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RESUMO

O Grupo Bambui foi descrito em dois testemunhos de sondagem na regido norte de Minas Gerais
incluindo as formagdes Sete Lagoas, Serra de Santa Helena e Lagoa do Jacaré onde foi estudado de
forma integrada os dados isotopicos (8'°C e 8'%0) e as assemblagens de acritarcos. Os valores de
313C em carbonatos de capa da Formacdo Sete Lagoas e iniciam com valores negativos (entre -3%o e
-6%0) que gradualmente passam para valores que chegam a atingir +10%o no topo dessa formacao. A
assemblage de acritarcos encontrados incluem Octoedryxium truncatum, Taenitichoides
Jarischevicus e Germinisphaera sp. e Paracrassosphaera dedalea, este Ultimo estabeleceu a
presenca de uma zona de abundancia. Dentre os acritarcos presentes na Formagao Sete Lagoas foi
feito um re-estudo do Bambuites erichsenii (Sommer, 1971) que foi o primeiro microfossil de
parede organica descrito na Formacao Sete Lagoas. Novas ocorréncias dessa espécie recuperadas da
localidade-tipo, como uma descricdo complementar, apresentam uma emenda de diagnose para
Bambuites erichsenii (Sommer, 1971) e para o género Bambuites (Sommer, 1971) que permitem
inseri-lo no grupo dos Acantomorfos. Um outro grupo de acritarcos, com um importante significado
cronoestratigrafico, conhecidos por vase shaped microfosils (VSM’s), teve exemplares identificados
em amostras provenientes do Grupo Vazante de idade toniana. A biota Ediacara (571-541 Ma)
marca a primeira apari¢do de eucariontes multicelulares macroscopicos, de corpo mole e
arquitetonicamente complexos na historia da Terra. A maioria dos fosseis desta biota é preservada
em rochas siliciclasticas, enquanto apenas algumas assemblagens fosseis sdo encontradas em rochas
carbonaticas. Neste trabalho ¢ relatada a primeira descoberta de fosseis de bilateriomorfos
ediacarianos na América do Sul. Esses fosseis estdo hospedados em calcarios da Formagao Lagoa
do Jacaré, unidade intermediaria do Grupo Bambui, e incluem Eremolinea yacarei n. gen. n. sp. €
Jaibella verdegrandensis n. gen. n. sp. Além disso, dois taxa foram encontrados no mesmo nivel
estratigrafico: Nilpenia rossi e Icnogénero. et sp. indet. 1. Eremolinea yacarei e Jaibella
verdegrandensis sdao animais bilateralomorfos com habitos de vida bentonicos enquanto o
Icnogénero. et sp. indet. 1 ¢ interpretado como trilhas deixadas por Eremolinea yacarei. Finalmente,
Nilpenia rossi sao interpretados como espécies bentonicas possivelmente sésseis, representadas por
talos finos com ramos dicotdmicos e ramificagdo dendritica. Estas ocorréncias apdiam as
interpretacdes bioestratigraficas e paleoambientais da Formagdo Lagoa do Jacaré¢ do Grupo Bambui
como uma unidade do Ediacariano diagnosticadas com idades entre 556 — 546 Ma, logo com seu
inicio mais antigo que o do Estdgio Terminal do Ediacariano (TES), caracterizada por sedimentacao
em ambientes marinhos e rasos de plataformas de carbonatos.

Palavras chave: Ediacariano, microfosseis, macrofosseis, isotopos de carbono.
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ABSTRACT

Bambui Group was identified in two drill cores from the northern region of Minas Gerais, including
Sete Lagoas', Serra de Santa Helena's, and Lagoa do Jacaré's formations where a study of isotopic
data (8"°C e 8'®0) and acritarch assemblages was carried out in an integrated manner. §"*C of cap
carbonates from Sete Lagoas formation shows negative values (between -3%o and -6%o) which,
gradually, reach a maximum of +10%o at the top of the formation. The acritarch assemblages that
were found include Octoedryxium truncatum, Taenitichoides Jarischevicus and Germinisphaera sp.,
and Paracrassosphaera dedalea, the distinction being that the latter established the presence of an
acme zone. A re-study of Bambuites erichsenii (Sommer, 1971) - the first organic-walled
microfossils to be found in Sete Lagoas formation - was conducted among the acritarch present in
the above mentioned formation. New records of this species (which was recovered from the type
locality of Sete Lagoas formation) were identified, and, as a complementary description, present an
emended diagnosis for Bambuites erichsenii (Sommer, 1971), and for the genus Bambuites
(Sommer, 1971), making it possible to include it in the group of Acanthomorpha. There was another
group of acritarchs, with great chronostratigraphic meaning and known as Vase-shaped microfossils
(VSMs), which were identified in samples from Vazante Group, and are related to the Tonian Age.
The Ediacara biota (571-541 Ma) marks the first appearance of the architecturally complex soft-
bodied macroscopic multicellular eukaryotes in the history of the Earth. Most fossils from this biota
are preserved in siliciclastic rocks being that very little material has reported fossil assemblages in
carbonate rocks. In this study, the first discovery ever of Bilaterian Ediacaran fossils in South
America is reported. These fossils are hosted in limestones in Lagoa do Jacaré formation, an
intermediate unit in Bambui Group. They include Eremolinea yacarei n. gen. n. Sp., and Jaibella
verdegrandensis n. gen. n. sp. Moreover, two taxa at the same stratigraphic level were found:
Nilpenia rossi and Ichnogenus. et sp. indet. 1. Eremolinea yacarei and Jaibella verdegrandensis are
bilaterian animals and have a benthic lifestyle whereas the Ichnogenus et sp. indet. 1 is interpreted
as tracks and trails left by Eremolinea yacarei. Finally, Nilpenia rossi are interpreted as benthic
species, possibly sessile, and characterized by having thin stems with dichotomous and dendritic
branches. These findings support both the paleoenvironmental and biostratigraphic interpretations
concerning Lagoa do Jacaré's formation in Bambui Group, making it possible to state it is an
Ediacaran unit, aged from 556 - 546 Ma, having begun earlier than the Terminal Ediacaran Stage
(TES), and being characterized by sedimentation in a shallow marine environment within carbonate
platforms.

Keywords: Ediacaran, microfossils, macrofossils, carbon isotopes.
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1 — Introducao
1.1 — Justificativa

Dados paleontoldgicos do Ediacariano indicam uma diversidade de acritarcos acantomorfos nos
seus estagios inferiores entre 635 e 580 Ma, enquanto que macrofdsseis sdo comuns no Ediacariano
superior (Narbonne et al., 2009, 2014; Xiao et al., 2016). A biostratigrafia do Ediacariano ¢ ainda
imprecisa, principalmente para sua se¢do intermediaria pela falta de idades absolutas e da
dificuldade na aplicacdo de métodos indiretos tais como is6topos de carbona e oxigénio, uma vez
que a maioria dos macrofosseis sdo encontrados em rochas siliciclasticas, onde is6topos de C e Sr
ndo sdo aplicados.

Macrofosseis do Ediacariano incluem organismos de corpo mole que foram primeiramente
descritos na Flinders Range no sul da Australia (Sprigg, 1947), e posteriormente identificados em
diferentes continentes (Hofmann, 1981; Xiao et al., 2005: McMenamin, 1996; Hofmann et al.,
2008). O estagio final do Ediacariano (550-541 Ma) ¢ representado pelos mais antigos organismos
com exoesqueletos, Cloudina, Sinotubulites, Namacalathus e outros (Xiao et al, 2016). No Brasil
central, regido de Corumba, MS, Cloudina sp. e Corumbella Werneri estdo preservados na
Formag¢do Tamengo no limite Neoproterozoico-Cambriano (Hahn et al., 1982; Adorno et al., 2017).

Uma possivel ocorréncia de Cloudina também foi descrita na Formagdo Sete Lagoas da base do
Grupo Bambui, que sobrepde aos depositos glaciogiénicos da Formagao Jequitai, trazendo grandes
divergéncias com relacdo a idade Ediacarana inferior para a Formacao Sete Lagoas (Caxito et al.,
2012; Alvarenga et al., 2014; Warren et al., 2014).

Os primeiros fosseis relatados no Grupo Bambui foram estromatolitos do tipo Gymnosolem,
que contribuiram para as primeiras interpretagdes de idade proterozoica para esta unidade (Cloud &
Dardenne, 1973). Também foram identificados nesta unidade vestigios de cistos de algas
(Bambuites erichsenii) interpretadas como sendo de idade pré-cambriana (Sommer, 1971).
Posteriormente, foram relatadas a ocorréncia de acritarcos na Formagdo Sete Lagoa, base do Grupo
Bambui (Simonneti & Fairchild, 2000; Baptista, 2013; Sanchez,2015; Denezini, 2018) que sugerem
uma idade ediacariana. Um estudo detalhado sobre os acritarcos acantomorfos faz parte dessa
pesquisa com a analise de 1.333 metros de testemunho de dois furos de sondagem.

Macrofésseis de organismos de corpo mole ainda ndo foram identificados nas bacias
sedimentares Ediacarianas no Brasil, entretanto, neste trabalho, serdo descritas as primeiras
ocorréncias desses macrofosseis nas rochas carbonaticas da Formacdo Lagoa do Jacaré, com o
estabelecimento de novas espécies, importantes para o entendimento paleoecologico do Ediacariano

na América do Sul e no mundo.



A idade do Grupo Bambui ¢ controversa, registrando-se idades Criogenianas (Misi et al.
2007a), e idades Ediacarianas, de acordo com dados obtidos em zircdes detriticos (Paula Santos et
al., 2015). Moreira et al.(2020) discutem uma possivel idade cambriana para a Formagdo Serra da
Saudade, baseado em datagdo de material vulcanico. Destaca-se ainda novas evidéncias de fosseis
ediacarianos identificados por Warren et al. (2014). Entretanto, continuam dtvidas quanto as
subdivisdes de idades dentro do Ediacariano, dificultada pela falta do registro de idades absolutas e
a consequente dificuldade nas reconstrugdes paleogeograficas. A identificagdo das biozonas sdo
aqui apresentadas no estabelecimento de biocorrelagdes estratigraficas. Nessa pesquisa a descrigao
dos microfosseis e a sua organizagao bioestratigrafica vem acompanhada da estratigrafia isotopica
(8"3C e 8'%0) com o objetivo de contribuir de forma significativa para o estabelecimento de uma
bioestratigrafia- quimioestratigrafia para o Grupo Bambui de forma a tentar estabelecer uma
correlacio nos modelos globais do Ediacariano. Microfosseis em unidades mais antigas
(Mesoproterozoico - inicio do Neoproterozoico) foram descritos de forma pontual, em rochas dos
grupos Paranod ¢ Vazante no intuito de ampliar o escasso conhecimento bioestratigrafico do Pré-

Cambriano do Brasil.

1.2 — Objetivos

Esta pesquisa de doutorado tem como objetivo geral contribuir com a descricdo de novas
ocorréncias paleontologicas microscopicas € macroscopicas em sequéncias proterozoica nas bacias
sedimentares do dominio do Craton do Sdo Francisco, oferecendo novas informagdes para o
posicionamento cronoestratigrafico do grupo Bambui e do Grupo Vazante.

Os objetivos especificos sao verificar a relagdo entre as assemblegens de acritarcos em dois
testemunhos de sondagem e suas relagdes com a variagao da curva isotopica determinada por dados
de 8'°C e 8'%0. As assembléias microfossiliferas (acritarcos) e os isotopos de §°C e §'%0 serdo
utilizados na determinacdo de biozonas e suas relacdes com descontinuidades no registro
estratigrafico.

Também foi objetivo especifico deste trabalho verificar o contetdo microfossilifero em um
afloramento da Formacdo Sete Lagoas com o objetivo de estabelecer uma diagnose emendada para
Bambuites erichsenii, Sommer,1971. Foram analisadas, ainda, amostras provenientes do Grupo
Vazante, para verificar os grupos de microfosseis presentes e o seu significado cronoestratigrafico.

Por fim, foi objetivo especifico identificar, descrever e coletar amostras dos macrofosseis de

organismos complexos de corpo mole, relacionados a Biota de Ediacara que ocorrem na Formagao
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Lagoa do Jacaré com objetivo de compreender seu significado paleoambiental e cronostratigrafico

para o Grupo Bambui.



2 — Contexto geoldgico regional

A regido pesquisada esta localizada na bacia do Sdo Francisco, mais precisamente na sua
por¢do centro-leste (Fig.2.1), e posicionada no centro sul do craton homonimo (Alkmim & Martins
Neto, 2001). A Bacia do Sdo Francisco cobre uma area de, aproximadamente, 500.000 km? situada
nos Estados de Minas Gerais, Bahia e Goias e esta posicionada no centro sul do Craton homoénimo e

em parte das faixas dobradas que o bordeiam (Alkmim e Martins Neto, 2001).

FAIXA RIACHO
DO PONTAL

\

- BACIA INTRACRATONICA
4 DO SAO FRANCISCO

Cinturdes brasilianos Coberturas fanerczéicas

I:) Embasamento (>1,8 Ga) :] Coberturas proterozodicas

Figura 2.1 — Localizagcdo da Bacia do Sdo Francisco no crdton homoénimo segundo Alkmim &

Martins Neto (2001).



2.1-Estratigrafia

A Bacia do Sao Francisco compreende cinco unidades litoestratigraficas: (i) Embasamento,
constituido de rochas granito-gnaissicas paleoproterozoicas, (ii) Supergrupo Espinhago de idade
paleo/mesoproterozoica, (iii) Supergrupo Sao Francisco, constituido dos Grupos Macatbas ¢
Bambui, de idade neoproterozoica, (iv) os sedimentos paleozoicos do Grupo Santa F¢ e (v) as
unidades cretacicas dos Grupos Areado, Mata da Corda e Urucuia (Fig.2.2). Neste trabalho o foco

principal esta no estudo do contetido paleontoldgico do Grupo Bambui.
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Figura 2.2 — Coluna estratigrafica da Bacia do Sao Francisco (Alkmim & Martins Neto, 2001)



2.1.1 — Grupo Bambui

O Grupo Bambui teve a sua primeira subdivisdo litoestratigrafica a partir da sua “se¢do tipo”
definida ao longo da BR-040, entre Belo Horizonte-MG e as cercanias de Brasilia-DF (Costa &
Branco, 1961). Estes autores propuseram a subdivisdo em trés formacdes: Carrancas (unidade
basal), Sete Lagoas (unidade intermedidria) e Rio Paraopeba (unidade superior). Esta ultima
constituida de quatro membros, a saber: Serra de Santa Helena, Lagoa do Jacaré, Trés Marias e,

finalmente, Serra da Saudade (Tab.2.1).

Tabela 2.1- Estratigrafia da Série Bambui no centro norte de Minas Gerais, segundo Costa &

Branco (1961).

~ Caracteres Ambiente de . Principais
Formacao Membro .. L Sedimento | ESPessura Ap .
Litologicos deposigdo aprox. ocorréncias
. Serra da
Siltitos e Mar calmo de
Serra da , . Saudade
arcéseos verdes, | profundidade .
Saudade , L Sdo Gongalo do
calciferos média a raso i
Abaeté
Siltitos, matriz
- - Mar raso com
sericito-cloriticas. ,
. fases sub-aéreas R .
Granulagdo silte a . Trés Maria
N . , s com turbuléncia .
s Trés Marias | até areia fina (estuarino- Acima de | Curvelo
g com aleitamento deltaica). Clima . . 300 m | Sdo Gongalo
8 gradacional e Uente : Sedln?en'tat;ao
& lentes de arcésio |9 clastica
.2
o
Siltito, matriz
clorito-calcifera, | Marrasocm 3
Lagoa do . . Lagoa do Jacaré
, com leito de turbuléncia e A
Jacaré - . Felixlandia
calcério clima quente
(ooliticos)
Serra de Agua mais Nova Granja
Santa Arddsias profundas sem 300m | Lagoa Santa
Helena turbuléncia Pedro Leopoldo
e Nova Granja
Calcario cinza-
neero erafitoso: Mar calmo de Lagoa Santa
@ g, 'g " | profundidade Pedro Leopoldo
© calcarios Ly :
2 . média a raso. . . Matozinhos;
& marmorizados o . Sedimentacdo
3 Variagdes mais . 200 m | Sete Lagoas;
) geralmente guimica 2,
& . de Maquiné
o silicosos; ) 5o
. metamorfismo, Jodo Pinheiro
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fe as vezes locais Paracatu;
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Serra do Cipd
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S Q , . ~ Zeroa |Km 30 estrada
c filito calciferos. Sedimentacdo
© s poucos | de Sete Lagoas;
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Posteriormente, Dardenne (1978) manteve a base da coluna estratigrafica de Costa & Branco
(1961) introduzindo, todavia, a Formacgdo Jequitai e alterando o posicionamento estratigrafico da
Formacao Serra da Saudade, que foi colocada abaixo da Formagao Trés Marias. Nesta proposta seis
formacdes foram individualizadas, da base para o topo sdo elas: Jequitai, Sete Lagoas, Serra de
Santa Helena, Lagoa do Jacaré, Serra da Saudade e Trés Marias (Tab. 2.1).

Dardenne (1981) dividiu a sequéncia sedimentar do Grupo Bambui em trés megaciclos
regressivos, cada um deles representando uma sucessao tipo ‘shallowing upward’, depositadas em
ambiente marinho raso. Os megaciclos regressivos (Tab. 2.2) iniciaram-se com uma répida
transgressao de amplitude regional a partir da qual se desenvolveram facies marinhas sublitoraneas,
passando progressivamente para facies marinhas litoraneas e supralitoraneas, atingindo, localmente,
no caso da Formacao Trés Marias, facies fluviais continentais.

A Formacdo Jequitai, originalmente denominada de Carrancas ¢ constituida de
paraconglomerados (diamictitos) com seixos de quartzitos, calcarios, dolomitos, cherts, gnaisses,
mica-xistos, granitos e rochas vulcanicas, sendo associada ao segundo evento de glaciagao do
Neoproterozoico (Caxito et al., 2012, Crockford et al., 2018). Os conglomerados da Formacgao
Carrancas foram recentemente posicionados como uma unidade imediatamente inferior aos
diamictitos glaciais da Formagdo Jequitai (Uhlein et al., 2016, 2017). A Formacdo Jequitai ¢
considerada por alguns autores como uma unidade da base do Grupo Bambui (Dardenne, 1978),
enquanto, que para outros autores, os diamictitos da Formacao Jequitai e litofacies correlatas foram
geradas em outro contexto tectdnico e recobertas discordantemente pelas rochas do Grupo Bambui
(Uhlein et al., 1999; Martins & Lemos, 2007). Karfunkel & Hoppe (1988), por exemplo,
posicionam a Fm. Jequitai dentro do Grupo Macatbas e atribuem a suas rochas, mixtitos com
intercalagdes psamiticas, interpretadas como outwash, o status de Facies Jequitai.

A Formacgdo Sete Lagoas apresenta calcarios e dolomitos, com intercalagdes margosas e
peliticas, que formam um horizonte continuo nas regides cratOnicas de Januaria, Itacarambi,
Montalvania e Serra do Ramalho.

A Formagao Serra de Santa Helena ¢ um nivel chave para a estratigrafia do Grupo Bambui,
pois compde-se de folhelhos e siltitos acinzentados que separam os niveis carbonaticos das
formacdes Sete Lagoas e Lagoa do Jacaré. Localmente nessa formacdo sdo encontradas camadas
centimétricas de arenitos muito finos (Alvarenga et al., 2014).

A Formagdo Lagoa do Jacaré se caracteriza pela alternancia de calcarios ooliticos ¢
pisoliticos, de cor cinza escura, com intercalagdes de siltitos e margas.

Em dirego ao topo, segue-se a Formagdo Serra da Saudade, com folhelhos, argilitos e siltitos

esverdeados (“verdetes’) que passam progressivamente a siltitos arcoseanos.



A Formagdo Trés Marias encerra a estratigrafia do Grupo Bambui com uma sucessdo de

siltitos, arenitos e arcoseos cinzas a verde-escuros.

Tabela 2.2- Divisdo litoestratigrafica do Grupo Bambui, baseada em Dardenne (1978, 1981) e

ambiente de sedimentacao.

L. . . Ambientes de
Caracteristicas Litoldgicas Espessura Sequéncia . ~
Formacio Sedimentagao
Ambiente fluvio-
N . . . continental. Ambeinta
Trés Siltitos, arenitos e arcoseos - X . B
A . R 100 m marinho a sub-litoraneo,
Marias cinzas a verde-escuros .
alternante. Ambiente
Megaciclo | marinho litoraneo, agitado
(argilo-arenosa) submetido a influéncia das
Folhelhos, argilitos e siltitos ondas e correntes de maré;
Serra da . . L.
Saudade verdes, com subordinada 25-200m exposicao tempordria ao ar
lentes de calcério livre frequente na zona de
balanco do mar
Calcarios ooliticos e Ambiente marinho
Lagoa do psoliticos, cinza escuros, litoraneo, agitado
. o . . 0-100m s N
— Jacaré fétidos, creistalinos com submetido a influéncia das
3 e H 4
2 siltitos e margas Megaciclo Il ondas e correntes de maré
£ (argilo-carbonata
= serra de Folhelhos, siltitos cinzas a
o
o Santa o 220-150m
> Hel cinza-esverdeados
(G] elena Ambiente marinho
Calcérios dolomiticos e sublitoraneo, abaixo do
calcarios cinza finamente nivel de incluéncia das
Sete laminados, micro-cristalinos. Megaciclo Il o'ndas e correntes de.mare,
Laeoas Dolomitos beges litograficos, | 250 — 200 m (argilo- aguas claras, profunidade
g laminados com intraclastos, carbonatada) moderada
oolitos e estromatollitos
colunares
Paraconclomerado com
matriz argilosa esverdeada
onde flutuam seixos de
Jequitai quartzitos, calcérios, 0-20m Ambiente glacial
dolomitos, cherts, gnaisses,
micaxisto, granitos e rochas
vulcanicas

O modelo de evolucdo tectono-sedimentar para o Grupo Bambui relaciona o seu

preenchimento por uma bacia de ante-pais (foreland basin) (Martins Neto et al., 2001; Dardenne,

2000; Reis & Alkmim 2015.) Neste contexto, a sedimentacdo dos conglomerados Sambura e

diamictitos de Lagoa Formosa estariam relacionados ao soerguimento orogénico da Faixa Brasilia,

em torno de 650 a 630 Ma. Nesta concepg¢ao, a deformacao tectonica da Faixa Brasilia originou a

subsidéncia da borda cratonica onde ocorreu a sedimentagao do Grupo Bambui (Dardenne, 2000).



2.1.2 — Idade do Grupo Bambui

A deposi¢ao do Grupo Bambui tem sido atribuida ao final do Neoproterozoico, com base nas
primeiras datagdes radiométricas (Amaral et al, 1967; Bonhomme, 1976; ¢ Cordani et al., 1978 in
Alkmim & Martins Neto, 2001) e complementadas pelo seu conteudo microbialitico, neste caso,
estromatdlitos (Cloud e Dardenne, 1973).

Entretanto, os valores das idades referidas nos trabalhos acima indicados apresentam um
amplo intervalo de idade (600-1350 M.a.), ocasionando sérias duividas para o estabelecimento de
um quadro geocronoldgico mais preciso dessa unidade litoestratigrafica. Entretanto, Babinski et
al. (2007) através de datacdes Pb/Pb em rochas carbondticas da Formagdo Sete Lagoas na
Pedreira Sambra obteve idade de 740+20 Ma sugerindo se tartar de um dolomito de capa da
glaciacdo Sturtiana. Alternativamente, Caxito et al. (2012) e Alvarenga et al., (2014) indicam que
os dolomitos de capa apresentam aspectos lito-quimioestratigraficos muito similares aos
relacionados com a glaciagdo Marinoana. Dardenne et al. 2003, através de datagdo U/Pb em
zircoes detriticos em conglomerados da Formagdo Samburé, chegaram a uma idade de 650 a 620
Ma para a deposi¢do da Formacao Sete Lagoas.

Idade U-Pb em zircdes detriticos e estratigrafia isotdpica, sugerem uma idade ediacariana para
a Formacdo Sete Lagoas (Paula-Santos et al., 2015), idade também reforcada pela presenga de
Cloudina sp. (Warren et al., 2014). Informag¢des sobre uma possivel idade cambriana para a
Formacgda Serra da Saudade foi discutida por Morais et al., (2020).

Os diamictitos da Formagao Jequitai, sotopostos ao Grupo Bambui estdo presentes no Furo 13
do Projeto Sondagem do Bambui (CPRM), tém sido relacionados a segunda glaciacdo do
Criogeniano (Marinoana) e datados ao redor do mundo entre 645 ¢ 635 Ma (Rooney et al., 2015).

Uma glaciacdo Ediacariana (~582 Ma) ¢ conhecida em alguns continentes, inclusive na Faixa
Paraguaia no Brasil, entretanto, nessa glaciacdo, ndo sao conhecidos depdsitos carbonaticos pds
glaciais e ela ainda ndo foi encontrada no dominio da Bacia do Sao Francisco (Alvarenga et al.,

2007; Figueiredo et al., 2008).

2.2 — Evolucao Tectonica

A Bacia do Sdo Francisco inclui as rochas neoproterozoicas horizontais sobre o Caton do Sao
Francisco, que se estendem para os dominios externos das faixas neoproterozoicas Brasilia, Rio

Preto ¢ Araguai.



Grande parte do Grupo Bambui em Minas Gerais depositou-se sobre uma area cratonica
(estavel), propiciando com isso a permanéncia horizontal ou subhorizontal de suas rochas
sedimentares. Nas bordas E ¢ W do Craton Sao Francisco, a tectonica brasiliana das Faixas Brasilia
e Aracuai gerou um intenso dobramento.

Na por¢do Sul da Bacia do S@o Francisco, trés compartimentos estruturais foram definidos
(Alkmim et al., 1989): (i) na area de influéncia da Faixa Brasilia (W), identificaram falhas de
empurrdo ¢ dobras com vergéncia para leste e falhas transcorrentes aproximadamente E-W que
infletiram a foliagdo/xistosidade sub- meridiana; (ii) na area central (C), as unidades pré-cambrianas
acham-se praticamente indeformadas, portanto, subhorizontais. (iii) na area de influéncia da Faixa
Aracuai (E), as rochas dos Supergrupos Espinhago e Sao Francisco estdo envolvidas em um cinturdo

epidérmico de antepais, vergente para oeste (Tab.2.3).

Tabela 2.3- Caracteristicas dos compartimentos estruturais W e E, e deforma¢do do Grupo Bambui,

segundo Alkmim et al. (1989) e Alkmim & Martins Neto (2001)

COMPARTIMENTO W COMPARTIMENTO E

Falhas de empurrdo e
dobras, em duplexes e
leques imbricados. Raras

Dobras e falhas de
empurrdo relacionadas ou
rotacionadas por sistemas

ESTRUTURAS ) . falhas direcionais.
transpressivos destrais, . .
~ Persistente sistema de
na porg¢ao norto e . .
sinistrais, na porgao sul Juntas, em par conjugado
! NE/SW e NW/SE.
De W para E, marcada
pela queda progressiva da De E para W, marcada
magnitude da .
deformacio. Rotacio de pela queda progressiva da
POLARIDADE §30- ¢ magnitude da

estruturas em zonas
transcorrentes elimina,
localmente, a vergéncia
para E.

deformacao e clara
vergEncia das estruturas.

COMPORTAMENTO | Localmente envolvido na | Ndo envolvido na
DO EMBASAMENTO | deformacdo da cobertura. | deformacdo da cobertura.

Aumento gradual, em

. diregdo a leste, atingido
ametamorfitos a rochas

sedimentares no contato as condigbes da facies
METAMORFISMO X , | xisto verde, junto ao
entre rochas pré-Bambui, | .~ .
limite da bacia.

e Bambui, .
. Abundantes veios de
respectivamente .
quartzo e calcita.

Passagem brusca de
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O Grupo Bambui foi individualizado em ciclos mistos transgressivos-regressivos de
sequencias de 2* ordem em um ambiente forebulge, ou seja, uma grande flexura litosférica marcada
pelo baixo aporte siliciclastico e baixa taxa de subsidéncia em um sistema bacinal de antepais (Reis

& Alkmim, 2015; Reis & Suss, 2016; Reis et al., 2017).

2.3 — Paleontologia do Grupo Bambui

O grupo de microfosseis frequentemente estudado em rochas do Pré-Cambriano sdo os
acritarcos, grupo insertae sedis que representa os principais fosseis utilizados atualmente no mundo
em biocorrelagdes estratigraficas. Representantes desse grupo de microfosseis tem sido descrito em
rochas sedimentares e metassedimentares em todo o mundo, inclusive no Grupo Bambui.

Os primeiros fosseis relatados no Grupo Bambui foram estromatdlitos do tipo Gymnosolem e
Conophyton que contribuiram para as primeiras interpretacdes de idade proterozoica para esta
unidade (Cloud e Dardenne, 1973; Cloud ¢ Moeri, 1973; Dardenne et al., 1976). Estromatdlitos do
tipo Conophyton, que sugerem um intervalo de idade entre o Esteniano ¢ o Toniano, foram
informalmente usados para separar rochas carbonaticas dos Grupos Vazante e Paranoa, onde estdo
presentes, daquelas do Grupo Bambui, onde estdo ausentes (Dardenne, 2005). Também foram
identificados na Formagdo Sete Lagoas desse grupo vestigios de cistos de algas (Bambuites
erichsenii) interpretadas como sendo de idade pré-cambriana (Sommer,1971). Entretanto, a
ocorréncia restrita de estromatolitos bem como sua longevidade no tempo geologico sdo fatores de
limitacdo de sua utilizacdo no refinamento cronoestratigrafico, sendo assim essencial o estudo dos
microfosseis precambrianos com a descri¢ao de acritarcos nos grupos Paranoa e Bambui (Fairchild
et al., 1996; Simonneti & Fairchild,2000; Baptista, et al, 2012; 2013; Sanchez et al., 2015;
Denezini,2018). Ressalta-se ainda a presenca de Cloudina identificada na Formagao Sete Lagoas
(Warren et al, 2014), reforcando a sua idade como Ediacariana. Ainda nesse caminho de estudo
foram identificados possiveis microfosseis “vase shaped microfosils” (VSMs) em amostras da
Formacao Lagamar do Grupo Vazante num ampliado leque de estudo dessa pesquisa de doutorado
(Alvarenga et al., 2019).

Diversas espécies de Acritarcos e macrofosseis foram descritos na Formacdo Sete Lagoas e

uma integragdo desses dados estdo sintetizados na Tabela 2.4 (Denezine, 2018).
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Tabela 2.4 — Espécies recuperadas da Formagdo Sete Lagoas, Grupo Bambui, Bacia do Sao
Francisco. Legenda: 1: Sommer (1971), 2: Marchese (1974), 3: Fairchild & Dardenne (1978), 4:
Simonetti & Fairchild (1989), 5: Zaine (1991), Simonetti (1994), 7: Fairchild et al. (1996), 8:
Simonette & Fairchild (2000), 9: Sanches (2010), 10: Warren et al. (2014), 11: Perrella Junior et al.

(2017). (fonte: Denezine, 2018).

Espécies

Trabalhos

5

6

7

10

11

Archaeotrichion contortum Schopf, 1968

Bambuites erichsenii Sommer, 1971

X

cf. Biocatenoides sp. Schopf, 1968

Cloudina sp.

Corumbella werneri Hahn et al., 1982

Eoentophysalis sp. Hofmann, 1976

Eomycetopsis sp. A

Eomycetopsis sp. B

Eosynechoccus medius (Hofmann, 1976)

Eosynechoccus moorei Hofmann, 1976

Gymosolenides sp.

cf. Gymnosolen

Glenobotrydion aenigmatica Schopf, 1968
Gloeodiniopsis lamelosa Schopf, 1968

Gloeodiniopsis sp.

Huroniospora sp.

Leiosphaeridia sp. 1

>

Leiosphaeridia sp. 3

Leiosphaeridia sp. A
Myxococcoides grandis Horodyski & Donaldson, 1980

Myxococcoides reticulata Schopf, 1980

Myxococcoides sp.

Myxococcoides cf. M. cantabrigensis Knoll, 1982

Myxococcoides sp. A

x

Myxococcoides sp. B

Oscillatoriopsis sp.

Palaeophycys sp.
Paleolygbya catenata Hermann, 1974

Rugosoopsis sp.

Siphonophycus kestron Schopf 1968

Siphonophycus robustum Schopf 1968
Siphonophycus septatum Schopf 1969

X X [X|X

Siphophycus sp.

Trachyhystrichosphaera aimica Hermann, 1981

Veteronostocale amoenum Schopf & Blacic, 1971
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2.4 — Acritarcos da regido de Lagamar-Rocinha

Em duas unidades estratigraficas dessa regido foram descritos acritarcos: (i) Na Formagao
Rocinha, atualmente considerada com um equivalente temporal da Formacdo Sete Lagoas foi
verificada a presenca de acritarcos, que se assemelham com aqueles identificados por Sommer
(1971) para a mesma formacao na regido de Pedro Leopoldo. (Fig.2.3). (ii) Na Formacao Lagamar,
considerada como uma unidade da base do Grupo Vazante foram descritos Leiospharidia ternata
Timofeev (1966) e trés amostras de um possivel microfossil “vase-shaped” (VSMs) de dimensdo
variando entre 15 a 25 pm com pescogo bem curvado (Fig. 2.4) (Alvarenga et al., 2019), similar
com Bonniea dacruchares (Porter et al., 2003), indicadores de um intervalo de idade entre 789 e
729 Ma com base em espécies encontradas na Tasmania (Togari Group), Arizona nos USA (Chuar
Group), Canadé4 (Mt Harper Group), Suécia (Visingsd Group), Groenlandia (Eleonor e Bay Group),
e em Svalbard (Roaldtoppen Group) (Riedman et al., 2018). Entretanto possiveis VSMs foram
também encontrados na transi¢do do Meso-Neoproterozoico da Formacdo Jiayuan da Grupo

Huaibei na China, sugerindo, que os VSMs ocorrem ao longo de todo o Toniano (Xiao et al., 2014).

Figura 2.3 — Acritarcos identificados em amostras de rochas carbonaticas provenientes da Formagao
de Rocinha, similares aos  descritos por  Sommer (1971).
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Figura 2.4- A ¢ B- Vase Shaped Microfossil do Grupo Vazante. C-Leiosphaeridia ternata Timofeev
(1966)
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3 — Materiais e métodos

As amostras estudadas foram obtidas pelo Projeto Sondagem do Bambui, conduzido pela
CPRM, com a perfuracdo de dezoito (18) furos de sondagem, totalizando 14.883m (Brandalise et
al., 1980). Os pocos foram perfurados nas regides de Vazante- Paracatu, Lontra-Montalvania e
Corinto-Jequitai, como contribuicdo para estudo da estratigrafia, ambiéncia e potencialidade
econdmica daquela formagdo. Os testemunhos encontram-se organizados nas dependéncias da

Litoteca da CPRM em Caet¢ (MG) (Fig. 3.1 ¢ 3.2).

Figura 3.2 - Caixas plasticas com testemunhos de sondagem.

Neste trabalho foram estudadas as amostras de dois testemunhos de sondagem do Projeto
Sondagem do Bambui: 1-PSB-13-MG e 1-PSB-14-MG.

Os critérios de escolha desses 2 testemunhos foram os seguintes:

1-Localizagdo geografica em relagdo aos dominios estruturais da Bacia do Sdo Francisco: os

trés furos estdo posicionados em area de rochas horizontais de dominio cratonico (Craton do Sdo
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Francisco) preservada dos efeitos da deformacdo das faixas orogé€nicas (Faixa Brasilia) e (Faixa
Araguai).

2-Presenca de litofacies com potencial fossilifero e rochas carbondticas que permitam o estudo
de isotopos de Carbono e Oxigénio. Este estudo procura relacionar a estratigrafia isotopica com a
bioestratigrafia. Nos testemunhos de sondagem as rochas estdo preservadas de processos de
alteracdo que possam interferir nas determinacdes paleontoldgicas e geoquimicas. A coloragdo das
rochas foi um critério importante na escolha das amostras palinolégicas uma vez que a presenga de
matéria organica ¢ o grau de oxidacdo significa o sucesso ou fracasso na recuperacdo de
palinofosseis.

A descricdo das litofacies nos testemunhos permite o controle do posicionamento
estratigrafico das amostras. O testemunho de sondagem 1-PSB-13-MG (1304,7 metros de
profundidade) foi amostrado para obtencdo de dados isotopicos (8'3C e §'*0’ e para determinagdes
micropaleontologicas. Neste testemunho de sondagem existem amostras do Grupo Paranod,
Formagao Jequitai ¢ Grupo Bambui, mas a énfase dos estudos foi na sucessdo pelito-carbonatica do
Grupo Bambui. Entretanto também foram feitas determinac¢des palinologicas em algumas amostras
do Grupo Paranod. No testemunho de sondagem 1-PSB-14-MG (710,6 metros de profundidade) as
rochas do Grupo Bambui foram depositadas diretamente em discordancia sobre rochas graniticas do

Paleoproterozoico.

Critérios de amostragem:

A descricdo dos testemunhos de sondagem e sua amostragem para analises isotOpicas
ocorreram em intervalos de 3 em 3 metros, todavia, caso fosse observado descontinuidades no
testemunho como, por exemplo, mudanga litologica de um calcario para um dolomito, o intervalo
entre a amostragem passava a ser de um metro. No caso da amostragem para micropaleontologia,
procurou-se amostrar rochas peliticas e carbonaticas de cor mais escura ou esverdeada que a
experiéncia mostra serem mais favoraveis a presenca de microfosseis.

A preparagdao palinoldgica foi realizada no Laboratério de preparagao paleontologica do
Laboratorio de Paleontologia do IG-UnB. Esta preparacdo, com algumas modificagdes, segue o
roteiro apresentado por Quadros (1987) e consiste na maceracao quimica da amostra utilizando-se
HCI (37%) e HF (67%) a fim de eliminar as fragdes minerais e concentrar a fracdo organica
constituida de matéria organica amorfa e palinofosseis. Os passos da preparagdo palinologica sao
descritos a seguir:

1. Colocar a amostra (cerca de 40g) em vasilhame de plastico (embalagens de 4cido

fluoridrico podem ser utilizadas).
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10.

11
12.

13.
14.
15.
16.
17.
18.
19.

Se a amostra for carbonatica cobrir com HCL

Reagir a amostra com HF e aguardar 24 horas (este procedimento exige uma capela).
Acrescentar agua e esperar decantar, repetindo o procedimento duas vezes ao dia,
durante dois dias.

Colocar as amostras em frascos identificados.

Pode-se preparar laminas apds este procedimento para verificar se compensa passar
pro proximo passo. A lamina ¢é preparada pingando-se a amostra na lamina e
esperando secar em placa aquecedora. Acrescenta-se o entelan e aplica-se a laminula.
Metade das amostras ja tratadas com 4&cidos e lavadas sdo preparadas para
centrifugacdo em frascos com cloreto de zinco.

Acrescenta-se agua e centrifuga-se durante cinco minutos.

Decanta-se a agua.

Acrescenta-se o cloreto de zinco (lkg para 320ml de agua) 3 vezes o volume da

amostra.

. Centrifuga-se durante 30 minutos a 2600rpm.

Retira-se a parte sobrenadante (menos densa que o cloreto de zinco) e coloca-se em
outro frasco.

Acrescenta-se agua e centrifuga-se por 5 minutos.

Decanta-se e acrescenta-se HC1 10% 2 X o volume da amostra.

Centrifuga-se mais 5 minutos.

Decanta-se e acrescenta-se agua.

Centrifuga-se novamente.

Esta operacao de lavagem ¢ repetida 3 vezes.

Prepara-se a lamina.

Destaca-se que, em linhas gerais, este é o procedimento para preparagao palinolégica seguido
por varios laboratorios, inclusive o laboratorio de paleontologia da CPRM. Durante o processo de
preparagdo foi verificado que a utilizagdo de centrifuga no processo de lavagem deve ser abolida
devido ao fato de que este processo pode danificar os microfosseis, principalmente fragmentando
ornamentos € processos que porventura 0s mesmos possam ter.

Foram coletadas amostras de litologias variadas nos dois furos em estudo, salientando-se que
o critério de coloracdo da rocha foi determinante para sua escolha. Os palinofosseis sdo altamente
resistentes ao ataque por acidos, mas vulneraveis a oxidag¢do. Deu-se preferéncia, desta forma, a
amostras de coloracdo escura e esverdeadas. Ao contrario da amostragem para andlise isotopica,

onde se estabeleceu um intervalo regular de amostragem (3 metros), ndo foi possivel 0 mesmo
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procedimento na amostragem palinoldgica, pois se coletou quando o aspecto da amostra sugerisse a
presenca de matéria organica.

Um total de 55 amostras foram coletadas nos dois testemunhos de sondagem, com objetivo de
analise micropaleontologica. Nas amostras carbondticas (marga, calcario e dolomito), foi
inicialmente feito o ataque com HCl, com objetivo de eliminar a fragdo carbondtica nestas amostras.
Em seguida, procedeu-se o ataque por HF (67%) para eliminar as fracdes minerais de silica das
amostras.

Ap0s este processo de maceragdo quimica, foi necessaria a neutralizagdo através de lavagem,
acrescentando agua deionizada e decantando-se varias vezes até que a amostra atingisse o PH 7. O
residuo deste processo de lavagem acumulado em recipientes plasticos teve sua acidez neutralizada
utilizando-se cal virgem antes de ser descartado.

A fracdo organica de cada amostra, concentrada apos este procedimento de preparacao
palinologica, foi colocada em frascos devidamente identificada para fornecer material para
preparagao de laminas a serem verificadas no microscopio.

Foram montadas trés laminas de cada amostra e foi feita uma varredura para verificar as
condic¢des do material orginico e a presenga de fosseis. A presenga de palinomorfos, ou seja, fosseis
que resistiram ao ataque por acidos, bem como a matéria organica amorfa estdo presentes nas
laminas observadas.

Apos identificar os palinofosseis seguiu-se a tarefa de classifica-los utilizando registros
presentes na bibliografia. Os critérios sao estritamente morfologicos dependendo-se, desta forma, do
grau de preservacao do exemplar e da capacidade técnica dos equipamentos Oticos adotados. Em
linhas gerais, a triagem das laminas ¢ feita no microscopio com objetivas de 20X a 40X de aumento.
A descri¢ao morfoldgica detalhada do fossil requer, na maioria das vezes, objetivas de aumento de

100X com imersao.
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4 — Resultados

Os resultados dessa pesquisa de doutorado estdo expressos na forma de trés manuscritos:

O manuscrito “NOVOS DADOS BIOESTRATIGRAFICOS E QUIMIOESTRATIGRAFICOS
DO GRUPO BAMBUI (EDIACARIANO) NO NORTE DO ESTADO DE MINAS GERALIS,
SUDOESTE DO BRASIL” serd submetido ao periddico Precambrian Research.

O manuscrito “BAMBUITES ERICHSENII SOMMER, 1971, SETE LAGOAS
FORMATION, BAMBUI GROUP, MINAS GERAIS STATE, BRAZIL: A REDESCRIPTION
OF AN EDIACARAN ACRITARCH SPECIES” foi submetido ao periddico Brazilian Journal of
Geology.

O manuscrito “NON-SKELETAL EDIACARA-TYPE MACROFOSSILS PRESERVED IN
CARBONATE SEDIMENTS OF THE LAGOA DO JACARE FORMATION, BAMBUI GROUP,
CENTRAL BRAZIL” foi submetido ao periodico Journal of Paleontology.

Estes trés manuscritos fazem parte do corpo desta tese de doutorado, enquanto que o artigo
“CARBONATE CHEMOSTRATIGRAPHY OF THE VAZANTE GROUP, BRAZIL: A PROBABLE
TONIAN AGE”, publicado em 2019 no periddico Precambrian Research e que inclui os resultados

de microfosseis obtidos para o Grupo Vazante, encontra-se anexo.

19



4.1- NOVOS DADOS BIOESTRATIGRAFICOS E
QUIMIOESTRATIGRAFICOS DO GRUPO BAMBUI (EDIACARIANO)
NO NORTE DO ESTADO DE MINAS GERAIS, SUDOESTE DO BRASIL
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Keywords: Acritarch, Ediacaran, Bambui Group

Abstract - Carbon isotopes and microfossils in the Bambui Group obtained from 2 cores in northern
Minas Gerais, establish stratigraphic correlation intervals. The base of the Sete Lagos Formation
deposited on the granite-gneiss basement or on the diamictites of the Jequitai Formation includes a
basal dolomite of 20 meters thick (cap dolostones) with values of §!°C starting at -3 %o and going to
-6 %o . These values gradually increase reaching values above 10 %o for the top of the Sete Lagoas
Formation. The limestone and mud-limestone that start above the cap dolomites register an
assembly of acritarchs (Paracrassosphaera dedalea, Octoedryxium truncatum, Taenitichoides
Jarischevicus and Germinisphaera sp.), Where the presence of Paracrassosphaera dedalea
establishes an abundance zone.

Resumo - Isotopos de Carbono e microféosseis no Grupo Bambui obtidos a partir de 2 testemunhos
de sondagens no Norte de Minas Gerais, estabelecem intervalos estratigraficos de correlacao. A
base da Formagdo Sete Lagos depositada sobre o embasamento granito-gnaissico ou sobre o0s
diamictitos da Formagdo Jequitai inclui um dolomito basal de 20 metros de espessura (cap
dolomites) com valores de §BC que comecam em -3%o € passam para -6%o. Esses valores aumentam
gradualmente atingindo valores acima de 10%o para o topo da Formacgao Sete Lagoas. Os calcarios e
calcarios argilosos que comecam acima dos dolomitos de capa registram uma assemblagem de
acritarcos (Paracrassosphaera dedalea, Octoedryxium truncatum, Taenitichoides Jarischevicus e
Germinisphaera sp.), onde a presenca de Paracrassosphaera dedalea estabelece uma zona de
abundancia.
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4.1.1-Introducio

O Grupo Bambui de idade Ediacariana é exposto na porc¢ao centro leste do Brasil por
centenas de quilometros sobre o Craton do Sdo Francisco e nas suas bordas afetados por faixas
dobradas com potencial para o registro paleobioldgico, ainda pouco estudado (Fairchild et al, 1996;
Simonetti e Fairchild, 2000; Denezine, 2018; Baptista et al, submetido). O registro
quimioestratigrafico, ao contrario dos poucos estudos paleontologicos resultaram em varias
publicacdes durante as duas ultimas décadas (Iyer et al., 1995; Santos et al., 2000, 2004; Martins e
Lemos, 2007; Alvarenga et al., 2007, 2012, 2014; Misi et al., 2007b; Sial eta al., 2009, 2016; Caxito
etal., 2012, 2018, 2019; Kuchenbecker et al., 2016; Uhlein et al., 2019).

As investigacdes paleobioldgicas da sucessdo estratigrafica ediacariana do Grupo Bambui
foram principalmente focadas no estudo de estromatdlitos e lamitos microbiais (Cloud e Dardenne,
1973; Dardenne et al., 1976; Nobre e Coimbra, 2000; Fantinel et al., 2015; Fairchild et al., 2015).
Entretanto, algumas descri¢oes e discussoes tem sido feitas com base em microfosseis - acritarcos
(Dardenne, 1978; Fairchild et al., 1996; Simonetti e Fairchild, 2000; Sanches e Fairchild, 2017).
Um possivel exemplar de Cloudina foi descrita na base da Formagdo Sete Lagoas do Grupo
Bambui (Warren et al., 2014), levando-se em consideracao de que as Cloudinas sdo fosseis da
transicdo Ediacariano-Cambriano, e que a base do Grupo Bambui recobre a glaciagdo Marinoana,
grandes diividas ainda persistem com relacao a idade do Grupo Bambui.

Uma significative atencdo tem sido dada para o estudo de is6topos de carbono das duas
Unidades de carbonatos do Grupo Bambui. Is6topos de Carbono registrados na Formagao Sete
Lagoas apresentam valores que se iniciam nos dolomites de capa com valores de 8'*C entre -1.0%o
e -6.5%o0 passando para valores que aumentam gradualmente até valores em torno de +5%o,
mudando bruscamente para valores superiores de +7%o que podem atingir com frequéncia +14%o
no topo da Formagao Seta Lagoas. A segunda unidade carbonatica desse grupo é a Formacao
Lagoa do Jacaré, onde os valores de §'3C estdo entre +8%o e + 11%o.(Santos et al., 2000; Martins e
Lemos, 2007; Alvarenga et al., 2007, 2012, 2014; Misi et al., 2007b; Vieira, 2007; Caxito et al.,
2012, 2018; Uhlein et al., 2016, 2019).

Estudos geocronoldgicos com base em idades modelos Sm/Nd e de datagdes U/Pb em
zircoes detriticos estabeleceram uma idade maxima Ediacariana para a base do Grupo Bambui
(Rodrigues, 2008; Pimentel et al., 2011; Kuchembecker et al., 2016; Paula Santos et al., 2015)

Este trabalho inclui uma estratigrafia isotdpica e uma descricdo e discussdo sobre os
microfosseis preservados em rochas carbonaticas das formagdes Sete Lagoas e Lagoa do Jacaré do

Grupo Bambui, obtidas em dois testemunhos de sondagem (1-PSB-13-MG e 1-PSB-14-MG)

22



localizados, respectivamente, nas regioes de Montalvania e a norte de Montes Claros, em Minas

Gerais (Fig. 4.1.1).

4.1.2-Contexto Geologico

A Bacia do Sao Francisco, no centro-leste do Brasil inclui rochas Proterozoicas ¢ depositos do
Cretaceo que se estendem pelos estados de Minas Gerais, Goias, Tocantins e Bahia (figura 4.1.1).
Essa depressdo inclui depdsitos sedimentares com mais de 2000 metros de espessura deformados
nas bordas do Craton do Sao Francisco, enquanto que estratos sub-horizontalizados de espessura
inferior a 1000 metros recobrem o embasamento Arqueano-Paleoproterozoico (Dardenne, 1978;
Alkmim e Martins Neto, 2001; Martins e Lemos, 2007; Zalan et al., 2007; Alvarenga et al., 2012;
Reis et al., 2017). A sucessao estratigrafica da Bacia do Sdo Francisco inclui trés magassequéncias:
(1) Megassequéncia Espinhago que inclui os depodsitos vulcano-sedimentares da fase rift,
representados pelos supergrupo Espinhaco a leste € o Grupo Arai a oeste, ambos com idades paleo-
mesoproterozoicas, (ii) o Grupo Paranoa de idade mesoproterozoica at¢ o limite com o
Neoproterozoico, (iii) € os depositos do Criogeniano da Formagdo Jequitai, seguidos pelas rochas

do Ediacariano do Grupo Bambui. (tabela 4.1.1).
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Figura-4.1.1: Mapa regional da Bacia do Sdo Francisco com a distribui¢do do Pré-Cambriano

(Alkmim e Marshak, 1998; Alvarenga et al., 2012), com a localizacdo dos testemunhos de

sondagem estudados nesta pesquisa: 1: 1-PSB-13-MG, 2: 1-PSB-14-MG.
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Tabela-4.1.1: Nomenclatura estratigrafica na Bacia do Sdo Francisco (obtido de Alvarenga et al.,

Trés Marias i Siltitos e arenitos arcozeanos . -
4 Serra da Saudade Siltitos e argilitos U-Pb: < 560 Ma
3 Bafmbii Lagoado Jacaré C.al.carios © silt.itos c.alciferos
Serra de Santa Helena |Siltitos e arenitos finos U-Pb: < 620 Ma*
2 Sete Lagoas Dolomitos, calcarios, margas e sititos Pb-Pb: 720 + 22 Ma
1 Macatibas (7) Jequitai Diamictitos e alguns intervalos de U-Pb: <850 Ma*
siltitos e arenitos
Ritmito superior |Ritmitos, dolomitos e estromatolitos
ATP PI-C = ’
Nivel arcozeano |Arenitos arcoseanos
Ritmito 4 Ritmitos, lentes de dolomitos e calcarios
Paranoa Quartzito 3 Arenitos U-Pb: < 1540 Ma*
Ardésia Ardésias, siltitos e lentes carbonaticas
Qzt. 1,2 e Ritmito 1,2 Arenitos e ritmitos
Sdo Miguel Conglomerado
Espinhaco Trairas Siltitos, quartzitos e lentes de calcario
Arai . Conglomerados, quartzitos, vulcanicas U-Pb: < 1770 Ma
Arraias ; :
e piroclasticas

4.1.3-Materiais e métodos

As amostras estudadas nessa pesquisa foram obtidas pelo Projeto Sondagem do Bambui
(Brandalise et al., 1980). Dois testemunhos de sondagem foram utilizados, um na regido de
Montalvania (1-PSB-MG-13) e outro a leste de Janudria, na margem direita do Rio S3o Francisco
(1-PSB-MG-14) (Fig. 4.1.1). Constatou-se a auséncia dos 245 metros iniciais do testemunho do
Pogo 1-PSB-MG-13, entretando, estdo arquivadas algumas aliquotas de amostras moidas desse
intervalo, que foram utilizadas apenas para as andlises de isotopos de C e O. A descri¢do litologica
desse intervalo faltante foi retirada de Brandalize et al. (1980). Os testemunhos do Projeto

Sondagem do Bambui encontram-se sob a guarda da litoteca da CPRM em Caeté (MG).

Amostragem, preparagdo e analise palinologica:

A preparacdo palinoldgica foi realizada no Laboratério de preparacdo paleontoldgica do
Laboratério de Paleontologia do IG-UnB. Esta prepara¢dao, com algumas modificagdes, segue o
roteiro apresentado por Quadros & Melo (1987) e consiste na maceragdo quimica da amostra
utilizando-se HCl1 (10%) e HF (67%) a fim de eliminar as fragdes minerais e concentrar a fragao

organica constituida de matéria organica amorfa e palinofosseis.

Foram coletadas amostras de litologias variadas nos dois testemunhos de sondagem
estudados, salientando-se que o critério de colora¢do da rocha foi determinante para sua escolha. Os

palinofosseis sdo altamente resistentes ao ataque por acidos, mas vulneraveis a oxidacdo. Deu-se
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preferéncia, desta forma, a amostras de coloracdo escura e esverdeadas. Ao contrario da amostragem
para analise isotdpica, onde se estabeleceu um intervalo regular de amostragem (3 metros), ndo foi
possivel o mesmo procedimento na amostragem palinoldgica, pois se coletou quando o aspecto da
amostra sugerisse a presenga de matéria organica.

Um total de 55 amostras foram coletadas nos dois testemunhos de sondagem (1-PSB-13-MG
e 1-PSB-14-MG) com objetivo de andlise micropaleontologica (Tab. 4.1.2). Nas amostras
carbonaticas (marga, calcario ¢ dolomito), foi inicialmente feito o ataque com HCI, com objetivo de
eliminar a fracdo carbonatica nestas amostras. Em seguida, procedeu-se o ataque por HF (67%) para
eliminar as fracdes minerais de silica das amostras. Apos este processo de maceracdo quimica, foi
necessaria a neutralizacdo através de lavagem, acrescentando dgua deionizada e decantando-se
varias vezes até que a amostra atingisse o PH 7.

O residuo deste processo de lavagem acumulado em recipientes plasticos teve sua acidez
neutralizada utilizando-se cal virgem antes de ser descartado. A fracdo orgénica de cada amostra,
concentrada apo6s este procedimento de preparagdo palinologica, foi colocada em frascos
devidamente identificada para fornecer material para preparacdo de ladminas a serem verificadas no
microscopio.

Foram montadas trés ldminas de cada amostra e foi feita uma varredura para verificar as
condicdes do material organico e a presenga de fosseis. A presenga de palinomorfos, ou seja, fosseis
que resistiram ao ataque por acidos, bem como a matéria organica amorfa estdo presentes na maioria
das laminas observadas até o momento. As 24 amostras do furo 1-PSB-13-MG e 31 do furo PSB-
14 foram analisadas com descri¢do dos palinofosseis.

Os resultados mostram que a presenga dos microfosseis nestes furos possibilitam uma
abordagem bioestratigraficas uma vez que uma variagdo das caracteristicas destes fosseis ocorre de
acordo com o nivel amostrado. Apods identificar os palinofosseis seguiu-se a ardua tarefa de
classifica-los utilizando registros presentes na bibliografia. Os critérios sdo estritamente
morfoldgicos dependendo-se, desta forma, do grau de preservagdo do exemplar e da capacidade
técnica dos equipamentos oticos adotados.

Em linhas gerais, a triagem das ldminas ¢ feita no microscopio com objetivas de 20X a 40X de
aumento. A descrigdo morfolodgica detalhada do fossil requer, na maioria das vezes, objetivas de

aumento de 100X com imersao.
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Tabela 4.1.2: Amostras preparadas para analise palinoldgica nos testemunhos de sondagem 1-PSB-

13-MG e 1-PSB-14-MG (profundidade da amostra indicada entre paréntesis).

AMOSTRAS PALINOLOGICAS
(1-PSB-13-MG )

AMOSTRASPALINOLOGICAS
(1-PSB-14-MG)

MB-13-(637,15) MB-14-(28,6)
MB-13-(626,25) MB-14-(45,95)

MB-13-(603) MB-14-(63,3)
MB-13-(556,45) MB-14-(73,35)
MB-13-(540,35) MB-14-(89,1)
MB-13-(538,85) MB-14-(101,1)
MB-13-(524,6) MB-14-(108,9)

MB-13-(515) MB-14-(14,7)
MB-13-(507,8) MB-14-(257)

MB-13-(490,7)

MB-14-(316,45)

MB-13-(483,5) MB-14-(279,05)
MB-13-(476,15) MB-14-(251)
MB-13-(466,9) MB-14-(217,5)

MB-13-(459,55)

MB-14-(196,05)

MB-13-(450,1)

MB-14-(151,1)

MB-13-(441,95) MB-14-(127,85)
MB-13-(432,7) MB-14-(241,3)
MB-13-(421) MB-14-(304,8)

MB-13-(408,4)

MB-14-(419,75)

MB-13-(381,8)

MB-14-(478,1)

MB-13-(375,45)

MB-14-(576,15)

MB-13-(339,5)

MB-14-(556,4)

MB-13-(288,15)

MB-14-(532,4)

MB-13-(241,7)

MB-14-(494,35)

MB-14-(455,05)

MB-14-(506)

MB-14-(598,35)

MB-14-(643,5)

MB-14-(681,95)

MB-14-(663,25)

MB-14-(670,55)
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Amostragem e analise dos isotopos de Carbono e Oxigénio:

Apbs a descrigdo dos testemunhos de sondagem procedeu-se a amostragem para analises de
1s6topos de Carbono e Oxigénio. A amostragem foi feita em intervalos de 3 metros. Todavia,
caso fosse observado descontinuidades no testemunho como, por exemplo, mudanga litoldgica de
um calcario para um dolomito, o intervalo entre a amostragem passava a ser de um metro.

Os estudos analiticos incluiram 289 amostras de dolomito e calcario dos testemunhos de
sondagem 1-PSB-13-MG e 1-PSB-14-MG. Os valores de 8'3C e §'0 foram obtidos pelo
equipamento Delta V Advantage. Aproximadamente 300pug da amostra pulverizada de cada nivel
foram colocadas em ampolas e dispostas na bandeja do Gas Bench Il do Laboratorio de Isétopos
Estaveis do Instituto de Geociéncias da Universidade de Brasilia. Em seguida as amostras foram
submetidas a uma descarga de He a 72°C. Todos os isétopos estao apresentados em Vienna Pee
Dee Belemnite (VPDB) e foram calibrados com o padrao NBS-18 ¢ NBS 19.

4.1.4-Litologia e implicagdes estratigraficas

Testemunho de sondagem 1-PSB-13-MG:

1-PSB-13-MG (Fig. 4.1.2) com a profundidade de 1300 metros, inclui rochas dos grupos
Paranod, Formagdo Jequitai e Grupo Bambui agrupadas em unidades litoestratigraficas com

eespessuras e profundidades derterminadas, da base para o topo:

1-Grupo Paranoa: inclui (i) arenitos bem selecionados de granulometria média a grossa, de
cor rosea a esverdeada, que ocorrem entre 651,93 ¢ 626,80 metros de profundidade e (ii) siltito

carbonoso escuro que ocorre entre 626,80 ¢ 609,15 metros de profundidade.

2- Formacgdo Jequitai: com espessura 68,65 m ocorre entre as profundidades de 609,15 e
540,50 m incluindo diamictitos (Fig. 4.1.3) com fragmentos de arenitos, gnaisse etc. em matriz
arenosa, granulometria média a fina, cor cinza esverdeada, com clastos angulosos de siltito, arenito

e silexito.

3- O Grupo Bambui inclui, nessa sondagem, rochas das formacdes Sete Lagoas e Serra de
Santa Helena.

A Formacgao Sete Lagoas foi registrada com uma espessura de 490 m, e descrita entre

as profundidades 540,50 ¢ 52,60 m. O seu contato basal ocorre por contato brusco, com os
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diamictitos da Formagdo Jequitai. A unidade basal desta formacao inclui: (i) dolomito de capa com
16,45 m de espessura, individualizado na base por um dololutito que ocorre entre as profundidades

de 540,50 € 536,05 m;
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50
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100

150
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Figura 4.1.2- Coluna estratigrafica do testemunho de sondagem 1-PSB-13-MG com curvas
isotopicas (8'%0 e 8!°C) e indicagiio dos niveis amostrados para andlise micropaleontologica.

(i) seguidos por 12 metros de espessura de intercalacdes centimétrica de calcilutito e
dololutito com piritas disseminadas que ocorre entre 536,05 e 524,05 metros; (iii) sobre o dolomito
de capa ocorre uma espessa sucessao de 193,55 metros de espessura formada por calcilutitos com
niveis peliticos carbonosos escuros entre as profundidades de 524,05 e 330,50 metros; (iv)
calcarenito com niveis de brechas lamelares (intraclastos de calcario) com fragmentos que variam
entre seixos e granulos, localmente incluindo vénulas de fluorita, que ocorrem entre as
profundidades de 330,50 e 244,25 m (86,25m de espessura); (v) calcilutitos de 9 metros de
espessura com niveis escuros carbonosos, que ocorrem entre as profundidades de 244,25 e 235,25

m; (vi) dolomitos de cor cinza claro com 71,45 metros de espessura , que ocorrem entre as
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profundidades de 235,25 e 163,80 metros; (vii) calcério oolitico com 55 metros de espessura , que
ocorre entre as profundidades de 163,80 e 108,80 metros; (vi) calcarenito homogéneo de 56,2

metros de espessura, entre as profundidades de 108,80 e 52,60 metros.

Formagdo Serra de Santa Helena ¢ formada por siltitos e siltitos calciferos que
compdem os 52,60 m iniciais da perfuragdo. Sao siltitos laminados de cor cinza escuro que iniciam-

se em contato brusco com os calcarios do topo da Formagao Sete Lagoas.

e

Figura 4.1.3-Diamictito da Formagao Jequitai do testemunho de sondagem 1-PSB-13-MG. Notar a
discordancia erosiva no topo da amostra ¢ o dololutito da base da Formacao Sete Lagoas.

Testemunho de sondagem do Pogo 1-PSB-14-MG

O testemunho de sondagem 1-PSB-14-MG (Fig. 4.1.4) com a profundidade de 710 metros, atingiu
as rochas do embasamento cristalino em contato com as rochas sedimentares do Grupo Bambui,

individualizadas pelas suas 3 formagdes basais (Sete Lagoas, Serra de Santa Helena e Lagoa do

Jacar¢):
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1- Embasamento cristalino ¢ formado por granito faneritico e anfibolito que ocorrem entre

710 e 682 metros de profundidade.

2- O Grupo Bambui, que inclui neste testemunho rochas das formacdes Sete Lagoas, Serra

de Santa Helena e Lagoa do Jacaré:

A Formagao Sete Lagoas possui uma espessura de 356 metros e foi descrita entre as
profundidades de 682 e 326 metros. A unidade inferior desta formacdo ¢ depositada diretamente
sobre o embasamento granitico sendo constituida por i) brecha com matriz carbonatica e seixos de
quartzito com 2,75 metros de espessura entre as profundidades de 694,15 e 691,4 metros; ii)
seguidas por intercalagdes ritmicas de dolarenitos, dololutitos roseos a beges e siltitos, com 20,3
metros de espessura, de cor marrom e com intercalagdes calciticas e dolomitcas na base, que
ocorrem entre as profundidades de 682 ¢ 661,7 metros; ii) calcilutitos ¢ dololutitos com 45,7 metros
de espessura, que apresentam intercalagdes peliticas ¢ pseudomorfos de aragonita semelhantes aos
descritos em dolomitos de capa da glaciagdo Marinoana (Hoffman et al., 2011) (Fig. 4.1.5), que
ocorrem entre as profundidades de 661,7 e 616 metros; iii) calcilutitos de 159 metros de espessura,
com intercalagdes de siltito marrom e niveis carbonaticos, que ocorrem entre 607 ¢ 448 metros; iv)
brecha intra-formacional intercaladas a calcarios e calcilutito cinza com seixos e granulos lamelares
calciticos com 52,5 metros de espessura, que ocorrem entre as profundidades de 448 e 395,5 metros;
v) cacilutitos cinza com bandas de siltito cinza com 36,7 metros de espessura, que ocorrem entre as
profundidades de 395,5 e 358,8 metros; vi) doloarenitos de 28,5 metros de espessura, com niveis de
dolorudito réseo e niveis carstificados com presenga de estromatolitos (Fig. 4.1.6), que ocorrem

entre 354,05 e 326 metros.

A Formacao Serra de Santa Helena, com 214,75 metros de espessura ¢ constituida
por siltitos marrons a esverdeados com filmes carbonaticos. Ocorrem entre 326 e 111,25 metros de
profundidade. Seu contato basal ¢ marcado por intercalagcdes de laminas calciferas e intervalos

calciferos-argilo-carbonosos.
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Figura 4.1.4- Coluna estratigrafica do testemunho de sondagem 1-PSB-14-MG com curvas
isotopicas (8'%0 e 8'°C) e indicagdo dos niveis amostrados para analise micropaleontolégica.

A Formagao Lagoa do Jacaré, neste testemunho de sondagem inclui os seus 109,85
metros basais, que ocorrem entre 111,25 e 1,40 metros de profundidade, uma vez que a parte inicial
da perfuracdo inclui um intervalo de solo. A composi¢do desta formagao inclui calcarenitos finos
cinza escuros intercalados com niveis peliticos também cinza escuros. O seu contato basal foi
marcado pelo aparecimento dos calcarios cinza escuros sobre os siltitos cinza esverdeado a verde

escuros, laminados do topo da Formagao Serra de Santa Helena.
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Figura 4.1.5- Pseudomorfos de aragonita da base da Formagao Sete Lagoas no testemunho de
sondagem 1-PSB-14-MG.

Figura 4.1.6- Estromatolitos colunares do topo da Formagdo Sete Lagoas no testemunho de
sondagem 1-PSB-14-MG .
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4.1.5-Is6topos de Carbono e Oxigénio dos testemunhos de sondagem 1-PSB-13-MG e 1-PSB-
14-MG

1-PSB-13-MG:

Os dados isotopicos em 1-PSB-13-MG (Tab 4.1.3) mostram que, na base da Formacgao Sete
Lagoas, em contato com os diamictitos da Formagdo Jequitai, os dolomites de capa possuem
valores negativos de 8'°C entre - 6,23%o e -3,71%o. Sobre esses dolomitos, ¢ depositada uma
espessa sucessao de calcilutitos com niveis peliticos carbonosos cinza escuros, cujos valores de
813C tormam-se progressivamente mais positivos passando de -0,76%o a +3,63%o. A mudanga
para os valores positivos de 8'°C ocorrem acima da profundidade de 455,7 metros. Em diregdo ao
topo, encontra-se uma sucessdo de calcarenitos com niveis de brechas intraformacionais
(lamelares) caracterizada por valores constantes de 8'*C, que variam entre +3,87%o e +5,83%o,
sobrepostos por calcilutitos com niveis carbonosos com valores entre +6,20%o0 ¢ +4,45%0. Os
dolomitos que se seguem apresentam valores de §'°C entre +7,73%o e +8,89%o, passando a

calcarios com altos valores de 8'°C entre +6,98%o e +12,75%o.

1-PSB-14-MG:

Enquanto em 1-PSB-13-MG os dolomitos de capa da base da Formagdo Sete Lagoas
depositam-se sobre os diamictitos da Formacao Jequitai, em 1-PSB-14-MG o contato encontra-se
em discordancia erosiva com as rochas do embasamento granitico. Os dolomites de capa incluem
uma sucessao de 24 metros, formados por 20 metros de dolomitos com finas intercal¢des
calciticas e peliticas. Os dados isotdpicos obtidos neste testemunho de sondagem (Tab 4.1.4),
registram na se¢dio basal da Formacdo Sete Lagoas, valores de 8'3C entre -5,04%o e -2,66%o.
Esses valores negativos ainda permanecem por mais 4 metros, finalizando com os dololutitos
com presenca de pseudomorfos de aragonita, que finalizam com o valor de §'C em -0,24%o. Os
valores negativos proximos de 0%o, com esparsos picos mais negativos persistem por
aproximandamente 100 metros de calcilutitos com intercalagdes peliticas que recobrem os
dolomites de capa. Os calcilutitos com niveis peliticos carbonosos passam gradualmente para
valores de §'°C positivos que alcancam +2,30%o (Tab. 4.1.4) . O valores de 8'°C passam a
assumir valores progressivamente mais positivos na sequéncia seguinte, constituidada por
calcilutitos com niveis de brechas intraformacionais, com valores de 8'>C entre 0,008%o ¢ 2,29%o.
Os valores isotdpicos maximos ocorrem na sequéncia superior de dolarenitos com niveis
carstificados com valores isotopicos entre 2,9%o € 8,2%o.
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4.1.6- Micropaleontologia dos testemunhos de sondagem 1-PSB-13-MG e 1-PSB-14-MG

24 amostras do testemunho de sondagem [-PSB-13-MG foram analisadas, entretanto
apenas 14 amostras apresentaram resultados positivos para microfosseis, enquanto que 31
amostras foram analisadas no testemunho de sondagem 1-PSB-14-MG, sendo que 15
apresentaram resultados positivos (Tabelas 4.1.5 e 4.1.6). Os acritarcos identificados foram
esferomorfos (acritarcos esféricos, sem presenca de processos), acantomorfos e poligomorfos. As
espécies descritas foram comparadas com espécimes descritas para rochas do Neoproterozoico de
diferentes localidades (Schopf & Klein 1992; Beghin ef al. 2017; Simoneti & Fairchild 2000; Xiao
et al. 2014; Retalack, 2015).

A maior parte dos materiais descritos apresenta-se bem escura, porém os microfosseis
tornam-se mais claros nas amostras provenientes dos niveis mais superiores da Formacao Sete
Lagoas. Tal fato pode ser observado comparando-se os aspectos dos fosseis dos niveis 459,55m ¢
339,5m de 1-PSB-13-MG. Este fato também ¢ verificado em relagdo as matérias organicas
amorfa.

Na Fig. 4.1.7 sao apresentados os acritarcos identificados em 1-PSB-13-MG nivel
637,15m. Esses acritarcos se relacionam aos identificados por Simoneti & Fairchild (2000). Este

nivel localiza-se abaixo dos diamictitos deste furo (Formacgao Jequitai).
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Figura 4.1.7— Palinofosseis identificados no testemunho de sondagem 1-PSB-13-MG (nivel de
amostragem: 637,15m) e exemplares usados para comparagdo em trabalhos publicados: A-
Morfotipo oblato com parede serrilhada semelhante a G. B- Leiosphaeridia ternata (Furo 13). C-
Leiosphaeridia ternata (Beghin et al., 2017). D-Morfotipo semelhante a netromorphita (Furo 13).
E -Morfotipo com superficie rugosa (PSB- 13). F- Leiosphaeridia ternata (Simoneti & Fairchild
(2000). G- Leiosphaeridia sp. (Simoneti & Fairchild (2000). H- Leiosphaeridia ternata Grupo
Vazante (MQG). [-Vase Shape Microfossils (VSM) no Membro Sumidouro (Grupo Vazante-MG).
J- VSM da Formagao Jiayuan, do Toniano (Xiao et al., 2014).

Na Fig. 4.1.8, s@o apresentados acritarcos esféricos com didmetro entre 5 ¢ 10 um e pequenos
processos arrendondados a triangulares. Estes acritarcos representam zonas de abundancia

presentes em 1-PSB-13-MG e 1-PSB-14-MG.
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Figura 4.1.8 — Palinofosseis identificados nos testemunhos de sondagem 1-PSB-13-MG e 1-PSB-
14-MG e exemplares usados para comparagdo em trabalhos publicados (escala em A,B,C,D e E-
10 micrometros; em F- 30 micrometros): A-Morfotipo esférico com processos triangulares
presente no nivel 419,75m de 1-PSB-14-MG . B- Morfotipo esférico presente no nivel 459,55m de
PSB-13. C-Morfotipo semelhante a B no nivel 430m de 1-PSB-14-MG@G, também representando
uma biozonas de abundancia. D- Morfotipos esféricos com paredes enrugadas em bom estado de
preservacgdo presentes no nivel 419,75m de 1-PSB-14-MG. E-Morfotipo esférico com processos
arredondados presentes no nivel 507,8m de PSB-13. F- Morfotipo esférico com presenca de
apéndice (processo) do grupo dos acantomorfos presente no nivel 419,75m de 1-PSB-14-MG; G e
H — Paracrassosphaera dedalea Formagao Moty (Russia), 540Ma, semelhante aos morfotipos B e
C. I- Germinisphaera sp. acritarcos relacionados a cistos de fungos do ediacariano da Australia
(Retalack, 2015).

A Fig. 4.1.9 refere-se a acritarcos identificados no nivel 339,5m de 1-PSB-13-MG,

relacionando- se ao tipo poligomorfo.
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Figura 4.1.9 — Palinof6sseis identificados em 1-PSB-13-MG (nivel de amostragem: 339,5m) e
exemplares usados para comparagdo em trabalhos publicados (escala em A,B e C: 40
micrdmetros): A, B e C- Acritarcos do tipo poligomorfo. D- Octoedryxium truncatum, Formagao
Derlo, Ucrania (aproximadamente 600Ma). E-Taenitichoides jarischevicus Formagao Yaryshev,

Ucrania (aproximadamente 600 Ma) (Schopf & Klein 1992)
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4.1.7-Discussoes e conclusdes

Dados isotopicos e litologicos:

A analise dos testemunhos de sondagem 1-PSB-13-MG e 1-PSB-14-MG permite identificar
que o contato basal da Formagao Sete Lagoas com embasamento ocorre sobre rochas de diferentes
idades, podendo estar sobre diamictitos da Glaciagdo Marinoana (~ 630 Ma) e o embasamento
granito-gnaissico do Arqueano ao Paleoproterozoico, indicando que o Grupo Bambui foi
depositado sobre uma significativa discordancia. Os dolomitos de capa mostram, em um dos
testemunhos, finas camadas de pseudomorfos de aragonite (Fig. 4.1.5), estrutura comum dessa
unidade (Hoffman et al., 1988; Foffman e Schrag, 2002; Babinski et al., 2007) e ocorrem com
espessuras variando entre 14 metros (1-PSB- 13-MG), e 24 metros (1-PSB-14-MG). Afloramentos
com espessuras entre 1-2 metros de dolomitos de capa foram também descritos recobrindo um
embasamento gnaissico na regido de Januaria, MG e Correntina, Ba (Caxito et al., 2012; Uhlein et
al., 2019). Os valores de 8'°C no interval do dolomito de capa varia da sua base em torno de -3%o
diminuindo de valor em dire¢do ao topo para valores em torno de -6%o, em concordincia com
diversos dolomitos de capa de idade Marinoana (Kaufman et al., 1997; Halverson et al., 2005;
Hoffman, 2011; Caxito et al., 2012; Alvarenga et al., 2014; Uhlein et al., 2019). Os valores menos
negativos de &'°C persistem nos calcarios que sucedem ao dolomito de capa, passando
gradualmente a valores positivos, entretanto acima da camada de dolarenitos a mudanga ¢
relativamente abrupta passando para altos valores de iso6topos de carbono, padrdo que coincide
com os encontrados em diferentes localidades do Grupo Bambui, confirmando assim uma forte
correlacdo regional entre os dados quimioestratigraficos (Martins e Lemos, 2007; Santos et al.,
2000, 2004; Alvarenga et al., 2007, 2012, 2014; Uhlein et al., 2019). Curvas de is6topos de
Carbono da Formagao Maiberg, Namibia (Halverson et al., 2005; Hoffman, 2011) apresentam
muita semelhanca com as encontradas para a Formagao Sete Lagoas, inclusive no que diz respeito
a0 aumento abrupto positivo dos valores de §'°C, denominados de como Hiitenberg anomaly no
noroeste da Namibia (Cui et al., 2018).

Valores muito negativos de isotopos de Oxigénio podem estar representanto processos
diagenéticos e/ou hidrotermais, entretanto os valores mais elevados podem ser relacionados a
dados primarios das facies de carbonato marinho do Grupo Bambui (Knauth e Kennedy, 2009;

Kah, 2000; Kah et al., 2012).
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Dados palinologicos:

A ocorréncia estratigrafica dos microfosseis identificados nos testemunhos 1-PSB-13-MG e
1-PSB-14-MG sao mostrados na Tab. 4.1.7, que inclui também informagdes sobre suas localidades

de ocorréncia e intervalos de idades.

Leiofusa sp. pertence ao grupo Netromorphytae que ocorre do Pré-Cambriano ao Triassico
(Armstrong & Brasier 2005); foi descrito no Grupo Jixian, Formacdo Hongshuizhuang, China, de
1250 Ma (Xing & Liu 1973 in Schopf & Klein 1992) e na Formacdo Pestrotsvet, na Sibéria com
540 Ma (Timofeev 1966 in Schopf & Klein 1992). Este género foi encontrada no Grupo Paranoa do
poco 1-PSB-13-MG.

Leiosphaeridia ternata (Timofeev 1966) foi descrita por Simonetti & Fairchild (2000) no
testemunho de sondagem 1-PSB-13-MG em niveis inferiores a 637 metros, ou seja, na sequéncia
abaixo dos diamictitos da Formagao Jequitai ndo sendo identificados nas amostras provenientes do
Grupo Bambui tanto em 1-PSB-13-MG como em 1-PSB-14-MG. O mesmo intervalo, amostrado
para essa pesquisa, confirmou também a existéncia de Leiosphaeridia ternata (Tab. 4.1.7).

Paracrassosphaera dedalea (Rudavskaja 1973) foi descrita na Formagao Moty Ediacariano
da Sibéria, 540 Ma (Fajzulina & Treshchetetenkova, 1979), tendo side descrita na Formagao Sete
Lagoas dos dois pogos estudados (Tab. 4.1.7).

Octoedryxium truncatum (Rudavskaja 1973), acritarco poligomorfo, foi descrita na
Formacao Lakhanda, Sibéria, de 950 M.a. (Timofeev 1976); no Grupo Visingso, Suécia de 775 Ma
(Vidal 1976b); o Grupo Barents Sea, Formagao Batsfjord, Noruega, de 730M.a. (Vidal and
Siedlecka 1983); na Formag¢ao Muhos, Finlandia de 650 Ma (Tynni & Uutela 1984); Formagao
Derlo, antiga Unido Soviética de 600 Ma (Rudavskaja 1973); Grupo Tillito, Groenlancia, de 600
Ma (Vidal 1979) e na Formacao Moty, Sibéria, de 540 Ma (Rudavskaja in Myatlyuk et al 1973).
Nesta pesquisa, Octoedryxium truncatum foi identificado em amostras da Formacdo SeteLagoas
(Tab. 4.1.7).

Germinisphaera sp. foi descrito na Formacao Dashka de 750 M.a. (Mikhajlova, 1986) e na
Formacao Zin’kov de 600 Ma (Schopf & Klein 1992). Retallack (2015) relacionou este género a
cistos de fungos do Edicariano da Australia. Este acritarco acantomorfo foi encontrada apenas na
Formagao Sete Lagoas do pogo 1-PSB-14-MG (Tab.4.1.7).

Taenitichoides jarischevicus (Aseejeva 1983) foi descrita na Formacdo Yaryshev, antiga
Unido Soviética, 610 Ma (Aseeva & Velikanov, 1983). Exemplares desta espécie foram
encontrados em amostras provenientes da Formacdo Sete Lagoas no testemunho 1-PSB-13-MG

(Tab. 4.1.7).

59



1L

€861 ‘Unjuopay

(€861

- - ‘ ‘ 3 - [ !
L'TyT B S'6EE 13 eABaSY ‘AOUBNIIBA BIA 059 BO1391N0S oglun esiiue ena(aasy) snojnayasiip)
seogeq 919§ ‘w4 ‘AaysAiep oedewoS saploy2i31uan |
T66T I3y 18 ydoyds BIA 009 AOY Uiz ogdew.o -
'7ES e 955 - - *ds pJsapydsiuwiag
seogeq 9195 "W 986T ‘enojfeysfin BIN 0SL e)jyseq ogdeuwsiod -
AS3j0W| e SHFAIS
9L61 JOWLL W 0s6 ‘epueyy e oedew.o4
epl e er9ns
9.6T |epIA N SLL ‘gsauisiA odnio
edanioN eas
€86T B)939|palS pue [BpIA BN 0EL
‘pJolysieg oedSew.o4 sjualeg odnup
. . . . . (€£6T elexsnepny)
seogeq 9195 W4 SL6TY seogeq 9395 "W L'TvC B S6EE elpugjuly -
86T B]93INN 13 IUUAL eI 0S9 wnpouNJ} WNIXA1paoido0
‘soynin oeSew.o4
eoI o B|2UB|US0ID
6L6T [EPIA N 009 ‘oL 0dnio
B2119IA0S oBlUN -
€467 eleysaepny BN 009 .
eSnue ‘oj4ag oedewuod
€£6T AnAped g efexsaepny BN OVS elIqIS ‘AJo|N ogSewod -
X VEIEIETVRIVEE)
6L6T eN0)UIIAYIYSAI | N OVS AOW . (26T
3 eul|nzfeq ul efejsaepny
seoSe]@1eS ‘W4 | S'SsyeT‘8/y |seoSe1a1ss w4 | S'6SY e L06V elexsaepny) pajppap
€/6T eleysaepny BIN OFS elI9qIS ep oueliedelp3 _ D4apYdsosspIoDIDd
Ajo|A oeSewuo4
- - Inquieg-9.d 09 e ST'Z€9| (0007) PIlydaie] g 11l2UOWIS | Inquieg-2.d Jexnbar Inqueg (9961 AadjouL)
DI0OUIA} DIPLILYdOIaT]
seoSeq 2195 "W S6'T89
eUS[OH BIUES . ] /nquieg-9.d €098 GT'LE9 - - - - -ds eipuaeydsola]
. € TrCc e T1IGT
9p BJIDS Wy
¥L6T " ‘NI A ‘BulX BN TSCT -
- - Inqueg-24d w ST‘L€9 (euryd) Suenyz inys SuoH *ds bsnfoia7
996T Ad3j0WIL “©IN ObS (eH9QIS) 19ASI04353d uexir
apeplun | spepipunjoid  apeplun | apepipunjoid
JRIEYCIEN] apep| oeSew.o4 odnup 11ss04

SN-#T-9Sd-T 04nd

*seOI30]0U010093 9 SeO1JeIZ093 SBIOUQLION0 Sens @ HIN-4[-gSd-1 @ DIN-€[-9Sd-1 SOYUNU)S) SOU SOPEIIIUIPI SOIBILIDY — /' B[OqE ],

DIN-€T-8Sd-T o.n4




Os dados palinolégicos permitem a diferenciacdo de, no minimo, trés possiveis biozonas no
testemunho de sondagem 1-PSB-13-MG (Fig. 4.1.10). A primeira zona “A” foi caracterizada pela
presenca de morfotipos semelhantes aos identificados no trabalho de Simoneti & Fairchild (2000),
como Leiosphaeridia ternata e Leiofusa sp. oriunda de amostras provenientes do que os autores
assumiram pertencer ao Grupo Paranod / Conselheiro Mata, ou seja, considerada de idade
Mesoproterozoica. Essa assemblagem ocorre apenas nessa zona. Quarenta metros de diamictitos da
Formagdo Jequitai separam a zona “A” da zona “B”, caracterizada pela abundancia de
Paracrassosphaera dedalea (Fig. 4.1.11). Sobre esta zonas, segue-se a zona “C”, caracterizada pela
presenga de Octoedryxium truncatum, ¢ Taenitichoides jarischevicus, acritarcos do tipo
poligomorfo. A relagdo entre estas zonas com a curva isotdpica de carbono mostra que, os valores
negativos de 8'°C na base do Grupo Bambui marca o inicio da zona “B” caracterizada pela

abundancia de Paracrassosphaera dedalea, também observada em 1-PSB-14-MG (Fig. 4.1.12).

Quando a curva de valores de §'°C passam a assumir valores positivos também ¢ verificada
o fim da ocorréncia abundante de Paracrassosphaera dedalea, o que caracteriza o final da zona
“B”. A zona “C”, caracterizada pela presenca de acritarcos do tipo poligomorfos, ocorre em
calcarios é caracterizada por valores positivos constantes de 8'°C entre 3,5%o e 6,0%o, tendo seu

limite superior delimitado pelo contato com os dolomitos do topo da Formacgao Sete Lagoas.
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Figura 4.1.10- Distribuicao de zonas determinadas por assemblagens de acritarcos no testemunho de

sondagem 1-PSB-13-MG.
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sondagem 1-PSB-13-MG. Destaca-se em vermelho as zonas determinadas pela presenca de
acritarcos ¢ as zonas de abundéancia definida pela presenca abundante de Paracrassosphaera

dedalea.



i
£
1 PRI B
¢l Om Fi'r1] Calcarenito fino com niveis
E) <& - <& §13C Fifity peliticos escuros
3 40 Y] . 2 ’4’3 =
] b~ H
2| 80 o B g — Siltito marrom & esverdeado
i 3 © = com filmes carbonéticos
120 g 9 5
Q W 5 g < : o ’
= 1160 < woq QL) [ & Doloarenito com niveis de dolorudito
2 o ¥ 5 ©O oS rGseo, com niveis carstificados com
: looo RS __g £ = £ presenca de estromatdlitos
& g © 8 E = ] Cadilutito cinza com bandas
2 1240 8 2 AR x Y = de siltito cinza
H 3 H ESe
ol |3 S T8 =5 ¢
g #1280 <& 8 L, S g o @ o Brecha intra formacional e calcilutito
g2 = T 3 S & 8 = cinza com seixos e granulos
§§ £ 320 < -~ s é‘.’: g 8 L 2 8 lamelares calciticos
2w
o 360 & E FEEET Cacilutito cinza com niveis
S o peliticos carbonosos
400 3 2 —
< ¢ v g 9 Calcilutito com intercalages
440 Q de siltito marrom
‘. &> © [ H
# l480 g £ 3
= 8 g ;9_)_\ Calcilutito com intercalactes de
30520 g siltito marrom e pseudomorfos
o3 (53 S ul, de aragonita
560 8 © ’ 2 Siltito marrom com intercalaces
o & = calciticas e dolomitcas na base
©
o g .
640 EEEETTET s D GRANITOIDE
i
_— [0 = X ¢ @ \;:
=— 720 ; - > Amostras & Fosseis

Figura 4.1.12-Distribuigdo de acritarcos no testemunho de sondagem 1-PSB-14-MG, com indicacao
da presenca de Paracrassosphaera dedalea, nivel de abundéancia que também ocorre em 1-PSB-13-

MG.

Os acritarcos identificados sugerem o posicionamento do Grupo Bambui no Ediacariano.
Apesar de alguns tdxons, como Leiofusa sp. apresentarem uma ampla distribui¢do temporal, os
estudos demonstram a eficiéncia na determinagdo bioestratigrafica, sendo necessarios estudos
taxondmicos mais amplos que permitam a identificagdo em nivel de espécie, o que contribuiria

para uma maior precisdo do refinamento cronoestratigrafico.

Os acritarcos estdo presentes nas sucessoes carbonaticas da Formacgdo Sete Lagoas,
permitindo a identificagdo de zonas nos dois testemunhos permitindo uma possivel correlagao
bioestratigrafica. A zona de abundancia de Paracrassosphaera dedalea no testemunho 1-PSB-13-
MG encontra-se com valores de 8'°C entre 0 e -1,5%o, enquanto que no testemunho 1-PSB-14-MG
ocorre com valores de 8'3C entre 1,04%o0 e 2,31%o. Considerando que essa zona de abundanica
ocorre em posicoes estratigraficas diferente de uma mesma litofacies de calcilutitos com niveis
peliticos (Fig. 4.1.10), um detalhamento entre a relagdo dos microfosseis com a litofacies deve ser

feito, de forma a avaliar a sua amplitude de ocorréncia.

Na litofacies de interestratificados de calcarenito e calcarios com brechas lamelares os

microfosseis encontrados sdo constituidos por arcitarcos do grupo dos poligomorfos
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Figura 4.1.13- Correlacdo entre os testemunhos 1-PSB-13-MG e 1-PSB-14-MG com as respectivas
curvas isotopicas e a zona de abundancia de Paracrassosphaera dedalea.

Pode-se observar correlagdes entre as curvas isotopicas de carbono entre os dois testemunhos
estudados (Fig 4.1.13), com valores negativos na base da Formacdo Sete Lagoas e valores
progressivamente mais positivos em direcao ao topo da sequéncia.

O nivel de abundancia determinado pela presenga de Paracrosphaera dedalea também pode ser
usado como critério de correlagdo, sendo que em ambos os testemunhos este nivel ocorre proximo a

situacdo da curva isotopica onde os valores passam de valores negativos a valores positivos.
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ABSTRACT

Bambuites erichsenii Sommer, 1971 is the first organic-walled microfossil described from, Sete
Lagoas Formation, Bambui Group, Brazil. It is presented herein new occurrences of this species
recovered from the type-locality where outcrops Sete Lagoas Formation, Pedreira Caué, Pedro
Leopoldo Municipality, State of Minas Gerais, Southeast Brazil. These new occurences are
positioned in a stratigraphic log, as well as it is redescribed this species. It was possible to identify
the presence of two types of processes both different in dimensions and shapes in topotypes, based
on what it is possible to identify these specimens as Acanthomorpha. So, it was possible to present
an emended diagnosis for Bambuites erichsenii Sommer, 1971 and for the genus Bambuites

Sommer, 1971.

Keyword: Bambuites erichsenii, Ediacaran, Bambui Group, Taxonomy

75



4.2.1-Introduction

Carbonaceous residues were originally described as "organic vestiges" related to “Algae
incertae sedis” from limestone at the Sete Lagoas Formation, Bambui Group, obtained from
Pedreira Caué, in Pedro Leopoldo Municipallity, State of Minas Gerais (Sommer, 1971) (Fig.4.2.
1). The species Bambuites erichsenii was the first acritarch species to be described in Brazil.
According to PPRG (Microfossil Database), Bambuites erichsenii is considered a possible acritarch
since the images in the article do not allow for wider interpretations (Mendelson & Schopf, 1992).

Sanchez & Fairchild (2017) state that Bambuites erichsenii is in synonymy with
Leiosphaeridia jacutica Timofeev, 1966 based on size and features of the vesicle. This work
proposes a new analysis of this species based on the type-material, holotype, and also based on new
recovered material from the Bambuites erichsenii’s stratotype. These analyzes and new descriptions
of its morphological aspects, aiming to propose a diagnosis which confirms both the genus and
species suggested by Sommer, (1971).

Some microfossils with similar morphological characteristics of Bambuites erichsenii have
been reported in other localities where Sete Lagoas Formation’s rocks outcrop (Baptista et al., 2010;
Baptista et al., 2012; Baptista et al., 2013; Baptista et al., 2017), a fact that indicates the importance

of these fossils to biostratigraphic correlation studies.

4.2.2-Geologic Setting

In the northern part of the City of Belo Horizonte towards Sete Lagoas City, is the souther-
southeastern border of an extensive sedimentation basin which resulted in limestone and carbonatic
pelite deposition during the Neoproterozoic, Sete Lagoas Formation, Bambui Group (Tuller et al.,
2010). Samples studied in this research were collected in this region, more precisely at Pedreira
Caué, in Pedro Leopoldo County, State of Minas Gerais, Southeast region of Brazil (Fig. 4.2.1).

The Bambui Group, a Neoproterozoic unit in this area coverage, represents an association
between siliciclastic and biochemical lithofacies, in the form of sediments of platform
environment deposited in extensive epicontinental sea (Alkmim and Martins Neto 2001; Uhlein
2013).The first lithostratigraphic subdivision for the Bambui Group (Costa & Branco, 1961) was
later reorganized, which altered the stratigraphic positioning of both superior units in this group.
Since that, Serra da Saudade Formation was positioneted below Trés Marias Formation (Dardenne,

1978).
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In the present work, all six formations proposed by Dardenne (1978) will be taken into
consideration, organized from their base to the top, and they will be: Jequitai (diamictites), Sete
Lagoas (limestone and subordinate siltites), Serra de Santa Helena (siltistones), Lagoa do Jacaré
(limestones), Serra da Saudade (siltistones fine sandstones and subordinate limestones), and Trés
Marias (sandstones).

Bambui Group was deposited in transgressive-regressive cycles in a great lithospheric
flexure, marked by low siliciclastic deposition and low rates of subsidence in a foreland basin
system (Uhlein et al.,2016; Vieira et al., 2007; Reis & Alkmim, 2015; Reis & Suss, 2016; Reis et
al., 2017).

Based on U-Pb ages in detrital zircons, Sete Lagoas Formation is considered Ediacaran in
age. Carbon isotopic curves, obtained from Sete Lagoas Formation for studied sections corroborate
this attribution to the Ediacaran (Martins & Lemos, 2007; Alvarenga et al., 2014). Additionally,
occurrences of Cloudina sp. have been reported in this lithostratigraphic break, once again

corroborating  its  attribution to  the  Ediacaran = (Warren et al,  2014).
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Figure 4.2.1 - Study area in Brazil. A- Geological map (modified from Tuller et al., 2014) with the
location of the fossil occurrences near the Pedreira Caué from Pedro Leopoldo Municipality, Minas
Gerais State, Brazil. B- Stratigraphy of the Bambui Group following Dardenne (1978). Coordinates
602200m/7830240m

4.2.3-Studied area

Sete Lagoas Formation in Pedro Leopoldo county, Pedreira Caué, is formed at its base by
calcilutite with centrimetic intercalations of greenish siltite from Membro Pedro Leopoldo,
deposited over the granite-gnaisse foundation (Projeto Vida, 2003, Projeto Abaeté-Sete Lagoas,
2010). In superior stratigraphic breaks there are calcarenites, calcirudite, and calcisiltite, locally
associated with microbial mats and columnar stromatolites (Marchese, 1974), Membro Lagoa Santa
(Fig. 4.2.2). These limestones have been used in both cement and steel industries and have an

average content of CaO around 55%. Pedreira Caué, where the samples studied in this research
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were collected from (MP- 111-H) is constituted by calcarenites (0,150 to 0,500mm intraclasts)

which are laminated, and have a dark gray color.
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Figure 4.2.2 - Caué Quarry section, Pedro Leopoldo Municipallity, Minas Gerais State, Southeast
Brazil. The type-horizon of Bambuites erichsenii Sommer (1971) was sampled again for

micropaleontological analyzes in this study and it is represented by the stratigraphic positioning of
the sample MP111H.

79



4.2.4-Material and Methods

The analysed material comes from the same outcrop and same stratigraphic level that were
studied by Sommer, (1971), and where the Bambuites Erichsenii species was identified (Fig. 4.2.3).
The studied sample is listed at Caeté Lithotheque as MP- 111-H and was collected by the
Geological Survey of Brazil, during mapping work at Projeto Vida (2003).

Samples were prepared at the Palynology Laboratory at LAMIN-CPRM, where
approximately 200 grams from these samples went through a chemical maceration process with
HCl (40%), aiming to eliminate carbonate mineral fractions, and concentrate particulate and
amorphous organic matter which were used for preparing 20 permanent sheets.

All permanent palynological slides were analyzed under optical microscope attached to a
camera system for producing images. Identified specimens were compared to images that were
produced on the permanent sheet as from the holotype of Bambuites erichsenii Sommer, (1971),

listed at Museu de Ciéncias da Terra, Rio de Janeiro (Fig. 4.2.4 A and B).

4.2.5-Redescription of the Bambuites erichsenii Sommer, 1971

Sommer, 1971 described Bambuites erichsenii as "having carbonaceous, originally round,
and maybe spherical configurations". The author points out the variation across its diameter from 70
to 200 micrometers. Similar characteristics have been observed in both the specimens coming from
sample MP-111-H and works concerning the occurrence of morphologically similar microfossils
(Baptista et al, 2010; Baptista et al, 2012; Baptista et al, 2013; Baptista et al, 2017). A large amount
of fragments on the sheets were observed and, at first, were very difficult to be identified as
microfossils. However, the analysis of details made it possible to identify the same structures as in

round/spherical, and more well-preserved fossils (Fig. 4.2.3).
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Figure 4.2.3 - Bambuites erichsenii Sommer, 1971: well-preserved fossils whith process.

The main characteristic of these microfossils are the existing processes in circular and
spherical specimens and fragments. Sanchez & Fairchild (2017) do not interpret such structures as
processes, but as an extension of the specimen's wall, having a taphonomic origin. On the other
hand, Sommer, 1971, describes these structures as "crenulated ornament in specimens' walls".

Analyses of the specimens from sample MP-111-H have made it possible to identify two
processes: 1) triangular processes at the top and squared at the base, with about 3,5 micrometers of
length; 2) triangular processes or spurs with about 1,3 micrometers of length (Fig. 4.2.5).

The latter processes are the ones which might have been interpreted by Sommer, 1971 as
crenulations on the specimens' walls. Larger processes may be interpreted as such due to a
repetition of its morphology both in the holotype and in the specimens identified in sample MP111-
H.

The existence of processes in Bambuites erichsenii makes it possible, this way, to consider it
an acanthomorph, fact that does not allow for its correlation with Leiosphaeridia jacutica, a
spheromorph according to the classification scheme of Downie et al., 1963.

The vast majority of the specimens present themselves in a dark color due to taphonomic
processes. However, it is possible to observe some specimens in light brown, which are in very

well-preserved conditions. The specimens are mostly fragments which vary from 10 to 100

81



micrometers. The round specimens which refer to their original spherical form are mostly
individuals, ranging in diameter from 10 to 20 micrometers.

The largest well-preserved specimens (non-fragmented) are between 100 and 200
micrometers, fact that could indicate this might be the maximum dimension for this species to resist
to taphonomic processes without fragmenting itself. Nonetheless, the presence of 100-micrometers
fragments may indicate that Bambuites can attain much larger dimensions than 200 micrometers in
diameter. When considering these morphologic aspects, the following Bambuites erichsenii

(Sommer, 1971) taxonomy is suggested:

Group Acritarcha Evitt,1963
Subgroup Acanthomorpha Bambuites Sommer, 1971

Type-species of the genus: Bambuites erichsenii Sommer, 1971.
Etymology: The genus name is a reference to the Bambui Group, lithostratigraphic unit where it

was originally described.

Original diagnosis by Sommer, 1971: Configuragoes arredondadas, entre 70 a 200 u de
didmetro; dos espécimes encontrados, 10 entre 100 e 140 u de diametro;, ha fragmentos que
sugerem didmetro bem maior. Parede de contorno, quando conspicua, cérca de 20 u de espessura;
em geral, o individuo é completamente opaco, raramente inteiro, a margem sempre provida de
ornament crenulado.

Translate: Rounded configurations, between 70 to 200 u in diameter; of the specimens found, 10
between 100 and 140 u in diameter, there are fragments that suggest a much larger diameter.
Contour wall, when conspicuous, about 20 u thick; in general, the individual is completely opaque,
rarely whole, the margin always provided with a crenulated ornament.

Emended diagnosis: Round organic-walled microfossil, eventually presenting themselves as
spherical with processes, ranging in diameter from 10 to 200 micrometers, and from a dark color
when poorly preserved to a light brown color when well preserved. They are either solitary or in
cluster formed by vesicles that can vary in dimensions.

Discussion: To the original diagnosis of the genus, it has been added the brown color to
wellpreserved individuals, as well as the evidence of processes, and also suggesting that the

specimens can be associated themselves in "cluster” structures (Fig.4.2.4-C).

Bambuites erichsenii Sommer, 1971

(Figure 4.2.3 and 4.2.5)
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Etymology: The species' name is dedicated to Paulo Erichsen de Oliveira, according to Sommer
(1971).

Original description: Maybe, originally, carbonaceous and round compositions, spherical with
variable diameter, and opaque.

Description: Rounded microfossils that may be spherical, with diameter ranging from 10 to 200
micrometers. There are two types of existing processes, smaller ones being more abundant, with
about 1 micrometer of length and triangular form; and larger ones, less abundant, reaching 3,5
micrometers of length, and having a straight form at the base and a triangular one at the top.
Original diagnosis by Sommer (1971): Configuracoes arredondadas, entre 70 a 200 u de
didmetro; dos espécimes encontrados, 10 entre 100 e 140 u de diametro; ha fragmentos que
sugerem didmetro hem maior. Parede de contomo, quando conspicua, cérca de 20 u de espessura;
em geral, o individuo é completamente opaco, raramente inteiro, a margem sempre provida de
ornamento crenulado.

Emended diagnosis: Round microfossils with 10 to 200 micrometers in diameter, being that
described fragments suggest the possibility of larger individuals. There are two types of processes
happening: triangular processes with about 1 micrometer of length, and triangular processes at the
top and squared at the base, with 3 to 5 micrometers in diameter.

Discussion: The main contribution to the original diagnosis of the species is the characterization of
processes that prevent the inclusion of Bambuites erichsenni in the spherimorph group, as
previously proposed by Sanchez & Fairchild (2017), who had proposed its synonymy with
Leiosphaeridia jacutica (Timofeev, 1966). Bambuites erichsenii then has become included in the
acanthomorph group.

Geographic distribution: The species has been described in Sete Lagoas formation rocks, in the
Southern region of Sdo Francisco Craton, Sommer (1971). Acritarch microfossils, morphologically
similar to Bambuites, have been described in samples from Sete Lagoas Formation, at Mina da
Rocinha, midwest region of the state of Minas Gerais (Baptista et al., 2010, Baptista et al.,2012,
Baptista et al.,2013). Similar specimens have been described in borehole samples and have also
been related to Sete Lagoas Formation, in the region of Montalvania, in the northern part of the

state of Minas Gerais (Baptista, 2017).
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Figure 4.2.4 - Bambuites erichsenii Sommer, 1971. A-B) Hololype; C-D) Topotypes extracted from

sample MP111H. Note the variation of occurrences: individuals or in cluster form.
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Figure 4.2.5 - Processes in Bambuites erichsenii Sommer, 1971: A- triangular processes or spurs
with about 1,3 micrometers of length.; B - triangular processes at the top and squared at the base,
with about 3,5 micrometers of length.

4.2.6-Conclusions

Bambuites erichsenii (Sommer, 1971) is an acritarch that has had its characteristics well
determined in this work concerning both its morphological and taphonomic components. The
presence of processes has made it possible to include it in the acanthomorph subgroup. The
presence of fragments with 5 to 100 micrometers in diameter, and round specimens with about 5 to
20 micrometers in diameter is relatively abundant at stratigraphic levels in Caué Quarry, which is in
Sete Lagoas Formation.

The occurrence of microfossils in samples from other localities which are morphologically
similar to Bambuites suggest a possible utilization of these microfossils for biostratigraphic

correlation studies, which have proven to be fundamental to studies on Ediacaran sequences.
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Running Header: Ediacara-type macrofossils from central Brazil

Abstract.—The Ediacara biota (571-538 Ma) marks the first appearance of macroscopic and
architecturally complex eukaryotes in Earth history. Most Ediacara-type fossils are preserved in
siliciclastic rocks, with only a few occurrences in carbonate rocks. Here we report the discovery of
non-skeletal Ediacara-type macrofossils from South America. These fossils are hosted in limestones

of the Lagoa do Jacaré Formation of the middle Bambui Group, and include Eremolinea yacarei n.
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gen. n. sp., Jaibella verdegrandensis n. gen. n. sp., Nilpenia rossi, and Gen. et sp. indet. A. Of these
fossils, Eremolinea yacarei and Jaibella verdegrandensis were probably epibenthic eumetazoans,
possibly stem-group bilaterians, that cross-cut Nilpenia rossi, which was probably a sessile
epibenthic organism ecologically analogous to fungi, lichens, or encrusting algae. The truncation of
Nilpenia rossi by Eremolinea yacarei and Jaibella verdegrandensis appears to be accidental
encounters, rather than a targeted feeding or grazing behavior. The occurrence of Nilpenia rossi,
which has been previously documented from the White Sea assemblage (ca. 560—550 Ma) in South
Australia and Ukraine, supports an Ediacaran age for the Lagoa do Jacaré Formation, but
contradicts the report of Cloudina and Corumbella, which typically occur in the terminal Ediacaran
to earliest Cambrian (ca. 550-538 Ma), from the Sete Lagoas Formation of the basal Bambui

Group.

LSID: urn:lsid:zoobank.org:act:90DE2897-BEB3-484F-8924-A30BB39E22FC

LSID: urn:lsid:zoobank.org:act:34DBESAA-E88E0-45F4-A085-EEF5A889E143

Introduction

Morphologically complex Ediacara-type macrofossils were first described in Namibia (Giirich,
1929) and then made famous by later discoveries in the Flinders Ranges of South Australia (Sprigg,
1947). To date, they have been reported from all major continents except Antarctica (Fedonkin et
al., 2007). The fossil record of the Ediacara biota in South America is poorly documented; the
skeletal tubular fossil Corumbella werneri Hahn et al., 1982 is one of the best known Ediacaran
fossils from South America, but thus far non-skeletal Ediacara-type fossils have not been reported

from South America. Arrouy et al. (2016) reported putative Aspidella-like fossils from the Cerro
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Negro Formation in the Tandilia Basin of Argentina, but these have been reinterpreted as
microbially induced sedimentary structures (Inglez et al., 2019). The lack of non-skeletal Ediacara-
type macrofossils from South America is prominent, given that skeletonized tubular fossils such as
Cloudina lucianoi (Beurlen and Sommer, 1957) and Corumbella werneri Hahn et al., 1982 have
been known widely from South America (Pacheco et al., 2015; Adorno et al., 2017; Warren et al.,
2017; Walde et al., 2019). Putative Cloudina and Corumbella have also been reported from the
lower Sete Lagoas Formation of the basal Bambui Group in the state of Minas Gerais, central Brazil
(Warren et al., 2014). If confirmed, these fossils implies that the entire Bambui Group, save the
lowermost Sete Lagoas Formation, is no older than the terminal Ediacaran age, ca. 550-538 Ma
(Xiao and Narbonne, 2020). Considering that the Sete Lagoas Formation sits directly on the
terminal Cryogenian glacial diamictite of the Jequitai Formation (Caxito et al., 2012; Alvarenga et
al., 2014), the putative occurrence of the terminal Ediacaran tubular fossils Cloudina and
Corumbella in the lower Sete Lagoas Formation (Warren et al., 2014) implies that much of the
Ediacaran Period may be represented by an unconformity (Uhlein et al., 2017), a prediction that
needs to be tested with additional fossils from the Bambui Group.

The present work describes new non-skeletal macrofossils preserved in limestones of the Lagoa do
Jacaré Formation, Bambui Group, northern Minas Gerais State, southeastern Brazil (Fig. 4.3.1).
These fossils are described as Eremolinea yacarei n. gen. n. sp., Jaibella verdegrandensis n. gen. n.
sp., Nilpenia rossi Droser et al., 2014, and Gen. et sp. indet. A. These fossils represent the first
discovery of convincing Ediacara-type macrofossils from South America, and add a new example
of carbonate-hosted Ediacara-type macrofossils. Insofar as Nilpenia rossi is previously known from
the White Sea assemblage (ca. 560—550 Ma), it helps constrain the depositional age of the Bambui

Group.
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Figure 4.3.1. Geological map of the study area and generalized stratigraphy of the Bambui Group.
(1) Geological map (modified from Caxito et al., 2014), showing the fossil locality (star) near the
Brejo Minas Farm, southwest of Jaiba Municipality, Minas Gerais State, Brazil. Geographic maps
of Brazil and Minas Gerais State are shown at bottom. (2) Generalized stratigraphy of the Bambui
Group modified from Dardenne (1978). Fossils reported in this paper were collected from the

Lagoa do Jacaré Formation (star).

Geological setting

The Bambui Group in east-central Brazil is an Ediacaran succession on the Sao Francisco craton. It

consists of mixed carbonate-siliciclastic strata that can be subdivided into the following formations
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(in ascending order): Sete Lagoas, Serra de Santa Helena, Lagoa do Jacaré, Serra da Saudade and
Trés Marias (Dardenne, 1978) (Fig. 4.3.2). The lowermost part of the Sete Lagoas Formation is the
basal Ediacaran cap dolostone, which is characterized by aragonite fans and authigenic barite
precipitates (Okubo et al., 2018; Okubo et al., 2020). The Sete Lagoas cap dolostone is succeeded
by intercalated shales, limestones, and dolostones (Caxito et al., 2012; Alvarenga et al., 2014). The
overlying Serra de Santa Helena Formation is dominated by siltstones and minor sandstones. The
Lagoa do Jacaré Formation comprises a mixture of intraclastic and oolitic limestones, calcilutites,
and calcareous siltstones. Syneresis cracks filled with calcite are present at multiple horizons. The
occurrence of syneresis cracks in limestones of the Lagoa do Jacaré Formation indicates deposition
in a shallow marine environment. Further upsection, the Serra da Saudade and Trés Marias
formations consist mainly of siltstones and arkosic sandstones, respectively.

Detrital zircon U-Pb ages and carbonate chemostratigraphic data (e.g., ¥’Sr/*Sr ratios) indicate that
the Bambui Group is Ediacaran in age (Rodrigues, 2008; Pimentel et al., 2011; Caxito et al., 2012;
Alvarenga et al., 2014; Paula-Santos et al., 2015; Uhlein et al., 2017). Importantly, the youngest
detrital zircon population from the upper Sete Lagoas Formation gave an age of 557 Ma, placing a
maximum age constraint on this formation (Paula-Santos et al., 2015), although it is still
permissible that the Sete Lagoas and Lagoa do Jacaré formations can be older than the terminal
Ediacaran stage (550-538 Ma). Microfossils from the Bambui Group are consistent with but not
diagnostic of an Ediacaran age (Cruz and Lopes, 1992; Fairchild et al., 1996; Simonetti and
Fairchild, 2000; Denezine et al., 2018). The only age-diagnostic fossils from the Bambui Group are
putative Cloudina and Corumbella from the lower Sete Lagoas Formation in the Januaria area of
Minas Gerais. Because Cloudina and Corumbella are tubular fossils characteristic of the terminal
Ediacaran stage (Amthor et al., 2003; Warren et al., 2017; Xiao and Narbonne, 2020) and Cloudina
may extend into the basal Cambrian (Yang et al., 2016; Zhu et al., 2017), these fossils suggest that

the Bambui Group is mostly terminal Ediacaran to earliest Cambrian in age.
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The focus of this study is the Lagoa do Jacaré Formation near the City of Jaiba, Minas
Gerais State. In this area, the Lagoa do Jacaré Formation consists of a ~120-m-thick succession of
mixed carbonate and siliciclastic rocks. The studied outcrop comprises an approximately six-meter-
thick succession of oolitic and intraclastic limestone with trough cross stratification and thin layers
of intraclastic flat-pebbles or breccias (Fig. 4.3.3.1). Toward the top of this outcrop, an increase in
paleoenvironmental energy is evidenced by the transition from siltstone-marls to siltstone-
calcarenites, oolites, thin layers of intraclastic breccias (Fig. 4.3.3.3), and calcilutites. The calcilutite
layers are often featured with syneresis cracks filled with calcite (Fig. 4.3.3.2 and 4.3.3.5) and
symmetrical ripple marks (Fig. 4.3.3.4), indicating deposition in a relatively shallow marine
environment. A two-centimeter-thick calcilutite layer at the top of the studied outcrop preserves the

fossils reported in the present work.
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Materials and methods

The macrofossils were discovered in 2019 at the Fazenda Brejo Minas (15.50063° S, 43.95115°
W), a farm located south of the Serraria community, west of Jaiba, between the left bank of the
Tapera stream and the Sabonetal mesa. Specimens were photographed in the field using a
Panasonic LUMIX DMC-ZS7 camera. Silicone mold of the specimens were made using DimCLAY
silicone azul. Important specimens were removed from the outcrop using a 1400 W Makita S007N2

circular saw.

Repositories and institutional abbreviations.—Most specimens illustrated in the present paper are
deposited in the research collections of the Museu de Geociéncias da UnB, located in the
Micropaleontology Lab (LabMicro-UnB) of the University of Brasilia, Brazil. Accession numbers

are preceded by the prefix of MAF, representing the abbreviation of Macrofdsseis in Portuguese.

Systematic paleontology

Due to their uncertain phylogenetic affinities, the Lagoa do Jacaré fossils are described at the genus
and species levels, without systematic assignments to higher taxonomic groups. Figures 4.3.4-4.3.6
illustrate key specimens of Eremolinea yacarei n. gen. n. sp., Jaibella verdegrandensis n. gen. n.
sp., and Gen. et sp. indet. A, respectively. Figures 4.3.7-4.3.9 illustrate the cross-cutting

relationships of multiple taxa.

Genus Eremolinea new genus Baptista, Adorno and Antonietto

Type species. —Eremolinea yacarei (by monotypy).
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Diagnosis.—As for Eremolinea yacarei.

Occurrence.—As for Eremolinea yacarei.

Etymology.—From the Latin eremus (= “solitary”) and linea (= “line”), with a reference to the

solitary central groove (“line””) characteristic of this genus.

Remarks.—As for Eremolinea yacarei.

Eremolinea yacarei

Figures 4.3.4 and 4.3.7.3—4.3.7.6 (spindle-shaped specimens with pointed ends)

Holotype.—MAF-550, illustrated in Fig. 4.3.4; Upper Ediacaran Lagoa do Jacaré Formation of the
Bambui Group at the Fazenda Brejo Minas section (15.50063° S, 43.95115° W), 4.9 m above the

base of the outcrop, near the City of Jaiba, Minas Gerais State, S3o Francisco Basin, Brazil.

Diagnosis.—A spindle-shaped and slightly sinuous organism with an elongate and unsegmented

body, apiculate ends, a prominent medial groove, and sometimes lateral grooves.

Occurrence.—Upper Ediacaran; Lagoa do Jacaré Formation, Bambui Group, Sao Francisco Basin;

Fazenda Brejo Minas, City of Jaiba, Minas Gerais State, Brazil.

Description.—Fossils are preserved as negative reliefs on the top bedding surface. They are

characterized by a bilaterally symmetric, elongate to spindle-shaped, slightly sinuous, and
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unsegmented body. Lateral margins are more or less parallel, except at both ends, which are
characterized by pointed or apiculate terminations. There does not appear to be a clear
differentiation between the two polar ends. A prominent medial groove is centrally placed, running
longitudinally along the body but not reaching the polar ends. Additional lateral grooves may be
present on either side of the central groove (Fig. 4.3.7.3 top specimen; Fig. 4.3.7.5-4.3.7.6), and in
the holotype marginal furrows are present along the lateral and terminal margins, resulting in a
slightly depressed border region (Fig. 4.3.4). Body length varies between 30 and 100 mm, and
maximum body width between five and 20 mm, with a length/width ratio of 4-5. The central and
lateral grooves, as well as the marginal furrows, are ~0.5 mm deep. The central groove stops at ~2

mm before reaching the polar ends.

Etymology.—From the Tupi language yacare (= “that who squints” or “caiman”), with a reference
to the Lagoa do Jacaré Formation (or “Caiman Lake Formation” in Portuguese), where this species

was collected.

Remarks.—Eremolinea superficially resembles Dickinsonia in its bilaterally symmetric and
sometimes ovoidal body. In fact, its central groove is similar to the midline of Dickinsonia (e.g.,
plate 1, fig. A of Evans et al., 2015; fig. 6a of Evans et al., 2019); this midline is not present in all
Dickinsonia specimens (e.g., fig. 2 of Evans et al., 2017), but when present it always stops before
reaching the anterior/deltoidal end (Hoekzema et al., 2017) and sometimes stops before reaching
both ends (e.g., plate 5, fig. 1 of Wade, 1972). In addition, the border region of Eremolinea (Fig.
4.3.4) is reminiscent of the contraction margin in some Dickinsonia specimens (e.g., fig. 6¢ of
Evans et al., 2019). Despite these similarities, however, Eremolinea lacks transverse segments,
which are a defining character of Dickinsonia. Also, Eremolinea is apiculate at both polar ends,

whereas Dickinsonia has rounded anterior and posterior ends. These are fundamental differences
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that preclude us to consider Eremolinea as a true dickinsoniomorph despite the general similarities.
The putative echiuroid fossil Protechiurus edmondsi Glaessner, 1979 from the lower Nama
Group in southern Namibia also has an elongate ovoidal body with several longitudinal ridges.
However, Protechiurus appears to be anteroposteriorly differentiated, with a narrow and spatulate
end considered anterior and a rounded posterior end (Glaessner, 1979). Thus, Eremolinea and

Protechiurus are considered two distinct genera.

Figure 4.3.4. Eremolinea yacarei n. gen. n. sp. from the Ediacaran Lagoa do Jacaré¢ Formation,
Bambui Group, at the Fazenda Brejo Minas section, Jaiba Municipality, Minas Gerais State, Brazil.

(1) Holotype, MAF-550. (2) Interpretive drawing of (1).
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Genus Jaibella new genus

Type species.—Jaibella verdegrandensis (by monotypy).

Diagnosis.—As for Jaibella verdegrandensis.

Occurrence.—As for Jaibella verdegrandensis.

Etymology.—From the Portuguese jaiba, a corruption of the Tupi word yayba (= “bad waters”), and

the Latin suffix —ella. The genus name makes a reference to the City of Jaiba near the outcrop

where Jaibella was first discovered.

Remarks.—As for Jaibella verdegrandensis.

Jaibella verdegrandensis new species

Figures 4.3.5 and 4.3.8 (elongate specimen at lower center)

Holotype—MAF-551, illustrated in Figs. 4.3.5 and 4.3.8; Upper Ediacaran Lagoa do Jacar¢
Formation of the Bambui Group at Fazenda Brejo Minas section (15.50063° S, 43.95115° W), 4.9
m above the base of the outcrop, near the City of Jaiba, Minas Gerais State, Sdo Francisco Basin,

Brazil.

Diagnosis.—Jaibella is characterized by an elongate, unsegmented body with a nearly rectilinear

outline, roughly parallel lateral margins, and a central groove that runs along the body length but
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does not reach the polar ends. The body tapers slightly from a rounded polar end toward a spatulate
end, which is demarcated from the rest of the body by a constriction and terminates at a pointed tip.
Thus, the body appears to show evidence of polar differentiation as the two ends are

morphologically distinct.

Occurrence.—Upper Ediacaran; Lagoa do Jacaré Formation, Bambui Group, Sdo Francisco Basin;

Fazenda Brejo Minas, City of Jaiba, Minas Gerais State, Brazil.

Description.—Only a single specimen in our collection, and it is preserved as a negative relief on
the top bedding surface (Fig. 4.3.5.1). Specimen is ~72 mm in length, 6.2 mm in minimum width,
and 3.2 mm in maximum width. The spatulate expansion is separated from the rest of the body by a
narrow constriction and it is about 12 mm in length, representing ~1/7 of the total length. The
rounded end is not clearly demarcated from the rest of the body. A slightly depressed border region
is also present (shaded area in Fig. 4.3.5.3), but it is not as well defined as in Eremolinea yacarei.
The central groove is ~0.5 mm deep, ~64.6 mm long, and it stops at ~3.5 mm before reaching the
terminal ends. The central groove expands and deepens slightly at both ends. There is an offset of
the lateral margin near the round end (lower right of Fig. 4.3.5.2), but this is probably an artifact

related to a microfault.

Etymology.—From the Portuguese verde grande (= “big and green”), with a reference to the Verde

Grande River that flows through Jaiba.

Remarks.—Jaibella verdegrandensis is similar to Eremolinea yacarei in having a bilateral
symmetry and a central groove. However, Jaibella verdegrandensis is characterized by apparent

polar differentiation, with the body tapering toward the spatulate end, which is morphologically
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distinct from the rounded end. Eremolinea yacarei, in contrast, is apiculate at both ends. The
apparent body polarization may have fundamental biological underpinnings, and thus these two
taxa are distinguished at the genus level, rather than at the species level. Like Eremolinea yacarei,
Jaibella verdegrandensis is not considered as a dickinsoniomorph because of the lack of segments.
Specimens illustrated as “bed-parallel bilobed ichnofossils” (fig. 2J of Warren et al., 2014)
from the Sete Lagoas Formation of the Bambui Group in the Januaria area of the Minas Gerais
State are similar to Jaibella verdegrandensis described here from the Lagoa do Jacaré Formation.
Like Jaibella verdegrandensis, the Sete Lagoas specimens also have an elongate and unsegmented
body with a border region and a central groove that runs toward but does not reach the polar ends
(best seen in the left specimen in fig. 2J of Warren et al., 2014). One of the polar ends is
demonstrably rounded, although Warren et al. (2014) did not illustrate the specimens in their
entirety so it is uncertain whether the other polar end is spatulate and pointed in shape. One of the
two specimens (the right specimen in fig. 2J of Warren et al., 2014) also seems to show tapering
toward one or perhaps both polar ends. The Sete Lagoas specimens are said to be preserved as
positive hyporeliefs, thus consistent with the negative relief preservation of Jaibella
verdegrandensis from the Lagoa do Jacaré Formation. It is likely that the Sete Lagoas specimens
are also Jaibella verdegrandensis, but we refrain from a formal taxonomic assignment until we
have an opportunity to examine those specimens in their entirety. Regardless, we think that the Sete
Lagoas specimens are unlikely trace fossils because they have a rounded end and unequal width

along the length.
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Figure 4.3.5. Jaibella verdegrandensis n. gen. n. sp. from the Ediacaran Lagoa do Jacaré
Formation, Bambui Group, at the Fazenda Brejo Minas section, Jaiba Municipality, Minas Gerais
State, Brazil. (1) Holotype, MAF-551. (2) Silicone mold of holotype. (3) Interpretive drawing of

(1). Note a specimen of Nilpenia rossi at the left.

Putative trace fossil: Gen. et sp. indet. A

Figure 4.3.6 (central specimens)

Occurrence.—Upper Ediacaran; Lagoa do Jacaré Formation, Bambui Group, Sao Francisco Basin;

b

Fazenda Brejo Minas, City of Jaiba, Minas Gerais State, Brazil.

Description.—The specimens are preserved as negative reliefs and they are truncated by syneresis
cracks. They are rectilinear to slightly curved ribbon-like structures preserved in negative reliefs

104



(~0.5 mm) relative to bedding surface. The length can reach 35 cm, and the width varies slightly
around 10 mm. A central groove, ~0.5 mm deep and ~1.0 mm wide, runs medially along the length
of the ribbon-like structure. Additional faint striations are observable on either side of the central
groove. A border region is poorly developed. The two ribbon-like specimens in our collection
appear to abut against each other, forming a Y-shaped structure, although details at the Y junction

are obscured.

Material. —MAF-553 (not illustrated).

Remarks.—The two specimens described under Gen. et sp. indet. A are broadly similar to Jaibella
verdegrandensis in their elongate, unsegmented, and bilaterally symmetric body with a central
groove and a possible border region. Indeed, one of the specimens has one rounded end (lower end
of specimen labeled “3” in Fig. 4.3.7.1), consistent with an assignment to Jaibella verdegrandensis
and ruling out an identification with Eremolinea yacarei, which has pointed ends. On the other
hand, the two specimens in our collection are extremely long and do not preserve both polar ends,
thus it is impossible to verify whether they have an expanded spatulate end and whether they show
evidence for polar differentiation. Thus, we refrain from formally assign these specimens to
Jaibella verdegrandensis.

Given their length, it is possible that the two specimens described under Gen. et sp. indet. A
may represent trace fossils of Jaibella verdegrandensis. In the broadest terms, the central groove of
Gen. et sp. indet. A is at least superficially similar to the medial depression of collapsed burrows in
Psammichnites and Aulichnites (see plates 81-83 in Seilacher, 2007), although their medial
depression is present on the top side of convex burrows, which are different from the concave
preservation of Gen. et sp. indet. A. A medial depression is also present in the trace fossil Mattaia

(Dzik, 2005), but it is on the hypoichnium of Mattaia, not on the top bedding surface. Regardless,
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an ichnofossil interpretation for Gen. et sp. indet. A should remain open and should be tested with
additional better-preserved specimens in the future. If it is proven that Gen. et sp. indet. A
represents a trace fossil of Jaibella verdegrandensis, then Jaibella verdegrandensis would be a

mobile bilaterian animal, consistent with its bilateral symmetry and body polarization.

Figure 4.3.6. Gen. et sp. indet. A from the Ediacaran Lagoa do Jacaré Formation, Bambui Group, at
the Fazenda Brejo Minas section, Jaiba Municipality, Minas Gerais State, Brazil. (1) Field
photograph,. (2) Interpretive drawing of (1). Gen. et sp. indet. A is shown in the center (labeled

“1”). Note a specimens of Nilpenia rossi in lower right (labeled “2”), and syneresis cracks filled
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with dark-color calcite (labeled “3”) and non named fragmented specimen in the upper center

(labeled “4), Gen. et sp. indet. A is truncated by, and thus predates, syneresis cracks.

Genus Nilpenia Droser et al., 2014

Type species.— Nilpenia rossi Droser et al., 2014 (by monotypy).

Nilpenia rossi Droser et al., 2014
Figures 4.3.6.1-4.3.6.2 (lower right), 4.3.7.3—4.3.7.4 (lower center), 4.3.7.5-7.6 (lower left), 4.3.8

(left), and 4.3.9 (left)

Occurrence.—Upper Ediacaran. This species was originally reported from the Ediacara Member,
Rawnsley Quartzite Formation, Pound subgroup at the Nilpena station, Flinders Ranges, South
Australia (Droser et al., 2014). Subsequently, it was reported from the Lomoziv Beds of the
Mogyliv Formation at a quarry near the Dniester hydroelectric station-1, Novodnistrovsk city,
Ukraine (Nesterovsky et al., 2018). The material reported in this paper was collected from the
Lagoa do Jacar¢ Formation, Bambui Group, Sdo Francisco Basin, at the Fazenda Brejo Minas

section, City of Jaiba, Minas Gerais State, Brazil.

Description.—Specimens of Nilpenia rossi are preserved on the top bedding surface, and they are
cross-cut by Eremolinea yacarei and Jaibella verdegrandensis specimens (Figs. 4.3.7.3-4.3.7.4,
4.3.8, 4.3.9). Nilpenia rossi specimens consist of branching ridges and grooves that radiate out to
form fan-shaped structures, which are 5-30mm in maximum length, 5-19mm in maximum width.
Ridges and grooves appear to branch dichotomously. Typically, branches do not cross-cut each

other (Fig. 4.3.7.3-4.3.7.4; Fig. 4.3.8, top left specimen), although they sometimes appear to cross-
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cut or overlap to form a reticulate structure (Fig. 4.3.8, central left specimen). Branch width can be
systematically different between specimens, and smaller specimens (e.g., Fig. 4.3.8, lower right
specimen) have thinner branches than larger specimens. As the branches thin distally, they become

so thin that the boundary between the fossil and the rock matrix is diffuse.

Materials.—MAF-550 (specimen at lower left corner of the Fig. 4.3.9), MAF-551 (Fig. 4.3.5;

specimen at left end of Jaibella verdegrandensis).

Remarks.—Weathering and dissolution of carbonate rocks in desert environments can sometimes
generate dendritic grooves superficially similar to Nilpenia rossi. This possibility, however, can be
ruled out with confidence because the Nilpenia rossi specimens are truncated by Eremolinea
vacarei and Jaibella verdegrandensis. The specimens described here are also somewhat similar to
the trace fossil Oldhamia (Seilacher et al., 2005). This comparison is intriguing given that one of
Oldhamia species, Oldhamia recta, has been reinterpreted as a body fossil (Tacker et al., 2010).
However, as discussed in Droser et al. (2014), a trace fossil interpretation can be ruled out for
Nilpenia rossi because its branches systematically decrease in width toward the distal end.

The specimens described here are most similar to Nilpenia rossi from Australia and Ukraine in their
fan-shaped structures consisting of branching ridges and grooves (Droser et al., 2014; Nesterovsky
et al., 2018). However, the Australian specimens display a wider range of morphologies, with larger
and discoidal specimens showing a well-defined rim and a differentiated central region consisting
of diamond-shaped ridges, features that are absent in smaller fan-shaped specimens. Droser et al.
(2014) attributed these morphological variations to ontogenetic growth. If so, then the Brazilian
specimens would mostly represent juvenile stages, and the small number of Brazilian specimens do
not allow us to observe the entire morphological spectrum or ontogenetic growth of Nilpenia rossi.

On the other hand, in the Brazilian population the smaller specimens tend to have thinner branches,
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whereas this is not necessarily true in the Australian population, suggesting that these two
populations may have different growth dynamics.

The phylogenetic interpretation of Nilpenia rossi is ambiguous. Droser et al. (2014) considered
several possibilities, and concluded that “Nilpenia should be regarded as an organism of unknown
affinities with a growth pattern convergent on that of extant fungi, lichens and encrusting algae with
an ecology unlike others of the Ediacara biota and perhaps unlike common ecologies today.” We

agree that modern fungi, lichens, and encrusting algae provide the best ecological, if not

phylogenetic, analogs for the interpretation of Nilpenia.

Figure 4.3.7. Cross-cutting relationships between fossils and sedimentary structures in the

Ediacaran Lagoa do Jacaré Formation, Bambui Group, at the Fazenda Brejo Minas section, Jaiba
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Municipality, Minas Gerais State, Brazil. (1) Jaibella verdegrandensis n. gen. n. sp. (labeled “17),
Nilpenia rossi (labeled “2”), and Gen. et sp. indet. A (labeled “37). (2) Eremolinea yacarei n. gen.
n. sp. (labeled “1”) and Nilpenia rossi (labeled “2”). (3) Magnified view of lower center of (2),
MAF-xxx. (4) Interpretive drawing of (3), showing that Eremolinea yacarei (labeled “1”°) truncates
Nilpenia rossi (labeled “2”). (5) Magnified view of central right of (2), MAF-xxx. (6) Interpretive
drawing of (5), showing a specimen of Eremolinea yacarei (labeled “1”), Nilpenia rossi (labeled

“2”), and syneresis cracks (labeled “3”"). Coins in (3) and (5) are 2.4 cm in diameter.

Discussion

Paleoecology and phylogenetic affinities.—Cross-cutting relationships are important in the
taphonomic, paleoecological, and phylogenetic interpretations of the Lagoa do Jacaré fossils. There
is direct evidence that Eremolinea yacarei (Fig. 4.3.7.3 top), Gen. et sp. indet. A (Fig. 4.3.6), and
Nilpenia rossi (Fig. 4.3.7.5 lower left) are cross-cut by syneresis cracks, which are generally
thought to have formed during sediment compaction. This cross-cutting relationship suggests that
the fossils described here are not diagenetic or weathering features.

A diagenetic or weathering origin of the Lagoa do Jacaré fossils can also be independently falsified
by the morphological features of Eremolinea yacarei and Jaibella verdegrandensis. These two taxa
are characterized by a bilaterally symmetric body with a central groove that runs along the body
length but does not reach the terminal ends of the body. To our knowledge, no diagenetic or
weathering structures are known to have these features, and these two taxa are best interpreted as
biological features. And considering that Nilpenia rossi is cross-cut by Eremolinea yacarei (Figs.
4.3.7.4-4.3.7.5, 4.3.9) and by Jaibella verdegrandensis (Figs. 4.3.5 and 4.3.8), Nilpenia rossi can
also be ruled out as diagenetic or weathering structures. The general morphological similarity
between populations of Nilpenia rossi from Australia, Ukraine, and Brazil suggests that this taxon

has a wide geographic distribution and may have biostratigraphic significance.
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That Nilpenia rossi is cross-cut by Eremolinea yacarei and Jaibella verdegrandensis may also have
paleoecological implications. Given that Nilpenia rossi was likely an organism ecologically similar
to fungi, lichens, and encrusting algae (Droser et al., 2014), it is tempting to consider that Nilpenia
rossi was grazed upon by Eremolinea yacarei and Jaibella verdegrandensis. This possibility is
particularly intriguing if the latter two were mobile animals analogous to Dickinsonia (Evans et al.,
2019; Ivantsov et al., 2019), Yorgia (Ivantsov and Malakhovskaya, 2002), Kimberella (Gehling et
al., 2014), and Yilingia (Chen et al., 2019). This possibility would also bolstered by the
interpretation of Gen. et sp. indet. A as a trace fossil of Jaibella verdegrandensis. If proven correct,
the targeted feeding on Nilpenia rossi by Eremolinea yacarei and Jaibella verdegrandensis would
provide substantial evidence in support of the savannah hypothesis, which posits that sessile and
benthic Ediacara-type macro-organisms represented localized nutrient sources that stimulated the
radiation of mobile bilaterian animals in the late Ediacaran Period (Budd and Jensen, 2017).A close
inspection of the cross-cutting relationship of Nilpenia rossi by Eremolinea yacarei and Jaibella
verdegrandensis, however, led us to conclude that it more likely represents an accidental encounter,
rather than a feeding or grazing behavior targeting specifically on Nilpenia rossi. For example, in
Fig. 4.3.7.3-4.3.7.4, there appear to be three specimens of Eremolinea yacarei that infringe upon a
specimen of Nilpenia rossi, but there is no evidence for Eremolinea yacarei to extensively explore
the food resource of Nilpenia rossi. At best, Eremolinea yacarei indiscriminately absorbed nutrients
from the substrate, regardless whether the substrate was covered with microbial mats or Nilpenia
rossi. In a sense, Eremolinea yacarei may have engaged in an osmotrophic feeding behavior
(Laflamme et al., 2009) similar to that of Dickinsonia (Sperling and Vinther, 2010). Similarly, the
encounter between Jaibella verdegrandensis and Nilpenia rossi (Fig. 4.3.8) also appears to be
accidental, with the former barely encroaching the margin of a smaller specimen of Nilpenia rossi
but ignoring the two larger specimens nearby.

The accidental encounter of Nilpenia rossi by Eremolinea yacarei and Jaibella verdegrandensis
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means that the latter taxa probably did not have a centralized nerve system, which is a hallmark of
crown-group bilaterian animals. If so, then Eremolinea yacarei and Jaibella verdegrandensis must
be phylogenetically outside the crown-group Bilateria. Considering their bilaterally symmetric
body, the possible body polarization in Jaibella verdegrandensis, the possible trace fossil (Gen. et
sp. indet. A) of Jaibella verdegrandensis, and the presence of a prominent central groove (which
could represent a digestive tract), we tentatively interpret Eremolinea yacarei and Jaibella

verdegrandensis as eumetazoans and possibly stem-group bilaterians.

Biostratigraphic significance.—The presence non-skeletal Ediacara-type macrofossils in the Lagoa
do Jacaré Formation has biostratigraphic implications. Although Eremolinea and Jaibella have not
been previously reported, Nilpenia has been known from Ediacara Member of the Rawnsley
Quartzite, Astralia (Droser et al., 2014) and the Lomoziv Beds in Ukraine (Nesterovsky et al.,
2018), considered to be the examples of the White Sea assemblage (Waggoner, 2003; Boag et al.,
2016; Muscente et al., 2019). The stratigraphic occurrences of Nilpenia rossi, along with the
general similarity of Eremolinea and Jaibella to Dickinsonia, which is largely restricted to the
White Sea assemblage, indicate that the Lagoa do Jacaré biota may be part of the White Sea
assemblage (ca. 506550 Ma). If true, this biostratigraphic correlation raises considerable questions
about the report of Cloudina and Corumbella from the lower Sete Lagoas Formation of the basal
Bambui Group (Warren et al., 2014), as these taxa are only known from the terminal Ediacaran and
the earliest Cambrian (ca. 550-538 Ma) but has never been known from the White Sea assemblage
(Yang et al., 2016; Warren et al., 2017; Zhu et al., 2017; Cai et al., 2019). Indeed, the possible
presence of Jaibella verdegrandensis in the lower Sete Lagoas Formation (fig. 2J of Warren et al.,

2014).
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Figure 4.3.8. Magnified view of central left of Fig. 4.3.7.1, showing three specimens of Nilpenia
rossi (arrows), the lowermost of which is the smallest and is truncated by Jaibella verdegrandensis

n. gen. n. sp. (lower center).

Conclusions

Non-skeletal Ediacara-type macrofossils—including Jaibella verdegrandensis n. gen. n. sp.,
Eremolinea yacarei n. gen. n. sp., Nilpenia rossi, and Gen. et sp. indet. A—are reported from a
limestone bed in the Lagoa do Jacaré Formation of the Bambui Group in the Minas Gerais State of
Brazil. These fossils represent the first report of undisputed Ediacara-type fossils from South
America. Together with carbonate-hosted Ediacara-type fossils from the Shibantan Member of
South China (Xiao et al., 2005; Chen et al., 2014) and the Khatyspyt Formation in northern Siberia
(Grazhdankin et al., 2008; Bykova et al., 2017), the new fossils from the Lagoa do Jacaré
Formation add to the taphonomic and paleoenvironmental ranges of Ediacara-type fossils, which

are best known from siliciclastic rocks in Newfoundland of Canada, South Australia, northwestern
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Russia, and southern Namibia (Fedonkin et al., 2007).

Eremolinea yacarei and Jaibella verdegrandensis are characterized by a bilaterally symmetric body
with a central groove. They are somewhat similar to dickinsoniomorphs but lack the body segments
characteristic of the latter. They likely represent epibenthic and osmotrophic eumetazoans, possibly
stem-group bilaterians. It is uncertain whether Eremolinea yacarei and Jaibella verdegrandensis
were mobile animals, but this possibility cannot be ruled out given that they appear to have had
muscles and are associated with a putative trace fossil (Gen. et sp. indet. A). Nilpenia rossi is best
interpreted as a sessile epibenthic organism ecologically analogous to modern fungi, lichens, and
encrusting algae. Nilpenia rossi is cross-cut by both Eremolinea yacarei and Jaibella
verdegrandensis. But this cross-cutting relationship likely represents accidental encounters, rather
than a targeted feeding or grazing behavior.

The presence of Ediacara-type macrofossils, particularly Nilpenia rossi that is known from the
White Sea assemblage in South Australia and Ukraine, indicates that the Lagoa do Jacaré biota may
also belong to the White Sea assemblage (ca. 560-550 Ma). Fossils previously illustrated as “bed-
parallel bilobed ichnofossil in positive hyporelief” from the Sete Lagoas Formation of the Bambui
Group are broadly similar to and may also be Jaibella verdegrandensis. These fossils contradict the
previous report, from the Sete Lagoas Formation of the basal Bambui Group, of Cloudina and

Corumbella, which are widely believed to post-date the White Sea assemblage.
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Figure 4.3.9. Magnified view of central right of Fig. 7.3, showing Nilpenia rossi (arrow) truncated

by Eremolinea yacarei n. gen. n. sp. MAF-550.
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5-Discussao e conclusao

O Grupo Bambui no norte de Minas Gerais, alvo dessa pesquisa, inclui as formagdes Sete
Lagoas, Serra de Santa Helena e Lagoa do Jacaré, estudadas em dois furos de sondagem e em
afloramentos.

Na Formacao Sete Lagoas foi identificada um dolomito de capa da glaciacdo Marinoana com
espessura variando entre 10 e 20 metros, que ocorre sobre os diamictitos da Formagao Jequitai (1-
PSB-13-MGQG) e sobre o embasamento granitico (1-PSB-14-MQG). Esses dolomitos apresentam niveis
com pseudomorfos de aragonita comum aos dolomitos de capa da glaciagio marinoana
(Hoffman,2011). Em 1-PSB-14-MG, a auséncia de depdsitos glaciais pode ser explicada pela
erosdo devida a rebordo isostatico comuns ao final de uma glaciagdo. Os valores de 8'°C nesses
dolomitos variam entre -2.6%0 e -6%o. Amostras desses dolomitos preparadas para
micropaleontologia apresentaram poucos fosseis que ndo puderam ser identificados. A litofacies
que se segue inclui calcarios cinza escuros com finas intercalagdes siltico-argilosas seguidas por
calcarios cinza escuros com camadas de brechas intraformacionais lamelares. Os valores de §"°C
nesse intervalo passam da base para o topo de valores negativos a valores em torno de +5%o nos
calcarios com brechas. Na facies de calcarios com intercalagdes siltico-argilosas destaca-se o nivel
de abundancia de Paracrassosphaera dedalea, Rudavskaja (1973), e acritarcos do grupo dos
Acantomorfos, Germinisphaera sp e Bambuites erichsenii. A presenca de acantormofos em
calcarios da base da Formagao Sete Lagoas estd em similarides ao observado em calcarios da base
da Formagao Doushantuo, do Ediacariano, no sul da China (Xiao et al., 2016).

Nos intervalos de calcarios e brechas lamelares que representam um ambiente mais raso
encontramos os microfosseis do tipo poligomorfo Octoedryxium truncatum Rudavskaja (1973) e
Taenitichoides jarischevicus Aseejeva (1983). Para o topo, a Formagdo Sete Lagoas inclue
intervalos dolomiticos cinza claros a rosas, com valores de 8'°C entre +3 %o ¢ + 8%o. Acima dos
dolomitos ocorrem calcérios e calcérios argilosos com altos valores de 8"°C, entre + 8%o ¢ +12%o.
Nestes dolomitos e calcarios do topo da Formagdo Sete Lagoas ndo foram encontrados
microfésseis. A Formagao Sete Lagoas apresenta microfosseis de acritarcos que indicam uma idade
em torno de 600 Ma (Denezine, 2019). Entretanto, no mesmo nivel estratigrafico, foram
identificados exemplares do género Cloudina (Warren et al.,2014) o que coloca em discussdo a
idade da base da Formacdo Sete lagoas, uma vez que a presengca de Cloudina sp. ocorre

mundialmente no intervalo TES.
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A Formacdo Serra de Santa Helena foi aqui marcada pelo dominio dos siltitos, onde as
laminas de calcério sdo muito reduzidas. Esse intervalo também apresentou poucas ocorréncias de
microfosseis que nao puderam ser identificados.

Os calcarios da Formacdo Lagoa do Jacaré, foram estudadas nos seus intervalos basais,
obtidas em um dos testemunhos, mostrando valores de 8'°C entre +8 %o e +11%o, valores
semelhantes aqueles encontrados nos calcarios do topo da Formacao Sete Lagoas. Microfdsseis nao
foram encontrados nas amostras estudadas dessa formagao. Entretanto, ¢ nessa formagao que foram
identificados os macrofosseis Eremolinea caimani e Jaibella verdegrandenses, relacionados a Biota
de Ediacara, que sdo os primeiros macrofosseis de organismos de simetria bilateral relacionados ao
clado Dickinsonide, cujos registros mais antigos possuem 555 Ma (Narbonne et al., 2014; Xiao et
al., 2016). Esta ocorréncia inédita de macrofosseis do Ediacariano em rochas carbonaticas da
Formagdo Lagoa do Jacaré, além de contribuir para o posicionamento desta formagdo abaixo do
TES, amplia o leque de possibilidades de correlagdes biocronoestratigraficas e inferéncias
paleoambientais.

A integragdo dos dados paleontologicos e quimioestratigraficos obtidos nesta tese de
doutorado (Fig. 5.1) mostra a distribui¢do temporal dos grupos fosseis estudados nas suas
perspectivas unidades litoestratigraficas, associadas as curvas isotdpicas de 8'*C. A distribuigdo
temporal dos grupos de macrofosseis e dos acritarcos do grupo dos Acantomorfos segue a proposta
de Xiao et al., (2016). A distribuicao dos vase shaped microfosils (VSM’s), identificados durante
este trabalho em amostras provenientes da Formagdo Vazante, ocorre durante o Toniano, ndo sendo
confirmado sua presenc¢a a partir do Criogeniano (Xiao et al., 2014; Riedman et al., 2018; Wan et
al., 2019). A curva isotépica de 8'°C obtidas em amostras do grupo Vazante também apresenta
padroes observados para o Toniano. Nos estratos superiores do grupo Vazante, os valores negativos

corroboram o registro da glaciagdo sturtiana.

121



w g
a
g 3 3
3 H o
o o & o . 9
g E g 5 —_ o
P o [T} £ . a E E
o - E 3 i w 0 o o
= 5 £ ® b &= -5 O o= ]
= 8 a E “ v L8 =
= g £ o o u 8T a
& 5 T o 3 5 G T & a
® 5 - = = 2 5 ES &4 8 s
b= g & e = = £ g ¥ & 8 =
& = > e @ = e E 3 5
= goc f & %3 & £ § BEER & T
Unidades litoestratigraficas 2 @ B £ 3 = o o g M T =
J it = = = LU m
5 0 12 g e
I — =
; = ITES)
ormagéo | ksama
Lagoa do Jacaré ‘ l i
E
= Formagdo g
g Serra de Santa | @
e
g_ Helena 8
5 @ i1
5 o
O | Formacio [
Sete Lagoas i i
635 Ma J
T 3
Formagdo Jequitai | 5 Glaciagao marinoana
=
& s :
9 Glaciagdo sturtiana
720Ma| o
= b
o =}
Lo =
S e
o =
o Q
S =
S
&)

Figura 5.1-Unidades litoestratigraficas e cronoestratigraficas com distribuicao temporal dos grupos

fosseis  estudados na tese de doutorado e curvas isotopicas de  8'°C.
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meniary records of Meso-Neoproterozoic times {Jfig. 1L These sedi-
memtary rodks ane composed of the Paranod (Poinsian-Sienizn], Vozante
(Tonian?), and Bambuf {CryogemianEdiscamn) grosps, which ame
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dain relabed io fhess rocks, mmporiant goestions remain egardicg te
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contact between the Parmmnod and Bambuf groups is well srpossd in
s=veral booutions {Santos et al., 2000 Alvareagn =t al, 201 4], the upper
amd fower contacts of the Vazante Group are io a thnes shear zone;
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Ag. 1. Geodogiral mep of the Brasln Bolt om the eastorn S0 Franckeo crabom (SFO) skowing thi: distribotion of the Vazants Groop and the adiacent sraiigrpis:
b “The: sod sman: shows the sty Jombtion {modifad froem Turdenne: 2000 S of ai, J0TEL

2016 Washe ot al | ﬂﬂ?].BﬁmnFth:ﬂuenunfmhﬂpﬂhmlﬂ-
bogical and gecchronclogical data, a similar approach seoutd be applied
to the Warsnte Group. Several mechomisms ame responsfole for the
carbon Bsotopic compositions during the Protermecic. For exampie,
during the Bittes Spoings (— 800 Ma; Swenson-Hysell et ol 2015} 2nd
Shamm [ —5B0 Ma) megative carbon isotope exoursions, ihers are mo
clear relstionskips with glacial processes. In contrast, negative carbon
isobope anomalirs cooar before and after the two Cryogemian glocia-
tioes fEloffmpn e ol 1958, Halvesson = o, 2005, 30180,

Farthermore, carbonates oider than BS0Ma (Eary Tonian) shew no
significant varistions in their & "C valoes (mostly between — 0.5%
and + 2], alihough valies ranging betwern — 2% and + 4% have
also been reported (Huick et al, 1955; Brasier and Lmdsyy, 1938
Fwarsan-Hyvseil et al., 2010 Xido et al., 2014). In conkmst, betwern the
upper Tonizn and Cryogenian, there ar= major. varistions in the § 90
valurs of the carbonaies, which is also true for the Bitter Sprngs
anomaky, of approrimately $00Ma, and the globsl-scale megative
carbon excursons are associated with the two Cryogenian placi=tions.
the Sturtian (F17-660Mz) and the Marinoan (646635 Ma) {(Heffman
et al, 7998; Halverson of ol., SIEX

The available carbon Exotope data for the Vamsnte Group show thata

1.5k m thick section of carbomades from e bower pemt of the succes-
sion has & V0 vebues mnging between 0 and + 8% (Azmy et al., 2001):
Thix ix consistent with data reported for the lower Tonian on olfier
mnﬁ.lmhmnqnﬁﬂﬁuﬂnluumhwm — 5.5% amne
nhscrved in carbomeies of the upper pant of the Vazante Group (Serma da
Lapa Formmation) (Axmy et al, 2006}, These rodis wers ipterpreted as
pest-Bluntizn casbonates placed above placial diamictites iz the upper
part of ks wnit L'n:ru'_r er al, 2000, 200 Ofiveim, 2003). However,
this interpretation is pot supporied by the Be/Os apes {1,100+ 77 Ma)
obtaiped in black phyllile ab the top of this umit, which led the s=me
muthors to reimterpret theese diamictites as a glacial event during the ke
BMesopmteromoic (Army et ol 208, 20605, Geboy et af, 20113).

In this paper, we have integrated carbon. oxygen and Srisciopes as
well as U-Fh detrital 2ircon ages across am -~ 2000 m thick succession of
carbonates to better constrain the age and sratgmphic correlabions of
thiz umit, These data allow =3 o better anderstand the diffecent come-
pomenis of the Vamnte Groop as well as ils chronesiratigraphic =
lationships with the Bambul and Paranod growps. Funbsmene, the data
shed new light on the Stemian-Tonian-Coyogemion record i Central
Amesice.
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2. Regional setting and stratigraphy

Dwaring the Mesoproteroroic Em, sedsmentary basins formed afong
the 580 Francisos craton (SFC) prior io the breakup of Rodinia in the
Tonian Cryogenian. These sedimemtary mocks inclode the Espimbocn
Supergroup and the Aml and Peranod groups. The wesiem edge of the
SFC (Fiy. 1) inchades a sscoemion of sifidcestic snd carbonate rocks
deposited between 177 and 0.56 Ca (Pimeni=] = al., 1011) The BSE,
which was defomed during the Bmsiliano-Pan-African Orogeny be-
eween 790 and 580 Ma (Fimentel and Fode, 1993 Pimeni=], 016}, has
een separated mio three main techonic domans (1) 2n unfolded do-
mzin that cowvers the SPC, (G) a domain located on the outer BSE in
winich oaly the upper stratn (— 2 o) are folded and feolied, and (fGi) a
domam funber to the wesd, i which both the basemeni and the sedi.
mentary cover are oyerprinied by deformation of the BSB {Alvarengz
et al, A2 Fuck == al., 2017

The Vazanie Growp, which i 250 km long and approcmadety 25 om
wide, is bounded by o thnst bell to the wesl and by phyilite and
quarizite rocis of the Canssira Group and by a reverss fmlt with folded
rocks af the Bambal Group to the esst (Fig. 1) The Vazante Groop is a

thick {greater than3 km) mixed carbonate and fine-grained siliciclastic
marine sscoession, loolly mierbedded with conglomerabe, sandsione
mnd dismictite, and i has been divided inbo seven formaticns from the
e 1o the top (Figa. 2, 3).

The Santn Anténio do Bomito Formation consists of intencalations of
quarixite, congbomerate, diamictite and slabe (fardesme, 2000). This
umit is also called the Retiro Formation and is ssparsted from the
Bambnsl Group to the st by 2 neverss Sl (veim, 2013, Margoes
et al ID15)

The Rocinha Formntion includes a vhythmic sucorssion: of sandstone
md pefilic rodks in gradational contad with the: lower Sante Amtaio do
Beomitn Formation, and the top is bounded by a reverse Gt that se=-
parates it from the Lagamar and Serra do Garmobe formaetions (Fig. 31
Phaosphole laminattons are present in the derk gray carbonabes aod
pyrite-bearing slsies {Uardesme, 2000). Dl cors in this formation
identified layers of micarens silistone, calcareite and calcilutibe -
snciabed with phosphate rocks (Marques &t ol M5}

The lagamar Formation is o psumme-pelilic carbonaste undl that
includes in its Inwenmost member (Amependido Member) intercalations
of conglomeraie, quaririte, siitsone and siate & treotions apwaend
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Ag. 2. Genlngial map of tho sindy a0 10 the Vaznte.Leynmer regio (modifod from {3 valr, 201%; Merues of &1 3005) and cross soction. Tha locitioes of the
soctioms descritod in his papor: Boreholes sctions: [1) VERGRDOL, (3) VEME-193, {33 VIROF-0O3, 4] VIMF-178, and {5 F-244. Cuicrop section: (6] Cals Quarry.

mta the Sumddours Member, which is compossd of a lenbicular suc-
cessinn of dolomific mtaformational hreccia, and dben into dark gray
limestone followed by stromaiotite.bearing dolostons |ensss, including
Conophyeen: and Jacmiopleion (Deardenne, 200 Fairchild oo ., 2015),
These corbomate benses trmnsition lmeratly and wertically into muddy
carbopate and slate of the Serra do Garrote Formation [Figs: 2, 3)
(Carmpos Wetn, 1584; Dardenne, 2000

The Serra do Goarrote Formation is composed of & sbghitly fodded
axccession of dark gray slate with oomsional fine imercalatans of
quartzite and carbonsceous slate (Figs. 2, 3) (Campos Nete, 1984;
Dardenne, JOMI

The S=rra do Pogo Verde Formation is a demimantly dobomatic
sxeesion that by bern subdivided into four members (Figs. 2, 3)
(Dardenne, 1579, 2000} The Lower Moo do Pmheiro Member
{—500m) is a light gray and pink bed of rhythmic microbial Bminate

mnd dedolstite repressming corbonate mud that was frequenthy washed
turing storms (Damdemne, 200K, Fairchild et al., 2015), This unit aiso
montxins misrcalaied beds of ooccid, miraformabional breccia and co-
lemor stromatofite-bearing dolostone ((kerdemne, 2000}, The carbo-
matrs in this member ransitions vertically into the overying member
with interbeds of carbonacsous shale [Ciliveirs, 2013 The Upper
Morro do Pinkeiro Membser { — 400 m starts with beds of carbonacecas
shale that grade upward into criokly and imegular wavy Inminabed
dotomite with birdssye smuciores interealsted with pomible iepes
strocizres, intraformational breccias, inencated surfaces and thin beds
of dolokntbe (Terdenns, M0 Ofveirn, 3013} These dobostomes have
besn mterpreied @ upper mtertids] md supratidal depesits (Dordenne,
XMy, Fairchild et al, 20151 The Lower Pamplona Member (— 350 m)
imciudes a foythmac soocession of gray, green and purpée siltsione-shale
bels miercalnisd with pink micritic lamimsded dolomite and mee fine
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Fig. 4. Dolcestones from e Lagamar Forsaiton, Sumidoors Mambar [UTM coordizates T3 K 303,877 E /7987 210 5). (A} Columnar stromeboSio (right pari of B
phobr within atundant urved nmacrkets of soomeinkic sizap (R} dolormdies compessd of onmids Saf am chamcledzed by (hetr oeldmilular coatiag.

bedds of samdstone and conglomerste (Dardenee, 2000, Oliveim, 2013).
Disconticmmes parallel wavy bedding, slump and convolsied bedding
are commuon. Tae Middle Pampbonn Member {~ 15 m} consists of light
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intrafy brecria, © |Ee- hexnng
dalomite and shale lenses.

The Morro do Calcirio: Formation (Figs. 2 3) is also calied the
Upper Pampéona Member (Rizobells = al., 1988) Iln first layers
abmuptly cverlie an unconfoamity with the dolarenite and rudsiear of
mmﬁnanuFudeFMlnﬂm:hderhyﬂnm:m
of dark gray sitsione with leminated dol {—5 m) passing
into columnar stromololie-bearing debostone (Dfiveim, 20135

The Serm da Laps Formation in the upper interval of the ¥Vazmte
Group {Crardenne, 2400 is represeoied by = of cirbonaceous
sizte, carbonate-bearing meto-siltstone and delomite loyers (Madajose
amd Valle, 197E; Darmlenne 300, The basal contact betwesn the
BMome do Calclrio dolostones and the slates of the Serma da Lapa For-
matian are o smakl shear rooe, suggestiog a thrus comlact {Carvaino
el o, JO1E). This onit o covered by quare-sercite phyllites inder-
Lxyesed with quarizites of the Canastra Group, which ane cut by a thnest
it in @ shear rome [Carvadho et ol 2006) (Fig. ).

The zge of the ¥rmnie Groop 15 still contmoversiall doe the absence
of elements that allow relisble absolute dating {Fig. ). The Lagamar
Fommation in the lower Varante Group mcludes Conophyon mensdam
Birichmko and C Cyfindricum Maslow, which sugpest o0 Stenian-Toodan
age ((hardmne et al., 1976) however, o Tonian age is mberpreted in
Stherin, where these two forms oocor ipgether [Semschatoy amd
Hanben, 2008 Farchild e al | X16) Conapleymon mamlbom Kinchenke
cm aiso be found in the spper mnit of the Parenod Group but pot in the
Bambui Group, so it i an importmnt toed to distinguish the carbonabes
Erom: these bwo groups (Dardenne et 2, 1976; Alvarenga et al., 2004}
Re-ls isclopes from the organicrich slate suggest an age of
1,345 + BEMa for the Serra d Carrote Formation (Geboy et al |, 20133
A Bes jsechron for the Serra da Laps Formaticn indicated . age of
LM = 77 Ma (Azmy et al, 2006} however, the smtigraphic pesi-
tion of this sempile wes questineed by Gebay =t ol {2015}, who placed i
in the Merro do Calcsrio Formation. LA-ICPMS U-Pb ages of detrital
Zircon grains have been obinined for the Vazante Grosp. The Rodnha
Formation s constrnined by the youngest U-Ph detrital wrcon ages of
35 + 14 Ma (Rodrigues = al, 2002 and 1,000 = 25Ma {A=my
el al, ZHE). The youngest ooncordant UsPh detrital ziroon age ob-
served for the Mormo do Calcinio Fommation is 1,134 = 19Ma
(Bodrigues et &l 1012), and the poungest oge thiu.:d.iurl.heq:per
Serma da Lapa Pormestion is 968 = 15 Ma (Arxmy et ol , H0EL

3. Sampling and amaltytical methods

The stratigraphic sections in this stody were symematically men-
sirre] anid sempled wming five drill cores from Nexa Resources, which

inchude — 2,000 m in the Sermn do Pogo Yerde, Mormo do Calcirio and
Serrz da Lapa formations (Fig. 3}.T.h.ush.|d.jwn-:u:mpmudhy
outcrop  studies to beiter | siratigraghy onmd sedi-
mertology of these rocks. Sumphwm:d-ndﬂdhﬁ.ﬂmd&mupt
analyse= to provide a detailed chemostratigraphic correlation betwesn
the different formations of the Yammte Grooup. The imestone of te
Lagnmas Formation, which has bigh Sr contents (greater thend 23 ppm),
was susdied i several outcrops with the aim of determining the
5™ 5r matics.

The analytical stady incinded 507 samples of dolostones and fime.
shones from the mrbonie formations of the Yaranite Group. All of the
sumples were analyzed for C and O isotopes, which were obiained with
1 Dedtn ¥ Advaniags instnement commected to 2 Gas Berch [ appamtos
m the Geochrooos Labomtory, Gecacences Insidtmie, University of
Biramilia in Brazil. Aliquots of esch sample {spproxzmately 300 Augl
were placed in gless viaks thot were subssgquenthy ashmitted o an He
Bask ot 72°C. All C and () isotopes are preseted in VPD and were
calibrated agoins the NHS-18 and NBS-19 standards. The 5 "0 znd &
7} data From Awry ot 2l {2001) for 33 samples from dolf core F-248
were added to the 124 deferminations obtaned in this study and weme
from the same drill core. The datn sre presented in Table S1.

Almost all of the samples {99%) are dobomite and cxlcameous. st
stones with bow Sr conlents and higher mdiogenic strontium isobof
mtis. The 551 miios were obiained from six limestone samples
from the Lagmmar Formation, coniainmg greater than £35ppm 3r.
Deteminmions of miner and major dements were performed usng a
Rigaim model HIX 3000 XEF (X-my flunrscence) at the Geoscienoes
Iestitute, University of Brasilia. The samples used for the chermical
malysis were imitially dried 2 110 C to dliminste excess hemidity and
mmmimthlhmmmepﬂmgehm
igmition. For the 56/ %r analysis, 50mg ¢ pewder
mwghdm?ﬂnnhﬂkmmddﬂ.ﬂ:udﬁ:nﬂ[ﬂﬁﬁ]mmd
to dissohve only the carbonate fraction amd aweid keaching of mdiogenic
5 and b from the noncorbonnte constitoents of the s=mples. The
=50/ ™5r rutios were measured using 2 Neptune Therme MC-ICP-MS at
the Geochronos Labomtory, Gesscences Institate, University of Brasitia
im Brazil Analysis of the NES 987 standand during the cowmss of this
siudy yiclded am avermge wvalee of 0710230 = & (Is). The un-
rertninties in the individus] amalyses wens lower than 0OF % (25}

Samples of dark gray imest from the Lag Formation were
mllected at the Cala (uamy and procesed for sohlarchs using me-
chanical fragmentation (1-5mm) acd reacied with HO for 60min at
25°C after having reacted with HF for 285 22 2570

4. Lith

logic and geochemical 1
umits of the Vazante Group. Although the ssmpis wee 2ffeced by
chemical alteration during recrystallization, dolomitieation and other
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Fig. 5. Siraldgruphic varlations b i, O, Srisctoplc values of Imasione from tha
Esgmmar Formation. The' 5 770 and 2 Y0 vatnes 2nd ™sr/™sr mtios show small
vartatons.

diagenebic and low-grade metsmorphic processes, these processes
probably did not interfere with the ocgina & "Cvabses due to the high
£ concentrations of the carbonaceous nocks and the low organic mathsr
content; however; this did not appear to nm:r]'orr}uvnmuul.’ﬁ“ﬂ. as
discussed &0 maoy sodies (Radfman =t al, 1991, Kadinan and Encll,
T9495; Halverson et al, 200% Army o al., 200010 The 5080 ratios
were not determined for dolomites becsuse of thesr bow Sr contenis, 2nd.
these determinations were cnly made for limesbones with: 3r comtents
between 413 ppm and 1,719 ppm.

4.1. Lapzmer Formanon

The loweer Lagamar Formation begins with conglomerste, sundsone
mnd fine.grained siliciclastic mocks of the Amependide Member, which
nre overlain by Hmestone and dolostone of the Somidours Member.
These two members of the Lagomar Formation transition laterlly and
werticzlly into the muddy carbonates and skabes of the Sema do Garmote
Formaticn. The carbopate recks include delsrenite, breccia defomite,
sromeiclite-bearing dolomite and limestonie (caloarenile) of the
Lagamar Formation (Fip. d). The microbial morphotypes {conophyror,
comopieyion-saenmtneon, domal, microbial mats, encoids and reworked
microphytolites} and sedimentzry  strochares  suggest  shallow-water
depaosition {Wood, 20 5; Fairchild = al., 2015).

The chemuostratigraphic data for this formadion were sampled in ik
Cala Ghearry (UM coordinabes ame 23K 307 312 B/7995374 §), which
includes 20'm of dark gray calcarenite and lEmestone: beeocia (Fig. 3
The carboo isstopes (Tabie T, Fig. 5) show abssdute vahses that vary by
a few per mil between +0.5% znd + 1.0%a The § 10 values als show
small waristions from —7.6% t0 —6.6%. The ™50 5r ratios for the
mme mmphes mngs betwesn 070646 and 070692 The 5r concentrm-
tions of these rocks renge between 423 and 1,719 ppm, suggesting that
the 50/ %r matios are original values (Table 1} kotope data for the
Lagamar Pormastion were recently published by Mamanes: = al {3015)
omd showed § "C values for the limestone ranging between D9
and + 2. and a few samples with Sr/% 50 raties of 0L70E7S and
O.70GES, consistent with the dalz of this study.

Preserved microfossils are hosted in the lEmestones of the Lagamar

Fig. 6. Samples froo B Lagamar Formation in tha Cala Quarry, Lagamas, MG:
A and By Fowsible vase-shapod mirrafoods {VEM), (1) Leogpkoeritis e

Fommation in the Cala Charry. (Fig. 3). These bast rocks included Lein
spheeridio temain and hree samples with possibée wase-shaped micro.
foessils (WEMs} which are 15 and 25 ym in sze and have skeort, strongly-
oarved - pecks (Fig  6), smilar to Bonrsen darrschores (Porer of o,
2} YEMs have been used ax indicators of the iptesval from T35 to
79 Ma besed on specimens found in Tasmania {Togani Giroup), Arzena
in the USA {(Chuar Group), Carecla (Mt H=mper Growopl, Svalberd
(Roaldtoppen Growpl; Gremnland {Eleccars Bay Group), and Sweden
(Wisingsd Group) (Riedmon e al., 2018 Possible ViMs bave also bermn
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Pinheiro Member
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Fig. 7. Tha shasp contact banween shais of e o do Garroa Formation asd
dokeiones of the Morro do Finhotne Momber (Some do Pogo Verds Formathon).
Noin e i Layir of silildes cxacfly i e comisct

found in the transition from the Stemian to Tonian in the fayuen For-
mation of the Huaibei Group in China (Xiao et al, 20140

4.2 Sera do Pogo Werde Formoanion

This formation consists of mone tham 1200m of carbonate rocis that
oveslie the siltstome/slate of the Serra do Carmote Pormadton, and this
formation was sabdivided into four members {Tig. 21 The basal comtact
betwesn the dolamite of the Morro da Mnhaire Member and the silt-
stone/slate of the 32 do Carrole Formation is abnapt and repres=ots
the end of the sliciclastic domam. This contact has been interpreted as
sedimendany (Darde=ne, 2000) and = 2 thrst ol (Ohemia, 20070;
Segnomelii et ol 2003; Carvalbo ot al, 2016} In drill core F-244, this
contnct is similar i 2 sedimentary contact becse there is oo evideno:
of 2 shear wone; however, o thin layer of sulfides is pressat (Fig. 71

#.2]. The Movro do Pmbhetro Member

This member is composed of 8 complste G50 m thick section in drdl
core F-244 and a pantial section that i 400 m thick in the upper m-
tervals of drli core VE-MIF-17E (Fig. 8). This member consists of 1a.
mﬂdmdﬂlnﬁmmhﬂ'ﬂxﬂdmﬂ:hﬂeﬂmﬂsmﬂm-
tracdamt fayers, and has been sobdivided into two st
mmﬂmmduppﬂ'ﬂmmlhhdmhrﬂmmmn
dolostones {F-244; Fig_ ). Centimeter-scabe beds of thyibmic l=minates
of microbialiies =nd dolohstite= are common ;o the kneer member
(Fig. S-A}, 2= well a5 several [nyers of colummnor stromatalite. The tex-
tural aspecis incinde high porosites in the dolostone to dolarenite and

Prezambries Rewarck 371 (20193 WES7E

Thoe § "0 values vary from —7.6% to +0.2%a, but most are between
~ 0. 4%0 and — 0.1 % (Fig. 5L

4.22 The Famplona Member

The Pamploma Member & approximaicly £65m thick amd was
subdivided imlo two lithofacies successiony.

The Lower Famploms Member includes a rhythmic sucoession of
pimk dolestone and purple and gresn siltstones and shale. This member
was described in. detail in drill core VIBIP-17E {Fg. ©) and some
ouirrops mround Varants The dolestornes are pimk and ore mainly
composed of muddy carbosse associated with sedimentacy ansd di-
agmetic process. These carbonates include fine laminations asso-
onted with microbial msts that hove @ fmegular, orinkled appearmce,
mud cracks, tepess, birdseye stuchores md mtrackest flaky breccis,
inchuding desicoation processes (Figr. 10, 110 The slistone and shale
ore interealsted with dolostons with conwaluted and deformed bedding.
These structures suggest o peritidal enwironment, probebly in an io-
testidal and supratidal zome. The & '5C values in two cores (F-244 and
WIMIF-178) ore maried by a smooth snd pesitive increse from the
base to the iop with negative excumsions close io (f%, coincident with
the mized mrbonate and sliciclestic (slstone} rone, bot dusters of
‘high values of approximatety -+ 3% occor in ike oppemost sthodastic
[silistone] zone mnd in the uppermost Lower Pamplona Member (Fig. 5]
The § "0 values decresse slightly from the base 1o the top {— 1.5%a to
—6.5%).

The Middle Pamplona Member inchudes a set of masive dolostons,
dobostone microbial mats, conglomeraies and imtraclast breccin. The:
dominant pink oolos of the undertying facies irmsitions to a light gray
domain, in which beige and pink are subordinate. These fcies cover
1B0m in drill core VZ-MIF-17E and are alsm present in the other two
mres (Fig. H). The facdes of this member, inchiding microbisl mats,
dotarenite, and intraclast-onoedd Greccia, sugpFest 2 smbdbdsl environ-
merst. Above the Lower Pamplona Member, the § "0 vabues decrease to
between 0% and + 2%, The § Y80 values are immegular, showing large
fuctizstions between — EL6%e and —1.6%e that do oot comespond to
my notable changes in fades.

4.2 Moo do Calognio Formaror

The Maorro do Calcirio Formation was initially described as the
Upper Pamplona Member in the Vazanie region (Higobelle o2 al., 1968)
md was lster inclieded in the Moo de Calckco Formation |
is —500 m thick in the Varante area but reaches 300 m thick in the
Parncatn ares {(Cardenne: 2060), This formaton enoonformshly overies
d.i&m:ummbeudlh:hdu?nqn‘fadz?mﬂimmgwﬁngn

i e & dary (CHiveirz, 3013 Fig. 31 This sucoession
bcgtmmﬁdlﬁmﬂlﬂm:hpﬂ:thﬂmmdmm
mlsirsd mnsvive dolostones and pass into dobsrendte and dodondits with
dizsts of reworked stromatolites and colommor stromatofites. Spherical,
cylindrical and columnnr stromatofites bawving am avemge dismeter of
2em are present i ihe delmsione domain. These cobumns are up o
0om long within binherms up to 15m thick. These biokenms inciode
imtmclast breccia between the columns, sgprsting an indedidal-so-
pratidal enviroement Layers with imercalated sthsicne and dobosione

are present in this it
The & "C values decrense through the lower Momo do Caicisio
[ ton, startiog &t approxmaie=ly e to — 1% and decreasmg o

breccia (miraciesis and colites), sometimes with fenesital porosity
(birdseye], that s cemented by spamy dolomite [Fig. 5.5} These facies
formed n = shallow mbetidal to supratidal flat environment with ep-
modic high-energy depasition by stomm waves.

The § "C values of this member have 2 small range between
—0.5%a and +10%a, with most of the values between + 100
and + 2.5%x, and they present glong the complete 560 m thick section
(Vg E}. Blightly megative values (0U0%o and —.5%) are found anty in
drill core VE-MIF-178 and are ssooated with pelitic carbonate rocks.

between — 2% and —4.0%. through the intermks of shale with dolomite
imtercalations (Fig. 8L The values retum o approdimately (8 in the
delomite in drill cores VE-MIF-153 ond VIROF-00Z. Core EBOF-01
mezchesd dolomite in the uppermaost secticn of the Momme do Celcisio
Formation {--131m), showing slightly negative mnd positive vaoes
diose to o 1,085 in the lower intervaly thet inorease to betwenn + 2%
md + 1.5%= in the uppermest section, below the sequence boundary at
the base of the Serra de Lapa Formation

The dalostone of the Morm do Calctric Formation has & *%0 vaioes
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from —10%s to —0.5%. This stronger Buchsation in O isolopes is as- 4.4, Saro da Lapa Formation
spdated wilk the sppermost succession of this formaticn iz dritl cone

VEBOF.DO1. In drill core VIBOF 00D, the negative & 70 valoey are The Serra da Lapa Formation inchsdes slate, silistone and cartsonate-
associzted with negative § 50 values, aithough this hehavior does not bearing siltstone with wery thin dolostone intercalations, sometimes
gcoar in drill core: VE-MIF-193. ooorming metric layers that sharply overlie the dolostone- grainstone of

Fig. 9. Microbalites in lhe Seme Ao Poco Varda
Pormation, Morme  do  Pinhdro Memier (&)

mdsines frequenty waskod in during sorms (fiom
Fairchild o al., 2F15), (B) dolostons with fenestral
poTosity flk Iy sparry dobomite comesd (hirdseye




Flg. 10, Microlial mais with a thin mired kuper abave: the cola (ot sak) inthe
Eowir Pamplona Momber.

the Moo do Calcinp Fomabion. In dnll-oore (WEBCF0DLY, these is no
clear evidemnos of the shear zone described for the oulcrops of this unit
{Fiz. 31 Locally, dolesicne intraciast breccia with carbonate matrix is
found in an guicrop {UTM coordinates are 23 K 0,307 839 E/BGMHAD
5} &t the top of the Moo do Calcare Formation (Fig. 12 This & was
considered 1o be a glacial dismictite due io the negatve values in the
shaley carbonate abowe the breoda (Azmy = al., 200E).

in this stody we have Dvestigated 175m of the Lapa Formation
crosscut msing the drill core VEBOFM] . The basal contart of this onit
staris with carbonabe-beanng siltstone thad. coincides with an abrupt
pegative shift in & C values from +2%a to — 5% [Fig. 8). in this same
interval, the 5 0 values are aleo negative. I the upper portions of the
sicorssion, the O isdope values flnduate fowards more positive valoes.

5. Discussion

L1 Sorucigrophic dspeces

The stratigraphic comelations af the sactions described dn this papes
nfe besed in part o the sedimentary facies ard carbon Esotope values.
This paper focumes on thie carbenate rocks of the Vazante Growp, and the
twu basal siliciciastic units wiil pot be discussed here (Figs. 2, 3). Four
carbomste siratigraphic unils can be interpreted in the Yazamte Sroopc

{13 The Lagamar Formation mcludes columnar apd coniform: stiroma-
moditic dolostone {Coropfnon] associated with reworked stromabo-
lite columns and oncoid-intraclect rudsbones, indicating a shaliow-
wader carbonate platfom {Dardenne, 2000, Mangoes e al., 2015),
which was followed by o rise in relative ses bevel that drowned
ihese carbomates and then deposited 2 thick sucorssion of shale with
rare limesinne kenses and fne-grained silistone, the Serm do Gar-
role Formation, in a deepwater environmensd.

{23 The Serra do Pogo Verde Formation, which ovesbies the pefiiec

Frecambrics: Rewarch 351 (20100 105575

‘HE- 12, Dolosione imraciast recrls wilk cartonen mates at e comia) be-
twiom the Moo do Calcirio and Sorra da Lepa formations.

msccessicn [(Serra de Gamrcte Formabion), macks the retom of a
shallow casbonate shell with microbial mats, columnar Sromeio-
Eites, dodarenites and carbonate rudstone more than 1000 m thick.
The lower part of this formation inchudes a thicker sccumulstion of
microbizl mals with fenmtrd porsity filled by sparmy dotostone
that was deposited in a shallow-waler marine eovircnmersl. The
maripe enviromment become shallower upward, passing inlo ine
tertidal and sspratidal Gscies with mud oacks and tepees.

(@) The siltstone ab the basal cocdact of the Mome do Calcirio
Fommaticn is 2 regional sequente boundary that owverlaps the dif-
ferent carbanate members of the Serma do Popo Yerde Formation
(Fg. & Oliveira, 2013} This sHtstone layer is 4-5m thick and
grades spward into carbonate rocks, indicating that the growth of
the carbonate platform was simifar 1o that of & microhial oeef
(Damenme, ML OHrveim, 2003,

{4) The fema da Lapa Formation stants with an abrupt conlact over the
dnlosione thal marksd the end of the carbonate piatform, which
was replaced by deminantly siliciclastic sedimentation fcarboaac-
ez silistone, carbonate- bearing sltstone) that inchsdes caly 2 few
ayers of dolosione.

The successions of carbomates =nd sliciclastic rocks inchude silici-
:hﬂl.wdunammpnmdu[hhd:ﬁu]elhﬂmdqmmbbdmﬂp
water - sedtings, thie cark rocks
viroqments with the growik niwhmx:mauh‘nand mh:m?hﬂ:l
mats.

DExmictite is present in the lower unit of this group (Santo Antonio
do Bonilo Formation) and woas Sterpreted os- glacial in origin
(Dardenne 1979, 20Mk Aemy et ol., 2006, 2005 Marguoes et 2l., 2015).
A reverse fault divides the Santo Antfmio do Bonito and Roginka for-
‘mations in the lower part of the Vaante Group from the otber forma.
lions of the Yarante Growp. There ane bwo tempretations foc this fult;
one 35 that it bhad small displocemnents that did not affect the stradi-
graphic seqoence (Dandenne, 2000, Misi = o, 3007; Rodrigoes st &,
M1 Momuos et al, 20I5), and the other 35 thal a large

Fig- 11. The Lower Pampiona Memher with Ssprasidel srectuncs shmwisg: (4) inpae srochures, (7] desdoeation process.
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Ag. 19.% "’C and & "0 compasite sragmpkic scton Brouph orbonsts
POcis Im the Vazanis Group, ¥oss: e threg main. isolopa groegs: (1) modemiy
positiva & " walue {— 07 0 + 3.0, (I sscursioes of 5 17 valnes
[4.1%a 80+ %.B¥), and (0 (e most negative 8 10 wmines am: mocated with
wary bow valses of B 0. 5w A 8 for geological symbals and B sppla-
memiary das for cirton and orygon sotopo dats

Meopreterneoic displacement placed thess rwo lower fermations above
the ¥azante Growp, interpreted as Neoproteroooic dizmictites relsted to
the Jequitel Formation {Greboy ot ol 2013 M = i, 2011, 2014}
This diamictite in the lower part of the Vazante Group is difficuls 1o
mtespret in terms of global glaciation, et foo few dsta are avilabie o
esizhlih & relishle mterpretation of these basal mnits

Dolomitic breccias and dodarenites with & crbonate mairiz zre
common in the Vazente Group and formed during reworking of the
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Dotomites from tha SaTe 4o Foge Yanis Formation ahibit Ba highest &

valles and can ta redaiod 1o @ primery smwater mouml. Carbosain shald from
thi ferre da Lapa Formation wits vy brw & 70 valoes ane related in posi-

sadimontary procemmes.

shelf carbonnte, @=nd some of these brecrias were deposited in fore-reef
mvironments {Madnlosse snd Valle, 1578; Dardenne. 1970, 20T,
These breccias wers described @ ice-rafted debris and incude all car-
szt successions from the Sera do Poco Verds Formation [Dlooit
e al., 2005) and those fom th= Moo do Calcinio Formastion (oot
et ml, 2K5; Geboy et al., 2013, but this intrrpretstion is not supported
here and in other papens doe to a kck of evidence that justifies this
inderpretation (Azmy et al , 2006, BN, Cliveim 2013) A glacial origin
was zisn proposed for the contant betwesn the Moo do Calcario and
Serra do Lapa formations, which s supported by descriptions of loms-
stones (Olcot et wl., 2005, Acmy et ol 2006). The carbonsie fagments
in thrse lomesiones were. found surnounded by the foliation of the
phylliie as = poasible resalf of iectomic rotation, and it is difficolt bo
prove whether the foliation @s the resdl of sedimentary or teclonic
processs, or both, because the observatioms wers made in core sam.
ples, and the loteral extent of the locesione was oot coofirmed. Dole-
mite: clasl bremia i o cbonate matriz and dizmictite with i
trabainal dobomite clasts in a siitstnme mmtrx oocur ab the op of e
Maorm do Calcino Formation in morth Vaeanie and i Bodth Parscato
respectively [Fig. 1), These brecciss and diamicites mark the top of the
Maorro do Calcirio Fermation and bellow the Serra da Lapa Formation,
suggesticg an unconformity between these two formations. A glackl
arigin for these dizmictites =nd breccias has not yet been found, wiich
incinde only carbonade clevis fom the undertying mcks, nggpesting a
proximal source. The messive diamictices, 15-20m thick, ot the base of
the Lapa Formation in nonh Parmiu were mberpreted. a5 debris Gow
deposils not related to 8 glacial origin (Smtsna, 201T) Genbogical
evidence for 2 glacal origin sifl needs confirmation (e.g., sirizted clasts
mid dropstones), despite the frvornble chemostmtigmphic data from
Army i ol (3006) and in this paper.

52 C md O isnmpes

The carbon isotope data from units of the ¥ozante Groop bave been
ronsidered 1o be a primary sgnature, which i supported by the § 10
values obtnined @I dolomite samples and considering the different
pluszes pf cementation and dolomitiration {Axmy et al, 2001). The
iscinpe siratigraphy published for the Verante Groop indudes 1Htle
data indicating a thick stmtigmphic wcbon (Aaoy = al., 2001, 200,
Mini et ol 2007). The datn presented in this paper bove higher st
graphic resolstions tham those obizined in previcus studies, which is
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Pularisheoom groups (Halwrson et al, MU1EY, (7] costral A

Basim (S

Hysdl ot &, 201F), (4} Cannda Fifacessifin Gomep (Mardonsd of .,

114, 2 5), and (5) Eislopla, Tambien Jroup (Swarsnn- Foysasl of ab, 2015). (Sae above-mendinmal mirences for foter nformation )

sigmificant for chemostratigrphic correlation. The 5§ 'C and § 150 daia
show thres principal solope groups (Frgn 19, 14

I} Modemtely positive § 7°C values between —{1.7%a and +2.9%a 2nd
i ') values betwesn — 6.0 and — 026 wens observed inoa
dodostone section more than 1,000 m thick from the Serma do Pogo
¥Verde Formastion snd limestones from the lagamar Formastion.
These modemaiely varable § "0 valoes are commen & the
Mesoproderoanic and sarty Toninn {Neoprotescenic) and are mrely
outside of the mnge of — &% to + 4% (Gorokhoy o ol | 2955; Koh
et =L, 1003 2012 Barley et al, 2001, 207, Ssmilchatow &t al,
200, Jones = &, 2010; Guo et al, 2003). A similar sotope mope
i mlso cbeerved in Stemion carbonnte rocks of the spper Pamnod
and mpper Espinhago groaps (Santos e al | JH0, 20, Advorenga
et al, 214; Fraga et al, 20141

I} Large excursions of § "°C vahes between — 4. 1% and + 3.8%s are
found in the dobostones of the Mormo do Caloino Formation. The
negative § 0 anomaly {MC ancmaly) i preserved in an approad.
maely 50m thick interval of mivesd dalosore-silicicisstic md is
stratigraphically placed between dolarenites with vahses pear 0
(sedticns VIMIF-193 and VIBOFD0I; Fiz. 3). The uppermost
100 m of the Morre do Calckrio Formstion resches positive values
of approximately + 3% (section VEBOP.OO1; Figs. 8, 13}

1T} The third ivcfopic group @ assocated with a dominmtly dastic
sucoession with thin dolosione beds (Serra da Lapa Formation],
‘marking the abrupt end of the carbonate platform (Figs. B, 135 The
5 'IC values range from — 6.0%: 1o + 1.5%, and the § "0 values
runge from — 2 7%a to —13. 7%= The more negative 5 80 values
are associated with muddy carbonate rocks and are probably e
lated to postssdimentary alteration (Fig. 14). Strongly negative &
"B values associsied with Meoproteroedic carbonzies have also
been interpreted as the result of diagenefic or met=morphic pro-
o (Kmmth ond Kemnedy, 2009), indboating that the oxygen
isotope values are not primary. In contrast, the negative § G va-

this iz o primary signal In facl, carbonates with pegative § 1°C
values and sssocinted with dinmicites have been msed by several
zuthors 1o support a glacs] record (Azmmy et al., 2006, 2008, 2009;
O6eoitt &t al, 2005; Geboy et al., 2013). The dsin presented here
suggest that these low & P carbonates overty the st Cryogenian
glacial event {Sturiisn], represented by the dismictites ploced in the
lower Serra da Laps Formation:

The narrow C iscdopic mnges in the Sem do Pogo Yerde Fammation
are chermcteristic of late Mesoproteroroic rocis worldwide, incinding
those of ibe Vitoria Bay and Athols Pomt formations in Conada (Ks=n
et ul., 15999) and the Karatms Group in the Urals, Rossis (Banley = ol
J07; Kornetnow et ml, 2006), and they 2re piso similar to sarty Neo-
protemeoic (Tonkan) sections in Hisibei in Nonbk China (Xiao =t of,
2014} and the lower Fifteenmile Groop in Camada (Macdonabd e sl
2010 {Fig. 151

5.3 5risnmpes

The carbonare rocks from the Vazante Group are mainky dolomise
with very low Sr costenst, and bigh Sr contents {423-1,719 ppm) were
found only in limest from the Lag Formation: The ¥5r™Er
mties in the Lagamar Fommation are between (WF065 and (L7063
(Mergques et a1, 315 and this paper). The npper Parancd Groop, which
is interpreted as Upper Mesopeoternzoic in age, includes: two groeps of
28 mbios; one s between 07056 and (.7058, and the ciher is
between 0.7063 and 0.7068 (Alwrenga = o, 2014). 505 -
tios = (L7065 have been found im late Mescproteronoic siraia in the
suuibesn Urah and in Siberia, Russia {Gorokhov o al., 1995 Banley
et &l X, BT Hionersow e al | 2006), in the Bylot Sopergroop,
Canada (Mah et o, 3001} and in rocks with apes of 1,000-B50 Ma in the
Farstae Groap, Russia (Kuznetsoy ef al., 2017 Tonian successions that
precede the fimt Cryogenian glaciation have T50™5r miics befow
1.3070 (FHabvesson =t al., W7, 2000, 2010; Sawaki et al., 200107 The
Tomnian carbonates from North Chine, Svalbard, end central Awstrafia,
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which are older than 800 Ma and are below the Bitter Springs Anomaly

(8 ), have 5™ Sr walues from 0P059 1o 0.7068 (Halversmn et al
IMF, 2018; Yoo et al, 20141 The Upper Mesoproterozoic (approod-
mziefy 1.2 Ga) rocks from dbe Jower portion: of the Society ChE For-
mation of Canada have W5/ *%5r mtics that decrease from approxi-
madely (LTO60 to DLPDGS (Kab o 2., 2001} The ™ 505 values in the
carbomste platiooms in the jower Vazante Growp (Lagamar Formation)
bave some similarities with the Upper Mesoproteroanic and Taonizn, b
witlnes below 07060 are rare i the Tonian and are more commen in
the Mmoprodernzoic. Strontium motope dars betwesn 07065 and
07069 from the Scrich fimeslomes in the lagamar Formation ane
comamon in the Tonian snd &re rane in the Msoproteroaoic @ other
hasins around the wordd. Similady, the ¥5c®8r compasition of sea-
water {{. 7065} also ocours in the Serra da Lapa Formation (Aomy et al,
ZMTL The ™8™ Sr ratios of the lower and upper units of the Vazants
Group kave ssmilar values to those found in Tanizn hasins arcand the
werld

4. Apes of the Vormmre Group

Conopteyton-type. cofummor strommolites ore  chamscoernsd I:ry
apicl coniform EEminae, and they are o recogoined palecemir
indicator and are wed in Tegiomal :nnrJ-a.I:nm I,'S:Tu:lld'l.ntwrm.
Faaben, 200HY), The hasal mrbonale mocs of ihe Vomoie Goop (La-

Frecambrirs Rewerch 191 (20199 IGETTE

the Lapa Formation,

3 Primery 7508 values ((L70662 o FOETE) are fomnd in the
mme bayers whene possible VEMs were found, which are indicative
of & Tonian g

3. A precise age for the Vozanie Groop remains unceriaim; however,
comsidermg the detrital zircon ages, cwbon sotope  profils,
205 ratics and the possible vase-shaped microfossily, ity sedi-
menbstion musi have occurmed in the Tomian Peciod, & contrast o
the opper Mrsoproteroenic age sggeed by the HedOy ages. Thims,
the sigrificance of the Re-Os ages of binck shales from this umit
should be reessesed, and the possible sources of disturbance in Re-
s systern should be sought and evaluated.
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gamar Formaticn) contain oo of % hum Kir-
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icheniko (Clood and Dardenne, lwz}mwmm
shov (Moeri, 1971). Thes twe forma coevist only in the npper strata of
the Tomian Avzyan Formation in Siberia (Femikhatow and Wasben,
20007, indicating that Tomian is the probable age for the Ymaabe
Group.
continmity of the siratigraphic mtervals suggest that the Vazonte Groop
s yourger than the Parmaod Growp and is-older tham the Bambuf Greap,
=0 it likoely boes a Tanisn age (Reis = al., 2017; Alvarengn = al, 2002
Fod et al, 2T

The Re0s zges for the arganic sholes of the Yaxante Group have
krge erromy (between = 46Ma and + BEMa), which cwuse un-
cenainties abwut these ages. In the Sema da Lapa Formadion, the U/PE
age for the youngest detrital zivcen population is 988 + 15 Ma, and the
Be-0s age for shales s 1,100 + 77 Ma (Amny et sl H0E)L The data
from detrital zircons are younger ages than thoss that formed during
the sedimentation (orgasic matier], so the sigoificance of those ReOs
ages should be cerefully evalusted, considering that the rircon data is
mare robusl

Meventbeless, the availsble peochrosological data saggest thal the
“Vazante Grnsp was deposiled during the Tanizn. This is reinforced both
by thee possible VEMs and by comelation with the global T5e/%8r and 3
Lix 4 cusves {Xioo =t al., 2014; Riedman et al, Z1E; Wen =t 2l 2015

6. Conchesion

This siudy expanded the carbon and oxygen isolope datn fior the
carbonaie units of the Vazante Groop and the "50/%%5r mtios for
limestomes with Sr conbemts of 423-1 719 ppm based on: cutcrops and
approcimatety 350 m of drill core data. The dats increase the details
of the iscdopic stratigraphy and can be compared to 8 composite carbon
isotape record for the Meso Meoproteronoic,

1. Carban isctope dasta mainly represent a primary signature. § 130
vzlues between approcimately 0 ond + 4% are necorded in the
carbomate rocks of the lower units {lagzmar and Serma do. Pogo
Verde [t ). The dolost of the Morre do Calciric
Formastzon everfying the unconformity ssrface hay a large range of §
13 values betwesn —4 mnd + 4%, The negative values are con-
centrated in a zone approcimately S0 m thick and form a pegative
amomaty (MC). Another negative shift ooours af the besa] cootact of

Appendix A. Supplementary dats

Supplementary dala fo this anticle can be found coline 2 hitps./
ooy 100101 & premmres 201 5.1 05374
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