
Trough and planar cross bedded sandstones are also found subordinately. This
facies association is restricted, usually interbedded with braided channel and

bar facies (FA3) through erosive surfaces, marked by abrupt grain coarsening
(Fig. 7).

Interpretation

The coarse-grained sandstones with cross bedding and conglomerates
indicate a channeled unidirectional flow capable of transport coarse grains,
promoting bedform migration under lower flow condition (Ashley, 1990). The
limited occurrence of this facies association, usually associated with FA3,
suggests restricted deposition inside fluvial channels. Deposition at gravel bar
deposits is controlled by autogenic factors (Miall, 1996; Ramos and Soperfia,
2009; Joeckel et al., 2015), or by scour and fill of small channels (Miall, 1996;
Bridge, 2006). The association of conglomerates to fossil tree trunks could be
due to shallowing of the river, that in turn would create local barriers to water
flow and consequent deposition with further abandonment of the main river

course (Mazzorana et al., 2011).

Braided channel
and bar (FA3)

Gravel bar (FA5)

Braided channel
and bar (FA3)

Figure 11: Geometry of gravel bar facies association (FA5) bounded by erosive surfaces with
braided channel and bar facies association (FA3) at outcrop MUR-04 (see Figs. 1 and 7 for

location). Sets of cross bedded conglomerates dip downstream.
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FAG6 — Delta plain/delta front facies association

The lower contact is gradational to medium and coarse sandstones of
facies association FA3 (Fig. 12). At the base, delta plain/delta front facies
association (FA6) is composed of sandstones with heterolithic lamination (SFh),
where climbing ripples, load structures (pillars, dishes and mudballs) are
abundant (Fig. 4D) and are interbedded with up to 70 cm thick of massive, dark
mudstones (facies F in Fig. 4E). Medium to coarse grained cross-bedded
sandstone ribbons up to 3 m thick, bounded by erosive surfaces associated to
pebble lags, are present amid heterolithic sandstones (facies St in Fig. 4E). This
facies association presents a coarsening-upward, once at the top of FAG6 tabular
beds of coarse to very coarse sandstone with cross bedding overlies erosive
surfaces containing intraclasts of heterolithic composition up to 25 cm in
diameter (Fig. 12).

Interpretation

The predominance of mud couplets (SFh facies) in basal portions of this
facies association indicates alternation between traction and stillwater
depositional processes, which suggests deposition under a subaqueous non-
channeled environment. Climbing ripples, load and fluid escape structures point
to high sedimentation rates. These features are compatible with a distributary
depositional context, such as distal delta front to proximal delta plain (Olariu et
al., 2010). In this context, sandstone ribbons could also be interpreted as the
product of small distributary channels or mouth bars, suggesting the existence
of river dominated deltas (Bhattacharya, 1991). Decimetric dark shales
represent drowning events with eventual preservation of prodelta deposition
(Bowman, 2016). The amalgamated sandstone bodies in the upper interval can
be interpreted as delta plain progradation, which reworked and incorporated
delta front fragments (Boyd et al.,, 2006; Bhattacharya, 2011). The more
dispersed paleocurrent pattern (compared to fluvial FA2 and FA3, Fig. 13)
measured in sandstone bodies are compatible with overall range of distributary
channels presented by Olariu and Bhattacharya (2006) in modern deltas and

supports this interpretation.
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FA7 — Aeolian dune facies association

The aeolian dune facies association is preserved in small areas of the
basin. The beds have tabular geometry composed of fine to medium
sandstones with pin-stripe lamination, trough cross bedding sets up to 60 cm
thick, with steep foresets, which can alternate with translatent ripples at the
base (facies S(ae), Fig. 4F). It is associated with beds up to 50 cm thick of
sandstones with horizontal, overturned, massive or convoluted structures.
Internal facies boundaries are either given by flat cross bed and cosset
bounding surfaces or by irregular surfaces containing rip up mudclasts.
Eventually, cm-scale laminae of greenish mudstones may be deposited over
cross-bed set surfaces. This facies association occurs interbedded with the
braided channel and bar facies association (FA3) through erosive surfaces (Fig.
12).

Interpretation

Medium scale cross bedding sets with steep foresets, and grain flow
deposits alternated with translatent ripples at foreset bases (facies S(ae))
suggest sedimentation due to migration of aeolian sand dunes with well-
developed slipfaces (Frank and Kokurek, 1996). Horizontal and overturned
bedding sets (Sh and Sot) interbedded with facies S(ae), bounded by erosive
surfaces with intraclasts, is indicative of local reworking by poorly confined
rivers or ephemeral streams (Mountney, 2006). Massive and convoluted
sandstones could be deformed by sediment fluidization during water table rise
events (Fryberg et al., 1990). Thin laminae composed of mudstones represent
the settle of fine sediments in damp interdune sub-environments due to high
water table level. The interplay of aeolian dune facies association (FA7) over
FA3 fluvial deposits characterizes the “sand drift surfaces” of Clemmensen and
Trisgaard (1990), while erosive surfaces with intraclasts indicate abrupt
changes in aeolian depositional context (Kokurec, 1988; Fryberg et al., 1990),

which could mean development of fluvial systems over aeolian deposition,
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possibly as coeval depositional environment. However, the less expressive FA7

occurrence points to restricted dune fields, adjacent to the fluvial channels.
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PALEOFLOW DATA

Mesoforms arranged in small channel accretion bars (FA2) show
unimodal rose diagrams for both paleocrurrent and accretion surfaces, with
minor angular difference between their mean vectors corroborating with mid-
channel bar interpretations (Miall, 1996). Paleocurrent mean vector shows a
southwestward paleoflow for small channel downstream accretion bar facies
association (FA2) (Fig. 13).

Bigger dunes preserved on braided channel and bar facies association
(FA3) also present paleocurrent and accretion surfaces features compatible
with mid-channel bars. However, FA3 paleocurrent mean vector points to

southeast, recording a change in fluvial paleoflow (Fig. 13).

Crevasse splay facies association (FA4) show a dispersive pattern of
migrating mesoforms, with a mean vector to the west (Fig. 13), which
corroborates with the transport of crevasse splay deposits oblique to the FA3
main fluvial flow (Gulliford et al., 2017).

Delta front/delta plain facies association (FA6) also shows a distributary
flow pattern, with mean vector to WSW, which is in accordance with deltaic
dispersive fans (Olariu and Bhattacharya, 2006).

Paleocurrent rose diagrams of aeolian dunes facies association (FA7)
indicate wind-driven bedforms were most frequently migrating to southeast (Fig.
13).
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Figure 13: Facies associations paleocurrent and accretion surfaces directions. "n" reffers to the

sum of measured planes in all studied outcrops for each facies association.

QUANTITATIVE APPROACH

A quantitative approach of facies association showed that FA2 and FA3
comprehend the most representative record of the Serraria Formation in both
1D and 2D data (Fig. 14). Small channel downstream accretion bars crop out at
the base of the unit, representing 26% of the bi-dimensional data (23%
undistinguished FA2 and 3% of FA2 laminated sand sheets), and 19% of the
one-dimensional data. Braided channel and bar facies association (FA3)
majorly occurs on intermediate stratigraphic intervals and comprises 54% of 2D
data (49% undistinguished and 5% compound bars), and 77% of 1D data (Fig.
14). These data suggest that fluvial environment was largely dominant in the
Serraria Formation, or that basal and intermediate fluvial systems had a greater

potential for preservation.
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Figure 14: Proportion of genetic units (facies associations and architectural elements). “n” refers

to total outcropping area (2D data) in m?, and “n*” to total thickness (1D data) in meters.

The proportion of facies associations FA2, FA3 and FAS5 in total 2D data
(Fig. 15) suggests predominance of sedimentation inside fluvial channels (83%)
when compared to other facies associations, interpreted as a product of
adjacent depositional environments, beyond the main channel margins:
lacustrine (FA1 — 1%), crevasse splay (FA4 — 2%), deltaic (FA6 - 14%) and
aeolian (FA7 — less than 1%). Thus, it is possible to infer a depositional system
compatible with morphological style of braided rivers, in which channels/flood
plains ratio is high (Collinson, 1996; Miall, 1996, Bridge, 2006; Lunt et al.,
2013).

TOTAL 2D DATA
(outcrop area)

B Lacustrine (FA1)

29% Fluvial intrachannel
\ (FA2+FA3+FA5)
. Crevasse splay (FA4)
Deltaic (FAB)

B Aeolian (FA7)

n=6376

Figure 15: Distinction between intrachannel facies associations and other environments. Total

2D (Fig. 14) data were used. “n” refers to outcropping area in m2.

The individual facies quantification from measured sections (1D data)
showed that 70% of them are the product of sandy bedforms under low flow
regime (St —47%, Sp — 17%, Sc — 5%, S| — 5%, Sr — 1%). This is compatible to
the migration of bedforms in sand-dominated rivers for the Serraria Formation,
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as already proposed by other authors (e.g. Garcia, 1991; Garcia and Wilbert,
1995; Souza-Lima, 2007). However, flood events and unconfined flow capable
to form upper flow regime facies could be less significant than presented in
those previous models, as pointed by the low amount of sandstones with
horizontal lamination (Sh - 3%) and of massive sandstones (Sm — 6%) (Fig. 16).
This could imply in a small influence of seasonal climatic effects, or at least in a
low preservation potential for these effects in the geological record, since the
rate of discharge change is an important factor for the development and
preservation of sedimentary structures (Fielding et al., 2018).

FA1 FA3

F (massive and Sh (sandstone with

laminated mudstones) horizontal lamination)
=] St (sandstone with Sd (sandstone with
[ trough cross bedding) convoluted bedding)
Sp (sandstone with Sot (sandstone with
planar cross bedding) overturned cross bedding)

Sl (sandstone with SFh (sandstones/mudstones
low angle cross bedding) with heterolithic bedding)

Sc (sandstone with E S(ae) (sandstones with
compound cross bedding) aeolian bedding)

Gm (massive
conglomerate)

Sr (sandstone with Gcs (conglomerate
ripple cross lamination) with cross bedding)

DSm (massive sandstone

Figure 16: Facies proportions (in each facies association, and for total data). “n” refers to

thickness in meters.

Vertical facies transitions analysis
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The distribution of facies throughout vertical sections showed that
sandstones with trough and planar cross bedding (St and Sp) are the more
frequent facies, either overlapping the same facies (self-overlapping) or other
facies (Fig. 17). Results from sandstones with trough cross bedding showed
that of the 386 times that facies was overlain by some bed, in 80% of the cases
(310 overlaps) vertical transition was given by a cross bed set of the same
facies St. On the other side, of the 160 times a sandstone with planar cross
bedding was recorded, in 74 % of the cases it was self-overlapped. This,
together with facies and facies associations quantification (Figs. 14 and 15),
highlights the role of fluvial aggradation through sand dunes stacking and bars

construction inside fluvial channels of Serraria river system.

In this paper, specific affinities of vertical facies transitions are also
observed in contexts influenced by deltas and aeolian dune fields. Heterolithic
sandstone facies (SFh) commonly occurs in a delta front environment, being
overlain by facies SFh itself 52% of times (Fig. 17). This indicates a tendendy to
vertical aggradation in environments where deposition by traction currents and
settling processes of particles alternates. Facies Gm and St overlap facies SFh
4% and 20% of times, respectively (Fig. 17), which suggests distributary
channels (St) with basal pebbly lags (Gm) in delta fronts. In the same way,
sandstones with aeolian cross bedding (S(ae)), genetically associated to dune
fields, is overlain by the same facies S(ae) 96% of the times, and only 4% by
facies SFh (Fig. 17). This suggests that in the aeolian intervals of Serraria
Formation, the stacking of aeolian dunes (S(ae)) predominated, with rare

preservation of fine grained sediments in interdune areas (SFh).
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Figure 17: Vertical facies transition statistics quantifying the percentage of types of facies
(coded in the colored bars) deposited over a given type of facies (vertical axis). “n” refers to the

total number of times reported that a given facies is overlain.

DISCUSSION

Depositional environment evolution

The Serraria Formation revealed facies associations and geometries
compatible with braided fluvial systems, although fluvial style changes and
interaction with adjacent depositional systems could be observed (Fig. 18).
Such changes can be related to variations in the main allogenic (tectonism,
climate and source area) and autogenic controls, discussed below.
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Figure 18: Correlation of stratigraphic sections. See Fig. 1 for location.
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The lacustrine facies association (FA1) could be associated with a distal
floodplain environment. However, the relatively thick layers, and its stratigraphic
position, always overlain by sandstones of the Serraria Formation, suggests
that FALl represents the lacustrine mudstones of Bananeiras Formation, as
defined by Schaller (1969) and Campos Neto et al. (2007), which reported
lacustrine ostracods in the reddish mudstones beneath Serraria Formation. The
oxidized aspect of these fine sediments, with occasional root marks and
paleosol in upper sections, suggest the settling of mud in shallow lakes or
ponds under high evaporation rates, which could contract in periods of drier
climate. Thin sand sheets found interbedded within FA1 may represent fluvial
incursions on this shallow lake, which may imply in some wet and dry high

climate ciclicity (Renaut and Gierlowski-Kordesch, 2011).

Small channel downstream accretion (FA2) occurs over mudstones of
lacustrine facies association (FAL1). This marks the progradation of the Serraria
fluvial system with relatively small braided channels with paleoflow
southwestward over the shallow lakes recorded by the Bananeiras Formation,
(Fig. 19). In spite of abundant dunes and macroforms, laminated sand sheets
record shallowing or poorly confined flow events. It is possible that the Serraria
fluvial system would present a mid-peak discharge variability sensu Fielding et
al. (2018), similar to the Platte River depositional model (Miall, 1996). The water
balance between shallow lakes and small channel rivers possibly would have
allowed facies associations FA1 and FA2 to coexist, until autogenic processes
of bars and channels migration filled the Bananeiras Formation lake (Fig. 19).

The braided channel and bar facies association (FA3) occurs above this
interval through an erosive contact indicative of a new braided channel belt or
main channel incision, presenting a greater power of fluvial incision, greater
competence and deeper channels (Table 2), where erosion and amalgamation
of channels and bars become more frequent, marked be recurrent erosive
surfaces of bedform reactivation and architectural element limit. In this scenario,
the fluvial discharges of FA3 should be much larger compared to facies
association FA2 suggesting that equilibrium of water balance with shallow lakes
of Bananeiras Formation (FA1) were no more possible. Furthermore, rose
diagrams also point to a river system change with reorganization of

paleodrainages that pass to flow south-southeastward in FA3 (Fig. 13). There
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are also massive and cross bedded conglomerates of gravel bars facies
association (FA5) interbedded with FA3, which indicates more erosive currents
with higher transport competence, that were able to cause the migration of
gravel bars in the same depositional context of FA3. In this interval, fossil trunks
of conifers become frequent, especially in facies association FA5.

Fielding et al. (2018) proposed a model in which large woody debris may
be related to growth of trees within river channels during periods of subaerial
exposure, from high to very high peak discharge variability rivers. However,
some evidence shows that braided bars and gravel bars (FA3 and FA5)
represent low peak discharge variability rivers, such as the dominance of cross
bedding structures organized into macroforms; the absence of pedogenetically
modified mudstones, even though muddy intraclasts are common; absence of
vegetation-induced sedimentary structures (Rygel et al., 2004); and lack of situ
rooted logs. This supports that trunks were only transported by the river system
from north and northwest, in accordance to the proposal of Garcia (1991), who
suggested the existence of a large conifer forest north of the Afro-Brazilian
Depression. Alternative explanations would be either the direct collapse of river
bends associated with local delivery, and deposition of wood trees by debris
flows processes during a landslide (Mazzorana et al., 2011), or tree fall by
windthrow accompanied by deposition of wood from floodplains, later reworked

by cutoffs or floodplain avulsion (Gregory et al., 2003).

Both FA2 and FA3 facies associations mainly represent downstream
bars migration (Fig. 13). However, besides the clear granulometric difference,
the distribution of facies proportions also indicates differences in flow regime
(Fig. 16). Comparatively, FA2 shows a higher percentage of facies Sp
(deposited due 2D dunes) and Sh (deposited due laminated sand sheets). In
facies association FA3, it is observed that facies St (deposited by 3D dunes) is
much more abundant, and have a clear increase in percentage of facies Sc
(deposited by compound bedforms), and Gm (associated with pebbly lags on
erosive surfaces). According to bedform stability diagrams, 2D dunes tend to
stabilize at slower flow velocities than 3D dunes, near the field of lower plane
bed (Ashley 1990). This suggests that in FA2, river currents should be slower,
probably in smaller channels, which eventually accelerated during floods,

depositing facies Sh in laminated sand sheets, under upper plane bed
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conditions. In FA3, the fluvial system should be more powerful, capable of
moving coarse grained 3D (St) and compound (Sc) bedforms, and able to erode

and deposit pebbles (Gm) more frequently.

Laterally to facies association FA3 channels, crevasse splay events
occur as recorded in FA4. The small and limited occurrence of this facies
association can mean a low preservation potential for this sub-environment.
This could be explained by high migration rates of channel belts and
consequent erosion of crevasse splay and flood plain deposits (Fig. 19).
However it does not mean low frequency of levees breaching events. Facies
proportions distribution in FA4 (Fig. 16) points to a change from facies of
channeled lower flow regime (St and Sp) to typically transitional (SI) and non-
channeled upper flow (Sh) regimes, immersed in crevasse splay mudstones
(facies F). The elevated sandy to muddy facies ratio compared to other
crevasse splay facies models (O’Brien & Wells, 1986; Bristow et al., 1999;
Gulliford et al., 2017) suggests occurrence of poorly developed flood plains,

where crevasse channels migration was dominant over crevasse splay fines.

The aeolian dunes facies association (FA7) occurs locally, frequently
interbedded with FA3, suggesting the existence of dune field plains often
reworked by fluvial channels (e.g. Mountney, 2006; Almeida et al., 2009;
Bongiolo et al., 2010) (Fig. 19). The model proposed by Garcia (1991) indicates
that winds blew from southeast to northwest for the whole Afro-Brazilian
Depression. Scherer et al. (2007) and Kuchle et al. (2011) propose winds from
N to SW in Recbncavo and Camamu-Almada basins, although their rose
diagrams may show some paleocurrent dispersion. However, in this study
aeolian paleocurrents mean vector suggest southeastward winds (Fig. 13). This
suggests that, contrary on what was proposed by Garcia (1991), the winds
could act locally instead of a main wind-flow direction for the entire Afro-
Brazilian Depression. Dune fields would be restricted, adjacent and reworked by
the fluvial systems inside the Afro-Brazilian Depression (the Sergi and Serraria

formations).

The delta plain/delta front facies association (FA6) occurs in the upper
portion of the Serraria Formation, marked by a higher content of fine grained

sediments, commonly in the form of heterolithic bedding. This is interpreted as
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channeled fluvial flow evolving into non-channeled distal delta plain to proximal
delta fronts (Olariu and Bhattacharya, 2006). The abundance of channeled
sandstone bodies of varying thicknesses with trough cross bedding amid
heterolithic sediments points to a river dominated deltaic environment. The
dispersed paleocurrent pattern confirms the distributive nature of this
environment (Fig. 13). Interfingered dark mudstones beds indicate eventual
prodelta drowning events. In the uppermost part of FAG, the stacked erosive
sandstone bodies, rich in intraclasts of heterolithic composition result from delta
plain progradation. The fluvio-deltaic facies association FA6 means a
paleoenvironmental evolution from typical fluvial sandstones of the Serraria
Formation into the deltaic-lacustrine deposits of the Feliz Deserto Formation,
due to an increase in tectonic subsidence rate in the Sergipe-Alagoas Basin
(Fig. 19).

Tectonic evolution

The difficulty of distinguishing the effects of allogenic controls and
coastline variation on the rivers makes the stratigraphic analysis of fluvial
systems a difficult task (Shanley and McCabe, 1994). This complexity becomes
even bigger in early rift stages, where depocenters and half grabens are still
poorly defined due to the dispersion of mechanical subsidence in the form of
several disconnected faults of small displacement over a wide area (Gawthorpe
and Leeder, 2000; Morley, 2002). In this way, the drainage and sedimentary fill
patterns are still strongly influenced by the tectonic stability phase (pre-rift), and

it is difficult to differentiate these two tectonic stages.

However, it is possible to evaluate the stratigraphic record of fluvial
systems in intervals of high or low accommodation based on the degree of
fluvial channels amalgamation (Halbrook, 2001; Catuneanu, 2006). Facies
association FA1l represents a high accommodation interval (possibly with
internal higher frequency cycles) marked by lacustrine deposition. The onset of
the Serraria fluvial system (FA2) marks the beginning of a low accommodation
interval, in which channels become gradually more amalgamated, even
presenting interactions with aeolian dunes (facies associations FA3, FA4, FA5,

FAT), reflecting a progressive accommodation decrease (Fig. 17). Facies
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association FAB6, of deltaic nature, represents the transition to a stratigraphic
interval of high accommodation. The fluvial sandstones named as “Caioba
Sandstone” (not studied in this paper) occurs in the very uppermost portion of
the Serraria Formation (Garcia, 1991). This relatively thin sandstone (maximum
10 m thick) marks the last low accommodation interval.

This stratigraphic stacking pattern can be considered as a tectonic pulse
within an “early rift tectonic system tract” sensu Prosser (1993) and Kuchle and
Scherer (2010), as mentioned before by Kuchle et al. (2011) and Scherer et al.
(2014) in context of Afro-Brazilian Depression. Therefore, the Serraria
Formation’s intervals of high and low accommodation may represent higher

frequency cycles inside an early rift tectonic system tract.

At the time of deposition, the rifts troughs of the present basins that
made up the Afro-Brazilian Depression were not delimited yet, due to minor
tectonic activity. The Serraria fluvial system, coming from long distances in the
north as an inherited drainage (e.g., Prosser, 1993; Garcia and Wilbert, 1995;
Kuchle et al., 2011), would tend to slowly adjust to this structural control. In this
sense, paleodrainages would run southwestward, axially to Sergipe-Alagoas
proto-rift troughs, as shown by the paleocurrent pattern of facies association
FA2. The contact between facies associations FA2 and FA3 possibly
corresponds to the boundary between sequences 1 and 2 of Kuchle et al.
(2011). These authors identified this unconformity associated with an abrupt
grain size increase and paleocurrent direction changes in a broad Afro-Brazilian
Depression regional scale correlation, which was also noted in the present
work. In FA3, paleocurrents begin to point to drainage flowing south-
southeastward. This corroborates with interpretations of structural
rearrangements within the Afro-Brazilian Depression, resulting from still very
incipient early rift tectonic movements, proposed by Kuchle et al. (2011). Da
Rosa and Garcia (2000) reported tectonic activity in the northern portion of the
Afro-Brazilian Depression, recorded by a change in the sediment's source-area
of the Antenor Navarro Formation (Rio do Peixe Basin). These authors attribute
activations of Serraria fluvial system to this tectonic event, in conjunction with
wetter climates implementation at the drainage headwaters. In fact, although
the transition between facies associations FA2 and FA3 is associated with

incipient tectonism in the basin, this change appears to have a significant
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climatic control, since the more voluminous rivers recorded in FA3 would be the

result of a more humid climate with relatively more constant rainfall.

Facies association FA6 represents a high accommodation interval,
marked by the development of a river dominated deltas. At this time-interval, the
early rift tectonic pulse would be at its climax, making possible the initial
development of lakes conditioned to the proto hemi-grabens structures. This
fluvio-deltaic context marks the beginning of the Feliz Deserto Formation
tectonic lake, as already reported by Garcia (1991). Facies association FA6
possibly corresponds to Unit Il of Kifumbi et al. (2017). These authors suggests
deposition of anastomosed rivers in a context of increasing mechanical

subsidence and accommodation rate, but still in an early rift stage.

The Caioba Sandstone, which lies above Serraria Formation, represents
a low accommodation period. This interval can mean a decline in early rift pulse
tectonic activity, favoring the reestablishment and expansion of fluvial

drainages.
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Figure 19: Architecture and depositional environments interpretation of Serraria Formation. A) 2D idealized model for Serraria Formation depositional architecture. Circulated
numbers refers to bounding surfaces orders. B) Depositional model for facies associations FA1 and FA2. C) Depositional model for facies associations FA3 to FA7. Codes:
Laminated sand sheets (LS), Aeolian dune fields (AeDF), Crevasse channel (Cch), Crevasse splay fines/distal flood plain (CSf), Delta front (DF), Delta front channel (DFch),
Delta plain (DP), Prodelta fines (PrDf).
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CONCLUSIONS

The Serraria Formation presents depositional characteristics of sand
dominated rivers with deposition of downstream accretion braided bars.
However, depositional variations are observed in response to different allogenic
controls. In the lower portion, over the Bananeiras Formation lacustrine
mudstones (FA1), occurs the deposition of meso and macro bedforms, as well
as laminated sand sheets inside fine sand dominated small channels (FA2). In
the intermediate section, the fluvial system presents distinct characteristics,
marked by facies association FA3. At that time, channels were larger and more
powerful, with a greater degree of incision and amalgamation of bars and
channels. Preservation of gravel bars and channel bottoms (facies association
FA5) would be common by this time. Laterally, crevasse splay events (FA4)
could happen, although rarely preserved due to frequent channel avulsions and
migrations. Climatic and environmental variations could promote the
development of restricted dune fields (FA7) adjacent to fluvial drainages. The
top of the Serraria Formation presents a transitional character to deltaic
environment. Facies association FA6 is marked by coarsening upward, where
distributary channels dominated delta fronts are overlain by delta plain coarse

sandstones.

Stratigraphic architecture variations in the Serraria Formation
demonstrate how subsidence and climate can control sedimentary fill in an early
rift stage. The fluvial and aeolian facies associations (FA2, FA3, FA4, FA5 and
FAT7) represent a progressive accommodation decrease, controlled mainly by
climatic factors, favoring sediment supply. The transition to a fluvio-deltaic
context (FA6) marks a subsidence increment, and represents the early rift stage
climax. The Caioba Sandstone occurrence above the Serraria Formation is
attributed to the end of this tectonic stage and fluvial drainage reestablishment.
Only with the implementation of deltaic-lacustrine environment of the Feliz
Deserto Formation, the Sergipe-Alagoas Basin begins to delineate its half-

grabens.

The quantification of genetic units interpreted from qualitative criteria of

traditional facies analysis methodology assisted the interpretation regarding the
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depositional environments and tectonic context of the Serraria Formation. The
results presented here may contribute to development of more quantitative and
accurate predictive models that can be applied to the study of reservoir

analogues of fluvial deposits.
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CAPITULO Ill = CONCLUSAO

A utilizacdo do método de andlise de facies associado a quantificacéo
de facies se mostrou uma ferramenta Util na caracterizacdo e interpretacdo do
registro sedimentar da Formagdo Serraria em termos de variagbes de

ambientes deposicionais, padrbes de transporte e seus principais controles.

Dessa forma conclui-se que na Formacdo Serraria predomina a
deposicdo de barras de acrescdo a jusante por rios de carga arenosa.
Entretanto, Variagcdes deposicionais sdo observadas. Na secdo basal, acima
dos pelitos lacustres da Formacdo Bananeiras (FAl), ocorre deposicao de
meso e macroformas, assim como lencdéis de areia laminados em pequenos
canais (FA2). Na secdo intermediaria, o sistema fluvial muda suas
caracteristicas, registrado na associacdo de facies FA3. Nesse tempo 0s
canais passaram a ser mais volumosos e com maior poder de eroséo,
causando amalgamacdo de barras e canais. A preservacdo de barras
cascalhosas (FA5) seria comum nesse contexto. Rompimentos de canal
principal (FA4) poderiam ocorrer, porém raramente preservados. Mudancas
climaticas e ambientais poderiam desenvolver campos de dunas restritos
(FA7), adjacentes as drenagens fluviais (FA3). O topo da Formacédo Serraria
mostra uma transicdo pra um ambiente flavio-deltaico, representado pela
associacdo de facies FAG6, caracterizada por um coarsening-upward, onde
frentes deltaicas distais, dominadas por canais distributarios sdo sobrepostas
por arenitos de planicie deltaica.

As variagbes arquiteturais na Formagdo Serraria demostram como
subisidéncia e clima podem controlar o preenchimento em estagios iniciais de
rifte. As associacbes de facies fluviais e edlica (FA2, FA3, FA4, FA5, FA7)
representam um decréscimo progressivo na acomodacédo. A transicao para um
contexto fluvio-deltaico marca um incremento na subsidéncia, representando o
climax do inicio de rifte. O Arenito Caioba, acima da Formagdo Serraria, €
atribuido ao fim desse estagio tectdnico e reestabelecimento das drenagens
fluviais. Apenas durante a deposicdo deltaica-lacustre da Formacéo Feliz
Deserto que as calhas do rifte comecam a ser delineadas na Bacia de Sergipe-

Alagoas.
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A quantificacdo de unidades genéticas auxiliou as interpretacdes dos
sistemas deposicionais e contexto tectdnico da Formacdo Serraria. Os
resultados aqui apresentados podem contribuir com a constru¢cdo de modelos
preditivos mais acurados, que podem ser aplicados em trabalhos de anélogos

de reservatorios fluviais.
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essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

Graphical abstract

Although a graphical abstrad is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 c¢m using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their images
and in accordance with all technical requirements.

Highlights

Highlights are a short collection of bullet points that convey the core findings of the article. Highlights
are optional and should be submitted in a separate editable file in the online submission system.
Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters,
including spaces, per bullet point). You can view example Highlights on our information site.

Keywords
Authors must provide 4 to 6 keywords. These must be taken from the most recent American Geological
Institute GeoRef Thesaurus and should be placed beneath the abstract.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.qg., providing language help, writing assistance
or proof reading the article, etc.).
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Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder’s requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyyl;
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaal.

Itis not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Nomenclature and units

Follow internationally accepted rules and conventions: use the intemational system of units (SI).
If other quantities are mentioned, give their equivalent in SI. You are urged to consult TUGS:
Nomenclature for geological time scales/rock names for further information.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

1. All formulae should be presented consistently and clearly with regard to the meaning of each
symbol and its correct location. Formulae must be typed throughout.

2. All unusual symbols must be collected in a separate list in the appendix, giving a clear explanation
of each symbol.

3. Please try to keep the notation as simple as possible, and avoid ambiguities. Do not use special
typefonts if there is no urgent need to do so.

4, Different formulae should be clearly separated in the manuscript, at least by punctuation marks,
if not by words. Avoid breaking formulae if breaking is not strictly necessary (i.e., if the equation is
less than one typed line). Never let a sentence consist of formulae alone (i.e., without any connection
with the preceding text).

5. Do not use complicated juxtapositions of symbols. Also, try to avoid complicated subscripts and
superscripts; third-order indices especially present difficulties as to theirsize and position, and fourth-
order indices are taboo.

6. The manuscript must show a clear distinction between similar symbols, (e.g., between zero (0)
and the letter O, between one (1) and the letter |, and between multiplication (x) and the letter x).
7. Important formulae (e.g. definitions) must be displayed. All formulae which are to be referred to
later on must be displayed and numbered consecutively throughout the paper; the number should
appear on the right-hand side of the page.

8. In chemical formulae the valence of ions must be given as, for example, Ca2+ and CO3 2 rather
than as Ca++ and CO3--.

9. Isotope numbers should precede the symbols (e.g., 180).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Artwork
Electronic artwork
General points
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* Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

 Size the illustrations close to the desired dimensions of the published version.

* Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF {(or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

e Supply files that are too low in resolution;

« Submit graphics that are disproportionately large for the content.

All illustrations must be referred to in the text. Illustrations must be designed with the page format
of the journal in mind. If necessary, they will be reduced to the proper format by the publisher. The
lettering and other details must have dimensions that do not become illegible or unclear after the
required reduction. Foldouts can only be accepted in exceptional cases. Design all figures in a way
that uses all the available space, do not leave large areas blank. Remember that sharp, neat, well
presented illustrations will be essential to the readers' appreciation of your paper.

Lettering must be drafted sharply and neatly. The lettering must be in the language of the manuscript.
The same type of lettering should be used throughout.

Bar scales must be used rather than magnification factors to allow for possible reduction. Do not
forget to mention the units used in diagrams.

All maps must have north and latitude and longitude indicated.

Explanations must be given in the typewritten caption. Text in the figures should be kept to a
minimum.

For each figure/table indicate in the manuscript where it should be positioned.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Tables

1. Authors should take note of the limitations set by the size and layout of the journal. A table should
not exceed the printed area of the page. If this appears impossible, reversing columns and rows will
often make the impossible possible.
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2. Large tables should be avoided. Foldouts can only be accepted in exceptional cases. If many data
are to be presented, an attempt should be made to divide these over two or more tables.

3. Tables should be numbered according to their sequence in the text. The text must include references
to all tables.

4. Each table must have a brief and self-explanatory title. Column headings should be brief, but
sufficiently explanatory. Units of measurement should be given in parentheses. Vertical lines must
not be used to separate columns - leave extra space between the columns instead.

5. Explanations that are necessary to the understanding of the table should be given as footnotes at
the bottom of the table. A footnote should be indicated by a lower-case letter.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'‘Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a spedal issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the joumal's style.
If no template is yet available for this journal, please follow the format of the sample references
and citations as shown in this Guide. If you use reference management software, please ensure that
you remove all field codes before submitting the electronic manuscript. More information on how to
remove field codes.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/sedimentary-geology

When preparing your manuscaipt, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference style

1. All references cited in the text are to be listed at the end of the paper. The manuscript should be
carefully checked to ensure that the spellings of authors' names and publication years are exactly the
same in the text as in the reference list. Do not type author's and editor's names in capitals.

2. In the text refer to the author's name (without initials) and year of publication, followed - if
necessary - by a short reference to appropriate pages. Examples: "Because Peterson (1994) has
shown that...". "This is in agreement with results obtained later (Kramer, 1996, pp. 12-16)"

3. If reference Is made in the text to publications written by more than two authors the name of the
first author should be used, followed by "et al.". This indication, however, should never be used in the
list of references. In this list names of authors and all co-authors must be given in full.
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4, References in the text should be arranged chronologically. The list of references should be arranged
alphabetically by authors' names, and chronologically per author. If an author's name in the list is
also mentioned with co-authors, the following order should be used: Publications of the single author,
arranged according to publication year - publications of the same author with one co-author, arranged
according to publication year - publications of the author with more than one co-author, arranged
according to publication year.

The following system should be used for arranging references:

a. Journal papers: Names and initials of all authors, year. Title of paper. Journal name given in full,
volume number, first and last page numbers of the paper.

Example:

Elbaz-Poulichet, F,, Guan, D.M., Martin, J.M., 1991, Trace metal behaviour in a highly stratified
Mediterranean estuary: the Krka (Yugoslavia). Marine Chemistry 32, 211-224.

b. Monographs: Names and initials of all authors, year. Title of the monograph. Publisher, location
of publisher.

Example:

Zhdanov, M.S., Keller, G.V., 1994, The Geoelectrical Methods in Geophysical Exploration. Elsevier,
Amsterdam.

c. Edited volume papers: Names and initials of all authors, year. Title of paper. Names and initials
of the volume editors, title of the edited volume. Publisher, location of publisher, first and last page
numbers of the paper.

Example:

Thomas, E., 1992, Middle Eocene-late Oligocene bathyal benthic foraminifera (Weddell Sea): faunal
changes and implications for ocean circulation. In: Prothero, D.R., Berggren, W.A. (Eds.), Eocene-
Oligocene Climatic and Biotic Evolution. Princeton Univ. Press, Princeton, NJ, pp. 245-271.

d. Conference proceedings papers: Names and initials of all authors, year. Title of paper. Name of
conference. Publisher, location of publisher, first and last page numbers of the paper.

Example:

Smith, M.W., 1988. The significance of climatic change for the permafrost environment. Final Proc.
Int. Conf. Permafrost. Tapir, Trondheim, Norway, pp. 18-23.

e. Unpublished theses, reports, etc.: Names and initials of all authors, year. Title of item. All other
relevant information needed to identify the item (e.g., technical report, Ph.D. thesis, institute, etc.).
f. Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak wilt disease
and surrounding forest compositions. Mendeley Data, v1. http://dx.dol.org/10.17632/xw{98nb39r.1.
Example:

Moustakas, N., 1990. Relationships of morphological and physicochemical properties of Vertisols under
Greek climate conditions. Ph.D. Thesis, Agricultural Univ. Athens, Greece.

5. In the case of publications in any language other than English, the original title is to be retained.
Titles of publications in non-Latin alphabets should be transliterated, and a note such as '(in Russian)'
or '(in Japanese, with English abstract).

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. . In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words
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and to help readers understand what the paper is about. More information and examples are
available. Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

Data visualization

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Suppiementary data

Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, high-
resolution images, background datasets, sound clips and more. Supplementary files supplied will be
published online alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sclencedirect.com. In order to ensure that your submitted material is
directly usable, please provide the data in one of our recommended file formats. Authors should
submit the material in electronic format together with the article and supply a concise and descriptive
caption for each file. For more detailed instructions please visit our artwork instruction pages at
http: //www.elsevier.com/artworkinstructions.

Research data

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

To maximise the visibility of your data, authors are invited to add a citation to their
datasets by including a data reference in their Reference List as per the 'Data References'
instructions elsewhere on this page.

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. Before submitting your article, you can deposit
the relevant datasets to Mendeley Data. Please include the DOI of the deposited dataset(s) in your
main manuscript file. The datasets will be listed and directly accessible to readers next to your
published article online.

For more information, visit the Mendeley Data for journals page.
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Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief, Please note an open
access fee of 500 USD is payable for publication in Data in Brief. Full details can be found on the Data
in Brief webslite, Please use this template to write your Data in Brief.

MethodsX

You have the option of converting relevant protocols and methods into one or multiple MethodsX
articles, a new kind of article that describes the details of customized research methods. Many
researchers spend a significant amount of time on developing methods to fit their specific needs or
setting, but often without getting credit for this part of their work. MethodsX, an open access journal,
now publishes this information in order to make it searchable, peer reviewed, citable and reproducible.
Authors are encouraged to submit their MethodsX article as an additional item directly alongside the
revised version of their manuscript. If your research article is accepted, your methods article will
automatically be transferred over to MethodsX where it will be editorially reviewed. Please note an
open access fee is payable for publication in MethodsX. Full details can be found on the MethodsX
website, Please use this template to prepare your MethodsX article.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

Data Availability

In addition to the Data Statement mentioned above, authors may additionally consider the inclusion
of a 'Data Availability' section within the text of their manuscript which is visible in ALL reading formats
and may refer to data hosted in ANY repository. It should be placed before the references to provide
readers with information about where they can obtain the research data required to reproduce the
work reported in the manuscript, and typically consists of a simple sentence giving the URL(s) of and
citation(s) to the dataset(s). Full information can be found here.

AFTER ACCEPTANCE

Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and sodal media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
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Elsevier's Webshop. Corresponding authors who have published their article gold open access do
not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

Additional information
Authors of accepted papers get a 30% discount on all Elsevier book publications.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from

Frequently Asked Questions to ways to get in touch.
You can also check the status of your submitted article or find out when your accepted article will

be published.
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ANEXO Il

Justificativas de coautorias

Em acordo a resolucdo 01/2018 do colegiado do PGAB, segue a
justificativa da participagdo dos coautores nos artigos aqui propostos (outros
autores além do aluno do programa e seu orientador):

Luisa Sampaio Franco: a coautora desenvolveu suas atividades de
iniciacdo cientifica e trabalho de conclusdo de graduacdo em consonéancia a
essa pesquisa de mestrado. A coautora foi fundamental nas campanhas de
campo para levantamentos dos dados, posterior tratamento e interpretacédo dos

dados, edicao de figuras e discussdes aqui apresentadas.

Pedro Victor Oliveira Gomes: o coautor desenvolveu suas atividades
de iniciacao cientifica como parte complementar a essa pesquisa de mestrado.
O coautor contribuiu com a aquisicdo de dados de campo, tratamento e
interpretacdo dos dados, edicdo de figuras e discussfes, especialmente dos

modelos de contexto tectbnico.

Isabela Ramos Soares: contribuiu nas campanhas de campo para
levantamentos dos dados, e posterior tratamento dos dados. A coautora foi
fundamental nas discussfes sobre modelos deposicionais.

Larissa Lins Andrade: a coautora contribuiu na aquisicdo de dados
durante as campanhas de campo, no tratamento e interpretacdo dos dados, na

edicao de figuras, e nas discussdes do trabalho.

Marcela Aragdo de Carvalho Ramos: a coautora realizou suas
atividades de conclusao de curso de graduagcao em geologia em contribuicdo a
esse projeto. Sua atuacao foi fundamental para aquisicdo de dados de campo,
tratamento e interpretacéo dos dados e edicdo de figuras. Sua contribuicao foi

fundamental nas discussdes sobre modelos deposicionais.

Joice Dias dos Santos Moraes: a coautora realizou seu trabalho de
conclusdo de curso de graduacdo em geologia como um segmento desse

projeto. Sua contribuicdo se deu nas campanhas de campo para aquisicao de
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dados, no tratamento e interpretacdo dos dados, na edi¢cdo de figuras, e nas

discussbes aqui apresentadas.



ANEXO IV

Coordenadas dos afloramentos estudados

SUB-BACIA DE ALAGOAS

Ponto Abreviacdo | Latitude | Longitude
Serraria 1 SER-01 757849 8873778
Serraria 2 SER-02 759333 8873940
Maraba 2 MRB-02 753003 8885678
Maraba 3 MRB-03 752303 8885198
CovadaOnca l ONC-01 752998 8878318
Perucaba 4 PER-04 770217 8876886
Vista Alegre 1 VAL-01 754703 8874387
Vista Alegre 2 VAL-02 757221 8874237
Retiro 2 RE-02 754506 8886900

SUB-BACIA DE SERGIPE

Ponto Abreviacdo | Latitude | Longitude
Muribeca 4 MUR-04 726061 8845105
Muribeca 5 MUR-05 727044 8847091
Muribeca 6 MUR-06 726190 8845692
Muribeca 7 MUR-07 725451 8843526
Batinga 6 BAT-06 731753 8860793
Montes Claros 1 MCL-01 736938 8861487
Bananeiras 10 BAN-10 728903 8859581
Bananeiras 1 BAN-01 730421 8858935

PRP-02
Proprié 2 738656 8867295
Muribeca 1 MUR-01 726318 8846022

Datum: SIRGAS 2000/ UTM zone 24S.
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