Capitulo 2 - CONTEXTO GEOTECTONICO E GEOLOGIA REGIONAL

2.1 — Arcabouco Geotectdnico

Os dois setores abordados nesta tese, portadomregites com afinidade oceénica, situam-se
nas por¢cdes centraddtor 1 — Ribeirdo da Folha — Capelinha — Sdo Jiséafirg e meridional
(setor 2 — S&o Pedro dos Ferros — Santo Anténio don@ do Orogeno Aracguai (Figura 2.4). A
definicdo e caracteristicas deste ordgeno, bem nteses e dados recentes que interessam a
regido focalizada encontram-se em Almeida (197hjeild (1991), Pedrosa-Soaret al. (1995,
1998, 2001, 2003, 2005, 2006, 2007, 2008), Britwddeet al. (1999), Pedrosa-Soares &
Wiedemann-Leonardos (2000), Lirea al. (2002), Alkmimet al (2003, 2006, 2007), Nocst al
(2004, 2007a,b), Heilbroet al. (2004), Suitaet al (2004), Peregt al. (2004), Marshalet al.
(2006) e Vieira (2007). Apresenta-se adiante unmapdacao destes trabalhos.

O Orodgeno Araguai € uma regido orogénica que sedstdesde o limite leste do Craton do
Séo Francisco até o litoral atlantico, aproximadamentre os paralelos 15° e 21° S (Figura 2.4). A
fronteira setentrional deste ordgeno descreve uaradg curvatura, com concavidade voltada para
sul. O limite meridional é balizado pela extremigladil do Craton do S&o Francisco, ao redor do
paralelo 21° S, onde a estruturacdo brasilianairdgéd NE, caracteristica do Orégeno Ribeira,
sofre inflexdo para NNE a N-S. O Orégeno Aracupiggenta o segmento setentrional da Provincia
Mantiqueira e inclui a Faixa de Dobramentos Aracul@ acordo com a definicdo original de
Almeida (1977), e a regido a leste dela, rica ethas graniticas e metassedimentares de alto grau.
A Faixa Congo Ocidental (ou Oeste Congo) represartantraparte do Orégeno Aracuai que foi
herdada pela Africa apos a abertura do Atlantidpr&uCretaceo (Figura 2.4).

Os grandes compartimentos tectbnicos do Orégenguafade acordo com Uhlein (1991),
Pedrosa-Soares & Wiedemann-Leonardos (2000) e rdeikt al. (2004), sdo os dominios de
antepais(cobertura deformada do Craton do Sado Francigot@rno (ou proximal, caracterizado
por um sistema de empurrdes frontais, transpod®rieo para oeste e metamorfismo de facies
xisto verde a anfibolito, crescente de oeste pestele de norte para sul)irderno (ou distal,
denominado “nudcleo metamorfico-anatético do orofecaracterizado por extensivo plutonismo
orogénico, presenca de remanescentes oceanicos earado magmatico célcio-alcalino e
metamorfismo de alto grau nas rochas associaddghira et al. (2006, 2007) apresentam uma
compartimentacdo tectbnica mais detalhada, em dosnistruturais, com base na orientacao
espacial, significado cinematico e historia de eacfio das estruturas dominantes (Figura 2.1). O
Corredor Transpressivo de Minas Novas (dominio MND Nacleo Cristalino (dominio NC)
interessam diretamente a esta tese por contereestos de litosfera oceanica estudados.
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Figura 2.1. Compartimentos tectdnicos do Orégeraciai-Congo Ocidental (Alkmirat al 2007). SE- Cinturdo de
Cavalgamentos da Serra do Espinhaco Meridional, Zéna de Cisalhamento da Chapada Acaud, S- Zona de
Dobramentos de Salinas, MN- Corredor Transpres#évblinas Novas, RP- Saliéncia do Rio Pardo e zenatdracao
com o Aulacdgeno do Paramirim, BG- Bloco de Guash&s- Zona de Cisalhamento de Dom Silvério, I-&de
Cisalhamento de Itapebi, NC- Nucleo Cristalino, (&&ixa Oeste-Congolesa. A Zona de Cisalhamento loke-A
Campo, importante para o setor meridional (ou sBtestudado, esta destacada em vermelho (AC).

O Corredor Transpressivo de Minas Novas é uma dergeformacédo transcorrente dextral de
orientacao geral NE-SW, desenvolvida sobre roclma§&iipo Macaubas (alvo deste trabalho no
setor 1) e Formacado Salinas. Em secéo transvergasenta geometria em flor positiva, marcada
por uma foliacdo penetrativa, geralmente paralelsaeamamento das unidades envolvidas. O
metamorfismo regional varia da facies xisto verdafébolito médio, sob regime de baixa presséo.

O Ndcleo Cristalino, também denominado “zona irdeste alto grau metamorfico”, se estende
desde a descontinuidade geofisica de Abre Campe ra#rgem continental brasileira (Figura 2.1).
Este dominio pode ser subdivido em dois subdomipioipais, levando-se em consideracao a
inversdo do mergulho da foliacao regional e daéme@ a ela relacionada, durante o estagio sin-
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colisional do orégeno, e a importancia das zonasatescorréncia. O subdominio meridional do
Nucleo Cristalino, que contém o grande corpo atifibo de Santo Anténio do Grama (alvo da tese
no setor 2), ocorre a sul do paralelo 19° S e aptasomo elementos tectdnicos principais quatro
grandes zonas transcorrentes dextrais (zonas abansento de Abre Campo, Manhuacu, Guacui e
Batatal). A Zona de Cisalhamento de Abre Campanarnhente relacionada a esta tese, baliza o
limite entre o Complexo Mantiqueira, a oeste, eom@lexo Juiz de Fora, a leste. Segundo Alkmim
et al. (2007), esta zona de cisalhamento pode represeatasé uma sutura paleoproterozdica,
como indicado pela separacao das rochas do emhatearo@mo uma sutura neoproterozoica, pelo
fato de limitar, pelo oeste, a ocorréncia dos goaes pré-colisionais G1. Além disso, na regido de
Governador Valadares, esta zona de cisalhamenge@nseu carater de empurrdo e coloca em
contato tectdnico corpos graniticos da Suite G1 sedimentos marinhos profundos da Formacao
Ribeirdo da Folha.

O subdominio setentrional do Nucleo Cristalino oea norte do paralelo 19° S e engloba
volumosos corpos granitdides associados as divetapas evolutivas do Orégeno Aracguai. Neste
subdominio ha uma predominancia de empurrdes deongédaixo angulo de mergulho em
detrimento das zonas de transcorréncia. Entre adepzs 17° e 19° S, este subdominio mostra
dupla vergéncia da fase de deformacéao principplre ocidental registra transporte tecténico para
oeste, contra o Craton do Sao Francisco, enquarga@@or¢cdo oriental apresenta vergéncia para
leste, rumo ao Craton do Congo (Pedrosa-Sadrais2001, 2006; Vieira 2007).

2.2 — Modelo Evolutivo

Diversos estudos sobre a evolugcao da Faixa Aragmisendo desenvolvidos desde a década
de 1970. Almeida (1977) define a Faixa Aracuai coomo ortogeossinclinal alpindtipo
desenvolvido a sudeste do Craton do S&o Francis@nie o Ciclo Brasiliano. Esta interpretacédo
inspirou a busca por ofiolitos, iniciada por Pedr@®ares em 1986, pois geossinclinal daquela
natureza, a luz da Teoria da Tectdnica Global, rieev®rresponder a uma margem de placa que
poderia guardar restos oceanicos.

Varios autores propuseram correlacdes entre asasfaiwacuai e Congo Ocidental, porém
muitos as consideravam como contrapartes de um mesigeno ensidlico desenvolvido durante o
Evento Brasilianod.g, Siga-Junior 1986, Trompette, 1989, 1994, 19971eldH991).

O caréater exclusivamente ensialico do Ordégeno Asiafpi questionado por Pedrosa-Soaets
al. (1990, 1992, 1998), em funcéo da descoberta atesizacdo de uma unidade metavulcano-
sedimentar tipica de assoalho oceénico — a FornRi¢&irdo da Folha — e de lascas tectbnicas de

rochas meta-ultramaficas nela encaixadas.
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Pedrosa-Soaregt al. (1998, 2001) e Pedrosa-Soares & Wiedemann-Leogsa(@600)
propuseram um modelo evolutivo para o Ordgeno AraQungo Ocidental fundamentado em trés
premissas bésicas: (a) identificacdo do magmatisimodal caracteristico deft continental, (b)
identificacdo de associagdes tipicas de remanesceceanicos e, (C) presenca de magmatismo
orogeénico.

Todos os modelos evolutivos propostos até ent&@xieem de um mecanismo capaz de explicar
o inicio do processo de subduccdo em uma bacid@vestente estreita, de carater ensiélico a norte
e oceanizada a sul. Alkmiret al (2003, 2006, 2007), com base em analises cineasati
propuseram um modelo de evolucéo tectbnica paredgeDo Aracuai-Congo Ocidental, no qual o
fechamento da bacia Macaubas teria sido induzidegis6es a distancia, contra os cratons do Sao
Francisco e Congo, e seguiria um mecanismo sirailam quebra-nozes (Figura 2.2). De acordo
com estes autores, a historia evolutiva do OroégArm;uai € marcada por quatro estagios

principais, resumidamente descritos adiante:

& O primeiro estagio evolutivo caracteriza-se pdiartra da Bacia Macaulbas, precursora do
Orogeno Aracguai-Congo Ocidental (Figura 2.2). Bsizia deveria corresponder a um grande golfo,
parcialmente assoalhado por crosta oceanica (Re@Gmme®t al. 2007), que desembocaria em um
amplo oceano voltado para onde hoje se situa ogbm&ibeira. As primeiras manifestacdes de
fraturamento crustal, que marcam o inicio da abergfo evidenciadas por diques méaficos que se
alojaram enta. 1,0 Ga no sul da Bahia e extremo nordeste de Mueaais (D’Agrella-Filhcet al
1990, 2004). A faseift continental da Bacia Macaubas desenvolveu-se eatr@06 e 880 Ma
(Pedrosa-Soarest al. 2008, Silvaet al 2008), e seu registro sedimentar € representatis p
unidades basais e proximais do Grupo Macaubas.akifestacfes magmaticas deste periodo estdo
bem registradas pelos diques méficos da Suite Redsa, granitos anorogénicos da Suite Salto da
Divisa e pelos xistos verdes basalticos do MembooFReto da Formacao Chapada Acaua. A Bacia
Macaubas, em torno de 880 Ma, evoluiria para duasgems passivas conectadas, na porgao
setentrional, pela ponte cratonica Bahia-GabaasEstargens passivas estariam ainda conectadas a
rifts interiores responsaveis pela acomodacdo da deféoma dissipacdo das tensdes nas zonas
cratOnicas: os aulacégenos de Pirapora e Parantiondominio Sdo Francisco (Alkmim & Cruz
2005, Cruz & Alkmim 2006), e o Aulacogeno Sanghalominio Congo (Trompette 1994). A fase
margem passiva € representada por extensa sedpgdenda turbiditos areno-peliticos de mar
profundo e por remanescentes oceanicos datadosaefd6 Ma (Queirogaet al 2007, 2008;
capitulo 4 desta tese).

% O segundo estagio € marcado pelo inicio do procgsssubduccao e pela edificagdo do arco

magmatico calcio-alcalino (Figura 2.2). O fecharmetd Bacia Macaubas foi induzido a distancia,
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em consequUéncia de colisdo envolvendo a penindadf&ncisco e a placa Parana ou Rio de La
Plata, por volta de 630 Ma (Searal. 2001, Valerianat al 2004). Teve inicio a convergéncia das
margens opostas da bacia, num mecanismo que remeiencionamento de um quebra-nozes.
Desta forma, a peninsula Sao Francisco seria oviada no sentido anti-horario em relacdo ao
continente Congo, gerando uma compressdo da Baa@mMas e o consumo de sua litosfera
oceanica. Entre 630 e 585 Ma o arco magmaticodificado em ambiente de margem continental
ativa. Este arco é representado por batdlitos itoswd a granodioriticos, deformados, que registram

a foliac&o regional, e por rochas vulcanicas depasigao dacitica (Vieira 2007).
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Figura 2.2. Modelo evolutivo para o Orégeno Aragdahgo Ocidental (Alkminet al. 2006, 2007). A) Caracteristicas
da bacia precursora por volta de 700 Ma; B) llgstoada fase de convergéncia inicial por volta de B&; C)
llustracéo da fase colisional por volta de 560 MB)eColapso gravitacionat@.500 Ma) ap6s escape lateral da porcao

sul do orégeno. PBG = Ponte Bahia-Gabé&o.
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% O terceiro estagio evolutivo € marcado por umpaetalisional no intervalo compreendido entre
582 e 560 Ma (Pedrosa-Soastsal 2007) (Figura 2.2). Propagacéo de frentes de gdppara as
zonas cratbnicas e o0 soerguimento de uma cadeitanimsa sao caracteristicas marcantes desta
fase. O estagio sin-colisional € caracterizado getacdo de grande quantidade de granitos tipo S

gue registram a foliacao regional.

% O quarto e Ultimo estagio caracteriza-se por uandg escape de material em direcdo a sul, rumo
ao Orogeno Ribeira, de segmentos do Nucleo Cristalo Orégeno Aracuai, através de
movimentacao dextral ao longo de zonas transc@sehiste fato pode estar relacionado a maxima
aproximacéao entre o extremo sul da peninsula Saocisco e a margem do continente Congo
(Figura 2.2). Concomitantemente a este fato, o @rod\racuai entra em regime distensional sob a
acdo da forca peso — o chamado colapso gravitdciNeate periodo, entre 520 e 490 Ma, séo

gerados grandes volumes de granitos pés-colisiaifais | e S, sem foliacdo regional.

2.3 — Sintese da Estratigrafia Regional

Este item apresenta uma sintese da estratigrafardgeno Aracuai, priorizando as unidades
paleoproterozdicas, neoproterozdicas e cambriamascprrem nos setores abordados (Tabela 2.1).
As unidades mais antigas, de idade paleoproterazpresentam o embasamento do orégeno e
incluem rochas dos complexos Mantiqueira e JuizZ=dea. A associacdo litolégica, os dados
geoquimicos e isotopicos e a distribuicdo geogadlie oeste para leste sugerem que estas rochas
representem, respectivamente, um arco magmaticeendalsido sobre a margem do
paleocontinente arqueano e um ou mais arcos mamgsacrescionarios juvenis (Heilbren al
2003, Noceet al. 2007a,b). O conjunto litolégico composto por gakEsses ricos em plagioclasio
do Grupo Andrelandia e pelo grande corpo de orfiralito de Santo Antbnio do Grama, de idade
neoproterozadica, representa a associagéo arcaeoie@mbasamento descrita por Pedrosa-Sedres
al. (2007). Ressalta-se que nesta tese, o termo Amdiial foi utilizado apenas para fins descritivos,
nao tendo carater tectono-estratigrafico. O Gruprddbas, de idade neoproterozdica, engloba
depdsitos sedimentares e vulcanicos que registst@igies de evolucdo da bacia desde a sua fase
rift até a fase margem passiva. O subitem destinadér@mo Macalbas serd apresentado sob a
forma de artigo intitulado The Neoproterozoic Macaubas Group (Araguai oroge3t: Brazil)
with emphasis on the diamictite formatiohsaceito para publicacdo pela Geological Society of
London (IGCP-512). Granitos intrusivos na areardiiéncia da tese, de idade neoproterozdica a
cambriana, sdo representados por pequenos corpgesatdgranito peraluminoso da Suite G2, tipo
S, e por granitos a duas micas da Suite G4, tipgksSlescrigcbes detalhadas destas duas unidades

serdo omitidas uma vez que fogem aos objetivos dastieto de doutoramento (Tabela 2.1).
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Tabela 2.1 — Principais unidades estratigraficasddulas nesta tese.

Unidade Estratigrafica Litotipos Componente (s) Getectbnico (s) Idades

Suite G4 Granito a duas micas Magmatismo pés-colisional 535 - 500 Ma (U-Pb SHRIMP) para
cristalizagdo magmatica
« Granito peraluminoso (granada
onipresente e cordierita e/ou
Suite G2 sillimanita freqiientes); Magmatismo sin-colisional 582 — 560 Ma (U-Pb SHRIMP) para

- Granito a duas micas e granodiorito cristalizacio magmética dos granitos

granatifero subordinados.

Associacdo arco-antearco-embasamento 595 * 6 Ma (LA-ICP-MS) para idade de
(provavel resto ofiolitico) cristalizagéo magmatica

1161+ 23 Ma (U-Pb SHRIMP) para idade

Anfibolito de granulacdo média a
grossa.

Orto-anfibolito Santo Anténio
do Grama

maxima de sedimentacéo dos arenitos da

Form. Matéo

Plutonismo deift continental: 900 £ 21 Ma (U-Pb SHRIMP) para idade:

sedimentacéo dift com depdsitos
glaciogénicos, coberta por sequéncia
plataformal pés-glacial; vulcanismo

Sucesséo de quartzitos, meta-
conglomerado, meta-diamictito,
formacéo ferrifera bandada, diques
maéficos, xistos basalticos, xistos

; Barras
Grupo Macaubas

maxima de deposi¢ao dos arenitos Duas

Referéncias

Pedrosa-Soares al 2001, Campost al
2004, Silveet al 2005.

Nalini et al 2000, Celincet al. 2000,
Pedrosa-Soares & Wiedemann-Leonardos
2000, Pedrosa-Soaresal. 2001, 2006,
2007; Pintcet al. 2001, Castaiiedzt al
2006.

Brandalise 1991a, Fischel 1998, Raposo
1999, Nébrega Il & Rodrigues 2004,
Ferreiraet al 2007.

Uhlein 1991, Pedrosa-Soaretsal 1992,
1998, 2001, 2007; Carvaltet al1992,
Pedrosa-Soares 1995, 1997; Netal.
1997, Aracemat al 2000, Brandani &
Costa 2004, Suitat al2004, Martins

864 + 30 Ma (U-Pb SHRIMP) para idade| 2006, Queirog&t al 2006, 2007, Babinski

peliticos, metacherts,orto-anfibolitos g méfico transicional; margem passiva distal maxima de deposigéo da unidade superior et al.2007b, e demais referéncias citadas

da Form. Chapada Acaud

rochas meta-ultramaficas. e assoalho oceénico

646 + 3 Ma (LA-ICP-MS) para idade
magmatica de cristalizacéo do ofiolito de

Ribeirdo da Folh&

Paragnaisses bandados, quartzitosije Associacdo arco-antearco-embasamento

rochas calcissilicaticas. (remanescente de margem passiva) 1000 — 790 Ma para idade maxima de

Grupo Andrelandia® i n
sedimentacéo.

« Gnaisse enderbitico predominante;
» Gnaisse de composicéo
charnockitica;
* Bandas, lentes e/doudinsde
granulito basico.

2119 - 2084 Ma (U-Pb) para cristalizacéo

magmatica dos gnaisses;

Complexo Juiz de Fora Embasamento do Orégeno Araguai

590-574 Ma (U-Pb SHRIMP) para idade
do metamorfismo.

2180 — 2041 Ma (U-Pb SHRIMP) para

« Biotita - anfibdlio ortognaisse o0 — 204, P |
cristalizagdo magmatica dos gnaisses;

Complexo Mantiqueira bandado, de composicéo tonalitica a Embasamento do Orégeno Araguai

L graro‘l'.t":a; das d 590-574 Ma (U-Pb SHRIMP) para idade
entes, Ol..l In.S e camadaas de do metamorfismo.
anfibolito.

no artigo referente ao Grupo Macaubas
(parte deste capitulo) e listadas no capitulo
9 (Referéncias Bibliogréaficas).

Sollner & Trouw 1997, Paciullet al
2000, Heilbroret al 2003, Noce=t al
2006, Tupinambét al 2007.

Heilbron 1993, 1995; Machadkt al.
1996, Costa 1998, Heilbraat al 2003,
Noceet al 2007a,b

Brandalise 1991b, Figueiredo & Teixeira
1996, Fischel 1998, Alkmim & Marshak
1998, Heilbroret al 2003, Noceet al.
1998, 2007a,b; Silvat al 2002, 2005;
Duarteet al.2004.

! 0 termo Andrelandia, para esta tese, ndo possitecdectono-estratigrafico. Trata-se de um temmeoamente descritivé;ldade obtida nesta tese. O resultado esta dispostapitulo 4%|dade recente

determinada nesta tese. O resultado esta dispos@apitulo 5.
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2.3.1 — Embasamento

As unidades do embasamento que interessam dirda@eagidao em estudo, especialmente ao
setor 2 desta tese, sdo os complexos Mantiqued@izede Fora (Tabela 2.1, Figura 2.3). Uma
extensa zona de cisalhamento dextral — a Descadiohel de Abre Campo - justapde,
tectonicamente, o Complexo Juiz de Fora, de cadd@mtone, e o Complexo Mantiqueira, de
carater autoctone (Haralyi & Hasui 1982, Peatesl. 2004, Alkmimet al. 2006, Noceet al 2007a).

) Craton Sdo 40l ]
15

a4 Upo/ /1o ot~ [ Créten
SN \ | Francisco

N

t

Francisco

I
Cobertura cenozéica D Unidades neoproterozoicas e cambrianas
Supergrupo Espinhago Suite Borrachudos El Complexo Pocrane
@ Complexo Mantiqueira Complexo Juiz de Fora Suite Caparad

Complexo Porteirinha @ Complexo Guanhéaes El Complexo Gouveia

Figura 2.3. Mapa geoldgico simplificado do Ordégémacuai, com destaque para as unidades do embasa(hiece

et al.2007a). AC = Zona de Cisalhamento de Abre Campo.
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2.3.1.1- Complexo Mantiqueira

O Complexo Mantiqueira tem sido englobado em maisrda unidade litoestratigrafica desde a
sua definicdo. Deve-se a Barbosa (1954) o termoe'3dantiqueira”, utilizado para denominar
uma unidade composta por gnaisses bandados, cencalatzdo de rochas xistosas, basicas e
metabésicas, aflorante a sul e a leste da SerréEgpinhaco Meridional. Este conjunto
corresponderia a uma unidade estratigraficameriézion a base cristalina da Série Barbacena.
Ebert (1958) sugeriu que os gnaisses bandados,feigiies migmatiticas, fossem denominados
Grupo ou Gnaisse Piedade levando-se em consideag@ea de ocorréncia destas rochas —
préxima a localidade de Piedade (MG). Silva (197®),Projeto Mantiqueira — Furnas, utiliza o
termo Complexo Gnaissico-Migmatitico para denomionar gnaisses bandados de alto grau
metamaorfico. Machado-Filhet al (1983) propuseram uma subdivisdo em quatro uaglgdra o
Gnaisse Piedade de Ebert (195@)) Unidade Gnaissicacorrespondente ao Gnaisse Piedade
tipico; (b)Unidade Migmatitica referente ao gnaisse migmatizado e granulitizadiximo ao
contato com o Complexo Juiz de For@) Unidade Metabasiticacomposta por gnaisses
classificados como metadioritos e ricos em band#gas e corpos anfiboliticos @) Macico do
Matola, referente ao alcali-feldspato granito gnaissificaNo mapeamento geolégico da Folha
Barbacena, escala 1:100.000, Brandalise (1991bgrhiezou a associacdo de rochas denominadas
Mantiqueira como complexo. Maiores detalhes dauw&m dos conhecimentos sobre o Complexo
Mantiqueira podem ser encontrados na sintese apaelsepor Heilbromet al (2003).

O Complexo Mantiqueira situa-se entre o conjuntgrmitdides e rochas maficas que ocorrem
a sul do Quadrilatero Ferrifero, e as rochas a@egaiu metamoérfico incluidas no Complexo Juiz de
Fora (Figura 2.3). E constituido por biotita-anfibéortognaisse de aspecto bandado, por vezes
migmatitico, de composicao tonalitica a granitc@am termos trondhjemiticos subordinados (Noce
et al 2006, 2007a,b). Exibe frequentemente lenbesidinse camadas concordantes de rochas
anfiboliticas. Estruturas migmatiticas do tipo siiita, dobrada eschlieren sdo comuns. O
bandamento do ortognaisse Mantiqueira varia damsétrtco a decimétrico e parece derivar tanto
de processos de migmatizacdo como da intensa defaomexperimentada por esta rocha,
responsavel pelo estiramento de corpos magmatististds e sua disposicdo em camadas paralelas
(Noce et al. 2007b). Jordt-Evangelista & Miuller (1986), Bransal (1991b) e Figueiredo &
Teixeira (1996), através de relacbes micro-estaigurdemonstraram que 0s gnaisses bandados
Mantiqueira foram deformados e recristalizadoscmigicdes de facies anfibolito.

Os biotita-hornblenda gnaisses do Complexo Maniigusdo derivados de suites calcio-
alcalinas, e as rochas maficas associadas repaesdrgsalto do tipo transicional (Duage al.

2004, Noceet al 2007a,b). Xenolitos de rochas calcissilicaticagiartzitos representam, segundo
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alguns autores, remanescentes de rochas supré&crdstdaro do complexoe(g; Figueiredo &
Teixeira 1996).

Datacfes pelo método U-Pb SHRIMP determinam idaderidtalizacdo magmatica para os
gnaisses bandados Mantiqueira no intervalo ent8® 212041 Ma e idade de metamorfismo no
intervalo entre 590 e 574 Ma (Sileaal 2002, Noceet al 2007a). Dados isotopicos de Sre Nd e a
grande quantidade de zircoes herdados nas amasigesem que estas rochas foram geradas,
predominantemente, por processos de fusdo paeciaina crosta arqueana (Figueiredo & Teixeira
1996, Fischel 1998, Noocet al. 2007a). Ainda segundo estes autores, o ambieciiénieo mais

propicio para tal fato seria o de um arco magmaticdinental.

2.3.1.2- Complexo Juiz de Fora

O termo “Série Juiz de Fora” foi aplicado inicialme por Ebert (1955) para designar uma
extensa faixa de rochas granuliticas, de direca&SME que aflora proximo a cidade homénima
(Figura 2.3). Rosier (1957) apresentou um mapaogem englobando parte do estado do Rio de
Janeiro e a regido sul-sudeste de Minas Geraig famdm individualizadas faixas de charnockito
dentro da Série Paraiba-Desengano, de ampla eatersdrangendo uma gama variada de rochas.
Os granulitos charnockiticos de Ebert (1955) fomactuidos no Grupo Paraiba do Sul, antiga Série
Paraiba do Sul, por Ebert (1968). Fonssical (1979), no mapeamento geoldgico das folhas Rio de
Janeiro, Vitéria e Iguapé, incluiram os charnockifgnaisses e migmatitos ortoderivados, da zona
limitrofe entre os estados do Rio de Janeiro e $/fBarais, no que denominaram de “Rochas da
Associacdo Charnockitica”. Barbosa & Grossi-Sa@8) 9edefiniram a Série Juiz de Fora de Ebert
(1955), propondo-lhe a designacdo Complexo JuizZFoea. Estes autores apresentaram uma
subdivisédo para este complexo em duas unidadéggiitas intimamente relacionad#a) Unidade
Comendador Venancgiccomposta predominantemente por rochas charncakit,(b) Unidade
Rapososconstituida de rochas granuliticas retrometasantis. Na Folha Ponte Nova 1:100.000,
Brandalise (1991a) optou pela subdivisdo do conaplgranulitico em cinco unidades informais
designadas por A, B, C, D e E. Heilbrehal (1998) subdividiram o Complexo Juiz de Fora em
guatro conjuntos, com base em andlises geoquintiuas:suites calcio-alcalinas com assinatura de
arco magmatico cordilheirano, uma suite basiceeddéncia alcalina e uma suite béasica formada
por rochas toleiticas com assinaturas que variaBE-BERB a toleitos de arco. A revisdo completa
da evolucéo dos conceitos sobre o Complexo Jutodeencontra-se em Heilbrehal (2003).

O Complexo Juiz de Fora, redefinido segundo Heill§i®93, 1998) e Heilbroet al (1998), é
uma unidade constituida por ortognaisses e metabagim paragéneses de facies granulito, como

demonstrado pela associacdo miner&bpiroxénio + plagioclasio * clinopiroxénio + hamblenda
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O litotipo caracteristico desta unidade é um oraigpe enderbitico, migmatitico, de granulacao
predominantemente média, coloragdo verde escuna,bamdamento centimétrico a decimétrico e
intercalagcdo de rochas maficas (Noeeal 2007a,b). Segundo Tupinamled al (2007), os
enderbitos exibem texturas muito variadas, sends m@nuns as variedades granoblasticas e
foliadas e, subordinadamente, as miloniticas. Roctla composicdo charno-enderbitica a
charnockitica, de coloracdo mais clara e granulaeéidvel entre média e grossa, formam bandas
e/ou injecBes nos gnaisses enderbiticos (Mbed 2006). Granulitos basicos, de granulacao fina a
meédia, ocorrem como bandas, lentes ebowdins encaixados nos gnaisses migmatiticos de
composicdo predominantemente enderbitica. O gtanbhsico, interpretado por Costa (1998)
como gabro-norito, apresenta estrutura macica agtaliada e mineralogia essencial composta
por ortopiroxénio + clinopiroxénio + plagioclasidGranada pode estar presente, algumas vezes, em
equilibrio com piroxénio.

Duarte & Heilbron (1999) definem dois pulsos metdinds de alto grau para as rochas do
Complexo Juiz de Fora. O primeiro pulso, registradotodas as litologias e com pico térmico no
intervalo entre 800° e 895°C, associa-se a formdggmaragénese caracteristica de facies granulito
(associacdo mineral citada anteriormente), comnjrgranoblastico e anterior ao Evento
Brasiliano. O segundo pulso metamorfico, desengolgiob condicdes de temperatura entre 700° e
750°C e presséo entre 6 e 7 kbar, caracterizalaéhigeatacdo das rochas granuliticas (entrada de
agua em um sistema previamente desidratado). Eetdoeretrometamoérfico é evidenciado pela
formacéo de granada, biotita e hornblenda as cdstasto e clinopiroxénio. A paragénese mineral
associada ao pulso 2 se desenvolveu na foliacicipal e € concomitante com a deformacéao
principal. Desta maneira, a orientacdo do Compléxia de Fora se deve a foliagdo de carater
retrogrado relacionada a Orogénese Brasiliana, icecddd NE-SW com mergulho para SE.
Eventualmente identifica-se uma foliagcdo mais antigbrada e transposta pela foliacao principal.
As rochas deste complexo apresentam, ainda, dderascala decimétrica a métrica, apertadas e
isoclinais e, em geral, intrafoliais. Os eixos mast orientacdo ENE-SSW, com mergulhos baixos
para um ou outro quadrante (Nateal 2006).

Os gnaisses enderbiticos e charnockiticos do Compleiz de Fora representam suites calcio-
alcalinas de afinidade juvenil (Figueiredo & Tereel996, Fischel 1998). Os granulitos basicos sdo
interpretados como corpos intrusivos e/ou lavascasascristalizados sob condi¢cdes de facies
granulito, e exibem estreita semelhanca quimicangposicional com basaltos de arco-de-ilhas ou
fundo oceénico (Costa 1998). Datacdes U-Pb SHRIiMIam idade de cristalizacdo magmatica
para os gnaisses bandados no intervalo entre 22084eMa e idade de metamorfismo no intervalo
entre 590 e 574 Ma (Noa al 2007a). Segundo Noet al (2007a), as rochas do Complexo Juiz
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de Fora podem ter sido um arco-de-ilha formado poibduccdo intra-oceanica no

Paleoproterozoico, antes de servir como embasarder@yogeno Araguai.

2.3.2 — Grupo Andrelandia

O Grupo Andrelandia foi definido originalmente pébert (1956) como uma associagao de
rochas metassedimentares e metaigneas maficasogiejam o limite sul-sudeste do Craton do
Sé&o Francisco. Heilbroet al. (2004) consideram este Grupo como sucessdesatexmoicas de
sedimentos de margem passiva com contribuicioaeeaantearco, associadas a rochas méficas.
Esta caracterizagéo foi realizada em afloraments a a sudeste do Craton do S&o Francisco, nos
dominios da Faixa Ribeira, e na porcdo sul do Oroderasilia, a oeste do craton. Nasteal
(2006), no mapeamento geoldgico da Folha Manhud@000, mantém a mesma classificacao
adotada por Heilbrost al. (2004) e estendem o dominio de ocorréncia da uaigaca o Orégeno
Aracuai. Pedrosa-Soares al. (2007) incluem parte do Grupo Andrelandia na @agdo arco-
antearco-embasamento deste ordégeno (Figura 2.5).

A cobertura metassedimentar do Grupo Andrelandiesapta-se amplamente disseminada em
termos regionais, ocorrendo, no setor 2 desta adeste e a oeste da zona de cisalhamento de Abre
Campo. Trata-se de uma unidade composta por rogteamorficas de facies anfibolito a
granulito, com protdlitos sedimentares de compeosjgélitica a psamitica, e idades entre 1000 e
790 Ma (Tupinambét al 2007). Ocorre na forma de faixas alongadas, dec@ld geral N-S,
estando tectonicamente intercaladas as rochas lbasamento Paleoproterozadico.

O litotipo predominante da unidade é um paragnagsgvado de sedimentos pelito-
grauvaqueanos. Este gnaisse apresenta coloragdzemteida, granulacdo variavel entre fina e
média e bandamento centimétrico a decimétrico. Aenaiogia principal € composta por
plagioclasio + granada + quartzo + biotita + feldspo potassico + sillimanita + espinélio +
ortopiroxénia A rocha é freqlientemente migmatitica, com maos quartzo-feldspaticos de
granulacdo grossa exibindo cristais de granada tHegenvolvidos (Noceet al 2006). Em
determinadas por¢des, os mobilizados predominarmaflocamento, chegando a formar pequenos
corpos de granito tipo S. Quartzito de granulagssa encontra-se intercalado nos paragnaisses.
Os contatos podem ser tanto gradacionais quanszdsuSegundo Noa al (2006), o quartzito
apresenta textura sacaroide, é bastante puroténc@equenas proporcdes de muscovita, granada,
sillimanita, feldspato potassico e biotita. Camadketgadas, lentes e/oboudins de rocha
calcissilicatica, constituidas predominantementeclif@piroxénio + quartzo + plagioclasio +
granada # titanita + zircdg sdo comuns em meio aos paragnaisses Andrel@ali@os métricos

de gondito podem ocorrer localmente.
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2.3.3— Anfibolito Santo Antdbnio do Grama

O termo “Anfibolito Santo Anténio do Grama” foi litiado por Brandalise (1991a), no
mapeamento geoldgico da Folha Ponte Nova 1:100(@4y@, designar um conjunto de corpos de
anfibolito, originalmente gabrdicos, situados pndaia cidade homénima. De acordo com este
autor, os corpos apresentam forma lenticular eddispse segundo a diregdo NNE-SSW. Fischel
(1998), em um mapeamento geoldgico de cunho relgiorenteve a denominagdo proposta por
Brandalise (1991a) para designar os varios corposcha metabasica, com dimensdes variadas
(em média 5 km de extensdo e 2 km de largura),ogoeem em meio as rochas do Complexo
Mantiqueira, préximo a Zona de Cisalhamento de AR@mpo. Esta autora obteve uma
determinacao de idade-modeloy(;) em torno de 900 Ma e sugeriu que 0o magma origiaal
rochas basicas havia sido extraido do manto nesteag introduzindo-se, em regime distensivo,
nos protélitos dos gnaisses bandados do Complextiddieira. Nobrega Il & Rodrigues (2004)
apresentaram um mapa geoldgico da regido de Sawm led Ferros, em escala 1:25.000, e
obtiveram uma caracterizacdo tecnolégica do corfiba@itico para fins ornamentais. Ferregt
al. (2007), num mapeamento em escala 1:50.000 maamgdnte (porcado sudeste da Folha Rio
Casca e centro-oriental da Folha Jequeri), denmamstpela primeira vez, uma continuidade fisica
do anfibolito Santo Anténio do Grama em toda a & de ocorréncia (vide mapa geoldgico no
Anexo lll desta tese). A Tabela 2.2 apresenta untase das contribuicdes ao estudo do Anfibolito

Santo Antonio do Grama.

Tabela 2.2- ContribuicBes ao estudo do Anfiboliémt® Anténio do Grama.

Idade, Protélito, Metamorfismo,
Autores Denominacéo Constituicédo Geoquimica e Outros | Ambiente Tectdnico
Anfibolito orto- Metamorfismo de
Brandalise Anfibolito Santo Anténio do derivado. Trés corpos Transamazodnico (por facies anfibolito;
(1991a) Grama (Folha Ponte Nova principais relacdes de contato com alteracéo
1:100.000). cartografados. as encaixantes). retrometamoérfica
irrelevante.
Metamorfismo de
Anfibolito Santo Anténio do Anfibolito. Diversos Idade-modelo (Fy) em facies anfibolito.
Fischel (1998) Grama (mapeamento geoldgico | corpos de dimens&es torno de 900 Ma. Ambiente distensivo
regional 1:100.000). variadas mapeados. para alojamento dos
Corpos.
Nébrega Il & Anfibolito Santo Anténio do Caracterizacao Metamorfismo de
Rodrigues Grama (mapeamento geoldgico Anfibolito. tecnologica (indices facies anfibolito.
(2004) 1:25.000). fisicos e quimicos).
Metamorfismo de
Anfibolito; um corpo facies anfibolito alto a
continuo desde Sao granulito;
Ferreiraet al Anfibolito Santo Anténio do Pedro dos Ferros até g retrometamorfismo
(2007) Grama (mapa geoldgico 1:50.000). sul de Santo Antdnio evidenciado pela
do Grama. Rocha formagé&o de
meta-ultraméfica na hornblenda as custas
base. de piroxénio.
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2.3.4 - The Neoproterozoic Macaubas Group (Araguaden, SE
Brazil) with emphasis on the diamictite formations*

A. C. Pedrosa-Soaredarly Babinskf, Carlos Nock Maximiliano Martind, Glaucia
Queiroga’ & Francisco Vilela

! Universidade Federal de Minas Gerais, Instituto@eociéncia s- CPMTC, Campus Pampulha, 31270-901 Beizdhte, MG,
Brazil
2Universidade de S&o Paulo, Instituto de Geociéndtam do Lago 562, Cidade Universitaria, 05508-086 Baulo, SP, Brazil

* O artigo sera publicado, como capitulo de livro, molume especial “The geological record of Neopnateoic
glaciations” da Geological Society of London (IGCPL2; 2010).

Abstract

The Neoproterozoic Macaubas Group records accuionlai the precursor basin of the Aracuai orogen,
located to the east of the S&o Francisco cratorB{@Eil). The Macaulbas basin evolved from a lataidio
continental rift to the passive margin and oceafieading stage that lasted at least untb60 Ma. It
underwent orogenic inversion in the late Neopratei®Brasiliano event. The Macaubas Group inclutles
pre-glacial Matdo, Duas Barras and Rio Peixe Briormations, the glacigenic Serra do Catuni, Nova
Aurora and Lower Chapada Acaua formations, andtst-glacial Upper Chapada Acaud and Ribeirdo da
Folha formations. In the central sector of the Aigcorogen, the oldest glacigenic unit of the grahe
Serra do Catuni Formation, overlies the sandstomglomerate package of the Duas Barras Formatioa. T
Serra do Catuni Formation consists of massive dig@iwith minor sandstone and rare pelite, depdsit
mostly in proximal glacio-marine environment. Thigit passes upward and eastward into the Lower
Chapada Acaua Formation, a thick succession difsthdiamictite, graded sandstone, pelite, tramsal
basalt and rare carbonate. This distal glacio-reaunit is covered by the diamictite-free Upper Gigep
Acaud Formation, which passes eastward into theifib da Folha Formation that includes fine-grained
turbidite, pelite and ocean-floor rocks. In thethern sector of the Aracuai orogen, the sandstetieep
succession of the pre-glacial Rio Peixe Bravo Ftionais covered by the Nova Aurora Formation, the
glacio-marine unit rich in diamictite and Fe-riciamhictite, with minor graded sandstone and raréggeélhe
Nova Aurora Formation is covered by the sandstaiigeppackage of the Upper Chapada Acaud Formation.
The pre-glacial and glacigenic successions redwccontinental rift to transitional stages of thaddubas
basin. The post-glacial succession represents medxiand distal passive margin to ocean floor
environments. The Serra do Catuni Formation se@mseta proximal glacio-marine equivalent of the
Jequitai glacio-terrestrial deposits located on 8& Francisco craton. The Lower Chapada Acaua
Formation can be correlated to the Carrancas diaejievhich is covered by @ 740 Ma cap carbonate in
the cratonic area, suggesting that at least pahteoMacaubas Group can be ascribed to the eaylyg€nian
glacial event.

INTRODUCTION

The Macaubas Group represents the precursor bédime oNeoproterozoic Araguai orogen,
located in southeastern Brazil (Figure 2.4a). Tnagen extends from the eastern border of the Séao
Francisco craton to the Atlantic Ocean (Pedrosa&Seaal 2001, 2008).

Since the beginning of the 1930's the name Macatiaas appeared in the international
geological literature to refer to a sedimentaryt uhiat includes Precambrian glacigenic rocks

(Moraes & Guimaraes 1931). The first field studiese published by Moraes (1929) that described
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the succession of "conglomeratic phyllites, phgflitquartzites and mica schists cropping out in the
Macaubas River valley and Catuni Ridge", locatedh® north of Diamantina city (Figure 2.5).
Moraes & Guimardes (1930) named that successidaasiibas Formation and interpreted the
"conglomeratic phyllites" as metamorphosed gladgeacks. In 1932, Moraes noticed the very
extensive region of occurrence of the Macaubas &tom after identifying a thick pile of "highly
metamorphosed conglomeratic phyllonites” associat#d quartzite, schist and rare carbonate
layers along the western valleys of the Jequitimlaoand Rio Pardo rivers, and many of their
tributaries (Figure 2.5). Moraes (1932) was alse finst to suggest a correlation between the
Macaubas Formation and the glacigenic Jequitai &bom located on the Sdo Francisco craton
(Figure 2.4a). Since Scholl (1972) and Pflug & Ski©975) the designation Macaubas Group
(instead of formation) has been adopted in theagpedl literature. Almeida (1977) considered the
Macaubas Group as the main fill of the "Alpine-tygepsincline” that became the Aracguai fold belt
after the Brasiliano orogenic event, in late Netgnarzoic time.

Based on its first definition (Moraes 1929, 1932res & Guimardes 1930, 1931), the name
Macaubas Group is here exclusively applied to réfethe extensive unit with metadiamictite-
bearing formations, that underwent regional deftimnaand metamorphism within the Aracguai
orogen (Figures 2.5 and 2.6). This group was thow&r the pelite-carbonate cratonic cover
(Bambui Group) and does not show any direct figthtion with the Jequitai and Carrancas
diamictites located on the southern S&o Francistomr (Figures 2.4a and 2.5).

Several names such as conglomeratic phyllite, congiatic phyllonite, paraconglomerate,
conglomeratic graywacke, mixtite and tillite wepghled to the Macaubas metadiamictites until the
1970th decade, reflecting some disagreements (aisdinderstandings) over the glacigenic
interpretation but mainly the evolution of geolaiknowledge and nomenclature standardization.
Indeed, the diamictitic units preserved on the B&ancisco craton record the best evidences of
glaciation, despite of their small occurrence aré&ag Jequitai Formation includes glacio-terrektria
sediments and structures preserved from orogeriacrdation (e.g., Isott@t al. 1969, Viveiros &
Walde 1976, Walde 1976, Rocha-Campos & Hasui 1@84yenor & Monteiro 1983, Karfunkel &
Hoppe 1988, Martins-Netet al 1999, Uhleinet al 1999, Karfunkekt al 2002, Martins-Neto &
Hercos 2002), and has a maximum sedimentation egameé 880 Ma (U-Pb LA-ICPMS, detrital
zircon; Rodrigues 2008). The Carrancas diamictit®ucs in a few outcrops that lack clear evidence
of glacial origin, but it is covered by thee 740 Ma cap carbonate of the cratonic cover ($chdl
1972, Babinsket al 2007a).

On the other hand, most of the Macaubas metadigesiatepresent sub-aquatic deposits that

underwent strong deformation and metamorphism, leaimgp the recognition of solid evidence of
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glaciation. Nevertheless, the occurrence areadspnal stratigraphy, Neoproterozoic age and
glacigenic nature of the Macaubas metadiamictiezsnsto be definitively demonstrated after the
data and correlations presented, for instance, éitidh (1975, 1977), Karfunkel & Karfunkel
(1976, 1977), Hettich & Karfunkel (1978), Viveires al (1979), Karfunkelet al (1984, 1985),
Karfunkel & Hoppe (1988), Mourdo & Pedrosa-SoarE39@), Pedrosa-Soares al. (1992, 1998,
2000, 2008), Grossi-Saet al. (1997a), Noceet al (1997), Uhleinet al (1998, 1999, 2007),

Babinskiet al (2005, 2007b), Gradiret al (2005) and Martins (2006).
In this paper, we present an updated synthesikeMacaubas Group with special emphasis on

the diamictite formations, which have been congdeio be Neoproterozoic glacigenic deposits

that can represent at least one (the early Cryagggiacial event.

——
-

Salvador

/| FRANCISCO

Ocean

Atlantjo

w2/ OROGEN

Macaubas Group

—~
(le Sao Francisco craton boundary

Neoproterozoic cratonic covers,
with locations of occurrences of
the Jequitai (J) and Carrancas (C)
diamictitic units

Araguai
orogen

BRAZIL AFRICA A
A P

N y
b

8
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STRUCTURAL FRAMEWORK

The correlation between the Araguai orogen andatsiterpart located in southwestern Africa,
the West Congo belt (Figure 2.4b), is well-estdigds in the geological literature (e.g., Porada
1989, Pedrosa-Soaresal 1992, 2008; Trompette 1994, Cordahial 2003, Alkmimet al. 2006).
The Aracuai-West Congo orogenic system, as welitsaprecursor basin, developed inside an
embayment of the Sdo Francisco-Congo craton (Figub), characterizing a Neoproterozoic
confined orogen (Pedrosa-Soaetsal 2001, 2008; Rogers & Santosh 2004). That precurasin
evolved from a Tonian continental rift to an inlasela basin (a large gulf) partially floored by
Cryogenian oceanic crust along its southern seatut, underwent orogenic inversion during the
late Neoproterozoic Brasiliano-Pan African eveesutting in the Aracuai-West Congo orogenic
system (Pedrosa-Soaretsal. 2001, 2007, 2008; Tak al. 2001, Alkmimet al. 2006, 2007).

This system was split up in two quite different lmamplementary counterparts, after the
Atlantic Ocean opening in Cretaceous time (Ped&msaeset al 2008). The West Congo belt
inherited the thick package of bimodal volcanickoof the early Tonian continental rift, as well as
rift and passive margin successions from Toniatate Cryogenian age, but no Neoproterozoic
ophiolite sliver (Tacket al 2001, Frimmelkt al 2006, Pedrosa-Soares al. 2008). The Aracuai
orogen inherited the basin sector poor in riftteda magmatic rocks, the remnants of
Neoproterozoic oceanic lithosphere, and the extendVlacaubas Group that includes rift,
transitional and passive margin successions fram Tanian to late Cryogenian age (Pedrosa-
Soareset al. 2007, 2008). Neoproterozoic diamictites occubath counterparts of the Aracguai-
West Congo orogenic system, but those locatedeMlest Congo belt are beyond the scope of this
paper (see, e.g., Trompette 1994, Techl 2001, Frimmeekt al 2006, Pedrosa-Soaresal 2008).

The Macaubas Group is the most complete recordefptecursor basin within the Aracuai
orogen, because it shows evidences from the conéiheft to the passive margin stages. Normal
faults and clastic dykes associated with the sedfiatien of the lower units of the Macaubas
Group, as well as late Tonian mafic dykes and ageni granites are the main evidences of the
rift-related extensional tectonics (Karfunket al 1976, 1977, 1984; Machadet al 1989,
Guimaraeset al 1993, Grossi-Saet al. 1997a, Uhleiret al. 1988, 1999; Martins-Netet al 2001,
Martins-Neto & Hercos 2002, Knauet al 2006, Martins 2006, Silvat al. 2008). Transitional
mafic volcanism took place in the late continenttil stage (Gradimet al 2005). Transgressive
sedimentary successions free of diamictite andadpdislivers record the passive margin stage and
associated oceanic spreading that lasted at leébcu660 Ma (Pedrosa-Soaresal 1998, 2001,
2008; Queirogat al 2007).
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The Macaubas Group was deformed, metamorphosedhttnded by orogenic granites during
the Brasiliano orogeny that lasted fram630 Ma (onset of the pre-collisional stagertd90 Ma
(end of the post-collisional stage) in the Aragoi@igen (Pedrosa-Soaresal. 2001, 2008; Silvat
al. 2005).

This group extensively occurs in the west-vergiotglfand-thrust belt that characterizes the
external (western) tectonic domain of the Aracuaigen (section in Figure 2.5). Along that belt,
the major structures of the first deformational gghare thrust faults and ductile shear zones, some
of them representing the tectonic inversion of ralrfaults related to the rift stage of the Macaubas
basin, and west-verging tight asymmetric folds. SEhstructures are associated with an east-dipping
regional foliation and a stretching lineation (vewyell marked by stretched clasts in
metadiamictites). The kynematic indicators, suctods vergence, S-C foliation and asymmetric
sigmoidal features (e.g., stretched sigmoidal slasddiamictites) of this first deformational phase
record tectonic transport against the Sdo Franaisatmn. The regional metamorphism related to
the first deformational phase increases from wesast so that the Macaubas Group records the
chlorite, biotite, garnet, staurolite, kyanite asdlimanite zones of an intermediate pressure
metamorphic regime (Dossin & Dardenne 1984a, PedBmmreset al. 1984, 1992, 1993, 1996,
2001, 2008; Alkmimet al 2006, Uhlein & Chaves 1989, Grossi-S&tdal 1997a, Uhleiret al
1998, Marshalet al 2006).

A west-dipping crenulation cleavage associated vaiymmetric folds and normal faults
characterize the second deformational phase (Pe@oarest al 1993, Mourdo & Grossi-Sad
1997, Oliveiraet al 1997a, Pedrosa-Soares & Grossi-Sad 1997, Tup@anGrossi-Sad 1997,
Alkmim et al 2006). These structures have been associatedtivatlyravitational collapse of the
Aracuai orogen (Marshai#t al. 2006). Two NE- and NW-trending, high-angle-digiomal fracture
systems associated with open megafolds (flexurbsyacterize the third deformational phase
(Pedrosa-Soarest al 1992, Grossi-Sast al. 1997a), which can also be related to the graeitat
collapse of the orogen.

In fact, all primary rocks of the Macaubas Grouprevenodified in diverse intensities by the
regional deformation and metamorphism. However, teneral low metamorphic grade
(greenschist to intermediate amphibolite faciesll the preservation of sedimentary and volcanic
structures in low strain zones allow to the intetation of the pre-metamorphic composition and

other features, so that the following descriptigaserally refer to protoliths.
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STRATIGRAPHY

The regional stratigraphic scheme here adoptedltedsdrom the Espinhaco Project (a
geological mapping program in the scale 1:100.0€4 targely covered the Macaubas Group;
Grossi-Sadet al 1997a, Noceet al 1997), with modifications inserted by Linet al (2002),
Pedrosa-Soarest al. (2007, 2008) and Martinst al (2008). The Macaubas Group is subdivided
into seven formations named Mat&o, Duas BarrasPRire Bravo, Serra do Catuni, Nova Aurora,

Chapada Acaua and Ribeirdo da Folha (Figure 2.6).
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2007).
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Two uplifted basement blocks divide the occurrerezgion of the Macaubas Group into three
sectors with different stratigraphic records presdrfrom erosion, as follows: the northern sector,
related to the Porteirinha block; the central sedtrated between the 17°20'S and 18°S parallels;
and the southern sector, related to the Guanhaek {Figure 2.6).

The most complete package of the Macaubas Groupr®dn the central sector (17°20'S -
18°S), where the lowermost unit is the diamictieefMatdo and Duas Barras formations that are
covered by the most proximal and oldest diamictiint of the group, the Serra do Catuni
Formation (Figures 2.6 and 2.7). This formationsgasupward and eastward into the diamictite-
bearing Lower Chapada Acaua Formation that, in,tigrcovered by the diamictite-free Upper
Chapada Acaua Formation. This unit passes eastwat@she diamictite-free Ribeirdo da Folha
Formation (Figure 2.7).

In the northern sector, only the Serra do Catumimadion occurs between the S&o Francisco
craton boundary and the western edge of the Piotiairblock (Figure 2.6). To the east of the
Porteirinha block the diamictite-free Rio Peixe Br&ormation is covered by the diamictitic Nova
Aurora Formation which is partially capped by thepdr Chapada Acaua Formation.

In the southern sector, the stratigraphic recorthefMacaubas Group is very incomplete. The
Serra do Catuni Formation, locally covered by layprobably correlated to the Chapada Acaua
Formation, occurs along a narrow zone in the wedtaust front of the Aracuai orogen (Figures
2.5 and 2.6). To the east of the Guanhaes blogkawdurs the Ribeirdo da Folha Formation.

The Matéo, Duas Barras and Rio Peixe Bravo formati@present the oldest deposits of the
Macaubas Group (Figure 2.6 and 2.7). The Matao E&tom consists of breccia and conglomerate
rich in sandstone pebbles and cobbles, covered agisstone with conglomerate lenses. Its
maximum thickness seems to be 200 m. Erosive unowoitfy and normal faults outline the contact
between the Matdo Formation and the basement Ifocgpresented by eolian sandstone of the
Statherian Espinhaco Supergroup). The Matdo Foomatecords sedimentation under unstable
tectonic conditions related to the early rift stafj¢he Macadbas basin (Martins 2006, Marghsil.
2008). The Duas Barras Formation consists of sandsind conglomeratic sandstone with variable
contents of mica, feldspar, iron oxide and/or tithlagments, quartz sandstone, conglomerate and
rare pelite. It shows fluvial and shallow marinelisgentary structures and bimodal (NW-SE and
SE-NW) palaeocurrent sets. The maximum thicknesmsédo be 100 m (Noce 1997a, Grossi-Sad
et al 1997b, Martins 2006). The Rio Peixe Bravo Fororattonsists of micaceous, ferruginous
and/or feldspathic sandstone, pelite locally ricihématite and/or graphite, and rare conglomerate,
with maximum thickness around 700 m (Viveietsal 1979, Mourédo & Grossi-Sad 1997, Oliveira

et al. 1997a, Roquest al 1997, Knaueret al 2006). The Duas Barras and Rio Peixe Bravo
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formations, which lack evidence of glaciation, egant fluvial to marine sedimentation during the
continental rift stage of the Macaubas basin (Netcal. 1997, Uhleinet al. 1998, 2007, Martins-
Netoet al.2001, Martins 2006, Pedrosa-Soagesl 2007, 2008).

The Serra do Catuni Formation, the oldest diangatihit of the Macaubas Group, is a package
of massive diamictite with minor sandstone and eelgtic rhythmite lenses (Figures 2.6 and 2.7).
This formation is locally rich in chaotic bouldees)d contains faceted and striated flat-iron-shaped
cobbles and pebbles (Karfunkel & Karfunkel 1976729Karfunkelet al 1984, Karfunkel &
Hoppe 1988, Pedrosa-Soaetsal. 1992, 2008; Nocet al. 1997, Uhleiret al. 1999, 2007; Martins-
Netoet al.2001, Martins-Neto & Hercos 2002, Martins 2006).

The Nova Aurora Formation mainly comprises stratifdiamictite, ferruginous diamictite and
diamictitic iron formation, with minor intercalatis of sandstone with fining-up graded bedding
and rare pelite (Viveirost al. 1979, Pedrosa-Soaresal. 1992, Mouréao & Grossi-Sad 1997, Noce
et al. 1997, Oliveiraet al 1997a, Pedrosa-Soares & Oliveira 1997, Razjued 1997, Uhleiret al.
1998, 1999; Drumond 2000).

The Chapada Acaua Formation includes a lower digmicinit and an upper diamictite-free
unit (Figures 2.6 and 2.7). The Lower Chapada Adanidnation essentially consists of stratified
diamictite, graded sandstone, pelite and maficamitc rocks (Hettich 1977, Mourdo & Pedrosa-
Soares 1992, Pedrosa-Soaeesl. 1992, 2007, 2008; Mourdo & Grossi-Sad 1997, Oleveir al
1997a,b; Tupinamba & Grossi-Sad 1997, Uhktimal. 1999, Gradinet al 2005, Martins 2006). At
least one thick carbonate lens (~ 20m) occursaatated in a pelite layer with isolated outsized
clasts at the top of the Lower Chapada Acaua Feom@Pedrosa-Soares & Grossi-Sad 1997). The
mafic volcanic rocks, metamorphosed to greenschasisw pillow structures and other features of
sub-aquatic flows (Schrardt al 1978, Chulat al. 1996, Uhleiret al 1998, Gradinet al 2005).
They have tholeiitic basalt protoliths with a dominanthin-plate signaturéGradimet al. 2005)
Sm-Nd Tom model age ot. 1.5 Ga, and inherited zircon grains with detrfedtures and U-Pb
SHRIMP ages from Archaean to Late MesoproterozBabinskiet al. 2005). However, samples
with oceanic signature and slightly positistddgoo ma) Of + 0.23, together with the inherited zircon
grains, suggest a transitional mafic magma thatrateg through a thinned continental crust
(Babinskiet al. 2005, Gradinet al. 2005).Accordingly,these greenschists provide strong evidence
of volcanism in an extensional marine basin flodogdhin continental crusturing the transitional
phase from the late rift to early passive margigss of the Macaubas basin.

Both the Nova Aurora and Lower Chapada Acauad faonatshow cyclic deposition from
coarse- to fine-grained sediments, fining-up graoedding, erosional contacts between cycles and

load structures (Mourdo & Pedrosa-Soares 1992,0BadBoare®t al 1992, Noceet al 1997,
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Pedrosa-Soares & Oliveira 1997, Uhleinal 1999, 2007; Martins-Netet al 2001). The features
of these diamictitic formations, as well as of tBerra do Catuni Formation, are detailed and
interpreted in next sections.

The Upper Chapada Acaua Formation is a successimedayered sandstone and pelite, free
of diamictite, interpreted as a post-glacial ur@pdsited in a shelf environment during the passive
margin stage of the Macaubas basin (Pedrosa-Setatsl 992, Mourdo & Grossi-Sad 1997, Noce
et al 1997, Oliveireet al 1997a, Pedrosa-Soares & Grossi-$847, Martins-Nete@t al.2001).

The Ribeirdo da Folha Formation is free of dianectind includes distal passive margin and
ocean floor deposits (Figures 2.5, 2.6 and 2.7 Pphoximal part of the Ribeirdo da Folha
Formation is a succession of fine-grained turbgdaed very rare limestone lenses. It overlies the
diamictite-turbidite unit of the Lower Chapada A&atormation and is a deep-water correlative of
the shelf sandstone-pelite pile of the Upper Chapechud Formation (Pedrosa-Soageal. 1992,
2007, 2008; Pedrosa-Soares & Grossi-Sad 1997). distal part of the Ribeirdo da Folha
Formation is locally associated with thrust sliot®ceanic meta-mafic and meta-ultramafic rocks,
constituting a tectonically dismembered ophiolibenplex (Pedrosa-Soaresal. 1992, 1998, 2001,
2008; Queirogaet al. 2007). The distal Ribeirdo da Folha Formation ¢ fin peraluminous and
carbonaceous pelites with intercalations of volcaxhalative deposits (sulphide-bearing cherts,
massive sulphide bodies, and banded iron formatadnsxide, silicate and sulphide types) and
mafic volcanic rocks with ocean-floor geochemical asotopic {Ndeso ma) ~ +4) Signatures
(Pedrosa-Soarex al 1998, 2001, 2008; Queirogaal 2006, 2007).

Ophiolite
g- Ribeirs slabs
o ibeirao
& IR
s da Folha
=]
©
Upper 8 Formation
Chapada =
Acaua s
g' e — R Formation 2
3 [ o (=]
| .
(O]
Lower volcanic- mafic- isolated
exhalative  ultramafic outsized
ﬁ Chapada rocks rocks clasts
: - I =y o
g Acaua
g . rift-related
Formation submarine
pelite carbonate
- | ] ==
£ Serra do Catuni
] i Formation conglomerate =
o and breccia  diamictite sandstone
o
Matao and Duas Barras
formations

Figure 2.7. General stratigraphic scheme for tmtrabsector (17°20'S-18°S) of the Macaubas Groapt6 scale;

estimated thicknesses are referred to in the tektFagure 2.8; modified from Pedrosa-Soatal 2008).
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GLACIGENIC DEPOSITS AND ASSOCIATED STRATA

The Macaubas Group includes three diamictite-bgatinits that have been interpreted as
glacigenic deposits: the Serra do Catuni, Nova Paurand Lower Chapada Acaua formations
(Figures 2.6, 2.7 and 2.8).
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Figure 2.8. Sketched regional stratigraphic colufenghe Serra do Catuni, Nova Aurora and Lower [i2ful Acaud
formations (Macaubas Group). The Serra do Catuninto is based on sections described by Martinsgpalng the
Macaubas River valley (Figure 2.5). The Nova Auroodumn synthesizes field and drill holes data fribra region
limited by a white rectangle in Figure 2.6. Thewnh of the Lower Chapada Acaud Formation is basefietd data
from the eastern escarpments of the Acaua Plakéguré 2.6) and medium valley of the Aracuai Riflégure 2.5), as

well as on data from the Macaubas River valley.
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The rock-assemblage included in the Serra do C&toimhation was mapped and/or studied in
detail by, for instance, Karfunkel & Karfunkel (1871977), Dossin & Dardenne (1984a),
Karfunkel et al (1984), Pedrosa-Soaretsal (1984, 1992, 2007, 2008), Uhlein & Chaves (1989),
Fogaca (1997), Grossi-Sad al. (1997b), Guimaraes (1997), Guimara@tsal (1997), Knauer &
Grossi-Sad (1997), Mouraet al (1997), Noce (1997a,b), Oliveigt al (1997b), Tupinamba &
Grossi-Sad (1997), Uhleigt al (1998, 1999, 2007), Knauet al (2006) and Martins (2006).

The Serra do Catuni Formation is a very extensierather homogeneous unit that persistently
occurs for over than 400 km in the N-S directidiong the western border of the Araguai orogen
(Figure 2.6). This formation is very rich in massidiamictite, which thickness ranges from a few
tens of meters up to 300 meters (Figure 2.8). Diewing description focuses on the Macaubas
River valley (Figure 2.5), where the Serra do Cakarmation is quite preserved from deformation
and erosion.

In the Macaubas River valley, the Serra do Catuminfation overlies the Duas Barras
Formation and shows a 250 m thick pile of massiendttite with lenses of massive sandstone
(Martins 2006). The diamictite have an abundant86% in volume), poorly sorted, muddy-
sandstone matrix composed of detrital quartz, Kdear and carbonate, with a metamorphic
foliation marked mainly by fine-grained muscoviliéhe clasts, ranging in size from granules to
boulders, are also poorly sorted in texture and pmsition (milky quartz, sandstone, granitoid,
carbonate and mafic rock). Faceted and striatg¢drfina-shaped cobbles and pebbles can also be
found in the Serra do Catuni diamictite. Lensematsive sandstone up to 2 m thick appear mainly
in the upper part of the diamictitic pile. This datone is poorly sorted and consists of quartz with
minor K-feldspar, carbonate and iron oxides (Ma&@006).

The rock-assemblage included in the Nova Aurorarfation was mapped and/or studied in
detail by, for instance, Viveiroat al (1979), Pedrosa-Soaresal (1984, 1992, 2000, 2007, 2008),
Mouréo & Grossi-Sad (1997), Oliveist al (1997a), Pedrosa-Soares & Oliveira (1997), Ragjue
al. (1997), Uhleiret al. (1998, 1999), Drumond (2000) and Knaatal (2005).

The Nova Aurora Formation is well exposed in roatsdo the west of Salinas town (Figure
2.6), and part of its stratigraphic pile is alsawm in drill holes for iron ore prospecting (Vives
et al 1979, Uhleiret al 1999, Vilelaet al, unpublished data). Viveirc al. (1979) estimated the
minimum thickness for the Nova Aurora Formationuan@ 1200 m, based in detailed sections and
data from drill holes. Again, the strong region@fatmation hampers any accurate thickness
evaluation for the whole unit, which also seems¢othicker than 2 km (e.g., Grossi-Setdal
1997a, Uhleiret al 1998, 1999).

The following description is mainly based on detdilstudies carried out by Viveiret al
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(1979), Pedrosa-Soares al (1984, 1992), Pedrosa-Soares & Oliveira (19971 ¥ilela et al
(unpublished data) in the region west of Salinakit@wrectangle in Figure 2.6). The Nova Aurora
Formation is essentially a package of diamictitéd winor intercalations of graded sandstone and
scarce pelite, with the most striking feature belmggreat amount of iron-rich diamictite. Based on
surface and drill hole data a regional stratigragdlumn for the Nova Aurora Formation can be
sketched and shows a lower section dominated lyriot diamictite followed by a pile of non-
ferruginous diamictite (Figure 2.8). Despite of than content, the diamictites vary considerably in
grain size, as well as in matrix composition arastZmatrix ratio. They are metamorphosed in the
greenschist facies and their clasts are mainly ifynio blue quartz, metasandstone, carbonate,
granitoid, gneiss and metapelite. The iron-richmddite package consists of ferruginous diamictite
(hematite + magnetite > 5% in volume) and diameiiton formation (Fe > 15 wt%), with minor
intercalations of sulfide-bearing diamictite, fegmous and non-ferruginous sandstone, hematite-
magnetite schist and pelite with scattered outsizledts. The foliated matrix of the iron-rich
diamictite consists of quartz, hematite, magnetit@scovite, biotite and chlorite. The magnetite
amount increases in shear zones, as well as #drtmt content that may reach more than 40 wt%.
A thin carbonate intercalation, recently found idrdl hole, occurs in the upper section of theniro
rich diamictite. Layers of sulphide-bearing diantectoccur at the base and top of the iron-rich
diamictite package. The sulphides are mainly pyaite pirrotite. The upper package consists of
stratified diamictite with minor layers and lense$ fining-up graded sandstone and thin
intercalations of pelite. This diamictite has adt#d matrix composed essentially of quartz, kaotit
muscovite, garnet and carbonate. The arenacearsafdtions vary in composition from immature
(micaceous, feldspathic, ferruginous) to quartzdstone, and commonly show load structures.
Erosional contacts can be observed between diaenantd sandstone intercalations.

The rock-assemblage included in the Lower Chapadau& Formation was mapped and/or
studied in detail by, for instance, Hettich (197®77), Karfunkel & Karfunkel (1976, 1977),
Schranket al. (1978), Uhlein & Chaves (1989), Mouréao & Pedr&smares (1992), Pedrosa-Soares
et al (1992, 1993, 2007, 2008), Chudaal (1996), Grossi-Sadt al (1997b), Mourdo & Grossi-
Sad (1997), Noce (1997b), Oliveirat al (1997a), Pedrosa-Soares & Grossi-Sad (1997),
Tupinamba & Grossi-Sad (1997), Uhleat al (1998, 1999, 2007), Gradirt al (2005) and
Martins (2006).

The Lower Chapada Acaua Formation is well expodedgathe escarpments of the Acaua
Plateau (Figure 2.6), and watercourses of the sagtern Aracuai and Jequitinhonha valleys
(Figure 2.5). Detailed sections carried out aloreggks of the medium valley of the Araguai River

suggest a local minimum thickness of 800 m forltbeer Chapada Acaud Formation (Mourdo &
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Pedrosa-Soares 1992, Pedrosa-Soares & Grossi-S@d). 1Blowever, the strong regional
deformation hampers any accurate thickness evatudtr the whole unit, which seems to be
thicker than 2 km (e.g., Grossi-Setdal 1997a, Uhleiret al 1998, 1999).

The following description is based on detailed Esictarried out in the medium valley of the
Aracuai River, the type-area of the Lower Chapadaud Formation (Mourdo & Pedrosa-Soares
1992, Pedrosa-Soares al. 1992, Pedrosa-Soares & Grossi-Sad 1997), anteiMiacadbas River
valley (Martins 2006). The Lower Chapada Acaua Fadiom is a package with many vertical and
lateral variations of lithofacies. It is essengiatomposed of fining-up cycles of stratified
diamictite, graded sandstone and pelitic rhythr(ifigure 2.8). The diamictite layers show great
variations in clast/matrix ratios and its foliatedatrix essentially consists of quartz, feldspar,
muscovite, chlorite, biotite and garnet (accordioghe metamorphic zone). The clasts vary from
granules to boulders and are composed of milky blu& quartz, metasandstone, carbonate,
metapelite, granitoid, gneiss and meta-mafic rddle diamictite layers envelope lenses of cross-
laminated sandstone, ranging in length from degieseb a few meters and up to 1m thick. To the
top of the cycles the diamictite gives place todsémne and pelite layers. Erosional contacts
between cycles are common. The sandstone layerteases show fining-up graded bedding and
vary in composition from wacke rich in carbonatel/an feldspar and/or lithoclasts and/or micas to
guartz sandstone. Conglomerate and/or conglomesatidstone can be present at the base of the
sandstone layers and lenses. The pelitic rhythhajers locally show isolated outsized clasts,
mainly cobbles and boulders. These layers have ralogical compositions similar to the
diamictite matrix, with variable contents of metapiic minerals, such as quartz, micas and

garnet, in alternating laminas and bands.

BOUNDARY RELATIONS WITH OVERLAYING AND UNDERLYING N ON-GLACIAL
UNITS

The diamictitic Serra do Catuni Formation was thmger the Neoproterozoic pelite-carbonate
cratonic cover (Figure 2.5), outlining a clear liroetween the Aracuai orogen and Sao Francisco
craton (Almeida 1977, Uhleiet al. 1998, Alkmimet al. 2006, Pedrosa-Soaretal 2008).

A regional disconformity occurs between the diaiteefree Duas Barras Formation and the
overlying Serra do Catuni Formation, the oldestrdigtic unit of the Macaubas Group (Karfunkel
& Hoppe 1988, Grossi-Saat al. 1997a, Uhleiret al 1999, 2007; Martins-Netet al 2001, Martins
2006). Locally, the Serra do Catuni diamictite shogrosional contact with the Duas Barras

Formation, but normal and tectonic (sheared) castae also observed (Grossi-Sadl 1997b,
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Noce 1997a, Martins 2006).

The Serra do Catuni Formation gradually passes ufsvand eastwards to the interlayered
succession of diamictite, sandstone, pelite andcmalcanic rocks that characterizes the Lower
Chapada Acauad Formation (Figure 2.7). Intrafornmaticerosive contacts between diamictite and
sand-pelite turbidites of both the Lower Chapadaugcand Nova Aurora formations can be locally
observed (Pedrosa-Soaresal 1992, 2008; Pedrosa-Soares & Oliveira 1997, RBed8bares &
Grossi-Sad 1997, Uhleet al 1998, 1999).

In the Aracguai River valley and eastern escarpmaintise Acaua Plateau (Figures 2.5 and 2.6),
the Lower Chapada Acaud Formation gradually pagpesrds to the diamictite-free package of
the Upper Chapada Acaud Formation. To the easts#ridstone-pelite unit gives place to the fine-
grained turbidite package of the proximal Ribeid@oFolha Formation (Pedrosa-Soageal 1992,
2008; Pedrosa-Soares & Grossi-Sad 1997, Uletead 1999, 2007).

In the northern sector of the Macaubas Group, tiaenidtite-free Upper Chapada Acaua
Formation conformably covers the Nova Aurora ForamafViveiros et al. 1979, Roqueet al
1997, Mourao & Grossi-Sad 1997, Oliveetal 1997b, Pedrosa-Soares & Oliveira 1997).

CHEMOSTRATIGRAPHY

No chemostratigraphic study is available for thec#as Group, but there are isotopic data for
older carbonate units located in the Aracuai oro@antoset al 2004) and for carbonate clasts
extracted from the Serra do Catuni diamictite (Mar2006).

Santoset al (2004) presented carbon isotopic data for metedidé and metamarlstone
samples of the Domingas Formation, formerly intetgd as the oldest unit of the Macaubas Group
(Grossi-Sacet al 1997b, Noce 1997a). In fact, the shallow mariowhite-pelite package of the
Domingas Formation is unconformable covered bywidl sandstone-conglomerate succession of
the Duas Barras Formation (age < 9921 Ma, see Geochronological Constraints) and has
Conophyton metul&irichenko stromatolite that indicates a Mesoproterozoic &gehfll 1976).
The stromatolitic dolomite samples of the Domingasmation yielded'*Cppg values from +0.4 to
+0.7%0 similar to those from another Mesoproteroztmtomitic unit of the region (the Rio Pardo
Grande Formation; Santat al. 2004). Other metadolomite samples of the Domirfgasnation
yielded §"*Cppg values from +0.2 to -1.9%. to and one sample ofametlstone reach -4.0%o
(Santoset al 2004).

Martins (2006) report8**Cppg values ranging from -0.02 to -7.19%. (eleven valbhesveen -

1.54 and -3.32%.) obtained on fourteen carbonateblpsbextracted from the Serra do Catuni
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diamictite. These data are in agreement to thosair@u from carbonate clasts of the Jequitai
diamictite §*°Cppg from -0.6 to -3.1%0) and from some samples of tlemihgas Formation by
Santoset al (2004).

OTHER CHARACTERISTICS

Deposits of manganese have been mined in the sausimel central sectors of the Macaubas
Group. They consist of manganese oxides originlaye@enozoic lateritic alteration and supergenic
concentration on pelitic layers correlated to theafada Acaud Formation (Dossin & Dardenne
1984Db).

The thick carbonate lens of the Lower Chapada A&auénation (Figures 2.7 and 2.8) has been
sporadically mined (Pedrosa-Soares & Grossi-Sad)199

The lower part of the Nova Aurora Formation is rinhferruginous diamictite and diamictitic
iron formation that form deposits up to 200 m thiakth Fe content up to 40 wt% (Viveires al
1979, Vilelaet al, unpublished data). These deposits are widelpadby thick lateritic soils on
the plateaus that characterize the northern sectothe Macaubas Group. However, new
aeromagnetic data point to huge Fe-rich diamicképosits so that several companies are currently
prospecting them.

Martins (2006) suggests that the Serra do Catamidtite is the source for diamonds found in

alluvial deposits along watercourses of the Macaliaer valley (Figure 2.5).

PALAEOLATITUDE AND PALAEOGEOGRAPHY

No paleomagnetic data is available for the Maca@rasip. However, palaeomagnetic data and
palaeogeographic settings for the Sao Franciscg&orraton in late Mesoproterozoic and
Neoproterozoic times has been discussed in sepap@rs (e.g., Cordamt al 2003, D'Agrella-
Filho et al 2004).

GEOCHRONOLOGICAL CONSTRAINTS

Although there are significant data obtained froetrithl zircon grains extracted from rocks of
the Matdo, Duas Barras, Serra do Catuni and Chapadad formations, and from intrusions
related to distinct extensional stages of the psarubasin of the Araguai orogen, no precise age is

available for the glacigenic sedimentation of thedslibas Group. The techniques used to
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determine the ages quoted here are described mt#uereferences.

The Pedro Lessa mafic dykes and Salto da Divisaitgré~igure 2.5) have been considered to
be related to the continental rift stage of thecprsor basin of the Araguai orogen (Pedrosa-Soares
et al 2008, Silveet al 2008). The meta-dolerite dyke swarm of Pedro &egss dated at 906 2
Ma (zircon and baddeleyite, U-Pb TIMS; Machagtoal. 1989). The fluorite-bearing anorogenic
granite of Salto da Divisa has yielded a zirconlJSHRIMP age of 87% 9 Ma (Silvaet al.2008).

Fifteen detrital zircon grains selected from a samge sample of the Matdo Formation yielded
U-Pb SHRIMP ages ranging from 2824 Ma to 1161 Mg mbost of them record the contribution of
a Palaeoproterozoic (1917-2187 Ma) source. The gestnconcordant zircon grain suggests a
maximum sedimentation age of 11623 Ma for the Matdo Formation (Martiesal 2008).

Twenty three detrital zircon grains separated freamdstone samples of the Duas Barras
Formation yielded U-Pb SHRIMP ages ranging from@Bb®& to 900 Ma, but most of them fall into
two age intervals of 1000 Ma to 1250 Ma and 1800tM2100 Ma, suggesting that these were the
most important sources of the sediments (Babiaskil 2007b). The youngest zircon showed an
age of 900 + 21 Ma which is considered the maximiepositional age for the Duas Barras
Formation, the lowermost stratigraphic unit of Macaubas Group.

U-Pb SHRIMP analyses done on sixty zircon grainsiokd from the matrix of two diamictite
samples from the Serra do Catuni Formation showgss aanging from 2740 Ma to 930 Ma
(Babinskiet al. 2007b). The age values concentrated into two nma@rvals of 1150 Ma to 1300
Ma, and 1800 Ma to 2200 Ma. An age of 933 + 9 Ma watermined for the youngest zircon
crystal indicating this time as the maximum deposdl age of the Serra do Catuni diamictite
(Babinskiet al. 2007Db).

Twelve zircon crystals extracted from a sample afimvolcanic rock of the Lower Chapada
Acaua Formation show features of inherited detgtains and U-Pb SHRIMP ages into three main
intervals of 1158 Ma to 1483 Ma (the youngest &84 21 Ma), 1699 Ma to 1741 Ma and 1908
Ma to 2115 Ma, and one grain dated around 2608 BbiAski et al 2005). Although, no
magmatic crystallization age is yet available foistvolcanic episode, it is very important for
further attempts to date the Macaubas glacigeminrsmtation.

Eighteen detrital zircon grains from a sandstowyerlaf the Upper Chapada Acaua Formation
yielded U-Pb SHRIMP ages into two main intervals86#4 Ma to 1000 Ma and 2040 Ma to 2100
Ma, and one grain dated around 2752 Ma (PedroseeSetal 2000). The concordant youngest
zircon grain constrains the maximum sedimentatmps @& the Upper Chapada Acaua Formation at
864+ 30 Ma (Pedrosa-Soaresal.2000).

The sedimentation epoch of the ocean-floor depasitee distal Ribeirdo da Folha Formation
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is constrained by the age of 66029 Ma (U-Pb LA-ICPMS), obtained for the magmatic
crystallization of euhedral zircon crystals exteactfrom meta-plagiogranite patchs found in
ophiolitic meta-mafic rocks (Queirogs al 2007).

The U-Pb SHRIMP data from detrital zircon grainggest that the maximum sedimentation
age of the lowermost Macaubas Group is 2081 Ma,i.e., the maximum depositional age of the
Duas Barras Formation (Babinskt al 2007b). This group must be older than the regiona
metamorphism dated around 580 Ma (Pedrosa-Seass2001, 2008; Silvat al. 2005).

DISCUSSION

The Macaubas Group includes three widespread digimianits, the Serra do Catuni, Nova
Aurora and Lower Chapada Acaua formations (Fig@€s 2.7 and 2.8). The Serra do Catuni
Formation has been interpreted as a glacigenic daposited mostly in proximal marine
environment, because its great amount of massamidiite occurring for over than 400 km along
the proximal region of the Macaubas basin (Figu63,Zones rich in chaotic boulders, occurrences
of faceted and striated flat-iron-shaped cobblespebbles, scarcity of finer-grained sediments, and
correlation with the glacio-terrestrial depositstioé Jequitai Formation located on the nearby S&o
Francisco craton (references in preceding sections)

The Nova Aurora and Lower Chapada Acaué formatadeg occur in extensive areas, mainly
to the east of the Serra do Catuni Formation, alngore distal region of the Macaubas basin
(Figure 2.6). They essentially consist of stratifidiamictite, sandstone and pelite, and show
sedimentary features, such as cyclic depositiom fanarse- to fine-grained sediments, graded
bedding, erosional contacts between cycles and stradtures, that are evidences of debris flow
and turbiditic sedimentation in distal glacio-ma&renvironments (references in preceding sections).
The clear relations between the Serra do CatunLamer Chapada Acaué formations also point to
a transition from proximal to distal glacio-marinenditions, respectively (Figures 2.7 and 2.8).
The Nova Aurora Formation, which overlies the plac@l Rio Peixe Bravo Formation, can be
interpreted as a distal correlative of the SerraCaduni Formation and, to some extent, a lateral
equivalent of the Lower Chapada Acaua Formation.

Based on the occurrence of glacigenic diamictitess Macaubas Group is subdivided into a pre-
glacial diamictite-free succession (Matdo, Duasr&arand Rio Peixe Bravo formations), a
glacigenic succession (Serra do Catuni, Nova AuaochLower Chapada Acaua formations) and a
post-glacial succession (Upper Chapada Acaud armkirB0 da Folha formations). These
successions are related to different evolutiontages of the Macaubas basin (Figure 2.6).
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The pre-glacial and glacigenic successions haven leseribed to the continental rift to
transitional stages of the Macaubas basin, baseth@rmpredominance of immature sandstone-
conglomeratic sedimentation with bimodal (NW-SE &B-NW) palaeocurrent sets in the pre-
glacial succession, characterization of normal tfaadnes and clastic dykes related to the
sedimentation of the pre-glacial succession andaS#w Catuni Formation, the huge ferruginous
diamictite deposits of the Nova Aurora Formatiomg @n the transitional geochemical and isotopic
signatures of the Chapada Acauéd submarine basaltsalso carry inherited zircon grains from
continental sources. The post-glacial successigresents the passive margin stage of the
Macaubas basin, when oceanic opening took platEast untilc. 660 Ma (references in preceding
sections).

The onset of a rifting stage in the focused regsooonstrained by the U-Pb ages of the Pedro
Lessa mafic dykesx(906 Ma; Figure 2.5) and Salto da Divisa anoroggnanites ¢. 875 Ma; see
Geochronological Constraintdndeed, these anorogenic magmatic episodes @ewlid evidence
that an active continental rift developed during tate Tonian (900-850 Ma) in the focused region
(Figure 2.5). Certainly, the pre-glacial successleposited during this late Tonian rift stage. The
Serra do Catuni Formation and the cratonic Jeq&iteimation have also been assigned to the
continental rift stage (Pedrosa-Soae¢sal 1992, 2008; Uhleiret al 1998, 1999; Martins-Netet
al. 2001, Martins-Neto & Hercos 2002). However, i€ ttegional disconformity between the pre-
glacial and glacigenic successions represents ifisant hiatus (Figure 2.6; see Boundary
Relations), the Serra do Catuni Formation coulédoty Cryogenian in age (Uhleat al 2007).

In fact, the discussion on the glaciation age sthaansider a broad scenario, including the
Jequitai and Carrancas diamictites located in d¢hgrn sector of the nearby S&o Francisco craton
(Figure 2.4a).Although the Macaubas, Jequitai and Carrancas diges show no direct field
relation, they have been correlated one to eachr aimce the 1930s, owing to their glacigenic
features. The maximum sedimentation ages for theitdé Formationd. 880 Ma; Rodrigues 2008)
and the oldest Macaubas diamictites900 Ma; see Geochronological Constraints) aréainbut
they do not provide any precise information ongdteiation age. On the other hand, the Carrancas
diamictite can be correlated to an early Cryogeugiacial event because it is covered byth@40
Ma cap carbonate of the cratonic cover (Babieskil, 2007a).

This discussion should also take into account thestWCongo belt (the counterpart of the
Aracuai orogen located in Africa; see Structurahnfework), and the confined nature of the
Aracuai-West Congo orogenic system and its precurasin in relation to the S&o Francisco-
Congo craton (Figure 2.4b). This confined natureplies that the Brazilian and African

counterparts of the precursor basin represent airpélaeoclimatic zones, because they were not
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separated by a large Neoproterozoic ocean, ashtson in most palaeogeographic reconstructions
(e.g., Cordaniet al 2003, Pisarevsket al 2003). In the West Congo belt, the Lower Mixtite
Formation is the diamictite unit that has beenteelato the early Cryogenian glacial event
(Trompette 1994, Tacst al. 2001, Frimmeekt al 2006). Pedrosa-Soaresal. (2008) correlated the
Lower Mixtite and Lower Chapada Acaud formationscéuse they include glacio-marine
diamictites with intercalations of transitional sudxine basalts, representing a late rift stages&he
authors also correlated the Lower Chapada Acaud.awer Mixtite formations with the Carrancas
diamictite, and ascribed them to the early Cryogerglacial event. In the West Congo belt also
occurs the Upper Mixtite Formation, a diamictiticituthat has been related to the late Cryogenian
glacial event (Frimmekt al 2006). However, it does not appear to have aelaive in the
Macaubas Group (Pedrosa-Soartal 2008).

In conclusion, it seems that the Macaubas Grouprdscat least the early Cryogenian glacial
event. The Serra do Catuni Formation and its prebedrrelative, the Jequitai Formation, would be
deposited during an early phase of that glaciahevEhe Lower Chapada Acaua Formation and its
probable equivalents, the Carrancas diamictitethed.ower Mixtite Formation, would represent a
late phase of the early Cryogenian glacial everdeéd, the very extensive and thick diamictitic
package of the Macaubas Group might contain eqemslof all the Neoproterozoic glacigenic
units preserved on the S&o Francisco craton. Takecdlging question is: how many glaciations do
they represent?
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