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RESUMO

A Provincia Aurifera de Alta Floresta (PAAF) estd na por¢do sul do Criton Amazdnico, norte do
estado de Mato Grosso. No setor leste da PAAF ha depdsitos de ouro concentrados no lineamento
NW-SE Peru-Trairdo, do tipo disseminado ou em sistemas de veios de quartzo. Na regido de Peixoto
de Azevedo, distrito de Flor da Serra, hd quatro depdsitos filonares (Jodo Fidelis, Pedro Contim,
Peteca e Queiroz), alinhados a NW-SE na Zona de Cisalhamento do Peteca. Objetivo principal foi
diferenciar as alteragdes hidrotermais quanto a influéncia de processos hidrotermais de cisalhamento e
hidrotermais magmaéticos ocorridos. As rochas encaixantes compreendem: granitoides foliados
(granada granodiorito, granada leucogranito, biotita tonalito), biotita metatonalito, diques de dacito
microporfiritico e pegmatitos. Além da ocorréncia do metatonalito hd outras evidéncias de que a
foliacdo S, teve origem metamorfica: (a) microestruturas em feldspato e quartzo nos granitoides
foliados que indicam condi¢des metamorficas de médio a alto grau; (b) diferenca composicional entre
granada do granodiorito e leucogranito. Sistema de Cisalhamento-Hidrotermal produziu
microestruturas de deformacdes em feldspato, plagioclasio e quartzo de baixo a médio grau
metamorfico, e a interacdo entre deformagdo e fluido gerou biotita tonalito protomilonito, milonitos,
filonitos, vénulas obliquas a ortogonais em relacio a foliacdo, veio de quartzo e mineralizacdo. Estas
rochas apresentam foliacdo S,,;. Granodiorito, granada-biotita granodiorito milonito, illita
granodiorito milonito e clorita-illita filonito correspondem a evolucdo de cisalhamento até a formagdo
do veio de quartzo e mineralizacdo. Clorita-illita filonito e biotita metatonalito hospedam o veio
mineralizado (N70-80W/N60-90E). As foliacdes S, e S,;; sdo anastomosadas e (sub)paralelas ao fildo.
Vénulas de carbonato ocorreram em um primeiro evento, € as compostas por quartzo, carbonato e
pirita sd@o posteriores, pois apresentam a mesma assembleia mineral que o veio. O veio apresenta trés
dominios microestruturais: (1) cristais finos de quartzo com crescimento sintaxial; (2) cristais de
quartzo de tamanho médio, obliquos ao dominio 1 e paralelos a direcdo do veio; (3) cristais finos de
quartzo e recristalizados, associados a microfraturas, microfalhas paralelas a dire¢do do veio. No veio,
pirita grossa (Py 1) deve ser contemporanea ao dominio 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 Magmatico-Hidrotermal compreende alteragdes hidrotermais que nao constituem as
foliacOes: albita, potdssica com microclinio, propilitica, cloritica, muscovita-illita, Fe-Cu, e
stockworks de carbonato-epidoto. A alteracdo de Fe-Cu apresenta quartzo, pirita fina (Py 2), covelita
com fases de Se, Te, associada ao dominio microestrutural 3 do veio. Resultados de geotermometria
mostram a temperatura de cristalizacdo da clorita em 350° + 20°C, embora ha um aumento, em média,
de 14°C do Sistema de Cisalhamento para o Magmatico. Também ha aumento de temperatura entre os
dois sistemas para a cristalizacdo da mica branca. O Peteca corresponde a um depésito Au+Cu tipo-
veio, resultante de trés principais estdgios: metamorfismo, Sistema de Cisalhamento-Hidrotermal que
marca reducido de temperatura e compreende a mineralizacdo, e o Sistema Magmatico-Hidrotermal
que marca aumento de temperatura devido a uma fonte magmatica.

Palavras chave: Critons — Amazonia, mineralizagdes auriferas, alteracdo hidrotermal, quimica
mineraldgica, 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-Trairdo 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 (Jodo 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 S,,; 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 S,,, 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 350° + 20°C for chlorite crystallization
temperature, although there is an increase of 14°C 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. APRESENTACAO

A primeira parte da presente dissertacdo compreende a introdugdo da drea de
estudo e objetivos de pesquisa, materiais € métodos, contexto geoldgico regional e uma
sintese dos resultados obtidos. A segunda parte (Appendix A) corresponde ao artigo cientifico
que serd submetido a revista Ore Geology Reviews, o qual contém os resultados em detalhe,
discussdes e conclusdes. Os demais apéndices correspondem a localizacdo e andlises
realizadas por amostras (Appendix B), composicdo modal das rochas encaixantes e produtos
de cisalhamento (Appendix C), resultados das andlises de difracdo de raios-X (Appendix D),
resultados das andlises de quimica mineral (Appendix E), resultados de geotermdmetros

aplicados (Appendix F).

1.1. INTRODUCAO

A Provincia Aurifera de Alta Floresta (PAAF) localiza-se na por¢ao sul do Criton
Amazonico, norte do estado de Mato Grosso. Representa uma drea alongada de 500 km de
extensdo que ocorre em um trend NW-SE, que € limitada ao norte pelo Graben do Cachimbo
e ao sul pelo Graben dos Caiabis (Barros, 2007).

Os depdsitos primdrios na PAAF podem ser subdivididos em (Assis et al., 2017):
(1) Au % Cu disseminado (e.g. Luizdo, Serrinha, Juruena, X1 e Pé Quente) e Au = Cu tipo-
veio (e.g. Paraiba, Pezdo); (2) Au £ Mo * Cu disseminados (e.g., Ana and Jaca); e (3) Au +
Zn + Pb £ Cu tipo-veio em ambiente ruptil (e.g., Franscisco, Bigode, and Luiz).

A mineralizagdo do Peteca, principal alvo desta area, é associada a sulfetos em
veio de quartzo principal (fildo) com direcdo N70-80W/N60-90E, hospedado em filonito
(Teixeira, 2015). As rochas encaixantes sdo granitoides foliados de composi¢cao granodioritica
a tonalitica de idade entre 2,04 a 1,98 Ga além de intrusdes daciticas de idade 2,01Ga
(Quispe, 2016). Todo o arcabouco do depdsito apresenta intensas zonas de alteracdo
hidrotermal, além de vénulas 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 depdsitos minerais preexistentes. Isto € possivel devido diversos fatores,
tais como: presenca de fraturas e falhas, diferencas de pressoes litostdtica e de fluido, calor
gerado durante os esforcos cisalhantes que facilitam o transporte de solu¢des aquosas com
metais. Os compostos i0nicos se aglutinam entre si de acordo com as afinidades quimicas e,

apos o resfriamento do fluido, se precipitam e t€ém-se veios de quartzo mineralizados a ouro e
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outros metais, formados nos sitios de dilatacdo (Groves et al., 1998; Goldfarb et al., 2005;
Bons et al., 2012).

A influéncia de fluidos em processos de deformagao resultam em mecanismos de
abrandamento que sdo importantes para a evolucdo de ZCs, tais como: enfraquecimento
hidrolitico, reacdes de abrandamento, redu¢do do tamanho dos grdos, desenvolvimento de
graos com orientacdo preferencial e menos resistentes (Griggs, 1967; Tullis and Yund, 1980;
Hippert, 1998; Stiinitz & Tullis, 2001; Yonkee et al., 2003; Mancktelow & Pennacchioni;
Fusseis & Handy, 2008; Hartman et al., 2010; Jaquet & Schmalholz, 2018; Lee et al., 2018).

A intera¢do fluido-rocha ocasiona desequilibrio nos minerais devido as novas
condigdes de temperatura, pressdo e constituintes quimicos do fluido. Isto gera
transformag¢des mineraldgicas, quimicas e texturais para fases de maior equilibrio, que resulta
em alteracoes hidrotermais através de metassomatismo (Barnes, 1997; Putnis & Austrheim,
2010). Caracteristicas das rochas como permeabilidade e porosidade controlam a infiltragdao
do fluido, nas quais sdo gerados halos ou zonas de alteracdes hidrotermais que sdo
importantes guias prospectivos para explora¢do mineral (Zhu et al., 2011).

Depositos filonares de Au = Cu como Pezdo e Paraiba, apresentam relagdes com
plitons graniticos apontados como fonte para calor, fluidos e metais em sistemas magmatico-
hidrotermais (Trevisan, 2015). O depésito do Pezdo foi classificado como um sistema de
depdsito epitermal rico em Au-Cu de baixa sulfetacdo. E o Paraiba apresenta divergéncias
quanto ao modelo metalogenético, uma vez que apresenta caracteristicas correlaciondveis aos
depositos tipo porfiro (Seedorff et al., 2005; Sillitoe, 20110), IRGS (Lang & Baker, 2001) e

ouro orogénico (Groves et al., 1998).

1.2. OBJETIVOS
A presente dissertacdo de mestrado € centrada na diferenciacdo das alteracdes
hidrotermais do depdsito Peteca, quanto a influéncia de processos hidrotermais de
cisalhamento e hidrotermais-magmaticos ocorridos. Busca-se obter a evolu¢do paragenética
hidrotermal do depdsito. Os objetivos especificos para atingir o objetivo geral sdo:
e Defini¢do dos litotipos;
e Defini¢do de microestruturas de deformacao nos litotipos;
e Caracterizacdo das alteragdes hidrotermais e da mineralizacdo a partir de:
v Defini¢ao de seus estilos de ocorréncia e abrangéncias no depdsito;

v Caracterizagdes petrograficas;
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v Caracterizagdes das diferencas mineralégicas e quimicas das principais
assembleias minerais dos litotipos hospedeiros ao minério, para o0s
hidrotermais e do veio mineralizado;

v Definicao de diferentes fases de geracdo de sulfetos e suas relagdes temporais e
espaciais com a mineralizacio;

v/ Compreensdo da evolugao hidrotermal.

1.3. LOCALIZACAO E VIAS DE ACESSO
A PAAF situa-se na por¢do norte do estado de Mato Grosso, a cerca de 700 km
de Cuiab4, capital do estado. O setor leste da Provincia abrange parte das cidades de Peixoto
de Azevedo, Matupd, Nova Guarita, Novo Mundo e Guaranta do Norte. O depdsito do Peteca
ocorre no distrito de Flor da Serra, pertencente ao municipio de Peixoto de Azevedo — MT
(Fig.1).
O acesso se faz de avido até a cidade de Sinop, onde o acesso a cidade de Peixoto
de Azevedo inicia-se pela rodovia federal BR-163. De Peixoto de Azevedo até a drea de

estudo, a distancia de menos de 40 km € percorrida em estradas locais ndo pavimentadas.

Alta Floresta =

Figura 1 - Localizacdo do depdsito Peteca. Poligono em amarelo representa a Provincia Aurifera de Alta Floresta
(PAAF) no MT. Circulo em vermelho indica a localizag¢do do alvo Peteca no setor Leste da PAAF. Imagem de
satélite mostra os municipios de Matup4, Peixoto de Azevedo e o distrito de Flor da Serra nas proximidades do
depdsito.
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2. MATERIAIS E METODOS

2.1. AMOSTRAGENS E DESCRICOES MACROSCOPICAS

As descrigdes macroscopicas dos litotipos do depdsito 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 nao orientadas provenientes da pilha de concentragdo de minério, e trés
amostras orientadas da galeria da mina. O Apéndice B contém as coordenadas para
localizag¢do dos furos de sondagem e respectivas profundidades médximas, além da relagdo de
todas as andlises realizadas por amostras.

Todas as descricdes foram realizadas para definicdo das rochas encaixantes e
hospedeiras, alteragdes hidrotermais e seus estilos, tipos de vénulas e distribuicao de sulfetos
e minério. Foram coletadas amostras de diversas caracteristicas e 47 1aminas polidas foram
analisadas a partir de microscopio Optico da marca Leica DM-EP, no Instituto de Geociéncias
da Universidade de Campinas, Brasil.

Durante as andlises microscépicas foram descritas assembleias minerais igneas,
hidrotermais e metamorficas, além de microestruturas. Maior detalhamento foi dado as
transformagdes minerais nas alteracoes hidrotermais, das rochas distais 2 mineralizagdo. Para
as amostras menos deformadas, a composicdo modal final corresponde a média de
composi¢des estimadas em porcentagem de 12 partes iguais da lamina. As abreviacdes dos
minerais utilizadas basearam-se em Whitney & Evans (2010).

A partir das andlises sob microscopio petrografico, 14 laminas polidas foram
selecionadas e analisadas sob microscopio eletronico de varredura (MEV) de marca LEO 4301
(ZEISS), acoplado a um espectrometro de raios-X por dispersdo de energia (EDS) no no
Instituto de Geociéncias da Universidade de Campinas, Brasil. As condi¢des operacionais
padrao incluiram potencial de aceleracao de 15 kV, corrente de feixe de 3 nA e distancia focal

de 19 mm.

2.2. DIFRACAO DE RAIOS-X

Outra etapa pertinente para complementacdo dos estudos petrograficos foi a
realizacdo de andlises de Difragdes de Raios-X. O veio mineralizado apresenta cavidades de
até dois centimetros de didmetro, preenchidas por material criptocristalino. A fim de
determinar a assembleia mineral nas cavidades, foram selecionadas 6 amostras diferentes de
até 3g cada para andlises de Difratometria de Raios X (LDRX). Foram realizadas através de

difratdmetro Siemens (Bruker) D-5000, no Laboratério de Difracdes de Raios-X do Instituto

de Geociéncias (IGEO) da Universidade Federal do Rio Grande do Sul (UFRGS).
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2.3. QUIMICA MINERAL

Ao todo, 11 laminas polidas foram selecionadas (Apéndice B) a partir da etapa de
petrografia para andlises de quimica mineral através de microssonda eletronica (EPMA -
Electron Probe Microanalyzers). Estas andlises foram realizadas no Laboratério de

Microssonda Eletronica do Instituto de Geociéncias (IGEO) da UFRGS (Fig. 2).

AU

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

Primeiramente, as laminas foram higienizadas, recobertas por carbono através de
uma metalizadora da marca Jeol JEE 4B. A microssonda eletronica utilizada é da marca
Cameca SXFive, acoplada com WDS (Wave Dispersive X-Ray Spectrometer) e EDS. As
condi¢Oes operacionais padrao foram: potencial de aceleragdo de 15 kV ou 20 kV (sulfetos),
corrente de feixe de 15 nA, 10 nA (micas e 6xidos muito finos) ou 20 nA (sulfetos) e
diametro do feixe de 5 um. Os dados brutos adquiridos sob porcentagens de 6xidos em peso
foram recalculados para obter a distribuicdo catidnica através do software AX

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

2.4. GEOTERMOMETRIA
Temperatura de cristalizagdo da clorita foi empiricamente obtida através de
geotermOmetros propostos por Bourdelle et al. (2013) e Inoue et al (2009). Pressdao e
temperaturas muito altas ndo sio consideradas em ambos os métodos, apenas membros finais

selecionados. O geotermOmetro 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 Wiewidra & Weiss (1990). Temperatura de cristalizacdo de mica branca
foi obtidas através do geothermdmetro proposto por Batagglia (2004), no qual o contetido de
K e correlacdo entre Fe e Mg sdo considerados. O apéndice E contém os resultados de

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

3.1. APRESENTACAO

O Craton do Amazonas estd localizado na porcao setentrional da América do Sul,
cercado por cinturdes orogénicos neoproterozoicos (Fig. 3). Segundo Silva & Abram (2008),
a evolucdo geotectonica do Créton foi considerada por diversos autores (Almeida, 1977,
Hasui et al., 1984) como resultado de sucessivos eventos orogénicos, formando
paleocontinentes. A atual concepcao mais aceita baseia-se na evolucao de eventos orogénicos
que formaram sucessivos arcos magmaticos (Cordani & Teixeira, 1981; Tassinari, 1981;
Tassinari & Macambira, 1999; Tassinari et al., 2000; Santos et al., 2000). A formacdo de
crosta juvenil e retrabalhamento do material mais antigo ocorreram durante o arqueano e
paleoproterozoico, respectivamente representando 30% e 70% da crosta continental do Criton
Amazonico (Tassinari & Macambira, 1999).

Com base em dados geocronoldgicos a partir de datacdes U-Pb em zircOes e de
is6topos Sm-Nd, Santos et al. (2000) compartimentaram o Craton AmazOnico em sete
provincias tectono-estruturais: (i) Carajas (3,0-2,5 Ga); (ii) Amazodnia Central (Arqueano);
(ii1) Transamazonas (2,26-2,01 Ga); (iv) Tapajés-Parima (2,03-1,88 Ga); (v) Rio Negro (1,82-
1,62 Ga); (vi) Ronddnia-Juruena (1,82-1,54 Ga); (vii) Sunsas e K’Mudku (1,45-1,10 Ga) (Fig.
3).

Neste modelo, a PAAF abrange parte da Provincia Tapajés-Parima e Ronddnia-
Juruena. A PAAF ¢ constituida por sucessivas sequéncias plutono-vulcanicas acrescidos a
Provincia Amazonica Central durante o Paleoproterozoico e Mesoproterozoico (Tassinari &

Macambira, 1999; Santos, 2006; Silva & Abram, 2008).
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Figura 3 - Compartimentacdo Geotectonica do Criaton Amazonas segundo Santos et al. (2000). Poligono

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

Craton Amazénico

3.2. SETOR LESTE DA PROVINCIA AURIFERA DE ALTA FLORESTA

Na regido de Peixoto de Azevedo, o Lineamento Peru-Trairdo tem alinhamento
NW-SE e hospeda centenas de depositos de ouro (Barros, 2007; Fig. 4). Afeta rochas do
embasamento arqueano, granitoides paleoproterozoicos, € as interceptam como zonas de
cisalhamento descontinua-continua sinistral.

Os depdsitos primdrios associados a este Lineamento sao hospedados em suites
plutono-vulcanicas paleoproterozdicas (Barros, 2007; Miguel Jr., 2011; Assis et al., 2014),
que sdo afetadas por diques maficos (Quispe, 2016). As interceptacdes de cisalhamento nos
granitoides apresentam um sistema de mineralizacio em veios de quartzo sub-verticais e
anastomosados. A mineraliza¢do aurifera em fildes € a mais comum na regido com teores <5g
Au/t, seguida de depdsitos em sistemas de veios em sfockworks e mineralizagdes

disseminadas.
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Peteca (Assis, 2015 - Modificado de Miguel-Jr, 2011).
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No setor leste da PAAF, as diferentes unidades presentes nesta drea se subdividem
em: (a) embasamento (2,8-1,9 Ga; Souza et al., 2005; Barros, 2007; Assis, 2015), (b)
sequéncias plutono-vulcanicas cdlcio-alcalinas (1,97-1,71 Ga; Barros, 2007; Assis, 2015;
Trevisan, 2015; Quispe, 2016; Oliveira, 2017), (c) sequéncias pds-orogenicas e anorogénicas
(1,77-1,75 Ga), e (d) sequéncias sedimentares (1,3 Ga-Quaterndrio; Leite & Saes, 2003;
Souza et al., 2005) (Tab. 1).

A regido do distrito de Flor da Serra, municipio de Peixoto de Azevedo, apresenta
dobras e zonas de cisalhamento continuas de direcado NW-SE (Cunha, 1996; Phani et al.,
2014; Quispe, 2016). Estas zonas de cisalhamento (ZC) denominam-se Joaquim (ZCJ),
Paraiba, (ZCP), Peteca (ZCP) e Serinha (ZCS), de oeste para leste (Quispe, 2016; Fig.5). Os
depdsitos de ouro Paraiba e Peteca estdo hospedados nas zonas de cisalhamento homonimas.
Cunha (1996) definiu um segundo tipo de lineamento estrutural atribuido as drenagens da
regido, tais como falhas sinistrais NW, zona de cisalhamento continua com direcdo

aproximada de NS, e zona de cisalhamento descontinua NE.



Tabela 1 - Geocronologias e ambientes tectdnicos das principais unidades geoldgicas do setor Leste da PAAF (Modificado de Assis, 2015).

DOMMINIOS - . o -
CEOLOGICOS TUNIDADES GEOLOGICAS IDADES (Ma) AMBIENTES TECTONICOS| EEFERENCIAS
Coberturas Tercio-Quaternariaz . L. Sedimentos intracratémicos "
L Sedimentos clasticos e pelitos inconsolidados Tercidrio Quatemirio inconsolhidados Seuza et al. (2003)
5*?“ s Grupe Catabiz (Fermacio Dardanelos)
Sedimentares Avenito it ) . ) cficos 1987T+4a Bacia pullapart ou sfrike.dli Saes & Leate (2003),
Aremito e aremito arcoseanc com nivels conglomeranicos e 137713 ac1a pull-apart ou sirke-ship 5 stal. (2005)

estrafificagdes plano-paralelas e cruzadas acanaladas

TUnidade: plutono-
vulcanicas
anorogenicas { Lipo A)

Grupo Batistiao
Eiclito macigo muceroesferulifico, quartzo feldspato porfire

Idade desconhecida

Anorogénico (dados 1sotopicos
nio disponivels)

Quispe (2016)

Suite Infrusiva Teles Pires

1,782+ 172 1,757 (U

Pos-colisional (1,94 = Tdm =

Santos (2000), Pinho
ef al. (2001}, Souza

Al{:al-f'eld;pam gramito, gramito porfintico, granofires, nolito, Pb) 238 3.4 = sNd(f) = stal (2005), Sikva &

nodacito, dacito, andesito, tufos, brechas e igmmbrito. +3] " oot
Abram (2008)

Pérfire Uniiie do Norte 1774275 Pos-colisional (dados 1sotopicos | Assis (2011); Miguel-

Ale ali-feldspato granito a monzegranito porfirifico

nace disponivels)

Jr (2011)

Unidade plutono-
vuleinicas caleio-
alealinas (Granitos
tipo-I)

Suite Colider

Eochas vuleanicas, subvuleameas, piroclasticas e epiclasticas
ntermedianas a acidas.

1,786 =17; 1,785 =
6.3; 1,781+ 8

Arco vuleanico a sin-colisional
(194 =TDM =234;-34 -
eMd(t) = +3)

JICAMMAT (20000,
Silva & Abram
(2008), Pimentel
(2001}

Granito Peixoto

Biotita granodionto e biotita tonalito

1,792 =2 (Pb-Phb),
1781 = 10 (U-Pb)

Arco vuleanico sin-colisional
{dados 1sotopicos nio
disponivels)

Barros (2007), Silva
et al (2014)

Suite Grapedioritica Unide

Biotita-hommblenda granodionto e biotita-homblenda tonalito

1,833 £23
(LA-ICP-MS5)

Granitos de arco vulcamico
{dados 1sotopicos nio
disponivels)

Asnis (2011), Maguel-
Jr (2011)

Suite Granifica Indiferenciada Unide do Norte

Sienogranito, monzogranifo, sienite & quartzo-monzonito

Idade desconhecida

Gramtos de arco vuleamco
{dados 1sotopicos nio
disponivels)

Assis (2008)

Suite Infrusiva Matupa

Biotita gramito, biochta monzogranito, hornblenda monzogranito, biotita
hornblenda monzonite, homnblenda monzodionto, biotita hornblenda
monzogranito, biotita monzogranite porfiriheo, iotifta monzogranito,

biofifa slenogranito e slenomonzogrante porfinfico-rapakivi

1,872 =12 (Pb-Ph);
18751321851 =
12 (U-P)

Areo vuleinico sin-colisional
(215 =TDM =234, 413 -
M) = +3.04)

Moura (1998), Souza
et al. (2003}, Assis
(2011}, Silva et al.

{2014}, Eocha et al.
(2016), Olvewra
(2017
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Unidade plutono-

vuleanicas caleio-

alcalinas (Granitos
tipo-T)

Czranite Nhandu N & i
Moreton & Silva
7. 1,87
= 15%3;11;1:::. 1'13 3‘1: Arco vuleinico sin-colisional (2005), Silva &
= = |5enogramito. monrogramto, biotita menzogramto com sub- :I:l'.l'-; lEI-EE' iE-. a 1946 (214 = TDM = 2.17; sMNd(f) = - Abram (2008,
[ | - . . - £
E E wlcanicassubordinadas L 21 (U-Pb) (.91 JICAMMAT (20000,
— - A Focha et al (2016)
R
S = |Granite Aragio Frioo o
w g 1,931 12 (U-Pb); - _ Vitério (2010),
= . ) N . Arco vuleinico (dados Miguel-Jr (20113,
— |Sienceranite, monrogranito com ficies porfiritica & 1.964 = 11 (U-Pi); L . 1. . ;
. .. 1sotopicos nio disponivers) |[Rames (2011), Dezula
microgranitica 1,967 = 2 (U-Ph); et al. (2018)
{.Zramtn Flor da Mata Idade desconhecida Arco vuleanmieo (dados
Aleah-feldspato gramto, sienogramto e rochas monzoniticas a (correlacionada ao 1sotopleos nio Ramos (2011)

granodioriticas

Gramite Novo Munda)

disponivers)

Granite Nove Munde
Sienogranito, monzegranito, granodionte, guartzo-monzonito e
monronito

1,970 £3 21,964 £1
(Pb-Pi)

Arco vuleimeo sin-colisional
(255 <TDM = 276, -7.62 =

Nd(t) = -4.48)

Barros (2007}

Suite Intrusiva Pe Quente

Monzomto, quartzo-monzonite, quartzo-monzodicrito, menzodicnito,

albitite fino, grancodionte aplitico e buotita tonalito

1,979 +31 (U-Pb) 2
1,901 +7 (U-Pb)

Arco vulcamico (dados
isotopicos nio disponivels)

Asmis (20117, Miguel-
Jr (2011}, Assis
(2015)

Unidade Vuleanoclastica Serra Formosa

Arenito, grauvaca, aremto-liico & conglomerado arenoso polhmitico
mainz-suportado

Idade minima:

2,008

Baria de anfe-pais retro-arco em
margem contmental atva (dados
1sotopicos nao disponivels)

Asmis (20117, Miguel-
Jr(2011)

Unidade plutono-

vuleinicas caleio-
alcalinas (Granitos
tipo-I) - Granitoides

CGranitoides foliades

Brotita granito, homblenda-quartzo dicrito, hornblenda-biotita
monzogranite, tonalito, biotita tonalito, dacitos, granada-muscovita
leucogramto e grancdiorito geralmente foliados

1,998 (Fb-Pb); 2.037
=6 a 1978 +8 (U-
Fi)

Arco vulcamco (2.18 = TDM -
267;-2.14 = eNdA(t) = -3 .84)

Barros (2007}, Assis
(2015}, Trevisan
{2013), Quspa
(2016), Oliverra

Foliadas 2017
Cuaizses & migmatitos Souza et al (20035,

2 4 (U- lea los .
Embasamento Gnansse gavido, anfibolito e ortognalsse de composigao monzonifica, 2.816 =4 (U-Pb) a Arco vuleinico (dado Barros (2007}, Assis

tonzlihea e granifica, parcialments musmahzados

1,980 +9 (U-Pb)

1sotopicos nao disponivers)

(2015)
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Figura 5 — Mapa Geoldgico da regido de Peixoto de Azevedo e indicagido do Depdsito Peteca (Quispe, 2016).
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4. SINTESE DAS PRINCIPAIS CONCLUSOES DO ARTIGO

(1) Rochas encaixantes do depdsito do Peteca: granitoides foliados (granada granodiorito,
granada leucogranito, biotita tonalito), biotita metatonalito, diques de dacito
microporfiritico e pegmatitos.

(2) Evento metamorfico: geracdo do biotita metatonalito e provével foliacdo S, nos
granitoides foliados.

(3) Sistema de Cisalhamento-Hidrotermal gerou protomilonito, milonitos, filonitos,
vénulas, veio de quartzo e mineralizagdo, além da foliacao S,;.

(4) Sistema Magmatico-Hidrotermal compreende alteracdes hidrotermais sem orientacao
preferencial.

(5) As temperaturas de cristalizacao da clorita apresentam media de 350° + 20°C, mas h4
aumento de temperatura do Sistema de Cisalhamento-Hidrotermal para o Sistema
Magmatico-Hidrotermal, de 369°C para 394° + 20°C. Este aumento de temperatura
também ocorre para a mica branca (illita e muscovita), variando de 288°-304°C no
primeiro sistema para 275°-314°C no sistema posterior.

(6) O Peteca corresponde a um depdsito tipo-veio de Au+Cu, resultante de tré estagios
principais, em ordem temporal: metamorfismo, Sistema de Cisalhamento-Hidrotermal

e Sistema Magmatico-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-Trairdo 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 (Jodao 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 S,,; 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 S,,; 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 350° + 20°C for chlorite crystallization
temperature, although there is an increase of 14°C 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. Luizdo, Serrinha, Juruena, X1 e P€ Quente), and vein-type Au +
Cu (e.g. Paraiba, Pezdo0); (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/NO60-90E 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; Stiinitz &
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 Paraiba and Pezdo present relations to granite
plutons pointed as heat, flow and metal source for magmatic-hydrothermal system (Trevisan,

2015). According to this author, Pezdo deposit corresponds to a rich Au-Cu epithermal low
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sulfidation deposit, while the Paraiba 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.
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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).
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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 4301 (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 um. 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.
R* diagram of Wiewidéra 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)
Carajds (3.0-2.5 Ga); (i1)) Amazonia Central (Archean); (ii1) Transamazonas (2.26-2.01 Ga);
(iv) Tapajos-Parima (2.03-1.88 Ga); (v) Rio Negro (1.82-1.62 Ga); (vi) Ronddnia-Juruena
(1.82-1.54 Ga); (vii) Sunsas e K’Mudku (1.45-1.10 Ga) (Fig. 7).

According to this model, the AFGP embraces part of the Tapajés-Parima Province
and Rondonia-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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3.2. EASTERN SECTOR OF AFGP
In the region of Peixoto de Azevedo, the Peru-Trairdo 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 Unido 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-Trairdo 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), Paraiba, (SZPa), Peteca (SZP) and Serinha (SZS), from west to east
(Quispe, 2016; Fig. 9). The Paraiba 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.



Table 2 — Geocronology and tectonic settings of the main geologic units at the eastern sector of AFGP (Modified from Assis, 2015).

Cale-allealine plutons-
voleandc units (I-type
granites)

Nhandu granice

Syenogranite, monzogramte with subordinate subvoleame

1889+17; 1879 =
5.5 (U-Ph) e 1,848
+17, 1969 +2 2 1945
+ 21 (U-Pb)

Svn-collisional voleame are (214 =

TDM = 2.17; eNd(tj=-091

Moreton & Silva
(2003); Siha &
Abram (2008),
MCAMMAT (20000,
Focha et al . (2016)

Aragio granite

Mhan du Suite
(Drezula et al, 2008

Svenogranite, monroprante with porphymitic and micro
gramte facies

1,931 = 12 (U-Pb);
1.964 = 11 (U-Pb);
1,967 + 2 (U-Pb)

Velcanic-are (o 150topic data

avalable)

Vitenio (20100,
Miguel-Fr {2011},
[Ramos {2011}, Dezula
eral (2018}

Flor da Mata granite

Alkah-feldspar zramite, svenogranite, monronite, sranodicrite

Unknown age
{correlated to the
Novo Mundo granite)

Voleamc-arc {po 1so0topic data
avalzble)

Ramos (2011)

Nove Munde granite
Syenogranite, monzogramte, granodionte, quartzmonzonite and
monzonite

1.970 to 1.964 (U-Ph
& Pb-Pb)

Syn-colhmional voleanic are (2 55 =
TDM = 2.76; -7.62 = eMd(t) = 4.48)

Barmos (2007}

Pe Quente Intrusive suite

Monzomte, quartz-monzontte, quartz-monzodionte, monzodionte,
fine-coarse albiate, aplihe ranodicrite and otite tonalite

1,979 +31 (U-Ph) to
1.901 +6,8 (U-Pb)

Violcanic-are {no 1sotopic data

avalzble)

Assis (2011), Migzuel-
B {2011}, As=is
(2015}

Serra Formosa Voleaniclaste Unit

Feldspathic-sandstone, faldspathic-wake, hithicsandstone and matnx
supported sandy-polymictic conglomerate

Mammurm age:

2009

Back-arc foreland basin within na
active contnental margin (no
1zotopic data avaliable)

Bzms (20117, Miguel-
IJr (2011}

Cale-alkaline plutona-
veleanie unit: {(I-type
gramite:) - Foliared

Foliated graniteids

Biofite granste, homblende-quartz dionte, hommblende-hiotite
monzogranite, tonalite, biotite tonzlite dacrte, zarnet-muscovite

1,998 (Pb-Pb): 2.037
+6 to 1,978 =8 (U-
Fb)

Voleame-are (218 = TDM = 2 67; -
214 = eNd() = 3.84)

Barros {2007), Assis
{2015}, Trevizan
(2015}, Qruspe
(2016), Oliveira

supracrustals and
plutonic sequences

Anfibolite and monzontic, tonalite and gramfic orthozmelss, parthy
migmatita

1,980 = 9 (U-Pb)

1sotopie data avahable)

granitoids lewcogranite and granodionts commonly foliated 2017)
Basement: Cnelzses and mizmatites -
metamorphosed 2816 =4 (U-Pbito Cale-alkalime volecanic-are (no Saitzd et &t G005,

Barros (2007), Aszis
(2015)
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Cale-alkaline plutono-
voleanic units (I-type
granites)

Nhandu granite

1889+17; 1.879 +
5.5 (U-Ph) e 1,848
+17; 1960 =2 a 1946
+21 (U-Ph)

Sym-collisional voleame are {2.14 <

TDM = 2.17; eMdit)=-0.91

Moreton & Sibva
(2005), Sibva &
Abram (2008].
JICANMAT (20607,
Rocha eral . (2016)

x
= & |5venogramite monzogranite with subordinate subvoleanic
9 o3
s =
'E A
= = Jl.l" - T
= £ |Aragio granite
z g
=)

Svenogramite, monzogramte with porphymihe and miero
granite facies

1,931 = 12 (U-Pb):
1964 = 11 (U-Pb):
1.967 + 2 (U-Ph)

Voleanie-are (no 1sotopic data
avazble)

Vitério (2010).
Miguel-Jr (20113,
Ramos (2011), Dezula
stal_(2018)

Flor da Mata granite

Alkah-feldspar gramite, syenogranite, monzonite, srancdionte

Unknown age
{correlated to the
Move Mundo gramte}

Volcanie-are (no 1setopic data
avalzble)

Fames (2011)

Novo Aunds granite
Syenogramite, monTogranite, grancdionte, quartzmonzonite and
monzonite

1.970 to 1,964 (U-Ph
& Fb-Ph)

Sym-collisional voleame arc {2.55 <
TDM = 2 76; -7.62 = eNd(t) = 4 .48)

Bamos (2007

Pe Quente Intrusive suite

Mlonzomite, quariz-monzonite, quariz-monzodionts, monzodionte,
fine-coarse albitite, aplitic granodicrife and biotite tonalite

1,979 =31 (U-PL) to
1,901 +6,8 (U-Pb)

Veolcanec-are {mo 1sotopic data
avaizble)

Azss (20110, Miguel-
Jr (20110, Assis
(2015

Serra Formosa Veleaniclastic Unit

Feld=pathic-zandstone, feldspathic-wake, hihncsandstone and mainx
supported sandy-polymictic conglomerata

Mampmim age:

1005

Back-arc foreland basin within na
actve confinental margn (no
1zotopie datz avaliable)

Assis (2011), Miguel-
T (2011)

Cale-alkaline plutono-
voleanie units (I-type
gramites} - Foliated
graniioids

Foliated gramitoid:

Biotte grantte. homblende-quartz dionte, horpblende-bionte
monzogranite, tonalite, iofite tonalite, dacite, zamet-muszcovite
leucogramite and pranodionte commonly foliated

1,998 (Fb-Pb); 2037
+ & to 1978 8 (U-
)

Volcanic-are (.18 = TDM = 2.67; -
214 = N4t} = -2 34)

Bamros (2007), Assis
(2015}, Trevizan
{2013}, Chu=pe
{2016}, Olrvewra
(2017

Bazement:
metamorphosed
supracruzials and
plutonic sequences

Goeiszes and migmatites

Anfibolite and menzomtic, tonaline and pramific orthogneiss, partly
migmatite

2,816 =4 (U-Pb) to
1.980 + 9 (U-Pk)

Cale-alkalme voleame-are (no
1zotopic data avahable)

Souza et al (2003,
Barres (2007), Assis
(2015}
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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: (1) garnet granodiorite, belonging to the Gringo
granitoids lithological unit (Quispe, 2016), (ii) garnet leucogranite, belonging to the Braco
Norte lithological unit (Quispe, 2016), and (ii1) biotite tonalite. Besides them, there are the
biotite metatonalite, and dykes of (i) microporphyritic dacite (Quispe, 2016), and (i1)
pegmatite. The Appendix B presents their modal composition, and their main features are on

Table 3.
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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 75°-90°.
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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 75°-90°.



58

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].




60

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. 131).
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 1s 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.



61

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.



Table 3 - Main features of the foliated granitoids, metatonalite, and the microporphyritic dacite dyke (*% constituent of the rock).

Pheno- Primary/
crysts/ Mafic Metamorphic | Accessor Secondary
Lithotypes Texture i . . P ) v Mineral Foliation (Sn) Deformational Microstructures
Porpyro- Minerals Mineral Minerals Assemblage
clasts* Assemblage g
Qz: undulose extinction, subgrains,
Heterogeneous (weak deformation bands, bulges at
" Qz, ab, mc, .
Porphyritic. . . to well developed) crystal boundaries; Pl:
. Fe-Ti chl, ill, ms, . ..
Grt Medium-to Qz, pl, kfs, bt, . . spaced Sn: Bt polysynthetic twinning; Kfs:
L. . . P1 (40%) Bt, grt oxides, ep, cb, Fe-Ti . ) . . L.
Granodiorite | fine grained art 2. 2 oxide schistosity domains; microcline twinning, flame
matrix 4P BY CC7 Py, Qz-fd in microlithons perthite; Bt: pseudoform
P domains (completely altered to Chl): kink
band; Others: fractures in Grt
I . | Qz: undulose extinction, bulges at
nequigranu
4 g. Qz, ab, mc, Heterogeneous crystal boundaries; Pl:
ar. Medium- . . .
Grt . chl, ill, ms, Spaced Sn: Gr polysynthetic twinning; Kfs:
. to fine X Bt, grt Qz, kfs, pl, bt Zrn, ap . . . . .
Leucogranite . ep, Fe-Ti pressure shadow and microcline twinning, string
grained . . . .
) oxide, py slightly elongated perthites; Others: fractures in Grt,
matrix )
and in Kfs phenocryst
, ab, mc, o
.. Qz % me Heterogeneous Qz: undulose extinction, bulges at
Porphyritic. . chl, ill, ep, .
. Fe-Ti Spaced Sn: : Bt crystal boundaries; Pl
. Medium-to . leucoxene, . ) . . L
Bt Tonalite fine erained P1 (60-70%) Bt Qz, pl, kfs, bt oxide, zrn, cb. Fe.Ti schistosity domains polysynthetic twinning; Kfs
mitri ap, py o 1 de qz-feldspar in (hydrothermal?): microcline macla;
X X
gtI’I 124 microlithon domains. Others: microfractures in PI
Granolepido 111, chl, cal, . .
M 1 al t
Bt . blastic, fine X Bt (Qz, pl, kfs, bt)* X ep, Fe-Ti 1ner?1 4 1g'nn'1€n 5 Recrystallized matrix
Metatonalite . . mainly biotite
isogranular oxide, py
Microporphy Spaced Sn: matrix in
Micropor- ritic. Very 111, chl, cal, schistosity domains,
phyritic fine-grained P1 (20%) X Qz X ep, py, Fe-Ti oriented Pl Not observed.
dacite dyke | equigranular oxide phenocryst in
matrix microlithon domain
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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 (Sy+;) 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.
(D) 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 (S,+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 (Sy+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 (S,+;), 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, S,,; 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 (Sp+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 (30°-75°) 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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)
Domain 1 Domain 1
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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.

L 02mm

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% C1, 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. 1t 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. 201, 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.
IImenite 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).
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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).



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.
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Figure 23 — Mineral chemistry of plagioclase. (A) Slight variation of Al,O3 content compared to Si,O. (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 Na,O.

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 SiO, 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 Si0,. 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 (Anj.9, Abgj.9s and Anjj.ps, Abys.

g9) as well as the leucogranite (Anyg, Abgpo7) and (Anjgp;, Ab7ggi). Biotite tonalite is
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composed of oligoclase (Anj, and Abgeg7) whilst the biotite tonalite protomylonite presents
labradorite and mainly anorthite (Ange 100 and Ab;.4) (Fig. 23C).

Six analyses of perthite in K-feldspar from the biotite tonalite protomylonite
correspond to albite (An;, and Abog.g9), despite two spots with higher content of potassium

(Ano_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.
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A B Phenocryst/Porphyroclast
1.1 Matrix 11
1.0 ) 1.0
y T -
x 0.9 ; 0.9
0.8 08
29 2.85 3.0 3.05 341 2.9 2.95 3.0 3.05 34
C D
14 11
1.0 1.0
_ LA g _
< 0.9 < 09
0.8 0.8
2.9 2.95 3.0 3.05 31 29 295 3.0 3.05 3.1
Si Si

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 K,O and
Al;Os3 as the least altered ones from PT15-08 (Fig. 24A, C). The porphyroclasts present higher
content of silica compared to the phenocrysts, and a K,O 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 Fe’*/Fe** 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 Prpg_13 and Spss.ao, and in the leucogranite Prp;3.
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 (Almy(.75) to leucogranite (Almy;,.77). Grossular content is constant
at 2 in each analysis (Appendix E). The results of Gl and GS5 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 Si,0 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 Al' 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 AI": 1.2-1.3; 1.3-14; and higher than 1.4 ap.fu. However, these
compositional variations occur within the same lamella and no pattern for these distributions
appears.

The ternary diagram Mg-(AL"'+Fe®*+Ti)-(Fe**+Mn**) displays the biotite data as
Fe”*-biotite according to the nomenclature of Foster (1960; Fig. 28A). According to the
ternary diagram 10*TiO;-(FeO+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 TiO;, and
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slight increase of FeO+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

(bil, bi3 and bi4; Appendix D). They exhibit lower contents of TiO,, SiO, and more of Al,Os.
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12 ' . X Biotite tonalite (PT8-06)
’ @ Biotite tonalite protomylonite (PT8-05)
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Phlogopite Annite
Fe/(Fe+Mg)

Figure 27 - AV vs. Fe/(Fe+Mg) diagram proposed by Tamizel (2014) classifies all the chemical analyses as
biotite.
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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.
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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.
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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 = ((Al) — 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 by [Si4+ + (Fe2+ +
Mg2+)] is common in the phengite group as displayed in the Fig. 31A. Replacement of AV
by (Fe** + Mg™") 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.
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Figure 31 - Correlation diagrams for illite. (A) Correlation diagram Al ys. (Fe + Mg). (B) Al 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 Al"" in the results from the granodiorite. These three mica groups present

great charge compensation as showed on the Fig. 33.
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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 = ((Al)) — 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 Al vs. (Fe + Mg). (B) Al 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 Ti**-Fe’*-Fe™ (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 Fe content.
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Figure 34 - Diagrams for mineral chemistry of Fe-Ti oxides. (A) Ternary diagram classification according to
Fe**Fe’*Ti**. (B) Ti vs. Fe, diagram. (C) Mg vs. Fe, 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 350°C (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 + 20°C.

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 +
20°C, 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 420°C. The chlorite geometric mean from the phyllonite is at 369°C,

while the both of chlorites from the propylitic and chloritization resulted at 394°C.
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Selective alteration of biotite
@ Biotite tonalite protemylonite (PT8-05)

Figure 35 - Chlorite crystallization temperatures at the Peteca deposit according to Bourdelle et al. (2013)
geothermometer.
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Hydrothermal System
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phyllonite

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 230°C and a maximum at 310°C with a
geometric mean at 288°C. Toward the chlorite-illite phyllonite, there is a slight temperature
increase with a geometric mean at 304°C. The geometric mean for the magmatic-
hydrothermal varies from 295 to 314 in the selective type, and at 302°C for the infilling style.

Applying the same geothermometer for muscovite (Fig. 38), the selective
alteration of garnet presents temperatures ranging from 275° to 314°C, meanwhile the
disseminated alteration as coarse-grained lamellae shows the geometric mean at 286°C.
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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Hydrothermal Systems
Magma-hydrothermal
Selective of garnet Disseminated
Granodiorite Leucogranite
Minimum T (2C) 301 275 280
Maximum T (2C) 314 295 293
Geometric mean 309 286 286
320
310 T
300
290 T
B [L
280
270
A A
Garnet Garnet Garnet
granodiorite leucogranite leucogranite

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 400°-500°C (Passchier & Trouw, 2005).
In addition, the granodiorite presents recrystallized feldspar, which starts to be common in
higher-grade conditions, up to 650°C (Tullis, 2002; Passchier & Trouw, 2005). Quispe (2016)
relates chessboard subgrain pattern as a quartz microstructure in the same lithotype that points
to temperatures above 650°C (Krul, 1996; Rosemberg & Stiinitz., 2003).

The garnet leucogranite here written was former classified as garnet-muscovite
leucogranite by Quispe (2016) as the correspondent of the Brago 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 Cuid-Cuid
magmatic arc. Regarding these considerations, the garnet in the leucogranite may have an
igneous origin.

The both of the garnet from the leucogranite (Almyg75.077PrPo.12-022SPSo0.04-
0.11Grso2) and  granodiorite  (Almg 70-0,77Prpo.0s-0.185PS0.05-020GTS002)  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 500°C, 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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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 300°-500°C (Pryer, 1993) or of 400°-500°C
(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 250° and 400°C
(Passchier & Trouw, 2005). Quartz boundaries present bulges (Fig. 13D) as a dynamic
recrystallization through grain boundary migration, which appears in temperature ranging
from 400° to 500°C. Steep et al. (2002) defined a range of 280°-400°C for BLG
recrystallization.

The chlorite crystallization temperature in the chlorite-illite phyllonite ranges
from 356° to 379°C, with geometric mean of 369° (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 374° to 434°C with a geometric mean of 396° (Poggi,
in prep). From the illite granodiorite mylonite to the chlorite-illite phyllonite, the illite
crystallization temperature rises from 288° to 304°C (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:



100

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.

Shear-hydrothermal System
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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
30°-70° or 90° 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 CO; fluids filling
the veinlets with calcite (Fig. 17A), and the latter was richer in Si0; and S precipitating quartz

and sulphides (Fig. 17B-E). Among these sulphides, pyrite 1 presents rare inclusion of hessite



102

(Ag,Te; Tab. 5). This mineral also appears as inclusion in pyrite in the proximal deposit
Paraiba, 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 400°C (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, fO,, 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 Ca®* + AI** to Na* + Si4* (Engvik et al., 2008;
Hovelmann et al., 2010). It occurs in several types of rocks and tectonic regimes, including
hydrothermal alteration in granites (Pliimper & 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 300°-450°C for albitization based on the lower greenshist facies mineral.

At the eastern sector of AFGP, albitization occurs at Pezdo 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 700°C (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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The propylitic alteration (Fig. 20G-J; Tab. 6) mainly comprises chlorite, epidote,

pyrite, calcite, indicating CO,-H,-S-rich flow. Chlorite presence indicates high a(Fe,

Mg)er/aHJr ratio. Propilitization occurs at pH near neutral, at low fluid/rock ratio, and at 200°-

350°C (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 350°C,

which matches with the geometric mean at 394°C 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)er/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 394°C, but its minimum temperature reached 156°C regarding the
garnet granodiorite, while most of the temperature data are above 300°C (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 117°-350°C, with prevalence of 200°-250°C 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 200° C (Chatelineau, 1988;
Merriman & Ferry, 1999). However, the geometric mean results for both of the illite and

muscovite crystallization temperatures are about 300°C (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; Hovelmann 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 Paraiba and Pezdo deposits as
products of chalcopyrite alteration in the mineralization stage, indicating a relative increase of
fOs (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 fO,. 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 200°-400°C 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 Paraiba 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 CO», PO43' under neutral to alkaline
pH conditions. Rutile, leucoxene and siderite point to high aFe,. The increase of fO, 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 Fe**, Fe**, Mn, K, Sc, Ba, Pb, U, F, REE,
while Ti, Al, P and Y are immobile. On the other hand, Hovelmann et al. (2010) affirm there
are Ti and Y releasing. The Mn releasing would explain the minor Mn amount in calcite. Ca®*
released contributes to the formation of epidote, titanite, calcite, monazite and synchsite,
meanwhile AI’* 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 Pezao 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 Sy 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 369° and 304°C,
respectively. In addition, the greenockite presence suggest temperatures lower than 400°C
(Tombros et al., 2005). Albitization and potassification with microline indicate magmatic
fluid source and a suggested temperature of up to 700°C (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 14°C 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 200°C (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 S,:;, which is parallel to Sn, (c) quartz, carbonate veinlets with 70°-90° in
relation to S, or Sy+1, (d) main quartz vein, and (e) mineralization. The foliations S,, S,+; 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 350° £ 20°C. However, from the shear-hydrothermal system to the magmatic-
hydrothermal system the temperature change up from 369°C to 394° + 20°C. A similar slight
increase of temperature occurs for the illite crystallization temperature. Its results change up
from 288°-304°C in the shear-hydrothermal system to 295°-314°C in the magmatic-
hydrothermal system. In aggrement with this last range of temperatures in the magmatic
system, the muscovite crystallization temperatures are between 275° and 314°C.

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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APPENDIX B



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 1404
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.

Locetion A.l.'Ilflil:ll Methods
[1] Bock and/or [Z] Shear-hydrothermal and Magma-trydrothermal Systems SampleThin-pelished section | Oriented | Core Sample | Depth SEM | EFPMA XRD
13] Blotite tonaine. :ch:-ep stockwori [ microdauits with Lx| PTE-0% X ELmy
|_.1.: Bintits tonakifs; '2:: ’rup-lllitl:-:u:.-saemireuch |:1| 1iite [selective; reddish]; 2] Cb-ep stockene [microfaults with Lx] PTE-02 ¥ 1043
| Siotit= tonadte; [1: IIIitc[selzﬁ'-u; uv:rrreha:ln!: :2:.-:::1:9 stockwork |veiniets) PTE-03 K 103.2
[Z] Co invfill; {2] Carbonate-chiorite phyBonite PTE-D4 " . 1058
{2} Biotite tonadite mytonite PTE-03 K 1153 x
(1} Biotite tonalite FTE-0& £ 11372 |
(1] Eiotite: toneite; [Z] llite [selective; reddish]; (2] Co-ep stodowork FTE-07 5 2073
|2} Albite | parvasive); (2] Co-=p stociwork [rractures) PTE-10 K B47 x
:!:: ite |p:-’w:i'.l=: FTi2-02 ¥ 736
|:1' Earpet Funndiur'r.-e |:-5r'n;u_: PFT12-03 K 101 x
| ] ke gmﬂndnﬁtz rn'rlmi‘..e PT12-03 K 1036 x
(ZE chiorite-iilis Fh!.'wnite FTi2-0& K 1037 =
lli Chiorite-Hiits _:h-lll's:\ni‘t,e' |2:| Zibhorizontal veinlet PFT12-07 3 ey 1044 X
{4} Biotite tanalite ; |2 CQuartz veiniet FT42-08 . LEE x
(1} Biotite tonalite FTi2-11 5 16975
{1} Efiotite tanakibe: ] | Ch-=p stocowork [microfsufts with Lx) FT1i2-12 £ 1374 b
[1: Earpat E'rnnn-dnri‘.z |:Gr-.'|5u:| FTi2-14 N 7i8 K
[1} Bictite tonaiite: {2 Mite [selective; redish] PT2-13 K 1403
E FT43-01 ] 1213 X
(2] Earnet-miotie 5rum:\:|i:|ri'ne mylonite PT43-02 K 23215 x
|".'| Gamek-guarta :T"rlur.-"..e: perthite and microdinization FTi3-03 K 1553
[£] Gamet-guartza mylonite; p:-"J'i‘te and microclnization FT4T-04 5 19s.2Y
[2] Chiarite-ilite phyfionite FTL3-0& K 7003
[1} S=met grancdiorite [Gringo): microdinization: (2] Albitization; (2] Crioritizstion FTL3-02 i i 138 E x
[1: Farpat Ieun:uarnnih :E-—u-;':l Hu:te] FTi%-05 5 1306
:L] R=gidish pegmatite PTi%-10 3 1376
i:ii Farpat Ieuc:Eruni‘be.:Eml_:a Nort:} PTi3-1% [l 1259
[15 Farpat leucaErnni‘I: :B'uv_pu Ho"tt] PT4%-12 K 1824
{1) Garmet gramodiorite (Gringo); [2] S pervasive FT13-13 K B34 x
[1: LEszzgma:i‘be FT43-14 N 249
::1] Ga.'m:tErum-dium.;GrinEu]- Folistion [5r] wel evidenced PT3C-O7 K =2 x
:1::5:,'.nztlem:|Erurs't= [Erago ho."..e]: [2] Muscovite FT3a0-02, 02 X ga=n x
[L] Microparphyritic dedt dyke: |2) ( (F FT30-11 x x
[1: Earpat !.:n.'cuEr:ni‘be-:B-'ml:“:- NDG":E:I PT3C-05 K i 1
:'_]Elial:ibe anbo-tonsite PFT30-10 5 14 K
[2] Mineraized quartz vein FT30-13 K 21047 x
[£] Miicroparphyritic deicit dyle: {2] Propylitic |perasive] FT3c-14 ] 1377 x
[1: Earpat Ernnn-di:-ri‘.-e |:-5r' n;u] PFT30-13 ¥ 1498 x
[2] Mineraized quartz vein AFT-1 £
|'2: chiarita-iilis ph!.'-h:ﬂim RFT-2 N Galeris 213W X
| ke Fa'-uuioritz mylonite RFT-3 K
[:E Mlirsralizas quurl:'-eir:.:lj Winmerization FTC-L i x
(2} Mineralized quartz vein; |2) Minersiization FTC-2 5 x
{2] Mineraiized quartz vesn; {Z] Py § # 5p # &rk; 2] Fe-Cu FTC-3 K — x FTC3-1.2
FTC4 § i FiCA-1, % 3
2] Mimerziized quartz vein FTC-3 K P-4
FTC-T i
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APPENDIX C



Modal compositions of the lythotypes and shear rocks.

122

Oz Fi Kis Bt art Chi im s Cal Ep Fy Cep Fe-Ti omide lim Rt Fe hydrowide
Gamnet - -
L. WtaZ? | 1Bto X7 |10t0 133|730 13 3to B 406 Sta 13 4102 0.3to2.3 0.3 1 K 1mE | K A
grancdiorite
'E Garnet
i a0 11toZ3 | 3Ito23 3to B =2 3to 10 13 10 2to3 =1 traces K a | K A
: leucogranite
—
Blatite artha- 25 E B 2 4 a3
" - y- x 4 - - K -3 K
k tonalite =z # z N > > > | a
.
Biotite tonalite | 10to3E | 27t 33 = 12to 13 E Jto L5 Sto 10 K =3 ito3 =3 X treces X X 1
Mlicroporphyritic
E. p-cu phy I3to 33 IO-13 K | K 7o 8 Bto 1B X 10 itoz =05 L 2 | L b
dacte dyie
Bt tonalite - : : 2 : c
- . 17 - Pl K 7 W fraces i K A K x
E protomylonrts : :
H Grt-gz my_bnite Fto47? | A0t013 | 20to 24 1to3 3 Bto 9 wfick] 103 to 3 L_e iraces i 23 i i i
e — ——— — — — —
H [Grtbt grenodicrits
22 = traces 20 0 b & 27 ® 2 Eraoes ik ] K 3 | K A
E mylonite
'E ite grarodiarite | o po3s | 15tm2z B 2 . 3w7 | 32te38| Stwio £ 1 z X B 2 X 1
L= mykonite
]
g COo-chi phiylio nite 14 L} K A K a0 20 A 1z K 5 traces 2 3 tracxs
®
Ohl-ill phyllonite | 12 to 20 i N L N 30 1o 31 40 i X Bto3 traces [ =2 3tos i




123

APPENDIX D



124

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.

127

Earnat Granodiorite
Sample FT13-13 Sample FT15-0E
| Araizes tspl | tep2 | #spo | tspin]|  tspai ] tspaz]  espaz| espaa|  teps | esps-ic| fspe-zb| fspr-ic| espr-ab| tpE-ic| tepe-zn| fepi-ic| tspize] tp2 | tsp3 | tspa | tsps | tsps

sioE 5447 5443 5433 B35S £433  B44F  S%02 5445 B4 EE0d £7.22 54.35 B4  E32E szeo] s2vL S48l SZeE4 BIEY  B2ED BE35 253
Tz 0.04 0.0 0.00 0.3 0oz oo 0.00 0.02 0.00 0.2 ooz 0.02 0.0 0.0 0.00 0.00 001 0.03 0.02 o.0Z 0.0 0.3
AIZD3 1254 2275 2250 2301 2296 2183 1062 R2AD  2REX 2439 2087 1288 1586 1352 20.43| 2403 2313 2372 2381 23.7% 2070 2356
Cr2od 0.0d 0.0 .00 .00 000 000 000 0.0 0.04 0.2 000 0.0 .00 000 0.00 0.00 000 0.00 0.0 .00 000 0.00
Fe203 0.03 0.0 0.05 ool 003 000 0.0 0.0 0.00 024 038 0.4 0.0 EE] 0.00 0.00 000 0.08 0.08 oo 0.0 0.00
Fell 0.00 0.00 0.00 0.00 000 o0 000 0.00 0.00 0.00 0L00 0.00 0.00 000 0.00 000 000 0.00 0.00 0.00 0.00 0.00
(1T 0.0d 0.04 0.0 .00 oo ooz 000 0.03 0.0 0.0 000 0.02 .00 000 0.00 0.00 000 0.03 0.0 .00 000 0.00
Mzo 0.00 0.00 0.0 ool 0.0 oo 0.0 0.04 0.00 0.8 o3 0.04 0.0 0oL 0.00 0.00 000 0.00 0.00 0.00 0.0 0.1
Cal 4.09 4.25 430 433 414 428 132 3.97 4.03 2323 234 .24 n.Es LT 1.83 LR 3.37 4.24 4.54 4.5z 103 a3z
Ne2iD 5.6 ERE 542 521 218 245 5.23 7.67 5.6 S50 1033 5.37 1121 1138 1050 B0 274 B.25 .73 E.52 1030 EE4
K20 0.22 0.05 0.0 EF 018 a7 5.11 3.15 0.04 0.43 008 0.05 0= 008 0.08 0.1 004 .40 0.27 0.07 o 008
Totals 100.63 10115 10415 10071 10402 10052 40040 10182 100.84 10030 10437 100.87 10032 10420 10134 10063 10056 10031 10034 10091 10413 10020
5i 2.82 282 281 231 13z 181 154 224 223 238 1oz 2.82 258 135 136 276 .82 277 276 277 235 277
Ti 0.00 0.00 0.00 000 0.0 000 0.00 0.00 0.00 0.00 000 0.00 0.00 0.0 0.00 0.00 000 0.00 0.00 0.00 0.0 0.00

A 1.15 147 118 148 118 115 1.05 1.13 147 144 107 1.47 104 1100 1.03 123 115 123 1.24 123 108 1323
or 0.00 0.00 0.00 000 0.0 000 0.00 0.00 0.00 0.00 000 0.00 0.00 0.0 0.00 0.00 000 0.00 0.00 0.00 0.0 0.00
Fe3 0.00 0.00 0.00 0.00 000 o0 000 0.00 0.00 0.0 oo 0.00 0.00 000 0.00 000 000 0.00 0.00 0.00 0.00 0.00
Fe2 0.0 0.0 .00 .00 000 000 000 0.0 0.0 0.00 000 0.0 .00 000 0.00 0.00 000 0.00 0.0 .00 000 0.00
M 0.00 0.00 0.00 000 0.0 000 0.00 0.00 0.00 0.00 000 0.00 0.00 0.0 0.00 0.00 000 0.00 0.00 0.00 0.0 0.00
Mz 0.0 0.0 .00 .00 000 000 000 0.0 0.0 0.l 000 0.0 .00 000 0.00 0.00 000 0.00 0.0 .00 000 0.00
a 0.15 0.20 0.20 0.0 018 020 011 0.17 048 041 o1l 0.2 0.0 003 oos| D24 048 0.23 0.23 0.2% 0. 023
Na 0.72 0.81 0.E0 07E oTs 0.ED 054 0.88 0.8z D=3 087 0.20 053 o0s7 051 074 0.82 .78 0.73 078 0.EE 0.76

K 0.02 0.0 .01 (i1: oo 000 0.39 0.2 0.0 0.2 000 0.0d .00 000 0.00 0.04 000 0.04 0.02 .00 0.0E 0.l
Sum 4.35 .04 1.00 433 433 .00 .00 5.00 5.00 438 438 4.35 458 433 283  ass 3.00 3.00 5.00 1.00 457 1.00
Ko 0.02 0.00 oo ool 0oL 000 0.33 0.15 0.00 0.2 000 0.04 0.00 000 0.00 .01 000 0.08 0.02 0.00 0.0F 0.1
ELT) 0.7% 0.20 oTE oTE oTs 08D 0.54 0.53 0.24 0.E7 0.Es 0.20 058 0s7 051 0.73 0.84 0.76 0.7 o.7s oz 0.76
AN 0.15 0.20 0.20 021 020 0.20 0.1 0.17 045 041 011 0.20 0.0 003 oos] oaa 0.1 0.23 0.23 0.23 0.5 023
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Sernet Granodionte
Iamiple FTL3-08

| sravzes | repB | tsps | tspao | rspry | espaz-z| rspaz | espas | oespie | tspis-ac| sspis-zn | sspao-i| rspao-a | tspai-ac| espzi-am | espaz-ic| espaz-zn | espas-ic | tspas-zo | espa3-ac| tspa3-awm | espza-ac
iz S50 BS22E BLST  E24% ELB0 G235 G22I E488 §E.05 §3.13  B4.40  G2.43 §2.52 £3.08 £2.50 £3.51 £6.33 £7.50 §2.32 §2.95 g6.51]
Tioz 0.03 0.0 O 0ol 0.0 ooz 000 0.00 0uad .00 0.01 0.03 0.0z 0.0d 0.0 0.04 0.00 0.0z 0.01 0.0 0.0
AIZO3 23.72 2402 2353 2352 2422 23858 2413 2164 2213 2245 22.85  23.80 23.68 13.63 13.78 23.21 2173 .02 23.68 2378 21.37
Craoz 000 000 GO0 000 0.0 0.0 000 0.00 0uad .00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.0 0.00 0.0 0.0
F=203 DO0 000 DOE 004 0.05 ooz o3 0.0 00z .00 0.0 0.00 n.0= 0.00 .03 0.00 0.04 0.0z 0.04 0.14 0.24
Fel 000 000 QOO 000 0.0 000 000 0.00 0uad .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00)
Mo 000 001 GO0 000 0.04 0.0 000 0.03 0B ooz 0.0 0.04 0.0E 0.02 0.00 0.00 0.00 0.0 0.00 0.02 0.02
Mzo 0.04 000 01 000 .02 0.0 000 0.0z 0uad .00 0.00 0.00 0.4 0.00 .04 0.00 0.02 0.00 0.00 0.08% 0.00)
C=d 4.57 488 478 3 1.08 1m 528 303 218 277 3.42 4.23 4.75 463 473 413 17% 108 4.75 4.75 113
NaZO B.75 BES  E51 ETS E.7E £73 251 277 1033 1008 5.78 .54 E.E5 5.08 521 5.26 10.72 10.65 .55 B.53 10.75
K20 0.05 047 4 pOE 0.0 007 oo7 0.21 oS 0.0E 0.07 0.08 0.05% 0.07 0.05 0.08 0.08 0.055 0.10 .14 0.43
Totals 100,44 100.06 10034 10029 10010 10049 10038 10067 100097 100,37 10039 10004 10035 10034 410072 10092 10070 10075 55.84 10035 10082
si 277 276 176 2176 274 2178 173 1.B4 258 2158 2.52 278 277 2.78 297 2.50 258 2.54 175 2762 2.504
Ti 000 000 OO 000 0.0 0.0 000 0.00 0uad .00 0.00 0.0 0.0 0.00 0.00 0.00 0.00 0.0 0.00 0.000 0.001
A 1.23 12% 124 173 135 173 118 117 134 143 11% 124 123 1.23 123 120 112 107 124 1238 1058
or 000 000 OO 000 0.0 000 000 0.00 0u30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.000)
Fe3 000 000 OO 000 0.0 0.0 000 0.00 0uad .00 0.00 0.0 0.0 0.00 0.00 0.00 0.00 0.0 0.00 0.00% 0.00
F=2 0O00 000 OO 000 0.0 0.0 000 0.00 0uad .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,000 0.004)
Mn 000 000 OO 000 0.0 000 000 0.00 0u30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.001 0.0,
Mg 000 000 OO 000 0.0 0.0 000 0.00 0uad .00 0.00 0.0 0.0 0.00 0.00 0.00 0.00 0.0 0.00 0.000 0.000)
Ca 0.23 023 023 024 0.24 024 0zs 0.14 ELY 0.43 0.15 0.23 0.23 0.22 0.2 0.20 0.08 0.0 0.23 0.227 0.074
Na 0.7 074 DTS 0TI 0.73 073 074 0.3 0ET 0.88 0.23 0.7¢ 0.78 0.72 0.7s 0.7% 0.51 0.50 0.77 0.754 0.50%
K 0.04 0.0 mOl ool 0.0 0.0 000 001 0uad .00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.0 0.01 0,005 0.007
Sum 4.55 458 %00 300 1.00 3.00 .00 3.00 458 3.00 3.00 5.00 4.58 3.00 3.0 4.55 3.0 4.57 3.04 3.002 3.000)
HOw 0.04 o1 moi Dol o.04 000 000 0.0 0uad .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.04 0.0
nAn 0.7¢ 075 OFE 076 0.73 076 074 0.84 0ES 058 0.53 0.7¢ 0.77 0.78 0.78 0.20 0.51 0.54 0.77 0.77 0.52
MAn 0.23 024 023 DM 0.24 024 03 0.14 [[EL 0.43 0.15 0.23 0.23 0.22 0.2z 0.20 0.08 0.0 0.23 0.23 0.07
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Garnet Granodiorite | Garmet Grancdiorite - phenoorysts Gamet Leucogranite
Sampds PT15-08 Samiole PT30-04

Amalys=s | tsp2&-Zb | tsp26-ic | fsp26-2c | tepa?-ic | fsp27-2c | tspas | mpie | tspi? | tspze-i| tspze-z | tspze-3 | tspi-i-ic | fspi-b | fep2-ic| rspa-ze | tep3-1 | fep3-z | mpe-ic| sspeeam | tspE-ae
502 §7.75 BE.TE BE.O7 £7.33 ezs0f ezi0  §2.A7 G2 5122 GBI G1E EE.25  SE.LE  BE.23  GE4E 6330 6356 6243 EE1T 54T
Tioz .01 0.03 o.a2 0.0z oot ouos 0.02 .02 0,02 0.00 0.0z 0.02 0.0d 001 000 001 DOl 0.0 0.00 0.0
AlZO3 20.52 2131 2158 097 0047|2399 403 2401 A0 2436 2353 1877 1568 2022 19.73 2305 22ER 1872 219 2254
Crzos 0.00 0.o0 0.00 000 oool 000 0.00 0,00 000 000 0.00 0.00 0.00 0.00 0.00 000 DOD 0.0 000 0.00
Faz03 0.05 0.3 0.oE 0oL LET! T L 0.07 0.08 0.08 ooz 006 0.04 0.03 0.00 0.0t L T T 0oL 0.02
Fad 0.00 0.00 0.00 000 oool 0o 0.00 0.00 000 000 0.0 0.00 0.00 0.00 0.00 000 0O0 00D 0.00 0.0
Mno 0.02 0.00 0.00 000 oool 0o 0.00 0.00 000 000 ooz 0.00 0.0d 0.00 0.03 0.00 00D 00D 004 0.0
Mg 0.00 0.00 0.00 000 oool ooz 0.04 000 000 00 0.00 0.0 0.0d 0.04 000 000 D01 0uOD 0.00 0.04
Cal 028 137 21z 130 035 .27 5 00 5.23 575 5.34 .07 0.35 0.43 0.51 0.48 440 437 DB rm 3.57
Hm2i 10.55 1051 10,35 1114 17| =287 ERL 8.6 zap =229 LT 1161 1162 1130 1193 934 541 1474 10TO 5.3z
K20 0.07 0,05 0.8 0.7 oo7|  ouoE 0.14 0,08 014 014 038 0.15 0.05 0.05 0.07 0.0s 0O D6 0.17 0.04
Totals 10051 100TZ 100034 10076 100.57] 10021 10035 40026 9974 L0041 100034 100.54 100.06 100.74 20037 10038 10045 100033 10033 201.4%
si 2.543 2.508 2238 2528 2577 2747  RTFIE 24T XTET 1736 276 253% 19E0  RBE3 28983 2797 LE03 25T 2S00 ZE2R
T 0.000 0.001 0.001 0.001 oodOl 0o0d Q00X 0004 QOO0 000D D00l 0001 0000 0000 0000 0000 0000 OO0 0000 0.000
A 1.057 1.054 1.173 1073 1o3z] i1IW 1245 1236 1266 1371 13731 1040 1044 L03F 103 1457 1438 1042 108F 1179
cr 0.000 0.000 0.000 0.000 0.OD0| 0000 Q000 0000 QOO0 000D 0000 0000 0000 0000 0000 0000 0000 OO0 0000 0.000
Fe3 0.002 0.002 0.001 0.000 ood3| o0z G002 0003 QD03 Qo0 Duoaz 0001 0004 0000 0000 0001 0001 OO0 0001 000l
Fu2 0.000 0.000 0.000 0.000 0ODO| 0000 0000 0000 QOO0 0000 0000 0000 0000 0000 0000 0000 0000 QOO0 0000 0.000
Mn 0.001 0.000 0.000 0.000 0ooO| OO0 0000 0000 QOO0 0000 000l 0000 0000 0000 0002 0000 0000 OO0 0001 0.000
Mz 0.000 0.000 0.000 0.000 oool o0l 000X 0000 QOO0 000D 0U000 0001 0002 0001 0000 0000 0001 OO0 0000 000
Ca 0.041 0.073 0.0s8 0.0T6 CLOIE| DI30 0236 0.24F OZTE 0263 0240 0017 0021 0042 0022 0208 0205 Q0T 0084 0aE1
Ma 0.525 0.521 0.275 0.535 OSE] 0744 @FIL 0733 OTEE OUTOE 073 0875 09E3 0832 05TE 07%E  O0.E03  MSS1 0508 0.0
K 0.004 0.003 0.00% 0.004 0O04) 0O03 GO0 0003 GUDDE UODE DD 0008 0003 0003 0004 0003 000 DOO3 0040 0002
Sum 4,528 5004 45S 3.004 4321 3000 4383 4532  TO003  48BE  4593 5001 3007 4856 5000 5004 007 %042 5041 4551
HOr 0.00 0.00 0.0 0.00 oool oo 0.04 0,04 0.04 ood 0.0z 0.01 0.00 0.00 0.00 000 0 DOD 0.0 ooi 0.00
XAb 0.5% 0.5 0.ES (=T o=E| o7 0.73 0.74 072 o7z 074 0.57 0.57 0.53 0.57 07s 0T DET 050 0.21
&N 0.04 0.O07 0.0 0.05 ooz 023 0.24 0.23 0.27 0.z7 024 0.02 0.02 0.0 0.02 021 020 003 [ 048




Eiotite Tonalite Promylonite Eiotite Tonalite Protomylonite - perhites
Sample FTE-03 Sampde FTE-03

| anaryzes | espa | espz | tsp2 | repa | rps | rspe | mp7 | espe | tsps | mpin | mpas| espa-i | tspz-a | rsp2-z | fsp2-a
502 ETSE  ESID  &1E% 5243 B2 B34 5335 EE31 SrSl S3.2E S5 EELET  E5.04 £7.05 T
Tioz 0,00 QoL Q.02 0.03 0.03 .00 03 0.02 ooz Q.00 -:-.:1;1 0.02 0.0 004 0.0E
A1203 070 2023 EIFR 0 I37% B3T3 2335 P33R 2047 230 2334 moa3| o4 194 1557 1520
Crzos 0,00 LO0 Q.00 0.00 0.00 .00 0.3 0,00 0LO0 000 000 0.00 0.0 0.00 0.0
Faz03 (Y23} ooz 1) 0.07 0.11 o.oT (1¥ard 008 oo 007 000 0.0 0.05 0.03 (e¥ard
Faidl .30 L0 Q.00 0.00 0.0 0.0 (T2 ] .30 LO0 Q.00 0.00 0.00 0.0 .00 (T2 ]
MmO 0.g1 LO0 Q.00 .01 0.01 .00 0.3 0,00 QoL 000 003] 0.0 0.03 0.02 0.0
MgO 140 78 %05 5.37 .35 2.27 433 100 .24 %28 0EE 0.0 0.0 000 (Y]
Cal 105E 1058 £.35 B.34 B.30 B.7T 501 1417 37 85 270 0.25 0.42 014 FEL]
NBZO 033 006 0.0 0.08 0.18 0.08 03 0.02 ooz 000 343] 1118 11432 568 1111
K20 0.0 00 Q.00 0.00 0.0 0.0D 0.3 0.0 00 000  0.00 0.14 0.25 477 017
Totals 100061 400LZE 10031 100.25 100.44 100.71 100066 10077 10028 100.B6 S9.20] 10064 100.7%  L00.25 10095
5i 2913 2846 2FI0  ZTID  27i2 2730 2740 2840 2729 2730 z903| 2sE4 2551 2574 3.004
Ti Moo0 0000 000X 000f 000 0000 0000 0001 0o0d o000 oood| o000 0.000 Do 0.0
A 10%2 403 1243 12E 4243 1451 1489 4023 L3202 1457 1o4an| 4030 1040 1020 1.040
cr 0000 0000 0000 0000 0000 20000 20000 20000 0000 0000 o000 0000 0.000 LDO 0.0
za3 Mod0 0004 0003 0002 0004 0002 0001 0003 0000 0002 os| o000 D.oE (a1} ] 0.0
Fal 0O00 0000 0000 0000 0000 20001 0000 20000 0000 oo0e oooi] oooe D.00 LDo 0.0
(A1 0000 0000 0000 0000 0000 20000 20000 20000 0000 0000 oooi] o000 ounol LD0Y 0.0
Mg OIS0 0U0%0 Q325 0347 0346 0340 0.31F 0054 0339 0335 ooe3] oo 0.000 CLDo 0.0
Ca 0303 0307 0395 039 0353 0405 0417 033 0398 0402 o40s| o043 D20 LDa7 0.0
[ 0004 0003 0008 0007 0043 0007 0004 0002 0o02 0000 o0.292] 0S40 0534 o734 0.5z
K OO0 000 Q000 0000 0000 20000 0000 0000 0000 0000 oooo| o000 0.4 az7 0.0
Sum 4353  4%aD) 4573 4BE3 4T 4E7F 4665 4T 4570 4674 avog] 4574 as5Ts T.024 4.550
war 0,00 LOD0 Q.00 0.00 0.00 .00 0.0 0,00 LO0 000 000 0.04 0.01 0.25 (Ta
Ak 03 Lo Q.02 0.02 0.0 0.0 (T2 ] .30 QLo Qoo 042 058 0.55 .73 )
Kan 0.5 053 0.5 0.58 0.56 0.58 100 1.00 1.00 100 038 0l 0.02 0,04 0.0
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Representative major element analyses of K-feldspar.
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Garnet Gramodioribs Gamnet Lewoogranite Biotibe Tonalite Mylonite
Zamiple PTL3-02 Samale PT13-13 Samale PTI0-04 Sampde FTE-1

frabezes | kst | k#2 | mes3 | kfss | w2 | ek | mesd | mfsz | kts3 | Ersd | kbS | et [ wesaz | wss | ety | wetg | Estoed | wers-z | omstin-i | Esfioez
S0z B40Z 5404 E337 5364 E303 6323 6433 B497 S47E E45 5431 e341 s3%8  e3ds EROS  E347 0 344 534 E343 B34
Tio2 oo Q000 001 004 004 00| 034 o4 003 003 003 oos 0o 00l 003 Q2 oo3 003 000 Uz
arpn3 1257 1E32 1224 4E72 1231 1233 1231 1238 1B4 1853  4E3E( 1334 4804 479 4B0S  LE0S 1207 1824 1342 123
Creos OO 000 000 008 000 000 000 o0 000 000 oo o000 000 000 000 00 oo 000 (Tt (T
Fe2il3 oOs 000 0000 004 000 000 002 o0 004 000 0| 0o0 004 000 000 o oOE 000 0.3 0.5
Fei OO 000 000 008 000 000 000 o0 000 000 oo o000 000 000 000 00 oo 000 (Tt (T
Mni OO 000 000 008 000 000 000 o0 004 000 ool o000 000 003 000 00 oo 002 ((TaL] (T
M0 OO 000 000 008 000 004 000 o0 004 o0 ool ood 000 001 000 00 oo 000 (Tt (T
2 ood 000 oo 007 004 00| 004 o0 000 041 0S| o0o0 000 003 0o o o oo (Tt Uz
Nazid 071 045 033 031 041 048 041 076 048 0% 054 048 047 0S5 048 080 040 043 047 0U%e
K20 1333 1383 1370 4384 1351 1%6% 1540 1983 1502 1350  41%B4| 1396 1355 4%38 1950 2%42 1605 1383 1350 1359
Totnls 9.2 BE.EI  5SE5% SEE3  S9%4 9353 SEN2  SSEL §B77 400 9843 sSs=4 1004 S8ET 5838 S9EZ 10007 R85 1004 89.ES
5i 2= 233 237 258 304 304|  1EHS 0 255 300 0 238 pss| 3oL 30@ 3O 3O BO2 3o 30 3oz 30
Ti OO 000 000 008 000 000 004 o0 000 000 ooo| o000 000 000 000 00 oo 000 (Tt (T
Al 103 102 104 102 0S5 100 400 104 400 fod ip4| 053 058 0SB 059 0USB e 055 Y 100
Cr OO 000 000 008 000 000 000 o0 000 000 oo o000 000 000 000 00 oo 000 (Tt (T
Fa3 o0 000 000 000 000 000 000 o0 000 000 ooo| o000 000 000 000 000 oo 000 (Tl Uz
Faz o0 000 000 000 000 000 000 o0 000 000 ooo| o000 000 000 000 000 oo 000 (Tl Uz
M OO 000 0 o0O0 000 000 000 000 o0 000 0 000 ool o000 0 000 0 000 000 00 oo 000 000 (T
Mg OO 000 0 o0O0 000 000 000 000 o0 000 0 000 ool o000 0 000 0 000 000 00 oo 000 000 (T
Ca OO 000 000 000 000 000 000 o0 000 004 ooe| o0o0 0 000 0 000 000 000 oo 000 000 (T
LT oS 004 0 003 008 004 04| 004 007 004 005 003 oos 004 008 004 OO o4 004 0.4 (1FaLd
K oF1 084 084 053 0S84 053 053 054 0383 o34 054 0S4 0S54 080 054 o o 053 053 =]
sum 453 500 300 .00 458 453 300 300 300 4% %p0| 493 458 493 453 458 453 438 433 433




Garnet Grarodiorite

Eiotite Tonalito Mylonite

Samale FT19-08 Samale PTE-9
Phemomyst Farphyrociast

[ anstyses | wreg-3 | wres-a | wrses | wrero | wesv-2 | wesp-1 | wesi-2 | wrst-z | ersi-a | wre-s | wrete | weeson | erzez | eesa-a | ersza | km2-e
502 5472 64.17 6402 6£419 5433 6334 G469 6447 6324 25321 G469 G463 6493 G347 6323  ELTT
Tio2 002 003 004 D04 0.02 003 000 003 .03 004 003 00 007 002 004 0O3
Al203 1341 1238 41846 4850 1893 19323 1836 1340 1837 1861 1847 41846 41315 1899 1539 184
Cr2os 000 000 000 000 0.00 000 000 0.00 0.00 00¢ 000 000 OO0 000 2000 000
Fa 303 000 000 008 000 0.03 001 000 06 0.07 003 ©0OB 000 004 006 2002 000
Fall 000 000 000 000 0.00 000 000 0.00 0.00 00¢ 000 000 OO0 000 2000 000
Mno 000 0OZ 000 000 0.02 000 000 000 0.00 0O0¢ ©0O0 000 OO0 001 0 000 000
MED 000 000 000 000 0.00 000 000 002 0.00 00¢ 000 OO0 OO0 D000 2000 000
Cal 000 002 000 000 0.00 023 009 006 0.00 00¢ 000 000 OO0 D002 2000 2 0O3
Ha2 047 04% 043 063 097 277 142 092 0.42 124 040 040 065 299 130 244
K20 1602 1608 1998 49%4 19.83| 1340 1464 1354 16328 1918 1606 41600 1374 1309 1474 1257
Totals | 9964 9543 9900 5530 9937 10073 9920 5950 10041 10026 5568 9922 597 99.8% 5969 5560
si 300 299 295 298 2.55 257 300 299 3.00 285 300 304 301 300 301 304
T 000 000 000 000 0.00 000 000  0.00 0.00 00¢ 000 OO0 OO0 D000 2000 000
Al 104 104 102 4103 104 103 100 104 100 104 104 100 099 100 100 100
cr 000 000 000 000 0.00 000 000 0.00 0.00 00¢ 000 000 OO0 000 2000 000
Fe3 000 000 000 000 0.00 000 000 0.00 0.00 00¢ 000 000 OO0 000 2000 000
Fal 000 000 000 000 0.00 000 000 0.00 0.00 00¢ 000 000 OO0 000 2000 000
o 000 000 000 000 0.00 000 000 0.00 0.00 00¢ 000 000 OO0 000 2000 000
HE 000 000 000 000 0.00 000 000 000 0.00 0O0¢ ©0O0 000 000 000 2000 000
Ca 000 000 000 000 0.00 001 000 000 0.00 00¢ 000 OO0 OO0 D000 2000 000
Na 004 D004 004 DO 0.09 024 043 009 .04 011 004 OD4 0O D023 012 022
K 0533 0S5 093 0S92 0 054 076 087 054 .55 DES 053 053 093 075 0E7 075
Sum 455 300 00 499 455 50z .00 .00 4.55 500 453 455 499 300 2459 457
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Representative major element analyses of garnet.
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Gamet Sranodicrite Garnet Leucogranite:

Analyses 61-1] w1-2] Gi1-3| Gaa | Gis [ eas | Ga7 | e | G2 | G2z | GEa| Gra | s34 | e32 | G33 | ea | 652 | ss2 | ema
502 3638 37.28 3675 3553 364 36.3E 356 3644 3767 3748 3744 373 361 3se3  aTOE 3871 3871 373 3747
Tioz ooz 003 0os 0.03 ooz 002 0o3  0.0d 0 oos 003 LY. " 0.03 .09 0.0 0.03 002 0.03 0.03
AlZO3 20869 2104 2109 2089 2074 2403 20089 2100 2034 2048 2037 20083 2124 2118 2438 20595 2446 233 2147
Craces ooz 00 002 0.04 o1 002 0oz 0.0 .02 ool 004 s 0.02 0.03 .0 .04 0.00 0.00 .00
Fa 203 142 07 085 0.35 117 122 128 107 0.35 03 031 113 215 218 135 162 156 1.74 147
FaO EREY 33 3257 3035 3047 3067 3452 3154 3436 338 =202 32se|  32s2 3@2s 3387 334 3243 3477 3289
RANC 341 23z 427 £.69 E3%  BA2 £26  5.28 472 133 =21 LR 2.24 263 234 4.00 213 13 131
MgD 4. 464 327 203 204 224 229 272 281 281 2385 FL T 434 238 413 3.04 3.02 5.75 LRT-
50 a7l 072 07 0.7 = 1T 053 0.7 068 BF2 070 075 0.55 o7l 0ES 0.72 058 0.67 0.68
Ha2 000 000 000 0.00 0od 000 0o0 .00 .00 ool 000 LYY 0.00 .00 £.00 .00 0.00 0.00 .00
K20 ool 000 000 .00 Bod 000 0o0 000 .00 Bog 000 0080 0.00 .00 .00 .00 .00 0.00 .00
Totals 5287 =882 100 10031 10045 1006 1003E  S5.E3 10014 10051 1007 10038 10078 10403 40059 L0065 10084 10052 10403

i 2881 28B2  29EE 2965 2585 2998 2362 2837 3048 3046 3045 2588 2836 2831 2548 2852 2847 2845 285
Ti 0O0L 0002 0002 0002 0004 000X OODZ 0002 0000 0003 0003 ooz 0002 0003 0002 0 0003 0001 0002 0002
Al 1956 4884 2005 2006  158% 2007 1993 2.0:4 1841 1542 193¢ 15%i| 4852 19988 2004 4990 2003 L1856 L8997
r 0001 000 0001 0003 0004 Q00X 0 OODL 000 0004 0004 000 ooz 000 0002 0001 0004 OO0 0000 0000
Fa3 0OSE 0047 0032 0088 0074 0074 OOFE 0063 0022 0021 G0ds  ooss| 043 0430 008 0 OS2 0400 0403 0087
Fa2 2247 2202 2223 2061 2073 2074 2433 2462 2303 2277 2294 2243 2150 23223 2232 23297 2478 2085 2468
Kn 0212 0161 0252 097 088 0396 04T0 0409 0320 0363 03% 03ss| 04 0247 0471 0272 0330 0427 0428
Mg 0453 0593 0353 0248 0247 020 0300 0325 0336 0343 031: 0303 0532 0401 0489 0364 0351 0ETS 0USO7
2 DOSL 0062 006l OWEL 0.0 G0%% OOSD 0098 0S8 0062 O0ED o0ss| 009 0OEL 0098 0062 0OSS D03 DO0SE
Ma 0000 0000 0000 0000 0000 Q000 0OO0 0000 0000 0002 0000 000S| 0000 0 0000 0000 0 0000 0000 0000 0U000
K 0000 0000 0000 20000 0000 Q000 0000 0000 0000 0000 0000 0000l 0000 0000 0000 0 0000 0000 0000 0000
Sum E000 E000 2000 2000  EO0O0 E000 2000 5000 000 BOO0 5000 E2000| 5000 000 8000 0 S000 S000 BO0C 2000
emir N EEE 0.70 071 001 ors o.ga 0.77 075 006 075 0.JE 0.77 .75 0.77 075 2. 0.74
“Prp CET- S KT SR T 0.08 poE 008 LT ET 014 R  ET. 010 0.1 0.13 045 0.12 01z 0.22 20
5oz ooF 005 020 20 CECI XY 045 043 014 oAz 042 a3 0.08 0.08 005 0.05 011 0 0.04
wiErs a0z 002 oos a2 Loz 002 00z 002 02 poZ 002 a2 0.00 2 [0z 0.02 002 0.00 a2




Representative major element analyses of biotite.

Garnet Granodiorite

Biobite Tonalibe

Zample FTLZ-13

Tample FTL3-08

Samaple PTE-E

arayzez | bit | mizz | miz3 | miza [ wiz | miea | vis2 | misa | wiss | eiss | mise | mies | bn [ w2z | min | e [ ws [ wi
5i02 31.B3 3237 3403 34.43 33.E0 34.33 3r=3 33.53 34.03 .34 3430 33.13 33.30 3308 3301 34.07 3421 33.393
TiDZ 0.17 1.38 148 b .07 Q.1 210 1 247 .23 112 .15 2.04 .31 32 iia 2.17 .13
aRo3 15.13 1230 1724 17.595 15,10 iz.44 1917 1663 16.52 15.42 15323 1E.62 1378 15.00 1817 122 16.28 in.54
orro3 0.0z 0.0e 006 o7 0.05 .02 ooz LoD 0.00 o.04 ooz 00 0.0d 0.0 006 (e 0.0 0.0
Fe2d3 424 .00 04 135 345 1.3 41z 005 0.0 017 i:s8 137 430 0.0 i3s3 401 2.45 203
Fed 21.E2 .75 2046 20LET 2024 2041 2101 221 22.74 ira3 2132 2201 21.54 FrEL 2283 2045 I2.27 20.64
sinQ 0.4%5 .31 036 033 0.4% .38 32 35 042 0.35 041 037 0.31 0.22 2] 021 0.25 0.27
rgd 5.62 g.24 8.3z g3 7.53 £.03 &1 8.3 B.10 248 a7 g8.13 5.13 208 231 %=1 B.0s 267
Caid 0.10 .00 2] (r R ] 0.0 .03 a0l il 013 0.13 008 0.0 0.0d 0.0 ooz 0% 000 0.02
a2l 0.0s5 0.0e 2] (FNaL] 0.10 0,03 a3 ooz 0.o7 0.03 alal:] 003 0.0d 001 aluk] oo 0.03 0.03
K20 6.07 2.91 286 29 9.0 2.88 213 5.39 .11 913 2:z4 5.43) 725 .60 S0 8.03% 9.00 261
Totals 53.31 & 62 5376 94.228 5435 Sl.4e 5237 53.12 893.71 9395 5413 83.37 54.03 23.63 5334 5330 S4.53 S2.37
Si 2.312 1687 2573 2.EES 2643 1683 2323 2702 270 i 1708 2.E35 2630 1773 2.728 2.E96 1625 FA-TIE
Ti 0,040 0093 oas? 0.095 0.002 onDe I:'l:l:lﬁl 0132 0.147 0132 [EE LR 0.137 0.115 0145 136 0.071 0.128 oizey
Al 1488 1313 1337 1.31% 1333 1317 1217 1335 1.255 1230 1732 1322 i3 1227 1372 1302 1311 1330
cr 000 0,004 0004 0.00L .00 0oL 001 0.000 0.000 0002 QU001 0.1000 Q.00L 0000 0,004 0.000 .00 [k
AlY 0.252 374 0324 0.335 0.407 0.483 0338 0.253 0.233 Q2T 0211 0.215 0.055 Q263 214 0.211 0.157 aiaz
F23 023z 0000 [EE P} 0.021 0203 15w I:'.Lial 0.002 0.000 Lol A 0111 0.2 0.233 0000 0O76 0.232 0.147 ozam
Fa2 1427 1423 1343 1351 1323 132 1379 1472 1.305 ia8p 1393 1453 1.a47 1468 14z9 1332 1.4e3 1337
B 0,031 00z1 ooz 0.023 0.030 oozg 003 0022 0.02s Lo vl ouoz? 0.0 Q021 0013 0017 0.02< 0015 QL01E
ME 1131 Q960 ooa7 0.557 0923 Q932 o589 0.595 0838 0937 1026 0.557 1077 Q230 0353 1.7 0.944 101g
Ca 0.00E L o] 0uo0a 0.002 0.002 o002 [cleak 0.003 0,044 L B 0uDa3 01000 0,004 Q000 oLoaz 0.0d43 0,000 0002
Ma 0uoos 0,005 0uo08 0.002 0043 opE 0008 0.003 0,011 0003 ouoiz 0.002 o.002 0002 0008 0.005 0,008 akabil: |
K o611 0988 oEE7 0.823 0807 o.BBD 0216 0.532 0.922 0a1s EE3 0.5&83 0732 0965 L2296 0.213 0.302 k=30
Sum 7372 T.H7A 7200 7.797 7.827 7780 F.214 7.880 7.841 7.833 7203 7.887 7733 7E1E 7.208 7767 7.1 7784
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Biotite Tonalite Protomylonite

Sur"nplz PTE-DE

Za e FTS-03

somtzes| w7 | mis | wisos | misez | min | i | wisz | s | eiea | omiza | mizz | ms | ems | sinz | siss | s | oviez | wisa | sies | ese
502 33.36 3317 34.08 3434 31:5' 33528 34.31 33.B2 3308 34.32 34.42 32.TE 3349 34.78 34.09 3X.BB 32358 34.33 34.47 3428
THEO2 207 259 2683 153 247 2 45 2.95 .33 243 235 . L i1B1 253 233 2.33 244 249 2 e0 3123 .00
ARRD3 15.35 110 132z 15.13 113E] 13.60 13.3& 1594 13.79 1362 13.3& 13.75 1568 1645 16.28 1541 1351 1671 13.3& 1%.29
Crzos o.00 0uoa 0.0 =i el Qo1 o= 0.03 .01 [alfat ! ooz 0.02 0,04 [EN [N Ei] 0.0z 0.03 (ENa] (ENE ] K E] [al1}
Fe203 1.93 T4 .20 0.38 os7 EXaa] 0.0 .57 434 1a3 0. 04 473 .00 (e ] 0. 0 3.08 438 (el 0.0 2,00
Fi=Di 198 2334 24.33 13.33 24438 2376 X612 2330 2214 24.45 2367 2411 23 53 24.37 24.27 2138 2231 23.54 268.03 2517
5 (o] 0.23 ais nas 0.23 oze 4= 0.22 a.15 024 s 0.17 217 [ A= .21 .22 20 o2z 0.1 .22
M;G 795 730 7.3 791 T30 B35 6.31 592 753 I | B8.23 6897 £33 E.45 6.32 893 707 £33 B8.28 B.12
Cal 0.04 e LD Q.01 alahi] i b 011 .03 s ik [a] 0.0% 0.02 s oo7 0. 05 0.07 o3 iz 0.od [alai] |
Haz 3 0.03 0as el o.04 ooz i [a] 0.07 .07 [ala:] o3 0.03 .08 (et el ] 0.0 .02 0B (N 0.0 a.1z2
10 5.14 530 512 5.31 240 1= 9.1k 2.30 T34 878 9.0 T.00 564 .47 9.18 8.44 201 .16 9.3E &8.97
Totals 93.18 5327 83.37 o 5430 93.73 4.2 235,33 5358 2452 a4 15 2343 5340 94.37 23.0d 5313 5308 93.3= 24,56 52 27
50 L5571 LE76 1.733 L1731 1.733 2T 2733 2562 2632 2. 728 2737 2533 2. 758 2.733 2.7 2647 2 EZX4 2.730 27432 2747
Ti 0123 0150 D180 01zl 01z0 0150 0.133 [ F-1e] A4S0 0140 0130 odim oA7D 0.130 0140 0450 A4S0 0.130 0150 0-4BD
Al 1325 L3 1.2&7 1 265 13223 1262 1247 1333 1358 127 1.243 1363 1223 1.247 1.235 1338 1376 1.230 1238 1233
or 00D L0 0.0:00 (iR 0uod1 0. 003 Q02 [al1 150 [EXe aE] 0.0 Q.00 a0 00000 0.000 2.0 [ k] (el ali] 0.0 20040 Elalih
Al OZ1E 0.03 0.178 0243 0154 0.2 01588 aA3e 114 0125 0.203 i3z [ 0.258 Q0.28E 496 (£ 0.315 a.123 ;92
Fe3 0117 (FRE ] 0.005 ooz1 DUO3E 0. 000 QDN LET 0350 0.057 L1 ] QXBE 00000 0.000 [l v} D4B3 L35S 0.0 20040 Elalii)
Feld 1472 L 1e34 1 36E 15636 1.735 1743 1531 1474 1612 1.71e 1522 1552 1.e27 1.634 1517 1343 1385 1.733 1.734
n Qdie [EX ke 0.013 oy 0uaas 0.01F 0,049 oois [eluk ] 0.0dS 0,042 ooiz o.0ig 0042 0.044 oois ioig 0.04% 0,044 0uo1s
M; 03233 o= 0.505 o938 =23 0. 75l 0.774 (a5 Ne] es3 0242 0.814 0533 o763 0.7&el 0.782 LE37 E2g 0.731 0.743 731
= 0003 L0 0.0:00 oo 0000 0.0 QDS (el 1 2 0.0 0.00E U0HDE 0002 [EX e ) 0.0 2U00E D0DE oLoa3 0.0 2,004 el
] 0003 0.00B 0.042 QLDoE 0uDa3 0.0 Qi [al1 s [EXe k) 0. 0% U0HDE g1z [EX el 0.003 .0NE 0003 oiz 0.00= .00 k-]
K 0=34 09354 0.545 0963 D238 0.530 0.932 QLE32 756 0.225 0922 AT1E (R 0.535 0.943 =] ] eI 0.531 2.930 [ER=k
Sum 7242 7.263 1.3 7873 7253 7245 7840 7748 7.740 7.799 7.833 7730 F.723 7.81F 7.B18 I | 7753 7780 7.823 7 aiﬂl




Bigtite Tonalite Protomylonite
Zample FTE-03
araiyzes| wir-t | wir-z | wies | sz | s | wisz | eie | pis | sinae

502 34 3B 3445 24.73 33.16 3453 34.33 272 3432 4.60
Tio2 156 173 L.BE L1.74 132 2.5 L.38 L35 Z.60
AIn03 133 1355 15.84 1363 Le24 13.53 15.02 16.03 16.350
rroa Q.00 0oz 0.o2 Q.0 ooz 0.0d Q.01 0.01 0.0e
Fe2C3 Q.00 el ] 0.0 4.35 000 0.0 Q.00 0.00 0.0
Fel 2330 2330 13.0€ 1T 40 2431 13.33 323 24.53 13.04
snC a9 0LEd 0.20x 0.25 ozl 0.23 O.1e 0.2% 0.21
Mz0 537 [ 6.47 760 EE9 6.2 5.90 B.EX 6.32)
Cal Q.00 el ] 0.0t Q.03 000 0.0 Q.00 0.00 0.0e
HazZi Qa3 005 0.07 Q.03 ool 0.0<4 Q.03 0.0% 0.03
K20 23 5.70 .82 7.75 572 9.63 2.32 933 9.63
Totals 5333 93.22 9488 o e 5476 23.14 221597 8432 24834
Si .79 2.732 1733 2533 2742 1.733 1.743 2.743 L4
Ti 0.150 0.450 Q.17 [ B= ) 0,130 0160 LB L) 0.130 0130
Al 1171 1258 1.247 1363 L2X3B 1.2e3 1233 1233 1233
Cr 000 0.002 0.00d Q00 el st 0.00d Dot 0.004 0.000
Al 0LESD 0.213 0.233 0104 0LZ? 0.224 0238 0.255 oz7i
Fe3 L0 0.000 Q.00 063 Q000 Q.00 CLDOR 0.000 0.000
FeZ L&70 1830 1661 1488 L&s23 1678 1568 135 1 660
B 0Lz 0.043 0.043 QOzm 0014 0.043 il 0.047 .01
Mg 0773 0.772 0.7e4 Q200 @213 0.803 Q.Bi3 0.724 0.747
Ca 0uD0 0.000 0.004 Q004 elaal 0,000 QLDDx 0.000 0.000
LE 0L03 0.003 0.041 0003 ouoaz 0.00e D03 0.003 0.008
4 ne72 0.580 0.873 [l ] o=E2 0.373 o.san 0.567 0.97e
Sum - 7.EM 7.828 7.733 724z 7.837 FERE 7.E35 7-831
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Representative major element analyses of chlorite.
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Gamet Granodiorite Garmet Lescogranits Baotite Tonaits
Eampie FT15-08 Eampie FT15-13 Sampie FT30-04 Samale PTE-06
Promyiitic att . . - . Propylitic . i
pryitbc afterstion Selercinie alteration of baotts Selective aftersbion of gamet and biotre alteration Selecive afembion of biotrbe
[2natyzes| crm-a | cni-a | oz | ez | chizs | oeniz-s | onia-a | oz | enza | oo | oonis | ocms | oone | oniea] cmes2 | cnises Chig Chil chiz | chia | ool

5i032 24.43 2830 2344 2563 2649 2541 04 ZEES 280 2573 2646 2608 a4 2azm zems 2ans 2372 2447 3A7%  MIL 2471
Tioz 0.15 0.03 LY 0.07 as2 0.2 0.47 0.os 0.77 007 LEL 0.05 0.04 004 0.05 0.02 03 0.05 0.A0 04D 0a7
A0 19.23 1581 1245 31787 1768 1943 1760 1737 4974 1590 i7SE 1921 1944 2114 a4ms J72 1273 1S5S 1973 1983 1837
Crz03 0.03 0.02 0.1 0.00 aoo 0.0 .00 000 0.02 a9 0.3 0.0z 0.03 000 0.00 0.03 .00 .00 ooe 000 ool
Fa203 0.00 .00 073 133 LEE] 0.8 .00 000 0.00 .00 000 0.00 0.00 000 0.00 0.00 147 L 020 0.25 o2z
Fal 23.22 22z 2853 2823 2839 2EER  IFST  ISTY 2804 2839 2802 zEoe 304 3o zmEs zoose 3101 IEES E0.0 3033 2587
MR 0.76 0.77 070 0.72 L] 0.75 0.53 058 032 058 054 085 0.74 o7z 0.34 0.62 0.8 LS 0.47 0.44 LIS
W=D 1158 1231 4208 2342 1204 428X 1123 1256 4133 1133 1493 4180 557 4o 565 1039 1003 1459 1165 1133 1190
cad 0.20 0.06 004 0.02 003 0.02 0.40 007 0.40 0.14 LY.T 0.47 0.49 0.04 0.04 0.03 LTE .04 0.03 0.03 000
MaZD 0.04 0.02 LT 0.04 ooz 0.00 .00 003 0.04 a.03 £.00 0.0 0.0m ool 0.04 .00 LT .00 0.0e  0.03 .00
Kzo 0.0% 001 003 0.02 os0 0.20 1.04 0o 148 .28 LT 0.30 0.32 006 1.51 0.03 0.00 002 0.0% 0.00 ooz
Totals z5.12 8537 8747 E7.07  E7E3  ETAT  EmSE B73S 5746 BT %S gToe Emse|  =v3IT ommET @ g%%3 @30 T4 355 233t
5 2726 2729 2780 B8  2ETY L7 BST1 2504 3088 27E7 2874 2876 2va2|  2es8 pEor zsas| 1856 ZEER 17i3 21686 2772
Ti 0,043 CO04 0004 0006 D042 O0M0 0039 0007 0063 DD 0016 0005 0003 oo03 0oos ooz oo03 0008 0008 0008 D.O0E
Al 1274 13275 4230 1204 1433 1248 1023 1099 0502 L1343 1836 1124 1298 134z 1amE 1361 1314 1331 1287 41304 L2128
o 0.003 CO02 0001 0000 OO0 0000 0000 0000 0002 00D 0003 0002 0003 0000 0000 003 C.O00 0000 0000 0000 OO0t
Al 1.274 1273 1213 1204 L4233 1245 1023 1099 0900 L2059 1123 1122 1293|134z 118 13%e 1157 1251 1262 A0 L1482
Fa3 0.000 COD0 0050 0410 D029 0049 0000 0000 0000 00D 0000 0000 0000 0000 0000 000D 0426 0025 0046 0024 D030
Faz 2631 2mE3 273" 25977 2861 2884 IWT3 708 2639 2662 2686 2737 2897 2= 23297 17ES 2338 LTI 2TM 1TS0 2300
Mn o072 CO7L 0053 0067 D03 0069 0043 0051 0048 0SS 0OS0  00€0  00vn|  oosT oueE oo COM6 00SY 0044 0041 OO4T
M 1350 2080 4557 2433 4344 2065 1341 2084 BT 1525 1593 L5053 1665 183 13m0 LsEs 1533 L5085 1307 4557 L1323
s o024 Co07 0008 0002 DOJ3 0002 o0d2 0008 0042 DWME 0007 0020 O0ME|  o0s 000e 0006 oo04 0008 0004 0004 D030
Ha o.002 COD4 0002 OO0E D04 0000 0 0000 0005 0008 D06 0000 0080 00dil o0z 000s 0000 oo04 0000 0000 0006 D030
£ 0.005 Co0l 0008 0003 DAY O0fd 0345 0042 063 DWEE 0OTE 0.0E8 0046  ooos 0292 ooo? 0Oo00 0005 0002 0000 D003
Sum 2,955 $995 40000 10000 10000 40000 $S1E 9857 9847 S97L S5 3 9533 og94| sevs sgmr ssem 10000 10000 10000 10000 10.000
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Eiotite Tonalite Eiotite Toenalite Protomylonite Chiorite-1lite Phiyllonite
Samale FTE-06 | S Sampie FTE-03
FTEEDE Tampie RFT-1
Selective akertion of Diotite Selective aferation of biokibe
[ arares | cnis-1 | crs-z | cris chiz-1] onia-z| oz | ooz | oniza| em2| ong-i] oz cnis-a] onisz]| o oniz | oz | cha hi5

SiTE 2433 2356 2338 2342 2400 240 2454 2358 704 2431 2445 2381 2321 2484 2507 2467 2457 242
TiHOE LET 0.43 0.7 0.13 CET] 0.15 0432 026 0.38 LET] LEL] 0.07 007 LT 004 006 o2 0.04
a1z03 1558 18.8% 4838 003 1541 203 4881 1657 1644 1345 4543 21888 i736|  203% 2091 1984 2043 2003
Crios 000 0.02 000 0.03 GTE 000 0.02 GTi 0.03 .00 0.0 0.03 ol 0.0 0.0 .00 000 0.00
Fa203 000 0.30 0.0 0.34 L] 000 027 000 0.00 131 077 0.00 0.E2 0.0 000 0.00 000 0.00
Fal 3047  2e7e 2833 s0ss 32se 3ave 3RS 32%: 334 3309 3327 33a4 3as3]|  Inov 2L 2346 2748 7o
Mnd 1 0.4 058 0.38 .20 0.33 0.37 LR 0.30 LT 0.4 .48 1 234 2.2 136 232 217
M50 1137 1147 1282 5.58 531 538 10.08 5.43 5.5 564 560 283 aoze| 11ms 2183 2137 fis7 1143
T GTL 0.04 0oL 0.27 GTE 0.0% 0.06 053 0.0 oot 0.0 0.03 LTl LT, T 0.0 0.02 003 0.0
HEZO 000 0.00 0.0 0.0€ 003 0.0 .03 000 0.00 LT 0.0 0.00 0.3 003 004 .00 oz 0.00
K20 030 0.03 L5 0.08 038 0.0% 0.04 077 0.50 Q.00 .03 0.04 oz OO 0.03 .03 0.0z 0.02
Totals EEs0  £553  Beso| sms8E =43 ER.E2 E7.67 EFAS BEEY  EEO0Z BTEL S566 =Es7|  BEER 5743 ES4L 6% @539
5i 2885 2EEe  277E| 233 2707 2684 7S 2E63 2864 2880 271 2E74 2| 27ir 2713 2TFEE LTS LTS
Ti CodE 0040 0098  0di Cua09 003 O0AD GWT2 0031 DO09 0009 GuDDe c-..:c-sl 0.004 0003 0005 OOz 0.00d
ALY £315 1334 1223 1367 1293 1306 43243 L1437 1036 1340 1388 1326 1:ma] 1332 1283 1378 L3FS 13274
cr GO0 9002 0 0000 003 0 o03 0000 0002 0 G0Od 0003 0 COD0 0000 0 003 oooi] 0000 0004 G000 G000 0.000
AV 1285 4373 1397 4288 1348 1332 1217 L1102 4050 1393 1341 1348 16 BEI 133% 1333 41302 133  13m
Fe3 Lol 0042 0000l  007F G043 0000 0 0023 0 o000 0000 0 CA0  00s4 0000 00ss| 0000 0000 0000 G000 0.000
Fe2 2788 2765 2973 2813 3pv3 aMM3 3025 0 3037 3ADE 3062 3084 3aas 32| zav: 2S04 2%eE 2947 2998
i oGO8 0044 0 0063 0044 O3B 0033 0 003 0033 0028 GOdZ 003E 0 o044 ooEs| 026 0206 DR 024 0200
M L1570 4832 2073|4803 1983 1570 4661 L979  1627 4990 1386 1478 47 1:1| 1534 1848 41593 4505 1g44
s COOE 0003  000d| 0033 0 0 o0 0006 0007 O0S3 0042 0 GO0L  000% 0004 00OE| 0008 O00L  DO02 G004 0006
N L0l 0000 0 0000 003 0 G007 0002 0 00di G000 0000 0 GO0Z 0000 0 0000 0007 0005 OO0 D000 G004 0.000

K COO0 0004 0007  o0di o2 0008 0006 G440 0084 GO0 0098 000d oo03]| 0007 0004 DO G003 0.003
Sum 5599 20000 95581 10000 10000 957 10000 5593 S.9E2 40000 10000 9996 ioooo] 8578 S.87E 53ES 5576 9562




Representative major elements analyses of illite.
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Garnet Granodiorite

Gamet Lewcogranite

Sample PFT13-13

Zample FTL-02

Sn"npe FT30-04

Salective aReration of feldspars and micas

Selective alteration of garmet

| &nakysis mul mriu2-1 mu2-2 I mu3 I msd-1 | miud-2 mud-3 I musd-2 I -5 | mriud-& | mauS-1 I mu5-2 | muwes-3 | mu5-4 | muS-6 I mu5-7 | muS-8 | mug-1 | miuE-2 | mu?-1

=0z 43EL 4457 45,18 4445 4119 42.07 4339 4338 4428 4312 4545 4E.52 45.25 4437 4338 4442 43.37 4374 4E.35
TioZ o3 0.02 Q.03 100 077 0.73 14z ous2 03z 0.35 024 022 0.2 126 103 oos 133 0,05 oz
AlZDE 31 B8 314 3r.11 3pi3 3153 3232 3152 3248 32pd 3187 3057 3119 31.13 30.21 3164 3155 31.30 34.15 33.75
Craos moa 0.02 oL ooz ool 0.00 0.00 ool el 0.00 0.00 ool 0.00 0,00 ooz eles] 0.0a 0,00 jele ]
Falnd 031 3.47 ol 193 343 3.1 273 337 330 304 1.26 ool 1.30 133 233 13 2.23 217 oes
Fel 3.00 134 261 - 13z 135 177 138 137 175 .50 33E L.ES 3.07 166 189 17 0.84 150
MO ois 0.18 ok 1= ooz el 0.04 0.03 ouas oLod 0.04 o.0a ouoa 0.0z 0.03 2k LoD 0.03 0.03 oos
Mg 122 170 1.12 173 119 111 1.06 109 ) 110 1.48 140 1.4z 1.27 110 132 133 167 135
Cal el s] 0.04 ol 004 el 0.00 0.00 ooz 0oz 0.00 0.00 oo 0.00 0,04 ooz LoD 0.00 0,04 elas]
Hazo oS5 0.1 oiE o8 03z 0.42 0.23 o33 nas 0.31 023 o023 0.22 0.22 o33 o2z 0.13 0.24 nas
EZ0 1134 10.53 11.15 1076 1047 10.34 10.33 136 imo0 10.77 Lk sz 1083 10.82 1033 =3 1075 10,62 1123
Totnls 893.7% 24.24 9348 53.02 80,72 S2.00 52.86 5336 92 eS8 93.62 5463 54.08 8411 9278 53.28 5275 5z.32 24,62 93.23
S 3.13% 3023 3167 3.093 2.54% 2,961 3021 3.001 3.063 2047 3167 3.126 3162 3101 3ozz 3.0ss 3.040 2023 3.108
Ti 0.002 0,004 o002 ouosz 0.041 0.035 0074 0032 0.020 0,031 ooiz ool 0.043 0.06E Quass 0003 0.0es 0,003 0.005
Al 0.281 0.947 0233 o.=07 1093 1.035 ei=p) 0.599 0.53% 0.933 =33 0214 0.232 0.895 eE-p):} 0512 0.5€0 0.977 0222
Cr 0.004 0,004 000 etk ] 0.004 0.000 el o001 0.002 0.000 ouono ek 0.000 0,000 ool elleaa) 0.004 0,000 0.000
vl 1723 1,622 1763 1362 1.637 1.643 L1516 LE30 178 1.642 1533 1E99 1E71 1.350 1510 LE21 1631 1.747 1763
Fe3 0.045 0.175 0000 0133 0.1E% 0.151 0134 0.126 0.172 0138 00E3 0.000 0.0e7 Q.08 0173 013 0.117 011 0.033
Fal 0.173 a.077 oA jela =t 0.079 o.o0s2 0103 o.0=0 0.074 0.103 063 ois3 0.133 0.175 elak-1 o.oss 0.104 o.pa7 0.105
N 0.009 Q.00 0003 Q004 0.003 0,004 0003 0.003 0.000 0.002 ooz ooz 0.001 0.002 elali] 0000 0.002 0.003 0.003
rz 0.12% 0174 0114 ois1 0.127 0.11€ 010 0112 0.112 0.113 0as0 143 0.143 0.132 o114 01z 0.122 0168 0133
Ca 0.000 0.003 000 ouoa3 0.003 0.000 el o.o0z2 0.002 0.000 (el 0.000 0.000 0.0041 ool 0000 0.000 0.004 0.000
Ha 0.021 0,024 o024 ooza 0.044 0.037 o34 o.os2 0.032 0.042 0033 elleEd:] 0.029 Q.03 ouoazy jelleE2a) 0.042 0,031 0.023
E 0.553 0.93& 0975 D934 0.533 0.928 0937 0.914 0.B83 0.945 0933 0532 0.543 0.963 0=34 0550 0.538 0.91E 0.536
Sumi 7.057 7.043 7036 7.032 7.073 7.038 7021 7.033 B.583 T.041 7039 7.041 7.024 T.02E 7033 7.040 7.025 7.025 7.030
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Garmet Lewcogranite Biotite Tonalite
Zample FT30-04 Tample FT12-08
S=lective alteration of Eamet Selecive akeration of feldspar and mica Indilling akeration
| Analyres i u7-2 | miu7-3 miud | mu2 miu3 | mud | mus | miuE | miu? | muB mus | miudd | muil-1 | miud !I.-!| miudl-3 | miulz-1 | miulz-Z mui2-3 | miwlz-4 mul3

S0z 47.05 16.52 4732 47.32 4531 4E.55 48.15 45.268 4746 47.18 47.28 43.23 4573 4847 46.50 4811 45.05 4513 4g8.30 .13
T2 0.0 0.0t oz 0.23 030 033 0.1 024 023 [Eh.a} 0.21 0.18 oiBe ois 0.13 034 0.0= 0.3z 010 0.1
AIRD3 31.35 23.03 31z 18.37 29.74 3013 28.34 I9.87 304z aLes 3030 3071 3041 25.83 20.73 30,10 3083 31z8 3082 Z2.B5]
Creos 0.03 0.0 o1 0.0t 001 000 0. 0 o.04 o000 000 0.0 001 o000 0ol 0.00 ooz 0.00 0.00 ooz .00
Feld3 0.0 lez o=l D00 140 oz 0.3 0.87 Qo 00D 0.0 148 133 248 1=z .44 2.39 laoz a1 0.0
Feld 3.02 1.82 210 262 oz 238 3.18) .32 320 192 2.61 1.1E a3 219 2.23 183 158 .33 187 3.13
Mno 0.1 0.0 ooz 0.07 006 oz 002 o.04 ooz 000 0.0 .04 ooz 0os 0.o2 oos 0.01 0.00 (el 0.03
MzO 1.33 144 212 2.22 193 1= 2.17 i3z 137 173 2.0 164 is7 193 1.77 iB8B 1E3 160 173 1.33
C=D 0.02 D.oz ool D00 Qo9 o= 0.0% . aaz ooz 0.0E Q.03 ool 00D D.00 iz 0.10 .7 ooz Q.08
HEZD 0.17 0.17 iBe 0.13 014 010 0.0 ol o1 [ R L} 0.11 0.1a ois A7 0.1 i1 0.1z 013 010 1.1¢
L] 1118 1147 1092 iD.es 1059 loz1 1070 io.8s 1076 1073 10.77 10.B8 1114 1i0s ilo4 1083 .73 110z 1057 2.24
Tokak 94.35 26.34 5462 92.65 5359 83.71 53.24 93.23 5400 83.70 23.43 52.34 5434 54.40 2468 53.67 8404 5413 54.47 93.24
5i 3.156 3124 3.307 3.Ied 3i=3 3.1ss 3.253 3187 3233 3,202 3.234 3147 3.1=3 3.180 2175 3167 313z 3.133 3183 3337
Ti 0,002 0.00d oil 0043 0016 0.017 0,005 ogiE oozz 0.030 0,041 0005 0009 0.003 o.008 0o18 0.002 0016 0.003 0003
AllY 0.804 ol 073 Q.73 0217 0.202 0.703 OLED3 0783 0.735 0.788 Q=33 0LELS 0.220 0.824 oE33 0.247 043 0.233 Qs43)
or 0,003 0.003 (R ik 0.00d 0001 0.000 0,000 opo2 0L00D 0.000 0,000 0001 0000 0.001 0.000 0ood 0.000 0LoDo 0.001 0000
AlW 1723 174E L&30 132 1733 lesd 1.357 1e31 1&78 1741 1,678 1663 L&xs 1385 1le42 104 ledz 1873 1e40 1637
Fe3 0,000 Q.0EL D.Ol6 0.000 0124 0033 0,038 Q.asm rlle e 0.000 0,000 Qa77 o.o7Te 0.122 0.053 0iZe 0.123 a3z 0143 Q000
FeZ 0.171 0.10d 0119 0131 0116 0.1 0.182 0169 isz 0109 0.130 0126 ouisz 0.12% 0.127 (EkLi 0.113 0i4s 0107 0181
L] Q.00 0.003 D01 0.0 0uda3 0001 0,003 ooz 0ua1 0.000 a.002 Qo0 a1 D003 Q.00 rlledi =] D.00d 0u000 D.00z aooz
ME 0.137 0.143 0z 0.228 028 D125 0224 QaiF7 018 0473 0.208 QA7 0130 0.157 0.175 018z D185 0163 D182 0133
Ca 0,004 0.00d (R ik 0.000 000y 0.005 0,004 2l ik Loz 0.001 0.00& 0004 0ol 0.000 0.000 0010 0.007 0Lons 0.002 0008
Na a.022 .02z D.oz4 Q.020 0uais D.ods 0.042 M3 013 0.0 0,043 Q015 rlek:) D02z 0.043 0ua1s D.ods 0air Doz 0.2B0

K 0.96& 0.345 022D 0.340 0937 0.52% 0.934 0962 0936 0.533 0.540 0963 0959 0.5e3 0.937 933 0.542 0960 0.533 0785
Sum 7.032 7.023 7.013 7.005 7013 7.01% 7000 7.033 5997 b6.998 7041 7035 7.039 7.033 7021 7.008 7005 7033 7.049 71033
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Biotits Tonalite ||||iteErun.:-uiuinel.|,1unihe
Samaoke FT12-08
_ i Sample FT2-03

Infiling ateration
| trawzes | meig-a] mutaz] moas| mutei] muoisz] muotes] moisa] muiss] murra| moirz] eerrz] meta | omerz | ometa [ meza | mez-z | muzs | mezs | mezs | moaz
sioz 4388 4613 4308 2193 4835 4504 dg.04 4711 44,85 4301 @470 2571 4520 2813 4seEs 4734 asE7  sE%E 4smr 4var
Tioz 033 o.aa 111 0.0 o.o7 080 LT3 a.0s 0.10 011 LTCE] 0.23 005 oos| oaz 007 007 .07 021 0.10
arr03 323z 075 31e4 3143 3247 3059 3Las 2914 3117 3138 3238 3110 oz 3113 3111 E03 287 30 317 ELAD
craos ooE .00 .01 o.00 ooz 003 LT 2] a.00 o0 o.00 LT 0.00 o0z ooz| oo 000 000 .00 0.00 0.00
Fe203 133 z2.43 LEE 373 072 281 154 383 435 z.40 231 o352 23 ooo| oas D20 083 Lt 130 0.00
Fel) 21z 188 3.00 144 273 130 za1 168 154 1.33 134 z71 133 zs2| zsm 332 z.E3 234 za1 333
KRG oS 004 .05 o.00 a0 ood o2 .03 0.005 o2 LT g.01 008 oo7| oo 000 003 .02 .05 o.02
rMz0 111 185 112 132 112 174 133 a7 La7 131 117 138 133 185| 11 163 178 138 135 L0
a0 000 0.0 0.00 o.03 .o .00 0o a.00 0.00 .00 LT g.04 0.0 ooo| oo noz oM 013 .01 0.00
NEZO (ETY 012 020 o.24 017 013 024 0.13 018 0.23 LB .10 01z LEL] IR D1 008 013 (EH 016
K20 105 10.8%  10.ES 10,64 1101 110 1674 11.09 1081 1070 1m52 1104 1031 1035 1104 1085 2080 1087 1086 1086
Totmls 54.15 3446 5363 53.89 5472 5313 54.63 53,80 94.13 5332 53.47 S84 53.30 s3.23| seao0i  ss43  53i8 400 SaEr =a3s
i 3.41% 3148 3408 2085 3143 3473 3195 3134 3.083 2095 3.070 3150 3138 zz34| 3=z sz; 3zIz 3isa 3l sz
Ti 0.0a7 0023 0097 o002 0004 Doodl 0.001 0003 0.00% 0008 0.001 omz 003 0003 0005 0004 COB4  DOOS 0021 0.003
Al 0253 0E34  0.857 as11 0.E3T  DETS 0.243 0506 0.537 oS0 0.533 0820 0214 O76E| 0812 o7Es  0TEZ  DELE  0.E4E  O7ED
o 0.0z 000 D001 0000 0001 D002 0.001 0.000 0.001 0000 0.001 0000 001 0001 o000 oo0C  DOD0  ROOD 0000 0000
& 1719 1620 1671 1535 1738 1473 1677 1523 1954 1537 1731 1678 1631 1704 1888 1= 1881 LETE 1685 ATD
Fe3 0.057 0126 D081 0133 0037 Da4s 0083 0133 0.221 0124 0.119 0047 0130 o000l 0oME oo pOd48 RO43 OOPF 0000
Faz 0433 0107 0472 LT 0138 00108 0.137 0083 0.053 LT 0.077 [ELT 0077 O164| 0464 0125 0167  oi6Z 0437 0450
Win 0.00% 002 0.003 Q000 0.000 D002 0.001 0003 0.003 ao0L 0.001 o004 0.002 o004 0003 o000 DO0Z  ROOL 000 0001
Mg 0113 0172 D213 0133 0113 DATE 0.133 0223 0131 0134 0.120 0150 018 0165 0464 0167 0473 R1EL 0137 0442
ca 0.000 0000 0.000 a.o0d 0.000 0000 0.002 0.000 0.000 Q000 0.000 0.001 0.004 0000 0001 0O DOM GO0 0001 0000
Na 0.01s 00ME 0027 003z 0022 D017 0.032 o.oz0 0.024 LT:EE 0.029 0m3 .o2s o020 o024 0024 DOl ROZ0 0024 002
K 0.54% 0847 0593 LEEES 0552 0953 0.531 LELE 0.530 X 0.54% LELL 023 o342| osez oS4 0SS0 oSEE 0538 088l
sum 7.0 7014 7.030 7021 7025 7020 7005 7.030 7.044 7021 7.028 7.023 £.573 7o008| 7033 Fo20 7012 TORE V.04 ML




Chilorite-iliite Fhyllonite

E-Hr'.pli: RPT-2
[ 2ratzes | mus | mus | mer

sio2 4283 4688 4509
Tio2 003 0.04 0.0%
A1203 2535 878 3173
Crzos 000 0.00 0.00
Fa203 0.00 0.17 1.72
Fai 287 230 151
MnO 0.07 .02 0.0%
MED 253 215 137
a0 .00 oo 0.0
NBZO 043 013 0.10
K20 1081 1099 10.86
Totnls 5366 9237 9279
i 3333 3233 3120
Ti 0003 0002 0003
AN 0667 0767  0.BED
cr 0000 0000 0000
AV 1614 1668 1714
Fa3 0000 0009 0050
Fa2 D164 0445 0148
Min 0004 0005 0.009
ME 0258 0225 043
Cn 0000 0001 000
Ty 0017 0047 0043

K 0341 0571 0960
Sum 7.004  7.0d 7.024
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INite grancdicoite mylonits Chicrite-lllite Fhyllonite
Fampls FT12-03 Samake RPT-2
| arapgzes | muz-z | mot-1 | mug-2 | mog-z | mus-2 | mes-2 | mus-3 | mus-a | mes ] mwr-a| o mwr-z] merz] mesa]| muee-z] muesi] muesa] mewe mn muz mu mad

o2 47320  A231 2668 431 4730 A4ETE  SLEY  £7AD  30%9 077 4733 4563 267 0 4545 0 4586 0 azid  2m7s|  2man avse amze| e
Tio2 LT.L 0.20 043 029 LE1] .50 0.37 0.23 047 LY 0.07 0,08 0.05 0.05 Y11 LT.T 0.40) 0.43 021 LET] .10
A1203 3078 SFE 3077 W04 3OS0 2SS0 IT70 2864 2840 276 B0.08 3009 3040 3022 3aze 3ove zeed|  zeve soae 2esz|  som
Craos .00 0.00 000 000 000 003 0oo 00 000 0.00 0.00 0.00 0.00 0.00 .00 LT 0.00 0.00 0.00 000 0.00
Fa203 .00 033 300 000 000 0.00 ooo 042 LT 0.0 000 285 211 230 000 .00 .00 0.00 0.32 281 .01
Faly 213 ERL 133 327 232 3.20 3.37 3.47 152 353 381 213 238 237 130 214 328 23 2123 129 3.00
Mn 003 0.05 003 000 004 004 0.09 0.02 LT.1) 000 0.03 0.03 0.02 0.08 0oz .00 0.0 0.07 oo LEL 0.2
Mz0 123 182 173 1.58 167 134 1.30 168 134 178 1.70 1.88 125 1.74 12 143 1.55 158 223 132 174
a0 004 004 oos 003 LT 004 0.04 000 007 005 0.07 0.02 0.04 0.05 0.0d o7 0.07 0.00 .00 ooo|l oo
HaZO L] 0.7 043 041 043 0.3 011 044 0OTE .14 048 0.13 0.4 0.20 015 026 0.20 0.42 0.A7 LET] 0.1z
K20 1071 1070 1043 1066 1108 1084 1037 1073 240 1034 1109 21105 4116 1053 A0S 273 aoza|  aioe weE: rioz] oo
Totals S355 5444 5440 3407 3435 9330 9803 S3TL 5236 S484 2406 2457 2446 Ba4r 9a7i 5253 2e39|  sape sane seos|  s3ss
5i 323 3271 3468 3338 312 327 34 EIS0 0 3439 3427 323F 2474 B4z 3ave 3a2s0 3xed z3zg|  saves sasr aams|  saE
Ti 0o03 0040 0 0008 0043 0046 0026 0045 0042 0009 000 0004 0004 0003 0008 0000 oood ooos|l  ooor ooes poos|  ooos
AW 0771 07X 0E32  0EE2  0FFE OFF3 048 070 0SS 09E  OFEL 0826 081 0224 oym o7y ose oz ovez pa2e| oo
cr 0000 0000 0000 0000 0000 0002 0000 000X 0000 0000  000L 0000 0000 20000 00000 oood ooso]l oocc o000 cooo| oa0
AV 1713 LE% 1530 41860  L5T1 1534 1634 1S4 LTOE L1843 4682 4%E4 4807 144 1730 ivss o aseo|  aees isem sowme|  fese
Fe3 0000 0047 049 0000 0000 0000 0000 002 0000 0000 0000 20448 0405 0 0283 0000 owoo  ooso] oooe 0oes  pasy| oo
Fe2 0473 043 0073 0486 0439 0495 0433 0495 0A49 0245 0207 0424 0436 0435 0083 0422 04B 046f 0427 opose| 0T
M pooz 0003 0002 0 0000 0002 0002 0003 000X D001 0000 0002 0002 0004 000F 0001 oooo ooodl oo oo poos| oo
Mg 02 043 Q4L 0160 0470 0459 0445 0470 0436 0479 0473 04%% 0452 0477 021%  paes oass]  oass o2zs pasy|  oaww
ca 0o03 0003 0004 0002 0OO0 0003 000 0000 000 0002 0003 000 0004 0 000d 0003 owos  ooos| oooe oooo pooo| oo
HE 0O0SE 0009 0020 0044 0047 0047 0044 0045 000 0045 0028 0020 0045 0027 0020 owoss oo2e|l  ooes oo poas|  ooas

K 0S3% 055 0509 0823 0353 0553 0B7E 053%  OTIE 0888 098" 0963 0573 0533 0547 ose7 osEve] osss oS3 oesy|  osm
Sum TOIE  ESES  ESTS 585 7OXE 7083 SE34  TO0E  EE A 6530 TO3F 7033 7043 7oas Es3e esiy s=3g]  vooe voer vomz|  voas




Representative major element analyses of muscovite.

Garnet Leucogranite

Samipls FT30-04

Dizseminated alterstion &s coarss muscowits

[ Armsmes muil-3 | meti-4 | muti-s
5ioz 473 45,54 4% 28
Tioz 017 0.14 0.20
AIZO3 3513 35.71 36,34
Crzos LT 0.00 0.02
Fa203 0.00 0.00 0.00

Fac 164 1.54 138
MnG 0.00 0.03 0.00
Mz0 0.6 0.2 0.33
Cad o.04 0.00 0.00
NaZO 043 0.95 0.34
K20 1051 10,23 10.65
Totmiz §317 55.33 ELEL
si 3031 3.060 3.037
Ti 0.00s 0.007 0.0
ALY 0353 0.540 0.363
Cr 0.001 0.000 0.004
AV 1382 1871 1.888
Fe3 0000 0.000 o.000
Fez posz 0.085 .02
M 0000 0.002 0.000
ME 0051 0.062 0.0
c 0001 0.000 0.000
e 0038 0.072 0,065
K 0323 0.522 0.303
Sum 7026 7.028 7.014
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Garnet Granodiorite Garmet Lewcogramite
Samale FT13-13 Sampie FT30-04
Selective alterstion of parnet Dissemingted afteration 85 COBISE mMusCowite

srayzes | mut-t [ mut-2 [ muz-a [ ez | mwz | mst | mus | omus | mwrt | murz | muez | mes-t | mws2 | musz | mute-s | metoz | muzoa | mute-a | mues | muto-g | muti-a | meza-e
502 4337 4536  A431 4355 4433 2533] 4304 4345 AdEE 2545 4523 4325 2672 4530 4335 2540 4558 4355 4383 A3E3 26.03  4nBd|
Tioz 004 000 000 cos 003 oo 000 .00 003 002 009 o2 ooe 009 o.as 0.0z T:F .00 0.03 002 0.45 023
Az03 3227 3374 33sr 3zs0 3437 z2Ea|  3mTe 3eds 3EEE EmAT 3TSE 3670 EMA4 BEOL 3683 3RS 3S08 3EML 3537 3SIF EATE 3TN
crzo3 003 004 oo ooE 00E 00 o.o0 .02 oos  00L ao1 0.0 0oC 000 D00 0.04 aoo 000 oo 001 0.00 .00
Fez03 000 000 000 co0 000 00 LT .00 132 000 000 138 0o0 037 D0 0.00 aoa 000 o.00 000 0.00 -:-.nuI
Fed 225 1% 220 17 248 26 133 157 n.52 130 154 055 158 135 1% 1% 152 167 138 130 162 L
MnG 004 006 000 Y- Y T 000 .00 o0L 003 000 0.0 002 004 0U3 0.03 T:F .00 004 002 0.03 .04
g0 0a% 083 o7 ol 0EF 08 L1 .35 0.7z 048 057 071 0.73 082 0 0.7 os2 nE2 068 070 0.50 LT
Cac 000 000 000 o op: oo a0z .00 000 008 000 003 oo 009 Y] 0.00 aoo 000 o.00 000 0.00 LT
Ha20 03% o038 oA ez 032 o2y  asm G 037 033 042 0.7 par 038 D 0.47 LLE] 093 034 033 0.30 048
K20 1124 21144 2090 1130 1124 213 1079 1100 1109 1060 2034 1033 109 2046 10079 41104 4039 1404 2143 4077 4140 1089
Totsls saps =434 5308 s3se s3es =3ad|  sess s 0 8WsL B245 ST4R 9ME% SA% IS0 8170 9608 SR3I7 0 9351 2504 56T AT SO
5 3082 2088 3oEl @ars aose zazal  3oss aoss zmEs E0%4 3OPE 3008 B0 EOE4 3027 3073 3043 3027 040 3045 E063 30m8
Ti Qo0 000 000 co0 ooe oof] 000 .00 000 000 000 0.0 000 000 0002 000L DUl 0o0 0002 OO0 0.0L 0049
Al 0§42 0802 0E19 0EFS 0945 0BT 0SS5 0881 1014 0845 0821 0857 0.EST 0936 0.57F 0827 0EST 057R 080 OIS 0837 0342
cr 0002 0002 0O02 00K 0002 600 0O00 0001 0003 0 000 0001 0000 0000 0000 0000 0002 0000 0000 0002 0001 0000 0.000
A 1833 1803 1E30 1778 1829 478 1576 1E78 1B6Z  1B86 1573 1874 1839 1§74 1857 1867 1334 1887 1882 LBE7 1865 1366
Fe3 0000 0000 0000 0000 0000 0.0 0000 0000 0064 0000 0000 0089 0000 0012 0000 0000 0000 0.000 0000 G000 0000 0.000
Fez 0429 0147 DA2E 0% 0442 019 0403 0404 Q0% 0407 0402 0036 0406 OW0BE 0085 0036 0080 O.M83 0088 COE3 0083 OU0BE
MR 0002 0003 0OO0 0001 0000 600 0O00 0000 0004 0002 0000 0000 000d 0001 0.00F 0002 0 0001 0000 0002 0001 0002 0002
Mg 0035 0084 DOFY 00SE 0070 009 0O%6  O0.0% 007 Q04 00S6 0070 0074 0067 O.0% 0073 0052 0063 0068 0OSS 0035 006D
ca 0000 0000 0000 0001 0002 00 0O01 0000 0000 Q006 0000 0002 0003 0004 0001 0000 0000 0000 0000 G000 0000 0001
He 0.045 0050 0054 0029 0.04% o3 0OF7 008 0048 0043 0S4 007 0092 0045 0082 0060 0059 O.MES O044 DDSE 0035 D062
K 0967 0966 DESE 0SS 0972 098 0S8 0537 0938 0914 0884 0.E74 0857 0883 054 0930 0S8 0533 0943 0543 0942 0.9
Sum 7042 7097 7054 70WS 7065 74 7028 7043 7036 TO0E 6593 7001 6953 G986 7024 FO24  FO34 7043 7031 7024 TOM3  7.0U8




Representative major elements analyses of Fe-Ti oxides.
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Biotite Tonalite Protomylonite

Sample FTE-OS

Medium srains with mica

[ arasyzes | imemi-1 | ihemi-4 | imemi-s | imemi-s | imemi-7 | imemz-1 | ihemzz | imemz-z | imemz-2 | imemz-s | imemz-6 | imemz-7 | imemz-g | imemz-1 | wmemz-z | ihema-1
5i02 0uog a1 ] el o.i6 ooz a1 ] o3 om g oo3 a1 ] g ooa ool oo3 g
Ti0Z =7 oo? s a0 I [ & § opa [l 2l -] oS 4376 43.30 e L b - ng gz ne
a3 000 [l 2l i} ooz 2l 1] o 2l i} 2l 1] 2l 1] 2l i} 2l i} 2l 1] 2l 1] e} opa 2l 1]
Crzo3 oz s 2l i} 2l -] oS [l s De nz 2l i} o ooz a1k § Qa3 opa oupg
FeZid3 000 10z.48 57.92 5&.33 inz.aq 59.24 10z 1B 10313 52,43 03 07 387 a1k § i0z.83 10z 53 10384
Faid 34.73 [aR-F} [ H: ] .50 k- F] o.s0 [aR-F} o.54 .50 3242 3z 32.BE9 35.1B =3 [aR-F} [aR-F]
WMinQ 431z opa 2l i} 2l 1] 2l 1] opa o o3 2l 1] 03 i | .00 [k e} s 2k}
g0 a3z 2l i} 2l i} ooz ol o 2l i} 2l 1] 2l 1] opa 2l i} ooz a1k § e} o 2l 1]
Caln 006 gz o ooz 2l 1] 2l i} 2l i} ooz 2l 1] o 2l i} 2l 1] nz e} 2l i} 2l 1]
NazZO ooz a1 ] o3 o.pa ooa a1 ] ooz oo ooa g om om ooa ool a1 ] opa
E2D 000 2l i} 2l i} 2l 1] 2l 1] 2l i} 2l i} 2l 1] 2l 1] 2l i} 2l i} 2l 1] 2l 1] e} 2l i} 2l 1]
Tokzls 5351 10362 55.98 5284 10339 10027 10323 0234 10038 5343 53.61 5E.B8 55.36 10387 103 68 10z 83

Si [ERe k] 0L0Dd ooz (B 00l 0L0Dd [ELa 1] 0uDa 00l [EXalik 0000 [EXa i} [EXad ] [Elaahi] ool [EXa i}
Ti Lara [EXalik [ELa 1] ouonz L0z [EXalik [ELa 1] ouonz 00l =31 =351 [FR-] 104z 0Ll 0000 [EXa i}
Al 000 [EXalik [ERaIL] 001 [EXad ] 0L0Dd [ERaIL] 0uDa [EXad ] 0L0Dd 0000 [ERai] [EXad ] [Elaahi] ool [ERai]
cr 000 [EXalik [ERaIL] ouonz 00l [EXalik [ELa 1] 001 [EXad ] 0L0Dd 0000 [ERai] [EXad ] 0Ll ool Loz
Fz3 0000 1982 1382 1973 1981 1964 1383 1981 1983 ouog? o088 0ora 0uo00 1 1381 1982
FaZ o7s0 0uazh 0z0 0uaz0 [EXa k] 0uazh 0z0 0uaz0 [EXa k] oLE38 =37 oE33 0L77E QLD 0z0 0uoz0
AP 0024 oo 0.000 0u000 0u0D0 oo 0.000 0uo01 0u0D0 01ms 0113 0.108 0133 0u0od 000l 0L000
Mg [ERe k] 0L0Dd [ERaIL] 001 L0z 0L0Dd [ERaIL] 0uDa [EXad ] L0z 0000 [EXa i} [EXad ] [Elaahi] 0000 [ERai]
Ca oLz [EXalik [ERaIL] 001 [EXad ] 0L0Dd [ERaIL] 001 [EXad ] 0L0Dd 0000 [ERai] 00l [Elaahi] 0000 [ERai]
MNa [ERe k] 0L0Dd [ERliE] 0uDa [EXad ] 0L0Dd [ELa 1] 001 [EXad ] L0z 0000 [ERai] [EXad ] [Elaahi] 0000 [ERai]

K 000 0L0Dd [ERaIL] 0uDa [EXad ] 0L0Dd [ERaIL] 0uDa [EXad ] 0L0Dd 0000 [ERai] [EXad ] [Elaahi] 0000 [ERai]

ST Laza 2.007 2.008 2003 2006 2.007 2.007 2.008 2006 2000 2000 2,000 L1337 2007 2.007 2006
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Biotite Tonalite Mylonite
Samipie FTE-03
i ) i .!.I|:|r5-:|=-:'.ru5= Fl!r\-EJE"ll:l MICH
Meciom grams with mice boundaries Titra-grain esokibon

| Ansbyzes | ibems-2 | iheme-3 | ikema-4 | ikems-s | imemz-2 | ibems-2 | ikems-3 | imems2 | ibems-1 | ikems3 | ikem7-1 | ikem7-2 | ilkem7-3
SOz £.00 0oE 0.08 £.00 0oE 0.0z .08 0.00 0.14 0.0E 0.03 0.04 002
Tioz .05 013 0.08 .05 ooz 003 .04 5353 45,08 ELY 0.0z 0.04 0.0
Al203 £.00 0.00 0.00 .03 0.00 £.00 0.00 0.00 0.03 0.00 0.00 0.00 .02
Cr2o3 008 008 0.07 009 0.04 0.05 008 0.00 £.00 .02 0.05 .09 0.07
Fe203 102.25 10292 102.43 102.49 103.13 102.84 32.77 0.00 332 333 10479 102.24 104.76
F - o 023 - o L 0.20 33.71 30.97 3278 033 053 0.52
MnC £.00 o0z 003 0.04 .01 001 £.00 .37 1238 1104 .01 0.04 .03
Mg £.00 0.00 0.00 c.02 .01 £.00 £.00 0.0z 0.04 0.08 .01 .04 0.00
a0 £.00 0.00 003 £.00 0.00 £.00 £.00 019 052 0.03 0.00 0.04 .01
NaZo 0.00 Y 0.00 0.00 0.00 £.00 L 0.00 0.00 0.0 .01 .03 ool
€20 £.00 p.oz 0.00 .oz 0.00 £.00 0.00 o.o1 0.04 (EL 0.0l 0.00 .00
Totals 103.54 104.15 103.73 103.54 104.23 103.30 35,25 33.33 57.02 57.44 10223 103.40 10253
i 0.000 0.001 0.001 0.000 0.001 0.001 0.002 0.000 0.004 0.002 0.001 0.004 0.001
T 0.001 0.0a2 0.001 0.001 0.000 0.001 0.001 1.043 0.592 0.567 0.000 0.004 0.002
Al 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.004 0.000 0.000 0.000 0.001
cr 0.002 0.0a2 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.000 0.001 0.002 0.001
Fa3 1523 1,520 1582 1522 1584 1383 1522 0.000 0.077 0.063 1,582 1.581 1581
Fa2 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.773 0.664 0.709 0.020 0.020 0.020
NN 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0479 0.277 0.242 0.000 0.001 0.001
M 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.001 0.002 0.003 0.000 0.000 0.000
Ca 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.003 0.047 0.001 0.000 0.000 0.000
M 0.000 0.001 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.002 0.001 0.001 0.001
K 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.001 0.003 0.000 0.000 0.000
Sum 2.005 2.007 2.007 2.007 2.005 2.005 2.007 1,553 2.000 2.000 2.007 2.008 2.007
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Bictite Tonalite Mylonite

Chicaite-lllite Fiylionite

samipie FTE-03 Ssmple RFT-2
Rutile as part
Intra-grain sxzodtion Exsoiution with titanite aof intra-grain Rutike
mesolution
Anmlysss ihem7-2 | imemzs | imemzs | imemzz | ithemz ahemit-1 | imemioz | memioz | imemio-a | memios | wmemios Ri2 Rii1 | Reiz

5oz 0.08 0.04 0.02 0.03 0.02 ol o.03 0.3 .00 ool ool 046 .23 051
Tioz .05 0.03 4343 .04 3363 oz o.oa .08 oo LT oa3 53.43 56.10 53.58
A1203 0.00 0.1 0.00 0.00 0.00 0.00 .00 Q.02 oo 0.00 0.00 008 .18 0.4
raos .08 0.04 .00 0.03 0.01 008 006 0.z 008 o7 oos o.00 000 000
Fe303 102,27 10233 230 10237 5.81 10223 10227 10213 10236 10243 10234 0.00 .00 o.o0
Fad 0.33 0.33 20.83 0.3 33,63 033 083 083 083 033 033 230 057 077
Mo 0.03 0.00 357 0.02 231 .03 oo Q.02 .00 003 003 Q01 003 000
Mg 0.00 0.0d 0.04 .00 0.01 ooz ool .00 .00 .00 ool o.00 .13 o.o3
80 a.04 0.00 0.00 .04 003 ol o.oa .00 o.oa LT oo 02z s 037
Ha2o 0.00 0.02 0.00 0.00 0.02 0.00 .00 003 .00 003 0.00 0.0z 004 003
K20 .04 o0.00 .00 .00 0.00 ooz .00 .00 .00 .00 o.oo o.00 1z 014
Totals 103,43 103,43 3584 10348 53.08 10333 103.34 103.28 10361 10352 10324 5241 5716 57.55
i 0.002 ool o001 o0l o.o01 0000 D0l 0.001 0000 o000 £L00 0006 0006 LT

T 002 a0l oss2 001 0534 0000 001 0.002 0000 0.m00 LT ] 0354 LEF]
& Q.000 0.000 0.000 0.000 0000 0.000 0.000 0.001 0.000 0300 0.o00 .ol .01 0001
or Q.00 ool o.000 o0l 0000 o0l D0l 0.000 D002 ool ooz o.00 000 000
Fe3 1380 1383 o054 1383 0131 1383 1383 1381 1384 1333 1383 ool ool Gt
Fa2 aazo ooz oE7a 0020 0E47 0020 .oz0 0.020 .oz0 o.o20 G20 a9 0.0 ]
Mn 0.001 0.000 0077 0.000 .85 0001 0.000 0.000 0.000 o.m01 sl .ol .01 0001
Kz o000 Q000 ooz 0000 0000 o0l 0000 0.000 0000 o000 £L00 ool ool Gt
oa Q000 Q000 0.o00 001 o0 0000 0000 0.000 0000 0.m00 0300 Y F ] LT o.aas)
M Q.000 Q.00 0.000 0.000 o001 0.000 0.000 0.001 0.000 o.m01 0.o00 .ol .01 0001
K o000 Q000 o.000 0000 0000 o0l 0000 0.000 0000 o000 £L00 ool ool Gt
Sum 2006 2007 2.000 2007 2000 2007 2.006 2.007 2007 2008 2007 1020 1.000 1.004]
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APPENDIX F



Chlorite crystallization temperature results according to Inoue et al., 2009.
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Lithotype | Samipl= | System Afteration type anshysez| Temp o] | Geomietric mesn ['I:i
_ .. Chii-3 Tz -
PT13-0E Fropyimc Chid-a 153 37T
Chiz-1 L]
Chiz-2 T
. Chiz-3 =
Salactive afteration of Z7s
Gamet PT13-0E . Chiz-4 El] 291
- mane Chi3-1 15
ramocarte Chi3-2 315
Chi3-3 1E4
Chi2 i
c ChilS ]
PTL1¥13 ChHIE 345 2B7
Sajactiye afteration of - i
. Chiv 327
garnet and bictite — —
3 c
. G'""Et_n pracos| F |6 Chig-2 195 282
i
ucegranie 5 Chig-3 379
- Chiz ans
= ChiZ 35T
L] -
L PTe06| E Saiactive aiterstion of | ©72 00 a01
Biotite ¥ . Chil 358
Tonalite - meotite Q
ChiZ-1 431
Chi3-2 415
PTLY-E Chis e 360
FTE-s5 F‘I'lI:lFl'l'li'ﬁl: Chiz 430 430
Chii-1 El
Chiil-Z2 35
. Chii-3 E{=4
Bictite b Eniz 388
. Sajactiye afteration of | Chi3-1 297
Tonalte FTE-K3 . - 333
Promyionite meotite =his-2 £34
¥ £ Chid-1 413
Chig-2 A0
Chiz-1 3=
Chi3-2 JES
- Chil 371
F
Chlorite|ite ¢ '# ] _ E’nl% Elrg |
RFT-Z ; Rl pivyllome Chiz i 365
Phrgllonitte & B K -
b u ] Criks JES
= ChiIS 335




Illite crystallization temperature results according to Battaglia, 2004.
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- A teration . Genmetric
Lithotype | Sample | System e Analyses | Fe-Mg | K+ |Fe-Mg| | Temp |*C) mean [°C]
mui 0,064 1,095 31
FT1313 -1 0,082 1,038 310
mu-2 0,035 1,019 303
mu3 0,068 1.022 308
musd-4 0.137 1,092 324
mud-2 0.1%7 1,083 322
Salective muL-3 0.137 1,074 319
Sarmet aeration of miLd-4 0.134 1,068 31s »
Gramodiorite feldspar and '""f: 0134 1047 o= -
—_— ias UL 0.148 1,097 32s
M4 0.08 1,033 305
M2 0.03 1,002 300
M3 0,073 1,020 ETvR
U4 0.127 1,092 324
US-E 0.1%7 1,091 324
U7 0.1 1.060 s
U2 0,053 1,091 13
M1 0,011 0327 280
Sarnet Seleciive miss-2 0,006 0.362 283
Leucogranite FT3004 aikerabon of miu7-1 0,081 1.070 1= 256
garnet mu7-2 0,034 1,000 253
mu7-3 0,035 0988 255
z Splective mui <0078 1.8 o
i aEeration of :j: ";:E ;::; :1_:: -
§ | Fedsparemd mud 0.013 0.960 289
! i mus -3.003 0.937 223
® mug 0.042 1.040 02
= mu? 0,023 0,395 225
mug 0068 1,001 300
mus 0,098 0.993 259
muil 0,033 0593 253
mudi-4 0,031 1,000 253
muii-2 0,036 1,021 308
muii-3 0,041 0992 253
Bictite mud -4 0.04 0.573 252
Tonplite || TSo R mudd-2 0.07 1,012 303
B muid-3 0,033 0.993 258
Infiling riuL2-4 0.038 0.991 L [—
zReration mui3d 0.048 0.837 235
muid-1 0,084 1,025 307
muid-2 0,061 1,008 302
muis 0,088 1,041 310
muisd 0144 1.074 s
muLE-2 0,082 1,034 os
muis-3 0,081 1,034 os
muis-4 0104 1,032 EN
muis-3 0,061 1.020 308
mud 74 0.163 1.119 330
mud7-2 0,075 1,015 309
mui7-3 0,076 1,024 306




Muscovite crystallization temperature results according to Battaglia, 2004.
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Lithotype | Sample | System Alteration Analyses| Fe-Mg | K+ |Fe-Mg| | Temp (°C) Geometric
type mean (°C)

mul-1 0.073 1.040 310
mul-2 0.063 1.029 307

Gam.Et. BT 15-13 mu2-1 0.051 1.007 301 310
Granodiorite mu2-2 0.065 1.054 314
mu3 0.072 1.046 312
mud 0.060 1.040 310
Selective of mus 0.053 0.981 294
garnet mu6 0.048 0.985 295
_ mu7-1 0.041 0.979 294

% mu7-2 0.059 0.973 292 286
X mus-2 0.036 0.930 281
= mu9-1 0.035 0.909 275
} mu9-2 0.032 0.929 280
© mu9-3 0.039 0.922 279
Ganet | % mulo-1| 0.028 0.943 284
Leucogranite = mul0-2 0.011 0.941 284
mul0-3 0.028 0.956 288
mulo-4 0.030 0.963 290
Disseminated | mul0-5 0.020 0.963 290

as coarse mul0-6 0.014 0.927 280 286
muscovite mull-1 0.034 0.976 293
mull-2 0.026 0.952 287
mull-3 0.031 0.954 287
mull-4 0.024 0.952 287
mull-5 0.034 0.937 283




