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RESUMO 
 

A Província Aurífera de Alta Floresta (PAAF) está na porção sul do Cráton Amazônico, norte do 
estado de Mato Grosso. No setor leste da PAAF há depósitos de ouro concentrados no lineamento 
NW-SE Peru-Trairão, do tipo disseminado ou em sistemas de veios de quartzo. Na região de Peixoto 
de Azevedo, distrito de Flor da Serra, há quatro depósitos filonares (João Fidelis, Pedro Contim, 
Peteca e Queiroz), alinhados a NW-SE na Zona de Cisalhamento do Peteca. Objetivo principal foi 
diferenciar as alterações hidrotermais quanto à influência de processos hidrotermais de cisalhamento e 
hidrotermais magmáticos ocorridos. As rochas encaixantes compreendem: granitoides foliados 
(granada granodiorito, granada leucogranito, biotita tonalito), biotita metatonalito, diques de dacito 
microporfirítico e pegmatitos. Além da ocorrência do metatonalito há outras evidências de que a 
foliação Sn teve origem metamórfica: (a) microestruturas em feldspato e quartzo nos granitoides 
foliados que indicam condições metamórficas de médio a alto grau; (b) diferença composicional entre 
granada do granodiorito e leucogranito. Sistema de Cisalhamento-Hidrotermal produziu 
microestruturas de deformações em feldspato, plagioclasio e quartzo de baixo a médio grau 
metamórfico, e a interação entre deformação e fluido gerou biotita tonalito protomilonito, milonitos, 
filonitos, vênulas oblíquas a ortogonais em relação à foliação, veio de quartzo e mineralização. Estas 
rochas apresentam foliação Sn+1. Granodiorito, granada-biotita granodiorito milonito, illita 
granodiorito milonito e clorita-illita filonito correspondem a evolução de cisalhamento até a formação 
do veio de quartzo e mineralização. Clorita-illita filonito e biotita metatonalito hospedam o veio 
mineralizado (N70-80W/N60-90E). As foliações Sn e Sn+1 são anastomosadas e (sub)paralelas ao filão. 
Vênulas de carbonato ocorreram em um primeiro evento, e as compostas por quartzo, carbonato e 
pirita são posteriores, pois apresentam a mesma assembleia mineral que o veio. O veio apresenta três 
domínios microestruturais: (1) cristais finos de quartzo com crescimento sintaxial; (2) cristais de 
quartzo de tamanho médio, oblíquos ao domínio 1 e paralelos à direção do veio; (3) cristais finos de 
quartzo e recristalizados, associados a microfraturas, microfalhas paralelas à direção do veio. No veio, 
pirita grossa (Py 1) deve ser contemporânea ao domínio 2. Assembleia mineral associada ao veio 
apresenta quartzo, pirita, esfalerita, greenockita, calcopirita, galena. Ouro ocorre em microfraturas ou 
microcavidades na Py 1. Assembleia de minério corresponde a: Py 1, esfalerita, ouro, calcopirita, 
galena. O Sistema Magmático-Hidrotermal compreende alterações hidrotermais que não constituem as 
foliações: albita, potássica com microclínio, propilítica, clorítica, muscovita-illita, Fe-Cu, e 
stockworks de carbonato-epidoto. A alteração de Fe-Cu apresenta quartzo, pirita fina (Py 2), covelita 
com fases de Se, Te, associada ao domínio microestrutural 3 do veio. Resultados de geotermometria 
mostram a temperatura de cristalização da clorita em 350º ± 20ºC, embora há um aumento, em média, 
de 14ºC do Sistema de Cisalhamento para o Magmático.  Também há aumento de temperatura entre os 
dois sistemas para a cristalização da mica branca. O Peteca corresponde a um depósito Au±Cu tipo-
veio, resultante de três principais estágios: metamorfismo, Sistema de Cisalhamento-Hidrotermal que 
marca redução de temperatura e compreende a mineralização, e o Sistema Magmático-Hidrotermal 
que marca aumento de temperatura devido à uma fonte magmática. 
 
 
Palavras chave: Crátons – Amazônia, mineralizações auríferas, alteração hidrotermal, química 
mineralógica, geotermometria.  



ABSTRACT 

 

The Alta Floresta Gold Province (AFGP) occurs in the south portion of the Amazonic Craton, north of 
the Mato Grosso state. In the eastern sector of AFGP there are gold deposits concentrated in the NW-
SE Peru-Trairão lignment, of the disseminated type or in quartz vein systems. In the region of Peixoto 
de Azevedo, in the Flor da Serra district, there are four deposits (João Fidelis, Pedro Contim, Peteca 
and Queiroz), aligned to NW-SE in the Peteca Shear Zone. The main objective of this work is to 
differentiate hydrothermal alterations regarding the influence of hydrothermal shear processes and 
magmatic hydrothermal events. The country rocks include foliated granitoids (garnet granodiorite, 
garnet leucogranite, biotite tonalite), biotite metatonalite, microporphyric dacite dykes and pegmatites. 
In addition to the occurrence of metatonalite, other evidences that the Sn foliation has a metamorphic 
origin base on: (a) microstructures in feldspar and quartz in foliated granitoids that indicate medium- 
to high-grade metamorphic conditions; (b) compositional difference between garnet of granodiorite 
and leucogranite. The Shear-Hydrothermal System produced microstructures of deformations in 
feldspar, plagioclase and quartz of low- to medium-grade metamporhic conditions, and the 
deformation-fluid interaction produced biotite tonalite protomylonite, mylonites and phyllonites, 
oblique to orthogonal veinlets in relation to the foliation, quartz vein and mineralization. These shear-
rocks show Sn+1 foliation. Granodiorite, garnet-biotite granodiorite mylonite, illite granodiorite 
mylonite and chlorite-illite phyllonite correspond to the shear evolution toward the quartz vein and 
mineralization. Chlorite-illite phyllonite and metatonalite host the mineralized vein (N70-80W / N60-
90E). The foliations Sn and Sn+1 are anastomosed and (sub) parallel to the vein. Carbonate veinlets 
generated in a first event of fracture formation, and those composed by quartz, carbonate and sulphide 
formed at a later stage, once they present the same mineral assemblage as mineralization. The quartz 
vein presents three microstructural domains: (1) fine-grained quartz crystals with syntax growth; (2) 
medium-sized quartz crystals parallel to the vein direction; (3) fine-grained quartz crystals, associated 
to microfractures, microfaults parallel to the vein direction. In the vein, coarse-grained pyrite (Py 1) 
may be contemporaneous to the domain 2. Mineral assemblage in the quartz vein comprises quartz, 
pyrite, sphalerite, greenockite, chalcopyrite, galena. Gold occurs in microfractures or microcavities in 
Py 1. Ore mineral assemblage comprises Py 1, sphalerite, gold, chalcopyrite, galena. The Magmatic-
Hydrothermal System comprises hydrothermal alterations that do not constitute the foliations, such as: 
albite, potassic with microcline, propylitic, chloritic, muscovite-illite, Fe-Cu, and carbonate-epidote 
stockworks. The Fe-Cu alteration presents quartz, fine-grained pyrite (Py 2), covelite with phases of 
Se, Te, Ag. Geothermometry results show an average of 350º ± 20ºC for chlorite crystallization 
temperature, although there is an increase of 14ºC on average from the Shear-Hydrothermal System to 
the Magmatic. Likewise, this slight temperature increase occurs for the white mica crystallization 
between the both of the systems. The Peteca consists of an Au ± Cu vein-type deposit resulted from 
three main stages: metamorphism, Shear-Hydrothermal system that marks a temperature decrease and 
comprise the ore assemblage, and the Magmatic-Hydrothermal system, which mark a temperature 
increase due to a magmatic source.  
 
 
Key words: Amazon Craton, gold mineralization, hydrothermal alteration, mineral chemistry, 
geothermometry.  
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1. APRESENTAÇÃO 

A primeira parte da presente dissertação compreende a introdução da área de 

estudo e objetivos de pesquisa, materiais e métodos, contexto geológico regional e uma 

síntese dos resultados obtidos. A segunda parte (Appendix A) corresponde ao artigo científico 

que será submetido a revista Ore Geology Reviews, o qual contém os resultados em detalhe, 

discussões e conclusões. Os demais apêndices correspondem a localização e análises 

realizadas por amostras (Appendix B), composição modal das rochas encaixantes e produtos 

de cisalhamento (Appendix C), resultados das análises de difração de raios-X (Appendix D), 

resultados das análises de química mineral (Appendix E), resultados de geotermômetros 

aplicados (Appendix F). 

1.1. INTRODUÇÃO  

A Província Aurífera de Alta Floresta (PAAF) localiza-se na porção sul do Cráton 

Amazônico, norte do estado de Mato Grosso. Representa uma área alongada de 500 km de 

extensão que ocorre em um trend NW-SE, que é limitada ao norte pelo Gráben do Cachimbo 

e ao sul pelo Gráben dos Caiabis (Barros, 2007). 

Os depósitos primários na PAAF podem ser subdivididos em (Assis et al., 2017): 

(1) Au ± Cu disseminado (e.g. Luizão, Serrinha, Juruena, X1 e Pé Quente) e Au ± Cu tipo-

veio (e.g. Paraíba, Pezão); (2) Au ± Mo ± Cu disseminados (e.g., Ana and Jaca); e (3) Au + 

Zn + Pb ± Cu tipo-veio em ambiente rúptil (e.g., Franscisco, Bigode, and Luiz). 

A mineralização do Peteca, principal alvo desta área, é associada a sulfetos em 

veio de quartzo principal (filão) com direção N70-80W/N60-90E, hospedado em filonito 

(Teixeira, 2015). As rochas encaixantes são granitoides foliados de composição granodiorítica 

a tonalítica de idade entre 2,04 a 1,98 Ga além de intrusões dacíticas de idade 2,01Ga 

(Quispe, 2016). Todo o arcabouço do depósito apresenta intensas zonas de alteração 

hidrotermal, além de vênulas extensionais de até 4 cm de espessura, compostas por quartzo, 

carbonato, sulfetos (Teixeira, 2015). 

Zonas de cisalhamento atuam como condutos de fluidos mineralizantes ou como 

remobilizadores de depósitos minerais preexistentes. Isto é possível devido diversos fatores, 

tais como: presença de fraturas e falhas, diferenças de pressões litostática e de fluido, calor 

gerado durante os esforços cisalhantes que facilitam o transporte de soluções aquosas com 

metais. Os compostos iônicos se aglutinam entre si de acordo com as afinidades químicas e, 

após o resfriamento do fluido, se precipitam e têm-se veios de quartzo mineralizados a ouro e 
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outros metais, formados nos sítios de dilatação (Groves et al., 1998; Goldfarb et al., 2005; 

Bons et al., 2012).  

A influência de fluidos em processos de deformação resultam em mecanismos de 

abrandamento que são importantes para a evolução de ZCs, tais como: enfraquecimento 

hidrolítico, reações de abrandamento, redução do tamanho dos grãos, desenvolvimento de 

grãos com orientação preferencial e menos resistentes (Griggs, 1967; Tullis and Yund, 1980; 

Hippert, 1998; Stünitz & Tullis, 2001; Yonkee et al., 2003; Mancktelow & Pennacchioni; 

Fusseis & Handy, 2008; Hartman et al., 2010; Jaquet & Schmalholz, 2018; Lee et al., 2018).  

A interação fluido-rocha ocasiona desequilíbrio nos minerais devido às novas 

condições de temperatura, pressão e constituintes químicos do fluido. Isto gera 

transformações mineralógicas, químicas e texturais para fases de maior equilíbrio, que resulta 

em alterações hidrotermais através de metassomatismo (Barnes, 1997; Putnis & Austrheim, 

2010). Características das rochas como permeabilidade e porosidade controlam a infiltração 

do fluido, nas quais são gerados halos ou zonas de alterações hidrotermais que são 

importantes guias prospectivos para exploração mineral (Zhu et al., 2011).  

Depósitos filonares de Au ± Cu como Pezão e Paraíba, apresentam relações com 

plútons graníticos apontados como fonte para calor, fluidos e metais em sistemas magmático-

hidrotermais (Trevisan, 2015). O depósito do Pezão foi classificado como um sistema de 

depósito epitermal rico em Au-Cu de baixa sulfetação. E o Paraíba apresenta divergências 

quanto ao modelo metalogenético, uma vez que apresenta características correlacionáveis aos 

depósitos tipo pórfiro (Seedorff et al., 2005; Sillitoe, 20110), IRGS (Lang & Baker, 2001) e 

ouro orogênico (Groves et al., 1998). 

 

1.2. OBJETIVOS 

 A presente dissertação de mestrado é centrada na diferenciação das alterações 

hidrotermais do depósito Peteca, quanto à influência de processos hidrotermais de 

cisalhamento e hidrotermais-magmáticos ocorridos. Busca-se obter a evolução paragenética 

hidrotermal do depósito. Os objetivos específicos para atingir o objetivo geral são: 

● Definição dos litotipos; 

● Definição de microestruturas de deformação nos litotipos; 

● Caracterização das alterações hidrotermais e da mineralização a partir de: 

✓ Definição de seus estilos de ocorrência e abrangências no depósito; 

✓ Caracterizações petrográficas; 
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✓ Caracterizações das diferenças mineralógicas e químicas das principais 

assembleias minerais dos litotipos hospedeiros ao minério, para os 

hidrotermais e do veio mineralizado; 

✓ Definição de diferentes fases de geração de sulfetos e suas relações temporais e 

espaciais com a mineralização; 

✓ Compreensão da evolução hidrotermal. 

 

1.3. LOCALIZAÇÃO E VIAS DE ACESSO 

 A PAAF situa-se na porção norte do estado de Mato Grosso, a cerca de 700 km 

de Cuiabá, capital do estado. O setor leste da Província abrange parte das cidades de Peixoto 

de Azevedo, Matupá, Nova Guarita, Novo Mundo e Guarantã do Norte. O depósito do Peteca 

ocorre no distrito de Flor da Serra, pertencente ao município de Peixoto de Azevedo – MT 

(Fig.1). 

O acesso se faz de avião até a cidade de Sinop, onde o acesso à cidade de Peixoto 

de Azevedo inicia-se pela rodovia federal BR-163. De Peixoto de Azevedo até a área de 

estudo, a distância de menos de 40 km é percorrida em estradas locais não pavimentadas.  

 

 

 

Figura 1 - Localização do depósito Peteca. Polígono em amarelo representa a Província Aurífera de Alta Floresta 
(PAAF) no MT. Círculo em vermelho indica a localização do alvo Peteca no setor Leste da PAAF. Imagem de 
satélite mostra os municípios de Matupá, Peixoto de Azevedo e o distrito de Flor da Serra nas proximidades do 
depósito. 
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2. MATERIAIS E MÉTODOS 

2.1. AMOSTRAGENS E DESCRIÇÕES MACROSCÓPICAS 

As descrições macroscópicas dos litotipos do depósito do Peteca se realizaram a 

partir de cinco testemunhos de sondagem orientados (PT-8, PT-12, PT-15, PT-22, PT-30), 

além de seis amostras não orientadas provenientes da pilha de concentração de minério, e três 

amostras orientadas da galeria da mina. O Apêndice B contém as coordenadas para 

localização dos furos de sondagem e respectivas profundidades máximas, além da relação de 

todas as análises realizadas por amostras.  

Todas as descrições foram realizadas para definição das rochas encaixantes e 

hospedeiras, alterações hidrotermais e seus estilos, tipos de vênulas e distribuição de sulfetos 

e minério. Foram coletadas amostras de diversas características e 47 lâminas polidas foram 

analisadas a partir de microscópio óptico da marca Leica DM-EP, no Instituto de Geociências 

da Universidade de Campinas, Brasil. 

Durante as análises microscópicas foram descritas assembleias minerais ígneas, 

hidrotermais e metamórficas, além de microestruturas. Maior detalhamento foi dado às 

transformações minerais nas alterações hidrotermais, das rochas distais à mineralização. Para 

as amostras menos deformadas, a composição modal final corresponde a média de 

composições estimadas em porcentagem de 12 partes iguais da lâmina. As abreviações dos 

minerais utilizadas basearam-se em Whitney & Evans (2010). 

A partir das análises sob microscópio petrográfico, 14 lâminas polidas foram 

selecionadas e analisadas sob microscópio eletrônico de varredura (MEV) de marca LEO 430i 

(ZEISS), acoplado a um espectrômetro de raios-X por dispersão de energia (EDS) no no 

Instituto de Geociências da Universidade de Campinas, Brasil. As condições operacionais 

padrão incluíram potencial de aceleração de 15 kV, corrente de feixe de 3 nA e distância focal 

de 19 mm. 

2.2. DIFRAÇÃO DE RAIOS-X 

Outra etapa pertinente para complementação dos estudos petrográficos foi a 

realização de análises de Difrações de Raios-X. O veio mineralizado apresenta cavidades de 

até dois centímetros de diâmetro,  preenchidas por material criptocristalino. A fim de 

determinar a assembleia mineral nas cavidades, foram selecionadas 6 amostras diferentes de 

até 3g cada para análises de Difratometria de Raios X (LDRX). Foram realizadas através de 

difratômetro Siemens (Bruker) D-5000, no Laboratório de Difrações de Raios-X do Instituto 

de Geociências (IGEO) da Universidade Federal do Rio Grande do Sul (UFRGS). 
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2.3. QUÍMICA MINERAL 

Ao todo, 11 lâminas polidas foram selecionadas (Apêndice B) a partir da etapa de 

petrografia para análises de química mineral através de microssonda eletrônica (EPMA - 

Electron Probe Microanalyzers). Estas análises foram realizadas no Laboratório de 

Microssonda Eletrônica do Instituto de Geociências (IGEO) da UFRGS (Fig. 2). 

 

 

Figura 2 - Infraestrutura para análise de EPMA. (A) Infraestrutura utilizada para higienização das lâminas 
delgadas polidas. A direita encontra-se a metalizadora. (B) Microssonda eletrônica Cameca SXFive. (C) Detalhe 
de processamento dos dados através do software Peak Sight 5.1. 

 

Primeiramente, as lâminas foram higienizadas, recobertas por carbono através de 

uma metalizadora da marca Jeol JEE 4B. A microssonda eletrônica utilizada é da marca 

Cameca SXFive, acoplada com WDS (Wave Dispersive X-Ray Spectrometer) e EDS. As 

condições operacionais padrão foram: potencial de aceleração de 15 kV ou 20 kV (sulfetos), 

corrente de feixe de 15 nA, 10 nA (micas e óxidos muito finos) ou 20 nA (sulfetos) e 

diâmetro do feixe de 5 µm. Os dados brutos adquiridos sob porcentagens de óxidos em peso 

foram recalculados para obter a distribuição catiônica através do software AX 

(https://www.esc.cam.ac.uk/research/research-groups/holland/ax).  

 

2.4. GEOTERMOMETRIA 

Temperatura de cristalização da clorita foi empiricamente obtida através de 

geotermômetros propostos por Bourdelle et al. (2013) e Inoue et al (2009). Pressão e 

temperaturas muito altas não são consideradas em ambos os métodos, apenas membros finais 

selecionados. O geotermômetro proposto por Bourdelle et al. (2013) basea-se no diagrama Si 

https://www.esc.cam.ac.uk/research/research-groups/holland/ax
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vs. R2+ proposto por Wiewióra & Weiss (1990). Temperatura de cristalização de mica branca 

foi obtidas através do geothermômetro proposto por Batagglia (2004), no qual o conteúdo de 

K e correlação entre Fe e Mg são considerados. O apêndice E contém os resultados de 

geotermometria da clorita e mica branca. 
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3. CONTEXTO GEOLÓGICO REGIONAL 

3.1.  APRESENTAÇÃO 

O Cráton do Amazonas está localizado na porção setentrional da América do Sul, 

cercado por cinturões orogênicos neoproterozoicos (Fig. 3). Segundo Silva & Abram (2008), 

a evolução geotectônica do Cráton foi considerada por diversos autores (Almeida, 1977; 

Hasui et al., 1984) como resultado de sucessivos eventos orogênicos, formando 

paleocontinentes. A atual concepção mais aceita baseia-se na evolução de eventos orogênicos 

que formaram sucessivos arcos magmáticos (Cordani & Teixeira, 1981; Tassinari, 1981; 

Tassinari & Macambira, 1999; Tassinari et al., 2000; Santos et al., 2000). A formação de 

crosta juvenil e retrabalhamento do material mais antigo ocorreram durante o arqueano e 

paleoproterozoico, respectivamente representando 30% e 70% da crosta continental do Cráton 

Amazônico (Tassinari & Macambira, 1999). 

Com base em dados geocronológicos a partir de datações U-Pb em zircões e de 

isótopos Sm-Nd, Santos et al. (2000) compartimentaram o Cráton Amazônico em sete 

províncias tectono-estruturais: (i) Carajás (3,0-2,5 Ga); (ii) Amazônia Central (Arqueano); 

(iii) Transamazonas (2,26-2,01 Ga); (iv) Tapajós-Parima (2,03-1,88 Ga); (v) Rio Negro (1,82-

1,62 Ga); (vi) Rondônia-Juruena (1,82-1,54 Ga); (vii) Sunsás e K’Mudku (1,45-1,10 Ga) (Fig. 

3). 

Neste modelo, a PAAF abrange parte da Província Tapajós-Parima e Rondônia-

Juruena. A PAAF é constituída por sucessivas sequências plutono-vulcânicas acrescidos a 

Província Amazônica Central durante o Paleoproterozoico e Mesoproterozoico (Tassinari & 

Macambira, 1999; Santos, 2006; Silva & Abram, 2008). 
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Figura 3 - Compartimentação Geotectônica do Cráton Amazonas segundo Santos et al. (2000). Polígono 

vermelho: setor leste da PAAF (Extraído de Silva, 2014). 

 

3.2. SETOR LESTE DA PROVÍNCIA AURÍFERA DE ALTA FLORESTA  

 Na região de Peixoto de Azevedo, o Lineamento Peru-Trairão tem alinhamento 

NW-SE e hospeda centenas de depósitos de ouro (Barros, 2007; Fig. 4). Afeta rochas do 

embasamento arqueano, granitoides paleoproterozóicos, e as interceptam como zonas de 

cisalhamento descontínua-contínua sinistral. 

Os depósitos primários associados a este Lineamento são hospedados em suítes 

plutono-vulcânicas paleoproterozóicas (Barros, 2007; Miguel Jr., 2011; Assis et al., 2014), 

que são afetadas por diques máficos (Quispe, 2016). As interceptações de cisalhamento nos 

granitoides apresentam um sistema de mineralização em veios de quartzo sub-verticais e 

anastomosados. A mineralização aurífera em filões é a mais comum na região com teores <5g 

Au/t, seguida de depósitos em sistemas de veios em stockworks e mineralizações 

disseminadas. 
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Figura 4 - Mapa geológico do Setor Leste da PAAF com principais depósitos auríferos associados ao Lineamento Peru-Trairão e destaque em vermelho para o Depósito 

Peteca (Assis, 2015 - Modificado de Miguel-Jr, 2011).



28 

 

No setor leste da PAAF, as diferentes unidades presentes nesta área se subdividem 

em: (a) embasamento (2,8-1,9 Ga; Souza et al., 2005; Barros, 2007; Assis, 2015), (b) 

sequências plutono-vulcânicas cálcio-alcalinas (1,97-1,71 Ga; Barros, 2007; Assis, 2015; 

Trevisan, 2015; Quispe, 2016; Oliveira, 2017), (c) sequências pós-orogenicas e anorogênicas 

(1,77-1,75 Ga), e (d) sequências sedimentares (1,3 Ga-Quaternário; Leite & Saes, 2003; 

Souza et al., 2005) (Tab. 1). 

A região do distrito de Flor da Serra, município de Peixoto de Azevedo, apresenta 

dobras e zonas de cisalhamento contínuas de direção NW-SE (Cunha, 1996; Phani et al., 

2014; Quispe, 2016). Estas zonas de cisalhamento (ZC) denominam-se Joaquim (ZCJ), 

Paraíba, (ZCP), Peteca (ZCP) e Serinha (ZCS), de oeste para leste (Quispe, 2016; Fig.5). Os 

depósitos de ouro Paraíba e Peteca estão hospedados nas zonas de cisalhamento homônimas. 

Cunha (1996) definiu um segundo tipo de lineamento estrutural atribuído às drenagens da 

região, tais como falhas sinistrais NW, zona de cisalhamento contínua com direção 

aproximada de NS, e zona de cisalhamento descontínua NE. 
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Tabela 1 - Geocronologias e ambientes tectônicos das principais unidades geológicas do setor Leste da PAAF (Modificado de Assis, 2015). 
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Figura 5 – Mapa Geológico da região de Peixoto de Azevedo e indicação do Depósito Peteca (Quispe, 2016).  
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4. SÍNTESE DAS PRINCIPAIS CONCLUSÕES DO ARTIGO 

(1) Rochas encaixantes do depósito do Peteca: granitoides foliados (granada granodiorito, 

granada leucogranito, biotita tonalito), biotita metatonalito, diques de dacito 

microporfirítico e pegmatitos. 

(2) Evento metamórfico: geração do biotita metatonalito e provável foliação Sn nos 

granitoides foliados. 

(3) Sistema de Cisalhamento-Hidrotermal gerou protomilonito, milonitos, filonitos, 

vênulas, veio de quartzo e mineralização, além da foliação Sn+1.  

(4) Sistema Magmático-Hidrotermal compreende alterações hidrotermais sem orientação 

preferencial. 

(5) As temperaturas de cristalização da clorita apresentam media de 350º ± 20ºC, mas há 

aumento de temperatura do Sistema de Cisalhamento-Hidrotermal para o Sistema 

Magmático-Hidrotermal, de 369ºC para 394º ± 20ºC. Este aumento de temperatura 

também ocorre para a mica branca (illita e muscovita), variando de 288º-304ºC no 

primeiro sistema para 275º-314ºC no sistema posterior.  

(6) O Peteca corresponde à um depósito tipo-veio de Au±Cu, resultante de trê estágios 

principais, em ordem temporal: metamorfismo, Sistema de Cisalhamento-Hidrotermal 

e Sistema Magmático-Hidrotermal.  
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ABSTRACT 

The Alta Floresta Gold Province (AFGP) occurs in the south portion of the Amazonic Craton, north of 
the Mato Grosso state. In the eastern sector of AFGP there are gold deposits concentrated in the NW-
SE Peru-Trairão lignment, of the disseminated type or in quartz vein systems. In the region of Peixoto 
de Azevedo, in the Flor da Serra district, there are four deposits (João Fidelis, Pedro Contim, Peteca 
and Queiroz), aligned to NW-SE in the Peteca Shear Zone. The main objective of this work is to 
differentiate hydrothermal alterations regarding the influence of hydrothermal shear processes and 
magmatic hydrothermal events. The country rocks include foliated granitoids (garnet granodiorite, 
garnet leucogranite, biotite tonalite), biotite metatonalite, microporphyric dacite dykes and pegmatites. 
In addition to the occurrence of metatonalite, other evidences that the Sn foliation has a metamorphic 
origin base on: (a) microstructures in feldspar and quartz in foliated granitoids that indicate medium- 
to high-grade metamorphic conditions; (b) compositional difference between garnet of granodiorite 
and leucogranite. The Shear-Hydrothermal System produced microstructures of deformations in 
feldspar, plagioclase and quartz of low- to medium-grade metamporhic conditions, and the 
deformation-fluid interaction produced biotite tonalite protomylonite, mylonites and phyllonites, 
oblique to orthogonal veinlets in relation to the foliation, quartz vein and mineralization. These shear-
rocks show Sn+1 foliation. Granodiorite, garnet-biotite granodiorite mylonite, illite granodiorite 
mylonite and chlorite-illite phyllonite correspond to the shear evolution toward the quartz vein and 
mineralization. Chlorite-illite phyllonite and metatonalite host the mineralized vein (N70-80W / N60-
90E). The foliations Sn and Sn+1 are anastomosed and (sub) parallel to the vein. Carbonate veinlets 
generated in a first event of fracture formation, and those composed by quartz, carbonate and sulphide 
formed at a later stage, once they present the same mineral assemblage as mineralization. The quartz 
vein presents three microstructural domains: (1) fine-grained quartz crystals with syntax growth; (2) 
medium-sized quartz crystals parallel to the vein direction; (3) fine-grained quartz crystals, associated 
to microfractures, microfaults parallel to the vein direction. In the vein, coarse-grained pyrite (Py 1) 
may be contemporaneous to the domain 2. Mineral assemblage in the quartz vein comprises quartz, 
pyrite, sphalerite, greenockite, chalcopyrite, galena. Gold occurs in microfractures or microcavities in 
Py 1. Ore mineral assemblage comprises Py 1, sphalerite, gold, chalcopyrite, galena. The Magmatic-
Hydrothermal System comprises hydrothermal alterations that do not constitute the foliations, such as: 
albite, potassic with microcline, propylitic, chloritic, muscovite-illite, Fe-Cu, and carbonate-epidote 
stockworks. The Fe-Cu alteration presents quartz, fine-grained pyrite (Py 2), covelite with phases of 
Se, Te, Ag. Geothermometry results show an average of 350º ± 20ºC for chlorite crystallization 
temperature, although there is an increase of 14ºC on average from the Shear-Hydrothermal System to 
the Magmatic. Likewise, this slight temperature increase occurs for the white mica crystallization 
between the both of the systems. The Peteca consists of an Au ± Cu vein-type deposit resulted from 
three main stages: metamorphism, Shear-Hydrothermal system that marks a temperature decrease and 
comprise the ore assemblage, and the Magmatic-Hydrothermal system, which mark a temperature 
increase due to a magmatic source.  
 
 
Key words: Amazon Craton, gold mineralization, hydrothermal alteration, mineral chemistry, 
geothermometry. 
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1. INTRODUCTION 

The Alta Floresta Gold Province (AFGP) is in the southern portion of the Amazon 

Craton, north of the state of Mato Grosso, Brazil (Barros, 2007). It occurs along a NW-SE 

trend of 500 km extent between  the Cachimbo Graben and the Caiabis Graben (Barros, 2007; 

Fig. 6). 

The primary gold deposits at AFGP split into: (Assis et al., 2017): (1) 

disseminated Au ± Cu (e.g. Luizão, Serrinha, Juruena, X1 e Pé Quente), and vein-type Au ± 

Cu (e.g. Paraíba, Pezão); (2) disseminated Au ± Mo ± Cu (e.g., Ana and Jaca); and (3) vein-

type Au + Zn + Pb ± Cu deposits (e.g., Franscisco, Bigode, and Luiz).  

Peteca mineralization associates to sulphides in the main quartz vein with N70-

80W/N60-90E orientation (Teixeira, 2015). The country rocks presents granodioritic to 

tonalitic composition, besides dacite and pegmatites dykes (Teixeira, 2015; Quispe, 2016). 

The whole deposit present intense hydrothermal alterations, besides sheeted veinlets of up to 

4 cm thich, composed of quartz, carbonate and sulphides (Teixeira, 2015). 

Shear zones (SZ) act as channelways of mineralizing fluids or as remobilizers of 

preexisting mineral deposits. This is possible due to several factors, such as the presence of 

fractures and faults, differences in lithostatic and fluid pressures, heat generated during shear 

stresses that facilitate the transport of aqueous solutions with metals. The ionic compounds 

agglutinate according to their chemical affinities and, after the fluid cooling, they precipitate 

and mineralized quartz veins at the sites of expansion (Groves et al., 1998; Goldfarb et al., 

2005; Bons et al., 2012). 

Fluids influence deformation processes which result in softening reactions that are 

important to the SZ evolution (Griggs, 1967; Tullis & Yund, 1980; Hippert, 1998; Stünitz & 

Tullis, 2001; Yonkee et al., 2003; Mancktelow & Pennacchioni, 2004; Fusseis & Handy, 

2008; Hartman et al., 2010; Jaquet & Schmalholz, 2018; Lee et al., 2018). Shear rocks 

classification into cataclasite, ultramylonite, mylonite, phyllonite depends on the fluid/rock 

ratio (Jefferies et al., 2006; Mesquita et al., 2006; Mesquita & Fernandes, 1991). Fluid-rock 

interaction provides new conditions of temperature, pressure and chemical constituints. It 

generates reactions called as metassomatism, which results in halos or hydrothermal alteration 

zones (Barnes, 1997; Putnis & Austrheim, 2010; Zhu et al., 2011).  

Au ± Cu vein-type deposits as Paraíba and Pezão present relations to granite 

plutons pointed as heat, flow and metal source for magmatic-hydrothermal system (Trevisan, 

2015). According to this author, Pezão deposit corresponds to a rich Au-Cu epithermal low 
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sulfidation deposit, while the Paraíba deposit present features correlated to porphyry deposit, 

IRGS, and orogenic gold. Hence, the accomplishment of study gaps at Peteca may also 

improve the comprehension evolution of gold vein-type deposits in the region. 

 

 

Figure 6 - Map location of the Alta Floresta Gold Province. It displays the main geological domains of the 

eastern part of the Province (black square) (Assis, 2011 - Modified from Barros, 2007).  



45 

 

2. ANALYTICAL PROCEDURES 

In total, five oriented core samples from the Peteca deposit were described (PT-8, 

PT-12, PT-15, PT-22, PT-30), besides 6 no oriented samples from the ore concentration stack, 

and 3 oriented samples from the mine gallery. The Appendix B presents the coordinates for 

location of the drill cores and their respective maximum depth, besides the relation of all 

analyzed samples and the analytical methods applied on each of them. 

All of those descriptions were carried out to define the country and the host rocks, 

hydrothermal alterations and their occurrence types, veinlet types, and gold-sulphide 

distribution. Afterwards, it was aimed to collect samples from the main different features 

found, and 47 thin-polished sections were studied using a Leica DM-EP optical microscope at 

the Institute of Geosciences of the University of Campinas, Brazil. During the analyses were 

described the igneous and hydrothermal mineral assemblages, structures in the rocks. Further 

detail was given to the hydrothermal mineral transformations from the distal rocks to the 

mineralization, as well as textural relations, associations and styles of occurrence. The modal 

analyses were estimated. For the least deformed samples, it was obtained through the 

compositional average of 12 equal parts of the thin section, in which the composition was 

estimated in percentage. Mineral abbreviations used according to Whitney & Evans (2010).   

In order to complement the petrographic descriptions, 14 thin-polished sections 

were analyzed under a LEO 430i (ZEISS) scanning electron microscope (SEM) coupled with 

an energy dispersive X-ray spectrometer (EDS) at the Institute of Geosciences of the 

University of Campinas, Brazil. Standard operating conditions included an accelerating 

potential of 15 kV, a beam current of 3 nA, and a focal length of 19 mm.  

The mineralized vein presents small cavities filled by cryptocrystalline material. 

In order to define its mineral assemblage, 6 samples of up to 3g each were collected and 

analyzed by X-ray diffraction using a SIEMENS (Bruker) D-5000 diffractometer at the 

Laboratory of X-ray Diffractometry of the Institute of Geosciences (IGEO) of the Federal 

University of Rio Grande do Sul, Brazil.  

All the elemental analyses (Appendix B, D) were obtained from 11 thin-polished 

sections using a CAMECA SXFive coupled electron micropobe at the Electron Microprobe 

Laboratory of the Institute of Geosciences (IGEO) of the Federal University of Rio Grande do 

Sul, Brazil. It is equipped with wave dispersive X-ray spectrometer (WDS) and EDS, and the 

software to process the data is Peak Sight 5.1. Standard operating conditions included 

accelerating potential of 15 kV or 20 kV (sulphides), beam current of 15 nA, 10 nA (micas 
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and very fine oxides) or 20 nA (sulphides), and size diameter beam of 5 µm. The raw 

microprobe data in the form of oxide weight percents were recalculated using the AX 

software (https://www.esc.cam.ac.uk/research/research-groups/holland/ax), obtaining the 

cation distribution.  

Chlorite crystallization temperatures were empirically obtained by applying 

geothermometers proposed by Bourdelle et al. (2013) and Inoue et al. (2009). Neither 

pressure nor very high temperatures are considered in both of these methods, only selected 

end members. The geothermometer proposed by Bourdelle et al. (2013) is according to Si vs. 

R2+ diagram of Wiewióra and Weiss (1990). White mica crystallization temperatures were 

obtained using the geothemometer proposed by Batagglia (2004), in which the K content and 

a correlation between Fe and Mg are considered. Geothermometry results of chlorite and 

white mica are on the Appendix E. 

  

https://www.esc.cam.ac.uk/research/research-groups/holland/ax
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3. REGIONAL GEOLOGICAL SETTING 

3.1.  INTRODUCTION 

The Amazon Craton is in the northern portion of South America, surrounded by 

neoproterozoic orogenic belts (Fig. 7). The geotectonic evolution of the Craton resulted from 

successive orogenic events, forming paleocontinents (Hasui et al., 1974; Almeida, 1977). Its 

current most accepted conception bases on the evolution of orogenic events that formed 

successive magmatic arcs (Cordani & Teixeira, 1981; Tassinari & Macambira, 1999; 

Tassinari et al., 2000; Santos et al., 2000). The juvenile crust formation and reworking of the 

oldest material occurred during the archean and paleoproterozoic, respectively representing 

30% and 70% of the continental crust of the Amazonian Craton (Tassinari & Macambira, 

1999). 

Based on geochronological data from U-Pb dating in zircons and Sm-Nd isotopes, 

Santos et al. (2000) splitted the Amazonian Craton in seven tectono-structural provinces: (i) 

Carajás (3.0-2.5 Ga); (ii) Amazônia Central (Archean); (iii) Transamazonas (2.26-2.01 Ga); 

(iv) Tapajós-Parima (2.03-1.88 Ga); (v) Rio Negro (1.82-1.62 Ga); (vi) Rondônia-Juruena 

(1.82-1.54 Ga); (vii) Sunsás e K’Mudku (1.45-1.10 Ga)  (Fig. 7). 

According to this model, the AFGP embraces part of the Tapajós-Parima Province 

and Rondônia-Juruena. The AFGP is composed of successive plutono-volcanic sequences 

added to the Central Amazon Province during the paleoproterozoic and mesoproterozoic 

(Tassinari & Macambira, 1999; Santos, 2006; Silva & Abram, 2008). 
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Figure 7 - Geotectonic compartmentalization of the Amazon Craton according to Santos et al. (2000). Red 
polygon: eastern section of AFGP (Extracted from Silva, 2014). 
 

3.2. EASTERN SECTOR OF AFGP  

 In the region of Peixoto de Azevedo, the Peru-Trairão Lineament has NW-SE 

alignment and hosts many gold deposits (Barros, 2007; Fig. 8). It affects rocks of the 

arqueano basement, paleoproterozoic granitoids, and intercept them as sinistral discontinuous-

continuous shear zones. 

Except some gold propects in the region of Agrovila União do Norte in the 

southeast region of AFGP, where mineralization is associated with a sedimentary-clastic 

sequence (Dardanelos Formation), the primary deposits associated to this Lineament occur in 

plutono-volcanic paleoproterozoic suites (Barros, 2007; Miguel Jr., 2011; Assis et al.; 2014). 

The shear intercepts in the granitoids present a system of mineralization in sub-vertical and 

anastomosed quartz veins. The gold mineralization in lodes is the most common in the region 

with <5g Au/t, followed by deposits in stockwork veins and disseminated mineralizations. 
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Figure 8 - Geologic map of the eastern sector of AFGP with the main gold deposits associated with the Peru-Trairão Lineament, and highlighted in red for the Peteca deposit 
(Assis, 2015 - Modified from Miguel-Jr, 2011).
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In the eastern sector of the AFGP, the different units subdivide into: (a) basement 

(2,8-1,9 Ga; Souza et al., 2005; Barros, 2007; (b) plutono-volcanic calc-alkaline sequences 

(1.97-1.71 Ga; Barros, 2007; Assis, 2015; Trevisan, 2015; Quispe, 2016; Oliveira, 2017), (c) 

post-ororgenic and anorogenic sequences (1.77-1.7 Ga), and (d) sedimentary sequences (1.3-

Quaternary; Leite & Saes, 2003; Souza et al., 2005) (Tab. 2).The Flor da Serra district region, 

belonging to the Peixoto de Azevedo city, presents folds and continuous shear zones of 

direction NW-SE (Cunha, 1996; Phani et al., 2014; Quispe, 2016). These shear zones (SZ) are 

called Joaquim (SZJ), Paraíba, (SZPa), Peteca (SZP) and Serinha (SZS), from west to east 

(Quispe, 2016; Fig. 9). The Paraíba and Peteca gold deposits occur in the homonymous shear 

zones. Cunha (1996) defined a second type of structural alignment attributed to the drainages 

of the region, such as sinistral faults NW, continuous shear zone with approximate direction 

of NS, and discontinuous shear zone NE. Moreton et al. (2005) individualized mafic dykes in 

the region as Suite Flor da Serra. However, Quispe (2016) describes that mafic dykes affect 

paleoproterozoic granitoids, and does not individualize mafic rocks as a lithological unit.
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Table 2 – Geocronology and tectonic settings of the main geologic units at the eastern sector of AFGP (Modified from Assis, 2015). 
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Figure 9 – Geologic map of the region of Peixoto de Azevedo and Peteca deposit location (Quispe, 2016). 
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4. RESULTS 

The lithotypes at Peteca deposit were defined from drill cores. Their location is on 

the geological map granted by Biogold Mining Company (Fig. 10). The drill cores PT-8, PT-

22, PT-12 and PT-15 occur on a same geologic section (Fig. 11), while the PT-30 is on 

another one (Fig. 12). The Peteca deposit has a regolith ranging from 40 to 70 m of thickness 

and the framework deposit presents intense hydrothermal alteration. The considered 

protholytes are those lithotypes with mineral assemblages closer to the primary ones. They 

correspond to three foliated granites: (i) garnet granodiorite, belonging to the Gringo 

granitoids lithological unit (Quispe, 2016), (ii) garnet leucogranite, belonging to the Braço 

Norte lithological unit (Quispe, 2016), and (iii) biotite tonalite. Besides them, there are the 

biotite metatonalite, and dykes of (i) microporphyritic dacite (Quispe, 2016), and (ii) 

pegmatite. The Appendix B presents their modal composition, and their main features are on 

Table 3.  
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Figure 10 - Geologic Map with drill cores location. Image granted by Biominer Mining Company.
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Figure 11 – Geologic section of oriented drill cores (PT-8, PT-22, PT-12, PT-15) and present lithotypes. 
Variations in the directions of foliation (Sn) characterize it as anastomosed. Drill cores are NE-SW and intercept 
the lithotypes in an average medium angle of 75º-90º.  
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Figure 12 - Geologic section of oriented drill core (PT-30) and present lithotypes. Variations in the directions of 
foliation (Sn) characterize it as anastomosed. Drill core is NE-SW and intercept the lithotypes in an average 
medium angle of 75º-90º.  
. 
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4.1 COUNTRY ROCKS 

Its major lithotype corresponds to the garnet granodiorite that occurs in the drill 

cores PT-12, PT-15, PT-22, PT-30. In the PT-8 it may correspond to the regolith portion, once 

it is on the north of the mineralized vein in the first three drill cores (Figs. 11, 12). The 

granodiorite is mesocratic with porphyritic texture with plagioclase phenocrysts within a 

medium- to fine-grained matrix. Deformation was heterogeneous, generating a weak to well-

developed foliation, marked by alignment of minerals (Fig. 13A, B) to a spaced schistosity 

foliation (Sn) with quartz-feldspar microlithons and biotite in schistosity domains (Fig. 13C). 

Primary quartz shows undulose extinction, deformation bands and subgrains. Its grain 

boundaries are irregular, with bulges along them (Fig 13D). Secondary quartz differs from 

that, mainly by occurring as polycrystalline aggregates (Fig. 13C). Plagioclase occurs (a) as 

phenocrysts (Fig. 13B) and (b) in the primary matrix. Both of the types crystals are 

subeuhedral with polysynthetic twinning, and lobate to straight boundaries. Illitic alteration is 

often concentrated in the center of the crystal producing a zoning observed through thin 

section. However, there is no different compositional patterns between its center and edge. K-

feldspar appears in the primary matrix as subhedral crystals with rare illitic alteration. Its 

boundaries are convex and present microcline twinning, heterogeneously distributed in the 

phenocrysts. Garnet  occurs as fragments (Fig. 13B) to elongated crystals (Fig. 13D), with 

intragranular fractures filled by illite and/or chlorite. It presents a straight contact with biotite 

relic, and both minerals alter to chlorite, illite and muscovite. Lamellae of biotite with orange-

to-brown pleochroism and dark halo compose mafic aggregates (Fig. 13D). Biotite is weakly 

to intensely replaced from its boundaries, and cleavage planes [001]. 
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Figure 13 - Core samples (A, F, J, L) and photomicrographs (B, C, D, E, G, H, I, K, M) of foliated granites and metatonalite at Peteca deposit. (A) Garnet granodiorite with 
weak developed foliation (Sn). (B) The minerals orientation mark Sn. Note microcline alteration of feldspar. (C) Garnet granodiorite with a well developed Sn. Microlithons 
of quartz-feldspar alternated with biotite and quartz-ribbon domains. Note elongated garnet altered to illite-muscovite. Red arrows indicate quartz aggregates. (D) Deformed 
bands with recrystallized grains in primary quartz. Red arrows indicate bulges at quartz boundaries. (E) Recrystallized K-feldspar. Red arrows indicate tapering edge 
twinning. (F) Garnet Leucogranite. (G) Photomicrograh exhibits flame perthite (red arrow) orthogonal to the Sn foliation. (H) Garnet crystal in the leucogranite. (I) Orthoclase 
exhibits microcline twinning formation from its boundaries (blue arrows). It also shows plagioclase inclusions. (J) Biotite tonalite weakly foliated. (K) Photomicrograph 
shows primary deformed matrix with the major crystals of plagioclase and quartz on the right top and a phenocryst on the left. Recrystallized matrix marked by biotite, quartz 
and feldspars, as narrow strip wrap primary grains. (L) Biotite metatonalite. Carbonate veinlets are (sub) parallel to Sn. (M) Recrystalllized isogranular matrix. [Sn Foliation 
represented by yellow arrow on all pictures]. 
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The garnet leucogranite (Fig. 13F) occurs in the drill cores PT-15 and PT-30. It 

presents a monzogranitic composition, inequigranular, medium- to fine-grained texture. 

Oriented minerals, mainly quartz and garnet, mark Sn. K-feldspar presents string perthite 

spreaded in all the crystal and flame perthite (Fig. 13G), and microcline twinning (Fig. 13I). 

There are intragranular fractures filled by calcite. Plagioclase shows illitic alteration mostly 

concentrated in its center. Mafic aggregates consist of sobrounded garnet (Fig. 13H) in 

equilibrium with biotite relics. Both minerals alters to chlorite, muscovite and illite. Biotite 

also occurs as aggregates in matrix. Globular quartz occurs in garnet crystals as a secondary 

origin.  

The biotite tonalite occurs in the drill cores PT-8, PT-12, PT-22, and it is the 

predominant rock in the south of the garnet granodiorite, wherewith there is an abrupt contact 

(Fig. 11). It is a red rock, porphyritic with plagioclase phenocrysts within a medium- to fine-

grained inequigranular matrix (Fig. 13J). Mineral alignment, rare quartz ribbons, and narrow 

strips showing a recrystallized matrix mark Sn (Fig. 13K). Plagioclase occurs: (a) as slight 

rounded phenocrysts, (b) in the matrix, and (c) as secondary crystals. Plagioclase phenocrysts 

tight intragranular fractures filled by illite. Their boundaries are convex to straight, and 

present carbonate and epidote along them. Secondary plagioclase displays straight boundaries 

in equilibrium with quartz. Primary crystals of K-feldspar may exhibit microcline twinning 

concentrated along their boundaries, unlike string perthite distributed in all the crystal. Biotite 

has light to dark green pleochroism, alters to chlorite, ilmenite with minor rutile and titanite. 

Zircon can occur as an inclusion in biotite.  

The biotite metatonalite occurs as bands (thickness from 30 cm to 5 meters) 

restricted to core PT-30. It shows inferred contacts with the garnet granodiorite, marked by an 

increasing of rock fragmentation and of quartz veinlets toward the metamorphic rock (Fig. 

12).  It hosts the mineralized vein at 210 m deeping. The metatonalite is dark gray to black 

(Fig. 13L) with Sn marked by mineral alignments, mainly biotite. The texture is fine sub-

polygonal granoblastic composed of quartz-feldspar, and core-mantle texture in grain 

boundaries of feldspar and quartz with polycrystalline quartz-feldspar and biotite (Fig. 13M). 

Plagioclase is subidioblastic to idioblastic, its boundaries are either irregular or straight with 

biotite, and alters to illite. Biotite occurs in aggregates (≤ 0,75 cm) of fine lamellae and 

presents a light brown to orange pleochroism. It alters to chlorite, illite, calcite, epidote, Fe-Ti 

oxides, pyrite and chalcopyrite. 
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The microporphyritic dacite dykes are light green rocks (Fig. 14A) cutting the 

garnet leucogranite and the garnet granodiorite, wherewith there is a high angle contact. They 

are restricted to the core PT-30 (see Fig. 12). Their texture comprises phenocrysts of 

plagioclase (Fig. 14B) within an intensely altered aphanitic matrix, which presents illite, 

carbonate, chlorite, quartz, pyrite (Fig. 14C).  The phenocrysts mark Sn, exhibit a prismatic 

habit, and a strong alteration to illite, epidote, and carbonate.  

 

 

Figure 14 - Main features in core samples (A, D, E) and photomicrographs (B natural light NL, and C, F 
polarized light - PL) of the dykes at Peteca deposit. (A) Microporphyritic dacite dyke. (B-C) Photomicrographs 
show the intensely altered matrix. Note microphenocrysts of plagioclase marking Sn. (D) Leucopegmatite. (E) 
Reddish pegmatite with macroperthites. (F) Photomicrograph shows the quartz-feldspar composition. Red 
arrows indicate string and flame perthites, as well as microcline twinning irregularly distributed in grain 
boundary of K-feldspar. Polycristalline quartz aggregate indicated [Sn Foliation represented by yellow arrow on 
all pictures].  

Pegmatite dykes are 10-meter thick at most, and affect the garnet granodiorite and 

the biotite tonalite (Fig. 12). They are whitish (Fig. 14D) to reddish rocks (Fig. 14E), 

medium- to very coarse-grained, inequigranular, with a quartz-feldspar composition. The 

pegmatites present a heterogeneous deformation with oriented crystals in some portions. The 

igneous mineral assemblage consists of quartz, plagioclase, K-feldspar, and the secondary 

minerals are quartz, microcline, illite, muscovite, carbonate, chlorite, and pyrite. Primary 

quartz crystals exhibit undulose extinction and subgrains, lobate to irregular boundaries. 

Secondary quartz appears as very fine crystals among crystal boundaries or filling fractures in 

feldspars. Plagioclase crystal is often zoned by an illitic alteration in its center, and presents 

intragranular fractures filled by illite and carbonate. Primary K-feldspar crystals display 
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macroperthites and microcline twining observed even with naked eye (Fig. 14E, F). 

Interstices among grains are filled by very fine secondary quartz 

and K-feldspar crystals, besides fine aggregates (≤ 0,4 cm) 

composed of illite, carbonate, chlorite, and rare pyrite. 
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Table 3 - Main features of the foliated granitoids, metatonalite, and the microporphyritic dacite dyke (*% constituent of the rock). 

Lithotypes Texture 

Pheno-
crysts/ 

Porpyro-
clasts* 

Mafic 
Minerals 

Primary/ 
Metamorphic

Mineral 
Assemblage 

Accessory 
Minerals 

Secondary 
Mineral 

Assemblage 
Foliation (Sn) Deformational Microstructures 

Grt 
Granodiorite 

Porphyritic. 
Medium-to 
fine grained 

matrix 

Pl (40%) Bt, grt 
Qz, pl, kfs, bt, 

grt 

Fe-Ti 
oxides, 

zrn, ap, py 

Qz, ab, mc, 
chl, ill, ms, 

ep, cb, Fe-Ti 
oxide, py, 

ccp 

Heterogeneous (weak 
to well developed) 

spaced Sn:  Bt 
schistosity domains; 

Qz-fd in microlithons 
domains 

Qz: undulose extinction, subgrains, 
deformation bands, bulges at 

crystal boundaries; Pl: 
polysynthetic twinning; Kfs: 
microcline twinning, flame 
perthite; Bt: pseudoform  

(completely altered to Chl): kink 
band; Others: fractures in Grt 

Grt 
Leucogranite 

Inequigranul
ar. Medium- 

to fine 
grained 
matrix  

X Bt, grt Qz, kfs, pl, bt Zrn, ap 

Qz, ab, mc, 
chl, ill, ms, 
ep, Fe-Ti 
oxide, py 

Heterogeneous 
Spaced Sn:  Gr 

pressure shadow and 
slightly elongated 

Qz: undulose extinction, bulges at 
crystal boundaries; Pl: 

polysynthetic twinning; Kfs: 
microcline twinning, string 

perthites; Others: fractures in Grt, 
and in Kfs phenocryst 

Bt Tonalite 

Porphyritic. 
Medium-to 
fine grained 

matrix 

Pl (60-70%) Bt Qz, pl, kfs, bt 
Fe-Ti 

oxide, zrn, 
ap, py 

Qz, ab, mc, 
chl, ill, ep, 
leucoxene, 
cb, Fe-Ti 
oxide, py, 

gth 

Heterogeneous 
Spaced Sn: :  Bt 

schistosity domains 
 qz-feldspar in 

microlithon domains. 

Qz: undulose extinction, bulges at 
crystal boundaries; Pl: 

polysynthetic twinning;  Kfs 
(hydrothermal?): microcline macla; 

Others: microfractures in Pl 

Bt 
Metatonalite 

Granolepido
blastic, fine 
isogranular  

X Bt (Qz, pl, kfs, bt)* X 
Ill, chl, cal, 
ep, Fe-Ti 
oxide, py 

Mineral alignments, 
mainly biotite 

Recrystallized matrix 

Micropor-
phyritic 

dacite dyke 

Microporphy
ritic. Very 

fine-grained 
equigranular 

matrix 

Pl (20%) X Qz X 
Ill, chl, cal, 

ep, py, Fe-Ti 
oxide 

Spaced Sn: matrix in 
schistosity domains,  

oriented  Pl 
phenocryst in 

microlithon domain 

Not observed. 
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4.1. HYDROTHERMAL SYSTEMS 

Two hydrothermal systems occur at Peteca, defined as Shear-hydrothermal and 

Magmatic-Hydrothermal Systems. The main difference between them is the predominant 

absence of mineral preferential orientation in the latter system. Their belongings products and 

hydrothermal alterations are on the following two sections. The distribution of each system 

among the lithotypes are on Table 4 at the end of this section.  

 

4.1.1. Shear-hydrothermal System 
The shear-hydrothermal system comprises the products of hydrothermal alteration 

and deformation classified as protomylonite, mylonites, phyllonites, veinlets, quartz vein 

(lode) and mineralization. The shear rocks are absent in the core sample PT-30 (see Fig. 12). 

The Appendix C exhibit the modal composition of the protomylonite, mylonites and 

phyllonites. 

 

Protomylonite 

The biotite tonalite protomylonite occurs as reddish bands (10 cm to 7 m thick) in 

the biotite tonalite (Fig. 15A). The foliation (Sn+1) is marked by feldspar porphyroclasts and 

medium-grained quartz wrapped by  recrystallized bands (up to 0.2 thick) composed of fine- 

to very-fine grained albite, microcline, quartz, biotite and ilmenite. The protomylonite mainly 

differs from its protolith biotite tonalite for the increasing amount of recrystallized bands (Fig. 

15B).  

Compared to its protolith, the plagioclase compositions of the primary matrix 

present higher content of calcium and lower of sodium. Illitic alteration in plagioclase causes 

a reddish color to it, which also contributes to the rock’s appearance. Other reason for that is 

due to a microcline formation present in the recrystallized bands as an alteration. Microcline 

porphyroclasts present core-and-mantle structure composed of quartz, microcline and 

plagioclase (Fig. 15C). They also show tapering edge twinning, inclusions of plagioclase, 

intragranular fractures, and flame perthite from crystal boundaries. The biotite lamellae are 

fine-grained and partially altered to chlorite, ilmenite, and rutile. Pyrite appears as 

idiomorphic to subdiomorphic crystals disseminated or as part of fine aggregates of chlorite, 

carbonate and ilmenite in the matrix. They show sphalerite inclusions, which are absent in the 

sulphides from its protolith. 
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Figure 15 - Core samples (A, D, F, H) and photomicrographs (polarized light) of the protomylonite and mylonites at Peteca. (A) Typical reddish color of the biotite tonalite 

protomylonite. (B) Fine-grained recrystallized bands mark Sn+1. (C) Mantle-and-core structure of porphyroclast. Blue arrows point myrmekite. Red arrows point flame 

perthite on the limit of Carlsbad twin. (D) Garnet-quartz mylonite. (E) Sn+1 foliation marked by alteration of augen orthoclase porphyroclast and fragments of garnet and 

polycrystalline quartz ribbon. Note porphyroclast with core-and-mantle structure and perthites from its boundaries (red arrows). (F) Garnet-biotite mylonite. (G) Narrow strips 

of chlorite mark Sn+1. Feldspar grain-size reduction by intense illite formation. (H) Yellowish illite granodiorite mylonite on the left in contact with chlorite-illite phyllonite. 

(I) Anastomosed Sn+1 marked by alterned quartz ribbon and illite bands.  Note trails of recrystallized grains on the boundaries of quartz (red arrows). (J) Red arrow indicates 

microfaults in plagioclase. Note sigma-type asymmetric pressure shadow of quartz in plagioclase. 
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Mylonites 

At Peteca, garnet-quartz mylonite formed as millimetric strips in both 

granodiorite and leucogranite.  Garnet-biotite granodiorite mylonite, illite granodiorite 

mylonite and chlorite-illite phyllonite represent a deformation evolution from their biotite 

granodiorite protolith.  

Garnet-quartz mylonite is light grey to pinkish with asymmetrical anastomosed 

spaced foliation (Sn+1), in which plagioclase and K-feldspar porphyroclasts altern with 

recrystallized bands and quartz ribbon (Fig. 15D-E). Plagioclase and K-feldspar 

porphyroclasts are almond shaped with core-and-mantle structures composed of quartz, 

plagioclase and microcline. Regarding the protolith as either the granodiorite or the 

leucogranite, it shows an increase of (a) illite and pyrite, (b) microcline twinning by 

deformation, (c) polycrystalline or monocrystalline quartz ribbons and fine-grained crystals 

with straight boundaries in the recrystallized bands, (d) and hydrothermal quartz 

polycrystalline aggregates.At Peteca, there are tree mylonites: garnet-quartz mylonite, garnet-

biotite granodiorite mylonite and illite granodiorite mylonite. The protolith of garnet-quartz 

mylonite remains undefined once it appears as milimetric strips from the granodiorite and the 

leucogranite.  

Garnet-biotite granodiorite mylonite is blackish characterized by anastomosed 

foliation (Sn+1) marked by chlorite (Fig. 15F). The garnet appears as very fine fragments in the 

foliation. From the protolith, there is a significant matrix grain-size reduction (< 0,4 mm) and 

decreasing amount of plagioclase, K-feldspar, garnet, besides a size reduction of biotite and 

plagioclase due to the increasing alteration to illite  (Fig. 15G).  

The illite granodiorite mylonite is whitish to light green, characterized by 

anastomosed foliation (Sn+1), well-marked by mono- and polycrystalline quartz ribbons and 

illitic bands (Fig. 15H-I). Plagioclase relics show intense illitic alteration, but are still 

recognized, while new K-feldspar appears in the recrystallized matrix with no illitic alteration.  

Sense of movement indicators are shear microfaults in plagioclase and pressure shadow (Fig. 

15J). Comparing to the former mylonite, the illite mylonite presents an increasing amount of 

illite, chlorite, quartz, pyrite and decreasing amount of plagioclase, and complete absence of 

garnet. 
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Phyllonites 

The chlorite-illite phyllonite hosts the mineralized quartz vein (Fig. 11, 16A) and 

it is the next stage of deformation evolution from the illite granodiorite mylonite. Toward this 

phyllonite, Sn+1 is of fine continuous cleavage type, well-marked by illite, chlorite, quartz, 

pyrite, rutile, ilmenite, chalcopyrite, and zircon (Fig. 16B). There are narrow strips (0,04-0,06 

cm) composed of chlorite and rutile marking the Sn as well. Very fine-grained chlorite (0,02-

0,1 cm) and illite (0,01-0,03 cm) lamellae occur associated and may form aggregates (< 0,2 

cm). Quartz appears as isolated grains or, mainly, as fine aggregates (0,01-0,5 cm; Fig. 16B). 

From the last mylonite, in this phyllonite there is total absent of plagioclase and alkali 

feldspar, besides an increasing amount of illite, chlorite, pyrite, rutile and ilmenite. The 

sulphide can present sphalerite inclusions and microfractures. 

The carbonate-chlorite phyllonite is grey to dark green (Fig. 16C), it is distal to 

the mineralized vein and occurs as an only strip at PT-8 (see Fig. 1). Its probable protolith is 

the biotite tonalite. Its foliation (Sn+1) is of fine continuous cleavage type, marked by all 

mineral assemblage, but mainly chlorite, illite, calcite, quartz (Fig. 16D). There are narrow 

veinlets filled by massive calcite that are parallel to orthogonal in relation to Sn (Fig. 16C). 

Quartz occur as fine pollycrystalline aggregates and exhibit undulose extinction. Pyrite 

crystals are subhedral to euhedral with cubic habit, and very fine aggregates of rutile and 

ilmenite are associated to the chlorite lamellae. 
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Figure 16 - Core samples (A, C) and photomicrographs (polarized light) of the phyllonites at Peteca deposit. (A) 

Chlorite-illite phyllinite (above) in contact with the mineralized vein. Coarse cystal of Py 1 indicated. (B) Sn+1 

foliation marked by all mineral alignments and narrow levels of chlorite and rutile. (C) Carbonate-chlorite 

phyllonite. Red arrows point narrow veinlets filled by chlorite and rutile as showed on the protomicrograph (D).
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Fractures and Veinlets Infill 

It comprises (a) intragranular microfractures in quartz and feldspar, and (b) 

veinlets that are oblique (30º-75º) or orthogonal to the Sn foliation. The microfractures 

consists of monomineralic calcite and occur in the leucogranite. The veinlets present (a) 

polymineralic calcite and rare quartz of up to 0,75 cm thick (Fig.1 7A) or (b) quartz, sulphide, 

and minor calcite (Fig. 17B). The first veinlet type mainly occurs in the illite granodiorite 

mylonite and chorite-illite phyllonite.  

Quartz veinlets are 1,0 to 2,5 cm thick, wrapped by illite halos that mark Sn (Fig. 

17C). Quartz crystals have syntax growth at most and they are very fine- to fine-grained. They 

present undulose extinction as intracrystalline microstructure and their boundaries are straight 

to slight convex. Calcite appears as very fine- to fine-grained crystals with their boundaries of 

straight to convex type. The boundaries between calcite and quartz are often straight. Pyrite 

crystals are parallel to the veinlet orientation (Fig. 17D). They are euhedral to subhedral with 

cubic habit, and ranging from 0,04 to 2,0 cm. Pyrite presents inclusions of sphalerite, 

greenockite, galena, chalcopyrite and rare hessite (Fig. 17E), besides microfractures parallel 

to the veinlet direction with covellite (Fig. 17F). 

 

 

Figure 17 - Veinlets Infill. (A) Calcite crystals with syntax growth fills veinlet; (B) Hand specimen of illite 
granodiorite mylonite affect by quartz veinlet with pyrite; (C) Infill of quartz and calcite veinlet wrapped by illite 
halo. Note pyrite crystal is parallel to the veinlet’s orientation. (D) The same pyrite on last figure. Black squares 
indicate location of the next two images. (E) Inclusions of sphalerite and galena on pyrite 1. Greenockite occurs 
as exsolutions in sphalerite. (F) Intragranular fractures filled by covellite with minor sphalerite in pyrite 1. 
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Quartz Vein  

The quartz vein assemblage is composed of quartz, pyrite 1, sphalerite, 

greenockite, chalcopyrite and galena. The quartz vein consists of grain crystals with undulose 

extinction as intracrystalline microstructures and they present three microstructure domains as 

showed on Figure 18A.  

Domain 1: crystals (0,35-0,65 cm) present syntax growth, orthogonal to oblique in 

relation to the wall vein. The boundaries are straight at most, but slight sinuous type is also 

present, and there are bulges. 

Domain 2: crystals (0,4-1,2 cm) are oblique to orthogonal in relation to the 

domain 1, which turns out the domain 2 is subparallel to parallel to the vein orientation. 

Boundaries are straight to irregular with bulges. 

Domain 3: consists of microfaults, anastomosed fractures and narrow 

pollycrystalline vein. All these structures are parallel to the vein orientation. The microfaults 

and fractures display very fine-grained recrystallized quartz, and they are reddish due to Fe-

hydroxid. Cavities (0,2-1,5 cm) are affected by these fractures. 

Pyrite 1 occurs as medium- to coarse-grained crystals (0,7-3,0 cm) that are usually 

parallel to the vein orientation and the foliation (Sn). This orientation and size grain are 

similar to the quartz grains from the microstructural domain 2, which turns out they may be 

cogenetic. Pyrite 1 displays sphalerite, chalcopyrite and galena inclusions. Sphalerite is also 

found in equilibrium with pyrite 1 as medium- to coarse-grained crystals that are subhedral 

with cubic habit, and have a brownish-yellow color. The both of sphalerite occurrence types 

show microfractures and boundaries crystals with greenockite. 

The cavities found in the vein are black to reddish-orange, and six samples were 

analyzed from X-ray diffraction. The results show they are composed mainly of sphalerite, 

pyrite, quartz, and subordinated amounts of illite, chorite and caolinite (Appendix D).
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Figure 18 - Quartz Vein. (A) Photomicrograph of the quartz vein. Its hand specimen is on B. Domain 1 (white lines) represents elongated crystals resulting from syntax 

growth from the wall toward the center. Domains 2 and 3 are orthogonal to the 1. Blue lines indicate the boundaries of a vein. (B) Narrow white strips correspond to quartz 

from the domain 3. Red arrows also indicates the cavities in the vein (see. Fig. 9). Note that pyrite 1 crystals is mostly parallel to the Sn. (C) Zoom in of pyrite 1 preview 

indicate. It is in equilibrium with sphalerite. (D) Image obtained by EDS during SEM analysis. At left, greenockite in exsolution with sphalerite. At right, sphalerite fills 

fractures and boundaries of sphalerite and minor in pyrite 1. 
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Mineralization 

The gold occurs in intragranular microfractures (Fig. 19A) or microcavities (Fig. 

19C) within the pyrite 1 in crystals size ranging from 0,04 to 0,01 mm. The ore mineral 

assemblage consists of, in decreasing amount abundance, sphalerite, chalcopyrite, gold and 

galena. In the fractures, galena and sphalerite is in straight contact with gold (Fig. 19A). 

According to SEM analyses, gold composition presents 77-85% of Au content and 14-19% of 

Ag content, with a Ag:Au ratio between 0,16 and 0,25. 

 

 

Figure 19 - Gold mineralization at Peteca Deposit. (A) Gold fills microfractures within pyrite 1 in equilibrium 

with sphalerite and galena. (B) Pyrite 1 in the vein. (C) Detail of the preview pyrite. It shows fracture filled by 

gold, chalcopyrite and sphalerite. Gold also occurs in microcavities. Red arrows without mineral label indicates 

exsolutions identified by SEM analyses, but with no defined composition (main elements: 73.11% O, 6.08%Al, 

13.83% Cl, 0.88 Si).  
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4.1.2. Magmatic-hyrothermal System 

The magmatic-hydrothermal system comprises seven hydrothermal alterations 

post mineralization at the Peteca deposit: (a) albite alteration, (b) potassic alteration with 

microcline, (c) propylitic alteration, (d) chloritic alteration, (e) muscovite-illite alteration, (f) 

Fe-Cu alteration, and (g) carbonate-epidote stockwork. These alterations do not comprise the 

foliation. 

 

Albite alteration 

Albite alteration occurs as a disseminated alteration in a strip of 5 cm in the biotite 

tonalite (Fig. 20A), and as veinlet of euhedral albite and quartz in garnet granodiorite. It is 

responsible for the whitish color on the rock, its assemblage comprises albite and quartz, and 

locally obliterates the igneous assemblage (Fig. 20B). Albite occurs as fine- to medium-

grained crystals with straight boundaries, and alters to illite. Quartz crystals are medium-

grained with straight to convex boundaries, and undulose extinction.  

 

Potassic Alteration with Microcline 

The hydrothermal microcline generation is responsible for the pinkish to light red 

color in the altered rocks (Fig. 20C). It occurs in the lithotypes distal to the mineralized vein. 

Microcline is an alteration product from plagioclase from its intracrystalline fractures and 

boundaries (Fig. 20D). Less common, the potassic alteration produce located orange portions 

composed of fine aggregates of idiomorphic microcline and hexagonal quartz subordinated 

(Fig. 20E, F). 
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Figure 20 – Albite, Potassic, and Propylitic hydrothermal alterations. Core samples are A, C, E, and photomicrographs (polarized light) are B, D, F, G, I, J. SEM image is H. 

(A) Albite alteration corresponds to the whitish portion in the biotite tonalite core sample. (B) It locally obliterates the former mineral assemblage. (C) Garnet granodiorite 

exhibit pinkish color due to potassic alteration. (D) Hydrothermal microcline and quartz replace plagioclase along its boundaries and fractures. (E) Garnet granodiorite exhibit 

orange portion that correspond to a cavity filled by potassic alteration. (F) Photomicrograph shows microcline with minor quartz. (G) Disseminated propylitic alteration in 

biotite tonalite. (H) SEM analyses exhibit minor phase of pentlandite and chalcopyrite as part of this alteration. (I) Massive calcite and chlorite fill veinlet with minor quartz. 

(J) Exsolution texture of ilmenite and rutile, besides an isolated allanite crystal in the same preview veinlet. 
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Propylitic Alteration 
Propylitic alteration is predominant in the lithotypes distal to the mineralization, 

although it also occurs in the biotite metatonalite, which hosts the mineralized vein in the PT-

30 (Fig. 12). Its occurrence types and respective mineral assemblages correspond to (a) 

pervasive and disseminated: chlorite, calcite, epidote, pyrite, chalcopyrite (Fig. 20G, H); (b) 

veinlets filled by: massive Mn-calcite, chlorite, pyrite, ilmenite, rutile, pyrrhotite, galena and 

allanite (Fig. 20I, J); and (c) selective alteration of plagioclase. This last type is not common 

and occurs in granodiorite, generating carbonate with chlorite and rare epidote from 

plagioclase. The veinlets only appears in the granodiorite. 

Pervasive alteration differs from the disseminated because it is more intense and 

can entirely obliterates the igneous assemblages, changing the color of the rock to light to 

dark green. Disseminated alteration occur as mineral aggregate in the matrix. Chlorite 

lamellae (0,03-0,5 cm) have light green pleochroism and anomalous purple to Berlin blue 

interference color. Epidote prismatic crystals (0,05-0,1 cm) occur in the matrix or along the 

boundaries and cleavage planes of chlorite. Pyrite appears as idiomorphic to subidiomorphic 

cubic crystals (0,1-0,2 cm) and rare sphalerite inclusions. Calcite appears as a fine anhedral 

mass. Pentlandite and chalcopyrite occurs as very fine-grained crystals or in exsolution with 

pyrite (Fig. 20H).  

 
Chloritic Alteration 

It occurs in lithotypes distal to the mineralization: granodiorite, leucogranite, 

tonalite, garnet-quartz granodiorite mylonite, and biotite tonalite mylonite. It corresponds to a 

selective or disseminated style alteration in which the mineral assemblage comprises chlorite, 

ilmenite and rutile. It is a partial or complete selective alteration of biotite and garnet from 

their grain boundaries, and along [001] cleavage planes or fractures (Fig. 21A). It presents a 

light green pleochroism and anomalous purple to Berlin blue interference color. The 

disseminated alteration occurs as fine aggregates of chlorite in the matrix, with no preferential 

orientation and it may produce a black color in some portions of the garnet granodiorite. 

Ilmenite and/or rutile occur in both of the style alteration, but absent from garnet’s alteration. 

They appear in fine prismatic crystals or micro grains along the cleavage plans and 

boundaries in chlorite lamellae. 
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Figure 21 - Chloritic, muscovite-illitic and Fe-Cu hydrothermal alterations at Peteca deposit. (A) Chlorite fills 

fracture in garnet and appears as a large pseudomorph of biotite crystal. Note that chlorite alters to 

muscovite/illite from its boundaries and cleavage plans. (B) Reddish color on plagioclase caused by strong illite 

alteration with Fe hydroxide association. (C) Garnet partially replaced by chlorite. Note muscovite/illite affect 

garnet, chlorite, and plagioclase. (D) Coarse-grained muscovite disseminated in the quartz-feldspar matrix of the 

leucogranite. (E) Mineralized vein shows fractures parallel to its walls. These fractures correspond to the reddish 

structures of the microstructural domain 3 (Fig. 8A, B). White squares indicate the next two images. (F) 

Intergrowth texture of pyrite 2 and covellite. (G) Image obtained by SEM analyses. Covellite fills fractures and 

appears as subidiomorphic crystal on the left. Quartz (red arrows) correspond to the microstructural domain 3. 

The points 1, 2 and 3 correspond to a Se-Ag-Te phase associated with covellite (11-30% S, 24-47% Cu, 0.29% 

Fe, 5-6% Se, 0.9-2.3% Ag, ≤ 1.7% Te). 

 

Muscovite-Illite Alteration 
This is the main hydrothermal alteration at Peteca, but muscovite is mainly 

restricted to the lithotypes with garnet as granodiorite, leucogranite, garnet-quartz 

granodiorite mylonite, and to the leucopegmatite. Its alteration styles do not prefer any 

orientation and corresponds to (a) selective, (b) disseminated, and (c) infill. The selective 

alteration affects plagioclase, garnet, biotite and chlorite (Fig. 21A-C). Illite is an alteration 

product from plagioclase, occurring as very fine lamellae (0,02-0,08 cm) in its boundaries and 

twinning plans, and generates a turbid aspect on the alterated crystals. In the biotite tonalite, 

this alteration causes an intense reddish color in the plagioclase (Fig. 21B). This generated 
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color origin remains questionable, once there were not found oxides or goethite neither under 

conventional petrographic microscope nor under SEM analyses. It turns out there is an iron 

hydroxide association with the illite as long as no crystalline structure was formed to mineral 

identification.  

Disseminated alteration correspond to medium- to coarse-grained muscovite in 

the matrix (Fig. 21D). The infill style alteration comprises intragranular fractures in quartz 

and K-feldspar, millimetric veinlets, and cavities filled by illite with minor muscovite and 

quartz. These cavities are restricted to the granodiorite and leucogranite. 

 
Fe-Cu Alteration 

Fe-Cu hydrothermal alteration occurs in the mineralized vein (Fig. 21E) and in 

rare sub-horizontal veinlets. Its mineral assemblage corresponds to pyrite 2, covellite, quartz, 

and mineral phase composed of Se-Ag-Te (Fig. 21F, G). In the veinlets, covellite fills 

intragranular fracture in pyrite 1 (see Fig. 17F). In the vein, it is associated to the faults and 

fractures that affect pyrite 1 and, less often, sphalerite.  

These fractures exhibit fine-grained pyrite crystals (0,01-0,03 cm) herewith 

classified as pyrite 2. It appears as cubic idiomorphic crystals with no inclusion. Covellite 

(0,01-0,75 cm) either show straight contact or intergrowth texture with pyrite 2 (Fig. 21F). 

 

Carbonate-Epidote Stockwork 

It affects the biotite tonalite and the mineralized vein (PT-30; see Fig. 12). It 

occurs as (a) veinlets (up to 1,5 cm of thickness; Fig. 22A), (b) stockwork (Fig. 22B), (c) 

microfaults (Fig. 22C), and (d) fractures (Fig. 22D). Its mineral assemblage comprises calcite, 

epidote, rutile, leucoxene, goethite, Mn-calcite, titanite, synchysite, monazite, apatite, siderite, 

quartz. 

Epidote (Fig. 22E) occurs as fine subhedral crystals, fine aggregates or as 

euhedral crystals with prismatic habit. Calcite appears in fine subhedral crystals or as an 

anhedral mass (Fig. 22E). Microfaults (Fig. 22F) consists of leucoxene, goethite and titanite. 

Rutile appears as submillimetric crystals or in an intergrowth with titanite and calcite (see Fig. 

20B; Fig. 22G, H). Mn-calcite, synchysite (REE phosphate), monazite and apatite occur as 

very fine-grained crystals or in intergrowth texture with epidote (Fig. 22G, H). Siderite is 

associated to the Mn-calcite, apatite and fine recrystallized crystals of quartz in fractures and 

microfaults that affect the mineralized vein in the PT-30 (Fig. 22H). 



78 

 

 

Figure 22 – Core samples and photomicrographs of the Carbonate-Epidote Stockwork alteration at Peteca 
deposit. (A) Fracture filled by massive epidote, calcite and Fe hydroxide. (B) On the top, epidote fills veinlets. 
Veinlet with calcite in its centre and goethite on its wall. (C) Microfaults and microfractures filled by leucoxene. 
Kinematic sinistral indicator in yellow. (D) Red fracture found in the mineralized vein (PT-30). (E) On the 
centre, calcite presents syntax growth from the wall and fill the core of veinlet massively. Note the 
cryptocrystalline epidote. (F) Photomicrograph of image C; (G) and (H) are images obtained by SEM analysis. 
They correspond to the alteration that affects the albitization (see Fig. 11F). Synchysite appears as zoning in 
monazite. (I) and (J) correspond to the image D. The dark portions are holes on the thin section. Reddish color 
observed in hand specimen on D is due to Fe hydroxide, besides siderite found in SEM analyses (J). 
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Tabela 4 - Distribution of the Hydrothermal Systems according to the lithotypes. 
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4.2.  MINERAL CHEMISTRY 
 

Plagioclase 

Eighty-three plagioclase analyses are from the garnet granodiorite, garnet 

leucogranite, biotite tonalite and biotite tonalite protomylonite (Appendix E). They consist of 

matrix crystals, inclusions and phenocrysts. Cation distribution based on eight oxygens.  

 

 
Figure 23 – Mineral chemistry of plagioclase. (A) Slight variation of Al2O3 content compared to Si2O. (B) 
Higher content of silica for the biotite tonalite protomylonite compared to its protolith biotite tonalite. (C) 
Ternary diagram (Deer et al., 1992) confirms the high An content in the protomylonite. (D) Most of the perthite 
results are on the 9 wt% average of Na2O. 

 

From the granodiorite, the thin-polished section PT15-13 represents the least 

alterated sample compared to PT15-08. Except some spots, the results from PT15-13 

concentrate in the range of 64 wt% of SiO2 whilst the spots from PT15-08 show a greater 

spread range of silica (Fig. 23A, B, D). The phenocrysts analyses display the lowest content 

of SiO2. Plagioclase from granodiorite and leucogranite correspond to albite and oligoclase, 

according to the ternary diagram Or-Ab-An proposed by Deer et al. (1992; Fig. 23C). 

Granodiorite presents two compositional plagioclase groups (An2-9, Ab91-98 and An11-25, Ab75-

89) as well as the leucogranite (An2-9, Ab90-97) and (An18-21, Ab79-81). Biotite tonalite is 
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composed of oligoclase (An12 and Ab86-87) whilst the biotite tonalite protomylonite presents 

labradorite and mainly anorthite (An96-100 and Ab1-4) (Fig. 23C). 

Six analyses of perthite in K-feldspar from the biotite tonalite protomylonite 

correspond to albite (An1-2 and Ab98-99), despite two spots with higher content of potassium 

(An0-1 and Ab42-73; Fig. 23C).  

 

K-Feldspar 

Thirty-nine feldspar analyses are from the garnet granodiorite, garnet 

leucogranite, biotite tonalite mylonite (Appendix E). They consist of matrix grains, 

phenocrysts, and porphyroclasts. Cation distribution based on eight oxygens.  

 

 
Figure 24 - Binary diagrams for mineral chemistry of K-feldspar in the matrix or as phenocrysts and 
porphyroclasts. 
 

The results among the matrix grains exhibit a silica compositional variation in 

which the biotite tonalite protomylonite show the highest value of it (Fig. 24A-D). The more 

alterated K-feldspar from PT 15-13 present more silica and the same content of K2O and 

Al2O3 as the least altered ones from PT15-08 (Fig. 24A, C). The porphyroclasts present higher 

content of silica compared to the phenocrysts, and a K2O compositional variation into two 

groups (13% and 15-17%). 
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Garnet 

Representative two grains of garnet from the granodiorite (Fig. 25A, B) and three 

ones from the leucogranite (Fig. 25C, D) were analyzed (Appendix E). Cation distribution 

based on 12 oxygens and the end members in according to Deer et al. (1992).  

Garnets from granodiorite has higher content of Si than the ones in the 

leucogranite (Fig. 26A, B). The content of Al is constant for garnet in leucogranite, but 

variable in granodiorite (Fig. 26A). The Fe3+/Fe2+ ratio decreases toward the garnet from 

granodiorite (Fig. 26B). 

 

 

Figure 25 - Garnet crystals analysed. (A, B) From the garnet granoriorite. (B-D) From the garnet leucogranite. 

 

Garnet in both of the lithotypes have the main variation upon pyrope-spessartine 

endmembers. In the granodiorite, garnet has Prp8-18 and Sps5-20, and in the leucogranite Prp13-

22 and Sps4-11. The ternary diagrams show that the garnets from the granodiorite have higher 

content of spessartine (Fig. 27C-E). Almandine has a narrow compositional variation 

comparing the granodiorite (Alm70-75) to leucogranite (Alm72-77). Grossular content is constant 

at 2 in each analysis (Appendix E). The results of G1 and G5 indicate variational 

compositions inside the crystals, which it may suggest different populations of garnet, except 

these differences occur within the same crystals. However, the crystals do not exhibit any 

zoning under EDS analyses. 
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Figure 26 - Diagrams display mineral chemical results of garnets. (A-B) Binary diagrams denote the higher 
content of Si2O in the granodiorite. (C-E) Ternary diagram based on the end members 

 
Biotite 

Fifty-three analyses of biotite are from the garnet granodiorite, garnet 

leucogranite, biotite tonalite and biotite tonalite protomylonite, and they commonly replace to 

chlorite and/or white mica (Appendix E). Cation distribution based on the anhydrous basis per 

11 oxygens. In terms of AlIV vs. Fe/(Fe+Mg), all the micas are classified as biotite with high 

siderophyllite-annite contents, and the biotite tonalite protomylonite has the higher values of 

Fe/(Fe+Mg) ratio (Fig. 27). The same diagram shows three groups for this lithotype according 

to the varying AlIV: 1.2-1.3; 1.3-1.4; and higher than 1.4 a.p.f.u. However, these 

compositional variations occur within the same lamella and no pattern for these distributions 

appears.  

The ternary diagram Mg-(ALVI+Fe3++Ti)-(Fe2++Mn2+) displays the biotite data as 

Fe2+-biotite according to the nomenclature of Foster (1960; Fig. 28A). According to the 

ternary diagram 10*TiO2-(FeOt+MnO)-MgO proposed by Nachit et al. (2005), most of the 

data lie within the reequilibrated primary biotite field (Fig. 28B). Comparing the 

protomylonite and granodiorite (PT15-13) data, it is noticeable the decreasing of TiO2 and 
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slight increase of FeOt+MnO toward the secondary biotite field (Fig. 29B). The four analyses 

from the PT15-13 sample classified as secondary biotite correspond to three different lamellae 

(bi1, bi3 and bi4; Appendix D). They exhibit lower contents of TiO2, SiO2 and more of Al2O3. 

 

Figure 27 - AlIV vs. Fe/(Fe+Mg) diagram proposed by Tamizel (2014) classifies all the chemical analyses as 
biotite. 

 

 

Figure 28 - Ternary diagrams for mineral chemistry of biotite. (A) Ternary diagram proposed by Foster (1960) 
classifies trioctahedral micas. (B) Ternary diagram proposed by Natchi et al. (2005) classifies the primary biotite 
from the re-equilibrated and secondary ones. 
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Chlorite 

Thirty-nine analyses of chlorite are from the chlorite-illite phyllonite, and 

alterations from the magmatic-hydrothermal system as the propylitic and selective of biotite 

and garnet (Appendix E). Cation distribution based on the anhydrous basis per 14 oxygens. 

According to the diagram proposed by Foster (1962), the main variation for all groups is at Si 

content (Fig. 29A). The chlorite from the phyllonite and propylitic alteration are classified as 

ripidolite. The other results groups show variable range between ripidolite and brunsvigite. 

The chlorite from the biotite tonalite protomylonite has the greatest Fe/(Fe+Mg) ratio, which 

is confirmed through the diagram proposed by Ciesielczuk (2012; Fig. 29B). According to 

this graph, chlorite from the phyllonite, propylitic alteration, and selective alteration in the 

leucogranite and tonalite are in the Fe-Al Clinochlore field. Chlorite from selective alteration 

in the granodiorite and the tonalite protomylonite is within the Fe-Al Clinochlore and Mg-

Chamosite fields, indicating a lower AlIV/(Si+AlIV) ratio. 

 

 

Figure 29 – Binary diagrams for chemical analyses of chlorite. (A) Si to vs. Fe2+/(Fe2+ + Mg2+) ratio diagram 

proposed by Foster (1962). (B) Diagram proposed by Ciesielczuk (2012) classifies the chlorite as Fe-Al 

Clinochlore and Mg-Chamosite. 

 

White Micas 

According to the petrographic stage analyses, the white micas splits into illite and 

muscovite mainly based on their size lamellae (Appendix E). Cation distribution based on the 

anhydrous basis per 11 oxygens. 
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Illite 

The eight-four illite data obtained relates to the shear-hydrothermal system and to 

the magmatic-hydrothermal system (Appendix E). The selective alteration affects feldspars 

and micas, and this mica infill small cavitites in the biotite tonalite. According to the ternary 

diagram proposed by Deer et al. (1992), all these mica groups correspond to phengite (Fig. 

30A). The same result is confirmed through the ternary diagram proposed by Tappert (2013; 

Fig. 30B), which show that the phengite group has a Si:Al ration higher than 3.1.  

 

 

Figure 30 - Ternary diagrams for white micas applied to illite. (A) According to Deer et al. (1992), the illite 

corresponds to phengite. (B) Tappert (2013) ternary diagram for white micas classification. (C) Ternary diagram 

proposed by Velde (1985) represents the chemical composition of white micas. M: muscovite; A: magmatic 

micas; B: phengite; C: illite; D: illite associated to chlorite; E: illite in sandstones, in the first stages of 

weathering and in hydrothermal events of granitic rocks. MR3 = Na + K + Ca; 2R3 = ((Alt) – MR3/2; 3R2 = (Fe 

+ Mg)/3). (D) Ternary diagram proposed by Guidotti (1987) to classify white micas. Fmu: ferri-muscovite; Mu: 

muscovite; Ph: phengite; Fpg: ferri-phengite; Mu: muscovite. 
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The ternary diagram proposed by Velde (1985) comprises the solid solution 

Muscovite-Phengite-Illite line (Fig. 30C). The micas from the shear system show a trend 

phengite-illite; micas from the granodiorite and leucogranite classified as muscovite with a 

tendency toward the phengite; the selective alteration present in the biotite tonalite tends to be 

more illitic than the infilling alteration. The ternary diagram proposed by Guidotti (1987) also 

confirms that all these micas correspond to phengite (Fig. 30D). Furthermore, the results from 

the granodiorite has a tendency toward the Ferri-Phengite, meanwhile the ones from the 

leucogranite has lower in its content; the alteration in the biotite tonalite and the illite from the 

phyllonite have an intermediate composition between the other two lithotypes; and the illite 

mylonite show a variable trend according to the Al content.  

According to Miller et al. (1981), the replacement of Al(t) by [Si4+ + (Fe2+ + 

Mg2+)] is common in the phengite group as displayed in the Fig. 31A. Replacement of AlVI 

by (Fe2+ + Mg2+) in the octahedral positions is other charge compensation (Fig. 31B). The 

same figure denotes two concentrated areas for the alteration in the granodiorite. However, no 

petrographic or textural pattern appears to distinguish of them. Both graphs also show that the 

infilling alteration presents the least efficient exchanging charges.  

 

 

Figure 31 - Correlation diagrams for illite. (A) Correlation diagram AlVI vs. (Fe + Mg). (B) Al(t) vs. [Si + (Fe + 

Mg)] for the white micas of the Peteca deposit. R = Correlation coefficient. 
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Muscovite 

The twenty-five muscovite data obtained relates to the selective alteration of 

garnet from the granodiorite and leucogranite, besides the coarse muscovite lamellae 

corresponding to the disseminated alteration in the leucogranite (Appendix E). Similar to the 

results from illite, all muscovite data correspond to phengite according to Deer et al. (1992; 

Fig. 32A). It is noticeable the results from the granodiorite present a tendency toward the 

celadonite, which is confirmed using the diagram proposed by Tappert (2013) , and on the 

solid solution Muscovite-Phengite-Illite line proposed by Velde (1985; Fig. 32B, C). The 

diagram proposed by Guidotti (1987) also confirms the phengite classification, but with a 

greater content of AlVI in the results from the granodiorite. These three mica groups present 

great charge compensation as showed on the Fig. 33. 

 

 

Figure 32 - Ternary diagrams for white micas applied to muscovite. (A) According to Deer et al. (1992), the illite 

corresponds to phengite. (B) Tappert (2013) ternary diagram for white micas classification. (C) Ternary diagram 

proposed by Velde (1985) represents the chemical composition of white micas. M: muscovite; A: magmatic 

micas; B: phengite; C: illite; D: illite associated to chlorite; E: illite in sandstones, in the first stages of 

weathering and in hydrothermal events of granitic rocks. MR3 = Na + K + Ca; 2R3 = ((Alt) – MR3/2); 3R2 = (Fe 

+ Mg)/3). (D) Ternary diagram proposed by Guidotti (1987) to classify white micas. Fmu: ferri-muscovite; Mu: 

muscovite; Ph: phengite; Fpg: ferri-phengite; Mu: muscovite. 
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Figure 33 - Correlation diagrams for muscovite. (A) Correlation diagram AlVI vs. (Fe + Mg). (B) Al(t) vs. [Si + 
(Fe + Mg)] for the white micas of the Peteca deposit. R = Correlation coefficient. 
 

Fe-Ti Oxides 

Fourty-nine analyses of Fe-Ti oxides correspond to ilmenite-hematite and rutile 

(Appendix E). Recalculated structural formulae for ilmenite-hematite based on the anydrous 

basis per 3 oxygens, while for rutile per 2 oxygens. Among the ilmenite-hematite analyses, 

the ternary diagram Ti4+-Fe2+-Fe3+ (Fig. 34A) shows that micas alters to ilmenite or hematite, 

as well as the intra-grain exsolution is composed of theses two oxides. Medium-grained 

crystals corresponde to ilmenite. A rare exsolution of oxides also present titanite and rutile. In 

the phyllonite, rutile is the only present oxide. The binary diagrams (Fig. 34B, C) shows the 

same grouped spots with low, intermediate and high Fet content. 
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Figure 34 - Diagrams for mineral chemistry of Fe-Ti oxides. (A) Ternary diagram classification according to 
Fe2+Fe3+Ti4+. (B) Ti vs. Fet diagram. (C) Mg vs. Fet diagram. 
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4.4. GEOTHERMOMETRY 

After applying the geothermometer model proposed by Bourdelle et al. (2013) for 

chlorite, most of the results denote a minimum temperature of 350ºC (Fig. 35), except the 

large variation of temperature related to the alteration in the granodiorite. According to these 

authors, this method presents an uncertainty of ± 20ºC. 

For the Inoue et al. (2009) calculations, the chloritization includes the both of 

disseminated and selective types. Based on this method, which there is an uncertainty of ± 

20ºC, the chloritization presents the largest range of temperatures, meanwhile the phyllonite 

the narrowest variation (Fig. 36). Calculated geometric means show the chlorite 

crystallization temperatures are higher in alterations from the magmatic-hydrothermal system, 

achieving more than 420ºC. The chlorite geometric mean from the phyllonite is at 369ºC, 

while the both of chlorites from the propylitic and chloritization resulted at 394ºC.  

 

 

Figure 35 - Chlorite crystallization temperatures at the Peteca deposit according to Bourdelle et al. (2013) 
geothermometer. 
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Figure 36 – Chlorite crystallization temperatures at the Peteca deposit according to Inoue et al. (2009) 
geothermometer. 

Considering the Battaglia (2004) geothermometer for white mica, its method 

presents a mean error of 7%. For illite (Fig. 37), the illite granodiorite mylonite presents the 

greater temperature variation with a minimum at 230ºC and a maximum at 310ºC with a 

geometric mean at 288ºC. Toward the chlorite-illite phyllonite, there is a slight temperature 

increase with a geometric mean at 304ºC. The geometric mean for the magmatic-

hydrothermal varies from 295 to 314 in the selective type, and at 302ºC for the infilling style.  

Applying the same geothermometer for muscovite (Fig. 38), the selective 

alteration of garnet presents temperatures ranging from 275º to 314ºC, meanwhile the 

disseminated alteration as coarse-grained lamellae shows the geometric mean at 286ºC. 

Comparing the selective alterations either to illite or to muscovite, the granodiorite comprises 

the highest crystallization temperatures of white mica. 
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Figure 37 - Illite crystallization temperatures at the Peteca deposit according to Battaglia (2004) 
geothermometer. 
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Figure 38 - Muscovite crystallization temperatures at the Peteca deposit according to Battaglia (2004) 
geothermometer. 
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5. DISCUSSIONS 

5.1. METAMORPHISM 

Both of the granodiorite and the leucogranite present tapering edge twinning in 

feldspar (Fig. 13E) that indicates deformation or mechanical twinning formed at low- to 

medium-grade condition with temperature range of 400º-500ºC (Passchier & Trouw, 2005). 

In addition, the granodiorite presents recrystallized feldspar, which starts to be common in 

higher-grade conditions, up to 650ºC (Tullis, 2002; Passchier & Trouw, 2005). Quispe (2016) 

relates chessboard subgrain pattern as a quartz microstructure in the same lithotype that points 

to temperatures above 650ºC (Krul, 1996; Rosemberg & Stünitz., 2003).  

The garnet leucogranite here written was former classified as garnet-muscovite 

leucogranite by Quispe (2016) as the correspondent of the Braço Norte granitoids unit. 

According to this author, the garnet play an important role as an Al-rich mineral, besides the 

kyanite-garnet xenolith reported by himself. This author correlates the leucogranite as an S-

type granite indicating a crustal melting source for the magmatism related to the Cuiú-Cuiú 

magmatic arc. Regarding these considerations, the garnet in the leucogranite may have an 

igneous origin. 

The both of the garnet from the leucogranite (Alm0,72-0,77Prp0,12-0,22Sps0,04-

0,11Grs0,02) and granodiorite (Alm0,70-0,77Prp0,08-0,18Sps0,05-0,20Grs0,02) correspond to 

almandine, and present low content of grossular (Ca end member). However, the garnet from 

the leucogranite has a higher content of pyrope (Mg end member) whilst the one from the 

granodiorite has higher content of spessartine (Mn end member) (Fig. 27). These 

compositional differences suggest the garnet from the granodiorite is not igneous.  

A possible origin for the garnet may be metamorphic, which commonly occurs in 

amphibolite facies from 500ºC, but it also can appear in upper greenschist facies. Whether the 

garnet in the granodiorite is metamorphic, the Sn foliation in the granitoids may be 

metamorphic as well. Further evidence of metamorphism at Peteca is the biotite metatonaline 

occurrence. Its recrystallized matrix and the presence of non-reactive contact between biotite 

and plagioclase can support its metamorphic classification (Fig. 13M). 

 

5.2. HYDROTHERMAL SYSTEMS 

The following two images (Fig. 39, 40) show the hydrothermal systems on 

geologic section and drill cores.  They represent the main hydrothermal alteration that affects 

each portion of the rocks. Whether there are more than one predominant alteration stage, then 

its portion is represented by two or more colors.  
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Both of the hydrothermal systems occur in the drill cores PT-8, PT-22, PT-12 and 

PT-15 (Fig. 39). However, the PT-30 was less affected by the shear-hydrothermal system 

once it does not present mylonites, phyllonites (Fig. 40). Furthermore, its mineralized vein is 

hosted by the biotite metatonalite, which differs from the other drill cores. 
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Figure 39 - Geologic section of oriented drill cores (PT-8, PT-22, PT-12, PT-15) display their lithotypes and 

both of the shear- and magmatic-hydrothermal systems distributions. The color mix in some portions indicate 

predominance of more than one hydrothermal alteration. 
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Figure 40 - Geologic section of oriented drill core (PT-30) displays its lithotypes and both of the shear- and 

magmatic-hydrothermal systems distributions. The color mix in some portions indicate predominance of more 

than one hydrothermal alteration. 
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5.2.1. Shear-hydrothermal System 

Microstructures of deformation in feldspars appears in the granitoids toward the 

protomylonite and the garnet quartz mylonite. Flame perthite (Fig. 13G, 15C) and myrmekite 

(Fig. 15C) in the granitoids are products of softening reaction, which occurs in response to 

concentration of tension in grains, and contributes to volume reduction of the feldspar crystals 

(Pryer & Robbin, 1996; Hippert, 1998). Flame perthites occur from grain boundaries, sub 

parallel to the direction of maximum compression, orthogonal to the Sn foliation (Hippert, 

1998). They present a temperature range of 300º-500ºC (Pryer, 1993) or of 400º-500ºC 

(Passchier & Trouw, 2005). Myrmekites are intergrowths between quartz and plagioclase that 

substitute part of the feldspar by removing K from feldspar, and Na e Ca from plagioclase 

(Vernon, 2004; Menegon et al., 2006). 

Microcline twinning found in the feldspar boundaries (Fig. 13I) occur due to the 

transition from monoclinic to triclinic system of K-feldspar to reduce the local strain (Putnis, 

1992). Microfractures in K-feldspar appears in the granodiorite, leucogranite and biotite 

tonalite. Fracturing mechanism is important to the rock weakening once it facilitates fluid 

flow, and is precursor of continuous shear zone (Hippert, 1998; Macktwlow & Pennacchioni, 

2005; Fusseis & Handy, 2008).  

Microstructures of deformation found in quartz indicate metamorphic conditions 

up to upper greenschist facies. Undulose extinction is possible between 250º and 400ºC 

(Passchier & Trouw, 2005). Quartz boundaries present bulges (Fig. 13D) as a dynamic 

recrystallization through grain boundary migration, which appears in temperature ranging 

from 400º to 500ºC. Steep et al. (2002) defined a range of 280º-400ºC for BLG 

recrystallization.  

The chlorite crystallization temperature in the chlorite-illite phyllonite ranges 

from 356º to 379ºC, with geometric mean of 369º (Inoue et al., 2009; Fig. 36). Through the 

same method, the chlorite 1 related to the phyllonite formation at Paraiba deposit presents a 

slight higher temperature ranging from 374º to 434ºC with a geometric mean of 396º (Poggi, 

in prep). From the illite granodiorite mylonite to the chlorite-illite phyllonite, the illite 

crystallization temperature rises from 288º to 304ºC (Battaglia, 2004; Fig. 37). These 

temperatures ranges equals to greenschist metamorphic conditions. 

Toward the protomylonite and mylonites to the phyllonites, there are several 

evidences of the deformation and fluid flow. These include: 
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1. Grain-size reduction of matrix minerals and porphyroclasts (Platt & Beher, 2011; 

Platt, 2015) mainly occurred by: (a) dynamic recrystallization in quartz, (b) fracturing 

in feldspars and garnet, (c) core-and-mantle structure in porphyroclasts. According to 

Gapais (1989), these processes can occur in temperatures conditions related to 

greenshist facie. 

2. Globular quartz. One of the possible mechanisms for its origin is through silica 

dissolution and reprecipitation due to pressure solution (Mesquita et al., 2006). It only 

appears in the foliated granitoids that exhibit flame perthite and microcline twinning 

formation, which corroborates for being a product of deformation. 

3. The increasing amount of quartz ribbons in the mylonites demonstrates the rising of 

water flow, which intensified the ductil deformation in quartz by a process called 

hydrolytic weakening (Grigg, 1974; Tullis & Yund, 1980; Mesquita et al., 2013). 

4. In addition to a probable external source, the amount of silica as a releasing product of 

several process caused the increasing of pervasive silica toward the mylonites. These 

processes are (a) myrmekite formation (Menegon et al., 2006), (b) breakdown of 

feldspars, plagioclase and garnet, (c) flame perthite generation (Hippert, 1998), (d) 

microcline twinning generation (Putnis, 1992).  The sites opened after grain-size 

reduction may allow silica precipitation.  

5. The mylonites are a deformational evolution with reduction of K-feldspar, plagioclase, 

garnet, epidote, and increase amount of chlorite and white mica. Feldspar and garnets 

present a brittle behaviour with fracturing. Plagioclase also presents fracturing and 

microfaults, but its porphyroclasts show core-and-mantle structure. Fractures on these 

minerals are dilatant sites for chlorite and white mica precipitation (Cruz et al., 2005). 

Furthermore, the exchanging K  Na for flame perthite generation may supply the 

potassium demand for illite formation in the plagioclase (Mesquita et al., 2013).  

6. The presence of phyllonites is the main evidence of the huge fluid flow in the shear 

zone once it induced hydrothermal segregations that concentrated phylossilicates and 

quartz toward the mineralized vein (Cruz et al., 2005; Jefferies et al., 2006; Mesquita 

et al., 2013). From the illite granodiorite mylonite toward the phyllonite and 

mineralized vein, the evolution demonstrates progressive increasing of flow/rock ratio.  

The carbonate-chlorite phyllonite takes part of the shear-hydrothermal system, but 

it does not present relation to the evolution toward the mineralization (Tab. 5). Its origin 

remains with open questions once it is away from the mineralized vein, besides its protolith 
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may be the biotite tonalite protomylonite, but no clear evidence as a contact between them 

was denoted.  

 

Tabela 5 - Shear-hydrothermal evolution at Peteca deposit. 

 

 

After the phyllonites, the next stage corresponds to the veinlets infill that affect 

the illite granodiorite mylonite and the chlorite-illite phyllonite (Fig. 17; Tab. 5). They are 

30º-70º or 90º in relation to the Sn foliation, and correspond to stages where the shear stress 

increases, generating the local fracturing. Then, as the flow ratio increases there is 

hydrothermal alteration. Afterwards, the shear stress increase again and a new cycle starts. All 

these processes correspond to the mechanism called as fault valve behavior (Sibson et al., 

1975) or pump valve (Sibson, 1981).  At Peteca, a prior cycle was richer in CO2 fluids filling 

the veinlets with calcite (Fig. 17A), and the latter was richer in SiO2 and S precipitating quartz 

and sulphides (Fig. 17B-E). Among these sulphides, pyrite 1 presents rare inclusion of hessite 
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(Ag2Te; Tab. 5). This mineral also appears as inclusion in pyrite in the proximal deposit 

Paraíba, a vein-type gold deposit (Trevisan, 2015). 

The microstructural domain 1 in the quartz vein, which presents syntax quartz 

crystals (Fig. 18A), suggests that the vein opened by brittle process in a first stage (Bons et 

al., 2012). The mineral assemblage of the quartz vein is similar to the quartz veinlet discussed 

above, which indicate concomitant generation. It corresponds to quartz, pyrite 1, sphalerite, 

greenockite, chalcopyrite, and galena (Tab. 5). The ZnS-Cd-S system present hydrothermal 

solid solution inferior to 400ºC (Tombros et al., 2005). In hydrothermal deposits, greenockite 

occur mainly in Pb-Zn deposits, but it occurs in orogenic gold deposits (Kreuzer, 2006), Cu 

skarn (Liu & Zhang, 2017), and epithermal Ag-Au-Te, as the Francisco deposit (Assis, 2011; 

Tombros et al., 2015). These authors and references within affirm that Cd can replace Zn 

according to the temperature, pH, fO2, aCl-, and Cu ratio in the flow. The rutile, ilmenite and 

pyrite increasing from the chlorite-illite phyllonite indicate a redox flow toward the 

mineralized vein.  

Although the ore mineral assemblage might appears in the quartz veinlets, the 

Table 5 presents the ore stage related to the quarz vein. The ore mineral assemblage 

comprises pyrite 1, sphalerite, chalcopyrite, gold and galena. Gold occurs in microfractures or 

microcavities within pyrite 1, and its size ranges from 0,07 to 01 mm, is composed of up to 

19% of Ag, and the Ag:Au is at 0,16-0,25.  
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5.2.2. Magmatic-hydrothermal system 
Albitization (Fig. 20A, B; Tab. 6) correspond to the replacement of alkali or 

plagioclase feldspar by coupled exchange from Ca2+ + Al3+ to Na+ + Si4+ (Engvik et al., 2008; 

Hövelmann et al., 2010). It occurs in several types of rocks and tectonic regimes, including 

hydrothermal alteration in granites (Plümper & Putnis, 2009) and tonalites (Engvik et al., 

2008). It happens on regional or on mineral grains scales (Engvik et al., 2008). Pollard (1983) 

relates the formation of hydrothermal albite to the entrance of Na+ from magmatic fluids 

under temperature range of 400°-600 ° C. Munz et al. (1994) considered the temperature 

range of 300º-450ºC for albitization based on the lower greenshist facies mineral. 

At the eastern sector of AFGP, albitization occurs at Pezão and Pé Quente Au ± 

Cu disseminated deposits (Assis, 2011; Assis et al., 2014). Fluid inclusions studies carried out 

at Pé Quente show an aqueous-carbonic system in coexistence with aqueous fluids biphasic, 

suggestive of an immiscibility process that would have occurred at high temperatures and 

deep crustal levels. 

Potassic alteration (Fig. 20C-F; Tab. 6) is well known as an important feature in 

porphyry mineralising systems, indicating needed temperatures up to 700ºC (Pirajno, 2009; 

Sinclair, 2007; Seedorf et al., 2005; Seedorf et al., 2008; Sillitoe, 2010).  Microcline alteration 

increases in more felsic, granodioritic rocks in porphyry systems (Sillitoe, 2010). At Peteca, 

the previous releasing of K+ because of the albitization contributed to an increase of aK+, 

which is needed for the potassic alteration.  

In the biotite tonalite protomylonite at Peteca, two possible different groups of 

biotite were analyzed. The first correspond to the igneous origin that appears as major 

lamellae distributed in the matrix. The second is a fine-grained group present in the 

recrystallized bands, which suggested a hydrothermal origin related to the potassic alteration. 

The results of mineral chemistry (Fig. 27, 28) show that all biotite from this rock is Fe richer 

compared to the other granitoids, including the igneous group. However, there is no chemical 

difference between these two biotite groups found in the protomylonite, which may indicate 

there is no hydrothermal biotite. Despite this absence of major chemical differences between 

the two groups, the occurrence of the fine-grained lamellae tightly restricted to the 

recrystallized bands can point a metamorphic origin for them, which request further studies.  
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Tabela 6 - Magmatic-hydrothermal evolution at Peteca deposit. 

 

 

The propylitic alteration (Fig. 20G-J; Tab. 6) mainly comprises chlorite, epidote, 

pyrite, calcite, indicating CO2-H2-S-rich flow. Chlorite presence indicates high a(Fe, 

Mg)2+/aH+ ratio. Propilitization occurs at pH near neutral, at low fluid/rock ratio, and at 200º-

350ºC (Robb, 2004). In the filling style, the mineral assemblage is chlorite, mangano-calcite, 

allanite, galena, pyrrhotite, ilmenite, rutile. The probable source of manganese is from the 

hydrolysis of garnet, while the titanium present in ilmenite and rutile, from the hydrolysis of 

biotite. 

The mineral chemistry data (Fig. 29) classified the chlorite from the propylitic 

alteration as ripidolite (Foster, 1962) or Fe-Al clinochlore (Ciesielczuk, 2012). According to 

the Bourdelle et al. (2013) geothermometer, its crystallization temperature was above 350ºC, 

which matches with the geometric mean at 394ºC by Inoue et al. (2009) geothermometer (Fig. 
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35, 36). A comparison among these data to the same in chlorite from the shear-hydrothermal 

system indicates there was a temperature increase toward the magmatic-hydrothermal system. 

The next stage at Peteca is the chloritic alteration (Fig. 21A; Tab 7). Its chlorite 

product correspond to ripidolite to brunsvigite (Foster, 1962) or Fe-Al clinochlore to Mg 

chamosite (Ciesielczuk, 2012) classification (Fig. 29). Elements such as Fe and Mg released 

from de biotite and garnet indicate high a(Fe, Mg)2+/aH+ ratio in the flow.  

Comparing the mineral chemistry results of the chloritization in the granodiorite, 

leucogranite, biotite tonalite, and biotite tonalite protomylonite, the last one present higher 

Fe/(Fe+Mg) ratio content than the other ones. These results reflects the same higher ratio 

content of the biotite in the protomylonite, once the chlorite alters this mica.  

Besides biotite alteration, chlorite also affects garnet crystals in the granodiorite 

and the leucogranite. Although both of the garnet correspond to almandine, this mineral can 

present slight higher content of Fe in the leucogranite (Fig. 26). It can explain the higher 

Fe/(Fe+Mg) ratio of its chloritization compared to the granodiorite (Fig. 29B).  

Concerning the chlorite crystallization temperature in the chloritic alteration, the 

geometric mean keeps at 394ºC, but its minimum temperature reached 156ºC regarding the 

garnet granodiorite, while most of the temperature data are above 300ºC (Fig. 35, 36). 

Nevertheless, biotite replacements to chlorite in granites (Parneix et al., 1985), in 

granodiorites and dacitic to riodacitic volcanic rocks (Yamni et al., 2017), occur under 

temperature range of 117º-350ºC, with prevalence of 200º-250ºC temperatures. 

The mineral data of the oxides associated to the chloritic alteration corresponds to 

hematite-ilmenite. The total absence of magnetite points to a more redox conditions of the 

flow. 

The muscovite-illite alteration (Fig. 21 B-D) indicates high concentration of K, 

but there is a reduction of the ratio aK+ / aH+, since a more acidic environment is required for 

precipitation. The mineral chemistry results show that either the illite or the muscovite 

corresponds to phengite, and the muscovite present slight higher content of Mg compared to 

illite (Fig. 30A, B). The muscovite appears only in lithotypes containing garnet, whereas illite 

is the most common alteration at Peteca. It is a product of alteration of garnet, biotite, chlorite, 

potassium feldspar, and plagioclase.  

This alteration occurs in temperatures close to 200º C (Chatelineau, 1988; 

Merriman & Ferry, 1999). However, the geometric mean results for both of the illite and 

muscovite crystallization temperatures are about 300ºC (Fig. 37, 38). Furthermore, regarding 
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the geometric mean data of illite and muscovite, the muscovite shows slight tendency to lower 

crystallization temperatures (Fig. 37, 38). 

In the biotite tonalite, this alteration in plagioclase generates intense reddish color 

(Fig. 21B), which can be a result of porosity produced in hydrothermal albite, once 

albitization occurs in the same rock at Peteca. Engvik et al. (2008) discuss about albitized 

tonalite and albitite in the Bamble sector of paleoproterozoic to mesoproterozoic rocks in the 

Scandinavia. They affirm that the volume and the crystallographic orientation of parental 

plagioclase crystals keep invariable, but the reaction produces porous on the hydrothermal 

albite. The porosity is important in the reaction interface where there is re-equilibration of 

solids through fluid infiltration (Putnis & Putnis, 2007). These pores may present very fine-

grained Fe oxide that generate the red color (Engvik et al., 2008; Hövelmann et al., 2010; 

Morad et al., 2010). At Peteca, the strip where albitization appears is whitish, but there are 

tiny reddish fractures where Fe oxide was transported along.  

The hydrothermal zone of Fe-Cu is associated with the microstructural domain 3 

(Fig. 18, 21E-G; Tab 6), being an alteration of fissural filling. The reddish fractures of domain 

3 affect the coarse pyrite (Py 1) and the dark cavities composed of pyrite and sphalerite. Thus, 

the fine pyrite associated with the Fe-Cu zone is considered posterior to Py 1 and, therefore, 

denominated as Pyrite 2 (Py 2). Intragranular fractures in Py 1 in sub-horizontal veinlet (Fig. 

17F) are filled by covellite, which corroborates for the Fe-Cu zone to be posterior to the 

generation of Py 1. 

Covellite and hematite were reported in the Paraíba and Pezão deposits as 

products of chalcopyrite alteration in the mineralization stage, indicating a relative increase of 

fO2 (Trevisan, 2015). The presence of Fe hydroxides, possibly goethite, which generate the 

reddish appearance of fractures and faults associated to the Fe-Cu alteration at Peteca, 

correspond to an increase of fO2. Romberger & Barnes (1970) demonstrates that covellite 

transport and precipitation is favored at neutral pH to slightly alkaline at 200° C, besides 

reductions in temperature or pH contribute to CuS supersaturation. 

The covellite presents Se (< 2.45%) and is associated with minor Ag, Te mineral 

phases. Ilmen et al. (2015) affirm that in the Cu-Au vein-type deposit in the Talat n'Imjjad 

shear zone in Morocco, the Bi-Se-Te minerals formed after the Cu-Au mineralization. 

Ciobanu et al (2010) suggest that Bi, Te, Ag and Cu in hydrothermal fluids occurs in 

temperature range of 200º-400ºC for the formation of these mineral assemblages. Several of 

the Au(Ag)-tellurides deposits correspond to gold epithermal systems, and presents spatial 

relation to Cu, Mo or Cu-Mo porphyry (Ciobanu et al., 2006). According to Ciobanu et al. 
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(2005), Te-rich melt precipitates from oxidized fluids. This correlation occurs at Peteca, once 

the microfractures associated to the Fe-Cu alteration are reddish due to oxidation.  

The last hydrothermal stage at Peteca deposit comprises carbonate-epidote 

stockwork (Fig. 22; Tab. 6). It appears in veinlets, stockworks, microfractures, fractures, 

which indicate shallow crustal environment. At Paraíba deposit, hydrothermal breccias of 

epidote, calcite and gold mineralized hematite (Mesquita et al., 2018). The assemblage 

presents calcite, mangano-calcite, epitote, rutile, leucoxene, goethite, titanite, synchisite, 

monazite, apatite, siderite, quartz. It indicates addition of CO2, PO4
3- under neutral to alkaline 

pH conditions. Rutile, leucoxene and siderite point to high aFet. The increase of fO2 may 

indicate the contribution of oxidant magmatictic fluids. The concentration of heavy rare earths 

in synchsite and monazite increases as the environment becomes more acidic (Mikhard, 

1989). The oxidation associated with the stockworks and hydrothermal breccias may indicate 

a shallower environment for the development of this zone. 

Although the content phase of REE as carbonate and phosphate, and of Ti as rutile 

and leucoxene were classified as part of the carbonate-epidote stockwork, it may request 

further studies. Baker (1985) discussed the REE mobility during albitization in peraluminous 

granite in Sweden. The author states depletion of Fe2+, Fe3+, Mn, K, Sc, Ba, Pb, U, F, REE, 

while Ti, Al, P and Y are immobile. On the other hand, Hövelmann et al. (2010) affirm there 

are Ti and Y releasing. The Mn releasing would explain the minor Mn amount in calcite. Ca2+ 

released contributes to the formation of epidote, titanite, calcite, monazite and synchsite, 

meanwhile Al3+ to the epidote formation. Al is immobile at most geologic settings, unless 

there is a hot and alkaline fluid source (Mark, 1998).  

 The behaviour of REE in hydrothermal systems remains clearly incomplete, but 

phosphate and carbonate adding to the fluid are the most effective means of REE mineral 

deposition (Migdisonva et al., 2016). Middleton et al. (2013) report synchsite, monazite and 

xenotime as alteration product from titanite. Xenotime is absent at Peteca, but appears at 

Paraiba and Pezão Au ± Cu vein type deposits.  

Morever, the Ti phase present as rutile and ilmenite occurs in some albitized 

tonalite (e.g. Engvik et al., 2008). The Ti mobility Engvik et al. (2008) reports rutile forming 

in the albitization as product of alteration of ilmenite. Some studies show that the higher Na-

Al-silicate dissolved the greater Ti solubility (Antignano & Manning, 2008; Haidden & 

Manning, 2011). 
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5.3. SYNTHESIS OF DISCUSSIONS 

The evidences for metamorphism at Peteca rely on the presence of the biotite 

metatonalite, the medium- to high-grade metamorphic conditions of microstructures found in 

the country rocks, and the possibility of the garnet be metamorphic. The latter can suggest that 

Sn foliation has a metamorphic origin once the garnet marks it. 

In the same rocks, the presence of microstructures of deformation of lower 

metamorphic conditions indicate there was a temperature decreasing. It could be result of a 

retrometamorphism, but the clear evidences of deformation-fluid interaction from the country 

rocks toward the mineralized vein point for the shear-hydrothermal system presence. 

Metamorphism implies in mineral assemblage changing due to the new conditions 

of pressure and temperature, while hydrothermal alterations are result of pressure, 

temperature, and chemical changes between the protolith and the product mineral assemblage, 

indicating a fluid presence (Barnes, 1997; Putnis & Austrheim, 2010). According to that, 

several features at Peteca demonstrate the ratio fluid/deformation increasement, such as the 

phyllonite and quartz vein formation toward the shear zone centre. 

The metamorphic event was prior to the shear-hydrothermal system mainly 

because there was a temperature decreasing figured out by the microstructures resulted by 

fluid-deformation interaction in the shear system. This system generated the shear rocks as the 

protomylonite, mylonites and phyllonites, besides the veinlets and main quartz vein. All these 

structures are parallel to the Sn foliation in the country rocks. As long as the shear rocks and 

the quarz vein are result of the shear system, their related foliation is denominated Sn+1 as a 

product of later deformation process that generated the shear zone. 

Other fluid evidence on this system is the presence of veinlets filled by two 

different compostion groups such as carbonate, and quartz with sulphide. It indicates the 

cyclic feature of the shear-hydrothermal system, in which shear stress rate and fluid rate 

alternate the predominance. The veinlets can be filled when the flow ratio is greater than the 

local shear stress. 

Although the shear system is later than metamorphism, the four drill cores PT-8, 

PT-12, PT-15 and PT-22 present shear rocks and the chlorite-illite phyllonite is the host rock 

of the mineralized vein, meanwhile the PT-30 do not present shear products and the 

metatonalite hosts the vein. These different features lead to question whether the vein in the 

PT-30 is not the same one found in the other drill cores.  
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Concerning the main quartz vein structure, syntax quartz crystals developed in the 

vein at first, followed by a second flow direction, which precipitated coarse quartz crystals 

orthogonal to the first ones. Pyrite 1 (Py 1) tendS to be parallel to the second microstructure 

domain suggesting the composition flow was rich in Si and S. It also filled the veinlets in the 

chlorite-illite phyllonite once they have the same mineral assemblage: quartz, Py 1, sphalerite, 

greenockite, chalcopyrite, and galena. Regarding the similar sulphide assemblage in the 

cavities found in the vein, such as pyrite and sphalerite, the cavitites belong to the shear 

hydrothermal system.  

Concerning the ore mineral assemblage that occur in fractures or microcavities in 

the pyrite 1, the gold precipitated later than this sulphide generation. Furthermore, the ore 

restriction to the main quartz vein allow to consider the Peteca as a vein-type gold deposit.  

The chlorite and illite crystallization temperatures in the chlorite-illite phyllonite 

from the shear-hydrothermal system presented geometric mean at 369º and 304ºC, 

respectively. In addition, the greenockite presence suggest temperatures lower than 400ºC 

(Tombros et al., 2005). Albitization and potassification with microline indicate magmatic 

fluid source and a suggested temperature of up to 700ºC (Sinclair, 2007; Seedorf et al., 2005; 

Seedorf et al., 2008; Sillitoe, 2010). This temperature increase allow to state that the 

magmatic-hydrothermal system is later than the shear- hydrothermal system at Peteca. 

Likewise, the geothermometry results for chlorite and illite in the magmatic system show an 

increase of 14ºC on average compared to the data obtained for the shear system. In addition, 

the characteristic absence of orientation of the hydrothermal alterations related to the 

magmatic is the main difference between the two systems. 

Within the magmatic system, its hydothermal evolution presents a temperature 

decrease from albitization to the Fe-Cu alteration and carbonate-epidote stockworks, once the 

covellite precipitation points to temperature of up to 200ºC (Romberger & Barnes, 1970). The 

suggested temperature for covellite, the association to fractures of the Fe-Cu alteration, and 

the stockworks presence indicate a shallower crustal level during the last two stages of 

development of the Peteca deposit. 
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6. CONCLUSIONS 

The petrologic and mineral chemistry studies allowed the characterization of the 

country rocks at Peteca deposit, its hydrothermal systems and their respective deformation 

microstructures and hydrothermal alterations. 

The country rocks comprise foliated granitoids (garnet granodiorite, garnet 

leucogranite, biotite tonalite), the biotite metatonalite, and dykes of microporphyritic dacite 

and pegmatites. 

The medium- to high-grade metamorphic conditions of microstructures in feldspar 

and quartz found in the granitoids, besides the different compositions of garnet in these rocks 

corroborate to a metamorphic origin of the Sn foliation. The presence of the metatonalite give 

support to this evidence. 

The shear-hydrothermal system generated low- to medium-grade metamorphic 

conditions of microstructures in feldspar, plagioclase, and quartz found in the granitoids. In 

addition to these features, the deformation-fluid interaction produced (a) shear rocks (biotite 

tonalite protomylonite, carbonate-chlorite phyllonite, garnet-quartz mylonite, garnet-biotite 

granodiorite mylonite, illite granodiorite mylonite, chlorite-illite phyllonite), (b) their foliation 

denominated as Sn+1, which is parallel to Sn, (c) quartz, carbonate veinlets with 70º-90º in 

relation to Sn or Sn+1, (d) main quartz vein, and (e) mineralization. The foliations Sn, Sn+1 are 

parallel to the mineralized vein (N70-80W/60-80NE). 

The granodiorite, garnet-biotite granodiorite mylonite, illite-granodiorite 

mylonite, the chlorite-illite phyllonite, and quartz veinlets correspond to an evolution toward 

the quartz vein and mineralization. The chlorite-illite phyllonite is the main host rock of the 

mineralized vein, although the biotite metatonalite hosts it as well. 

The quartz vein present three microstructural domains classified as: (1) quartz 

crystal with syntax growth, (2) medium-grained quartz crystals (sub)-parallel to the vein 

orientation, and (3) fine-grained quartz crystals associated to microfractures and microfaults 

parallel to the vein orientation. In this vein, the mineralization occurs in fractures or 

microcavities within coarse-grained pyrite classified as pyrite 1.   

The magmatic-hydrothermal system is post-mineralization and comprises seven 

hydrothermal alteration stages: (a) albite alteration, (b) potassic alteration with microline, (c) 

propylitic alteration, (d) chloritic alteration, (e) muscovite-illite alteration, (f) Fe-Cu 

alteration, and (g) carbonate-epidote stockwork. These hydrothermal alterations are with no 
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preferential orientation and do not comprise foliation. Fine-grained pyrite correlated to the Fe-

Cu alteration is denominated as pyrite 2, and do not present gold ore. 

The geothermometry results for chlorite crystallization temperature show an 

average of 350º ± 20ºC. However, from the shear-hydrothermal system to the magmatic-

hydrothermal system the temperature change up from 369ºC to 394º ± 20ºC. A similar slight 

increase of temperature occurs for the illite crystallization temperature. Its results change up 

from 288º-304ºC in the shear-hydrothermal system to 295º-314ºC in the magmatic-

hydrothermal system. In aggrement with this last range of temperatures in the magmatic 

system, the muscovite crystallization temperatures are between 275º and 314ºC. 

In conclusion, the development of Peteca deposit is a result of three different main 

stages in temporal order: metamorphism, the shear-hydrothermal system that mark a 

temperature decrease and embraces the ore mineralization process, and the magmatic-

hydrothermal system marked by the temperature increase as a consequence of a magmatic 

external source.  

Furthermore, the new geologic framework at Peteca enhance the comprehension 

of evolution of the Au ± Cu vein-type deposits in the Peixoto de Azevedo region at Alta 

Floresta Gold Province.   
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Coordinates for location of the Peteca deposit and drill cores analyzed. 

 X Y Final Depth 

Peteca Deposit Location 710748 8881153  

Drill Cores Drill Cores Location 

PT-8 710771,69 8881107,20 127 

PT-12 710759,36 8881150,63 140,4 

PT-15 710764,50 8881200,63 204 

PT-22 710771,69 8881133,48 120,85 

PT-30 710665,50 8881244,55 242,88 
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Classification, location, and realized analytical methods in each sample/thin-polished section. 
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Modal compositions of the lythotypes and shear rocks. 
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Representative XRD Diffractograms for the cavitites in the quartz vein. Sphalerite is the main sulphide, but it also can contain pyrite [Sample PTC5-1]. 
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Representative major element analyses of plagioclase. 
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Representative major element analyses of K-feldspar. 
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Representative major element analyses of garnet. 
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Representative major element analyses of biotite.
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Representative major element analyses of chlorite.
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Representative major elements analyses of illite. 
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 Representative major element analyses of muscovite. 
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Representative major elements analyses of Fe-Ti oxides. 
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Chlorite crystallization temperature results according to Inoue et al., 2009. 

  



151 

 

Illite crystallization temperature results according to Battaglia, 2004. 
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Muscovite crystallization temperature results according to Battaglia, 2004. 

 


