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“l mare & un antico idioma che non riesco a decifrare.” Jorge L. Borges (1925)



RESUMO

Em alguns oceanos, a linha costeira tem parédmetros hidraulicos associados a
ondas de tempestade, gerando fluxos que produzem facies sedimentares
caracteristicas chamadas tempestitos. A Formacgao Trés Marias, Grupo Bambui, é a
unidade mais jovem de uma bacia foreland Ediacarano-Cambriana, na qual facies
transicionais/costeiras foram descritas anteriormente, mas os estudos publicados
sobre seu registro sedimentoldgico e estratigrafico tém baixo nivel de detalhe. O
objetivo deste estudo foi entender melhor a evolugao paleoambiental da bacia em seu
estagio final por meio de levantamentos estratigraficos detalhados. As dez facies
definidas foram organizadas em cinco associagbes de facies, nomeadas de acordo
com o subambiente em uma plataforma costeira. A estratigrafia da Formagéo Trés
Marias em sua area tipo é representada principalmente por arenitos depositados da
praia até a superficie inferior da costa em uma plataforma rasa, influenciada por ondas
de tempestade. Os ciclos de alta a média frequéncia s&o representados por sucessoes
de facies marinhas a transicionais que marcam regressdes e transgressées maximas.
O intervalo estratigrafico superior da area estudada sugere forte regressao ao mostrar
depositos de planicie deltaica sobre depédsitos heteroliticos. Essa Dissertagao
contribui para a discussao sobre a evolugao da bacia Bambui no Cambriano, um tépico
que merece atencgdo, considerando as varias transi¢ées ecoldgicas, tectbnicas e

climaticas vivenciadas pela Terra durante esse periodo.

Palavras-chave: estratigrafia; Formacdo Trés Marias, hummocky, tempestitos,

paleoambiente.



ABSTRACT

In some oceans, the coastline has hydraulic parameters associated with storm
waves, generating flows that produce characteristic sedimentary facies called
tempestites. The Trés Marias Formation, Bambui Group, is the youngest unit of an
Ediacaran-Cambrian foreland basin, in which transitional/costal facies have been
previously described, but the published studies on its sedimentological and
stratigraphic record have a low level of detail. The aim of this study was to better
understand the paleoenvironmental evolution of the basin at its final stage through
detailed stratigraphic surveys. The ten facies defined were arranged into five facies’
associations, named according to the subenvironment on a coastal platform. The
stratigraphy of the Trés Marias Formation in its type area is represented mainly by
sandstones deposited from the beach to the lower shoreface on a shallow platform,
influenced by storm waves. High- to medium-frequency cycles are represented by
rocks marking maximum regressions and transgressions. The upper interval of the
survey suggests strong regression by showing deltaic plain deposits. This study
contributes to the discussion on the evolution of the Bambui basin at the Cambrian, a
topic that deserves attention, considering the various ecological, tectonic and climatic

transitions experienced by the Earth during this time.

Keywords: stratigraphy; Trés Marias Formation; hummocky; tempestites;

paleoenvironment.
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1 INTRODUGAO

As linhas de costa e plataformas continentais em grande parte do planeta
apresentam como atributos hidraulicos dominantes os processos associados as ondas
de tempo bom e de tempestade, gerando registros abundantes de agc&o de ondas nos
sedimentos desses ambientes. Contudo, as mesmas caracteristicas que promovem a
sedimentacao também sao responsaveis por apagar facilmente tais evidéncias, pois
mudangas no nivel do mar podem expor as estruturas (estratificacdo cruzada

hummocky e swaley, laminagao truncada por ondas, estratificacao planar) a erosao.

Uma plataforma dominada por ondas possui essa definicdo quando processos
sedimentares relacionados as ondas estdo mais presentes do que processos de mare,
mas ndo em quantidade apenas, também na qualidade de preservacao das estruturas
(Davis e Hayes, 1984). Os principais estudos de sedimentagdo associada a ondas de
tempestades sao realizados em bacias fanerozoicas mais recentes, com registro
abundante de fésseis e bioturbagao, ou seja, relativamente jovens e com estruturas
mais bem preservadas, se comparadas a bacia Bambui, objeto de estudo desse
trabalho. Ainda assim, o estudo das estruturas sedimentares presentes na Formacao
Trés Marias traz elucidagdes sobre as condi¢des do ambiente de deposigdo em um
periodo da histéria da Terra que registra inovacdes biolégicas e nova configuragao

geotectdnica dos continentes.

Depositada no topo do Grupo Bambui, a Formacgao Trés Marias € reconhecida
como uma deposigao sin-orogénica do estagio de antepais da bacia Bambui em sua
fase de assoreamento. Na porg¢ao centro-sul da bacia, essa formacgao se caracteriza
por ser um sistema plataformal siliciclastico que possui sequéncias tempestiticas de

diferentes ordens hierarquicas como unidades basicas (Chiavegatto, 1992).

Este trabalho apresenta um estudo de caso de um ambiente tempestitico
registrado nas rochas da Formagao Trés Marias, identificado pela reconstrugao
paleoambiental. Através de um levantamento estratigrafico de detalhe (escala
centimétrica a métrica), esse estudo atesta a influéncia das ondas de tempestade
numa plataforma costeira originada e preenchida no Cambriano, um periodo

importante na histéria do planeta devido a expanséo da vida complexa.
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2 FUNDAMENTAGAO TEORICA
2.1 Depositos tempestiticos

O registro sedimentar durante eventos de tempestade sempre gerou discussao
quanto a génese de suas estruturas diagndsticas, a estratificacdo cruzada tipo
hummocky e a estratificagcdo cruzada tipo swaley. Os tempestitos, como sé&o
chamados os depdsitos formados durante as tempestades, datam do pré-cambriano
ao recente, ocorrendo principalmente em ambientes plataformais marinho raso
(Walker, 1984). Apresentam diversas outras estruturas (maciga, estratificagao planar-
paralela, estratificagdo cruzada de angulo baixo, estratificacdes cruzadas, marcas
onduladas e laminagdao cruzada por onda, entre outras), que podem aparecer

intercaladas com camadas contendo as estruturas hummocky ou swaley.

Estas sdo estruturas sedimentares que ocorrem predominantemente em
ambientes marinhos e lacustres, associadas a condi¢bes de sedimentagcdo em
ambientes de aguas rasas e influenciadas por eventos de tempestade (Dott e
Bourgeois, 1982). Sdo caracterizadas por camadas inclinadas que formam padrdes
ondulados, em forma de hummock e swale (colinas e vales arredondados,
respectivamente). A estratificacdo cruzada tipo hummocky aparece nas rochas com
uma aparéncia lenticular, com camadas concavas e convexas em truncamento. A
estratificagdo cruzada tipo swaley, por sua vez, se forma em um processo parecido,
porém mais proximo a linha de costa, o que proporciona que as porgdes concavas
das ondulagdes sejam obliteradas mais facilmente, restando apenas a porcéo
convexa, sendo por vezes confundida com a estratificagao cruzada acanalada (Dumas
et al., 2005). As camadas cruzadas geralmente tém uma inclinagédo que pode variar
entre 5 a 30 graus, e a diregcado das inclinagdes pode indicar a diregao das correntes
de tempestade. O sedimento apresenta granulometria variavel entre silte grosso e
areia fina e a presencga de particulas maiores ou de laminas argilosas pode ser

indicativa de variagdes na energia do ambiente (Plint, 2010).

Quanto a formacao desses depositos, sabe-se que ondas de tempestades e
correntes (retorno, geostréfica, maré e turbidez), combinadas ou n&o, sé&o
responsaveis para o transporte e deposi¢cao de sedimentos que os compdem. Existe
uma discussao entre duas hipoteses, uma baseada em observagdes oceanograficas

atuais (hipotese oceanografica), e a outra baseada no registro geoldgico (hipétese
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geoldgica). Na hipotese oceanografica, defendida por Swift et al., (1983), Duke, (1985)
e Swift & Nummedal (1987), o transporte de areias em mares rasos seria realizado
por correntes de retorno e geostréficas que, combinadas com ondas, seriam
responsaveis pela deposi¢cao dos tempestitos. Correntes de retorno sdo induzidas por
uma sobrelevagao costeira, gerada por ventos soprados em dire¢gao a costa durante
eventos de tempestades, que produzem uma diferenga de pressao hidrostatica entre
a costa e aregido de offshore. Esta corrente, fluindo em diregéo a offshore, sofre efeito
da forca de Coriolis e € defletida, passando a fluir paralelamente as isébatas; a partir
de entdo passa a ser chamada de corrente geostréfica (Fig. 1). Os autores defensores
da hipoétese geologica (Walker, 1984; Hamblim & Walker, 1979) dizem que o transporte
de areias em antigas plataformas poderia dar-se por correntes de turbidez formadas
a partir de correntes de retorno ortogonais a costa em periodos de tempestade (storm-
surge ebb currents). Se depositadas acima do nivel de base de acdo de ondas de
tempestade, apresentariam caracteristicas de um tempestito e, se depositadas
abaixo, apresentariam caracteristicas de um turbidito. Esses registros seriam
resultado de eventos ciclicos com periodicidade de milhares de anos e ndo poderiam

ser observados nas plataformas atuais.

HIGH LOwW

PRESSURE GRADIENT

SHORELINE

DEFLECTION]
I ‘

CORIOLIS | PRESSURE

Velocity profile
for wave-induced
oscillalery currants

Wing.driven
coastal set-up
penarates

pressure gradent

Valacity profile
for wing-forced
currents

Figura 1 — Formacgéo das correntes geostréficas em uma plataforma costeira e a composigao do fluxo
combinado, de acordo com a hipotese oceanografica (Plint, 2010).
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Outro ponto de discussao esta relacionado a natureza das tempestades, alguns
defendem que estas sdo tempestades de inverno ciclicas somadas durante o tempo
geologico (Swift et al. 1983) e outros sustentam que a formacdo de um leito
tempestitico esta associada a ocorréncia de eventos catastroficos como furacdes
(Duke et al. 1991). As tempestades propiciam condi¢des para a geragao de formas de
leito e estruturas sedimentares exclusivas nos ambientes influenciados por elas (Dott
e Bourgeois, 1982; Cheel e Leckie, 1993). Estas, em geral, sdo geradas abaixo da
linha base de onda de tempo bom, considerando que acima deste limite ocorre

retrabalhamento do sedimento em condi¢cdes normais.

Duke et al. (1991) sintetizam os principais processos que originam leitos com
estruturas do tipo hummocky, em que inicialmente ondas de tempestade interagem
com a porgao mais obliqua da regiao costeira, retrabalhando o substrato lamoso. Em
seguida, as areias transportadas por agao de fluxo combinado movem-se por
suspensao ou carga de fundo e séo levadas para por¢gées mais profundas (préximo a
zona de transigao para offshore). Estas areias se acumulam rapidamente e com o
arrefecimento da tempestade é originada uma laminagcédo planar. Posteriormente,
ondulagcbes métricas comegcam a se formar sobre o substrato e a lenta migracao a
partir de estratos planares comega a gerar estratificacdo cruzada do tipo hummocky
sob condi¢des de fluxo combinado com componente oscilatorio predominante (Fig. 2).
Inicialmente sdo formadas estruturas hummocky anisotrépicas, devido agao do fluxo
unidirecional, que migram para estruturas hummocky isotropicas e, com o
arrefecimento da tempestade e do fluxo oscilatério, passa a formar marcas onduladas.
Apods a tempestade ocorre novamente a deposig¢ao de tempo bom, o que encerra um
ciclo tempestitico (Cheel, 1991, Cheel e Leckie, 1993).



13

Wave finoles Fairweather
=0 Suspended sediment - Excess weight forces PP dapusnmn
g= of Myrow and Southard, 1996 L
=}
0
Rz
. 2

Bedforms - 2 .

stratigraphy S e x/\
o 2 \/\ \/\

de1//L\t(()r1n
coasfal setup)

Shore-normal f
flow velocity OO . alt. A ,,/,\ /\ A A
near the bed g \/ \/ U U e
£ Time —»
S
Flow conditions Combined unidirectional and oscillatory flow | Waning storm wave oscillatory flow
Depositional response Erosion Maximum - Tempestite deposition - Minimum
EEL o Flat bed 2D wave |No tempestite
Bed and flow state Irregular scour Smencitizall HCS ripples Bedforias

Figura 2 — Formagéo de estruturas sedimentares como resultado de fluxo combinado gerado por
tempestades. (modificado de Cheel, 1991; Cheel and Leckie, 1993.)

2.2 Estratigrafia de Sequéncias

A Estratigrafia de Sequéncias é um tipo de modelagem estratigrafica associada a
aplicacao da Sismoestratigrafia em bacias siliciclasticas de todo o mundo. A leitura e
interpretacdo dos dados sismicos proporciona a definicdo de ciclos de variagoes
relativas do nivel do mar, baseado nos conceitos fundamentais dessa metodologia de
sequéncias deposicionais de Sloss (1949), que permitem caracterizar e correlacionar
sequéncias de diferentes ordens hierarquicas. Os principais conceitos foram
introduzidos por Vail et al. (1987), e posteriormente aprofundados por Van Wagoner et
al. (1988;1990). Essa metodologia é amplamente aplicada em diferentes setores, com
destaque para sua grande aplicagéo no setor de oleo e gas, sendo utilizado na analise
de facies e de sistemas deposicionais. Tal fato ocorre, pois a aplicagao da estratigrafia
de sequéncias em sistemas litoraneos e plataformais € muito utilizada visto que as
assinaturas de variagdo relativa do nivel do mar, principal marcador para essa
metodologia, sdo muito expressivas nessa regido, ao contrario dos sistemas
puramente continentais ou oceanicos, onde essas flutuagdes sdo pouco perceptiveis
(Mitchum et al., 1977). Os principios basicos da Estratigrafia de Sequéncias permitem
reconhecer e relacionar diferentes depodsitos sedimentares em horizontes
cronoestratigraficos, separados em uma unidade estratal basica denominada como

sequéncia deposicional.
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As sequéncias deposicionais sdo uma sucessao de estratos, ou um conjunto de
estratos geneticamente relacionados, limitada por superficies discordantes ou suas
concordancias correlativas (Mitchum et al., 1977), podendo formar eventualmente
parassequéncias e conjuntos de parassequéncias. Juntos eles caracterizam um trato
de sistemas, limitado novamente por discordancias ou concordancias correlativas,
vindo a compor um conjunto de sistemas cronocorrelatos (Brown e Fisher, 1977). Os
tratos de sistema e sua relacdo com as variagcdes eustaticas sdo muito discutidas e
atualmente tendem a ser padronizados quanto a suas caracteristicas principais
(Catuneanu, 2009).

O empilhamento estratigrafico apresenta camadas ou conjunto de camadas que
ocorrem com diferentes frequéncias no registro sedimentar, tal fato promove estudos
que buscaram padronizar a delimitacdo dos ciclos utilizando estruturas ou superficies
que pudessem ser utilizadas como marcadores da passagem entre ciclos de variagao
eustatica (Catuneanu, 2009). As superficies das sequéncias estratigraficas definem a
passagem entre os ciclos e a nogédo de hierarquia, mensuradas de acordo com a
frequéncia dos ciclos que, por sua vez, apresentam diferentes escalas de visualizagao

e dimensoes diferentes dentro de uma bacia sedimentar, como € mostrado na Figura

3 abaixo.
Facies Association
A B C Low-f
C DO veieny Seasences i
(Seismic-scale)
Proximal ——— Distal A cycle of change
Sequence Stratigraphic intrendsof
bounding surfaces high-frequency )

""""""""""""""""""""" sequences stacking )
High-frequency Sequences patterns defined by Cont_lnentall-scalle
(Outcrop- and Core-scale) recurrent stratigraphic stra;;%rr?g:écbimts

. rfaces
A cycle of change in o ; unconformities
facies, facies compgtlbl_e with the (sequence sense
seismic-scale q

association,
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or depositional systems
stacking patterns

Sloss et al., 1949)

defined by recurrent
stratigraphic surfaces R

6th, 5th and 4t (or higher) 2™ and 1% orders
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- >
—

3" order sequence

Hierarchy of Stratigraphic Sequences

Figura 3 — Definigdo esquematica da hierarquia das sequéncias estratigraficas e as diferentes escalas
de interpretacdo. (Retirado de Fragoso et al., 2022)
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3 METODOLOGIA

Os ciclos foram delimitados de acordo com a existéncia e abundancia de cada facies
sedimentar proposta durante o estudo, levando em consideragao também a presenca
das superficies marcadoras de sequencias estratigraficas. Ao analisar trabalhos que
se dedicaram a padronizar o aparecimento de diferentes facies sedimentares nas
diferentes por¢cdes de uma plataforma marinha costeira (e.g. Davis e Fox., 1972a,
Davis, 1985, Walker, 1984, Swift and Nummedal, 1987, Plint, 2010), foi possivel
confeccionar uma tabela que delimita a provavel posi¢cao de sedimentacao para formar
um tipo especifico de estrutura. Dessa forma, a ocorréncia de uma facies ou conjunto
de facies sedimentar indica indiretamente a posicdo do nivel do mar e a variagao
eustatica. Neste trabalho essa metodologia permitiu delimitar possiveis ciclos de 52
ordem dentro da bacia Bambui, eventualmente marcados por superficies como
Superficies de Regressao Maxima (SRM), que ja foram anteriormente discutidas por
Chiavegatto (1992), que delimitou dois conjuntos de parassequéncias na regiao de

Trés Marias.

4 ESTUDO BIBLIOGRAFICO SOBRE O GRUPO BAMBUI

Foi realizado um estudo bibliografico que levantou os principais estudos sobre o Grupo
Bambui, utilizados na construcao do raciocinio principal deste trabalho. Os principais
conceitos foram obtidos em artigos que se dedicaram a descri¢do e caracterizagao
das facies sedimentares encontradas através de mapeamento, nos primoérdios da
pesquisa sobre esse contexto geoldgico (e.g. Branco, 1967; Dardenne 1978, 1981;
Castro, 1997). Além disso, trabalhos que utilizaram de conceitos da estratigrafia de
sequencias, métodos geofisicos, quimio e cronoestratigrafia foram fundamentais para
avangos nos conhecimentos sobre o Grupo Bambui e sua estratigrafia (e.g. Babinski
et al., 2007; Alkmim & Martins-Neto, 2001, 2012; Alvarenga et al., 2014; Uhlein et al.,
2016, 2019; Cui et al., 2020; Caxito et al., 2021, Moura et al., 2022). Os conceitos
sobre sistemas deposicionais e a relagdo com os aspectos geotectbnicos foram
baseados em estudos que descreveram as formacgdes em diferentes porgcdes da bacia
(Nobre-Lopes, 1995; Chiavegatto e Darnenne, 1997; Guimaraes, 1997; Uhlein, 2004;
Uhlein et al., 2017) e outros que buscam compreender a evolugdo dos orégenos
brasilianos (Chang, 1988; Alkmim, 2001; Reis et al., 2017).
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4.1 Formacao Trés Marias

Seguindo o mesmo método, foram levantados durante a pesquisa artigos, teses e
dissertagdes que sao focados no estudo da Formacéo Trés Marias, e os conceitos
obtidos foram utilizados para compor a pesquisa sobre: a descricdo das feicbes e
litotipos encontrados nas diferentes regides onde aflora essa unidade (Costa e
Branco, 1961; Dardenne 1978, 1981; Uhlein, 1991; Chiavegatto, 1992, 1997; Iglesias
e Uhlein, 2009); a configuragdo do contato basal com a Formagéo Serra da Saudade
e a variagdo do ambiente de sedimentacdo em diferentes regides onde aflora a
Formacao Trés Marias (Chiavegatto, 1997; Lima, 2007; Rossi, 2017; Tavares et. al,
2020; Uhlein, 2021); a presenca de facies tempestiticas no registro sedimentar da
Formacgédo Trés Marias foi embasado principalmente em Chiavegatto (1992), que
realizou um estudo de facies nos arredores do municipio de Trés Marias e descreveu
estruturas tipicas de deposi¢cao em tempestade (e.g. hummocky, swaley); os dados
geocronologicos de idade maxima de sedimentacéo obtidos através de datagcéo U-Pb
em zircdes na Formacgao Trés Marias e Serra da Saudade (Tavares et al. 2020; Rossi
et al 2020; Moreira, 2020) e o conteudo fossilifero presente na unidade que também

contribui na datagao (Sanchez, 2021)
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5 THE TRES MARIAS FORMATION OF THE BAMBUI GROUP IN ITS TYPE AREA:
COASTAL ENVIRONMENT REWORKED BY STORM WAVES DURING THE
CAMBRIAN

5.1 Introduction

Since the new geochronological and paleontological data, which point to young
ages for the Bambui Group, efforts have been made trying to better understand the
physical and chemical settings of the basin, the geological information that can be
extracted and its real role as a repository of the Earth's geological history during the
late Neoproterozoic and early Cambrian. The Serra da Saudade and Trés Marias
formations are the youngest units of the Bambui Group, and a Cambrian age for both
has recently been established through U-Pb zircon and paleontological data,
definitively placing part of the Bambui Group within the Paleozoic. Despite the
notorious fact of great animal diversification in the global oceans during the Cambrian
(e.g. Peng et al., 2012), to date, fossil records of the upper units of the Bambui Group
are extremely scarce (Sanchez et al., 2021). Much has been speculated about this
contradiction and one of the hypotheses is based on a probable biogeochemical
scenario unsuitable for life (Hippertt et al. 2019; Cui et al., 2020). Furthermore, during
the Cambrian, the Sdo Francisco Craton region was positioned in the center of western
Gondwana, causing great continentalization and probable aridity towards the end of

the basin's development (e.g., Uhlein et al., 2019).

At a glance, the rocks of the Trés Marias Formation appear to be monotonous
stacked sandstones. However, these deposits have already been described as
tempestitic by Chiavegatto (1992), suggesting important marine platform
sedimentation at the top of the Bambui Group. Coastal clastic sedimentation
environments dominated by wave action are widely distributed throughout the world
(e.g. Nyberg and Howell, 2016). The foreshore and shoreface zones are the most
variable and dynamic part of these systems. There are many classic facies models
applied to the geological record for wave-dominated coastlines (Galloway and Hobday,
1996; Collinson and Reading, 1996; Howell and Flint, 2003; Plint, 2010). According to
these facies models, coastal progradation will result in essentially tabular bodies in
which the basic stratigraphic organization is a sandier upward succession that registers
a progressive increase in the influence of waves and currents as the coastline

progrades. The maximum limit of regression can culminate in deltaic plain deposits
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with subaerial exposures and even alluvial sediments if these remain preserved after
transgressive erosion. This paper presents solid evidence of wave-dominated coastal
sedimentation in the Trés Marias Formation in its type area (Fig. 4) and discusses the
implications of this validation from the perspective of basin analysis, the

biogeochemical panorama and the global Cambrian context.
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Figure 4 — Geological map of the region of the city of Trés Marias and surroundings. SFC means Séo
Francisco craton. Modified from Costa et al (2011).
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5.2 Geological setting

The Bambui Group is characterized by alternating carbonate and siliciclastic
sediments laid directly on the S&o Francisco craton basement (> 1.8 Ga), and may
occur in contact, generally of a tectonic nature, with older Precambrian units on the
edges of the basin. The Bambui Group units have been extensively researched
through geological mapping and facies characterization/interpretation in the last
decades (e.g. Branco, 1957; Dardenne, 1978, 1981; Castro, 1997). In the last 20 years,
studies were dedicated to applying more sophisticated techniques, using tools such as
sequence stratigraphy, geophysical methods, chemostratigraphy and geochronology,
as well as synthesizing geological knowledge about this group (e.g. Babinski et al.,
2007; Alkmim & Martins-Neto, 2001, 2012; Alvarenga et al., 2014, Vieira et al., 2015;
Paula-Santos et al., 2015, 2017, 2018; Reis & Suss, 2016; Reis et al., 2017; Uhlein et
al., 2016, 2017, 2019; Cui et al., 2020; Tavares et al., 2020; Sanchez et al. 2021; Caxito
et al., 2021, Moura et al., 2022).

Studies carried out in different regions of the basin (e.g., Nobre-Lopes, 1995,
2002; Seer et al., 1989; Chiavegatto et al., 1997, 2003; Chiavegatto & Dardenne, 1997;
Guimaraes, 1997; Castro, 1997) show that the Bambui Group units have different
characteristics in terms of stratigraphy and sedimentation depending on the
geographical location of the study area. According to Uhlein et al. (2004), these
regional characteristics derive from numerous tectonic, eustatic and climatic variables,
which have acted with varying intensity and in different ways in the basin. These
variables are reflected in the different types of depositional environments, their
respective sedimentary facies and stratigraphic stacking patterns. The western portion
of the basin stands out for its significant tectonic control, characterized by the Sambura
and Lagoa Formosa conglomeratic deposits, found limited to this portion of the basin
(Uhlein et al. 2017). The large facies variations observed between conglomerates,
sandstones and siltstones, as well as the low regional expression of carbonate
sedimentation, also contribute to this argument. The eastern portion, on the other hand,
is characterized by less expressive subsidence rates with important eustatic control,
providing marine platforms of great extension and low gradient, with expressive
carbonate sedimentation (e.g. Uhlein et al., 2019, Moura et al., 2022, Dantas et al.,

2022). In this portion, the stratigraphic units are more easily identified, showing great
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lateral continuity of facies and layers with low inclination, attesting to the lesser

influence of syn-sedimentary tectonism (Uhlein et al., 2004).

The lithostratigraphic division considered for this work is that proposed by
Dardenne (1978) in which the Bambui Group is subdivided from the base to the top
into the following formations: i) Jequitai (diamictites, rare sandstones and rhythmites)
i) Sete Lagoas (limestones and dolomites, with pelitic intercalations); iii) Serra de
Santa Helena (pelites with limestone lenses); iv) Lagoa do Jacaré (possibly oolitic
limestones with siltstones and marls); v) Serra da Saudade (siltstones with sandstone
and greenish claystone intercalations) and vi) Trés Marias (Arcosean sandstones,
siltstones). Other units restricted to the western portion of the basin are the Sambura
(conglomerate and sandstone, Castro & Dardenne, 2000, Uhlein et al. 2017) and
Lagoa Formosa (conglomerate, siltstone, limestone and jaspilite, Uhlein et al., 2011b)
formations. The stratigraphic units of the Bambui Group are interpreted as a record of
a marine transgression in a foreland basin that occurred within the S&o Francisco
paleocontinent (Martins-Neto & Alkmim, 2001, Reis et al., 2017, Uhlein et al., 2017)

and its summarized in Figure 5, according to Caxito et al. (2021).
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The tectonic aspects of the Bambui Group are directly linked to the development
and structuring of the Brasilia (Southern and Northern) and Araguai orogenic belts,
which were uplifted during the amalgamation of the Western Gondwana paleocontinent
at the end of the Neoproterozoic. In general, the Bambui Group is deformed on its
eastern and western margins, close to the contact with the orogenic belts. In its interior
portion, there is no significant deformation and the rocks are arranged horizontally
(Alkmim et al., 2001; Martins-Neto & Alkmim, 2001; Reis et al., 2017).

From the flexural subsidence generated by the Southern Brasilia Belt, there is
a marine transgression over the craton and, upon receiving the carbonate and
siliciclastic sediments, the Bambui sequence begins, characterizing itself as a foreland
basin in the western domain (Chang et al., 1988; Alkmim & Martins-Neto, 2001, 2012;
Reis et al., 2017). After the Araguai mountain range was formed, it also began to
contribute with sediments to the Bambui Group deposits (Paula-Santos et al., 2015;
Kuchenbecker et al., 2015), helping to maintain the basin's foreland stage, forming the
eastern domain. Following the formation of the Northern Brasilia Belt and the Rio Preto
Belt, the basin was configured as a depression completely surrounded by mountain
ranges, and this phase of development was marked by the supply of centripetal bacinal
sediment, observed in the upper lithotypes of the Trés Marias Formation (Alkmim &
Martins-Neto, 2001).

Sedimentary provenance studies for the Bambui Group carried out in its western
portion indicate that the rocks of the Brasilia Belt acted as the main sources of
sediments. Castro & Dardenne (2000) and Uhlein et al. (2017), correlating the spatial
distribution of the conglomerates of the Sambura and Lagoa Formosa formations,
respectively, suggest that the origin of the sediments of these rocks is from the Brasilia
Belt. In regions of the central portion of the basin, Chiavegatto (1992) presented
paleocurrent data that indicated sedimentary input from the northwest to the southeast,
also possibly related to source areas within the Brasilia Belt. In some areas along the
eastern basin, it is suggested a provenance from east to west (Gomes, 1988;
Chiavegatto et al., 1997, 2003; Kuchenbecker et al., 2016; Rossi et al., 2020).

Today, the depositional ages of the main units of the Bambui Group are based
on maximum sedimentation ages through detrital zircon U-Pb ages, direct dating of
calcite via U-Pb method, one depositional age from volcaniclastic bed, and few indirect

dates through fossiliferous occurrences (e.g., Warren et al., 2014; Paula-Santos et al.,
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2015; Moreira et al., 2020; Rossi et al. 2020, Caxito et al., 2021; Sanchez et al., 2021).
The available data suggest a basin divided between a portion deposited at the end of
the Cryogenian and beginning of the Ediacaran (Jequitai Formation and the base of
the Sete Lagoas Formation; e.g., Uhlein, 2011a, Uhlein et al., 2017; Caxito et al., 2018)
separated from the above deposited at the end of the Ediacaran and beginning of the
Cambrian (middle of the Sete Lagoas Formation toward the Trés Marias Formation;
e.g., Warren et al., 2014; Paula-Santos et al., 2015; Uhlein et al., 2017; Tavares et al.,
2020; Sanchez et al., 2021).

5.2.1 Trés Marias Formation

The Trés Marias Formation is the top unit of the Bambui Group, outcropping
mainly in areas in the central-western part of the basin. It also occurs in isolated form
in relatively small areas to the east, in the Buendpolis region, and in the Jaiba and
Gorutuba ridges, north of Minas Gerais. This unit is essentially composed of fine
sandstones, arkose or lithic. The main sedimentary structures are characterized by
planar and cross laminations and stratifications, hummocky-type stratifications, wave
ripples and convoluted folds, with subordinate lenticular intercalations of siltstones and
argillites, locally with mudcracks, and conglomerates associated with coarse
sandstones (Costa & Branco, 1961; Dardenne, 1978, 1981; Uhlein, 1991; Chiavegatto,
1992; Chiavegatto et al., 1997; Iglesias & Uhlein, 2009). Chiavegatto (1992)
recognizes, in the central portion of the basin, two main sets of sedimentary facies, the
first being a heterolithic domain, dominated by siltstones and with subordinate
sandstones, considered to be a record of a low-energy environment with a high settling
rate. The second domain is essentially made up of sandstones, considered to be high-
energy tempestitic successions. It has a gradual basal contact with the Serra da
Saudade Formation, in the central portion of the Bambui Group. In contrast, in the
occurrences in the eastern portion, the transition to the Serra da Saudade Formation
occurs by abrupt and erosive contact (Chiavegatto et al., 1997; Tavares et al. 2020;
Uhlein et al., 2021).

In its type area, in the central-western portion of the Bambui Group, the Trés
Marias Formation is interpreted as a record of a shallow marine siliciclastic platform
environment, dominated by cyclical storms, associated with deltaic environments
(Chiavegatto, 1992; Lima, 2007). To the east, Tavares et al. (2020) suggest

sedimentation in braided rivers and marine settings for the deposits located in the
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Buenodpolis region. In the Serra de Gorutuba region (NE of the basin), Rossi et al.
(2017) described the occurrence of arkose and hybrid conglomerates from molasse-

type deposits, also referring to continental sedimentation.

Regarding the age of the Trés Marias Formation, Tavares et al. (2020) and Rossi
et al. (2020) defined a maximum depositional age of 527 + 4 Ma and 555 + 17 Ma,
respectively, from U-Pb zircon dating. Moreira et al (2020), from zircon grains extracted
from a volcaniclastic bed, defined a 520.2 + 5.3 Ma for the upper portion of the Serra
da Saudade Formation. Sanchez et al. (2021), after paleontological surveys around
the Trés Marias city, recognized one bed with the ichnogenera Treptichnus pedum,
characteristic of being found since the Lower Cambrian (e.g., Buatois, 2018). All these
data confirm that the sedimentation of the Trés Marias Formation took place in the
lower Cambrian period, and in an epoch of life expansion, geotectonic complexity in

West Gondwana and during the last sighs of the Bambui Basin.

5.3 Materials and methods

The work consisted of surveying 07 (seven) centimetric to decimetric scale
stratigraphic sections (Fig. 6) in different areas of the Trés Marias Formation in its type-
area, in the vicinity of the Trés Marias city, Minas Gerais state. We recorded the
sedimentary attributes of the rock (e.g. sedimentary structures, granulometry, bed
geometry, texture, mineralogical maturity, etc.), according to Tucker (2003). The
outcrops were found mainly on the banks of rivers and waterfalls, as well as in road
cuts near the city. The sections surveyed were named: “AXEN_A”, “Cascata das
Virgens”, “Ribeirdo do Boi”, “AXEN_B”, “Pedreira 3M” and “Cachoeira da Forquilha”,
according to local toponyms. After field work the following steps were done: 1)
identification of sedimentary facies; 2) grouping of correlated sedimentary facies into
facies associations; 3) characterization and definition of depositional systems using
previous studies and creating a table of facies distribution for a coastal environment;
4) correlation of columns and paleoenvironmental reconstruction using the concepts of
Sequence Stratigraphy. These steps considered these main references: Davis and
Fox. (1972a), Davis (1985), Swift and Nummedal (1987), Chiavegatto (1992); Embry
and Johannessen (1992); Catuneanu et at. (2009); Plint (2010); Zecchin and
Catuneanu (2013). In order to evaluate some sedimentary attributes, thin sections

were analyzed through petrographic microscopes in the CPMTC/IGC laboratories.



5.4 Results

are the most common and some of the most frequent structures found in the
sedimentary record studied are: wave-truncated lamination, low-angle cross-
lamination, planar-parallel lamination, and hummocky cross-stratification (Fig. 7). The
others proved to be more restricted, associated with these main ones, grading laterally

or vertically. Mud-silt-sand heteroliths are also frequent and together with arkoses are

Among the ten (10) sedimentary facies identified (Table 1), arkose sandstones

the main lithotypes.

Table 1 — Lithofacies: macroscopic characterization.

Facies

Description

He

Sh

Sr

Ssr

Sp

Sl

Sm

Sar

St

Fc

Intercalation of silt/clay with sand in different proportions, forming lenticular, wavy
and flaser heterolithic structures. Decimetric to metric layers of tabular geometry.
Sometimes show possible fossil traces in positive hyporelevation.

Very fine to fine sand, amalgamated decimetric to metric layers with thinning
towards the sides, with a convex upper arrangement (better preserved) and
concave lower arrangement, in some cases showing straight, little erosion,
characterizing hummocky stratification.

Very fine to fine sand, centimetric to decimetric layers, with tabular external
geometry and internal geometry showing truncated wave Ilamination with
centimetric wavelength.

Fine to medium sand, occurring in tabular geometry layers, eventually graduating
to Sp and Sr facies. The undulating marks with a symmetrical profile have a longer
wavelength than the Sr facies (decimetric).

Fine to medium sand, layers of tabular geometry and centimetric to decimetric
thickness, with interdigitated siltstones, stacking to form planar-parallel
stratification. It can gradate laterally to the SI, Sar, Ssr facies and be associated
with lenticular layers of conglomeratic sandstone with clay clasts and marked by
heavy (opaque) minerals (Fig. 8).

Fine to medium sand, centimetric to decimetric layers, tabular to lobed external
geometry, internally showing low-angle cross-stratification. Eventually graded to Sp
facies.

Medium to coarse sand, massive centimetric to decimetric tabular layers. Occurs
between the Sl and Sp facies.

Very fine to fine sand showing asymmetrical wavy marks, occurs in abrupt contact
with the Fc facies, with centimeter thickness and lenticular geometry. Gradual
contact with the Sp and Sl facies, reaching decimetric thicknesses and tabular
geometry.

Thin lenticular-shaped layers of fine sand, with trough -cross-stratification,
intergrown with the Fc facies.

Coarse clayey silt, may show shrinkage cracks and interdigit with thin layers of the
St and Sar facies. Arcosean composition. Presence of clay intraclasts, eventually
folded.
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Figure 6 — Stratigraphic columns from the Trés Marias Formation in its type-area.
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Figure 7 — Characteristic sedimentary features seen in outcrop. A) Sandstone with low-angle cross-
stratification. B) Centimetric layers showing tabular geometry, with planar-parallel stratification in the
upper portion. C) Sandstone with symmetrical wavy ripples and slight wave truncation. D) Sandstone
layer with wave-truncated laminations (red arrow), with a straight base and an undulating top with a
symmetrical profile (red lines). E) Sandstone with asymmetrical profile undulation. F) Lenticular layers
of sandstone suggesting amalgamated hummocky cross-stratification. G) Heteroliths with flaser, wavy
and lenticular lamination from bottom to top. H) Possible trace fossils found beneath heterolithic layers
in positive hyporelief.
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Figure 8 — A) Sandstone with planar-parallel lamination and low-angle cross stratification with
laminations rich in opaque minerals (sample AF05). B) Violaceous clay siltstone with mudcracks (sample
FCB). C) Lamination marked by opaque minerals seen under the microscope, parallel nichols. D)
Mudcrack in a clayey laminae, crossed nichols.
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5.5 Discussions

5.5.1 Facies associations

The ten sedimentary facies were grouped into five facies associations (FA1 to
FA5). This study considered the method of reconstructing paleoenvironments using
the definition of sedimentary facies and grouping them into facies associations (FAs),
a tool used in several previous studies. It is worth noting that sedimentary structures
can occur in different spatial positions according to grain size, sediment availability,
platform slope, acting hydraulic parameters and the likelihood of them remaining in the
sedimentary record (Fig. 9, Peters and Loss, 2012). The FAs are then described

according to the sedimentary processes involved in the region's sedimentary record.

SEDIMENTARY

SEDIMENTARY -~ ENVIRONMENTS DELTAIC PLAIN BEACH UPPER SHOREFACE MIDDLE SHOREFACE LOWER SHOREFACE OFFSHORE
FEATURES (FACIES)
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LOW-ANGLE CROSS-
STRATIFICATON (S1) -

ASYMMETRIC RIPPLES (Sar) L/

SYMMETRIC RIPPLES (Ssr)

PLANAR STRATIFICATION (Sp)

TRUNCATED WAVES LAMINATION (5r) —
HUMMOCKY CROSS-STRATIFICATION (Sh)

HETEROLITHIC LAMINATION (He) *

Figure 9 — Distribution table of sedimentary facies according to subenvironments on a coastal shelf,
according to Davis and Fox. (1972a), Davis (1985), Swift and Nummedal (1987), Plint (2010).

5.5.1.1 Deltaic plain deposits — FA1 (Fc, St, Sar)

Clayey siltstones such as facies Fc suggest deposition in a calm environment,
where there is little traction, allowing ample settling of suspended silty-clay material.
These facies have mudcracks in the clayier levels, which imply subaerial exposure.
Thin sheets of sandstones were found with trough cross-stratification (St), formed by
small 3D dunes, and asymmetrical ripples (Sar), the result of unidirectional traction,
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suggesting a cyclicity between the deposition of fine material and traction in lower flow
regime. A deltaic plain environment is suggested, with the Fc facies related to the river
flood region and the St and Sar facies related to the river channel and lateral accretion
bar (Bhattacharya, 2006).

5.5.1.2 Beach deposits — FA2 (SI, Sp, Sm)

The presence of these facies suggests sedimentation due to the ebb and flow
of waves, in a high-energy, oscillatory, turbulent flow regime in which the sandy
sediment is deposited parallel to the coast, forming planar stratification. This deposits
may present some inclination towards the sea, generating low-angle cross-
stratification (Davis and Fox, 1972a), and it is a function of the granulometry of the
sediments deposited (Plint, 2010). Associated with these facies are lenses of
conglomeratic sandstone with clay clasts, which are possibly the result of the removal
of fragments of clay material from FA1 by wave action, after a transgression. According
to Roy (1999), during the formation of sandbars in the coastal region, there is a
tendency for heavy minerals to accumulate, probably due to the action of storm waves
which overturn the seabed in deeper regions and carry them to the beach area. The
concentration of heavy minerals marking the lamination is a common feature of facies

Sl and Sp and is a characteristic feature of the beach region (Davis, 1985, Plint, 2010).

5.5.1.3 Upper shoreface deposits — FA3 (Sar, Sr, Sp, Sl)

In this region, the processes are mainly controlled by marine currents,
associated with fair-weather waves (Davis, 1985). The facies suggest deposition under
a high-energy, oscillatory upper flow regime, but of lower intensity than the FA2
deposits. The facies that marks this environment are sandstones with asymmetrical
ripple marks (Sar). When the oscillatory flow generated by the waves gets close
enough to the seabed, it generates an elliptical pattern of strongly asymmetrical
movement. This is formed by a small, strong component at the crest of the wave in the
direction of the beach, and another large but weak component near the seabed in the
direction of the sea. The latter acts as a current and is responsible for forming the
asymmetrical wave marks (Niedoroda & Swift, 1981; Clifton, 2006). Truncated wave
lamination can be generated when the oscillatory flow of the waves combines with
unidirectional return currents of low intensity at the low tide line, the base of the upper

shoreface (Plint, 2010). Truncated wave laminations are the product of combined flows



30

and may be the product of distal storm waves forming small scale hummocky-like

structures (e.g.: Tinterri, 2011)

5.5.1.4 Middle shoreface deposits — FA4 (Ssr, Sp, Sr, Sh)

These facies are initially associated with a medium-energy, oscillatory upper
flow regime. The symmetric ripples mark the sedimentation above the fair-weather
wave level, in a region where the oscillatory flow causes the sediment to move back
and forth on the seabed, forming a symmetrical pattern (Dalrymple & Choi, 2007).
Because the symmetrical ripples of Ssr have rounded crests, they suggest a high-

energy flow (Nichols, 2009), possibly associated with storms in this case.

Below the level of fair-weather waves, truncated wave laminations are the result
of the interaction of flows (oscillatory and unidirectional), but associated with storms,
producing structures of greater size and expression due to the greater magnitude of
the oscillatory flows (Davis, 1985). In addition, sandstones with planar-parallel
stratification can be generated by combined flows, with the unidirectional component
being a small fraction of the oscillatory component (Arnott and Southard, 1990), but
when both are strong as possible, suggesting deposition near the peak of the storm
(Cheel, 1991). This occurs in the region above the erosional level of the storm waves,
the transition from the middle to the lower shoreface, according to Plint (2010). Down
on the shelf, close to the lower foreshore, combined high-energy flows with a dominant
oscillatory component, generate hummocky cross-stratification during storm events
(Dott and Bourgeois, 1982; Swift et al., 1983, 1987; Duke, 1985, Duke et al., 1991;
Cheel and Leckie, 1993). This appears as concave layers forming a domed

appearance truncating each other (Dumas et al., 2005).

5.5.1.5 Lower shoreface deposits — FA5 (Sr, He)

Truncated wave lamination can also be recognized in the transition to the lower
shoreface, formed by storm events, in very fine to fine-grained sediments (Plint, 2010).
The presence of heteroliths, with flaser, wavy and lenticular laminations (more sandy,
intermediate and more clayey, respectively), possibly indicates deposition in the lower
region of the lower shoreface, in the transition to offshore, with an alternation between
settling, directly associated with calm periods after storms (background
sedimentation), and the incursion of sandy sediments with wave reworking, associated

with storm activity. This facies may present ichnofossils in positive hyporelief. Although
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they have not yet been identified, they could be the same as those observed by
Sanchez et al. (2021) and identified as Treptichnus pedum, which occur from tide-
dominated coastal areas to the lower-shoreface/offshore transition (Buatois, 2018).
However, a correct ichnotaxonomic classification is still necessary before any further

interpretation.

5.5.2 Paleoenvironmental evolution of the Trés Marias Formation in its type area

The blue and red triangles right next to the column in Fig. 10 represent the
transgressive-regressive (T-R) cycles (Embry and Johannessen 1992), which were
separated by relating a set of structures to a specific sub-environment, delimited by
maximum regressive surfaces (MRS). For example, where the FA1, FA2 and FA3
facies associations were interpreted (massive sandstone, sandstone with planar-
parallel stratification, sandstone with low-angle cross-stratification, etc.), characteristic
of shallower portions, the reasoning of more proximal facies was induced, being the
FA1 the most continental facies and the FA3 further in the sea. On the other hand,
where the FA4 and FAS facies associations were delimited, they were interpreted as
being sedimentation in more distal portions, in this case, the FA4 are the shallower of

them, and FA5 represents the deepest part of the proximal coast environment.

The survey carried out covers approximately one hundred meters of the Trés
Marias Formation, suggesting the paleoenvironmental evolution of the basin during the
Cambrian. The first cycle (Fig. 10) is interpreted as a general moment of regression,
part of a greater and incomplete T-R cycle. It shows sandstone facies with truncated
wave lamination and symmetric ripples, which may be products of distal storms,
overlain by more coastal facies influenced by fair-weather waves and traction currents.
The second cycle is a complete T-R cycle and begins with a transgression to
heterolithic facies and a regression back to beach facies passing through storm facies.
This second cycle has a shallowing-coarsening upward pattern, since there is a
progressive regression from the heteroliths and a granulometric increase in the facies.
The third T-R cycle also shows the shallowing-coarsening upward pattern, similar to
the second, but with less thick heteroliths (FAS5, lower foreshore) and thicker storm and
beach deposits (FA4, FA3, FA2). Finally, the fourth T-R cycle shows a new
transgression to heteroliths and strong regression for transitional deltaic plain deposits

(FA1), without having recorded storm or beach deposits.
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The absence of FA4, FA3 and FA2 in the last cycle may be due to exposure of
the platform and erosion of these intervals before the deposition of FA1. This
hypothesis suggests a moment of base level fall, forced regression, erosion of newly
deposited sediments, formation of erosive surfaces and filling in of these surfaces
during a new rise in base level and normal regression, and is marked by the presence
of mudcracks in a clayey siltstone, result of a subaerial exposure and recognized as
maximum regressive surface (MRS), a record of the sea level change and its
processes. This last cycle, combined with the other three below, clearly denote the
generalized regressive trend of the Trés Marias Formation in its type area. Evaluating
this information, it is possible to infer that the Bambui basin, at its end, experienced
high-frequency eustatic variations, initially alternating between the lower foreshore and
the beach with moments of greater or lesser influence of storm waves. From the
second T-R interval and on, the cycles begin with distal heteroliths, evolve into erosion-
based storm deposits with eventual lenticular geometry characterizing near-shore
storm-surge sandbars (Tanner, 1995), and culminate in coastal facies dominated by
fair-weather waves. This is characteristic of the Trés Marias Formation in its type-area
and make up a fundamental regressive stacking-pattern for the unit, represented by
the big red triangle. Finally, there is a strong regressive trend with sea level fall,

probably erosion of the platform and deposition of transitional facies at the top.

The paleocurrent data obtained by Chiavegatto (1992) from sandstones of the
Trés Marias Formation, which show a flow of sediments from NW to SE coming from
the Southern Brasilia Belt, and the ages that Pimentel et al. (2011) establish for the
Southern Brasilia Belt are important data for building stratigraphic reasoning in the
region. During the formation of this orogenic belt, through a process of isostatic
compensation, flexural subsidence occurs, generating the foreland basin. The
formation of the basin is closely linked to the generation of accommodation space,
which develops while the processes linked to orogeny are prevailing over erosion, and
the crust is still seeking equilibrium. After reaching this condition, the space for
sediments in the basin tends to decrease, with the progressive denudation of the
orogen and consequent discharge of eroded material into the basin, a regressive
pattern is promoted, with marine facies giving way to transitional facies and, eventually,

continental facies.
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The same regressive stratigraphic pattern is seen in the Trés Marias Formation
in its type area, as shown here. However, Tavares et al. (2020) showed that the Trés
Marias Formation at the eastern boundary of the basin (and thus far from the Southern
Brasilia Belt) has a reverse stratigraphic organization, with fluvial deposits overlain by
marine sandstones. This contrasting stratigraphy from west to east in the upper units
of the Bambui Basin has already been documented more broadly by Uhlein et al.
(2017), but is now described and attested for the first time for the western and eastern
Trés Marias Formation. A possible explanation for it is the reciprocal flexural behavior
of foreland basins during orogenic loading and unloading (Catuneanu et al., 1988;
Uhlein et al., 2017). The Cambrian age of the Trés Marias Formation and the orogenic
ages of the Southern Brasilia Belt and Araguai Belt suggest a time window of orogenic
unloading, foredeep regression (Trés Marias type-area; this paper) and forebulge

transgression (eastern Trés Marias Formation; Tavares et al., 2020).

The data collected allowed to infer that the Trés Marias Formation in its type
area represents an ancient epicontinental sea, which had considerable extensions
given its scope in the region. The Cambrian is an important period in Earth's history in
which complex life expanded, initially in marine environments. Despite this, in the rocks
studied, the record of complex life is scarce to absent, suggesting the questioning of
biochemical conditions in the “Trés Marias Sea”. The paleogeographic position of the
basin, surrounded by orogenic belts, the epicontinental configuration of the basin,
limiting the availability of oxygen and nutrients, among other arguments, may help to
explain why the conditions in this basin were unsuitable for life. Other research tools
are needed to better understand this topic, and its development in other works is

fundamental to understanding the origin and evolution of life.

The sedimentary facies found around the town of Trés Marias suggest transport
and sedimentation linked to a shallow, gently sloping platform, dominated by storm

waves, with the presence of deltaic plain to lower shoreface processes.
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5.6 Conclusions

The stratigraphic survey, facies definition and the interpretation of facies
association suggest a shallow platform environment, formed by cyclic tempestitic
sequences. The storm events caused sedimentation in different orders of magnitude,

with decimetric to metric cycles of high eustatic frequency.

Ten lithofacies and five facies associations were identified, which characterize
different environments in the platform system. The deltaic plain (FA1) is mainly
represented by reddish clayey siltstone, with occasional intervals containing
mudcracks and interdigitation with thin layers containing small-scale cross stratification
and current ripple. The beach to shoreface facies (FA2 to FA5) denote genesis under
the action of moderate to high energy flows, with evidence of storm activity. The
packages studied show great variability in the internal structure and thickness of the
lithofacies. Relative sea level variations controlled the development of the cycles and
their assemblages, and these variations were largely influenced by episodic climatic
events of varying intensity, with hummocky cross-stratification as the main evidence.
According to the data, the configuration of the platform was probably an epicontinental
sea with a delta whose river had little influence on the control of sedimentation,
associated with a shallow and sandy platform dominated by storm waves. Overall, the
Trés Marias Formation close to the Trés Marias city shows a clearly regressive pattern,
with marine environments dominated by fair-weather and storm waves below

transitional deltaic plain environment.

The work contributed to the discussion on the paleoenvironment of the Bambui
basin at the beginning of the Cambrian, an important period in the history of the Earth,
notable for the expansion of complex life. The type area of the Trés Marias Formation
records sedimentary systems that are in some degree different from those found in
other sites where the unit outcrops, probably because of the contrasting influences that

the surrounding orogenic belts exerted in the final stages of the basin.
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6 CONSIDERAGOES FINAIS

O levantamento estratigrafico possibilita a reconstru¢ao paleoambiental em
uma bacia, levando em consideracao a disposi¢cao das feicdes sedimentares. Ainda
que haja discusséo sobre os mecanismos especificos de formagao das estruturas que
compodem os depositos tempestiticos, a ocorréncia dessas em sobreposi¢cdo e com
gradacao lateral, como observado no estudo de caso, permite inferir que na plataforma
continental durante os ultimos milhdes de anos da bacia Bambui havia a dominéncia
dos processos de retrabalhamento costeiro por ondas, com acado de tempestades
ciclicas. Foi possivel inferir também que se tratava de uma plataforma rasa e arenosa,
cuja area fonte dos sedimentos se encontrava a NW e de composicéao
predominantemente de rochas ricas em quartzo e feldspato, como granitoides ou
gnaisses, trazendo a ideia da denudacdo do orégeno Brasilia como fator de

preenchimento da bacia na regido estudada.

O empilhamento estratigrafico realizado demonstrou claramente um padrao
regressivo para a Formagéao Trés Marias, com ciclos T-R que se superpdem e dominio
gradual de facies de lamina d’agua cada vez mais rasas. No topo, foram identificadas
feicbes que sao associadas a deposicao fluvio-deltaica, indicando um momento de
forte regressdo na bacia naquela regido. Esse registro regressivo carrega um
significado geotectbnico interessante e ainda muito discutido, sobre as influéncias das
varias faixas orogénicas sobre a sedimentacdo do Grupo Bambui. Entende-se que a
interrupcao na subsidéncia da bacia, causado pelo fim do soerguimento orogénico, e
o constante aporte sedimentar vindo da denudacdo dessas cadeias de montanha,
proporcionaram o progressivo assoreamento da bacia e o padréo progradacional visto

na Formacgao Trés Marias.

Nesse estudo realizado na Formacao Trés Marias, nota-se a quase auséncia
de registros fossiliferos, mesmo sendo de idade cambriana. Este fato leva a discusséo
sobre as condi¢des biogeoquimicas da Bacia Bambui durante sua deposig¢ao. Conclui-
se que, por ndo apresentar registros expressivos de fosseis de vida complexa, essa
bacia possivelmente apresentava condi¢cdes que, ou impediram o desenvolvimento da

vida complexa, ou impediram seu registro nas rochas.
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