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Resumo

O entendimento estrutural de um deposito orogénico ¢ fundamental para a sua compreensao
metalogenética, uma vez que ambos os assuntos estdo interligados nesse tipo de ambiente. O
deposito aurifero Cuiabd, localizado em rochas arqueanas do greenstone belt Rio das Velhas no
Quadrilatero Ferrifero, ¢ alvo de inumeros estudos focados sobretudo na caracterizagdo
metalogenética. Estas mineralizagdes estao hospedadas essencialmente em sulfetos nas formagdes
ferriferas bandadas e encaixadas em xistos de composi¢do mafica. Do ponto de vista da
caracterizagdo estrutural, dois modelos divergentes tém sido estudados: o modelo de dobra em
bainha ¢ o modelo de redobramento, trazendo diferentes perspectivas exploratorias para a regido.
Como forma de suprir esta lacuna, o principal objetivo desse trabalho ¢é caracterizar a geologia e
definir um novo modelo para o depoésito de forma que haja uma melhor compreensao a respeito de
seu arcabougo. Para isso, as metodologias aplicadas neste trabalho foram: mapeamento geologico
em subsolo nas galerias de minério acessiveis e defini¢gdo de dominios geoldgicos-estruturais cujos
principais critérios estdo relacionados a determinagdo de assimetria de dobramentos e indicadores
estratigraficos observados no plano de simetria da dobra no sentido de caimento do eixo de dobra.
A geologia estrutural € caracterizada por 3 fases deformacionais relacionadas a 2 eventos
tectonicos. O primeiro evento possui duas fases deformacionais progressivas ducteis (D1 e D2),
com tectonica transpressiva e dire¢do de transporte NE-SW, com geracdo de padrdes de
interferéncia de dobras coaxiais com geometria cilindrica e caimento de eixo para ESE, sendo o
principal agente formador da estrutura principal. O segundo evento, possui uma fase deformacional
ruptil-ductil a raptil (D3) com tectdnica inversa e vergéncia para W, possivelmente relacionado a

tectonica Brasiliana na borda do craton Sao Francisco. A mineralizagdo aurifera esta associada a



introducao de fluidos hidrotermais ricos em silica e enxofre durante as fases D1 e D2 ao longo das
foliagdes plano-axiais. A fase D1 esta associada a mineralizagdo pirrotitica, com ouro grosso (entre
50 ¢ 500 um). A fase D2 est4 associada a mineralizagdo piritica com ouro fino (entre 10 ¢ 100 pm).
Nao ha mineralizacdo aurifera na fase D3, embora haja sulfetos tardi-tectonicos. As observagoes
de campo demonstram a presenga de padrdes de redobramento coaxiais associados a mineralizagao,
eixos de dobramento constantes com caimento para ESE, auséncia de dobras em bainha e estruturas
sedimentares preservadas. Desta forma, ndo ha evidéncias de campo que demonstrem a existéncia
de dobramento em bainha para o deposito, modelo este utilizado ha muitas décadas. A morfologia
do deposito associada a interferéncias de dobras sugere potenciais prospectivos a SW e a N do
deposito Cuiabd, com sugestdo de forte conexdo estrutural entre outros depdsitos auriferos, como

os alvos Lamego e Descoberto.

Palavras-chave: Deposito de ouro orogénico. Plano de simetria. Andlise estrutural. Metalogenia

estrutural. Padrao de interferéncia de dobras. Greenstone belt Rio das Velhas.



Abstract

The structural architecture of an orogenic deposit is essential for its metallogenetic understanding,
as both subjects are interconnected in this type of environment. Cuiaba gold deposit, located in
Archean rocks from Rio das Velhas Greenstone belt, is the subject of numerous studies focused
mainly on metallogenetic issues. These mineralizations are hosted essentially at sulfides inside
banded iron formations and surrounded in schists of mafic composition. From the point of view of
structural characterization, two divergent models have been studied: the sheath-fold model and the
refolding model, bringing different exploratory perspectives to the region. As a way of filling this
gap, the main objective of this work is to characterize the geology and define a new deposit model
so that there is a better understanding of its framework. For this, the methodologies applied for this
work were: underground geological mapping in accessible ore galleries and definition of
geological-structural domains whose main criteria are related to down-plunge view of fold
asymmetry and stratigraphic indicators in the fold symmetry plane. Structural geology is
characterized by 3 deformation phases related to 2 tectonic events. The first event has two ductile-
progressive deformation phases (D1 and D2), with NE-SW strike-slip direction of transport
associated coaxial fold interference patterns with cylindrical geometry plunging to ESE, which
represents the main structure and gold mineralization at the mine. The second event is a brittle-
ductile deformational phase (D3) with W-verging reverse fault systems, probably associated to
Brasiliano Pan-African Orogeny. Gold mineralization is associated with silica and sulfide-rich
hydrothermal fluid introduction through D1 and D2 axial-plane foliation. Phase D1 is pyrrhotite-
associated mineralization, with coarse gold presence (from 50 to 500 um). D2 phase has pyrite-
associated mineralization with fine gold (from 10 to 100 um). There is no gold in phase D3,

although it has late tectonic sulfide formation. Field observations demonstrate the existence of



coaxial refolding patterns associated with mineralization, constant fold axes plunging to ESE,
absence of sheath folds and preserved sedimentary structures. Therefore, there is no field evidence
that corroborate the existence of sheath folds for the deposit. Fold interference patterns associated
to deposit morphology suggests SW and N prospective targets, with strong possibility of structural

connection between other gold deposits, such as Lamego and Descoberto targets.

Keywords: Orogenic gold deposit. Symmetry plane. Structural analysis. Structural metallogenesis.

Fold interference pattern. Rio das Velhas greenstone belt.
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1. INTRODUCAO

A regido do Quadrilatero Ferrifero (QF) ¢ uma das maiores provincias minerais do mundo,
tendo mais de 300 anos ininterruptos de exploracdo mineral, em especial ouro e recentemente ferro.

No século XXVIII era a regido do Brasil que mais produzia ouro (Ruchkys e Machado, 2013).

Os principais depositos auriferos em atividade sdo o depdsito Cuiaba (5.49 Moz de recurso
com 5.87 g/t), Lamego (1.07 Moz de recurso com 2.96 g/t), Corrego do Sitio (3.33 Moz de recurso
com 3.68 g/t, incluindo a antiga mina de S0 Bento com 0.69 Moz de recurso, AngloGold Ashanti,
2021). Além destes depoésitos ativos, a maior e mais profunda jazida aurifera do Brasil esta
localizada nessa provincia, denominada deposito Morro Velho, paralisada no ano de 2004 com

2400m de profundidade e com produgao histérica de mais de 12 Moz (Vial, 2007).

O deposito Cuiaba pertence a empresa sulafricana AngloGold Ashanti, e ja produziu mais
de 6 Moz desde o inicio da década de 1980, com producdo anual de 250 kOz (2021). Atualmente
(AngloGold Ashanti, 2021) possui 5.49 Moz em recursos, sendo considerado um deposito de classe
mundial. Cuiaba ¢ a maior e mais profunda mina de ouro subterranea do Brasil em atividade,
possuindo 22 niveis e com 1460 m de profundidade abaixo da superficie (AngloGold Ashanti,

2021).

Depositos orogénicos possuem uma clara relagdo entre a mineralizagdo e estruturas
geologicas previamente formadas. Todavia, essa relagdo ndo tem recebido a devida importancia,
fazendo com que modelos prévios de exploragdo mineral sejam adotados sem uma visao critica do

ponto de vista estrutural (Cowan, 2017, 2018).

Por ser dos mais representativos depositos de ouro do Grupo Nova Lima, pertencente ao

greenstone belt Rio das Velhas, o depodsito de ouro orogénico Cuiaba tem sido continuamente
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estudado nas ultimas décadas (e.g. Vial, 1980; Ladeira, 1991; Xavier et al. 2000; Vieira, 1988,
1992; Lobato et al. 1998, 2001a, b, 2007; Martins, 2000; Costa, 2001; Martins et al. 2016; Araujo
e Lobato, 2019; Kresse et al. 2020 e Sena, 2021). Muitos trabalhos foram publicados explicando o
mecanismo de enriquecimento em ouro com foco especialmente na geoquimica das alteragdes
hidrotermais (Vial, 1980, Vieira, 1988, Martins, 2000, Costa, 2001, Lobato, 2001 e Kresse et al.
2018). No entanto, poucos trabalhos realmente focados na caracterizagdo do arcabougo estrutural
desse depdsito foram realizados. Vieira (1988) introduz a hipotese de redobramentos coaxiais, mas
a hipotese de dobramento em bainha (Toledo, 1997, Ribeiro-Rodrigues, 1998) foi a adotada logo
apos esse mecanismo ter sido difundido por Skjernaa, (1989). O modelo de dobra em bainha ¢ o

modelo até entdo aceito para o deposito Cuiabd, entretanto sem consenso definitivo (Kresse, 2018).

Com isso muitas duvidas ainda persistem quanto a evolugdo estrutural de sua geometria,
fazendo com que haja diferentes perspectivas geologicas, principalmente prospectivas para além
de seus dominios. No modelo de redobramento coaxial as rochas hospedeiras sdo continuas ao
longo da direcdo da camada com proposi¢do de campanhas exploratorias laterais ao deposito. No
modelo de dobra em bainha as rochas hospedeiras sdo continuas em subsuperficie, com

possibilidade da existéncia de corpos mineralizados ndo aflorantes aos arredores do deposito.
1.1. Objetivos e justificativa

O objetivo principal deste trabalho refere-se a proposi¢do de um modelo estrutural-
metalogenético do deposito que vise orientar a exploracdo mineral. A discussdo nesse trabalho
enderecga a controvérsia entre os dois modelos existentes (“redobramentos coaxial” versus “dobra

em bainha”).
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A proposi¢do de um modelo estrutural auxilia na descoberta de novos alvos de prospeccao

através do estudo de continuidade do horizonte mineralizado, extrapolando a area de exploracao
atual.

1.2. Localizagao e vias de acesso

O deposito Cuiaba estd localizado a 30km de distancia do centro de Belo Horizonte, capital
do estado de Minas Gerais, Brasil (Figura 1). O deposito esta localizado entre 2 cidades historicas

a saber: Caeté e Sabard. Para acessar a mina deve-se percorrer a estrada que conecta essas duas

cidades, a GT-262, popularmente conhecida como estrada Mestre Caetano.
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Figura 1. Localizacio e vias de acesso para o depésito Cuiaba (Fonte: Google Maps)

1.3. Estrutura da dissertagao

Este estudo ¢ apresentado sob a forma de capitulos e um artigo cientifico da seguinte forma:
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Capitulo 1: Introducdo — apresenta os aspectos econdmicos das principais jazidas
auriferas do QF, bem como o contexto e objetivos do trabalho e localizagao da area
de estudo.

Capitulo 2: Metodologia — apresenta as técnicas utilizadas para se chegar aos
resultados: em especial a técnica de mapeamento geologico em subsolo associado
aos levantamentos estruturais.

Capitulo 3: “Structural model and features of the world-class Cuiaba orogenic gold
deposit, Rio das Velhas greenstone belt, Quadrilatero Ferrifero region, Brazil”.
Descreve as feigdes estruturais policiclicas em escala de deposito associados a uma
deformacao polifasica relacionada a redobramentos coaxiais e suas relagdes com as
fases de mineralizagdo. Esse artigo foi submetido ao periddico Journal of South
American Earth Sciences (ISSN 0895-9811 — Qualis CAPES A2 — ANEXO 1) e
aceito pelo mesmo periddico, com enderego no link

https://doi.org/10.1016/].jsames.2023.104201 (ANEXO 2).

Capitulo 4: Consideragdes finais — exibe a sintese das conclusdes finais desse
trabalho e possiveis trabalhos futuros que podem ser realizados a partir dessa

dissertacgao.


https://doi.org/10.1016/j.jsames.2023.104201
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2. METODOS DE TRABALHO

O trabalho tem como base a cartografia geoldgica subterranea, caracterizacao do arcabougo

estrutural e divisdo dos dominios geologico-estruturais.

2.1. Cartografia geoldgica subterranea

O mapeamento em subsolo no deposito Cuiabd foi realizado na escala 1:200 utilizando-se
como base cartografica o levantamento topografico de piso das galerias e amostras de canal
realizadas nas zonas mineralizadas. As amostras de canal sdo espagadas a cada 3 metros ao longo
da direcdo da camada (strike) da rocha hospedeira, o que gera uma grande densidade de
informagdes geoldgicas, que possibilita uma representagdo bastante confiavel da geologia local.
Os canais e contatos litolégicos sdo projetados segundo a atitude do eixo de dobra em uma

superficie imaginaria horizontal localizada a 3 metros do piso (Figura 2).

2.2. Caracterizacao do arcabougo estrutural

Durante o mapeamento geologico e marcagdo dos contatos sdo observados elementos

geopetais e estruturais com o objetivo de se entender a topologia local.

Os elementos geopetais sdo utilizados para se determinar critérios de topo e base e
localizagdo de flanco normal ou invertido. Eles sdo caracterizados na mina através do
empilhamento estratigrafico definido previamente por Vial (1980), Vieira (1988), Vieira (1992) e
Toledo (1997), que consideram as rochas internas ao ntcleo do depdsito (rochas metamaficas de
composicao andesitica) como sendo mais antigas que as rochas externas (rochas metassedimentares
pasmo-peliticas). Como forma de se confirmar essa hipdtese, critérios estratigraficos em fluxos
turbiditicos definidos por Bouma (1962) também sdo utilizados nas rochas metassedimentares,

localizadas nas por¢des externas ao nucleo do depdsito.
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Figura 2. Representacio esquemaitica do método de mapeamento em subsolo. A. Os pontos a, b e c estdo
localizados nos contatos litologicos e devem ser projetados na superficie imaginaria. B. Os pontos projetados
passam a ocupar as posicoes a’, b’ e ¢’. O ponto b esta projetado exatamente no plano imaginario a 3 metros do
piso e, portanto, ndo precisa ser projetado. C. Os contatos litolégicos sdo tracados no mapa unindo-se os pontos
projetados. Modificado de Toledo (1997).

Os elementos estruturais planares e lineares foram medidos utilizando-se o método de dip

direction (McClay, 1987). Os dados de produ¢do sdo apresentados no item 2.5.

A metodologia de caracterizagdo do arcabougo estrutural ¢ determinada pela:
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o Andlise da estrutura através da observagdo no plano de verdadeira grandeza ou ao seu
correto plano de simetria (Cowan,2016a; Ramsay e Huber, 1987), representado pelo plano
“ac” e ortogonal ao eixo “b” de dobramento (Figura 3);

. Levantamento das assimetrias de dobra através da Regra de Pumpelly. A regra de Pumpelly
(nome atribuido ao gedlogo americano do século XIX, Raphael Pumpelly, descobridor
deste método de trabalho) demonstra que “a orientagdo de estruturas de menor escala é
representativa da orienta¢do de estruturas regionais” de mesma geragao tectonica (Pluijm
e Marshak, 2004, pag. 248);

o A andlise de assimetria de dobras parasiticas ¢ feita sempre observadas no sentido de
caimento do eixo de dobra (“down-plunge”) ou da linea¢do de intersecdo (Mackin, 1950,
Ramsay e Huber, 1987, Cowan, 2014 e Piassa, 2018). Desta forma, os padrdes de dobra em
“S” e “Z” sdo indicativos de zonas de flancos, enquanto as dobras em “M” ou “W” sdo

indicativas de zonas de charneira.

A B
Figura 3. A discussdao do plano de simetria em sistemas dobrados em um dos primeiros textos sobre geologia
estrutural (Knopf and Ingerson, 1938, p. 57 apud Cowan, 2016a). O plano de simetria da dobra é representado
pelo plano “ac” e ortogonal ao eixo “b” de dobramento. Para a figura A, o plano é vertical. Para a figura B o
plano de simetria é horizontal. Em ambos os casos o plano de simetria representa o plano de deformacio.

A lista de medidas realizadas neste trabalho estd organizada em um banco de dados que

contém as informagdes estruturais de forma a auxiliar as analises subsequentes.
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Para a organizacao do acervo estrutural foi utilizado o programa Microsoft Excel®. Para a
analise estatistica dos dados estruturais foi utilizado o programa Leapfrog Geo®, através de
projecdo estereografica de igual area no hemisfério inferior ¢ média associada a tabela de

distribuicdo de Fisher.

O sistema de coordenadas geograficas utilizadas ¢ um sistema de coordenadas local

(coordenada SW) histdrico utilizado pela empresa.
2.3. Divisao de dominios estruturais

O banco de dados proveniente do mapeamento geoldgico ¢ reunido em uma tabela e os
corpos mapeados sdo caracterizados em dominios estruturais seguindo os critérios estratigraficos
(flanco normal ou invertido) e assimetria de dobra (S, Z, M ou W). Da mesma forma que os contatos
geologicos sdo projetados e observados no plano de verdadeira grandeza, os corpos mineralizados
também o s3o, de modo que corpos mapeados em diferentes niveis sejam projetados e analisados
na mesma visada, permitindo um entendimento geologico mais amplo entre os diferentes dominios
caracterizados. A dificuldade em se mapear dominios diferentes em um mesmo nivel se deve ao

fato da dinamicidade das operagdes da mina.
2.4. Metodologia de distingdo de estruturas progressivas mineralizadas

A distingdo em campo entre as estruturas mineralizadas das fases 1 e 2 € bastante dificultada
devido a similaridade fisica, subparalelismo nas zonas de flanco e carater coaxial entre elas. Sendo
assim, seguindo a metodologia cientifica proposta por Feynman (1964) opta-se em inicialmente
classificar estas estruturas subparalelas a fase “21”. Com posterior analise dos dados em gabinete

e, em caso de inconsisténcia observada em campo, a classificagdo ¢ ajustada para que o modelo
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seja aproximado da realidade. Em alguns casos ¢ possivel distingui-las através da utilizagdo de

critérios basicos de relagdo de corte e de dobramentos tais como:

e Observagdo de padrio de interferéncia de dobras, apresentando redobramentos coaxiais do
tipo 3 observados, onde seja facil a distingao entre as fases de deformacao D1 e D2;

e Indicadores de padrdes de interferéncia de dobras nao observados como as inconsisténcias
entre assimetrias de dobras parasiticas e seus respectivos sentidos de fechamento nas

charneiras das dobras principais.

O unico dominio onde ¢ possivel fazer essa distingdo de forma clara € o setor central do
deposito, alvo VQZ conforme dados apresentados e discutidos a posteriori. Apds a andlise
estrutural de todos os dominios relacionados a partir da fase “21”, estes sdo interpretados com sua

respectiva fase.

2.5. Caracteriza¢do metalogenética-estrutural

Para a caracterizagdo metalogenética-estrutural, adotou-se principalmente pela descricao
macroscopica dos tipos de minério. Além desta metodologia, foi também utilizado os dados de
geoquimica de amostras de canal coletadas no depdsito Cuiaba e localmente foram feitas andlise
microestruturais das principais tipologias de minério, com foco na constru¢ao de uma cronologia

entre os tipos de mineralizagdo e as estruturas presentes.

A descrigdo macroscopica dos tipos de minério durante o processo de mapeamento
geologico foi realizada fazendo associacdes das estruturas geoldgicas com suas paragéneses

minerais.

Como historicamente no deposito Cuiabd ha um conhecimento sobre a correlacao entre os

elementos enxofre (S) e ouro (Au) optou-se neste trabalho em demonstrar a geoquimica de
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amostras de canal do minério. Para que essa correlacdo pudesse ser identificada em diferentes
litologias, foi utilizado o método Fire Assay através de um espectrometro de massa (LA-ICP-MS)

para determinagdo do elemento ouro (Au) e, para a determinacao do elemento enxofre (S), o

analisador LECO foi utilizado.

A andlise microestrutural foi realizada através da descricdo de algumas se¢des polidas-
delgadas nao-orientadas em microscopio de luz refletida e transmitida para as tipologias de minério
em diferentes fases mineralizadas, visando a caracterizagdo microestrutural dos sulfetos (tamanho,

geometria, contato entre graos e porosidade) e do ouro (tamanho e grau de liberagao das particulas).
2.6. Dados de producao

Este trabalho ¢ fruto de um total de 52 galerias mapeadas em diferentes setores da mina ao longo
de 11 anos de trabalho (entre 2009 e 2020). Foram realizadas 2795 medidas estruturais, desde o
nivel 07 (590m acima do nivel do mar) ao nivel 19 (200m abaixo do nivel do mar) totalizando uma

variacao de 800m em desnivel (Figura 4).
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3.1. ABSTRACT

The structural architecture of an orogenic deposit is essential for its metallogenetic understanding, as both
subjects are interconnected in this type of environment. Cuiaba gold deposit, located in Archean rocks from
Rio das Velhas Greenstone Belt, is the subject of numerous studies focused mainly on metallogenetic issues.
From the point of view of structural characterization, two divergent models have been studied: the sheath-
fold model and the refolding model. Such hypothesis is different in terms of defining an exploratory research
plan and, therefore, the detailed structural characterization is still not well understood. As a way of filling
this gap, the main objective of this work is to propose a structural characterization of the entire deposit to
demonstrate evidence for a new model of tectonic evolution. For this, the methodologies applied for this
work were: underground geological mapping in all available ore galleries and definition of geological-
structural domains whose main criteria are related to down-plunge view of fold asymmetry and
stratigraphic indicators. Structural geology is characterized by 3 deformation phases related to 2 tectonic
events. The first event has two ductile-progressive deformation phases (D1 and D2), with NE-SW strike-slip
direction of transport associated coaxial fold interference patterns with cylindrical geometry plunging to
ESE, which represents the main structure at the mine. The second event is a brittle-ductile deformational
phase (D3) with W-verging reverse fault systems, probably associated to Brasiliano Pan-African Orogeny.
Gold mineralization is associated with silica and sulfide-rich hydrothermal fluid introduction through D1
and D2 axial-plane foliation. Phase D1 is pyrrhotite-associated mineralization, with coarse gold presence.
D2 phase has pyrite-associated mineralization with fine gold. There is no gold in phase D3, although it has
late-tectonic sulphides formation. Therefore, there is no field evidence that corroborate the existence of
sheath folds for the deposit. Fold interference patterns associated to deposit morphology suggests SW and
N prospective targets, with strong possibility of structural connection between other gold deposits, such as
Lamego and Descoberto targets.

Keywords: Orogenic gold deposit, fold interference pattern, structural model, structural metallogenesis.
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3.2 HIGHLIGHTS

e Geological mapping reveals a pre-Cambrian fold interference pattern with no field
evidence for sheath folds.

¢ (Gold inside BIF is related to this framework at two stages: (1) pyrrhotite with coarse
gold and (2) pyrite with fine gold.

e A NE-SW ductile strike-slip transport at a convergent tectonic setting with inclined
folds plunging to ESE is suggested.

e Gold was transported throughout axial-plane foliation and were placed where
coaxial refolding was locally presented.

e A post-mineralization tectonic event was responsible for orthogonal displacements

at the entire deposit.

3.3. INTRODUCTION

The Quadrilatero Ferrifero region is one of the great mineral provinces of the planet, being more
than 300 years of continuous mineral exploration, especially gold and iron (Dorr, 1957, Dorr, 1969,
Vieira, 2000, Lobato et al., 2001a, Vial, 2007, Baltazar and Lobato, 2020, Castro et al., 2020). In
the eighteenth century it was the region of Brazil that produced the most gold (Ruchkys &

Machado, 2013).

The Cuiaba gold deposit is owned by the South African company AngloGoldAshanti. This deposit
has already produced more than 6MOz in its history, producing annually (AngloGold Ashanti,
2021) 250 kOz, being considered the company's main gold mine in South America (AngloGold

Ashanti, 2021). Currently (AngloGold Ashanti, 2021) it has 5.49MOz resources, which is
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considered a world-class deposit. The deposit is the major gold producer and the largest active

underground mine in Brazil, having 22 levels with 1,450 m in depth below surface.

As one of the most representative orogenic gold deposits in the Nova Lima Group, the orogenic
Cuiaba gold deposit has been studied continuously in the last decades (e.g. Vial, 1980; Ladeira,
1991; Xavier et al. 2000; Vieira, 1988, 1992; Ribeiro-Rodrigues, 1998, 2007; Lobato et al. 1998,

2001a, b, 2007; Martins et al. 2016; Vitorino, 2017; Aratijo and Lobato, 2019; Kresse et al. 2020).

Gold production in the QF Archean Rio das Velhas greenstone belt is significant worldwide
(Ribeiro Rodrigues, 1998), with the Algoma-type, magnetite- and-or siderite-rich BIFs, being one
of the most important host to gold mineralization (e.g., Lobato et al., 2001; Aratjo and Lobato,
2019). The main gold deposits described are the world-class Cuiaba deposit (5.49 MOz resources
with 5.87 g/t), Lamego (1.07MOz resources with 2.96 g/t), Corrego do Sitio (3.33 Moz resources
with 3.68 g/t including 0.69 Moz resources from Sdo Bento target) and current closed world-class

deposits such as Raposos and Morro Velho (Figure 5).

This paper aims at providing a review of deposit-scale structural features that control the continuity
and geometry of ore domains assessing the structural evolution and placing it in a tectono-
metallogenic context. A better understanding of structural ore controls will provide a basis for
focusing exploration programs at Cuiaba deposit. Awaits too helps to discover new prospecting
targets through the study of continuity of the mineralized horizon, extrapolating the current

exploration area.
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Figure 5. Geological map of the Quadrilitero Ferrifero region with main gold deposits of the Rio das Velhas
greenstone belt (modified from Araujo, 2018 and Endo et al., 2019).

34. REGIONAL GEOLOGICAL SETTING

The Quadrilatero Ferrifero region (QF; Figure 5 and Figure 6) is situated in the southern portion of
the Sdo Francisco craton (Almeida, 1977) and is composed of the Archean Rio das Velhas
greenstone belt (Schorscher et al., 1982), the paleoproterozoic Minas Supergroup and the Itacolomi
Group. These supracrustal units are surrounded by granite-gneiss domes (Dorr 1969, Lana ef al.,
2013), which consist of poly-deformed unit (Baltazar and Lobato, 2020). The regional basement
metamorphic complexes outcrop out in several distinct domes and with metamorphic grades
ranging from greenschist to granulite facies (Herz, 1970).

The Rio das Velhas greenstone belt corresponds to a metavolcanosedimentary sequence composed
from the base to the top of the Nova Lima and Maquiné groups, respectively (Dorr et al., 1957;
Almeida, 1977; Schorscher, 1978). The Nova Lima Group, shown on figure 2, comprises a basal
unit formed by tholeiitic-komatiitic volcanic rocks, associated with chemical sedimentary rocks; a

volcaniclastic intermediate unit, associated with felsic volcanism; and an upper unit with clastic
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sedimentary rocks (Ladeira, 1980; Ladeira, 1991; Zucchetti and Baltazar 2000; Baltazar and
Zucchetti 2007). Schorscher (1978) described komatiites at the base of the sequence, naming them
the Quebra Osso Group. The Maquiné Group, shown in figure 2, is composed (Gair, 1962) of
sequences of graywacke and conglomerates deposited at ca. 2.73 Ga (Moreira et al., 2016). The
Rio das Velhas rocks was classified by Baltazar & Zucchetti (2007) according to its volcano-
sedimentary characteristics in lithofacies associations (Figure 6) and summarized by Roncato et al.
(2015; 2020):

(1) Mafic-ultramafic: lavas with minor intrusions of gabbro, anorthosite and peridotite, as well as
intercalations of Banded Iron Formation (BIF), ferruginous chert, carbonaceous pelite, turbidites,
and rare felsic volcanoclastic rocks. It corresponds to the Quebra Ossos Group and Ouro Fino unit
of the Nova Lima Group. (2) Volcano-chemical-sedimentary: tholeiites intercalated with BIF and
ferruginous chert and less fine-grained clastic sedimentary rocks, such as carbonaceous turbidites
and pelites, intercalated with chemical sedimentary rocks. (3) Clastic-chemical sedimentary:
typified by alternating fine-grained, clastic and chemical rocks. Pelites (micaceous and chloritic
schists) are intercalated with lesser BIF, subordinate chert and carbonaceous phyllites. (4)
Volcaniclastic: made up of volcaniclastic felsic and mafic rocks. (5) Resedimented: widely
distributed in the Quadrilatero Ferrifero, it includes three different sequences of graywacke-
argillite, two metamorphosed in the greenschist facies in the N and E sectors (they are composed
mainly of graywackes, quartz graywackes, sandstones and siltstones, with cyclic layers and abrupt
basal contacts between cycles) and one in the amphibolite facies in the south. (6) Coastal: restricted
to a small area, with sandstones exhibiting preserved sedimentary structures. (7) Non-marine:
conglomerate-sandstone; coarse-grained sandstone, fine- to medium-grained sandstone; it includes

the Casa Forte Formation of the Maquiné Group (Dorr et al., 1957).
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The U-Pb ages of detrital zircon from volcaniclastic rocks of the Nova Lima Group indicate felsic
volcanism between 2.79-2.75 Ga (Machado and Carneiro, 1992; Noce 1998; Noce et al., 2007), a
minimum depositional age of 3.02 Ga (Machado et al., 1992) and the maximum depositional age
of the metapsamite from Corrego do Sitio unit 2, 81 + 31 Ga (Sepulveda et al. 2021).
Published U-Pb ages data from the basement of the QF allowed for the identification of four main
magmatic events (Lana et al., 2013; Romano et al., 2013; Farina et al., 2015). Periods of magmatic
activity, which registers the tectonomagmatic Archean history of the QF, was described as the
Santa Barbara, Rio dasVelhas I, Rio das Velhas Il and Mamona, spanning from 3220 to 2770 Ma

(Lana et al., 2013).
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Figure 6. Geological map of the Quadrilatero Ferrifero region showing the Cuiaba Deposit in the Rio das Velhas
Supergroup in detail (modified from Baltazar and Lobato, 2020).
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3.4.1. Geotectonic evolution of the Quadrilatero Ferrifero Region

The Quadrilatero Ferrifero region constitutes the aggregation of Proterozoic and Archean terranes,
consolidated at the end of the Minas orogeny, in the Trasamazonian orogenic cycle (Alkmim and
Marshak, 1998; Baltazar and Lobato, 2020). The structural evolution of the QF region took place
in three main periods during the Rio das Velhas orogeny: between 2.8 and 2.67 Ga, which relates
to the evolution of the Rio das Velhas greenstone belt; 2.10 to 1.90 Ga, the Transamazonian event;
and the Brasiliano orogeny (0.7 — 0.45 Ga), with fold and thrust belts verging to the west” (Baltazar
and Zucchetti, 2007).

According to Rosiére et al. (1990, apud Chamale Jr. et al.,1994), Chemale Jr. et al., (1994), Alkmim
and Marshak (1998), Farina et al. (2015) and Baltazar and Lobato (2020), synformal mega folds
define the geometry of the Quadrilatero Ferrifero region, truncated by N—S-directed thrust faults in
its eastern portion (Figure 6). The western and southern borders are embodied by the Moeda and
Dom Bosco synclines, respectively to the north, the Serra do Curral homocline represents the
overturned limb of a large synclinal fold (Simmons, 1968; Dorr, 1969; Alkmim and Marshak, 1998;
Sanglard, 2014; Baltazar and Lobato, 2020). To the east, the Gandarela, Ouro Fino, Conta Historia
and Santa Rita synclines are disposed in an ample, N-S-directed arch, affected by Neoproterozoic
shear zones of the Araguai orogeny (e.g. Ladeira and Viveiros, 1984; Marshak and Alkmim, 1989;
Chemale et al., 1994; Alkmim and Marshak, 1998; Baltazar and Zucchetti, 2007; Baltazar and
Lobato, 2020). All these synformal troughs are filled by metasedimentary rocks that originate from
the Minas Supergroup and the Sabara and Itacolomi groups. One exception is the Vargem do Lima
syncline where it is constituted by Rio das Velhas Supergroup lithotypes (Baltazar and Lobato,

2020).
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The data and discussion presented below on the structural evolution of the QF are based on the
work of Rosiére et al. (1990, apud Chamale Jr. et al., 1994); Chemale Jr et al., 1994, Alkmim and
Marshak (1998), Farina et al. (2015) and Baltazar and Lobato (2020). Five phases of structural,
planar, and linear elements are recorded regionally within the QF. Collectively, these events
involve four deformational, compressional phases (D1 to D4) and one extensional phase (DE), as
summarized in (Table 1).
Baltazar and Lobato (2020) discourse about past decades, when works focusing on the structural
progress of the Rio das Velhas Supergroup, near to gold districts. These authors suggest four
deformation phases:
i.  Dn1 - mylonitic foliation parallel to the bedding, with isoclinal folds as well as mineral and
intersection lineations, and with plunging to the east; folds are coaxial, with axes to E.

ii.  Dn2 - more pronounced foliation and lineation patterns, both related to a close-to-isoclinal
folding of the bedding/foliation of Dy1; folds are coaxial, with axes to E; Thrust shear zones
developed at the end of Dyo.

iii.  Dn3 - E-W/55N crenulation cleavage and an axial plane of open, normal-to-inclined folds,
with axes plunging at a low angle to the E.

iv.  Dn4 - N-S/40-65E crenulation cleavage, an axial plane of gentle folds; SIOW/30 to
S10E/35 crenulation lineation.

Baltazar and Lobato (2020) still talk about that three phases of deformation are recognized in the
Nova Lima Group, in the region of the gold district: (i) foliation parallel to the E-W bedding, of
Archean age; (ii) penetrative NE-SW, Transamazonian foliation; and (iii) N-S crenulation cleavage

related to the Brasiliano orogeny.
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Almeida et al. (2004), Castro et al. (2020) and Endo et al. (2020) discuss how folds of various
generations and styles, associated with different phases and tectonic events, characterize the
structural framework of the Quadrilatero Ferrifero region: Nappe Curral with transport to N-NE,
Ouro Preto Nappes System with transport to S-SW, and folds of the third generation resulting from
amplification and/or refolding. According to these authors, the QF nappes system, although
presenting opposite vergencies, has similar symmetry planes, whose poles, given by the disposition
of the intersection lineation between the main schistosity and the bedding, are oriented around
095/45.

The mineral, mineral stretching, and pebble elongation lineation are oriented parallel to the
intersection lineation and the fold axes at all scales in both the Nappe Curral and the Ouro Preto
Nappes System. The Ouro Preto Nappes System is the product of coaxial folding during the
Transamazonian event, generating a penetrative and oblique S2 axial plane schistosity to the

bedding (Endo et al., 2005, Castro et al., 2020, Endo et al., 2020).



Table 1. Summary of QF deformation history, based on Baltazar and Lobato (2020).

36

T
Summary of regional QF deformation history. Based on Baltazgr and Lobato (2020).
Deformation Regime Structures Units OBS
Phase
Pre-Rio das Velhas
greenstone belt Ductile Subvertical N-S foliation, TTG basement
deformation
- S-verging, E-W oriented; - Rio das Velhas orogeny (Carneiro, 1992) of the Jequi¢ orogenic cycle (Neoarchean);
- The mylonitic axial-planar foliation associated with folding, arising in|
DI Ductile  [highly deformed zores. Its ge.neraF orientation is E-W, with a high dip|Nova Lima Group (Baltazar and Zucchetti, 2007). - Associated with the evolution of the Rio das Velhas greenstone belt.
angle and a parallel mineral lineation that plunges to the north. N to S
tectonic transport.
- SW-vergent, tight-to-isoclinal folds;
- mylonitic foliation, axial planar, with an average attitude of 060/35;
D2 Ductile | Along the foliation planes, the mineral lineation varies between 070/25 Maquiné and Nova Lima groups (Baltazar and Zucchetti, 2007).
and 060/20;
- NW-—SE structures truncate and dislocate the D1 structures.
- NE-SW-oriented, NW-vergent fold-thrust belt; - Large-scale folded structures—such as the Serra do Curral homocline, the Serra da Piedade and
. - Gandarela synclines, and the Conceigdo anticline (Marshak and Alkmim, 1989; Alkmim and Marshak,
. - SE to NW tectonic transport;
D3 Ductile- Sabara Group, Minas Supergroup and Rio das Velhas Supergroup. 1998);
brittle . L . . ’ - The D3 structures are attributed to the compressional phase of the Paleoproterozoic Transamazonian
- In the Nova Lima Group, the D3 foliation is recognized in X
orogenic cycle (2,26 Ga - 1,86 Ga).
the Nova Lima and Caeté gold districts. - They correspond to the Minas accretionary orogeny in the extreme SE of the Sdo Francisco Craton
- Mylonitic, high-angle foliation, and a down-dip mineral - DE structures are of extensional character and associated with the collapse phase of the Trasamazonian
lineation; orogeny.
N . . . . - Related to the uplift of the basement complexes (Marshak and Alkmim, 1989; Alkmim and Marshak,
- Bagdo ascension also imprinted normal shear zones on its borders; 1998);
DE Ductile - Normal faults WNW-ESE-oriented; Bagdo Complex and Nova Lima Group ;NT::niIr‘riizzilOg;rsGh‘;rli ;;sa;saclatcd with the formation of intermontane basins during the DE phase
- DE developed a dome-and-keel structure in the QF region (Marshak and Alkmim, 1989; Alkmim and
Marshak, 1998); around 2095 Ma (whole-rock Sm-Nd; (Marshak et al., 1997).
- Finally, the uplift of the basement blocks as metamorphic core complexes is proposed (Chemale et al.,
1994; Baltazar and Zucchetti, 2007).
- W-vergent, N-S-oriented fold-thrust belt;
- The D4 structures affect all Proterozoic;
- Shear zones have a mylonitic foliation plunging to E;
- Lineation, and kinematic markers indicating thrusting to W;
D4 Ductile |- The W-vergent, isoclinal-to-tight folds, with axial-planar foliation and| All Proterozoic as well as subjacent units - D4 structures are related to the E-W compressional Neoproterozoic Brasiliano orogeny.
lineation following the dip direction associate with zones of high
deformation;
- Sub-horizontal mineral and stretching lineations;
- N-S-directed fold-and-thrust belt, E-W and N-S folds and cleavages;
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3.5. GEOLOGICAL CHARACTERISTICS OF THE CUIABA DEPOSIT

The Cuiaba mine is composed of a sequence of mafic and metasedimentary metavolcanic rocks in
intermediate portion of the greenstone belt Rio das Velhas. The deposit structure is a cylindrical
geometry, with a fold axis plunging to ESE represented by an overturned limb at north and an
upright limb at south. Five main ore bodies are associated with sulphidation in the Banded Iron
Formation (BIF), as seen in the map in Figure 7: in the southern flank, represented by the Serrotinho
(SER) and Fonte Grande (FG) orebodies; on the northern flank, represented by Canta Galo (CGA),
Balancao (BAL) and Galinheiro (GAL) orebodies. Other mineralized bodies are associated with
the presence of quartz-carbonate veins and hydrothermal alteration in the metabasalts: Viana (VIA)
and Galinheiro Footwall (GFW) are located in the upper metamafic unit; Veio de Quartzo (VQZ)
are located in the lower metamafic unit, just inside the core and between the southern and northern
limbs. The average gold grade for the deposit is 5.87 g/t, with maximum grades of up to 25g/t. It
i1s worth mentioning that the main mineralization characteristics of these ore bodies are the same
as those of the original characterization by Vial (1980), Vieira (1988), and Vieira (1992).

The Cuiaba deposit area (Figure 5 and Figure 6) is in the intermediate part of the Nova Lima Group,
of the volcaniclastic and clastic sedimentary associations (Baltazar and Zucchetti, 2007). Cuiaba
(e.g., Lobato et al., 2005; Ribeiro Rodrigues et al., 2007) is a BIF-hosted gold deposit, marked by

the contour of the large-scale Cuiaba fold.
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CUIABA DEPOSIT GEOLOGICAL MAP
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Figure 7. Schematic geological map based on level 11 to 16 of the Cuiaba Deposit (after Fernandes et al.,2016).
The lithological succession at Cuiaba (Figure 8) includes volcanic, volcaniclastic and other
sedimentary rocks (Vial, 1980, Vieira, 1992, Toledo, 1997 and Ribeiro-Rodrigues et al., 2007).
Primitive rock types are described, from base to top, as lower mafic volcanic rocks (MAN), the
Cuiaba BIF, carbonaceous schists (XG), upper mafic volcanic rocks (MBA) and sedimentary rocks
characterized by metapelites (X1) intercalated with metapsamites (XS) with volcaniclastic
contribution. Mafic volcanic rocks are characterized by the presence of chlorite, epidote,
plagioclase and actinolite and quartz as alteration minerals. The BIF is characterized by alternating
dark (rich in carbonaceous matter), carbonate-quartz (+ magnetite) and light quartz-carbonate
bands. Algoma-type banded iron formations (BIFs) are thinly bedded, chemical sedimentary rocks,
consisting of alternating layers rich in chert and iron-rich minerals (Aratjo and Lobato, 2019). The
upper unit is constituted of pelites alternating with volcaniclastics rocks. Post mineralization mafic

dikes crosscut all rock types locally.
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Vial (1980), Toledo (1997), Ribeiro-Rodrigues (1998) and Ribeiro-Rodrigues et al. (2007)
considered the Cuiaba fold as a tubular structure, plunging 30° to ESE (Vial, 1980; Toledo, 1997).
Cuiaba deposit hydrothermal alteration (Vieira, 1992, Toledo, 1997) at metamafic units (lower and
upper) is divided by three main zones. It is classified as distal (epidote-chlorite schist, named as
MANX for lower metandesitic basalt and MBAX for upper metamafic unit), intermediate (chlorite-
carbonate schist, named as X2CL) and proximal zones (quartz-sericite schist, named as X2). At
BIF’s the hydrothermal alteration is characterized by the presence of hydrothermal carbonate
(ankerite) at intermediate zones and by sulphide zones at proximal domains. Hydrothermal

alteration cut all rock types, following structural features (Figure 8).
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Figure 8. Simplified stratigraphic column at the Cuiaba mine. (modified from Fernandes et al., 2016).
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According to Ribeiro-Rodrigues (1998) and Lobato et al. (2001a), metamafic units envelop
mineralization hosted in BIF and ferruginous chert and mineralization in shear-zone-related quartz
veins with disseminated sulfides associated with Fe-rich volcanic rocks. The recent discovered
quartz-veins mineralized zones, hosted in the lower mafic unit, at the Cuiaba deposit are
characterized by interconnecting quartz-carbonate veins related to the structurally controlled
hydrothermal alteration of their host rock (Vitorino, 2017; Figure 7).
Three gold mineralization types are recognized at QF: i) Type 1: pyrrhothite dominant sulphidation
of BIF stratigraphic horizon and lapa seca; ii) Type 2: pyrite dominant sulphidation inside BIF
occurring as a replacement style at carbonatic layers; ii) Type 3: quartz veins with disseminated
pyrite along its structures within the volcanic and sedimentary sequences. Cuiaba orebodies inside
BIF are mainly associated to type-2 mineralization (Vieira, 1988).

3.6.METHODOLOGY

Cuiaba mine is being mapped since its beginning in industrial scale (1982). This work was obtained
after 11 years of underground mapping (from 2009 to 2020). The mapping relied on the classical
tools of structural geology, which joined together field and laboratory work with meso- and micro-
structural studies. Geopetal and structural elements were observed, to understand the process of
local topology. Geopetal features are used to determine top and bottom criteria and upright or
overturned limb. They are characterized in the mine through stratigraphic studies (Vial, 1980,
Vieira, 1988, Vieira, 1992, Toledo, 1997), which considered the rocks at the core of the deposit to
be older than the external ones. As a way of confirming this hypothesis, stratigraphic criteria in
turbiditic flows (Bouma, 1962) are also used in the portions external to the core. Linear and planar

elements are obtained throughout symmetry plane analysis of folded systems (Ramsay & Huber,
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1987, Cowan, J. 2016). During the field work a central ductile shear zone was recognized for the
first time and described in Vitorino et al. (2020).

Field geologists have long known that the style and relationships of structures seen in a hand
specimen, outcrop or drill core can mimic the style and relationships of much larger structures that
formed during the same deformation but occur at the scale of a geological map or section. The
axes and axial surfaces of minor folds of an area are congruent with those of the major fold
structures of the same phase of deformation. This idea became known to several generations of
geologists as Pumpelly’s Rule (Pumpelly et al., 1894). Although strictly only a theory of fold and
axial surface vergences, the Rule came to be associated with the idea that the general style of all
minor structures was likely to mirror that of the major structures with which they were associated.
A total of 52 underground galleries was mapped and geological field trips in different sites were
done to complete this task. It was taken 2795 measurements (Figure 27) from level 07 (590m above
sea level) to level 19 (200m below sea level). The 3D models allowed the construction of a more
realistic geometry of the geological structures.

3.7. DEPOSIT SCALE STRUCTURAL ANALYSIS

The deposit is located between two important QF megastructures: the Serra do Curral homocline
to the north and the Gandarela syncline to the south. The Cuiaba Deposit area has a transpressive
transcurrent tectonic system with tectonic structures presenting a main NE-SW direction and dip
to SE.

The main planar structures are characterized by the primary structures related to bedding (So;
Figure 9) and axial-plane foliations (S1, Sz, and S3) associated with folding (D1, D2, and D3). Linear
structures are associated with fold axes and intersection lineations between planar structures (L1,

Lo, and L3).
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Figure 9. Different lithotypes representing the SO phase of the Cuiaba deposit. LEFT: Compositional variation
between carbonate, sideritic and quartz bands of BIF's. CENTER: Contact between different lithotypes (MBA:
upper metabasalt; XG: carbonaceous schist). RIGHT. Gradational granulometric variation observed in the
rhythmite (X1: metapelite; XS: metapsamite).

Kinematic indicators are observed along with all structures at different scales. Among the
indicators associated with ductile rheology, the main ones are asymmetrical folds located in layers,
or veins, (presenting asymmetry in Z, S, or M), SC foliation, and rotated porphyroblasts forming
varied structures such as pressure shadows, fringes of pressure, and recrystallization tails, in sigma
or delta structures. Among the indicators associated with ductile-brittle rheology are crenulation

cleavage and deformed quartz veins associated with precipitation in zones of lower stress in gash

veins.
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3.7.1. Deformation Structures

3.7.1.1.D; Phase Structures

The structures of phases 1 and 2 are very difficult to distinguish on a deposit scale, due to the
similarity and coaxial character between them. These structures were initially confirmed due to the
local recognition of fold interference patterns (Figure 10) and different asymmetries of parasitic
folds in the same limb. D; folds, L fold axes, and S; axial plane foliation represent this ductile
rheology phase. The D, structures present axial plane foliation usually dipping to SSE and a fold
axis with moderate plunge to ESE, indicating a strike-slip tectonic transport with NNE-SSW
direction.

D folds have decimeter to decameter dimensions. They are characterized by inclined, flat folds
(except in areas with fold interference patterns, as shown in Figure 10), cylindrical, similar, tight
(with an interlimb angle ranging from 0 to 30 degrees), and in general asymmetrical. Locally,
isocline folds with large amplitudes are observed.

The S: foliation is subparallel to the bedding in the fold limbs, corroborating the characterization
of a tight to isocline fold. In schists, it is well marked and is characterized as a penetrative
schistosity, composed by the orientation of phyllosilicates (chlorite and white mica) and carbonate
porphyroblasts, which are the main building elements of this structure. In BIF's the S; foliation is
recognized as axial-plane cleavages of D folds, usually spaced and filled by chlorite, carbonate,
and quartz.

The L lineation is an intersection lineation between the S; foliation and the So folded bedding,
being parallel to D; fold axis. It is observed in the field that the mineral stretching lineation in

carbonates and quartz is parallel to the D; fold axis, being represented in the same stereogram.
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High concentration of quartz veins and the presence of mylonitic zones in the contact of upper

metavulcanic, carbonaceous schist and mineralized BIF s are well observed throughout the limbs.

3.7.1.2. D2 Phase Structures

Structures D2, together with D1, are the most pervasive and observed throughout the entire studied
area of the deposit, representing the main structure of the deposit. These ductile to ductile-brittle
structures are represented by D2 folds, L2 lineations (represented by fold axes, intersection
lineations and mineral stretching lineations), S2 foliations and shear zones. In schists, the structures
have a ductile character, while in BIF's, the axial-plane cleavage is spaced and pervasive, specially
at hinge zones.

As mentioned above, D1 and D2 structures are difficult to distinguish due to their subparallelism
at limbs. Even with little difference of rheology (as D1 are ductile and D2 are ductile to ductile-
brittle) this distinction is not trivial. In rare cases where fold interference patterns are observed
(Figure 10) it is possible to discriminate structural phases at D2 hinge zones. Thus, it was decided
in this work to include them in the same stereograms and to name them S2-1 foliation and L2-1
lineation (Figure 14). S2-1 foliation is observed with a moderate dip to ESE and L2-1 fold axis
with a moderate plunge to ESE, indicating strike-slip tectonic transport in the NE-SW direction.
Due to the superposition of foldings, it is difficult to determine the vergence at first sight.

The D2 folds (Figure 11) have decimetric to decametric dimensions. They are characterized by
inclined, flat, cylindrical, similar, tight (with an interlimb angle ranging from 10° to 30°), and
asymmetrical folds. The L2 lineation is an intersection lineation from planar structures before this
phase (bedding SO or S1 foliation) and the S2 foliation, being parallel to the D2 fold axis and the
stretching lineation of the carbonate and quartz minerals. In this way, as in D1, these structures are

represented in the same stereogram.



Figure 10. Structures related to interference patterns from D2 at D1 folds, generating coaxial hook-like
geometry: A. Fonte Grande orebody (Center-South domain) level 15 (up-plunge view to NW); B. Balancio
orebody (Center-North domain) level 10 (up-plunge view to NW); C. Galinheiro Extensdo orebody (West
domain) level 11 (down-plunge view to SE). Structural features: S0-bedding, SB-banding, S1-folded foliation
from phase D1, S2-axial plane foliation from phase D2.
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Figure 11. D2 structures. A. D2 folds (NW up-plunge view) with L2 lineation represented by the fold axis
(represented by a small white circle) and S2 foliation characterized by the axial-plane cleavage at the contact
between BIF and lower metandesite basalt (MAN); B. D2 folds (ESE down-plunge view), presenting L2 fold
axis and S2 axial-plane foliation at the contact of carbonaceous schist (XG) and upper metabasalt (MBA); C.
Photomicrograph of S2 foliation formed by orientation of phyllosilicates (sericite — ser) and elongated quartz
(qz) and carbonate (cb) grains.
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The S2 foliation is marked in all rocks in the deposit, being parallel to the axial plane of the D2
folds. In the most competent rocks (BIFs and metabasalts) the S2 foliation is less penetrative and
centimetric to subdecimetric spaced. In general, this structure is represented as an axial plane
cleavage (Figure 11A). In BIFs, the presence of S2 foliation planes filled with chlorite and quartz
can be noticed. In less competent rocks, such as hydrothermally altered metavolcanic rocks and
schists of sedimentary origin (carbon shales and metaritmites), the S2 foliation is characterized as
a penetrative foliation (Figure 11B), with millimeter spacing, forming a schistosity through the
preferential orientation of the phyllosilicates (chlorite and white mica), carbonate porphyroblasts,
and quartz, being these minerals the main building elements of this structure (Figure 11C).
It is observed concentrations of quartz veins and the presence of mylonitic zones in the axial planes

of D2 folds.
3.7.1.3. D3 Phase Structures

Features related to D3 structures are less frequent and sparser than D1 and D2. D3 structures are
brittle-ductile to brittle, registering shallower crustal levels. Folds (D3), crenulation lineation (L3),
crenulation cleavage (S3), and partially filled cavities, materialize this deformation phase. The S3
foliation has a moderate to strong dip to E and the L3 fold axis registers a smooth plunge to S
(Figure 14).

D3 folds (Figure 12A), millimeter to metric, show crenulation along its overturned limbs. They are
flat, cylindrical, harmonic, and closed to smooth folds, with an interlimb angle ranging from 30 to

70 degrees. The D3 folds are vergent to W.

The crenulation lineation, L3 (Figure 12B), is defined by the D3 microfold axes with the foliation

S3. L3 has an N-S direction with a moderate plunge to S.
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The S3 foliation (Figure 12C and Figure 12D) is pervasive in rocks with a higher composition of
phyllosilicates (graphitic schist and metaritmites) and defined by the discontinuity of the previous
planar structures (S2, S1, or S0). It is penetrative, sigmoidal, and spaced, forming crenulation
cleavages with centimetric to subcentimetric spacing. The crenulation cleavage, tension gashes
filled by milky quartz veins (Figure 12E) and the rupture of BIF's layers (Figure 12F) are the most
representative structures.

The D3 phase records cavities (geodes) with decimetric to metric dimensions (Figure 12G),
partially filled by euhedral quartz, carbonate, chlorite, and pyrrhotite crystals. Rare centimetric

needles of rutile (Figure 12H) included, or not, in quartz crystals, are observed.
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Figure 12. D3 structures. A. D3 folds with vergence to W (view to S); B. L3 fold axis presenting crenulated
aspect (view to S); C. S3 foliation (mesoscopic view for N); D. Foliation S3 (microscopic view to S); E. Tension
gashes of milky quartz veins associated with shear zones of the S3 foliation (N view); F. Disruption of BIF's
layers associated with D3 phase (view to N); G. Cavities partially filled by euhedral crystals of quartz (qz),
carbonate (cb) and chlorite (cl); H. Rare acicular crystals of rutile (rt) associated with cavities in carbonate
matrix (cb).
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3.7.2. Structural domains

For a better understanding of the relationship between the structural features in phases D1 and D2,
which are difficult to individualize, structural domaining for Cuiaba deposit are presented,
described (Figure 13; Table 2) and differentiated (Figure 14). The division into domains is based
on topology and structural location of the fold (overturned limb, upright limb or hinge zone) and
based on the styles and asymmetries of D1 or D2 folds. Folds D1 and D2 are similar in morphology
and geometry, creating difficulty in mapping differentiation. Therefore, the generation of these

folds will not be discussed in these domains.



51

Bedding
ALL DOMAINS

CUIABA DEPOSIT
STRUCTURAL DOMAINS

ey A

50— Bedding (pole) =

Mineralized structures
ALL Q__OMAINS

521 — Axial plane foliation (pole)
121 - Fold axis

Post mineralized structures
ALL DOMAINS

53 — Axial plane crenulation cleavage [pole)
L3 — Fold axis {crenulation)

Structures Lithologies

N |' Structural domains - - — S1axial frace Top of sequence

i BIF with sulphid
7 -~ Geological contacts: - - — g3 ayjal trace C] Metasediments m wrhaee
¥ measured, indicated Mafic unit with quartz veins . BIF with no sulphide
Overturned limb Ve d Uprigth limb 4 -
/ﬁ;}j fold assimetry o fold assimetry . Upper mati unit . Lower mafic unit

Carbonaceous schist

Figure 13. Maps of defined structural domains. Note that on the south and east flank the domains are classified as normal flank, while on the north and
west flank the domains have an inverse flank.



CUIABA GOLD DEPOSIT —ENTIRE DOMAINS (n= 2455)

BEDDING [n=808) MINERALIZED STRUCTURES [n=1328]

POST MINERALIZATION [n= 319}

A

. S'Dtn—ﬂﬂvﬂﬂ, 148/33)

51 [n=340, 163/32)

* 83 (n=152, 093/50}

3 L3 (n=167, 17228}
52 [n=387, 141/30}

L2 [n=424, 113/27)

MINERALIZED STRUCTURES FOR EACH STRUCTURAL DOMAIN (n=1328)

ME DOMAIN EDOMAIN SE DOMAIN
- - v "
® - \
Vi A .l
r '” i r
«F " i
= - P L
- _; _.
iy in
%
rat - o A
521 (n=42, 135/31) 521 [n=48, 150/25} 521 {n=38, 160425
= 121 (n=42, 11330} 121 [n=37, 112/27) > 121 [n=28, 122/25
MW DOMAIN W DOMAIN SW DOMAIN
g Lo LT
i o
L 7
: ; iz
i '
1 521 [n=110, 143/32} 1 521 [n=55, 138/25) = 521 [n=212, 126/31
121 [n=124, 113/30) 121 [n=35, 117/32) 121 [n=223, 111/27]
CENTER-SOUTH DOMAIN

CENTER-NORTH DOMAIN CEMTRAL DOMAIN

- #T

‘.- w
1;_- _f’
s21{n=29, 149/25) i $21{n=45, 155/25) —
L21[n=24, 117/19

521 [n=150, 14025}

L21 [n=35, 11135} L21 [n=053, 115/22}

Figure 14. Stereograms of mineralized structures in the Cuiab4 deposit, individualized by structural domains.
Red dots represent the fold axes. Black dots represent the poles of axial-plane foliation.



53

3.7.2.1.Center-North Domain

Applying Pumpelly's Rule (Pumpelly et al., 1894), the asymmetry of the folds (Figure 13) and the
continuity of the BIF layer were analyzed. Through this study regions with repetitions of
carbonaceous schist layers, and the presence of a mineralized body called Galinheiro Foot Wall
can be noticed.

However, it is noted that there is a subdecimetric mineralized BIF layer located in the Foot Wall
of the NW Domain. Through geological information (mapping and drilling holes), it is possible to

observe the continuity of this structure in-depth, from the surface to level 21.

3.7.2.2.NE Domain

As observed in Table 2, as one approaches Domain E, the evolution of folds with asymmetry
initially in Z (indicative of clockwise vorticity to this domain) to asymmetry in Z and M is noticed.
This change in the asymmetry pattern indicates the transition from the overturned limbs to the
hinge zone. An inverted stratigraphic relationship in the domains is observed, where the

carbonaceous schist occurs in the Foot Wall of the BIF, in an inverted position (Figure 13).
3.7.2.3.E Domain

In the boundary region with the NE Domain, Z-folds and overturned limbs are observed,
transitioning to M; in the boundary region with the SE Domain, S-folds and upright limbs are
observed, transitioning to M (Figure 13). The fold asymmetry in this domain is indicative of hinge
zone.

3.7.2.4.SE Domain

As we approach Domain E (Figure 13), we can see the evolution of folds from initially S

asymmetry to M asymmetry, indicative of counterclockwise vorticity to this domain. This change
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in the asymmetry pattern indicates the proximity of the hinge zone to the main fold, with continuity
to the north. The normal stratigraphic relationship is evident in the SE domains, where the
carbonaceous schist is observed in the Hanging Wall of the BIF layer (Figure 13).

3.7.2.5. Center-South Domain

This domain area is characterized by upright limbs. Some peculiar characteristics are observed in
this domain as it goes deeper into the deposit, parallel to the plunge of main fold axis; (Figure 13).
Between the surface and level 11, it is observed in this domain, the continuity of the BIF layer
along the strike, reaching about 15 meters of apparent horizontal thickness. This increase in
thickness occurs due to the fold interference pattern with Z-folds asymmetry in the western limit
and S-folds asymmetry in the eastern limit of its domain. This region is considered one of the areas
with the highest metallic content in gold (between levels 05 to 11), due to high contents associated
with a thick BIF layer.

Between levels 12 and 13 (Figure 15) the BIF layer, still continuous and thick due to the
interference of folds, undergoes a duplication associated with the presence of smoky quartz veins
near the Hanging Wall. This duplication is responsible for the increase in the thickness of the
mineralized layer, including the presence of smoky quartz veins, reaching up to 25 meters of
apparent horizontal thickness at this location. Although the gold content has decreased slightly in
relation to the upper levels, it is observed that the metallic content is still high due to the increase
in the thickness of the mineralized horizon.

Below level 13, the BIF layer disappears in this domain, showing ruptures of approximately 75
meters in length along the strike. This feature is observed down to level 28, where there is
geological information to date. The gold metallic content, and the BIF layer, at these levels

decreases considerably.
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Figure 15. Level 11, 12 and 13 composite maps from Fonte Grande orebody at Center-South domain showing

local duplication of BIF s at this site.

In the southern-most portion of the deposit, at about 100 meters in the Hanging Wall of Fonte
Grande orebody, it is noted the presence of submetric to metric quartz veins inside
hydrothermalized zones of metabasalt (Viana orebody). This domain is apparently continuous with
the Bau oredody, both with E-W trend. Further investigations are necessary after its development,
since the Viana orebody has locally presented rocks with characteristics similar to BIF at level 19

and 20.

3.7.2.6. SW Domain

The Z-fold asymmetry (indicative of clockwise vorticity) and normal limbs in this domain allow
to observe the closing of this structure towards W Domain, being consistent with Pumpelly's Rule.
However, the continuity of the structure in the transition between the SW and SE domains is
inconsistent with this rule, as described in the SE Domain, indicating more than one deformation

phase (Figure 13).
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3.7.2.7. W Domain

The overturned limb and M-fold asymmetry in this domain (Figure 13) indicates a hinge zone. Fold
interference pattern at this location is also notorious, characterizing by local refolding elements
where foliations S1 and S2 are observed in the same outcrop (Figure 10C). Fold concavity plunging
to the core of Cuiaba deposit nuclei (Figure 13) indicating a synform-anticline is another important

evidence that reinforces the presence of fold interference patterns at the domain.
3.7.2.8. NW Domain

As seen in Figure 13, as it approaches the W Domain, the evolution of folds with asymmetry
initially in S (indicative of sinistral cinematics) to asymmetry in S and M is observed inside a
overturned limb. This change in the asymmetry pattern indicates the transition from the limb to the

hinge zone of the main fold, closing toward W Domain.
3.7.3. Structural features of the vein systems (Central Domain) Structural Domains

The central zone of the Cuiab4 deposit is represented by the quartz vein ore body (VQZ) associated
with lower andesitic metabasalts metamafic rocks. The main structures associated with this domain
are the S1 and S2 foliations (Figure 14), where quartz veins are hosted within the proximal
alteration zones (sericite zone) mainly along S1 foliation, where higher gold grades are placed.
This is the only domain of the deposit where it is possible to clearly distinguish the two mineralized
phases.

The S1 foliation (Figure 14), is characterized by a highly tectonized and folded foliation, whose
are mainly formed by sericite and quartz, in the proximal zone, being the main builder elements of
this structure. It is also noted that this shear zone cut the BIF at East domain (observed at L17
throughout development inspection) and at the Center-North domain, where BIF layer is silicified

(observed throughout geological mapping at Level 09, 10, 11, 12, 13 and 14). Within the veins, a
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small proportion of sulfides is observed, characterized mainly by millimetric to subcentimetric
crystals of pyrrhotite stretched parallel to the fold axis. It is also observed, in a less constant way,
subhedral to euhedral crystals of sphalerite and galena of subcentimetric to centimetric size.

The S2 foliation (Figure 14), is the most penetrative structure and is observed in the zones of
intermediate (carbonate zone) and distal (chlorite zone) alteration, reaching the point of obliterating
the previous features. It is characterized by the alignment of phyllosilicate (chlorite and sericite),
carbonates, and quartz, being the main builder elements of this structure. Locally, quartz veins and
proximal hydrothermal alteration can be observed contained in the S2 foliation, which is parallel
to the axial plane of the folded quartz veins contained in the S1 foliation. In the veins associated to
S2 foliation, it is observed a small proportion and disseminated sulfides characterized mainly by
euhedral to subhedral pyrite crystals of milimetric to subcentimetric size.

Two types of quartz veins are verified: (1) smoky quartz, more present in the S1 foliation, and (2)
quartz-carbonate veins, more present in the S2 foliation. However, smoky quartz is also observed
in the S2 foliation in minor proportion. Both quartz veins are related to gold occurrences. S2
foliation hosts gold inside quartz veins with lower gold grades and small length (2 to 4 g/t in
average and at most 40 m along strike), probably remobilized from D1 mineralized zones (Figure
17.A) where gold grade is higher and more continuous (4 to 10 g/t in average and at least 150 m
along strike). Visible gold (Figure /7.B) occurs rarely only in the S1 foliation, usually associated
with sphalerite and galena.

The S1 foliation is folded and has a moderate dip to SSE. The S2 foliation is axial-plane of the S1
folded foliation and has a moderate dip to SE and a fold axis with a moderate plunge to ESE. Phase

1 folds, in quartz veins inside lower mafic unit, are asymmetrical with Z-asymmetry (Figure /6).
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Figure 16. Level 19 VQZ orebody lithological map, showing the location of high grades and folded quartz veins
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Figure 17. Quartz veins at metamafic examples: (A) outcrop scale at level 18 VQZ (up-plunge view to NW) with
of 3 m thick smoky quartz vein surrounded by contacts represented by proximal alteration zone at (yellow
sericite schist -X2) along S1 foliation where high gold grades (4 to 10 g/t) are placed; (B) Drill core (35 mm of
diameter) showing quartz vein with visible gold at foliation S1 (from level 18 VQZ.
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3.7.4. Structural phase distinction at Cuiaba domains

After structural domains characterization inside Cuiaba deposit, it is noteworthy that the D1 and
D2 mineralized structures were locally distinguishable through 3 criteria: (1) Central Domain (VQZ
orebody), where quartz veins is folded along S1 foliation and where S2 foliation represents its
axial-plane; (i1) Fold interference patterns observed locally at refolded BIF layers, inside the W,
Center-South, and Center-North domains and (iii) S1 foliation is more observed in NE, E and SE
domains, dipping to SSE. On the other hand, S2 foliation is more penetrative in the NW, W and
SW domains dipping to SE (Figure 14).

Thus, the Cuiaba deposit can be divided into two large structural compartments: The Western
compartment (W) and the Eastern compartment (E). Compartment E encompasses the previously
described NE, E, and SE domains. It refers to deformation zones associated with phase 1,
presenting very tight to isocline recumbent folds, with foliation dipping to SSE. The W
compartment encompasses the Center, North-Central, NW, W, SW and South-Central domains,
with folding zones mainly associated with phase 2 as clearly observed at Center Domain, with
foliation dipping to SE. Locally it is possible to observe fold interference pattern from D1 and D2
folds, as observed in Center-South and W domains. These criteria are helpful to understand the

whole deposit and classify the phase predominance at each domain as described at Table 2.



Table 2. Summary of structural domains of Cuiaba Deposit.

Table 2. Summary of structural domains of Cuiaba Deposit
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metamafic [structured. obliterating the previous|a moderate dip for SE and a fold axis . . ;
lower metamafic rocks ) = . proportion. Key domain for understand the whole|
umt)  |features. with moderate slope for ESE. Phase 2
(andesitic metabasalts). R R .~ |deposit.
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3.8. STRUCTURAL EVOLUTION OF THE CUIABA DEPOSIT

Previous works attribute the tubular fold or sheath fold model as a hypothesis for the structural
evolution of the Cuiabd deposit (Vial, 1980; Vieira, 1992; Toledo, 1997; Ribeiro-Rodrigues,

1998;Figure 18).

W-NW

regional tectonic
transpor direction
and vergence of

asymmetric folds
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Larne. overturned
sheathed anfiform

Marcio Sales (1998)
Sueen’s University
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- drawing nol to seale - of eresion Cuiaba mine

Figure 18. Structural sheath fold evolution model accordingly to Sales (1998) and Ribeiro Rodrigues (2007).

However, the arguments presented here contradict this previous hypothesis and reinforce the model
of structural evolution by refolding:
1. Absence of sheath folds in the Cuiaba mine at outcrop scale during underground geological
mapping.
ii.  Presence of parasitic folds with linear (fold axes) and planar (plane-axial foliation)
structures with constant values, dipping SE, forming a small stereographic distribution.
Conical stereographic behaviors, distributed in circular shapes, are expected for sheath fold

models.
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iii.  The presence of superposition of coaxial folds was observed on a mesoscopic scale, as
observed in the W and Center-South domains.

iv.  The intense shearing (which is one of the causes of sheath fold, according to Skjernaa,
1989) is contradicted by the presence of preserved magmatic (e.g., pillow lavas at
metamafic units) and sedimentary structures (e.g., graded bedding or load casts in
rhythmites).

Holcombe and Coughlin (2003) and Rankin (2006) also corroborate the evolution of the deposit
model here proposed.
The structural evolution of the Cuiaba mine is divided into three phases of deformation as Figure
19. The structures referring to phases D1 and D2 are coaxial and possibly have a progressive
behavior, considered inserted in the same tectonic event (Event 1). The structures of phase D1 were
generated in the ductile regime, while those of phase D2 were generated in the ductile to the ductile-
brittle regime. The structures referring to the D3 phase are non-coaxial, non-progressive concerning
the previous phases, and were generated in a brittle-ductile regime, in another tectonic event (Event
2).

3.8.1. Event I — Phase 1
Phase 1 structures are locally characterized by a ductile deformation with tectonic transport from
SW to NE, represented by closed and inclined folds with fold axis plunging to ESE and sinistral
“S” vorticity (Figure 19A). The parallelism between stretching lineation and L1 indicates type “b”
lineation (Sander, 1970, Ramsay, 1967, Sullivan, 2013), indicative of a regional hinge zone.

3.8.2. Event I - Phase 2

Phase 2 (Figure 19B) of the first recorded deformation event is characterized by a ductile to ductile-

brittle deformation with tectonic transport from NE to SW, coaxial and progressively with phase
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1. Tight and inclined folds represent this phase, with a fold axis plunging to ESE and dextral “Z”
vorticity that refolds the layers already folded in phase 1, generating a hook-like geometry folding
which consist in a “type-3 fold interference pattern” from Ramsay and Huber (1987). This phase
presents local transposition, as observed in the rupture of the BIF layer in the Central-South
Domain, and in the Central-North Domain, generating shear zones, characterized by highly
developed S2 foliation, subparallel to the bedding. The parallelism between stretching lineation
and L indicates type “b” lineation (Sander, 1970, Ramsay, 1967, Sullivan, 2013), indicative of a
regional hinge zone as well as the relationship between L intersection and stretching lineations.
S1 and S2 foliations are well observed at Central domain, being able to make analogies to the other
structural domains to the point of understanding the structural framework.

3.8.3. Event 2 - Phase 3

Phase 3 (Figure 19C), which characterizes the second deformation event, and is characterized by a
brittle-ductile convergent deformation of the “fold and thrust belt” type with tectonic transport from
E to W, dipping to E. Crenulation cleavages and shear zones associated with the short flanks of the
fold represent this phase. The oblique to orthogonal variation between fold axis and axial planes
from this phase to preceding ones can generates dome-and-basin geometry folding, associated to a

“type-1 fold interference pattern” from Ramsay and Huber (1987).
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Figure 19. Synthesis of the
structural evolution for the
Cuiaba (CB) deposit.

A.Event 1 —Phase 1 with ductile
strike-slip tectonic transport
with ENE-WSW direction and
counterclockwise vorticity.

B. Event 1 — Phase 2, with
ductile to ductile-britle strike-
slip tectonic transport with NE-
SW direction and clockwise
vorticity, generating ‘“hook-
like” geometry folding
associated to “type 3-fold
interference patterns” from
Ramsay & Huber (1987).

C. Event 2 — Phase 3, with
inverse tectonic transport with
W  vergence, with possible
generation of local dome-and-
basin folding associated to
“type-1 fold interference
pattern” from Ramsay & Huber
(1987).
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3.9. STRUCTURAL CONTROL ON ORE FORMATION

As mentioned above, the Cuiabd deposit has 11 ore bodies. Of this total, 7 are related to
mineralization in the BIF, with a thickness between 1 and 15 meters (Canta Galo, Balancao,
Galinheiro, Surucucu, Serrotinho, Fonte Grande, and Dom Domingos), and 4 orebodies are related
to mineralization in quartz-sulfide schist at the metavolcanic rocks (Galinheiro Footwall, Viana,
Bau and VQ?Z). In addition, the quartz vein mineralization is still in the detailing phase by the
brownfields exploration team and is hosted in sulfide quartz-schist. The VQZ mineralization is
present inside the Cuiabd nuclei, at the lower metabasalts just between normal and overturned limbs
(Figure 7). The ore controlling structure is associated with the D1 and D2 phases. At D1
mineralization, there is a WNW-ESE trend with dip to SSE associated to S1 foliation and fold axis
plunging to ESE. At D2 mineralization, there is a NE-SE trend dipping to SE and fold axis plunging
to ESE. It is noteworthy that plunge from both phases decrease its plunge with depth, as can be
seen at Figure 27.

The gold mineralization inside BIF and quartz veins at the Cuiaba deposit is directly associated
with the presence of sulfides (Figure 20Erro! Fonte de referéncia ndo encontrada.). In this work,
it is chosen to distinguish the generations of these mineral-ores. Macroscopically, 4 generations of
sulfides can be observed in the Cuiabd deposit inside these rocks and are now described in
ascending chronological order (Figure 22). All generations of sulfides, except the last, are
mineralized into gold. Kresse et al. (2018) identified the main ore-stage pyrite types as Py2 and

Py3.
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Figure 20. Au x S correlation charts
for different lithologies. BIF -
Banded Iron Formation; X2:
metamafic schist; XG: carbonaceous
schist. Data  obtained from
AngloGold Ashanti internal
laboratory analysis (methodology of
Au measurement is Fire Assay, while

for S measurement is LECO).
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3.9.1. DI sulfidation

The DI sulfidation (Figure 22) is observed in all structural domains of the deposit, especially in
the Central, NE and E domains; but with a much smaller proportion compared to D2 syn-tectonic
sulfidation. It is characterized inside BIF's by millimeter to submillimeter bands of grained and
massive pyrrhotite deformed in ductile regime by phase 1. The pyrrhotite of this generation is
crystallized in the axial planes of D1 folds and is concordant to the BIF bedding along D1 limbs
(domains NE and SE) and orthogonal to bedding in D1 hinge zones (domain E). Microscopic
(submillimeter) crystals of euhedral arsenopyrite disposed inside pyrrhotite is observed at this stage.
Inside quartz veins at metabasalts associated to D1 structural phase (usually smoky quartz veins),
it is observed disseminated and deformed crystals of submillimeter pyrrothite and sporadic
millimeter to subcentimeter subhedral sphalerite and galena deformed in a ductile regime and
associated with veins containing quartz, ankerite, chlorite, and sericite.

The mineralization associated with the tectonic phase D1 is directly associated with pyrrhotitic
“type-1 ore defined by Vieira (1988), with the presence of medium to coarse-grained gold

(between 50 and 500um) precipitated at the sulfide edges.

3.9.2. D2 syn-tectonic sulfidation

Subhedral pyrite bands with very fine grains characterize D2-syntectonic sulfidation (Figure 22.
Hand sample (left) and microscopic scale (right) from different types of sulphidation observed at
Cuiaba deposit. Note that D1 and D2 sulphidation are mineralized. D3 sulphidation has no gold
observed.). The pyrites of this generation are mineralized into gold, corresponding to the main ore
in the deposit. This type of mineralization is abundant and is observed in all domains but is quite
prominent in the SW and NW domains. In places where there is not an abundance of this

mineralization, “Christmas-tree” type hydrothermal replacement textures inside BIF are observed.
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In the richest places, the great concentration of pyrite obliterates the primary features and possibly
the early-tectonic D1 sulfide. In quartz veins at metabasalts, this sulfidation is disseminated in
millimeter blasts of subhedral to euhedral pyrite as can be noticed inside Central domain (VQZ ore
body). This mineralization can be associated with pyritic “type-2” ore defined by Vieira (1988)
where gold was precipitated as inclusion in pyrite and is fine-grained (between 10 and 100um).

It is locally noted the correspondence between the structural phases D1 and D2 and the relationship
between sulfides pyrrhotite related to D1 axial planes and pyrite related to D2 (Figure 21). The D2

phase is associated with syn-D2 pyritic sulfidation along the axial planes of these folds.

3.9.3. D2 late tectonic sulfidation

Late tectonic D2 sulfidation (Figure 22) is characterized by subhedral to euhedral coarse-grained
pyrite poikiloblasts with centimeter to subcentimeter size. Locally, this type of sulfidation is

observed in BIF, especially in the NE and NW structural domains.

3.9.4. D3 late tectonic sulfidation

Late tectonic D3 sulfidation (Figure 22) is characterized by submetric to metric discordant milky
quartz veins filling voids in D3 phase structures, containing very coarse sub-centimeter to
centimeter-grained euhedral mineral aggregates, composed mainly of pyrite and pyrrhotite, in

addition to accessory minerals, as chlorite and rutile. This association has no gold mineralization.
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Figure 21. Correspondence between deformational phases and gold mineralization inside BIF. A. Overview of structural phases D1 and D2, where bedding
(SB) is refolded and foliation S1 is folded by foliation S2; B. D1 pyrrhotitic (po) mineralization parallel to S1 axial plane foliation; C. Syn-D2 pyritic
mineralization parallel to the S2 axial plane (replacement textures of carbonate bands (ank) by pyrite (py) are observed). The images were taken to L1
and L2 down-plunge view (to ESE). Level 11 GAL EXT orebody, structural domain W.
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Sin-D1 sulphidation - fine pyrrhotite and coarse gold

Sin-D2 sulphidation - fine to m

~ry

Figure 22. Hand sample (left) and microscopic scale (right) from different types of sulphidation observed at
Cuiaba deposit. Note that D1 and D2 sulphidation are mineralized. D3 sulphidation has no gold observed.
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3.9.5. Structural implications for gold metallogenesis

Based on the correlation between sulfide and deformation, mineralization at the Cuiaba mine is
divided into 3 phases (Figure 23). The D1 tectonic phase mineralization is directly related to type
1 ore defined by Vieira (1988). It is characterized essentially by pyrrhotite with the presence of
medium to coarse-grained gold precipitated at the sulfide edges. As it is observed to be concordant
with the axial plane of D1 folds and is contained in the phase 1 foliation, a tectonic D1 generation
is suggested. It is proposed that the pyrrhotite was formed under different physicochemical
conditions from the later phase, in an environment with relatively low 02 and S, as shown in the
diagram in Figure 24.

The D2 syn-tectonic mineralization is directly related to type 2 ore defined by Vieira (1988) and
comes from fluids formed by an association of quartz, ankerite, chlorite, and sericite. This fluid
percolated through the rock through openings in the axial plane of the D2 folds during small stages
of tectonic quietude during the D2 deformation and that enabled the formation of substitution
textures in the sideritic bands of the BIF’s (Vieira, 1988, Lobato, 2001b). It is suspected that the
fold interference with same asymmetry between phases D1 and D2 (S or Z-folds from D2
interfering S or Z-folds from D1, respectively) allows an increase in the gold content of the
mineralization due to the amplification of the folds, as in the case of the boundary between the
domains NE and E (Z-fold asymmetry from D1 amplified by Z-fold asymmetry from D2) and the
NW domain (S-fold asymmetry from D1 amplified by S-fold asymmetry from D2). The gold at
this stage was precipitated as inclusion in pyrite and is fine-grained.

The late-tectonic D2 sulfide is directly associated with mineralized zones with subhedral and coarse
pyrites, with a lower presence of gold and a low correlation between this element and sulfur, quite

observed in the NW and NE domains. McClay & Ellis (1983) describe a directly proportional
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relationship between mineral growth and the increase in metamorphic grade, which is probably
associated with this type of sulfide.
Table 3 summarizes the chronological relationship between mineralization and deformation

structures.

Table 3 Chronological relationship between mineralization and deformation phases. Note the greater presence of gold in the

syn-D2 tectonic phase, associated with pyrite and arsenopyrite.

Pyrrhotite
Pyrite
Arsenopyrite N.H
Chalcopyrite o]
0
il

1
sl

Sphalerite
Galena
GOLD B 1 100um

Ell

Gold mineralization at S1 foliation Gold mineralization at 52 foliation
Pyrrhotite dominant at BIF lthotypes Purite ore dominant at BIF lithotvbes

Figure 23. 3D schematic cartoon showing relationship from structural evolution and gold mineralization inside
Cuiaba deposit (CB).
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Figure 24. Diagram [S2 versus |02 for sulfide
formation in S-based complexes, for
temperature of 350°C and pressure of 2kb
(extracted from Mikucki and Ridley, 1993). The
formation of D1 pyrrhotitic ore would be
associated with relatively low [02 and S
conditions in relation to syn and late-D2 pyritic
ore.

3.10. DISCUSSION

Based on the deformational model proposed here for the Cuiaba gold deposit, some modifications
are made concerning the known historical model. The continuity at the extreme W of the deposit,
which refers to the extrapolation of BIF in the NW domain, has a strong tendency to connect with
the Lamego deposit, located about Skm SW of Cuiaba.

The continuity to the extreme NW of the Cuiaba mine, referring to the extrapolation of BIF in the
NE domain, was inferred from the hypothesis of structural evolution, not being observed in detail
inside the Cuiaba deposit, probably due to some displacement of the layer due to the beginning of

transposition.
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3.10.1. Structural geochronology hypothesis

Albeit two mineralized structures are observed at the Cuiaba gold deposit (associated with D1 and
D2 phases), it is not yet possible to determine their relative age. Although geochronological works
are indicating the Archean age of mineralization (Silva, 2006; Lobato, 2001) and other works
associating mineralized structures to a single and progressive event (Vieira, 2000), the hypothesis
of a potential Paleoproterozoic age cannot be despised (Vieira, 2000). Thus, it is suggested to carry
out geochronological analysis of the structures to confirm whether the relationship between D1 and

D2 is progressive or not.
3.10.2. New proposed model and lateral continuities

After the structural characterization of phases and domains, the Cuiaba deposit structural model is
proposed. It is related to a type-3 fold interference pattern from Ramsay & Huber (1987), with a
hook-like geometry, which characterizes the first phase of deformation in the eastern portion of the
Cuiaba deposit (associated with the NE, E, and SE domains; Figure 13), refolded by the western
portion in the second phase (represented by the SW, W, and NW domains; Figure 13). Thus, the
model of tectonic evolution by coaxial refolding for the Cuiaba deposit is more satisfactory than
tubular or sheath fold. Continuity of the main reef (the BIF layer) outside the deposit limits is
proposed using as reference the Center-North domain where the BIF layer in the overturned limb
splits into two distinct paths. While the BIF layer of the NW domain is folded and continues to SW
towards the Lamego gold deposit (Skm away from Cuiaba; Figure 25) the NE domain BIF layer
keeps in the NE direction toward the Descoberto gold target (2km away from Cuiaba). In addition,

ENE-WSW trend related to D1 foliation can be another secondary exploration target.
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Primitive lithology Hydrothermal alterations Structural information
s [:] Metasediments >f Geological contacts: measured, inferred
Mafic units with quanz veins :
B Upper mafic unit [SECONDAR\” SREBODIESJ — Foldaxis * Exploratory targets associated with BIF
- Carbonaceous schist = =~ D1 axial frace
g : BIF with sulphide =~ D2 axial trace *

BIF with Iphid A ith S1 foliat

= MELEO SRS, (MAIN OREBODIES) L\c Antiform anticline with overturned limb Explorsiory bjels ssoctied w aton
Base
Lower mafic unit ‘A Sinform anticline with overturned limb

Figure 25. Proposed continuity of the main mineralized guide-horizon (BIF) outside of the Cuiaba Deposit
(Fernandes et al., 2016). The continuity to the west end of the deposit has a strong tendency to connect with the
Lamego gold deposit, located Skm SW of Cuiaba. In addition, D1 foliation can be a potential exploration target
at ENE-WSW trend.

The continuity, and similarities, of the layers and structures, outside the deposit limits, is suggested
using as reference Cuiaba, Lamego, Raposos, Morro Velho, Faria, Bicalho, Descoberto, Corrego

dos Sitio 1 and Corrego dos Sitio 2 deposits (Figure 26, Table 4).

Finally, the post mineralized structures associated to D3 phase form fold and thrust belts orthogonal
to previous-and-mineralized structures, with local displacement by crenulation cleavage. Due to its
orthogonality from different phases, it is possible to form local dome-and-basin refolding outcrops,

characterized by type-1 fold interference pattern from Ramsay & Huber (1987).
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3.10.3. Similarities with other deposits inside QF

3.10.3.1. Parallelism of fold axis and stretching lineation

All gold deposits from RVGB (Table 4) have their stretching lineation parallel to the fold axis,
where gold mineralization is located (Ladeira, 1991; Toledo, 1997; Ribeiro-Rodrigues, 1998;
Vieira, 2000; Lobato et al., 2001; Baltazar and Zucchetti, 2007; Vial, 2007; Roncato et al., 2015;
Martins et al., 2016; Baltazar and Lobato, 2020 and Ferraz da Costa et al., 2022). The same
structural features described above are consistent for iron ore deposits at Minas Supergroup (Endo
et al., 2005, Piassa, 2018, Castro et al., 2020). This fact is a strong indicative of tectonic

environment where deformation ellipsoid is predominantly prolate.
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Several structural and tectonic models explain the deformation mechanisms where these structures
are parallel (e.g. Cobbold and Quinquis 1980, Ridley, 1986, Skjernaa, 1989, Alsop and Holdsworth
2004, Alsop and Holdsworth 2006). However, the presence of these mechanisms is not observed
in the Cuiaba deposit such as: fold axis with stereographic conical arrangement, intense shearing

obliterating primary structures and formation of sheath folds.

Thus, it is suggested the parallelism between linear elements was originally formed in this way,
concomitant to a constrictional deformation system, with the stretching lineation being associated
with a “b” type lineation (Ramsay, 1967; Sander, 1970 and Sullivan, 2013). This observation is in
line with the regional geology of the QF where there are no reports of sheath folds or intense
shearing mechanisms responsible for rotation or parallelism of these structures (Almeida, 2002;
Endo, 2005; Piassa, 2018 and Castro, et al., 2020). Thus, it is likely that mineral stretching lineation

trend in the Cuiaba deposit would not represent the tectonic transport direction.

3.10.3.2. Fold interference pattern

Type-3 fold interference pattern (Ramsay and Huber, 1987), as aforementioned, is observed in
many deposits from RVGB (Table 4), such as Faria, Raposos, and Morro Velho gold deposits
(Vieira, 2000; Baltazar and Lobato, 2020), besides Lamego deposit as well (Martins, 2016). One
visible feature is observed in the maps from Lamego (Martins, 2016), which is related to a synform-
anticline located at the SW side of the deposit (Cabeca de Pedra orebody). This structure must be
observed only in refolded terrains and is analogue to the synform-anticline observed in the western

domain at the Cuiab4 deposit (Galinheiro Extensao ore body).



78

Table 4. Similarities from gold deposits in Rio das Velhas Greenstone Belt (RVGB).

SIMILARITIES FROM GOLD DEPOSITS IN RVGB
FOLD INTERFERENCE
GOLD DEPOSITS MAI:EI?;‘ (I;)EAX[S SEIl;iI;C;I]gLG ORE PLUNGE PATTERN D]?ll:)I‘H
OBSERVED?

CUIABA ESE Type-3 1450
LAMEGO ESE Type-3 750
RAPOSOS ESE Type-3 1500

MORRO VELHO ESE Type-3 2400
FARIA ESE to ENE Parallel to main | Parallel to main Type-3 500
BICALHO ESE fold axis fold axis Not observed yet 600
CORREGO DO SITIO 1 NE Type-3 500
CORREGO DO SITIO 2
(SAO BENTO ESE (POST\?];},?)I LITY 1O Not observed yet 1200
DEPOSIT) '

3.10.3.3. Fold axis flattening in higher depths

It is observed in deeper deposits (Cuiaba, Lamego, Raposos, Morro Velho, Faria, Bicalho,
Descoberto, Corrego do Sitio 1 and Cérrego dos Sitio 2 deposits) that the main fold axis related to
gold mineralisation is steeper in lower depths (plunging over than 25° above 750m deep) and
smoothed in higher depths (plunging lower than 25° below 750m deep; Figure 27). In the same
context, all gold deposits from RVGB have ore plunging to E (Table 4), usually to ESE, with
exception of the Corrego do Sitio Deposit, where ore and fold axis plunge to NE (Ladeira, 1991;
Vieira, 2000; Lobato et al., 2001; Baltazar and Zucchetti, 2007; Vial, 2007; Roncato et al., 2015;
Martins et al., 2016; Baltazar and Lobato, 2020). One possible hypothesis for this flattening in
depth is regarded to younger D3 crenulation cleavage local interference at older rocks, creating a
series of small and local thrust systems (Figure 19.C). As GBRV gold deposits deepen to E, they
would get closer to the Neoproterozoic Araguai belt (Almeida, 1977), where D3 crenulation

cleavage tend to be more intense and abundant.
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L3 | ONGITUDINAL VERTICAL CUIABA DEPOSIT STRUCTURAL
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Figure 27. Longitudinal vertical section (view to north) and down-plunge inclined section with domains of Cuiab4 deposit.
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3.11. CONCLUSION

The data presented provide some structural similarities on regional and deposit scale models, where
the Cuiaba is representative of the folded BIF-hosted gold deposits. Based on the integration of the
detailed geological mapping and structural analysis of the Cuiaba deposit, the following aspects
are concluded below.

The structural geology of the deposit is characterized by 3 deformational phases possibly related
to 2 tectonic events. The first event has two progressive ductile deformational phases (D1 and D2),
with a NE-SW strike-slip convergent transport direction, generation of coaxial and hook-like
cylindrical geometry fold associated with a “type-3” refolding patterns (Ramsay and Huber, 1987)
with fold axis plunging to ESE, being the main contributor for the structural framework and gold
mineralization in the deposit. The second event is a brittle-ductile to brittle deformational phase
(D3) with a W-verging convergent tectonic direction, with no gold mineralization associated and
possibly associated with the Brasiliano Pan-African orogeny at the edge of the Sao Francisco
Craton as confirmed by other works (Endo et al., 2005, Martins et al. 2016, Baltazar & Lobato,

2020; Castro et al. 2020; Endo et al., 2020 and Gongalves Dias et al., 2022).
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Gold mineralization is associated with quartz veins and sericite zones at metamafic units with low
sulphide and sulfide-rich bearing zones at BIF layers, both associated to hydrothermal fluid
introduction through D1 and D2 axial-plane foliation. Phase D1 is pyrrhotite-associated
mineralization, with coarse gold presence (ranging from 50 to 500 micrometers). D2 phase has
pyrite-associated mineralization with fine gold, ranging from 10 to 100 micrometers. There is no
gold in phase D3, although it has late-tectonic sulphide formation. It is suggested to carry out
geochronological analysis of the types of sulphide to corroborate the relative age the 2 main phases
of mineralization associated with different phases of tectonic deformation.

Even having been reported in previous works (Vieira, 1992, Toledo, 1997, Ribeiro-Rodrigues,
1998, Ribeiro-Rodrigues, 2007), there are no field elements that prove the presence of tubular or
sheath folds in the Cuiaba deposit. These arguments are reinforced by (i) not observation of tubular
folds or sheath folds during geological field work, (ii) persistence of mineralized fold axis plunging
to ESE at stereographic projections, (ii1) the presence of coaxial refolding at mesoscopic scale and
(iv) the presence of primary structures (e.g. pillow lavas at metamafic units) and sedimentary
structures inside the deposit indicating the absence of intense shearing, which is one of the causes
of sheath fold. In addition, the mineral stretching lineation, is a “b” type lineation and is associated
with constriction environments (Ramsay, 1967; Sander, 1970 and Sullivan, 2013), therefore it is
likely that its trend would not represent the tectonic transport direction.

Fold interference patterns associated to deposit morphology suggests SW and N prospective targets,
with strong possibility of structural connection amongst other gold deposits, such as Lamego and
Descoberto targets. In addition, ENE-WSW S1 foliation can be another secondary exploration

target.
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4. CONSIDERACOES FINAIS
4.1. MECANISMOS DE DEFORMACAO ASSOCIADO AO DEPOSITO

A partir do mapeamento geoldgico no depdsito Cuiabd, € possivel estabelecer algumas

consideragdes a respeito dos mecanismos de deformagao associados localmente.

4.1.1. Paralelismo entre o eixo de dobramento e a linecacdo mineral das fases 1 ¢ 2

Observa-se um paralelismo entre o eixo de dobramento, linecacdo de interse¢ao e
lineagdo mineral no depdsito Cuiabd, onde ambos possuem caimento para ESE, sempre
associado a foliagdo plano-axial com mergulho para SE. Embora essa relacdo ndo tenha sido
observada nesse trabalho, trabalhos anteriores evidenciam esse paralelismo neste deposito
(Toledo, 1997; Ribeiro-Rodrigues, 1998; Ferraz da Costa et al., 2022) e em outros depdsitos
auriferos do QF (Ladeira, 1991; Vieira, 2000; Lobato et al., 2001; Baltazar ¢ Zucchetti, 2007;
Vial, 2007; Roncato et al., 2015; Martins et al., 2016; Baltazar e Lobato, 2020) indicando um

ambiente tectonico onde o elipsoide de deformacdo ¢ predominantemente prolato.

Diversos modelos estruturais e tectonicos explicam o mecanismo de deformagdo
associado ao processo com que essas estruturas se paralelizam (Cobbold e Quinquis 1980,
Ridley, 1986, Skjernaa, 1989, Alsop e Holdsworth 2004, Alsop e Holdsworth 2006).
Entretanto, ndo se observa no deposito Cuiabd a presenca desses mecanismos: disposicao
conica no estereograma dos eixos de dobramentos principais, eixos de dobras com diregdes
intermediarias a diregdo final paralelizada e nem cisalhamento intenso a ponto de se obliterar

as estruturas primarias e formar dobras em bainha.

Assim, propde-se que o paralelismo entre os elementos lineares das fases mineralizadas

1 e 2 tenha sido formado originalmente desse modo, concomitante a um sistema de deformagao
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constricional, sendo a lineagdo mineral associada a uma lineagdo do tipo “b” (Sander, 1970;
Ramsay, 1967; Sullivan, 2013). Esta observagao estd de acordo com a geologia regional do
Quadrilatero Ferrifero onde ndo ha relatos de dobras em bainha ou mecanismos de cisalhamento
intenso que pudessem promover a rotagdo e paralelismo durante o processo de formagao dessas
estruturas (Almeida et al., 2002, Endo et al., 2005, Piassa et al., 2018, Castro et al., 2020 e
Endo et al., 2020). Desta forma, ¢ bem provavel que a direcdo de estiramento mineral no

deposito Cuiaba ndo represente a direcao do transporte tectonico.

4.1.2. Modelo tectonico para o depdsito em contexto de um sistema convergente do tipo
strike-slip associado a eixo de dobramentos com caimento para ESE

Assumindo-se a premissa acima discutida, que as dobras ndo foram rotacionadas por
mecanismos anteriormente explicados € possivel dessa forma analisar o transporte tectonico
através da andlise da estrutura em seu correto plano de simetria (Cowan, 2016a) ou plano de
verdadeira grandeza. O transporte tectonico de uma zona de convergéncia deve ser
concomitantemente contido no plano AC da estrutura (Figura 3) e possuir eixo de transporte sub-
horizontal (caso contrario teriamos estruturas extensionais). Desta forma, o correto plano de
simetria da estrutura de Cuiaba ¢ um plano de direcdo NNE-SSW com mergulho de alto angulo
para WNW (Figura 28). Sendo assim, sugere-se que o transporte tectonico do depdsito Cuiaba
tenha ocorrido de forma sub-horizontal ao longo deste plano indicando um sistema convergente do

tipo strike-slip e com dire¢do NNE-SSW.

Desta forma, o modelo geoldgico ¢ aderente as observagdes em campo deste trabalho e de
Fernandes et al. (2016), conforme a metodologia cientifica proposta por Feynman (1964) e

reforcada em Cowan (2016b). Nota-se também que a dire¢co de transporte tectonico definida neste
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trabalho ¢ similar ao proposto por Almeida (2004), Endo ef al. (2005), Castro et al., (2020) e Endo

et al. (2020).

Eixo de dobra paralelo a mineralizagdo e a
lineagdo mineral (lineagdo tipo “b”)

AC

LEGENDA

Plano de simetria do depdsito

- Flanco normal

- Flanco inverso AR _#
' I-"
/

Ff — — = = = — = =)

 Transporte tectdnico y
' ' : Plunge 00
Azimuth 059
0 250 500 750 1000

Figura 28. Plano de simetria (AC) para o depdsito Cuiaba com direcio NE-SW e mergulho para NW (visada
para ENE). Esta superficie representa o plano de movimento para o depdsito Cuiaba conforme a metodologia
descrita em Cowan (2016a) e Ramsay e Huber (1987). Considerando que a tectonica convergente possui o tensor
principal de deformacio sub-horizontal e contido no plano de movimento, é esperado que a direcdo de
transporte esteja subparalela ao vetor @, com dire¢io NE-SW, associado a um sistema tectdnico convergente do

tipo strike-slip.

4.2. CONCLUSOES GERAIS

Com base na integragdo do mapeamento geologico de detalhe e a andlise estrutural do

deposito Cuiabd, conclui-se os seguintes aspectos abaixo.

J A geologia estrutural do depodsito € caracterizada por 3 fases deformacionais

relacionadas a 2 eventos tectonicos. O primeiro evento possui duas fases deformacionais
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progressivas ducteis (D1 e D2), com tectonica convergente do tipo strike-slip e direcdo de
transporte tectonico NNE-SSW, com geragdo de padrdes de interferéncia de dobras coaxiais
associadas a padrdes de redobramentos do tipo 3 de Ramsay e Huber (1987) com geometria
cilindrica e caimento de eixo para ESE, sendo este evento o agente formador da estrutura principal
e da mineralizagdo aurifera no depdsito. O segundo evento possui uma fase deformacional ruptil-
ductil a ruptil (D3) com tectdnica inversa e vergéncia para W, ndo mineralizado em ouro e sendo
associado possivelmente a tectonica brasiliana na borda do Craton Sao Francisco.

o A mineralizac¢do aurifera estd associada a veios de quartzo e zonas de sericita em
unidades metamaficas com baixo teor de sulfetos e zonas ricas em sulfetos nas camadas de BIF,
ambas associadas a introducao de fluidos hidrotermais através da foliagao plano-axial das fases D1
e D2. A fase D1 ¢ uma mineralizacdo associada a pirrotita, com presenga de ouro grosso (variando
de 50 a 500 pm). A fase D2 possui mineralizacdo associada a pirita com ouro fino, variando de 10
a 100 pm. Nao hé ouro na fase D3, embora tenha formacgao de sulfeto tectonico tardio.

o Mesmo tendo sido reportado em trabalhos anteriores, ndo ha elementos em campo
que comprovem a presenca de dobras em bainha no deposito Cuiaba. Além disso, a lineacao de
estiramento mineral por ser uma lineagdao do tipo “b”, associada a ambientes constricionais, nao

corresponde portanto, a direcdo de transporte tectonico, sendo ortogonal a este movimento.
4.3. PERSPECTIVAS EXPLORATORIAS FUTURAS

Com base no modelo deformacional proposto para a mina Cuiabd, € proposta uma nova
etapa de trabalho para se confirmar a continuidade do principal horizonte-guia mineralizado (BIF),

conforme Erro! Fonte de referéncia nao encontrada..
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A continuidade a extremo W da mina Cuiaba desta camada (que se refere a extrapolagdo da
BIF no dominio NW) possui forte tendéncia de conexdo com a mina Lamego, cujo nucleo esta

distante 7km a SW de Cuiaba.

A continuidade a extremo NW da mina Cuiab4 desta camada (referindo-se a extrapolagao
da BIF no dominio NE) foi inferida a partir da hipdtese de evolucao estrutural, ndo sendo observado
com detalhe dentro da mina Cuiaba (provavelmente devido a algum rompimento da camada devido
a inicio de transposi¢do). Caso ela realmente exista, possui forte tendéncia de continuidade

estrutural para N da mina, com provavel conexao ao alvo Descoberto.

Para avaliar a continuidade destas duas camadas-guia, sugere-se a seguir os procedimentos

exploratdrios abaixo:

(1) Estudos petrofisicos em afloramentos conhecidos (de preferéncia dentro da mina)
para se conhecer o comportamento geofisico de diferentes litologias com intuito de se obter uma

base de dados confiavel durante o levantamento geofisico semi-regional;

(i1))  Geofisica de detalhe (escala 1:2.000) ao redor das minas Cuiabd, Lamego e a norte,

que facilite correlacionar com as camadas e estruturas geoldgicas de maneira confidvel e em 3D;

(ii1))  Amostragem de solo de detalhe (escala 1:2.000) e mapeamento geoldgico nas
anomalias geofisicas. Muito importante a utilizagdo de levantamento estrutural e topologico

idéntico a este trabalho;
(iv)  Amostragem de trincheira nas anomalias de solo mais pronunciadas;

(V) Sondagem diamantada nas trincheiras com resultados positivos. Os furos devem ser
realizados na capa (hanging-wall) da anomalia e sempre ortogonais ao plano da foliagcdo associada

a mineralizagdo principal.
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4.4. LACUNAS NO CONHECIMENTO GEOLOGICO

Sugere-se que trabalhos académicos futuros sejam realizados com o intuito de se aumentar

ainda mais o conhecimento geoldgico da mineralizagao aurifera ao redor deste deposito, tais como:

(1) Efetuar a geocronologia das estruturas planares mineralizadas (S1 e S2) em Cuiaba
com o intuito de se confirmar se a mineralizacdo ¢ apenas de idade arqueana ou se hé indicios de

fluidos mineralizantes posteriores associados ao paleproterozoico.

(i1))  Executar um trabalho de entendimento geologico estrutural para o deposito Lamego
e Descoberto, visando corroborar a analogia com a hipétese de evolucdo estrutural de Cuiaba
proposta neste trabalho e perspectivas exploratorias de conex@o entre ambos, considerando que os
mecanismos de evolugdo estrutural sejam semelhantes. Embora haja trabalhos no depdsito de
Lamego (e.g. Martins, et al., 2016) algumas questdes importantes ainda permanecem sem resposta
tais como: (1) o mecanismo de deformagdo para geracao de dobramentos, (2) a maneira como sua
geometria cilindrica foi formada e (3) o possivel local de abertura do horizonte principal (BIF) para

além dos dominios do depdsito.
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The structural architecture of an orogenic deposit is essential for its metallogenetic
understanding, as both subjects are interconnected in this type of environment. Cuiaba
gold deposit, located in Archean rocks from Rio das Velhas Greenstone Belt, is the
subject of numerous studies focused mainly on metallogenetic issues. From the point
of view of structural characterization, two divergent models have been studied: the
sheath-fold model and the refolding model. Such hypothesis is different in terms of
defining an exploratory research plan and, therefore, the detailed structural
characterization is sfill not well understood. As a way of filling this gap, the main
objective of this work is to propose a structural charactenzation of the entire depasit in
order to demonstrate evidence for a new model of tectonic evolution. For this, the
methodologies applied for this work were: underground geclogical mapping in all
available ore galleries and definition of geclogical-structural domains whose main
criteria are related to down-plunge view of fold asymmetry and stratigraphic indicators.
Structural geclogy is characterized by 3 deformation phases related to 2 tectonic
events. The first event has two ductile-progressive deformation phases (D1 and D2),
with NE-SW strike-slip direction of transport associated coaxial fold interference
patterns with cylindrical geometry plunging to ESE, which represents the main
structure at the mine. The second event is a britle-ductile deformational phase (D3)
with W-verging reverse fault systems, probably associated to Brasiliano Pan-African
Orogeny. Gold mineralization is associated with silica and sulfide-rich hydrothermal
fluid introduction through D1 and D2 axial-plane foliation. Phase D1 is pyrrhotite-
associated mineralization, with coarse gold presence. D2 phase has pyrite-associated
mineralization with fine gold. There is no gold in phase D3, although it has late-tectonic
sulphides formation. Therefore, there is no field evidence that commoborate the
existence of sheath folds for the deposit. Fold interference patterns associated to
deposit morphology suggests SW and N prospective targets, with strong possibility of
structural connection between other gold deposits, such as Lamego and Descoberto
targets.
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