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Resumo

O Arco Magmatico de Goias é hoje um terreno egi@tépara exploracdo de ouro pela
Yamana Goldrazao pela qual boa parte dos orcamentos de ragglm vem sendo aplicados neste
local, visando o avanco do conhecimento cientifecoa descoberta de novos depédsitos. Uma
descoberta recente foi 0 depdsito aurifero de Eazélova, localizado na Faixa Jaupaci (180 km a
oeste de Goiania), uma das sequéncias vulcanicascdoMagmatico de Arendpolis (por¢cédo sul do
Arco Magmaético de Goias). Motivado pela referidaaiderta, esta tese objetivou entender o contexto
geoldgico da Faixa Jaupaci, assim como a géneseirgaalizacdo aurifera de Fazenda Nova. Para
atingir esse objetivo foram realizados mapeamemgesiogicos, descricdo de testemunhos de
sondagem, interpretacdo de secdo de sondagemicdescpetrograficas, analise quimica de rocha
total, quimica de minério, quimica mineral, imageato em microscopio eletrénico de varredura
(MEV), andlise isotopica Sm-Nd, analise isotépicaOCimageamento de zircbes por catodo
luminescéncia (CL) e data¢cédo U-Pb por LA-ICP-MS.

Foram definidos dois eventos de magmatismo na F3axgaci: o primeiro, ocorrido em
ambiente de arco magmaético, se deu entre 770-750eMasegundo, gerado em um ambiente pos-
colisional que ocorreu entre 597-506 Ma.

O magmatismo em ambiente de arco pode ser sulbvih dois principais pulsos: um mais
antigo denominado Suite Tipo 1, que compreendditomia granodioritos com ilmenita, afinidade
peraluminosa e calci-alcalina cristalizados em ~N&) e um mais recente, que engloba magmas
félsicos com magnetita, afinidade adakitica e metalosa representando pelos granitoides da Suite
Tipo 2 com idade de 753 + 12 Ma , assim como osrnoditos basais da Sequéncia Jaupaci datados
com idade de 748 £+ 10 Ma. Os dados isotopos de &ma\Suite Tipo 1 mostraram idades modelos
Towm de 0,86 até 0,91 Gaegy (T) positivo com valores variando de +4,6 até4: Fais rochas foram
interpretadas como sendo provenientes da fusaoodtguvenil em estagios finais de colisdo em um
ambiente intra-oceénico. A Suite Tipo 2 e os melitos s apresentam idades modejg Tum pouco
mais antiga, variando de 1,1 até 1,21 Gag;@T) positivo com valores variando de +1,1 até 682,
sendo a origem interpretada como proveniente dealfasdo parcial de uma crosta juvenil muito
espessa em um ambiente de arco continental.

O magmatismo pds-colisional foi divido em trés dwenrelacionados temporalmente a
geracdo da Zona de Cisalhamento Moipord Novo-Braspré-cinematico (~597-587 Ma), o sin-
cinematico (~577-539 Ma) e o pds-cinématico (~5Q&-5la). O evento pré-cinematico ocorre em um
ambiente extensional com ascensdo mantélica erjpostelaminagéo da crosta inferior. Associado a
este evento ocorrem vulcanismo bimodal, granitps-Ai assim como um conjunto de diques
denominados de Intrusivas Bacilandia (compostodiques de gabros doleritos, traquitos, dioritos
porfiro e sienitos pérfiro). As rochas do event@-pinematico apresentam idade modeles T
variando entr,75 Ga e 0,9 e(T) variando de +2,3 to +6,6. O evento sin-cinématoarie em um
regime compressional no qual é registrada uma da$ermacional [ com desenvolvimento de
metamorfismo em facies xisto verde e o desenvohimele grandes estruturafrike-slip. Dentre
essas, a mais importantes € a Zona de Cisalharvipmra-Novo Brasil, interpretada como uma
estrutura litosférica profunda que permitiu a iag&ilo do manto com a base da litosfera, gerando um
novo pulso de granitos tipo-A e um grande volumalidees alcalinos de Intrusivas Bacilandia. Os
granitos tipo-A do evento sin-cinématicos apresergamesma assinatura geoquimica que o evento
pré-cinematico, entretanto com idades modelos maigjas com gy 1,27 — 2,25 Ga eng (T)
negativo com valores variando -1.0 até -20.0. Deaciorma, as Intrusivas Bacilandia deste evento
apresentam idade modelgylentre0.75 — 0.88 Ga & (T) positivo com valores variando entre +3,51
e +4,5. O evento pOs-cinematico ocorre em um art®extensional com a geracao de granitos tipo-A
e lamprofiros sem deformacdo com idades modeldango entre 0.9 até 1.2 Gag (T) com valores
negativos a positivos (-4,0 até +1,88).

A lavra da mineralizacdo aurifera de Fazenda Neva teu inicio em 2004, entretanto os
recursos oxidados foram exauridos e a lavra imgsida no final de 2006. No inicio de 2010 foi




reconhecido o potencial sulfetado nesse depodiefirido um recurso inferido de 650 koz com 4,0
g/t Au (cut-off de 2,0 g/t Au). A mineralizacdo @mzenda Nova estd hospedada em diques das
Intrusivas Bacilandia (principalmente em doleritogliorito porfiros) apresentando trés estagios de
alteracdo hidrotermal: i) o estdgio inicial, ou eralizante, consiste de uma alteracdo pervasiva
biotitica e sericitizacdo dos feldspatos acompaalpadstock-workde quartzo e brechas silificadas. A
alteracdo pervasiva ocorre associada com uma dissgho de sulfeto composta por arsenopirita-
pirrotita-scheelita-stibinita, além de siderita patita hidrotermal. A arsenopirita desse estagio
apresenta formato acicular e apresenta ouro ilisiém de inclusdes de grdos de galena, pirita e
ouro, que origina o carater refratario do minédotemperatura estimada para cristalizacdo de
arsenopirita, pirrotita junto ao ouro foi de 340fCO estagio intermediério € compostock-workde
calcita e quartzo com uma assembleia hidrotermalatéa, epidoto, turmalina e titanita associado a
sulfetos como pirrotita-pirita-arsenopirita. A arepirita neste estagio € tabular ndo apresenta
inclusBes de sulfetos e nem de ouro. A temperastimada para o par de sulfetos arsenopirita-pirita
foi de 305°C; iii) O ultimo estagio é composto p@ios e brechas composto apenas por calcita-
ankerita sem alteracdo hidrotermal ou mineralizaca&tera.

Tantos os diques como a mineralizacdo apresentaanfome relacdo espacial com a Falha
Bacilandia, uma estrutura NNW de segunda ordemoti@ de Cisalhamento Moipora-Novo Brasil. A
Falha Bacilandia deve ter atuado como uma estrywofunda que canalizou os magmas das
Intrusivas Bacilandia assim como os fluidos hidmoggs. A maior atividade desta falha ocorreu em
aproximadamente 574-572 Ma e esta associado adgeds;maior volume de diques, tal como os
estagios hidrotermais no depdsito de Fazenda NRregessos magmaticos atuaram de forma crucial
na fertilidade do Au e concentracdo de fluidos ditiehmais: O depoésito de Fazenda Nova foi
classificado comoReduced Intrusion Related epizonal baseado nos seguintes aspectos: i)
mineralizacdo hospedada em magma reduzido pdsecaligi) processos magmaticos atuando na
concentracdo de Au e outros metais; iii) textuiaaal de veios comstock-workbrechas associadas
a sulfetos com temperaturas de cristalizacdo eB#@-305 °C, indicando um alto gradiente
hidrotermal; iv) associagcdo metélica de Au-As-W-8pjsétopos de C-O em veios de calcita com
valores equivalentes a carbonatos magmaticos ootéithais mantélicos.

Palavra Chave: Arco Magmatico de Goias, magmatism@aos-colisional, depésito do tipo Au
Reduced Intrusion Related, zona de cisalhamento gte-slip intracontinental




Abstract

The Goids Magmatic Arc became recently a strategi@in for gold exploration by Yamana
Gold, for this reason the substantial exploratiomdbet has been invest in this terrain, aiming the
advanced of scientific knowledge and the discos&new deposits. The most recent discovery was the
Fazenda Nova Gold deposit, located in Jaupaci B&0 km west from Goiania), one of the volcanic
sequences in the Arenopolis Arc (southern portioBa@as Magmatic Arc). Motivated by discovery of
Fazenda Nova deposit, this thesis aims to undeddtia® geological setting of Jaupaci Belt as well as
the mineralization model of Fazenda Nova gold deépdkus, to achieve these proposed goals were
performed geological mapping, drilling section ieetation, drill core descriptions, thin section
description, whole rock analysis, ore and minefdamistry, electronic petrography using MEV, Sm-
Nd isotopic analysis, zircon petrography using Glage and U-Pb aging of rocks using LA-ICP-MS
method.

Two events of magmatic events were defined inataugelt: the first, in arc setting that took
place between ca. 770-750 Ma and the second, gtkira post-collisional setting, occurred between
597-506 Ma.

The arc setting magmatism was separated in twan rpaises: the first encompasses Type-1
Suite Ma represented by 770 Ma old ilmenite-beatowglities and granodiorites with peraluminous
and calc-alkaline affinity. The second encompadsgse 2 Suite magnetite-bearing, metaluminous
magmas represented by orthogneisses (753 + 12 Md)basal metarhyolites (748 + 10 Ma) of the
Jaupaci Sequence. The Sm-Nd isotopes of Type€ @sftlay Fu ages from 0.86 to 0.91 Ga and
positiveeng (T) with values ranging from +4.6 to + 5.4. Theuswes from these rocks were interpreted
from melting of juvenile crust in late stage ofrémbceanic arc. The Type-2 Sm-Nd data showed
slightly old o ages with 1.1 to 1.21 Ga old and positiye (T) values ranging from +1.1 to +2.08.
The sources of these rocks were interpreted asngeif overthickned juvenile crust in a continental
arc setting.

The post-collisional event was divided in threergs temporally related to generation of
Moipora Novo-Brasil Shear Zone: the pre-kinema(e597-587 Ma), the sin-kinematics (~577-539
Ma) and the post-kinematics (~511-506 Ma) everits. dre-kinematic event took place in extensional
setting with mantle upwelling and delamination ob-<ontinental mantle lithosphere. The magmatic
rocks from this event comprise |- and A-type g@dd, bimodal volcanism, as well as set of dikes
called as Bacilandia Intrusives (composed by dyegabbros, dolerites, trachyte, diorite porphyry
and syenite porphyry). The Sm-Nd isotopic data ftbe pre-kinematic rocks showeg@yTages
ranging from0.75 Ga to 0.9 andyy(T) with positive values ranging from +2.3 to +6.6. Thi@-
kinematics event occurred in compressional regirite developmendf green-schist metamorphism,
development of Ddeformation event and deep translithospheric stekp shear zones. The most
paramount structure is Moipora Novo-Brasil Shearngp this deep shear zones allowed the
interaction of mantle and lower crust, inducing theneration of A-type sin-kynematic granitoids as
well as a large volume of Bacilandia Intrusive dik@he sin-kinematics A-type granites display the
same geochemical feature of pre-kinematics granitesever Sm-Ndpf; ages are older with values
ranging from 1.27 to 2.25 Ga and negatiyg (T) with values varying -1.0 to -20. On the othand,
the dikes of Bacilandia Intrusives from this evehbwed %y ages between 0.75 — 0.88 Ga and
positiveeng (T) with values ranging between +3.51 to +4.5. Twst-kinematic event took place in
extensional setting with generation of undeformgmetA granite and lamprophyre. Theyulages
showed variation of 0.9 — 1.2 Ga, whilg (T) values varying between negative to positide0({o
+1.88).

The mining of gold mineralization of Fazenda Noeaehbeen started in 2004, however, the
oxidized resources were depleted and the mining intasrupted in late 2006. In early 2010, was
recognized sulphide potential in this deposit amaléxploratory works defined an inferred resourte o
650 koz with 4.0 g/t Au (cut-off of 2.0 g/t Au)eTiineralization is hosted in dikes of Bacilandia
Intrusives (mainly in dolerites and diorite porpheg) with three hydrothermal stages: i) the eanty o
mineralized stage, comprise pervasive sericitizatp feldspar and biotitization with stock-work of
quartz and silicified breccias associated with dieghated sulfide assemblage of arsenopyrite-
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pyrrhotite-scheelite-stibinite in addition to hydnermal siderite and apatite. The most common
sulfide in this stage is fine-grained acicular amsyrite that hosted invisible gold and inclusidn o
gold, galena and pyrite grains. The temperaturéneetied for crystallization of acicular arsenopyrite
and pyrrhotite along with gold was of 340°C;ii tenmediate stage is represented by stockworks of
calcite-quartz veins associated with hydrothermsdeanblage of chlorite, tourmaline, epidote, titanit
and disseminated sulfide assemblage of pyrrhotersopyrite-pyrite. The arsenopyrite at this stage
display tabular texture with no sulfides or goldlusion. The crystallization temperature of tabular
arsenopyrite-pyrite was estimated with 305°C; tiig late stage is veining and brecciation infilleg
monotonous calcite-ankerite with no gold minerdl@aor hydrothermal alteration

The dikes and gold mineralization present strogigtionship with the Bacilandia Fault. The
Bacilandia Fault is a second order crustal-scaleahzone that branch out of the major crustal-scale
Moipora-Novo Brasil shear system along the NNWdiiioe. The Bacilandia fault play important role
to channelize melts to uppercrust and mineralizgdrdthermal fluids. The major activity took place
at ~574-572 Ma with emplacement of large volumdilkés of Bacilandia Intrusives and most likely
development of hydrothermal stages in Fazenda Nieosit. The Fazenda Nova deposit was
classified as epizonal Reduced Intrusion Relatesetbeon the follow evidences: i) mineralization
developed during post-collisional tectonic settiagove previously metasomatized subcontinental
lithosphere mantle; ii) high geothermal gradientslicate by ore deposition at temperatures of 340° t
300°C and veins textures formed only shallow defithskm); iii) metal association of Au-As-W-Sb
iv) volatile saturation induced by magmatic proessuch as fractional crystallization, magma
mixing, or crustal assimilation; v) CQOhydrothermal veins with C-O isotopes displaying
magmatic/mantle fluids affinities

Keywords : Goids Magmatic Arc, post-collisional magatism, Reduced Intrusion Related gold
deposit, intracontinental strike-slip
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paleocontinent controlled by collision with irreguimargim of S&o Francisco plate resulting in titerwpening
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1.INTRODUCAO

A aglutinacédo de fragmentos crustais no Neoprotecoz para formar o Gondwana,
esta associada a mineralizacGes auriferas e adgedacarcos juvenis. Destes, destacam-se:
Arabian-Nubian Shiel@&o longo do Mar Vermelho (com 880-550 Ma, Botro82Moebrich
et al, 2004,);Carolina Terraneno sudeste dos Apalaches (535 Ma - Hiblsrdl., 2002);
Sayan-Baikal-Muyaelt no SW da plataforma da Siberia (Zhmosdikal., 2006); e 0Arco
Magmatico de Goiasno Brasil Central (886-630 Ma, Oliveisd al., 2004; Oliveiraet al,
2015,). A descoberta recente de depdsitos de autipal classe mundiatomo por exempto
Sukary Hill com 10 Moz (43-101 report) Asabian Nubian-Shieléxplorado pela Centamin;
e Cu-Au Chapada (Oliveirt al.,2015) com 7 Moz, no Arco Magmatico de Goias, erqulo
pelaYamana Goldtornou arcos juvenis Neoproterozoicos estratégiera as empresas de
exploragdo mineral. Nesse contextoyamana Goldrem investindo de maneira sisteméatica
na exploragdo do Arco Magmatico de Goias, no geablestaca o depdsito aurifero de
Fazenda Nova (denominado internamente pela Yan@na projeto Arco Sul), como a mais

nova (re) descoberta de ouro nesse tipo de ambiente

1.1. Justificativa do tema

O deposito aurifero de Fazenda Nova estd hospedaslorochas vulcanicas da
Sequéncia Jaupaci (Amaro, 1989), e localiza-se argdp leste do Arco Magmatico de
Arenopolis (Fig.1.1), segmento meridional do Arcaadvhatico de Goias. Estas rochas
vulcanicas foram prospectadas pela WMZ=étern Mining Compaiyno inicio da década de
90, com a realizacdo de uma campanha de sedimentorcente regional, posteriormente
delimitada em unfollow-up de amostragem de solo. Em 1995, a concessao infoera
passada para a Santa Elina, quando foi delimitadcarpo de minério oxidado por meio de
sondagem reversa. Em 2003Yamana Goldadquiriu os direitos minerais da Santa Elina,
produzindo entre os anos de 2004 a 2006 um totd68e&oz a um teor 0,89 ppm de minério
oxidado de ouro. Contudo, no final do ano de 2@86atividades de mineracéo e exploracao
naquele depdsito foram encerradas, pois o min&rdado foi exaurido.

A partir de 2010, a equipe de exploracdoYdanana Goldealizou uma reavaliacao
dos dados existentes do depdésito de Fazenda Navaal se observou um potencial para
minério de ouro sulfetado naquela regido, motivdo pgual foram realizados furos

diamantados exploratérios que interceptaram cortggosie alto teor de ouro (>10 g/t Au).
1




Atualmente, foram definidos recursos inferidos esialfios com 646.000 oz @ 4,02 g/t Au
(cut-off de 2,0 g/t de Au , conforme a NI-43-101piada possui potencial para adicionar
novos recursos. Além do referido depodsito, nosatreds regionais de exploracdo foram
encontrados outros prospectos de Au na Sequéngmacla mostrando o grande potencial

metalogenético para ouro nesta porcdo do Arco Magode Goias (Fig.1.1).
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Figura 1.1 - Localizacdo das ocorréncias auriferas do depdsito de Au-Fazenda Nova no Arco
Magmatico de Arendpolis, a area de estudo encontigse 150 km de distancia de Goiania, GO
(Adaptado do SIG de Goaias).

Apesar do potencial prospectivo de ouro na Segaélmipaci, os Unicos trabalhos
que descreveram a geologia nesta area foram osndeocA(1989), Pimentadt al., (1991) e

mais recentemente Ramos (2010). Estes trabalhosasmp#gescreveram a mineralizacao




aurifera de Fazenda Nova hospedada em microdiofdodesitos) e dioritos porfiros
associados a rochas metavulcénicas acidas da Ssguéopaci.

Contudo, com o avanco dos mapeamentos regionaisreal@acdo de furos de
sondagem pela Yamana no citado depdésito, foi pelsshegar a novas constatacfes, quais
sejam: i) a mineralizacdo de ouro esta associada sistema complexo de diquahls com
diferentes composi¢cées (além de dioritos foram mdpe gabros, traquitos e sienitos) que
intrudem diferentes tipos de rochas plutbnicas aldms metavulcanicas félsicas; (ii)
observou-se a relacdo espacial de falhas transtesreom as ocorréncias de ouro,
diquessills e granitos tipo A; (iii) caracterizou-se a mingatdo com um zoneamento
proximal e distal. O proximal est4 associado a istemastock-workibrecha, com intensa
alteracdo hidrotermal representada por silicificac8ericitizacdo, biotitzacdo e sulfetos
(arsenopirita, pirrotita e pirita), no qual o owsta diretamente associado a ocorréncia de
arsenopirita. No distal, os veios passam a aprasenélteracdo cloritica com carbonatacéo
associado a uma sulfetagao incipiente.

Ocorre que, apesar dos avangos, ainda existianti@ue®sentos que motivaram a
elaboracéo desta tese de doutoramento:

1- Qual a idade dos digues e de suas rochas encax&sguéncia Jaupaci)?

2- Em qual contexto tectOnico essas rochas se fornfaram

3

Qual a relacdo de falhas transcorrentes e geragsi@iques e granitos tipo-A?
Essas falhas sdo condutos de magma e fluido hidrais?
4

Qual o modelo metalogénetico para o depdsito FazBioda?

1.2. Estrutura da tese e objetivos

A tese esté divida em quatro capitulos além désgied introdutério. Os capitulos 3 e
4 estdo na forma de artigos que ja foram ou aimdaossubmetidos para publicacdo em
periodicos cientificos internacionais especializadoos temas abordados. Os artigos
contemplam os objetivos, resultados e metodologpicadas para responder as perguntas

acima mencionadas. A tese esta divida da seguinteaf

O capitulo 2 contempla a introducéo tedrica para explicitacasceitos utilizados nos
capitulos subsequentes. Nele sera abordada agdefide orogénese acrescionaria e 0s seus
principais tipos de depositos auriferos, além dascipais controles na metalogénese do

ouro, como a fertilidade do manto, eventos de rélmabdo e grandes estruturas litosféricas.
3




Ademais, seréo listadas as diferencas entre avsst® tipo Au-orogénico e Almrusion
related,como qual o depésito de Fazenda Nova compartilha tafsticas.

O capitulo 3visa definir a idade das rochas hospedeiras daratirecdo de Fazenda
Nova, eo contexto tectbnico em que elas se formaram, as daram expostos na forma do
1° artigo submetido em periddico internacionBrecambriam Research)denominado
“Evolution of the Neoproterozoic Goias Magmatic Arirom island arc to post-collisional
intracontinental magmatism Este artigotraz novos dados de U-Pb em zircdo, Sm-Nd e
geoquimica de rocha total da Faixa Jaupaci, ondamforeconhecidos cinco eventos
magmaticos, sendo 0s dois primeiros eventos reladims ao ambiente de arco definido com
idade entre 770 a 750 Ma, e os trés ultimos ao emtdipds-colisional, definidos entre 597
até 504 Ma. Adicionalmente, foram correlacionadaglades obtidas com eventos tectonicos

no Arco Magmatico de Goias, e com outros arcos Ne¢emzoicos no mundo.

O capitulo 4 define a relacdo de estruturas transcorrentes @ofarmacao de
depositos de ouro e discorre sobre o0 modelo meta&igo do deposito de Fazenda Nova,
assunto que serd tratado no 2° artigo a ser pdbliean periddico internacional, chamado
“The Fazenda Nova Au deposit, Goids Magmatic Arc: nid@iam Intrusion Related
auriferous mineralization controlled by intracontiantal strike-slip fault” — Este artigo
aborda dados de petrografia, e associacdes hishaierdo deposito de Fazenda Nova,
fornece idades de U-Pb, Sm-Nd e geoquimica de racted dos diques associado a
mineralizacdo aurifera, além de definir um modestatogenético para o deposito de Fazenda
Nova.

O capitulo 5 contempla as conclusdes obtidas na tese.

As referéncias dos capitulos 2 e 5 estardo nbdméese, enquanto as referéncias dos

(capitulos 3 e 4) estardo no final de cada capitulo




2.0ROGENESE ACRESCIONARIA E DEPOSITOS AURIFEROS
RELACIONADOS.

A geracdo de supercontinentes esta diretamenteiaedala ao desenvolvimento de
orogéneses acrescionarias. Este tipo de orogénmsacterizado pela subduccao de litosfera
oceanica em margens continentais ou em ambierttasoiceanicos, associados aos sistemas
de falhas complexas (empurres e transcorrénc@a®) wm ou mais eventos tectdnico-
termais. Tal fato resulta no espessamento e nhilesigdo da litosfera com a significativa
acrescao de terrenos juvenis (Windley 1995; Cavwé&dichan, 2007; Cawooet al.,2009).
Contudo, cabe destacar que embora exista a predoaende arcos juvenis nesta orogénese,
eles representam estreitas crostas obductadas sabrembasamento litosférico antigo,
eventualmente denominados microcontinentes (Grdfiral., 2009; Hronskyet al., 2012).
Como exemplos de orogéneses acrescionarias, podeitacsno Argueano, a Provincia
Superior e o Craton Yalgarr5¢éngor & Natal'in 2004); no Neoproterozoico, a por¢ao
nordeste da Orogénese Pan-Africana (Stern 1994hremMagmatico de Goias (Oliveiet
al., 2015); e como exemplo atual, a margem e a palemmado Oceano Pacifico.

2.1 Orogénese Acrescionaria no Neoproterozoico gamacédo do Gondwana.

A amalgamacédo do supercontinente Gondwana ocoodinal do Neoproterozoico.
Neste periodo ocorreu o fechamento do oceano Gaiasiano em decorréncia da
convergéncia dos cratons Amazonico, Sdo Franciscm@; Kalahari, Rio de La Plata e do
Oeste do Créaton Africano, dando origem ao Gondveaidental. A0 mesmo tempo, ocorreu
o fechamento do oceano Mocgambique, decorrente daxig@¢do dos escudos Nubio,
Antértica, Australia e india, formando Gondwanae@tal (Cordankt al., 2013, Jonhsoet
al., 2011). Os cratons e escudos que formam Gondwama@@postos por fragmentos
continentais provenientes da fragmentacdo do Sopemente Rodinia, processo que se
iniciou ha aproximadamente 900 Ma e terminou héacde 570 Ma. Neste processo, diversos
complexos acrecionarios e possiveis microcontisefideam aprisionados nos cinturdes
moveis brasiliano-pan-africanos, e agora estaostgpma America do Sul, na por¢ao oeste e
Central da Africa, e na porgédo ocidental do Oridviéalio. Eles podem ser classificados em
dois tipos de unidades orogénicas: i) Uma unidadeya (com idade de 900-650 Ma),

composta por faixas de orogénese acrescionariag goestituida essencialmente por rochas




sedimentares e magmaticas intraoceanicas com asaifiaenil. No Gondwana ocidental, é
representada pelos arcos magmaticos de Iskel, gilékmalaoulaou, Kabyé e Goias (Dostal
et al., 1994; Caby 2003, Pimentet al., 2000, Lauxet al., 2005); no Gondwana Oriental é
representada pelos terrenos Arabico-Nubico comoyatid Hijaz, Asir, Ar Ryan e Afif
(Meert ,2003; Doebrickt al.,2007, Robinsoet al.,2014); ii) uma unidade mais jovem (com
idade de 700-520 Ma), formada pela colagem de saixagénicas localizadas nas margens
cratonicas, compreendendo embasamento retrabathamicturdoes de dobras e empurrdes.
Esta unidade tectbnica € composta por sequéndagicdis, prismas acrescionarios e suites
magmaticas com assinaturas de arco continentalkem@o das faixas Trans-Saharan,
Dahomeyan, Araguaia, Brasilia e Paraguai.

A aglutinacdo dessas unidades ocorreu devido adwarfeento do Oceano Goias-
Farusiano, que é marcado por assembleias metaa®d& baixa temperatura/ alta pressao,
como coesita-eclogitos, evidenciando um ambienlisianal continente-continente do tipo
deep-continental subductid®anade de Araujet al,.2014). As idades obtidas nestas rochas
metamorficas no oeste da Africa (Togo e Mali) s&o~621-611 Ma (Bergest al., 2014),
crono-correlatas com as idades obtidas na ProviBoiborema ~616 Ma (Ganade de Aradjo
et al.,2014), indicando urfront colisional de mais 2500 km, podendo ser compacado o
tamanho da cordilheira atual dos Himalaias

Posteriormente a este estagio colisional, deseexs#v um mega-cisalhamento
denominado Lineamento Transbrasiliano (Schobbenhfi$) ou Transbransiliano-Kandi
(Cordaniet al.,2013), estendendo-se da América do Sul (desde enfing até o nordeste do
Brasil) a Africa (Togo e Argélia). Este lineamendocomposto por diversas zonas de
cisalhamentos profundas que reutilizaram zonasadgiézas litosféricas geradas pelo estagio
de colisdo continental. Esta zonas de cisalhampattem ser profundas o suficiente e
estenderem-se até a base da litosfetd-Continental lithospheric mantle-SC),Magindo
como condutos para o0 manto ascender e fundir orialdtesférico, originando magmatismo
bimodal e granitos do Tipo A (Vauchez & TommasiQ20Pirajno, 2010). Exemplos de
magmatismo Tipo A ao longo do Lineamento Transhaasi: o Granitos Mucambo com 535
Ma e Merouca 520 Ma no Ceara (Archagjal., 2009); o Granito Serra Negra com 525 Ma
(Guimaraeset al.,, 2012) e Ipora com 490 Ma na regido do Arco Magroatle Goias
(Pimentelet al., 1996); e os granitos Sao Vicente com 521 Ma e@amom 542 Ma na
Faixa Paraguai com (McGeeal.,2012).




Estruturas semelhantes ao Lineamento Transbrasiambém sdo observadas no
Arabian Nubian-Shieldgomo a Falha Nadj, associados a granitos Tipoafgdbs em ~ 525
Ma (Robinsoret al.,2014).

2.2. Depaositos auriferos associados a orogéneseeacronaria

Uma grande variedade de depositos auriferos € fé@reen orogénese acrescionaria
relacionados a ambientes tectono-magmaticos distimomo porfiros e epitermais do tipo
(Au-Cu-Ag) High sulphidationou (Au-Ag) Low-Suphidation intrusdes alcalinas com Au
Low-Sulphidationdepdsitos de Au-tip€arlin, vulcanogénico com sulfetos macicos rico em
Au, depdsitos orogénicos de Au, depdsitos do tipdrmrusion Relatece depdsitos do tipo
IOCG ou Cu-Au-Oxido de Ferro (Bierliest al.,2006). Devido as alternancias dos estados de
extensdo e de compressao nesta orogénese, ostoegagpracitados podem ser formados em
ambientes e tempos distintos, e, posteriormentensgustapostos ou até mesmo se
sobreporem dverprinting. Por outro lado, esses depésitos podem ser farsnad
sincronicamente e separados espacialmente dentnm deesmo orégeno.

Hronsky et al., (2012) sintetizaram uma orogénese acrescionariad gonincipais
dominios metalogenéticos e tectono-magmaticos: agmatismo de arco relacionado a
margem ativa de subduccéo; ii) superpastidie; iii) inversdo de arco e rifte pericontinelta
Iv) superposto a impacto de ascensdo mantélicaa Gaabiente tectono-magmatico é

explicitado na tabela 2.1.




Tabela 2.1 — Depositos formados em orogénese acieséria, tabela adaptada de Hronskyet al.,(2012).

Ambiente tectno-magmatico Tipos de Depositos Regimesgeodinamico favoraveis Exemplos Comentdrios
Predominio de pérfiros e depdsitos relacionados com magmas
- - - ~ Ici-alcali Icalinos, I i lizad
Porfiros e depdsitos Transigdo de extensdo para calciraica |nos.a @ ca~|no.s .no qua m.agmas minerafizados
. . . ~ . . alcalinos s&o tipicamente ricos em Au.
. . epitermais relacionados, compressdo obliqua, também Tampankam —~ -
Magmatismo de arco relacionado a . A ) Geralmente est&o associados com falhas transformantes ou
. ~ como (Au-Cu-Ag) High relacionados a placas com ,Bingham Canyon, N
margem ativa de subducgao . ~ T outras estruturas profundas que representam conexdes com a
sulphidation, (Au-Ag) Low- subducgdo pouco inclinada Grassberg litosf
Suphidation (Tosdal & Richards ,2001). - - — fostera. — - -
A diversidade de depdsitos depende da relagdo espacial (distal
ou proximal) do centro magmatico.
Rifte ocorre com em uma fase extensional, devido a retragao
IntrusBes alcalinas com A{ . ) da placa subductante , formando back-arc e depdsitos do tipo
o Extensdo associada a roll-back da - I . .
. . Low-Sulphidation . Ladoham-Lihir, |VMS, ou com extensdo incipiente com magmatismo alcalino em
Rifte superposto a uma margem conting . ‘. crosta subductada ou extensdo ; . o .
. relacionados a depositos . L Henty, Porgera orégenos colisionais formando depdsitos do tipo low-
atva wulcanogéricos (VMS) con local em ambiente colisional Crioole Creek sulphidation
genicos (v (Richards 1990) /PP
sulfetos macicos ricos em Au

Tipos de depésitos estdo fortemente relacionado com grau de
extensdo.

Ocorre devido a inversdo de rifts pericontinentais formados na

bacia retro-arco, que apresenta sequéncias vulcano-

sedimentares com assembleia metamdrfica de alta
temperatura e baixa pressao

depdsitos orogénicos de A )
P . . . , Kalgoorlie,
depositos do tipo Au  |colisional e extens3o limitada pds Muruntau
i orogénica. ’

Intrusion Related g Ashanti, , Bendigo

. L. . N Dolin Creek,
U, Ultimos estagios de inversdo
Inversé@o de arco e rift-pericontinental

Geralmente ocorrem adjacentes a margens continentais ou
fragmentos de crosta continental

Significativa contribui¢do magmética, predominando magmas

derivados do manto

IOCG ou Cu-Au-6xido de

Estagios iniciais de impacto de
Impacto de pluma ou ascencdo mantdlica Ferro

hot-spot sob a crosta

Olympic Dam




2.3. Ligacédo do enriqguecimento do manto superior @ntroles em escala regional
com a formacao de depdsitos auriferos.

Todos os depdésitos supracitados na tabela 2.1péndentemente do ambiente
tectono-magmatico em que se formaram, apresentésnfétores em comum para
formacdo de depositos auriferos em orogénesescemrasas (Bierlienet al., 2009,
McCuaig et al., 2010, Hronsky et al., 2012): i) a fertilidade daamto litosférico
superior; ii) o evento de remobilizacdo dos fluigmeviamente enriquecidos em ouro,
e; lii) as grandes estruturas litosféricas que lcaara os fluidos mineralizados para a
crosta superior. Esses trés fatores atuam como awnfes chaves formando
“reservatorios” auriferos que posteriormente podeen acessados em diferentes

ambientes tectono-magmaticos (Tabela 2.1).

2.3.1.Fertilidade do Manto

Com intuito de elucidar a metalogenia do ouro coma fionte mantélica, Loucks
& Ballard (2003) mostraram dados de rocha totabagaltos de arcos do Quaternério
em dois tipos de ambientes: ambientes relacionadtepdsitos de ouro e sem relacao
com a mineralizacdo aurifera. Os resultados maesirajue basaltos relacionados a
ambientes auriferos apresentaram geoquimica distiatacterizada por altos valores de
Nb e Th e por outros elementos litéfilos incompeiycom altas razdes Nb/Y, Th/Yb e
Ba/Zr. O mesmo padrdo geoquimico foi observado em lampsdBhoshoniticos em
depasitos auriferos na Australia (Hillgrove) e an@ (Laowangzhay).

Loucks & Ballard (2003) mostraram que essas anasajeoquimicas dos
magmas associados a depositos auriferos ndo edt@ionadas as contribuicdes de
fluidos aquosos ou magmas derivados da fusao da plébductada. A contribuicdo de
fluidos aquosos foi descartada devido ao fato de mpagmas “férteis” em ouro
mostram-se com pouca adicdo de elementos incoreEatiwlilveis em agua, como, por
exemplo, K, Pb, Sr e Cs (Figura 2.1). A outra guskide de anomalia, associada a
fusdo da placa subductada, também foi descartadidodso fato de os elementos terras
rara pesados, como Y, Ho, Er, Tm e Yb, apresentarenesmo padrdo tanto para os
magmas “férteis” em ouro quanto para os “estéresses elementos.

Analisando as evidéncias supracitadas, Loucks &aRh({2003) concluiram que
0 magma parental de ambientes férteis em ourodupiao por dois fatores: baixo grau
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de fusdo parcial do manto astenosférico e/ou afdsdregides do manto litosférico,
que sao pré-enriguecidas em elementos incompatiyiEgilizados) gerados
previamente pelo baixo grau de fusdo parcial dotonprofundo. Outras evidéncias do
manto como um reservatorio fertilizado sao: i) soamc¢ao entre magmas alcalinos, que
por definicdo sdo enriquecidos em elementos inctingis, e mineralizacao auriferas
(Jensen & Barton 2000; Sillitoe, 2002; Muller, 2D0#) evidencias diretas de
enriguecimento primario de ouro em magmas alcalicosno, por exemplo, lavas
alcalinas recentes do vulcéo Kilauea, no Havaie@w#b documentadas concentracdes
de 36 ppb de ouro (Loucks & Ballard 2003); iii)uekis em xendlitos peridotiticos, no
norte do Craton da China, que apresentam valotagveemente altos de ouro, com
concentracdes de 10,4 a 13,5 ppb de ouro (Zbealy, 2005).

Percebe-se, portanto, que o ouro se comporta comelemento incompativel
durante fuséo parcial baixa ou moderada do mamersu, sendo que as concentragdes
maximas de ouro estdo relacionadas com a menordetasdo parcial, enquanto as
menores concentracfes de ouro estdo relacionadas caumento da taxa de fusdo
(Figura 2.2).

Kay et al.,(2005) descreve que subduccao de baixo angulilatesubductiong
conceitualmente favoravel para a fertilizagcdo datmauperior descrito acima por dois
principais motivos: primeiro, porque neste ambientgeracdo de magma relacionado a
subduccéao é diminuida devido ao resfriamento daaumantélica induzida pela crosta,
gerando, desta forma, magmas de baixa fusdo para@ahsequentemente, enriquecidos
em ouro; segundo, porque a subduccdo de baixo@sBgdipicamente associada com a
tectdnica compressional, que inibe a passagem denenaerivado do manto para a
superficie (Figura 2.2).

Outro processo de fertilizagdo em subduccdo deokngulo esta relacionado
aos magmas adakiticos descritos pafant & Drummond (1990) é/artin et al.,
(2005) que consistem em magmasibuidos a fusdo parcial de crosta oceénica
(metabasalto hidratado) subductantes em pressi@ssoakuficiente para estabilizarem
granada + anfibdlito residuais (baixos valores ge €/ fundirem plagioclasios (altos
valores de Sr). Segundo Sun et. al. (2010), aaxmzxtanica apresenta concentracoes de
Cu duas vezes maior do que a crosta continentatianfe a cunha mantélica. Desta
forma, o magma adakitico e os fluidos associadfissao da crosta oceanica podem
liberar grande quantidade de Cu (presumidamente tammbém) com grande potencial

de formacdo de mineralizagbes de Cu-Au ou tambémpdaas Au. Um exemplo de
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magma com afinidade adakitica relacionado

bY

a mizagio Cu-Au (porfiro

neoproterozoico deformado) € o depdsito de Chapadescrito por Oliveiraet al.

(2015), no Arco Magmatico de Goias.
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¢ Tatun \bicano, Northern Taiwan
w Kuanyinshan Volcano, Northern Taiwan

m Mt. Arayat, Luzon Cordillera * Average Normal MOR Basalt

Figura 2.1 - Gréfico multielementar adaptado de Logks & Ballard (2003) com a

comparacdo entre basaltos N-MORB, basaltos relaciados a depositos de ouro,

lampréfiros relacionados a depdsitos de ouro e basas sem relacdo com mineralizagbes

auriferas. Nota-se 0 enriqguecimento de elementos compativeis, principalmente de

elementos insollveis HFSE como Nb, Ta e Zr, nos lzédt®s relacionados as mineralizagbes

auriferas.
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Subducgdo Convencional

Magmatismo calci-alcalino

Non-convective || upper mantle

AL,
o

Melting zone

Convecting
mantle

Subducgéao de baixo angulo

Fertilizaggo do manto superior
Magmatismo limitado com i
afinidade adakitica

Melting zone

ﬂ*Hzo Convecting mantle

Processo de fertilizagdo do Manto Superior

|
Zona de |
desvoltilizagéo |

D —

Processo de enriquecimento !
do manto superior (manto ndo-convectivo) :
|

Non-convective upper mantle

@
-
Convecting
©) mantle

KEY:
@ Fertilizagdo do manto convectivo
@ Condigbes preferenciais para extragdo de incompativeis |
(3 Deplegio do manto convectivo

0 Elementos incompativeis ex. Au, H20, Nb e etc

Figure 2.2 - Modelo esquematico de Hronsket al. (2012) mostrando uma subducc¢éo
convencional (ou de alto angulo) no qual estdo rel@nados intenso magmatismo,
geralmente de composi¢do calci-alcalina, e com edela fusdo parcial, sendo elevadas
devido a grande quantidade de fluidos liberados dplaca subductada. Em uma subducg¢éo
de baixo angulo ocorre pouca fusdo parcial e magmamo limitado, podendo ter

composicao adakitica. Esse processo enriqguece o rnmamao-convectivo com elementos

incompativeis
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2.3.2. Evento de Remobilizacéo

O segundo evento importante é a remobilizacdo dgmaa ou fluidos
enriquecidos em ouro para 0 manto superior, viaséef de por¢cdes pré-enriquecidas
em ouro. Um fator critico, segundo Richards (20@)a ndo diluicAo por outros
magmas derivados do manto profundo, favorecidosipoacdes onde apenas pequenas
guantidades de magmas profundos séo geradas méaotte focalizadas para a crosta
superior (um exemplo de ambiente onde € favoressti® fator € a subduccéo de baixo
angulo discutido acima).

Segundo Goldfarket al. (2001) e Bierleinet al. (2006), os quatro principais
fatores que controlam a remobilizag&o de litosfpgeviamente fertilizada para a crosta
superior sdo: i) o impacto de pluma mantélicagigelaminagdo do manto litosférico
em evento pos-colisional; iii) a erosdo do mantosférico ; iv) a retracdo da placa

subductantes{ab rollback com posterior ascenséo astenosférica (Figurd 2B C e
D).

A - Impacto de pluma mantélica

B - Delaminagdo do manto litosférico

G - Facies Xisto Verde
A - Facies Anfibolito

D - Retragaoc da placa gubduc@ante

P S— Extensdo da
C - Erosédo do Manto litosférico crosta continental
V

Ascengdo
Astenosférica

Ascengio
Astenosférica

G - Facies Xisto Verde
A - Facies Anfibolito

5 i . . £
Crosta continental acrescida Pluma mantélica

P

A'2] Crosta continental estavel | ‘| Pluma Litosférica
m Granitoides l:[ Astesnofera
Crosta ocednica

Figura 2.3- Eventos tectonicos segundo Goldfarét al., (2001) que levam a remobiliza¢éo

do manto pré-fertilizado: A) Impacto de pluma, B) Delaminagdo do manto;C) eroséo do
manto; D) retracdo da placa subductante
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2.3.3. Grandes estruturas litosféricas

O terceiro fator esta relacionado a grandes esastiitosféricas que canalizam
os magmas/fluidos fertilizados para crosta superiGstas estruturas ocorrem,
geralmente, proximas a margem de blocos tectorocoassociadas a fragmentos de
crosta continental (Hronskyet al. 2012). S&o continuas logintudinalmente
profundidade, e bem marcadas por lineamentos géingns ou por isGtopos
radiogénicos, como mapas de Sm-Nd utilizados poleMb al. (2013) na Australia
(Figura 2.4).

Como exemplo de estrutura transcorrente intracentah com influéncia na area
de estudo, destaca-se o Lineamento TransbrasiBaestruturas secundéarias a esse
lineamento Transbrasiliano, como a Zona de Cisadméon Moipora-Novo Brasil,
localizada na area de estudo (Fig 3.1).

Adicionalmente, estruturas litosféricas como zonade cisalhamento
transcorrente intracontinentais, canalizam fluidsmagmatismo. Estas zonas de
cisalhamento delimitam blocos litosféricos e zomds deformacdo continental
originadas durante estagios finais da colisdo (dentes do escape lateral desses
blocos), podendo ser reativados durantes novas teestectonismo e acrescéao (Stetti
al., 2003). Geralmente apresentam feicdes ducteis tl-ddpteis, com foliacdes
miloniticas com mergulho vertical a sub-verticak Assinaturas geofisicas (sismica e
gravimetria) indicam ligacdo com o manto superialhas transcorrente podem atuar
como condutos de magmas, que por sua vez induzeornzgacdo de sistemas
hidrotermais-magmaticos. Geralmente, magmatismocesfo as falhas transcorrente
apresenta fontes mantélicas e/ou do manto litesfémetasomatizado e incluem
granitoides de alto-K, granitoides do tipo A, lagasshoniticas e lamprofiros (Vaughan
& Sacrow, 2003;). Comumente, este tipo de magmatiscorre em regimes tectonicos

pos-colisionais (Boniet al.,1998).
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Figura 2.4 - Mapa isotépico de Epsilon-Neodimio delole et al.,(2013) no Craton Yialgarn

, Australia Ocidental, mostrando a distribuicdo dedepdsitos auriferos, ferriferos e de
niquel. O limite NNW ¢é interpretado como a margem d um paleocraton de 2.7 Ga
estando os depdsitos auriferos principalmente confidos entre a crosta juvenil a leste e
crosta evoluida a oeste. Mapas como este definenaigdes suturas litosféricas e mostram a

arquitetura da crosta como um todo.

Segundo Pirajno (2010) o magmatismo associadses esstemas transcorrente
intracontinentais desenvolvem-se, inicialmente,dieao impacto de pluma mantélica
ou ascencao astenosférica devido a delaminacdaodta dnferior. Posteriormente,
ocorre a migracao lateral da pluma que € canalipata as estruturas transcorrente
profundas (Figura 2.5A). O material da pluma reagen o manto listosférico
subcontinental, geralmente metassomatisado, ouapnente enriquecido, induzindo a
um sistema magmatico-hidrotermal que pode serdligfd: i) intrusdes sin-cinematicas
gue originam complexos maficos-ultramaficos e doiés Tipo A, associados
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principalmente & mineralizacéo do tipo Ni-Cu-E@®B;lode ii) e em intrusdes pos-
cineméticas, que séo associadas a depoésitos dAuirtrusion RelatedAu-epitermal

e depoésitos do tipo Cu-Au porfiro e skarn. Entrietapode ocorrer a reativacao dessas
zonas de cisalhamento com nova ascencao de matenélico, que resulta em novo
ciclo de magmatismo, deformando pulsos anterionefijsive originando ortognaisses
(Figura 2.5B). Sistemas com muitas reativagdesnfaem que o magmatismo

associado ao regime transcorrente seja muito pyatby variando de 15 a 50 Ma.

A

Trend Metalogenético

Au veios, Au tipo-Intrusion related, greisens
veios polimetalicos, epitermais Low sulphidation

Ni-Cu-PGE; Fe-Ti-V

Intrusdes
Ultramaficas
acamadadas

Zona de cisalhamento
trasncorrente
translitosférica

\ Intrusées alcalinas

Diques de
Lamprofiro

Intrusoes
Ultramaficas

e granitos tipo A

Litosfera sub-continental
metassomatizada

B T Y IR
Intrusées
pré-cinematicas * —7  Intrusées

<« Zona de cisalhamento pés-cinematicas
Zona de B~ strike-slip - dranitos
Sutura ® Intrusées miloniticos

sin-cinematicas

Figura 2.5. - A) modelo proposto por Pirajno (2010)lustrando o impacto de pluma e
posterior migracdo lateral para zonas de cisalhaméa translitosféricas. A interacdo da
pluma com o manto litosférico subcontinental (SCLM)metassomatizado origina magmas
tipos A, magmatismo méfico ultraméfico e depdsitosidrotermais associados. B) Etapas
de formacdo de zonas de cisalhamento e geragdo d#usdes granticas tipo A pré, sin e

pés-cinematicas,
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2.4. Diferencas entre depositos de Au orogénico e depdsitos de Au do tipo
Intrusion Related

Como foi citado acima, os depdsitos de Au-orogérido Auintrusion-Related
compartiiham do mesmo ambiente tectono-magmaétietrofarco e inversédo peri-
continental), assim como da mesma associacdo daismedlteracdo da rocha-
encaixante, fluidos mineralizantes e controles uastais (Groveset al., 2003).
Entretanto, algumas caracteristicas sao propriaadketipo:

Os depdsitos de Au orogénico foram definidos pmvEset al., (1998) como
depdsitos formados durante tectdnica compressartahnstensional em estagio sin-
orogénico. Apresentam forte controle estruturabeeamento hidrotermal limitado, ja
que os fluidos aquo-carbdnicos apresentam-se eitibegucom as rochas encaixantes.
Posteriormente, Grovegt al.,, (2003) definiram zoneamento vertical para estes
depositos, dividindo-os em: epizonal, mesozonapezonal (Figura 2.6A). O depdsito
Epizonal ocorre entre 2 a 5 km de profundidade em facige-xisrde baixo, com tipica
associacdo metalica Au-Sb (Hg), estruturas rupteimo brechas etock-workse
associagcdo hidrotermal tipica com pirita-carborsa&tdcita. O depdsitdviesozonal
ocorre entre 5 a 10 km de profundidade, em fads® xerde (xisto verde alto), com
associacado metalica de Au-As-Te, associado a esruiptil-dactil como veios do tipo
fault-fill, veios laminados e associacdo hidrotermal tipicen cclorita-biotita-
arsenopirita-pirita. O depdsitdipozonal ocorre em profundidade de 10 a 20 km, em
facies anfibolito, com associagdo metalica Au-Assoaiado a estruturas tipicamente
ducteis (como veios do tipo paralelos ao acamamenteeios disseminados}
associacao hidrotermal de mais alta temperaturagiwotita-arsenopirita-(loellingita)-
diopsidio-biotita-anfibélio

A intrusdo de batolitos, stocks, sills e diques ammposicdo félsica a
intermediaria, e até lamprofiros, é bem documentaalditeratura (Rock & Groves
1988; Goldfarbet al., 2001; Goldfarbet al., 2005), como sendo temporalmente
associados a evolucdo de muitos distritos de depdsrogénicos. Entretanto, nao
existem evidéncias de magmas que sejam diretamesgensaveis pela mineralizacao
aurifera em depadsitos orogénicos. Hoje € aceitcagassociacdo dos magmas e fluidos
orogénicos compartilha grandes estruturas de pianoedem, que viabiliza a associacao
espacial e temporal de ambos.

Os fluidos formadores dos depdsitos orogénicous@amente ricos em G@
com baixa a moderada salinidade. Depdésitos orogé€mic Arqueano apresentam veios
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com temperatura de formacdo de 325° a 400°C, etmueeios formados no
Paleoproterozoico a Fanerozoico sdo de mais bamadratura, de 250° a 350°. Vale
ressaltar que esta temperatura pode variar, depeéodta profundidade de ocorréncia,
de 2 a 20 km (epizonal-hipozonal). Os fluidos matizantes, na maioria das vezes,
apresentam valores &0 entre 6 a 13 por mil & de -80 até -20 por mil, indicando
contribui¢cdes significativas de fluidos aquo-caibdéa metamorficos nos sistemas
hidrotermais auriferos. Is6topos &¥S relacionados a sulfetos com valores de 0 a 10
por mil com algumas excec¢des de valores mais aliosiais baixos, indicando pouca
influéncia do manto na formacao do enxofe®ldfarbet al.,2005)

A classificacdo de depdsitos de ouro do figousion-related(IRGD) sempre
foi controversa desde sua concepcéo (Thompgsad 1999; Thompson & Newberry
2000; Langet al.,2000Q Hartet al.,2002) devido as sua semelhancas com depdsitos do
tipo Au-orogénico, principalmente porque em algwasos estdo espacialmente
associados (Groves et, al.,, 2003 Goldfaty al, 2005). Contudo, osautores
supracitados concordam com as seguintes caraic&sisspecificas dos IRGD: i) forte
associacao temporal e espacial com magmatismoidegug associacdo metéalica de
Bi, As, W, Te e assembleia de sulfetos reduzidgssistemas granitdides anémalos
indicando alguma contribuicdo de magmas derivadosdnto (alcalino maficos) na
base da crosta; iv) ocorréncia em ambiente pdésiophl associado a margens
pericontinentais; v) ocorréncia em estruturas proéis como limites de blocos
litosféricos ou zonas cisalhamento translitosféritanscorrente vi) tipica alteracéo
hidrotermal composta por sericitizagdo, carbonatagéatassificacdo (K-feldspato e/ou
biotita) e albitizacéo; vii) formacao de fluidosnesalinidade baixa e ouro transportado
portio-complexos de FD-CO,-CH4 Ny,

Hart et al., (2002), devido ao forte zoneamento hidrotermadreal, definiram
os IRGD de acordo com a proximidade das intruséefnindo-os comointrusion-
hosted, que se caracteriza pelo fato de a mineralizacfer é®spedada na propria
intrusdo, assim como pelo fato de possuir assariagétalica de Au-Bi-Te-W e
alteracbes do tipo disseminada/substituicace@s; Proximal, definido por ser uma
alteracéo do tipo skarn (Au-As) e possuir veiogz@mais com associagao de Au-As-Sb;
e, por ultimo,Distal, representado por veios com associacdo Ag-Pb-Zrellagps nas
encaixantes das intrusivas (Figura 2.6B).

Goldfarbet al. (2005) e Mairet al. (2011) mencionam que para a distingéo entre

depdsitos de Au orogénicos e IRGD, o principakciat seria a analise dos depdsitos em
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escala de distrito, e ndo apenas a analise de pasitleisoladoEm escala de distrito é
possivel observar o amplo zoneamento hidrotermatélico dos IRGD’s, enquanto os
depositos de Au-orogénico apresentam zoneamentotdrichal muito mais uniforme
(tanto lateralmente quanto verticalmente) e raraenapresentam alguma variacdo na

associagdo metalica.
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Figura 2.6 - A) Zoneamento vertical dos depdsitosedAu orogénico e dos IRGD segundo
Groves et al. (2003), ao lado dos exemplos de depdsitos auriferno mundo para cada
profundidade e modelo B) zoneamento espacial da atacdo hidrotermal e associagéo

metalica dos IRGD segundo Haret al.(2002) em relagdo a proximidade da intruséo.
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3. EVOLUTION OF NEOPROTEROZOIC GOIAS MAGMATIC
ARC, CENTRAL BRAZIL: FROM ISLAND ARC TO POST-
COLLISIONAL INTRACONTINENTAL MAGMATISM

Abstract

The Goiads Magmatic Arc is one of the main companehthe Neoproterozoic Brasilia Belt, in
central Brazil. It records a protracted magmatistary involving the amalgamation of juvenile
terranes comprising early Neoproterozoic to Camibrigranitoids emplaced into volcano-
sedimentary sequence. New U-Pb, Sm-Nd and geodieataia obtained in the Jaupaci Belt,
one the best preserved sequence in the southetrop#nis Magmatic Arc, allowed a better
understanding of its tectonic setting and crustabletion. We recognized two main magmatic
setting: the first, in arc-related magmatism thabk place between 770 and 750 Ma and the
second, generated in post-collisional setting, owml between 597 and 506 Ma. The arc
related magmatism was divided into two main evdhts oldest is represented by 770 Ma old
ilmenite-bearing granitoids emplaced during theelatage of intra-oceanic arc; the youngest
event encompasses 750 Ma old formed most likelg ontinental arc-back arc setting
comprising magnetite-bearing, metaluminous intrasipresently represented by orthogneisses
and basal metarhyolites of the Jaupaci Sequence.pbst-collisional event was divided into
three events temporally related to generation ojomiatracontinental translithospheric strike-
slip fault: i) the pre-kinematic event (597-587 Miaextensional regime associated with mantle
upwelling or delamination of sub-continental lithospheric mantlehere 1- and A-type
granitoids and bimodal volcanism were generated;thie sin-kinematic event occurred in
compressional regime with developmait green-schist metamorphism, folding and deep
translithospheric strike-slip shear zones. Thesepdghear zones channelized and induced the
generation of 577-539 Ma A-type sin-kynematic gmds as well asv) 511-506 Ma old post-
kynematic undeformed A-type granite intrusionsresenting the youngest granitoid identified
so far in the Goias Magmatic Arc. The magmatic &/éave correlative ages in other parts of
Gondwana showing that tectonic events: Island A®@0(800 Ma), Continental Arc (750-630
Ma), post-collisional (597-585 Ma), and granitessasiated with intracontinental strike-slip

(577-539 Ma) are roughly coeval throughout the Netgrozoic and early Cambrian.

Key words: Goids Magmatic Arc, post-collisional mamatism, intracontinental strike-slip,

Assembly of West Gondwana
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3.1. Introduction

The assembly of Gondwana, during the Neoproterozamwolved the
amalgamation of several continental blocks withdlosure of ocean basins, subduction
of oceanic lithosphere and accretion of juvenilesaalong a number of convergent
margins. Examples of Neoproteroic juvenile arcsfated in the Dom Feliciano Belt
,southern Brazil (Babinski et al., 1997, Saalmannale 2005), in east of Africa
represented by the Tuareg Shield (Amalaoulaou Cexnflilemsi Arc and Kindal-Iskel
terranes) in West Africa (Caby 2003; Liégeois 2088nry et al., 2008, Berger et al.,
2011, Bosch et al .,2015); in north Africa in thatikrAtlas Belt (Triantafyllou et al.,
2015) and in the Arabian Nubian Shield (Stern amthdon 2010, Johnson et al., 2011,
Stern et al., 2012, Cox et al., 2012, Fritz et2013).

Episode of Neoproterozoic crustal accretion in We&stndwana is mainly
represented by the Goias Magmatic Arc (GMA), forndedng the convergence of the
Sé&o Francisco, Paranapanema and Amazonian crakbiss.accretionary convergent
margin records protracted tectonic/magmatic histastarting during the Tonian,
between ca. 920 and 800 Ma, with the developmernmtodi-oceanic arcs and ending
with continental arc magmatism (660-630 Ma). Thiaswfollowed by continental
collision at ca. 630 Ma during the so-called Biasib orogeny resulting from the
closure of the Brasilides or Goids-Pharusian O¢Panentel et al., 1991, Pimentel and
Fuck 1992, Pimentel et al., 2000, Kroner and Car@803, Laux et al., 2005, Cordani
et al., 2013a, Brito Neves et al., 2014)

Following the collisional stage an important setirdfacontinental strike slip
shear zones, collectively known as the TransbeasiliLineament (Schobbenhaus 1975)
or Transbrasiliano-Kandi Lineament were develofddety extend from South America
(Argentina and central and NE Brazil) to Africa ¢Gani et al 2013a). The
Transbrasiliano Lineament is defined by a seriedeép ductile shear zones that
probably reachs the base of the lithosphere, dsatetl by deep seismic, gravimetric
and magnetic regional surveys (Assumpcao et ab428oares et al., 2006, Feng et al.,
2007, Curto et al., 2014). These deep structuresias conduits for hot asthenospheric
mantle to reach the base of SCLM (sub-continenttabdpheric mantle) providing the
necessary heat to melt the base of lithosphereremmafic magmas, which in turn,
possibly promoted melting of the continental cigesterating high-K to A-type granites
(Pirajno 2010). The relationship between post-smhal high-K and A-type intrusion
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and the development of the Transbrasiliano strige-system has not yet been
investigated in detail in the GMA.

In this paper, we studied the Jaupaci Belt onebis preserved supracrustal
sequence in the GMA hosting important A-type invas spatially related with the
translithospheric strike-slip system. We present hePb geochronological data (LA-
ICPMS and ID-TIMS), as well as Sm-Nd isotopic anboke-rock geochemical data
from metavolcanic and granitoid rocks of the Jaupait. The following aspects were
investigated: (1) the precise timing and naturéhefdifferent post-collisional magmatic
events in an attempt to establish the relationbkigveen the strike-slip system and the
generation of post-orogenic melts; (2) the natune tectonic setting of each magmatic
event predating the post-collisional magmatism #sdelevance for the evolution of
the Goias Magmatic Arc; (3) the comparison of tei@vents in the GMA with other

Neoproterozoic juvenile arcs, delivering a newghsion the assembly of Gondwana.

3.2. Geological Setting

The Tocantins province is a Neoproterozoic Brasdi®an-African orogen
resulting from the convergence and collision ofethmajor continental blocks: the
Amazonian in the west, Sdo Francisco to the easittlze Paranapanema in the south,
which is covered by Phanerozoic sedimentary ro¢kbeo Parana Basin. The province
is composed of three Neoproterozoic fold belts: #raguaia and Paraguay belts,
extending along the eastern and southeastern msawfinthe Amazonian Craton,
respectively, and the Brasilia Belt, exposed alihhegwestern edge of the Sao Francisco
Craton (Fig 3.1).

The Brasilia Fold Belt divided into two tectonicres the external and internal.
The eastern external zone is a craton-verging dold-thrust belt, comprising thick
passive margin sedimentary deposits, deformed astdmorphosed under greenschist
facies or lower P-T conditions. The internal, wastgart of the belt comprises: (i) the
metamorphic core of the belt including the Neomateic ultra-high temperature
(UHT) Anpolis-Itaucu granulites separated by faditom the mainly turbiditic lower
grade metasedimentary rocks of the Araxa Groupchvlincludes small ophiolite
remnants; (i) the Goias Massif made of Archeannijgagreenstone terrains,
Paleoproterozoic orthogneisses largely coveredoletl metasedimentary sequences ,

recently interpreted as the Sdo Francisco epid@teastern margin; (i) and in the
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western part the Goias Magmatic Arc (Pimentel andkF1992, Fuck et al., 1994,
Pimentel et al., 2000, Dardenne, 2000, Pimentehlgt 2004; Laux et al., 2005,
Valeriano et al., 2008, Giustina et al., 2009, &bstl., 2010 Fuck et al., 2014, Cordeiro
2014)

The western limit of the Brasilia Belt (Fig. 3.13 roughly defined by the
Transbrasiliano Lineament (TBL), characterizedaloyimbricated network of blocks,
mostly gneisses and granulites, with ages varynognfArchean to Neoproterozoic
(Gorayeb et al., 2013, Frasca 2015). The natur¢hef TBL is ambiguous, being
interpreted either as a collisional suture (Cordadral., 2003), or as a first order strike-
slip zone generated due to lateral scape alongdffision zone between thimazonian
and Sao Francisco cratons (Hasui et al., 2012). edew the most accepted model
interprets it as a dextral intracontinental stritip deformational system (Fuck et al.,
2013), or even as a transform plate boundary (GadadAraujo et al., 2014b). In the
study region the TBL includes strong N30°E-trendgrgvity and magnetic gradients
represented by the Serra Negra fault zone (Fig. Blfis structure separates two crustal
tectonic domains, the Paranapanema Block to the &ad the Amazon paleocontinent
to the west (Curto et al., 2015).

3.3. The Goias Magmatic Arc

The Goias Magmatic Arc is exposed in two segméh&sMara Rosa Arc, in the
north and the Arendpolis Arc, to the south (Fidl)3separated by the Archean Goiés
Massif (Pimentel et al., 1997).

Available geochronological data reveal a complesi@ion of arc system, with
four main magmatic episodes: (i) the earliest tptace between ca. 900 and 820 Ma,
comprising tonalitic/dioritic/dacitic rocks formed an intra-oceanic settingith engem
values between +3.0 and +6.0 anglyTmodel ages mostly between 0.8 and 1.1 Ga
(Pimentel et, al.,, 1991 , Pimentel and Fuck 199&eRtel et al., 2000, Laux et al.,
2005); (ii) the second episode is represented byalcanism at ca. 750 Ma (Pimentel
et al., 1991, Guimaraes et al., 2012); (iii) thedlepisode, also dominated by tonalitic
rocks but showing continental arc geochemical aotbpic affinities, occurred between
660 and 630 Ma ; iv) after that, syn-orogenic tetparogenic magmatism took place,

representing the transition from calc-alkaline tikalne/peraluminous dominated
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assemblages. Despite the coeval tectonic evertdéna Rosa and the Arendpolis arcs

display remarkable differences shown in Table 3.1.
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Figure. 3.1 — Geological sketch map of the Brasilikold Belt (modified from Fuck et al.,
1994, Dardenne 2000, Fuck et al., 2014).

The Arendpolis Magmatic Arc comprises orthogneiss®es late to post-tectonic

intrusions exposed between narrow NNW to NNE beftvolcano-sedimentary arc

sequences (Pimentel and Fuck, 1992; Pimentel ,e1299). The arc is limited in the

west by the Transbrasiliano Lineament and in thst by granulites of the Anapolis-
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Itaucu Complex (Fig. 3.2). Table 3.2 presents amsarg of the available isotopic data

for the Arendpolis Arc.

Table 3.1 - showing the differences of two segmenisthe Goias Magmatic Arc

Setting Mara Rosa Arc Arendpolis Arc

Sequences Abundance of detritadPredominance of rhyolitic/dacitic volcanjc
metasedimentary rocks, whereascks with subordinate metassedimentary
felsic/intermediate volcanic rocks areocks.

less voluminous.

"

Nature of post- | Commonly leucocratic and haveBimodal intrusions with metaluminoy
tectonic intrusion| primary muscovite, indicating thejrnature, high-K and A-type affinities.

peraluminous nature.

Structural Settingl Low angle foliation related tbet High angle foliation related to the
development of isoclinal folding anddevelopment of strike-slip faults in the
thrust to reverse faults. western segment. Low angle related |to

isoclinal folding in the eastern segment

Metamorphism | Regional amphibolite facies Regiaakenschist facies (some plutonic

rocks display amphibolite facies)

The metavolcano-sedimentary sequences in the AdfisOpMagmatic Arc
comprises, from west to east (Fig3.2): i) the Boandiln Sequence, represented by
juvenile arc rocks dated at 749 + 6 Ma (U-Pb icair from a crystal tuff; Guimaraes et
al., 2012); ii) the Arenopolis-Piranhas Sequencanmosed of ophiolite fragments
associated with pelitic metasedimentary rocks,rpmeged as an accretionary prism.
Felsic volcanic rocks yielded the U-Pb zircon af&%0 + 6 Ma (Pimentel and Fuck,
1987, Pimentel et al., 1991); iii) the Ipora-Amandlis Sequence, represented by
bimodal volcanics and metasediments, in which arhgblite yielded the U-Pb zircon
age of 636 = 6 Ma (Rodrigues et al., 1999); iv) ttmipaci Sequence, which is a
bimodal volcanic sequence composed of interbeddethbmasalt, metarhyolite and
minor metadacite. Contrasting with the other seqasn the absence of
metasedimentary rocks is remarkable. One metatbkysdimple yielded the U-Pb zircon
age of 764 + 14 Ma (Pimentel et al., 1991); anthe) Anicuns-Itaberai and Cérrego da
Boa Esperanca sequences, marked by predominanceafié volcanics rocks and
chemical metasediments suggesting an oceanic tossdting. U-Pb zircon ages vary
from 815 + 10 Ma to 886 = 5 Ma (Laux et al., 2005).
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Figure 3.2 - Geological map of Arenopolis Arc showig the metavolcano-sedimentary

sequences and the arc granitoids, as well as its stern and eastern limits

The orthogneisses are dominantly hornblende- aotitdsbearing metadiorites,
metatonalites and metagranodiorites. They show nalinessemblages indicative of
metamorphism under amphibolite facies conditionsally, they display relict igneous
textures and structures, but frequently show myioniextures. U-Pb zircon ages
indicate that the igneous protholiths crystallizedhree distinct events) the oldest

occurred between 899 and 804 Ma with primitive Meygranitoids generated in intra-
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oceanic island arc setting (e.g. Arendpolis anccleaidndia gneisses). The Nd isotopic
data indicate gy ages ranging from 0.89 to 1.2 Ga angd (T) values between +0.37
and +6.0 (Pimentel and Fuck992; Pimentel et al., 199Rodrigues et al., 1999aux

et al., 2005);ii) the second event is represented by peralumimouscovite-bearing
metagranitoids generated between 790 and 786 Na NO isotopic data indicatey
ages ranging from 0.89 to 1.4 Ga agg (T) values between -1.8 and +4.8 (Laux et al.,
2005) ;andiii) the youngest event took place between 669 and 63Q Iing
represented by the metaluminous and peraluminousisgin(e.g. Matrinxd and
Firminopolis gneisses). Thgg values vary from +2.2 to -15.1 withy ages between
1.1 and 2.2 Ga, showing assimilation of older @ustaterial (Laux et al., 2005).

Syn- to late-tectonic intrusions are representedriafic-ultramafic intrusions
(Americano do Brasil U-Pb zircon age of 626 + 8 Mgabbro-dioritic and granitic
plutons (U-Pb age of 622 + 5 Ma) intruded duringl aiter the final deformational
events of the Brasiliano orogeny (Laux et al., 2004

The last magmatic event is characterized by theaS¢egra Suitecomprising
batholithic high-K granite intrusions, associatedthwdikes or plugs of mafic
composition. They are divided into three emplacenegisodes. The early episode is
represented by high-K, I-type granites with U-Pld &b-Sr isochron ages ranging from
588 to 576 Ma. Nd isotopes render model ages bet@s3! to 1.4 Ga ang (T) from
-2.0 to +3.0 (Pimentel and Fuck, 1994, Pimenteallet1996). The second (ca. 550-539
Ma) includes high-K, A-type granites, locally shogimylonitic textures, as exposed in
the Moipora-Novo Brasil shear zones, occurring a$ Mlongated bodies or even
forming large batholiths (Fig. 3.3). Nd isotopedigate model ages of 0.9 Ga, 1.46 Ga
and 2.61 Ga, aneyy (T) between -21.6 and +0.3 (Mota-Araujo 2013). Moeinger
episode represented by undeformed A-type granits Rb-Sr ages varying of 490 to
485 Ma old (Pimentel et al., 1996).
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ARENOPOLIS ARC ISOTOPIC DATA SUMMARY

Model Age -
Volcano-sedimentary Age: U-PbZircon | Model Age - Tom Late to pos-tectonic Age: U-Pb . N
sequences Rock type (Ma) Sm-Nd (Ga) EL intrusions Rock type Zircon (Ma) Age Rb-St TDM(GS;;] Nd el
Bom - Jardim Acid metavolcanic rogk 749+ 6 (11) 068 (11) | 59710 + 44\ mercanc do BrasiMafid- 5 626+ 8 (9) +2410 +30(F
Ultramafic Complex
Metarhyolite 900+8(2) Anicuns Santa-Barbara] Gabbro e 623+13(9)
. ) . L 10to0 1.13 (9] +1.8to+26
Arenopélis — Piranha ) 1.1t014(2) +25t0+ 6.9 Suite metadiorite 622+ 6 (9)
Gabbro (Morro do Baf) 890+ 6 SHRIMP (f)
Farturinha Granite Biotita Granite 614+5(9 1p©9 0.4
Ipora - Amorinopolis Metarhyolite 636 + 3; 597 (6) 610 1.0 (5) +1.8t0 +5. Buritide Goias Granitp  iotBe Granite 614 + 20 (11) 0.97-1.19 (1) +1.2+8.7
) ) Suite Serra Negra Intrusions
Jaupaci Metarhyolite 764 +14 (1) - - — -
Israélandia Granite Biotite Tonalitg 587+ 20 (4] 0840192 (4 +2.3t0 + 3.0
_ ) Metagabbro 830+8 (9) Rio Caiap6 Granite Granite and 587+17 ()| 093t0124()  -33t0+24
Anicuns ltaberai 0.98 (9) +4.3t0 +5.( Granodiorite
Metadiorite 815+ 10 (9) Serra do Iran Granite Biotite Granitg 588 + 19)4) 9300 1.4 (4) -2.7t0 20
Amphibolite 886+5 (9) Impertinente - Granife Porphyry biotite- 576+184)| 21t027@4 -16t0 -19
, (porphyritic facies ) Granite
Corrego da Boa Esperangs 1.0(9) +4.0to +5.4 TR
Amphibole schist 862 +5(9) . P . Biotite granite 485+ 18(4)] 09to1.2(4 -4.6 tok1.
(equigranular Facies)
Arc Granitoids / Orthogneisses Ipora Granito Blom? HorbIgnge 490+ 24(4)| 1.0to 1.2 (4 -3.3t0 0.7
granite to sienite|
o . . o Serra Negra Granite Bt —Horplende 538+ 14 (11) 12310192 -3.0to -4.0
Arenopolis Granite Gneiss 899+7(le3) 1.0 gflle 3) +19até+32 granite (4,11)
Granito Ivolandia 550+ 11 (12) 1.35(12) -3.2
820+ 7(8) Novo Brasil Granite Biotite Granite 2.35(12) -21.7
Sanclerlandia Tonalite Gneiss 828+7 (12) 09t01.0(58) | 4.0#0 +6.0] Cdrrego do Ouro Granitd Biotite Granitg 149to 28 -4.6to0 -20.7
822+ 7 (12) "
, . . + 037 to 4 Messianépolis Granite Biotita Granite] 542 £4 SHRIM 2.25(12) -20
Ipora Granodiorite Gneiss 804 + 6 (10) 1.18(1,6) 185 (12)
Granito Lavrinha Granite Gneiss 799 + 14 (10) 0.89 (10 4.8
. N N - . Piloandia Granite Mylonitic Granite 539+ 6 (12) 1.12to 1.27 (13) -1.0to -2.2
Granito S&o Jodo Biotite metagranite 792 £5 (10) op 38
. Metagranite 782+ 12 (10) 1.07 (10) 3.6 o . L
Granito Creoulos - - Moipora Granite Metagranodioritp 556+ 4 (12] 1.0 (12) -0.8
Muscovite gneisse 790+ 14 (10) 1.47 (9) -1.8
Matrinxa Homblende metagrarfite 669 + 3 (10) 091 22 (References): 1- Pimentel et al. (1991); 2 - Pimentel and Fuck (1992a); 3 - Pimentel and Fuck (1994);
Firmin6polis Granite gneiss 634+ 8 (5,10) 1.39 (5,10 46 4- Pimentel et. al., (1?96); 5- Fiioia etal. (1997) 6- Rodrigues et al. (1999) 7- Pimentel et. al.,
Palmin6polis Tonalite gneiss 637 £ 20 (10) 148 a2d @0) | -6.4 and -15)1 (2003) 8- Motta-Aratjo ?nd IilmentelI (2003); 9 - Laux et. aI.,(ZfJ.O4); 10 -Laux et. al., (2005); 11 -
Turvania Tonalte gneiss 63025 (10) 111(10) 03 Guimaraes et. al,. (2012); 12- Motta-Araujo (2013).

Table 3.2 - Summary of isotopic data of the Arendpis Arc.
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3.4. Geology of the Jaupaci Belt

In this section the Jaupaci Sequence metavolcawisrand related intrusions
are described and called collectively as the Jaupelt The sequence is well exposed
and hosts A-type intrusions spatially related takstslip zone, which motivated the
present study. The eastern border of the JaupadtiiBeeparated from the Goias
Archean block by the Moipora-Novo Brasil Shear Zamel the western contact with
the Ipora Sequence is poorly exposed and remarisam To the south, the sequence is

covered by Paleozoic sedimentary rocks of the BaBasin (Fig. 3.3).

3.4.1. Jaupaci Metavolcanic Sequence

The Jaupaci Sequence compriseslakm thick succession of metamorphosed
volcanic rocks, folded and sheared along strike-dlaults. The succession is
stratigraphically well preserved, comprising basaletarhyolites, followed by
metabasalts intercalated with felsic metavolcanite stratigraphy differ from west to
east in the Jaupaci Belt; in the west the basahnngblite is succeeded by intercalation
of thin layers (<100 m) of felsic metavolcanics lwihetabasalts, whereas in the east
these layers are relatively thicker (~300 m).

The basal metarhyolite is grey to white in colangfgrained to porphyritic, and
is composed of orthoclase, albite, quartz, museaaitd plagioclase, with minor apatite
and magnetite (Fig. 3.4A and 3.4B). Deformationdoied a flattened fabric in the
groundmass, where muscovite lamellaes are develdpaggions where deformation
was more intense, folding and mylonitic foliatioeveloped. This is marked by quartz-
feldspar porphyroclasts forming pressure shadowsgetlsas by ribbon-shaped quartz.

The metabasalts are represented by fine-grainedc nsahists composed of
chlorite, epidote, plagioclase, quartz, actinositel magnetite. The foliation is defined
by chlorite and actinolite, indicating metamorphkanditions under greenschist facies.
The metamorphic recrystallization was intense, itgavare relict textural features,
including poorly preserved plagioclase phenocr{sig. 3.4C).

The felsic metavolcanics are interpreted as metamomproducts of dacites and
rhyolites. The metadacites are formed by quartgiptdase-biotite-sericite and traces of
ilmenite, pyrrhotite and apatite. In places, thécanic texture is marked by preserved

feldspar phenocrysts (Fig. 3.4D). The metarhyoldss formed by muscovite, quartz,
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orthoclase and plagioclase and traces of apatiieally the felsic metavolcanics were

submitted to strong deformation, developing mylartgxtures.
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Figure 3.3 — Geological map of thelaupaci Belt showing the location of U-Pb samples

collected in study area.
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3.4.2. Orthogneisses (Arc Granitoids)

This suite comprises deformed TTG-type plutonicksoand two petrographic
groups are identified: (i) type 1 includes a taato granodiorite association and (ii)
type 2 composed of trondhjemite to granite.

Type 1 intrusions are ilmenite-bearing metagradgaxposed as tectonic slices
within the Jaupaci Sequence. Type 1 intrusions eptestonalite/granodiorite
composition ,whitish, coarse-grained and composeanizrocline-plagioclase-quartz-
muscovite with ilmenite and trace amounts of ti@ar{Fig. 3.4E). They usually show
strong deformation with folding and interferencattees between two foliations (Fig.
3.4F).

Type 2 intrusions are magnetite-bearing metagraisitargely confined within a
narrow belt along the central part of the Jaupamuence or forming small plutons
which are, in general, associated with exposurdsasal metarhyolites of the Jaupaci
sequence (Fig. 3.3). The trondhjemite member isaci@rized by leucocratic intrusions
composed by assemblage of albite-biotite-quartz)dtier commonly showing a smoky
aspect (Fig. 3.5A), as well as trace amounts ofitgpand magnetite. Quartz is mostly
recrystallized and biotite defines the foliatiomeptually developing a mylonitic fabric.
Granitic rocks are grey, medium- to coarse-grair@anposed by orthoclase-albite-
quartz-biotite-hornblende and magnetite. The farats marked by alternating bands of
biotite and quartz-feldspar (Fig. 3.5B).

3.4.3. Serra Negra Suite

The Serra Negra suite is represented by large rduemplaced into the Jaupaci
Sequence and orthogneisses. Although these pletdribit isotropic texture, they are
locally recrystallized and deformed especially gldheir margins. The Serra Negra
intrusion in the Jaupaci Belt encompasses the lfsrdi®, Bastos, Piloandia, Ipora,
Impertinente, and Moipora granites, as well as sother smaller plutons.

Israelandia granite is emplaced into the central part of the Jaupadi, Be
separating its western and eastern parts. Theldsdia granite is composed of several
different facies with compositions that vary betweaganite, quartz monzonite, biotite
monzogranite, granodiorite and gabbro. The predantifacies is represented by a

biotite granodiorite, which is whitish, coarse-gd, phaneritic and equigranular,
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composed of orthoclase, plagioclase, quartz, kiaiid trace amounts of zircon and
apatite. Microgranular mafic enclaves (MMEs) aredegpread in the Isrealandia
Granite, but their spatial distribution is hetenogeus and highly concentrated in some
of the margins of the pluton. Enclaves are mostroonly centimeters to decimeters in
size and their mineralogy is identical to that ofhgranites, but with higher amounts of
mafic minerals (~15 vol.% biotite).

Bastos graniteis emplaced along the eastern margin of the Jalgsltiin the
vicinities of the Moipo6ra-Novo Brasil fault, commlgrshowing mylonitic textures (Fig.
3.5C). It consists of pinkish, medium-grained hetiearing granite with K-feldspar
macro-crystals in a groundmass of quartz, plagsecknd biotite.

Ipord granite is emplaced in the western margin of the Jaupaci segue
separating it from the Ipora Sequence. Thmra granite comprises reddish,
equigranular, coarse-grained biotite-bearing monto-alkali-granite (Fig. 3.5D),
formed by microcline, quartz, plagioclase and Iotvith trace amounts of titanite,
apatite and zircon and, locally, fluorite. Theyaatontain centimenter and decimeter
size mafic enclaves.

Impertinente Granite forms alarge batholith in the northern portion of the
Jaupaci Belt, comprising two facies: an early phaspresented by deformed
equigranular granite and a later phase formed bplhgoitic coarse-grained granite.
Both are biotite-bearing granites with similar camjion: microcline, quartz,
plagioclase and biotite and traces of apatite o

Moipora Granodiorite is emplaced along thigloipéra-Novo Brasil fault, in the
eastern margin of the Piloandia granite. It cossist a medium-grained deformed
greyish granodiorite formed by K-feldspar, plagasd, quartz, biotite and small
amounts of titanite.

Piloandia Granite: comprises a NNW elongated intrusion along khapdéra-
Novo Brasil fault, showing remarkable mylonitic atiramylonitic textures. It consists
of two facies; the first is strongly deformed, fifte medium-grained, pinkish granite,
with elongated quartz marking the stretching lira(Fig. 3.5E), whereas the second
phase is a magnetite-rich, whitish, less defornreditg.

These felsic intrusions are commonly associateth witkes and small mafic
intrusions (plugs) (Fig. 3.5F). Dolerite and galshaye the most common rock type,

showing euhedral plagioclase and hornblende phgsiscm a groundmass of biotite,
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plagioclase, quartz, and rutile/iimenite, with ®wa@mounts of pyrrhotite and

chalcopyrite.

Figure 3.4 - A Photograph of hand specimen of metarhyolite showirounded quartz

phenocrysts in greyish microcrystalline groundmass.B) Photomicrograph of the

metarhyolite with preserved volcanic texture: rounded quartz and k-feldspar phenocrysts
in a fine grained groundmass of plagioclase, quarfzmuscovite and K-feldspar. C)
Photomicrograph of the metabasalt with preserved g@gioclase phenocrysts (Pl), foliation
defined by chlorite (Chl), actinolite (Act) and miror epidote (Ep). D) Photomicrograph of
felsic metavolcanic showing preserved volcanic taxte with plagioclase phenocrysts in
fine grained groundmass composed by quartz, feldspa biotite and muscovite. E)
Photomicrograph of Type 1 metatonalite showing pheocrysts of quartz (Qz) and
plagioclase (Pl) in a quartz-rich groundmass, foliion is marked by muscovite (Ms). The
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opaque minerals are ilmenite and rutile (IlIm/Rt). B Outcrop of a strongly deformed

metatonalite developing pencil-like structures dueo the intersection of two foliations (Sn-
1 and Sn).

b

Figure 3.5 - A) Drill core Saple of yp 2 Trodmite with ty‘i‘cal black-colored

guartz; B) Photomicrograph of mylonitic granite gneiss showing banding of quartz and K-
feldspar (Kfs) with biotite (Bt). The opaque minerds are commonly represented by
magnetite (Mag). C) Deformed Bastos granite with fdspar porphyroclasts and foliation

defined by biotite. D) Outcrop of the Ipord granite with its typical reddish color. E)

Outcrop of mylonitic PiloAndia granite in the Moipora-Novo Brasil Shear Zone, showing
stretched quartz indicating dextral displacement (Ran View foliation — 080/88); F)
Outcrop of a small gabbro plug intruding the metataalite of type 1 Suite.
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3.5. Analytical procedures

3.5.1. U-Pb and Sm-Nd isotopic analyses

Zircon concentrates were extracted from ca. 10 &gk rsamples using
conventional gravimetric and magnetic techniqueth@tGeochronology Laboratory of
the University of Brasilia. Mineral fractions welend-picked under a binocular
microscope to obtain fractions of similar size, ghaand color. For in situ U-Pb
analyses, hand-picked zircon grains were mounteepwxy mounts and polished to
obtain a smooth surface. Before analyses, mounte wleaned with dilute (ca. 2%)
HNO;. Backscattered electron images or cathodolumimescanages were obtained
using a FEI-QUANTA 450 working at 10 kV at the Uersity of Brasilia.

The U-Pb LA-ICPMS analyses followed the analytipebcedure described by
Buhn et al.,, (2009) and were carried out at the dBemmology Laboratory of the
University of Brasilia. For LA-ICPMS U-Pb analysesamples were placed in an
especially adapted laser cell. A New Wave UP213Y&IG laser { = 213 nm), linked
to a Thermo Finnigan Neptune Multi-collector ICPM&s used. Helium was used as
the carrier gas and mixed with argon before engettie ICPMS. The laser was run at a
frequency of 10 Hz and energy of ~100 mJ/cm2 with@t diameter of 30m.

For the U-Pb LA-ICPMS zircon analyses, a fragmentiocon standard GJ-1
(Jackson et al., 2004) was used as the primaryerafe material in a standard-sample
bracketing method, accounting for mass bias an@t dorrection. The resulting
correction factor for each sample analysis considlee relative position of each 199
analysis within the sequence of 4 samples brackieyetivo standard and two blank
analyses (Albaréde et al., 2004). An internal saathdvas run at the start and at the end
of each analytical session, yielding accuracy ado2¥ and precision in the range of
1% (Io). Uncertainties in sample analyses were propadateguiadratic addition of the
external uncertainty observed for the standardthéoreproducibility and within-run
precision of each unknown analysis. Zircon grairith WPb*Pb lower than 1000
were rejected. U-Pb age data were calculated antkglusing ISOPLOT v.3 (Ludwig,
2003) and errors for isotopic ratios are preseatdtle & level.

Sm-Nd isotopic analyses followed the method desdriby Gioia and Pimentel
(2000) and were carried out at the Geochronologgotatory of the University of
Brasilia. Whole rock powders (ca. 50 mg) were miwéth ***Sm-%Nd spike solution
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and dissolved in Savillex capsules. Sm and Nd ettna of whole-rock samples
followed conventional cation exchange techniquas.ad Nd samples were loaded on
Re evaporation filaments of double filament assé&sldnd the isotopic measurements
were carried out on a multi-collector Finnigan MAB2 mass spectrometer in static
mode. Uncertainties for Sm/Nd antfNd/*‘Nd ratios are better than +0.5%s}2and
+0.005% (2),respectively, based on repeated analyses ofmatienal rock standards
BHVO-1 and BCR-1. Thé*Nd/**Nd ratios were normalized t6Nd/***Nd of 0.7219
and the decay constant used was 6.54 % #0. The oy values were calculated using
the model of DePaolo (1981). Nd procedure blank®wetter than 100 pg.

3.5.2.Geochemistry

Whole rock analyses were performed at ALS Chemexy.PMajor oxides and
minor elements were obtained by ICP-AES spectromdtllowing a lithium
metaborate/tetrabortate fusion and dilute nitrigediion of a sample aliquot of 0.1 g.
Rare earth and refractory elements were determimyedCPMS following a lithium
metaborate / tetraborate fusion and nitric acideslign of 0.1 g samples. Loss on
ignition (LOI) was measured after ignition at 10G0°All rocks analysed were
subjected to regional metamorphism, and some ofmtlaso to hydrotermalism.
Volcanic rocks were submitted to metamorphism urgteenschist facies conditions
and, thus, the primary geochemical compositiondiainée to subsequent modifications.
Large ion lithophile elements (e.g. Rb, Ba, K, &€ generally considered mobile under
metamorphic conditions whereas rare earth elemamdshigh field strength elements
(e.g. Th, Nb, Ti, Zr, Y) are considered the leasbite or immobile (Rollinson, 1993).

Given these considerations, only those element®rghy considered to be
immobile are used in geochemical diagrams. To m#ensecondary effects, all
samples were carefully selected to exclude veiamd)recent weathering. Samples with

LOI greater than 5.0 were discarded.
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3.6. Isotopic Results

U-Pb (LA-MC-ICP-MS) analyses were performed onaircrystals recovered
from ten (10) samples of the Jaupaci Belt in otdepbtain igneous crystallization and
inheritance ages. The location of each sampleds/shn Fig. 3 and individual analyses
are listed in Supplementary table 3.A

Type 1 Suite - Metatonalite (GD-12)

Sample GD-12 presents one homogenous zircon papulaith zircon grains
transparent/semi-transparent, light beige/browrh witell-defined crystal faces, and
show oscillatory zoning in CL imaging (Fig. 3.6)xt®en zircon grains were analyzed.
Eleven spots are discordant and were not useceircdlculations. However, 5 crystals
yielded a concordia age of 770 £ 8 Ma (MSWD = 1which is interpreted as the
crystallization age of the plutonic rock. Sm—Ndtegnc analyses indicate a model
age of 0.86 Ga and a positisg (T) of +5.41 (Table 3.3).

Type 2 Suite - Metatrondhjemite (GD-08)

Sample GD-08 present two types of zircon populatiaane comprises pink,
short prismatic zircon grains with well-defined égcand oscillatory zoning pattern; the
other population is formed by colorless, usualagented and rounded zircon crystals
showing no oscillatory zoning in CL images (Fig6)3.Ten analyses were performed
revealing a complex age pattern with three agervats: i) the first population with
oscillatory zoning zircon crystals yielded a comzont age of 753 + 12 Ma; ii)
additionally two zircons provided slightly olderesyof 873 + 4 Ma and 792 + 4 Ma
(20) attributed to inherited component. The zirconirggdrom this population display
Th/U ratio vary from 0.27 to 0.21 pointing to a maagic origin (Belousova et al.,
2002); iii) the second population of unzoned zir¢aith low U/Th ratio <0.01) yielded
younger ages close to the concordia line showihgegabetween 665+ 5 Ma to 657+ 5
Ma (20). This young age may represent recrystallizatielated to regional
metamorphism (Williams and Claesson, 198He concordant age of 753 + 12 Ma
(MSWD = 10.3) is interpreted here to be the besSinage for the crystallization age of

the original plutonic rock. Furthermore this agesigported by petrological (and also
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geochemistry) similarities between this sample #m& basal metarhyolite (GD-19),
which showed similar age (see below). The Sm—Ntbmo analyses from the same
sample give fy model ages of 1.26 Ga and positixg(T) of +4.61 (Table 3.3).

Jaupaci Sequence — Basal metarhyolite (GD-19)

Zircon grains from the basal metarhyolite are hoemogs, light brown
transparent euhedral to subhedral crystals. Moaingrselected for analysis have
approximately 100 um. In CL images, grains appeamwall-defined crystals with
oscillatory zoning (Fig. 3.6). Th/U ratios vary mo0.20 to 0.30, which is consistent
with a magmatic origin, crystallized from felsic fatermediate magmas. Fifteen
analyses were carried out with eight zircon graiesded a concordia age of 748 + 10
Ma (MSWD = 3.1) which is interpreted as the cryigtation age of the volcanic rock.
The Sm—Nd isotopic analyses giveuImodel ages ol.1 Ga and positiveng (T) of
+1.19 (Table 3.3).

Jaupaci Sequence — felsic metavolcanic (GD-07)

This felsic metavolcanic sample was collected ie testern part of Jaupaci
Sequence interlayered with metabasalts. The 5042%0 long zircon crystals are
subhedral, elongated/sub-elongated crystals, soimghemn showing well-developed
oscillatory zoning (Fig. 3.6). Nineteen analysesewnearried out on eighteen zircon
grains from sample GD-07. Six spot analyses yiel@&dncordia age of 598 + 10 Ma
(MSWD = 0.61), which is interpreted as the crystalion age of the original volcanic
rock. The remaining six analyses yielded a coneoedje of 828 £+ 6 Ma (MSWD =
0.51), which are interpreted as an inheritance &ge-Nd isotopic analysis from the
same sample gives gy model age of 0.9 Ga with positiggq (T) of +3.79 (Table 3.3).
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Jaupaci Sequence — Amphibole schist (GD-32)

One sample of amphibole schist did not have zig@ins. We collected three
samples for Sm—Nd isotopic analyses (GD-17,GD-32@B-37) which indicated gy
model ages between 0.8 and 0.82 Ga and posili(€) valuesof +5.17 to +6.72 (table
3).

Serra Negra Suite - Gabbro (GD-09).

Zircon crystals from this gabbro are generally fighown to yellow with ovoid
shapes. Most zircon crystals show well developetbseoning and grains vary in size
from 100 to 150 um (Fig. 3.6) characteristic ofégus zircon. Th/U ratios range from
0.24to 0.48. Twenty-five analyses on different airgrains were performed and seven
spots yielded a concordia age of 594 + 5 Ma (MSW®@3), which is interpreted as the
crystallization age of the gabbro. One spot yieldedcordant older age of 851 £ 6 Ma
(20) that is attributed to inherited components. Sm-datopic analysis of the same

sample gives aply model age of 0.88 Ga and positig (T) of +3.97 (Table 3).

Serra Negra Suite —Bastos granite (GD-22).

Zircon grains from the Bastos granite are mostlprbess and clear. They show
well-defined crystal faces with zircon core-ovengtios and similar size (~250 pum).
Most are strongly luminescent grains with osciltgtooning (Fig3.7). Th/U ratios range
from 0.18 to 0.48. Twenty-two analyses were caroet on twenty different zircon
grains. A concordia age of 577 £ 4 (MSWD = 1.4) wia$ined by seven concordant

analyses and reflects the age of magmatic cryzashin

Serra Negra Suite- Impertinente Granite Equigranula facies (GD-21).

Zircon grains from this equigranular granite forrhanogenous population with
beige to brown colour, euhedral and well-definggstal faces. In general the dimension
of zircons vary from 100 to 200 um and in CL imagg®ins are mostly luminescent

showing oscillatory zoning. Th/U ratios range frOr26 to 0.40. Thirteen analyses were
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performed and seven analyses yielded a concoréiaff6l + 4 Ma (MSWD = 1.3),

interpreted as age of magmatic crystallization @iQ).

Serra Negra Suite — Ipora Granite (GD-16).

Zircon grains from the Ipora granite are colaslés brown, with well-defined
crystal faces and range in size from 100 to 150.dmCL images, most of them are
luminescent with growth zoning as well as oscillgt@r sector zoning (Fig.3.7).
Sixteen analyses were carried out and four analypioints yielded a concordia age of
511 + 7 (MSWD = 0.7), interpreted as the age alusibn of the granite. One analysis

is also concordant and yielded 568 Ma * @)(2nterpreted as an inherited zircon grain.

Serra Negra Suite - Impertinente Granite Porphyritic facies (GD-20).

Zircons grains from the porphyritic granite aublsedral to euhedral, translucent
and colourless, with dimensions ranging from 10@%0 pum In the CL images most
are luminescent grains with fine growth zoning asdl\as oscillatory or sector zoning
(Fig. 3.7). Eighteen analyses were carried out fvdmch eight analytical points yielded
a concordia age of 506 + 4 (MSWD = 1.1), interpilets the age of crystallization of
the granite. One concordant analysis yielded arhédan age of 2680 Ma + 20dR

interpreted as an inherited component.
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Table 3.3 - Sm—Nd isotopic data for Jaupaci Belt ks

Sample Rock Unit Sm(ppm) | Nd(Eem)| “*"smt*Nd| *Nd**“Nd+ 2SE | end© | Tomea) | enam
GD-29 Metagranodiorite Type 1 Suite 8.671 43.2y4 0.121B 0%3-049 -2.83 0.91 4,61
GD-12 Metatonalite Type 1 Suite 7.879 32.947 0.144( 0.512659+ 0.27 0.86 541
GD_08 Metatrondhjemite Type 2 Suite 0.638 2.999 0.128 0.522530 -1.92 0.9 4.61
GD-30 Metagranite Type 2 Suite 0.312 1.222 0.154% 0.512537+/-3 -1.96 1.29 2.08
GD_19 Basal Metarhyolite Jaupaci Sequefce  2.606 15412 O.1d22 0.512234+/-15 -7.88 11 119
GD_17 Chlorite schist Jaupaci Sequerjce 5.24 20j03 0.15§8 6129 23 0.8 5.17
GD-32 Amphibole schist Jaupaci Sequerjce  4.091 151368 0.1609  51270+-9 257 0.8 5.28
GD-33 Clhorite schist Jaupaci Sequerjce 5.03L 16.839 0.18p1 12P5+/-6 5.91 - 6.72
GD_34 Felsic metavolcanics Jaupaci Sequence  6.287 294.679 4680.1 0.512667+/-17 0.56 0.86 4.21
GD_27 Felsic metavolcanics Jaupaci Sequence  27.012 84.129 18530. 0.512934+/-20 5.77 6.64
GD_28 Felsic metavolcanics Jaupaci Sequence 8.3p1 34421 4670.1 0.512690+/-5 1.02 0.81 4.79
GD-34 Felsic metavolcanics Jaupaci Sequence 5.181 24.264 2280.1 0.512559+/-20 -1.55 0.82 4.04
GD_07 Felsic metavolcanics Jaupaci Sequence 747 34428 110.1 0.512617+/-17 -0.48 0.9 3.79
GD-31 Felsic metavolcanics Jaupaci Sequence  5.8p9 24184 31201 0.512592+/-13 -0.9 0.84 4.89
GD_09 Gabbro Serra Negra Sufe 241 10.234 0.142B3 0.512621+/-2 -0.13 0.88 3.97

3.7. Geochemistry results

Forty seven samples were collected for whole roédjomand trace element
analyses. Drill core and outcrop samples from seteoock types of the Jaupaci Belt
rocks were investigated. Fourteen samples are fnangranitoids/orthogneisses, twenty
five samples are from the supracrustal rocks ofJthgaci Sequence, and nine samples

from the Serra Negra Suite (Supplementary tablg. 3.B
3.7.1 Orthogneisses (Arc granitoids)

The two tonalite groups, Type 1 (770 £ 8 Ma taeadjranodiorite) and Type 2
(754+ 12 Ma trondhjemite-granite) are calc-alkalioeks (Fig. 3.8A). The average
major oxide compositions of Type 1 rocks are S wt.%, CaQ@1.65 wt.%, Na20
3.37 wt.%, KO 3.03 wt.%, whereas type 2 are S wt.%, Ca@2.16 wt.%, NaO
6.35 wt.%, KO 2.11 wt.%. The type 1 is peraluminous and cdtelade, whereas type
2 is metaluminous to weakly peraluminous with atialaffinities (Fig. 3.8B and 3.8C).
MORB-normalized plots for Type 1 rocks show markiegletion in Ti, Sr and P and
enrichment in Zr, whereas Type 2 orthogneisses gthepletion in Th, Y and Yb and
enrichment in Sr in some samples (Fig. 3.9A). Chibechormalized rare earth element
patterns clearly distinguish the two types of tdiabrthogneisses: Type 1 rocks have
[La/Lu]y ratios around 5 whereas in Type 2 rocks theseegatie approximately 20.
LREE patterns in type 1 rocks are fairly horizontdlen compared with the Type 2
patterns which show depleted HREE compared to LREE. 3.9B).
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In the Rb versus Y+Nb diagram (Fig. 3.8D), Typeamples fall within the
post-collisional granite field. Type 2 compositicare similar to the volcanic arc granite
field (VAG).

3.7.2 Jaupaci Sequence

Volcanism in the Jaupaci Sequence is bimodal, vidghly evolved calc-
alkaline to high-K metavolcanic acid rocks and éiid MORB metabasalts.

The felsic rocks of Jaupaci Sequence are dividegltimo geochemical groups:
the basal metarhyolites and upper felsic metavatsarepresented by metadacite
(biotite feldspar quartz schist) and metarhyol{tesiscovite-feldspar quartz schist).

The metarhyolites show high SiQaverage of 72 wt.%), calk-alkaline affinity
and are metaluminous to weakly peraluminous (Fi&B3and 3.8E). They are strongly
fractionated and chondrite-normalized plots showke depletions of Ti, Y and Yb,
while several samples also show enrichment in 8rTdn(Fig 3.9C). The high Sr/Y and
La/Yb ratios point to adakitic affinity (Fig. 3.8CJhey are strongly depleted in HREE
and have fractionated REE profiles with [La/jktgtio around 50, which is typical of arc
magmas (Fig. 3.9D). In the Rb versus Y+Nb diagr&ig.(3.8D), most samples fall
within the volcanic arc granite field (VAG). In Thd versus Yb diagram, most sample
fall in the active continental margin field (Fig3&).

The upper felsic metavolcanic rocks are chemicatjyivalent to metadacites
and metarhyolites (Fig. 3.8E). Metarhyolites shd@wit.% SiQ, whereas metadacites
show 68 wt.% SiQ@ They are slightly peraluminous and belong to ¢h&-alkaline
series (Fig. 3.8A and 3.8B). In chondrite-normalizglots they show Ti, Sr and P
depletions and several samples also show Zr eneohffig. 3.9C). They are strongly
enriched in LREE (>100 times chondrite), with markegative Eu anomalies (EuAEu
< 0.7) and generally have flat HREE with [La/kuptio around 10 (Fig. 3.9D).
Metarhyolites show pronounced Eu anomalies andtiveg8r anomalies in the multi-
elementar diagram. The metadacite are slightlyched in LILE (Sr and Ba) compared
to metarhyolites. In the Rb vs Y+Nb diagram (Fig3(3), most samples fall within the
volcanic post-collisional field. In Th/Ta versus ,Yimost samples are similar to within
plate rocks (Fig. 3.8F).

The chlorite schist and amphibole-schist are chaltyi@quivalent to tholeiitic
basalts with average Si@ontent of 48 wt.% (Fig. 3.8A). The REE profila® aub-
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parallel showing slightly LREE-enriched ([La/ltu)2.3—-2.8) and small positive Eu
anomalies. All REE profiles are convex upwardspldiging variable depletion of La
and Ce (Fig. 3.9E). Primitive mantle normalizedtplare characterized by relatively
flat profiles, showing negative Nb anomalies, émment in Rb, Ba and K and variable
Sr anomalies (Fig. 3.9F). The scatter in Rb, Ba ldnshould reflect mobility during
metamorphism/alteration. Although alteration hagssea some scatter in Sr contents,
the general inverse relationship between Sr and Blgggests that some of the original

relationships are still preserved.

3.7.3 Serra Negra Suite

The Ipora, lIsraelandia, Impertinente, Bastos ankbaRdia granites share
chemical affinities with high-K granitic rocks (Fi@.10A and Fig. 3.10B). They are
metaluminous to weakly peraluminous (Fig. 3.10Q@) #heir normalized rare earth
elements show [La/Lw]ratio between 5 and 15, point0,3 to strong LREECEMent.
The pronounced Eu and Sr negative anomalies irdagioclase fractionation in late
magmatic stages (Fig. 3.10D). Primitive mantle-ralized plots show marked
depletions in Sr, Ti and P and several samplessilew enrichment in Rb and Th (Fig.
3.10E). In the Rb versus Y+Nb diagram (Fig. 3.18&nple compositions fall within
the post-collisional granite field.
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3.8. Discussion

3.8.1. Age and source of magmatic events

The integration of isotopic and whole rock geochstngi data for the Jaupaci
belt presented in this study define two main mageratents: i) Neoproterozoic event
that took place at 770-750 Ma in an arc settind;ate-Neoproterozoic/Cambrian event
that comprise three post-tectonic magmatic phasg87-585 Ma, ~577-539 Ma and
~511-506 Ma, which mark the cessation of continleaxteretion.

Arc setting magmatism

A defining characteristic of the Goias Magmatic Agdhe continuous accretion
with two magmatic peaks related to consumption ofa&Pharusian Ocean: an early
event that occurred in an intra-oceanic arc setéihga. 920 -800 Ma and a later
developed in a continental arc setting at ca. 68D4¥a (Pimentel et al., 2000, Kroner
and Cordani 2003, Laux et al., 2005, Brito Neves at, 2014). Previous
geochronological studies have already indicated ekistence of a magmatic event
between ~790-750 Ma (Pimentel et al., 1991; Lawd.eR005; Guimarées et al., 2012),
however, the authors have pointed out that it hdg generated scattered magmatic
rocks in the Arendpolis Arc. However, our data cade that it represent a much broader
juvenile crustal growth episode, defined at twocspetime intervals (~770 Ma and
~753-748 Ma) and displaying remarkable geochenaindlpetrological differences.

The first magmatic event is represented by ilmebéaring, calc-alkaline,
peraluminous tonalite and granodiorite of Type 1teSurhese granitoids have higher
K20 (2.02-5.24 wt%), Rb (42-179 ppm), Zr (mostly 24Pt4 ppm) and are strongly
peraluminous (A/CNK >1.2) compared with the Typ@ranitoids. They are notably
enriched in LILE and most of HFSE compared to N-MOFig. 3.9A), have HREE
enriched patterns with negative Eu anomalies (Bi§B) and are similar to post-
collision granites (Fig.3.8D). The higher fractitedh HREE patterns of the Type-1
granitoids may reflect small amount of garnet iaitlsource. These parental magmas
were evolved through fractional crystallization &patite and Fe—Ti oxides (rutile)

and/or hornblende as indicated by P and Ti trougltke MORB-normalized patterns.
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The negative Eu anomaly in REE patterns reflectgjiptlase fractionation or/and
residual plagioclase. These trace elements pattanalsl be generated by amphibolite
melting at depths of ca. 8-10 kbar, where garndtpagioclase become stable (Beard,
1995; Rapp and Watson, 1995; Moyen and Steven®)2@@nsequently, the parental
magmas of the Type-1 granitoids were generatee@amst |20-25 km thick crust. The
parental magmas involved melting or contaminatiatih wedimentary rocks in order to
produce ilmenite-bearing peraluminous magmas. Hewevhe reservoir is
predominantly from juvenile material as suggested’ky model ages of 0.86 to 0.91
Ga and positiveng (T) values range +4.6 to 5.4. The peraluminousneaand positive
eNd (T) isotopic compositions of these granitoids mmt match those of the melts
generated solely from sedimentary crustal rocksis Tthscrepancy argues for the
presence of juvenile mantle material that must Has®en incorporated at the time of
generation of the granitoid. According to SylvestE998 and reference therein) high
ratio values of CaO/N® (>0.3) are indicative of peramulinous magma treate been
produced through mixing of basaltic with sedimeywderived melts. The type 1
granitoids display CaO/N@ average ratio of 0.56. Therefore, the geochemical
characteristics of post-collision granitoids couwpleith high SiQ contents (70-73
wt%), are consistent with derivation of their paedmrmagmas by low-degree partial
melting of arc juvenile lower crust of basaltic aseldimentary rocks composition at
greater depth due to increased island arc cruskribss as a consequence of arc
maturation. Such process of arc maturation witmisgantly thickened arc crust is
widely recognized in other oceanic arcs resultedfrbgtional crystallization and/or
anatexis of infracrustal juvenile rocks (Boutekeral., 2003; DeBari and Greene 2011).
The second magmatic event (753-748 Ma) encompassegietite-bearing,
metaluminous intrusions (Type 2 orthogneisses) #mad basal metarhyolites of the
Jaupaci Sequence. Both share the same geochemit&atopic signature with higher
NaO (5.55-6.79 wt%) , Sr (528-830 ppm) and lower Y{1.5 ppm) and Yb (0.11-0.9
ppm) than Type-1 granitoids. Strong enrichment IbB_(Ba, Sr) as well as negative
anomalies in P and HFSE is usually assumed to fignature of arc-derived magmas
(Taylor and McLennan, 1995); Jihigh Sr/Y ratios, enrichment in LREE, depletation
in HREE and inconspicuous Eu anomalies are comsistéh with adakitic affinity ,
which origin is related to partial melting of hytld mafic source rocks in the form of
eclogite or garnet amphibolite (Rapp et al., 19Btymmond et al., 1996; Matrtin,

1998). Adakitc rocks have different petrogenesiginoy such as: (1) assimilation-
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fractional crystallization (AFC) processes (Casti#t al., 1999; Macpherson et al.,
2006); (2) melting of mantle peridotite under hyasaconditions (Stern and Hanson,
1991); or (3) delaminated mafic lower crust ( Kayd &ay, 1993; Defant et al., 2002
or (4) partial melting of thickened lower crust (Jobnset al.,1997; Guo et al., 2006;
Liu et al.,, 2008) AFC process to originate the Type-2 granitoids ametarhyolites
adakitic rocks seems unlikely. Likewise, these &dakcks cannot have been produced
by direct melting of mantle peridotite, due low centrations of MgO, Ni and high
content of SiQ (68-73 wt%).Therefore the geochemical features (Fig 3.11 A Bjd
coupled with positiveng (T) values varying from +1.1 to +2.08 is more liké have
evolved from low partial melting of thick juvenilewer crust. Experimental studies that
have shown that mafic materials can melt to prodaceadakitic melt at pressures
equivalent to a crustal thickness above 40 km (Raug Watson, 1995; Rapp et al.,
1999). Such thickness is generally developed irticental active margin, whereas in
intra-oceanic setting the arcs are built in thies§l than 35 km) mafic crust.
Consequently magmas generated intra-oceanic arc namee mafic and less
contaminated than magmas generated in active eméhmargin (Stern 2010). The
Tom model ages are slightly oldénan those of Type-1 granitoids with 1.1-1.29 Ga
indicate some crustal contamination.Thus, a contaleactive margin is most likely
scenario to generation of adakitic Type-2 grangoshd equivalent volcanic rocks at
~753-748 Ma. This setting is also supported by @egonic diagram of Th/Ta x Yb
(Fig 3.8F). On the other hand, the isotope andethe(t) values do not support the
involvement of pre-Neoproterozoic crust in the ges@f these rocks. Consequently,
the only way of active continental margin to prdspositive eng (t) values is the
subduction occurring under older juvenile contiagwrtrust. The age of this older crust
is provided by xenocrystic zircon grains crystatzbetween 880 and 790 Ma obtained

in Type-2 trondjhemite sample (GD-08).

Post-collisional magmatism

The post-collisional event is marked by transitadrthe plutonic/volcanic rocks
from calc-alkaline to alkaline dominated assemldagfeSuite Serra Negra and bimodal
volcanics rocks (felsic metavolcanics and metals)salf Jaupaci Sequence. The
emplacement of these granitoids took place in aobtdd magmatic event (~597-506
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Ma) and has been accompanied with developmenteoibipora-Novo Brasil strike-
slip shear zone (MNBSZ). The data presented in wosk combined with previous
study have shown that granitoids of Serra Negrplaysdistinct isotopic, geochemical
and deformation features. Thus, the simple clasdibn of Suite or even Supersuite
(Picher, 1983) is inappropriate for these grangoith this work we divided post-
collisional granioids in three distinct groups thallowed the evolution of MNBSZ
history: pre-, syn- and post-kinematics events:

The pre-kinematics event started with bimodal magmatism consisting of
peraluminous rhyolitic-dacitic magmas dated at %9B0 Ma (sample GD-07) and N-
MORB basaltic magmas, represented by amphibolecatatite schist. This volcanic
event was followed by emplacement of granitoidspldggng A-type signature
(Israelandia intrusion with 585 + 20 Ma) and snpdiligs of gabbros (GD-09 with 593+
4 Ma). Nd isotopic data of pre-kinematic pluton@banic rocks display gy model age
of 0.80 — 0.92 Ga and positivgq (T) with values range from +2.3 to +6.6. Thgn-
kinematic event is related to A-type granites emplaced albegMNBSZ. The A-type
granites from this event are strongly deformed \aiges between 577 and 539 Ma The
syn-kinematic intrusions are represented by Baf@3+ 4 Ma), Impertinente (561
Maz 4), Moipora (556 + 4 Ma), Ivolandia (550 Ma),eskianopdlis (542+ 4 Ma) and
Piloandia granites (539+ 6 Ma). Nd isotopic datavet TDM model age of 1.27 — 2.25
Ga and negativeng (T) with values range from -1.0 to -19.0 (Table 3.2)eTast event
consists ofpost-kinematic A-type intrusions, represented by undeformed ¢jads as
Ipora Granite (511 Ma % 7) and porphyritic facidslee Impertinente Granite (506+ 3
Ma). This event present Nd isotopic data witk Tmodel age of 0.9 — 1.2 Ga and
negative to slightly positiveng (T) with values range from -4.6 to +1.1. In the section
below we detailed the petrogenesis of each event:

Pre-kinematic event (ca. 597-585 Ma): the basaltic magmas show silica
contents between 46.4-50.3 wt. %, relatively higigQvconcentrations (6.1-8.0 wt.%)
and FgO3; (8.7 — 10.5%) and high Cr contents (175-295 ppmipled with positive
values ofeng(T) between +5.2 and +6.7 suggesting derivation froastienospheric
mantle source (Saunders et al., 1992).Howeverirtdoe element compositions of the
pre-kinematics mafic rocks indicate their mantlairse is more complex. The Nb
negative anomalies and high abundances of incoblpdtiace element indicate some
degree of metasomatism of the mantle due to threduattion of subduction-derived

material. This geochemical signature constitutes ainthe prevailing characteristics of
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post-collisional magmatism, they are generallyilaited to metasomatism induced by
slab-derived fluids or silicate melts prior to ¢sitbn (Pearce et al., 1990; Turner et al.,
1992; Turner et al., 1996).The low La/Yb ratios5(8 1.9) reflect a melting regime
dominated by relatively large melt fraction withirsgd as the predominant residual
phase (Kelemen et al,. 1993), which coupled witlatireely flat MREE and HREE
patterns, suggests that the original magmas mag haen formed by relatively high
degree of partial melting of mantle source at sialtonditions. All of these features
are consistent with N-MORB basaltic magmas derifreth high degrees of partial
melting of a metasomatized asthenospheric mantleruan extensional setting of post-
collisional tectonics.

The granite and felsic metavolcanic rocks presanilas geochemical features
with: high silica and alkalis contents (68.06-78.0%.% and 5.85-8.55wt.%
respectively); low MgO and CaO (0.1-0.9 wt. % a0dB8-2.22 wt.% ); enrichement in
REE with marked negative Eu anomalies; low abuneamc P, Ti and Sr; high
concentrations of Ga, Zr, Nb, Ce and Y (Fig.3.1140) these feature are typical of A-
type granites (Whalen et al., 1987; Bonin 2007 sEemd Frost 2011). Furthermore, the
10,000xGa/Al ratio values range from 3.2 to 5.6emdas the volcanic rocks show
lower values with ratios range from 3.2 to 2.5. e discrimination diagrams of
Whalen et al., (1987), all granites samples pltd ithe A-type granite field, whereas
felsic metavolcanics present A and I-type affimtiéFig. 3.11D and 3.11E). The
samples fall into the A2-type granite field (F&)11F), according to the classification
of Eby (1990), representing, therefore, rocks fafni®y crustal melting in post-
collisional settings, with melts being derived g from the sialic crust or underplated
material that has been through a cycle of islasdraagmatism.

Several petrogenetic models for A-type magmas lhaes proposed: (1) direct
fractionation products of mantle-derived alkalinasalts (e.g., Turner et al., 1992;
Litvinovsky et al., 2002; Mushkin et al., 2003);) (Rartial melting of specific crustal
protoliths (Whalen et al., 1987; Creaser et al91)9 (3) combination of crustally-
derived felsic magma with mantle-derived mafic magiiKerr and Fryer 1993;
Mingram et al., 2000). The A-type granites and ifelmetavolcanics have positive
eNd(T) range from +2.3 to +6.6 that are similar of masaits of Jaupaci Sequence.
Additionally, marked depletions in Sr, Ti and P icate process of fractional
crystallization of apatite and Fe—Ti oxides in soeirces. This evidence combined point

to extensive fractional crystallization model fraroeval mafic magmas. However, an
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extreme differentiation of coeval tholeiitic paremagmas is untenable, since the
volumes of felsic magmas are large compared toamafigmas. Alternative model of
pure crustal origin seems to be possible to geadydype magmas of Jaupaci belt. This
model is supported by the peraluminous nature esuplith inherited zircons in the
granitoids and felsic metavolcanic rocks (ages ipamithin the interval between 778
and 828 Ma). Nevertheless, this model might notutlg applicable to type-A granite
and felsic metavolcanic, since some granite sangrleslightly metaluminous, present
mafic enclaves and have high positisg (T). Thus, the occurrence of MMEs in the
granites coupled with isotope pattern, indicatet tthee A-type granites and felsic
metavolcanics petrogenesis may have involved higatidn of mantle-derived magma
with partial melting of crustal 778-828 Ma arc mmete followed by fractional
crystallization.

Therefore, pre-kinematic events are related to lmamwelling in extensional
post-collisional environment that caused partialtimg of a thinned and metasomatised
lithosphere, resulting in mafic and felsic alkalimagmatic products. The continuous
input of heat through lithospheric structures leadsa weakened lithosphere that
enhances extension promoting the delamination bfcemtinental listhopheric mantle
(SCLM). This is evidenced by deep seismic and gnatiic surveys that showed that
the GMA is the thinnest crust of the central sectbthe Brasilia Belt with thickness
varying from 34 km to 44 km (Berrocal et al., 20@hares et al., 2006; Curto et al.,
2015). In this setting, the tholeiitic metabasadsresent the asthenospheric melts, after
delamination of the lower crust. The asthenosplaets, therefore, as heat engine to
promote low degrees of partial melting of the newmgerplated lower crust which have
interacted with older felsic crust (778—828 Ma)quoing felsic magmas, with | and A-
type features.

Sin-kinematic event(577-539 Ma): the felsic magmas of this eventsanalar
to the pre-kinematic granitoids, presenting A-tysegnature (Fig.3.11C), high
incompatible trace elements concentrations (GalNBr,Ce and Y), depletion in Eu, Ti
and P and enrichment in the LREE. However, this ma@g event have olderpy
model (1.0 to 2.7 Ga) with slightly positive to atige eng (T) valuesyaryingfrom+1.1
to -19 (Table 3.2), showing some involvement ArctiBaleoproterozoic crust (Fig.
3.12). In this event, the strike—slip shearing \masociated with compressional strain
that also developed regional folding and impringeglenschist metamorphic assemblage

in the Jaupaci Belt rocks. The most prominent stingcdeveloped in this event is the
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MNBSZ with more than 200 km wide and probably mayead to the south under
Phanerozoic cover.The age of the granites host&NBSZ, their orientation at a high
angle to the shear zone main strike, as well asctstral analysis are evidence of
dextral-lateral movements and MNBSZ developed betwes77 to 539 Ma. Strike-slip
movements continued after the granite intrusiosultang in their sheared granite and to
mylonites textures. Such movement causes displateafdithotectonic assemblages
and former neighbouring terranes and units, sorting the Arendpolis Arc in two
domains generically named in this work as westerth eastern domains (Fig. 3.2).
According to Storti (2003) sub-vertical strike-skpear zones with strike-lengths and
offsets greater than 300 km and 30 km, respectivaaly very likely to be of a size
sufficient to cut much, if not all, of the lithospie. Gravimetric and magnetic data
support this interpretation where the main majaritfaones in this region represent
limits of tectonic domains characterized by différgypes of crust and mantle (Curto et
al., 2015)

Thus, the MNBSZ represent a translithospheric sutaiefining continental
deformation with significant lateral displacementthis scenario, the MNBSZ allowed
the juxtaposition of two distinct lithospheric bksc in the west the juvenile Arc of the
Jaupaci Belt, and to the east, the Archean blodkaé&s Massif in the west (Fig 3.2).
Moreover, translithospheric sutures are deep endaghct as conduits for mantle
material allowing interaction with base of the diiphere and providing heat to re-melt
it generating A-type granites (Schaltegger anccBr2007; Pirajno 2007, Curto et al.,
2015). Pirajno (2010) proposed a model, in which kateral migration of mantle
material is drawn towards regions of lower pressupeobably enhanced by
translithospherie discontinuities. The mantle matemigrates laterally into these
discontinuities, interacts with different sectors tbe heterogeneous sub-continental
lithospheric mantle (SCLM), resulting in the formeat of alkali-rich intrusions. The
interaction of heterogeneous SCLM source is supdoity Nd isotope signatures of
syn-kinematics A-type granites. They presepty Tnodel age of 1.27 — 2.25 Ga and
negativeeng (T) with values range from -1.0 to -20, therefore theseks clearly
showing an important component of Paleoprotero@@imas Massif) crust with mixing
either of juvenile crust (Fig.3.12).

Post-kinematic event(511-506 Ma): this event is represented by unaeéor
granites that took place at 511 to 506 Ma. Theggmesimilar geochemical signature of

the previous A-type granites events; however they exclusively peraluminous
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magmas. The presence of MME in the Ipora granitetppo similar petrogenesis of pre-
kinemtics A-type granites. Nd isotopic data display, model age of 0.9 — 1.2 Ga and
negative to slightly positiveng (T) with values range from -4.6 to +1.1, showing a
predominance of juvenile component mantle sowa®mpared with source of syn-
kinamtics granites. Based on this data is possiblenferred that final stages of
evolution of Jaupaci Belt is related to a late egien event , where the generation of A-
type granites involved a new hybridization of merderived magma with partial

melting of crustal.
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Figure 3.11 - A) MgO wt.% vs. SiO2 (wt.%) diagramsfor the ~750 Ma adakitic rocks
(Type-2 granitiods and metarhyolites, symbols samerom Fig.3.8). The field of
delaminated lower crust-derived adakitic rocks arefrom Wang et al., (2004); Liu et al.,
(2009). The field of subducted oceanic crust-derideadakites is constructed using data
from Defant and Drummond (1993), Kay et al., (2002)Defant et al., (2002) and Martin et
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al., (2005). Data for thick lower crust-derived ad&itic rocks are from Petford and
Atherton (1996), Johnson et al., (1997). The fielof metabasaltic and eclogite experimental
melts (1-4.0 GPa) is from Rapp et al., (1999, 2002Rapp and Watson (1995), and
references therein. The field of metabasaltic andcéogite experimental melts hybridized
with peridotite is after Rapp et al., (1999); B) Clondrite-normalized REE diagram of
adakitic type-2 granitoids and volcanic rocks of Japaci Belt, normalized after Sun and
McDonough (1989). The REE and trace element datarfaelaminated lower crust-derived
adakitic rocks, subducted oceanic crust-derived adates, and thick lower crust-derived
adakites are d from the same data sources as thasellA; C) Spider diagrams comparing
felsic metavolcanics with Serra Negra Suite graniids, chondrite normalization after Sun
and McDonough (1989); D) and E) Discrimination diagam of Whalen et al., (1987),
showing the | and A-type nature of the Serra NegreSuite and felsic metavolcanics of
Jaupaci Sequence; FPlots of the Serra Negra granitoids and Jaupaci felc metavolcanics
on the Nb-Y-Zr/4 discrimination diagrams for the sibdivision of the A-type granites into
Al and A2 sub-types (Eby, 1992).
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Figure 3.12 -gyq (T) versus Time (Ga) diagram showing Nd isotopicamposition of the

Jaupaci Belt rocks. Nd isotopic composition of th&oids magmatic arc is from Pimentel
and Fuck (1992) and Laux et al., 2005; Archean greses is from Pimentel et al., (1996).
The Nd isotopic from Post-collisional granitoids itruded in the Archean gneiss (Motta-
Araujo, 2012) show a mixture of Archean and juvené material. The isotopic data and

references from A-type granites are listed in theable 3.2
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3.8.2. The Jaupaci Belt in the evolution of ArenlggMagmatic Arc

The age of the substratum of the Jaupaci Beltvsrgby the ages of inherited
zircon grains (880, 830 and 790 Ma) in the youngeagmatic units of the belt. The
sources of these zircon grains may be correlateth withogneisses dated in
neighboring terranes: to the west of the Jaupaltji BePb ages of 899 + 7 Ma and 890
+ 6 have been reported for the Arendpolis gneisd dorro do Bau gabbro,
respectively (Pimentel and Fuck 1994; Pimentell¢t2803) to the east ages ranging
from 886 + 6 to 790 + 10 Ma have been reportedntplabolites and granitoids (Laux
et al., 2005)Theisotopic and geochemical signatures of these plcitacks have been
compared with primitive M-type granitoids of intogeanic island arcs formed due to
consumption of Goias-Pharusian oceanic lithosp(feiraentel et al,. 2000 ; Laux et al.,
2005, Cordani et al., 2013a). Therefore, basedremiqus works (Laux et al., 2004,
Laux et al.,2005, Motta-Araujo 2012) and in ouradet possible define three episodes
of intra-oceanic arc magmatism in Arendpolis Magmatrc: early granitoids at 899-
886 Ma, succeeded by 828-820 Ma and finally anoelgisof arc maturation with
peraluminous magmatism produced by re-melting aritvckened island arc at 790-
770 Ma (Fig. 3.13A).

The metarhyolites and Type 2 intrusions dated betwea. 753-749 Ma have
similar U-Pb ages of those of the crystal tuffstted Bom Jardim Sequence (749 + 6
Ma). Both are composed mainly by felsic rocks ahdTa ratio values varying from 6
to 10 and indicate origin in an active continemtergin (Schandl and Gordon 2002).
This is also supported by Paleoproterozoic and @anoh(1.85-2.6 Ga) inherited zircons
in the crystal tuff combined with negativgqy (t) values (Guimardes et al., 2012).
Therefore, the continuous consumption of oceathodiphere led to the docking of the
previously consolidated island arc into an alloomtus sliver of
Archean/Paleoproterozoic crust (probably represebyethe Ribeirdo gneisses, Fig 3.2)
producing the continental-type magmatic arcs (Rd.3B). The contrast ofng (1)
values between the Jaupaci and Bom Jardim rockssgsibly explained by different
paleo-positions in this continental arc settingeTIb0 Ma Jaupaci felsic volcanics
showed solely juvenile sources (+1.1 to +4.6), wherthe Bom Jardim volcanics
involved the contribution of older crustal mateiiatheir petrogenesis (-5.9 to +4.6).

The younger arc-related igneous event in the Arel®pArc is mainly

represented by a large landmass formed by the f@molis-Turvania-Pamindpolis
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orthogneisses that took place at 637-630 Ma (Lawk £2005). The petrogenesis of the
igneous protholiths of these gneisses involved armomtation with older sialic crust
during ascent and crystallization, which may intBgaroximity and participation of, the
edge of the S&o Francisco continental plate (Lawd.e2005) The magmatism along
the active margin of the Arenopolis Arc spannedmfroa. 660 to 630 Ma and is
geographically concentrated on its eastern segnahtating consumption of oceanic
lithosphere along east-dipping subduction duringnveogence between the
Paranapanema and S&o Francisco continents (FBC)B.This subduction is further
supported by igneous and metamorphic overgrowthes ingUHT Anapolis-ltaucu
granulites dated at ca. 650 to 640 Ma (Piuzan&,e2@03, Baldwin and Brown 2008).
Furthermore, petrological data of Laux et al., @0dicate that regional amphibolite
metamorphic assemblage was imprited in the Aren®poic in peak of metamorphic
event. The final stage Paranapanema and Sao Frarmciatinents collision (Fig 3.14D)
iIs marked by post-peak cooling age in zircon anglacement of synorogenic mafic
ultramafic complex at 627 Ma ( Laux et al., 200®lIB Giustina 2010; ,Mota e Silva et
al., 2011)

Post-collisional A-type granitoids are widespreadtle western part of the
Arenépolis Arc (fig.3.2). The Rio Caiapé and Sedwa Iran granites show similar
isotopic patterns to the pre-kinematic granitoidghin the Jaupaci Belt. This is
evidenced by their crystallization ages of ca. B&R slightly positiveeng (T) values
and Neoproterozoicply model ages. On the other hand the Serra da Negnaegywas
dated at 538 + 14 Ma (U-Pb zircon age),with(t) value of -4.0 and 1.5 Gayy model
ages. These isotopic features are similar to tbbpest-kinematic granitoids. The post-
collisional volcanics in other sequences of then@molis Arc may be represented by
metarhyolites of the Ipora Sequence with U-Pb aije836 + 3 Ma (Rodrigues et al.,
1996). However, this sample also show a youngecawiant zircon at ~597 Ma that is
considered in this work more adequate to repredentrystallization age of this felsic
volcanic rock. Based on this it is suggested that rhetavolcanic rocks of the Ipora
Sequence may represent a lateral equivalent ofipper metavolcanics of the Jaupaci
Sequence, whereas the metapelites and conglomeegteded in the Ipord Sequence
may represent sediments formed in this post-cofigl basin.

As demonstrated above the post-collisional gramétoand coeval bimodal
volcanic magmatism (~600-506 Ma) are restrictedthte western segment of the

Arenopolis Arc (Fig.3.2). The differences obserbetdween these two segments may be
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explained by the involvement of the western segnermirustal-scale strike-slip shear
zones partitioning into two major structures: thhansbrasiliano Lineament in the west
and the Moipora-Novo Brasil Shear Zone in the €Bstsed on regional analytical
signal amplitude image the MNBSZ may represent a\Ndlisplay of the NE dextral
Transbrasiliano Strike-Slip System). Consequeiaigrnating periods of transtensional
and transpressional stresses are expected (Fig.ai® 3.13F). Cordani et al., (2013a)
suggested that this is probably related to the Ramporogeny, in the southwestern
margin of Gondwana, which was tectonically activeig most of the Cambrian, until
at least 540 Ma (Rapela et al., 1998, Ramos et 28l15). Hence, during the
transpressional strain a greenschit metamorphiendsage was developed in the
western segment of Arenopolis Magmatic Arc (FIg3E)1L
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Figure 3.13 - Proposed tectonic evolution of the d@aci Belt in the Goids Magmatic Arc

with cratonic arrangement throughout time, based omrmodel of Pimentel et al., (2000) and
De’l Rey Silva et al., (2011): (A) theconsumption of Goids-Pharusian Ocean with
development of early island arc assemblages and efapement of peraluminous granites
(ca. 900 to 770 Ma) in the GMA. Paleocontinents aangement illustrates the Goias Massif

61



as epicratonic western margin of the S&o Francisqaate proposed by Cordeiro (2014) and
Amazonian and Paranapanema blocks initially conjoied as proposed by D’el Rey Silva et
al,. 2011.The subduction with westward vergence isased on deep seismic data from
Soares et al., (2005); (B) the continuous subductis of the oceanic lithosphere lead to
docking of island arc into an allochthonous sliverof archean/Paleoproterozoic crust
producing the continental-type magmatic arcs in theArendpolis Arc. Whereas the Mara
Rosa Arc collided against the Goias Massif generaiy mafic ultramafic complex in back-
arc setting at 770 Ma and metamorphic peak dated at57-750 Ma, that resulted in the
nappes propagation of passive margin sedimentary oks towards ESE (Junges et al.,
2002; Giustina et al., 2011; D’el Rey Silva et al2011 Giovarnadi et al., 2017). At the same
time started the diachronous opening of the Araguai Ocean represented by
crystallization age of Quaitipuru ophiolite at ca. 757 Ma (Paixdo et al., 2008); (C)
Anticlockwise rotation of Amazon paleocontinent cotrolled by collision with irregular
margim of Sao Francisco plate resulting in the utteopening of Araguaia Ocean. Coevally
are recorded ca. 650 to 640 Ma peak metamorphic onggowths age in UHT Anapolis-
Itaucu granulites and (Piuzana et al., 2003; Baldim and Brown 2008); (D) Rifting of
Paraguai Ocean with Paranapanema block drifted-aparfrom Amazonia paleocontinent
and followed to SW-NE collision against Sdo Franoi® paleomargem, this collision
resulted in NE shortening and resulting in the deMepment of high strain zone called
Pireneus Sintaxis (Araujo Filho 2000, D’el Rey Sily et al., 2011).Furthermore are
recorded in this stage post-peak cooling zircon ageemplacement of syn to late-orogenic
diorite/tonalite and mafic ultramafic complex at 63%-627 Ma (Junges et al., 2002; Laux et
al,. 2005 , Moreira et al,. 2007, Mota e Silva etl.a 2011). (E) Mantle upwelling in
extensional post-collisional environment that causk partial melting of a thinned and
metasomatised lithosphere, resulting pre-kinematicsA-type granitoids and bimodal
volcanics in the western segment of Arendpolis ArqF) Compressional stage probably
related to the Pampean orogeny resulting in: devepment of dextral Transbrasiliano
Lineament and MNBSZ shear zones; emplacement of sito post-kinematic A-type
granitoids and greenschist metamorphic assemblagesn the western segment of
Arenopolis Arc. At the same time obduction of the Qitipuru ophiolite with closing of
Araguaia Ocean and deformation-metamorphism of thd?araguai Belt (Paixao et al 2008 ,
Cordani et al 2013a).
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3.8.3. Tectonic implication for the evolution oktlboias Magmatic Arc and Gondwana

The integration of detailed geological mapping, lehwck geochemistry, U-Pb
zircon ages, Sm-Nd isotopic characteristics provigées and valuable insights to
understand the tectonic and magmatic evolutiorhefArenodpolis Arc. In this section
we compare the evolution of Jaupaci Belt with otheecific Neoproterozoic juvenile
arcs (North segment of GMA, Borborema Province, DbBaliciano Belt, Hoggar
Shield, Anti-Atlas Belt and Arabian Nubian Shielgith those discussed here, trying to
fit a worldwide picture of magmatic arcs associatgth the assembly of Gondwana
(Fig. 3.14). We correlate the data presented hétrefaur tectonic events spanning ca.
400 My:

Island Arc event-. The break-up of Rodinia resulted in the devalept of new
subduction zones in intraoceanic settings markireg ihitial phase of closure of the
Goias-Pharusian and Mozambique oceans. Juveniktatrformation is constrained
roughly between 900-820 Ma, which was followed kgsl abundant peraluminous
melts at ca. 790-770 Ma. Examples throughout Godvear observed: in the northern
segment of the GMA, represented by the Mara Rodaavio-Sedimentary Sequence
and arc granitoids with equivalent ages of 900-BBO(Pimentel et al., 2000; Oliveira
et al., 2015, Frasca 2015); in the southern segmieYest Gondwana represented by
metadiorites and orthogneisses (Vila Nova Arc) talliged at ca. 879—850 Ma in the
Sé&o Gabriel Terrane (Lena et al., 2014, Saalmamh,e2011); in the northern part of
West Godwana oceanic terranes have been identifiedvo main events: early
represented by plutonic rocks dated by Caby (20@Braferences therein) at ca. 868—
848 in the Hoggar Shield (Iskel Terrrane) and yaungtra-oceanic event (797-714
Ma) that encompasses: gabbros in the Amalaoulacupl&x dated at ca. 797 Ma
(Berger et al., 2011); volcanic and plutonic rodeted at ca 767-720 Ma in the Anti-
Atlas Belt (Hefferan et al,. 2014; Blein et al,.120. Triantafyllou et al., 2015); and
plutonic rock in the Timlesi arc with ages crysttion ca.730-714 in the western
segment of Dahomeyan belt (Caby et al., 1989; Beselh, 2015).

In East Gondwana island arc granitoids are dat&¥@850 Ma in the Arabian
Shield (Midyan, Hijaz and Asir Terranes) and 870+Ma mafic rocks from ophiolites
in the Nubian Shield (Stern and Johnson 2004, &whi2§06, Johnson et al., 2011,
Robinson et al., 2014).
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Continental Arc event: The two stages of ocean basin closure betwe&to—
630 Ma indicated in this paper, appear to be stesi with the study of Meert (2003)
who recorded~750-650Ma igneous activity in continental arcs,gasging a shift in
global tectonics of Gondwana, when Andean type naigm prevailed, with the
consumption of the Goias-Pharusian and Mozambigearts. Examples are recognized
in the northern segment of the GMA, as peralumirgnesss crystallized between ca. at
790 Ma with continental arcs signature (Matteiniakt 2010). In this continental arc
setting Goivanardi et al., (2017) defined that eaapment of three mafic ultramafic
complexes (Fig 3.1) were developed in a back-attingeduring a subduction event at
c.a. 790-770 Ma.Additionally, 750 Ma metamorphicemts likely related to the
accretion of the magmatic arc to a Paleoproterozoitinental block (Junges et al.,
2002, Della Giustina et al., 2011). Also, 663 tod68a metavolcanic rocks with
continental signatures are recorded in the Santazirdha Sequence (Dantas et al,.
2001, Frasca 2015). In southwest Gondwana, igneatigity took place between
ca.760 and 690 Ma represented by volcano-sedimesgguences and gneisses. This is
called the Sédo Gabriel Event (Saalmann et al., 2Battmann et al., 2011). In northern
West Gondwana the stage of ocean-continent sulothuatas dated at plutonic rocks
ca. 690-630 Ma in the Iforas region representedkigdal and Tessandjanet terranes
(Bruguier et al., 2008; Bosch et al., 2015) andhie Benino-Nigerian Shield at ~670-
610 Ma (Kalsbheek et al., 2012; Ganade de Araujal.e2016). In the Anti-Atlas Belt
plutonic and volcanics rocks are generated withinental arc signature in two stages:
a first event at ~700 Ma and younger at ca. 660M4{EIl Hadi et al 2010; Blein et al.,
2014,. Triantafyllou et al., 2015).

In East Gondwana the same setting is reported enHijaz and Ar Ryan
terranes, with the age of 710-640 Ma (Doebrich.e2807; Jonhson et al,. 2014).

Collisional event — The closure of the Goias-Pharusian ocean waswell by
continent-continent collision (Himalayan-type orayjewhich is recorded by the
abundant metamorphic ages at ca. 630-625 Ma, thoaghe GMA (Junges et al,.
2002, Moraes et al., 2007). In the Borborema Pie/{INE Brazil) the collisional event
is constrained by the age of metamorphic zircormsngrin eclogite-facies (HP/UHP)
metamorphic rocks indicating the age of 616-626(Manade de Araujo et al., 2014a),
similar to those reported by Berger et al.,(2017) &anade de Araujo (2014) ca. 623-
609 Ma, in the region of Amalaoulou and Gourma @@nd Mali). These are the
earliest evidence of large-scale deep-continentbtlgction and consequent uplift of

64



Himalayan-scale Mountains in the geological rec@ktfaton et al., 2000, Janh et al.,
2001 Ganade de Araujo et al., 2014a). The overlepvden ages of late stage
continental arc rocks and of the collisional sugge¢sat these two events are at least
almost coeval with subduction shortly followed bgntinental collision extending
throughout West Gondwana. The precise timing aradiapdistribution of the change
from subduction- to collision-dominated tectonissot clear.

Post-collisional event -After crustal thickening and orogenesis a seriggsost-
collisional granitoids, extension basins and irdrdmental strike-slip shear zones were
developed over the older basement other recenthated Neoproterozoic crust.
Examples are recognized in the and Borborema Reeyinhere post-collisional A-type
(ca.540-523 Ma) and felsic volcanic in JaibarasiiBase related do development of
Transbrasiliano Lineament (Garcia et al., 2010;t&amet al., 2013). In the southern
segment of western Gondwana, in the Dom Feliciaett B-types post-kinematic
granites are associated with the development oM&er Gercino Shear Zone at ~590
to 580 Ma (Chemale et al., 2012). In northern sedmée generation of post-
collisional granitoids is recorded in central segiseof Tuareg Shield with age range
from ca. 599 to 523 Ma (Paquette et al., 1998; Cab§3; Bosch et al., 2015).
Likewise, in Benino-Nigerian Shield with granitoidated at ca. 564-543 Ma (Kalsbeek
et al., 2012; Ganade de Aradujo et al., 2016).

In East Gondwana, Robinson et al., (2014) descrigmaral post-collisional
intrusions dated between ca. 615-585 Ma in the BtydAfif, Asir and Ar-Ryan
terranes. The role of shear zones to induce magmais document in the Hijaz
Terrane, where-525Ma A-type magmatism is a product of extensiauaed by stress
transfer along the Najd Fault, which possibly mathks final stages of Gondwana

assembly in central Arabia (Robinson et al., 2014).
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et al., 2013).
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3.8. Conclusions

The integration of regional data coupled U-withtegoc Sm-Nd and Whole rocks

geochemistry presented in this studied allow thievieng conclusions:

The main magmatic activity of Jaupaci Belt is tenaly defined by two main
magmatic events:i) an early Neoproterozoic thaktptace at 770 -750 Ma,
developed in an arc setting, where granitoids/votsawere developed with
positive eNd (t) sourced from 880-820 Ma pre-existing juvendrc-derived
reservoir; ii) late Neoproterozoic-Cambrian evehinmagmatism evolved from
597 to 506 Ma related to a post-collisional settifilge post-collisional magmas
Is protracted event divided as pre, sin and past+kiatic with distinct sources,
thus the former definition of Serra Negra Suiteneppropriate. To explain such
protracted period of post-collisional intrusion®@Ma) we invoke three distinct
events of magma generation: the ca. 597-587 Makipesnatics bimodal
magmas evolved from extension setting, where thigcragthenospheric melts
are sources from high degrees of partial melting tld metasomatised
asthenospheric mantle; and felsic magmas derived hybridization of mantle-
derived magma with partial melting of crustal 77888Ma arc material,
followed by fractional crystallization. These rodftisplay positiveeNd (t) and
Neoproterozoic #v ages; the ca.577-539 Ma syn-kinematic event with
concurrent development of MNBSZ and A-type gradi$oiT he translithospheric
MNBSZ structure allowed interaction of heterogeree8CLM with signature of
Paleoproterozoic and either juvenile crust (JauBeit). Hence, the syn-
kinematics A-type granites presengul model age of 1.27 — 2.25 Ga and
negativeeng (T) with values range from -1.0 to -20; a late extemsgoent at
511-506 Ma with generation of A-type granites ivedl a new hybridization of
mantle-derived magma . The Nd isotopes presgitriiodel age of 0.9 — 1.2 Ga
and negative to slightly positiveéys (T), point to a predominance of juvenile

component source compared with source of syn-kitiergeanites.

The Arendpolis Arc may be sub-divided into two damsashowing distinct
geological evolution, separated by the Moipora-NBvasil Shear zone system,
which may be generically called the Western Donaaid Eastern domains; both
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domains initiated their evolution with intra-oceardrc magmatism originated
due to long-lived (ca. 899 to 770 Ma) with subdoctof the Goids-Pharusian
oceanic lithosphere; the continuous convergencehef Sdo Francisco and
Amazon paleocontinents allowed the docking of fligenile arc along the

allochthonous sliver of Archean/Paleoproterozoicstfca. 750 Ma), generating
melts with continental arc affinity in the westedomain. Subsequently, the
convergence between the Parapanema and S&o Foanorsinents took place
with east-dipping subduction in the Sao Francis@rgim, generating the ca.
660-627 Ma continental arc magmatism in the Easteamain. The last

magmatic event (ca. 597 to 587 Ma) is only recoruhethe Western Domain

that firstly occurred in an extensional setting,siprobably related to the post-
collisional delamination of SCLM. Rock units of tiiéestern Domain were later
involved in the MNBSZ and Transbrasiliano deformati These

translithospheric sutures are deep enough to acbraduits for mantle material
allowing interaction with base of the lithospheral groviding heat to re-melt it

generating A-type granitoids (ca. 577 -539 Ma).

Based on aeromagnetic data (ASA) MNBSZ is it likedybe a crustal-scale
shear zone that branch out of the major Transkaaseilshear system along the
NNW direction (Fig. 3.1). This argument is sustaingy emplacement and
deformation of syn-kinematic intrusion @77-539 Ma defined in this work is
the same age of K-Ar and emplacement of A-typeusimn along the

Transbrasiliano Lineament in NE of Brazil (Santésak, 2013). This implies

that activity of Transbrasiliano Lineament was muatore longer than previous
reported by Ganade de Araujo et al., (2016) witst finucleation of shear zone
system during collision in the WGO (ca. 610 Ma)ite movement cessation
after the S&o Francisco craton collision (ca. 598).Mrhe reactivation of

Transbrasiliano is probably related to distal cogspronal strain of the Pampean

orogeny that took place at ca. 540 Ma.

Despite the distinct geographic distribution ofguaite arcs in the Gondwana,
they may be correlated with coeval tectonic everisoughout the
Neoproterozoic and early Cambrian.
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Supplementary Table.3.A-summary of ICP-MS U—Pb ziron data.

Conc (%)
| (206)% Th/U 6/4ratio 7/6 ratio 1s(%) 7/Sratio 1s(%) 6/8ratio 1s(%) Rho 7/6age 1s(Ma) 7/5age 1s(Ma) 6/8age 1s(Ma) 6/8-7/5
GD12
004-Z1 0.446 0.256 3938 0.069 1.855 1111 2.689 0.116 1.946 0.735 854 38 759 14 708 13 93
005-Z2 0.155 0.159 11466 0.065 1.293 0.865 2.317 0.096 1.922 0.826 727 28 633 11 590 11 93
007-Z4 0.092 0.243 19139 0.068 1.560 1.105 2.201 0.117 1.553 0.698 818 34 756 12 715 11 95
008-Z5 0.081 0.236 21746 0.065 1.071 1.071 1.807 0.119 1.456 0.799 725 23 739 9 724 10 99
010-Z7 0.133 0.277 13223 0.067 1.092 1.001 1.679 0.109 1.275 0.750 767 24 704 9 666 8 95
013-Z8 0.045 0.278 39259 0.068 1.599 1.040 2.216 0.111 1.535 0.685 809 34 724 11 678 10 94
015-Z10 0.088 0.559 19866 0.069 1.751 1.140 2.561 0.119 1.870 0.725 848 37 773 14 727 13 94
018-Z12 0.073 0.304 23980 0.070 1.732 1.125 2.540 0.117 1.857 0.726 864 37 765 14 712 13 93
020-Z14 0.071 0.326 24585 0.068 1.611 1.140 2.388 0.121 1.763 0.733 817 35 773 13 737 12 95
026-Z15 0.088 0.193 19787 0.065 1.640 1.162 2.457 0.130 1.829 0.740 712 36 783 13 786 14 100
028-217 0.081 0.259 21518 0.066 0.828 1.100 1.566 0.121 1.330 0.842 749 18 753 8 735 9 9
029-718 0.029 0.562 59352 0.065 0.921 1.133 1.352] 0.126 0.990 0.714 719 20 769 7 766 7 1094
030-219 0.113 0.293 15466 0.066 1.660 1.155 2.355 0.128 1.670 0.703 734 36 780 13 775 12 99
031-220 0.038 0.259 46213 0.065 0.663 1.133 1.207 0.126 1.009 0.823 722 14 769 7 765 7 99
032-721 0.072 0.616 21634 0.127 0.763 5.737 1.377 0.328 1.146 0.822 2004 14 1937 12 1829 18 94
036-Z23 0.042 0.229 41558 0.068 1.432 1.161 2.241 0.124 1.723 0.764 813 31 782 12 751 12 9
037-224 0.127 0.297 13819 0.067 1.413 1.135 2.377 0.122 1911 0.800 792 31 770 13 743 13 94
040-227 0.995 0.355 1762 0.064 1.942 1.049 2.479 0.119 1.541 0.658 676 41 728 13 726 11 100
041-729 0.053 0.385 33108 0.065 1.161 1.136 1.818 0.126 1.400 0.762 725 25 771 10 766 10 99
Conc (%)
Sample (206)% Th/U 6/4ratio 7/6ratio 1s(%) 7/5ratio 1s(%) 6/8ratio  1s(%) Rho 7/6age 1s(Ma) 7/S5age 1s(Ma) 6/8age 1s(Ma) 6/8-7/5
GD 08
p03-Z1 0.032 0.126 53113 0.072 1.029 1.478 1.606 0.149 1.232 0.757 981 21 922 10 897 10 97|
p11-Z5 0.024 0.341 71999 0.067 0.682 1.181 1.089 0.128 0.850 0.758 829 14 792 6 779 6 98
p13-27 0.117 0.015 15089 0.063 0.723 0.925 1.246 0.107 1.015 0.801 706 15 665 6 653 6 98|
p17-29 0.089 0.116 19752 0.064 0.589 0.957 0.937 0.109 0.729 0.746 738 12 682 5 665 5 98
p18-710 0.015 0.272 116753 0.065 0.419 1.120 0.741 0.124 0.611 0.782 787 9 763 4 755 4 99
p19-711 0.008 0.005 232310 0.062 0.395 0.918 0.706 0.107 0.585 0.782 677 8 662 3 657 4 99
025-715 0.017 0.097 105356 0.062 0.860 0.822 1.461 0.096 1.182 0.799 675 18 609 7 592 7 97
032-220 0.035 0.214 50642 0.064 1.147 1.087 1.308 0.123 0.628 0.682 740 24 747 7 749 4 100
p35-221 0.028 0.356 62402 0.066 0.327 1.164 0.621 0.129 0.529 0.795 796 7 784 3 780 4 99|
D36-222 0.013 0.379 135042 0.068 0.278 1.358 0.570 0.145 0.498 0.815 867 6 871 3 873 4 100
p37-223 0.003 0.380 548555 0.069 0.189 1.378 0.534 0.145 0.499 0.903 899 4 879 3 872 4 99
D41-225 0.067 0.016 26589 0.065 0.825 0.909 1.205 0.102 0.878 0.706 758 17 657 6 627 5 96
D44-728 0.011 0.686 156698 0.066 0.569 1.196 0.783 0.131 0.538 0.821 816 12 799 4 792 4 99
Conc (%)
Sample (206)% Th/U 6/4ratio 7/6ratio 1s(%) 7/5ratio 1s(%) 6/8 ratio  1s(%) Rho 7/6age 1s(Ma) 7/5age 1s(Ma) 6/8age 1s(Ma) 6/8-7/5
GD19
010-222 0.018 0.415 79318 0.157 0.534 9.200 0.959 0.424 0.797 0.809 2380 9 2358 9 2277 15 97|
D11-724 0.016 0.366 103735 0.094 0.563 2.855 1.071 0.219 0.911 0.836 1461 11 1370 8 1279 11 93
D12-Z5N 0.082 0.211 21285 0.065 1.999 1.080 2.838 0.120 2.014 0.705 724 44 743 15 730 14 98
D14-24 0.066 0.234 26383 0.063 2.403 1.107 3.488 0.128 2.528 0.722 635 53 757 19 778 19 103
p15-223 0.025 0.174 65014 0.092 0.326 3.116 1.028 0.245 0.975 0.944 1414 6 1437 8 1415 12 99|
020-23 0.060 0.225 29379 0.066 1.573 1.090 2.503 0.120 1.948 0.774 735 34 749 13 733 13 98|
p21-22 0.061 0.233 28684 0.065 2.221 1.126 2.967 0.125 1.967 0.658 725 48 766 16 759 14 99|
022-714 0.052 0.222 33377 0.065 2.942 1.144 4.007 0.128 2.721 0.677 702 64 774 22 778 20 101
025-722 0.088 0.024 19293 0.075 0.432 1.845 0.834 0.178 0.714 0.831 1019 9 1061 5| 1054 7 99
027-228 0.047 0.296 37287 0.072 3.102 1.155 4.641 0.117 3.453 0.743 920 66 780 25 712 23 91
D30-215 0.051 0.246 34322 0.066 1.724 1.116 2.568 0.122 1.904 0.737 756 37 761 14 743 13 98
p31-226 0.005 0.307 343129 0.060 0.654 0.701 1.104 0.085 0.889 0.786 547 15 540 5 523 4 97|
032-225 0.077 0.203 22741 0.064 1.796 1.063 2.566 0.121 1.833 0.709 676 40 735 13 735 13 100
033-26 0.012 0.145 136657 0.097 0.427 3.4% 0.734 0.262 0.596 0.766 1506 8 1526 6 1502 8 98
D34-717 0.091 0.225 19237 0.065 1.936 1.091 2.956 0.122 2.234 0.753 707 42 749 16 742 16 99
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Conc (%)
ISampIe (206)% Th/U 6/4ratio 7/6ratio 1s(%) 7/5ratio 1s(%) 6/8 ratio 1s(%) Rho 7/6age 1s(Ma) 7/5age 1s(Ma) 6/8age 1s(Ma) 6/8-7/5
GDO07
003-Z1 0.049 0.337 36060 0.065 0.903 1.092 1.321 0.122 0.964 0.711 768 19 749 7 743 7 99|
005-Z3N 0.079 0.344 21912 0.069 2.044 1.280 2.755 0.135 1.847 0.665 893 42 837 16 816 14 97|
006-Z3B 0.067 0.454 25916 0.070 1.636 1.348 1.808 0.140 0.770 0.638 922 34 867 11 845 6 98|
011-Z5B 0.070 0.276 24857 0.070 1.256 1.352 1.809 0.140 1.302 0.710 928 26 868 11 845 10 97|
012-26 0.070 0.495 25032 0.067 2.492 1.170 2.950 0.126 1.579 0.775 849 52 787 16 765 11 97|
015-27 0.049 0.480 36395 0.060 1.341 0.822 2.003 0.100 1.487 0.735 596 29 609 9 612 9 101
016-Z8 0.106 0.625 16295 0.070 1.711 1.350 2.715 0.139 2.107 0.773 936 35 867 16 841 17 97|
018-Z10 0.048 0.421 36863 0.059 2.435 0.777 2.747 0.095 1.272 0.707 582 53 584 12 584 7 100
021-711 0.071 0.316 25083 0.061 1.401 0.800 2.120 0.095 1.591 0.744 650 30 597 10 583 9 98]
022-712 0.031 0.353 57615 0.059 1.014 0.785 1.418 0.097 0.991 0.680 559 22 588 6 596 6 101
024-Z14 0.045 0.465 38327 0.067 1.890 1.257 2.226 0.137 1.175 0.758 825 39 826 13 827 9 100
033-Z19 0.061 0.617 28456 0.068 0.792 1.358 1.203 0.145 0.906 0.732 870 16 871 7 871 7 100
034-220 0.090 0.487 19437 0.069 0.974 1.254 1421 0.131 1.035 0.712 913 20 825 8 793 8 96
035-221 0.963 0.735 1799 0.065 1.115 1.257 1.731 0.139 1311 0.752 786 23 827 10 842 10 102
040-224B 0.252 0.241 7026 0.066 0.755 0.915 1.355 0.100 1.125 0.820 809 16 660 7 617 7 94
041-225 0.009 0.089 177168 0.078 0.664 2.088 0.905 0.195 0.616 0.801 1140 13 1145 6 1147 6 100
044-226 0.011 0.323 154684 0.075 0.645 1.812 1.048 0.176 0.826 0.765 1058 13 1050 7 1045 8 100
045-227 0.044 0.322 40264 0.061 1.043 0.830 1.374 0.099 0.894 0.626 643 22 614 6 606 5 99|
046-228 0.023 0.439 76328 0.062 0.942 0.850 1.236 0.099 0.799 0.615 686 20 624 6 608 5| 97|
047-229 0.045 0.333 39399 0.063 2.751 0.921 3.123 0.105 1.478 0.718 719 58 663 15 646 9 98|
Conc (%)
| f(206)% Th/U 6/4ratio 7/6ratio 1s(%) 7/5ratio 1s(%) 6/8 ratio 1s(%) Rho 7/6age 1s(Ma) 7/5age 1s(Ma) 6/8age 1s(Ma) 6/8-7/5
0.074 0.254 24149 0.061 1.683 0.784 2.362 0.094 1.657 0.695 632 36 588 11 576 9 98
0.046 0.287 38590 0.059 1.143 0.781 1.709 0.096 1271 0.733 566 25 586 8 591 7 101
0.066 0.367 26986 0.059 1.075 0.781 1.621 0.095 1.214 0.737 585 23 586 7 586 7 100
0.080 0.335 21536 0.068 1.887 1.330 2.333 0.141 1.372 0.813 878 39 859 14 851 11 9
0.046 0.340 38420 0.059 2.117 0.777 2.554 0.096 1.429 0.550 564 46 584 11 589 8 101
0.142 0.356 12466 0.057 1.267 0.786 1.819 0.099 1.305 0.707 508 28 589 8 610 8 104
0.031 0.481 56899 0.059 0.638 0.826 1.273 0.101 1.101 0.856 576 14 611 6 621 7 102
0.055 0.332 32091 0.059 2.471 0.769 2.760 0.094 1.229 0.688 582 54 579 12 579 7 100
0.056 0.254 31735 0.060 1.183 0.764 1.869 0.092 1.447 0.767 619 26 576 8 566 8 98
0.074 0.347 24031 0.058 0.940 0.802 1.476 0.100 1.138 0.759 546 21 598 7 612 7 102
0.075 0.332 23575 0.059 0.909 0.792 1.392 0.097 1.054 0.742 568 20 592 6 599 6 101
0.066 0.340 27091 0.059 2.291 0.780 2.530 0.096 1.074 0.659 559 50 585 11 592 6 101
0.030 0.258 58422 0.060 1.025 0.820 1.422 0.100 0.986 0.674 589 22 608 7 613 6 101
0.114 0.259 15532 0.059 2.018 0.818 2.928 0.101 2.123 0.721 550 44 607 13 622 13 103
0.163 0.240 10913 0.064 1.523 0.873 2.381 0.098 1.830 0.764 751 32 637 11 606 11 95
0.023 0.730 76267 0.067 1.189 1.419 1.550 0.154 0.995 0.622 831 25 897 9 924 9 103
0.051 0.334 34923 0.059 1.306 0.794 1.714 0.097 1.109 0.632 580 28 593 8 597 6 101
0.057 0.351 31050 0.060 0.835 0.765 1.431 0.093 1.162 0.802 601 18 577 6 571 6 929
0.098 0.261 18088 0.060 1.745 0.813 2.057 0.098 1.089 0.748 616 38 604 9 601 6 9
0.045 0.270 39689 0.062 1.466 0.844 2.208 0.099 1.651 0.742 671 31 621 10 608 10 98
0.098 0.267 18118 0.059 1.449 0.771 2.626 0.095 2.190 0.831 568 32 580 12 583 12 101
0.191 0.340 9298 0.059 1.270 0.803 1.987 0.100 1.528 0.762 549 28 598 9 612 9 102
0.069 0.279 25718 0.058 2.523 0.791 2.887 0.099 1.403 0.723 533 55 592 13 607 8 103
0.048 0.249 36755 0.058 1.080 0.784 1.573 0.097 1.144 0.714 542 24 588 7 600 7 102
0.040 0.367 44071 0.059 0.729 0.785 1.293 0.097 1.068 0.814 557 16 588 6 596 6 101
0.071 0.267 25046 0.058 3.382 0.782 3.707 0.097 1.518 0.655 540 74 587 17 599 9 102
Conc (%)
(206)% Th/U 6/4ratio 7/6 ratio 1s(%) 7/Sratio 1s(%) 6/8ratio 1s(%) Rho 7/6age 1s(Ma) 7/5age 1s(Ma) 6/8age 1s(Ma) 6/8-7/5
0.035 0.184 51299 0.060 1.152 0.750 1.786 0.090 1.365 0.756 547 26 568 8 558 7 98,
0.027 0.183 65049 0.060 0.967 0.777 1.549 0.094 1.210 0.771 546 22 584 7 577 7 99
0.024 0.187 73680 0.059 0.963 0.768 1.449 0.094 1.082 0.733 512 22 579 6 580 6 100
0.063 0.201 28324 0.059 1.657 0.761 2.481 0.094 1.846 0.739 495 38 575 11 579 10 101
0.046 0.051 38579 0.061 0.741 0.821 1.723 0.097 1.556 0.900 589 17 609 8 597 9 98
0.039 0.268 45650 0.060 0.976 0.800 1732 0.097 1.431 0.820 542 22 597 8 595 8 100
0.022 0.190 79606 0.059 0.707 0.814 1.342 0.100 1.140 0.841 508 16 605 6 614 7 102
0.034 0.217 51996 0.059 1.153 0.790 1.625 0.097 1.146 0.691 517 26 591 7 594 7 101
0.027 0.199 65725 0.060 0.733 0.824 1.272 0.100 1.040 0.805 534 17 610 6 614 6 101
0.028 0.168 63384 0.060 0.846 0.796 1.329 0.096 1.025 0.756 539 19 595 6 593 6 100
0.025 0.173 70170 0.060 1.214 0.797 1.768 0.097 1.285 0.716 524 27, 595 8 598 7 100
0.024 0.252 72770 0.059 1.395 0.759 1.847 0.093 1.210 0.642 516 32 573 8 572 7 100
0.012 0.181 151346 0.060 0.757 0.767 1.227 0.093 0.966 0.770 534 17 578 5 573 5 9
0.026 0.176 69348 0.059 0.582 0.787 1.034 0.096 0.854 0.807 512 13 589 S 593 5 101
0.027 0.181 65406 0.060 0.768 0.781 1.150 0.095 0.856 0.720 527 17 586 5 585 5 100
1.120 0.161 1607 0.063 1.147 0.614 1.670 0.071 1.214 0.764 648 24 486 6 440 5 91
2.249 0.173 793 0.056 1.601 0.687 2.510 0.089 1.934 0.844 399 35 531 10 547 10 103
0.053 0.183 33704 0.060 1.080 0.764 1.851 0.092 1.503 0.806 554 24 577 8 566 8 98,
0.051 0.215 34742 0.060 0.936 0.798 1.343 0.096 0.964 0.698 545 21 596 6 593 5 99|
0.045 0.184 39513 0.058 1.353 0.764 1.999 0.096 1.472 0.729 464 31 577 9 589 8 102
0.014 0.223 124518 0.057 0.568 0.688 1.167 0.087 1.019 0.863 445 13 532 5 537 5 101
0.050 0.256 36094 0.057 0.928 0.666 1.456 0.085 1,121 0.758 417 21 518 6 527 6 102
0.050 0.202 35362 0.062 0.771 0.816 1.259 0.096 0.995 0.775 606 17 606 6 589 6 97
0.010 0.308 169719 0.060 0.684 0.771 1.273 0.093 1.073 0.833 538 15 581 6 576 6 99
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Conc (%)

Sample £(206)% Th/U 6/4ratio 7/6 ratio 1s(%) 7/5ratio 1s(%) 6/8ratio 1s(%) Rho 7/6age 1s(Ma) 7/5age 1s(Ma) 6/8age 1s(Ma) 6/8-7/5
GD21
004-Z1 0.037 0.268 47989 0.060 1.068 0.759 1.734 0.092 1.366 0.780 534 24 574 8 568 7 99
012-Z5 0.083 0.282 20216 0.060 1.786 0.745 2.758 0.0%0 2.102 0.759 534 40 565 12 558 kA 99
017-28 0.024 0.328 74098 0.059 0.419 0.776 0.676 0.095 0.530 0.716 502 9 583 3 588 3 101
018-29 0.009 0.305 200616 0.060 0.379 0.783 0.789 0.095 0.692 0.853 525 9 587 4 587 4 109
023-Z12N 0.009 0.474 199851 0.060 0.354 0.805 0.739 0.098 0.649 0.850 535 8 600 3 600 4 109
032-217 0.038 0.300 47400 0.059 1.29 0.726 1.831 0.090 1.293 0.695 492 29 554 8 554 7 109
037-Z19 0.062 0.403 28705 0.060 1.300 0.719 1.926 0.087 1.421 0.729 530 29 550 8 540 7 98
038-220 0.039 0.312 45419 0.059 1.065 0.735 1.658 0.0%0 1.270 0.756 516 24 559 7 555 7 99
040-222 0.103 0.398 17273 0.059 1.971 0.728 2.857 0.089 2.068 0.720 522 44 556 12 549 11 99
041-723 0.036 0.290 49427 0.059 1.021 0.742 1.513 0.091 1.117 0.724 512 23 563 7] 561 6 109
042-224 0.022 0.396 81297 0.060 0.541 0.768 1.024 0.094 0.869 0.832 525 12 579 5 577 5| 1009
045-225 0.037 0.322 48022 0.060 0.978 0.767 1.536 0.093 1.185 0.760 527 22 578 7 576 7 109
046-226 0.005 0.315 368848 0.060 0.421 0.747 0.839 0.091 0.725 0.842 533 9 566 4 559 4 99
047-227 0.026 0.402 67829 0.059 1.290 0.702 1.602 0.087 0.951 0.571 488 29 540 7 538 5 100
Conc (%)
Sample (206)% Th/U 6/4ratio 7/6 ratio 1s(%) 7/5Sratio 1s(%) 6/8 ratio 1s(%) Rho 7/6age 1s(Ma) 7/5age 1s(Ma) 6/8age 1s(Ma) 6/8-7/5
GD16
004_7Z1 1.745 0.180 1030 0.054 1.587 0.555 2.282 0.074 1.640 0.786 316 36 448 8 461 7 103
007_Z3B 0.392 0.254 4554 0.060 0.517 0.712 0.820 0.086 0.637 0.751 539 11 546 3 533 3 98
009_278 0.967 0.195 1864 0.056 1.395 0.540 1.831 0.070 1.186 0.683 392 31 439 6 435 5| 99
013_78 0.011 0.141 164874 0.057 0.609 0.653 1.247 0.083 1.088 0.864 438 14 511 5 513 5 100
014_79 0.012 0.269 149892 0.058 0.952 0.643 1.478 0.080 1.130 0.752 476 22 504 6 497 5 98
015_710 0.046 0.286 38762 0.057 1.496 0.656 2.449 0.083 1.939 0.788 438 34 512 10 515 10 100
017_Z12 1.101 0.267 1646 0.062 0.955 0.509 3.532 0.059 3.401 0.972 622 20 418 12 372 12 89
018 713 0.172 0.274 10436 0.060 0.795 0.653 1.222 0.080 0.928 0.740 524 18 510 5 493 4 97
019_714 0.339 0.129 5305 0.061 0.438 0.636 1.942 0.076 1.892 0.974 569 10 500 8 472 9 94
023_7Z15B 2.709 0.242 667 0.057 1.597 0.492 2.018 0.062 1.234 0.719 446 35 406 Z 389 5 96
026_7Z17 0.172 0.206 10451 0.060 0.659 0.653 0.945 0.078 0.677 0.673 557 15 511 4 487 3 95
028_719 0.006 0.220 324885 0.057 0.620 0.649 0.838 0.083 0.563 0.603 416 14 508 3 515 3 101
032_721N 1.081 0.400 1646 0.058 1.193 0.741 1.719 0.092 1.238 0.758 481 26 563 7 568 7 101
033_722B 0.511 0.209 3522 0.059 1.138 0.572 3.223 0.071 3.016 0.943 487 25 459 12 442 13 96
034_723 0.093 0.202 19232 0.063 0.764 0.687 1.699 0.079 1.517, 0.889 638 17 531 7 492 7 93
036_7Z25 0.502 0.172 3589 0.058 0.541 0.568 0.976 0.072 0.812 0.831 451 12 457 4 446 3 98
037_726 0.085 0.161 21109 0.058 0.351 0.656 0.769 0.082 0.684 0.868 474 8 512 3 506 3 99
Conc (%)
Sample (206)% Th/U 6/4ratio 7/6 ratio 1s(%) 7/5ratio 1s(%) 6/8 ratio 1s(%) Rho 7/6age 1s(Ma) 7/5age 1s(Ma) 6/8age 1s(Ma) 6/8-7/5
GD20
009-Z3N 0.091 0.284 19663 0.059 2.022 0.661 2.862 0.082 2.025 0.703 493 46 515 12 506 10 98
010-Z3B 0.083 0.238 20366 0.061 0.724 0.713 1.325 0.085 1.110 0.827 574 16 547 6 526 6 96
011-Z4N 0.100 0.330 17790 0.060 1.466 0.706 2.123 0.086 1.536 0.716 527 33 543 9 531 8 98
016-26 0.112 0.475 16011 0.057 1.386 0.646 2.304 0.082 1.840 0.795 443 32 506 9 506 9 100
018-Z8 0.034 0.314 53022 0.058 0.719 0.639 1.178 0.081 0.934 0.775 449 16 502 5 500 4 100
023-Z11 0.035 0.366 51131 0.059 1.567 0.663 1.992 0.082 1.229 0.605 494 36 516 8 507 6 98
024-Z12 0.054 0.224 33484 0.059 1.047 0.650 1.505 0.080 1.080 0.703 492 24 508 6 498 5 98
027-Z13 0.069 0.359 25913 0.056 1.597 0.623 2.054 0.080 1.292 0.618 399 37 492 8 498 6 101
028-Z14 0.034 0.178 52880 0.057 1.474 0.659 2.028 0.084 1.393 0.677 431 34 514 8 519 7 101
029-Z15 0.032 0.667 42112 0.184 0.794  13.060 1.198 0.516 0.898 0.728 2640 14 2684 11 2680 20 100
033-Z16 0.010 0.304 186717 0.057 0.745 0.657 1.089 0.083 0.793 0.700 443 17 513 4 514 4 100
035-Z18 0.012 0.576 147366 0.060 0.683 0.682 1.114 0.083 0.880 0.770 535 15 528 5 512 4 97
036-Z19 0.027 0.393 66955 0.059 0.921 0.613 1.241 0.075 0.832 0.642 521 21 486 5 465 4 96
041-222 0.820 0.202 2201 0.056 1.677 0.512 2.079 0.066 1.229 0.620 398 37 420 7 412 5 98
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Supplementary Table 3.B - Major and trace element dta for representative
Jaupaci Sequence Arc granitoids, Jaupaci Sequencadpost-collisional granitoids
samples from the Jaupaci belt.

Felsic Felsic

Rock Metarhyolite Metarhyolite Metarhyolite Metarhyolite Metarhyolite Metavolcanics Metavolcanics
Jaupaci Sequence | Sample (GD-19) ple (GD-35) ple (GD-38) ple (GD-40) |Sample (GD-41) ple (GD-07)| Sample (GD-44)
Si02 (wt%) 73.08 72.89 72.42 71.83 71.36 67.73 69.83
TiO2 0.15 0.17 0.20 0.13 0.14 0.66 0.55
Al203 15.41 15.29 16.75 15.74 15.94 16.87 15.57
Fe203 1.49 1.62 1.91 1.52 1.68 4.79 4.38
MnO 0.03 0.04 0.03 0.04 0.04 0.17 0.17
MgO 0.17 0.23 0.51 0.14 0.35 1.43 1.30
Ca0 0.62 1.08 1.19 1.05 1.41 291 2.66
Na20 5.11 4.55 5.88 6.01 6.53 4.08 3.45
K20 4.46 4.48 1.56 4.27 3.94 2.76 3.15
P205 0.05 0.06 0.09 0.06 0.03 0.21 0.16
LOI 0.52 1.25 2.50 1.11 1.07 2.92 2.04

Total 100.69 100.53 100.73 100.92 101.53 102.06 101.71
Na20 + K20 (wt %) 9.57 9.02 7.44 10.28 10.47 6.84 6.60
Sr/Y 58.8 66.4 185.2 58.0 65.7 7.6 7.9
La/Yb 51.4 65.8 50.4 44.3 48.9 7.0 7.0
Th/Ta 8.4 8.3 7.7 7.7 9.2 9.7 10.1
(La/Lu)N 77.1 89.3 109.2 102.0 93.8 12.7 10.7
V (ppm) 8.00 10.00 27.00 15.00 18.00 85 71
Cr 20.00 20.00 30.00 20.00 40.00 50 50
Co 0.00 0.00 0.00 0.00 0.00 8.6 8.8
Ni 0.00 0.00 0.00 0.00 0.00 46 35
cu 0.00 0.00 0.00 0.00 0.00 38 44
Zn 0.00 0.00 0.00 0.00 0.00 78 77
Ga 24.40 25.90 19.10 27.60 25.70 18.5 18.1
Rb 131.50 129.50 39.80 118.00 75.90 65.2 66.3
Sr 341.00 372.00 537.00 435.00 394.00 282 271
Y 5.80 5.60 2.90 7.50 6.00 37.2 34.1
Zr 154.00 168.00 87.00 153.00 160.00 202 174
Nb 19.70 19.20 7.10 20.10 19.60 8.9 8
Mo 0.00 0.00 0.00 0.00 0.00 2 3
Sn 5.00 4.00 1.00 4.00 4.00 2 2
Cs 0.90 1.46 2.60 2.07 0.64 2.8 1.96
Ba 596.00 751.00 866.00 684.00 759.00 3150 3590
La 21.60 25.00 13.10 20.40 22.50 28.4 24.9
Ce 41.70 48.40 24.00 39.40 42.50 60 52.3
Nd 14.30 15.80 8.30 14.10 14.60 30.3 26.6
Sm 2.59 2.93 1.28 2.68 2.78 6.63 5.52
Eu 0.56 0.60 0.37 0.68 0.63 1.56 1.27
Gd 1.99 2.04 0.88 1.73 2.04 6.54 5.46
Tb 0.22 0.25 0.12 0.26 0.21 0.99 0.93
Dy 1.25 1.15 0.58 1.34 1.10 6.79 5.99
Ho 0.20 0.16 0.08 0.26 0.18 1.42 1.24
Er 0.50 0.50 0.25 0.55 0.43 4 3.96
Tm 0.07 0.07 0.05 0.12 0.09 0.6 0.51
Yb 0.42 0.38 0.26 0.46 0.46 4.04 3.57
Lu 0.07 0.07 0.03 0.05 0.06 0.56 0.58
Hf 4.90 5.40 2.40 5.20 5.00 5.9 4.8
Ta 1.60 1.70 1.40 1.70 1.50 0.7 0.5
W 2.00 2.00 3.00 1.00 1.00 5 4
Pb 0.00 0.00 0.00 0.00 0.00 9 11
Th 13.50 14.05 10.79 13.15 13.80 6.82 5.07
U 9.37 10.30 0.54 9.87 9.58 2.22 1.7
Ag 0 0 0 0 0 1 1
Pr 4.22 4.83 2.43 4.09 4.48 7.01 6.28
Tl 0.5 0.5 0.5 0.5 0.5 0.5 0.5
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Felsic Felsic Felsic Felsic Felsic
Rock Metavolcanics | Felsic Metavolcanics | Metavolcanics Metavolcanics Metavolcanics Metavolcanics [Felsic Metavolcanics
Sample (GD-

Jaupaci S le (GD-45) pl (GD-46) le (GD-48) le (GD-50) le (GD-51) 52) pl (GD-53)
Si02 (wt%) 68.90 67.42 69.33 68.29 67.13 72.59 71.19
Ti02 0.58 0.65 0.52 0.53 0.93 0.56 0.48
Al203 15.84 15.39 16.48 16.38 16.26 15.59 17.02
Fe203 4.35 4.26 4.67 3.80 6.42 2.78 3.69
MnO 0.15 0.10 0.11 0.16 0.12 0.08 0.10
MgO 1.32 1.35 1.56 1.43 3.14 1.11 2.65
Ca0 3.06 2.25 1.95 3.47 2.17 2.45 2.18
Na20 3.48 3.68 3.38 5.12 1.65 2.91 241
K20 3.30 4.10 3.34 2.12 3.43 2.55 3.20
P205 0.19 0.14 0.15 0.24 0.15 0.09 0.15
LOI 2.38 2.47 4.07 2.66 4.51 2.59 3.39

Total 101.6 99.69 101.78 101.78 101.50 101.0 103.19
Na20 + K20 (wt %) 6.78 7.78 6.71 7.24 5.08 5.46 5.61
Sr/Y 11.1 9.0 10.0 11.9 0.9 9.8 1.4
La/Yb 7.5 7.4 7.7 7.7 4.0 4.5 4.5
Th/Ta 8.0 11.5 9.4 8.1 5.4 6.2 6.3
(La/Lu)n 12.4 11.8 13.6 12.4 6.9 7.8 7.4
V (ppm) 77 73.00 59.00 64.00 152.00 24 33.00
Cr 50 50.00 30.00 30.00 140.00 40 40.00
Co 10.4 7.60 0.00 0.00 0.00 2.1 0.00
Ni 36 32.00 0.00 0.00 0.00 19 0.00
cu 33 26.00 0.00 0.00 0.00 13 0.00
Zn 78 84.00 0.00 0.00 0.00 112 0.00
Ga 18.1 20.10 21.10 17.00 46.50 20.8 23.20
Rb 83.5 88.80 64.60 45.00 97.70 58.3 79.70
Sr 374 312.00 316.00 372.00 83.80 574 91.20
Y 33.8 34.50 31.70 31.20 91.10 58.5 64.80
Zr 165 224.00 222.00 196.00 434.00 260 301.00
Nb 8.1 9.60 10.50 8.40 19.80 7.6 11.90
Mo 2 2.00 0.00 0.00 0.00 2 0.00
Sn 2 2.00 3.00 1.00 6.00 2 4.00
Cs 2.49 2.34 1.53 1.74 2.98 1.52 2.77
Ba 3150 2580.00 2440.00 1840.00 429.00 1635 1005.00
La 25.3 27.40 28.30 26.30 40.80 27.2 30.90
Ce 51 56.50 62.20 57.10 99.70 60.5 72.60
Nd 26.2 29.30 29.40 25.90 50.00 38.7 38.10
Sm 5.8 6.25 6.53 5.70 11.95 8.5 8.25
Eu 1.14 1.32 1.35 1.49 1.60 2.44 2.32
Gd 5.49 5.54 6.40 5.38 13.35 8.88 10.80
Tb 0.85 0.91 1.00 0.87 2.41 1.45 1.79
Dy 5.42 5.71 5.78 5.19 15.25 9.82 11.55
Ho 1.18 1.25 1.17 1.11 3.31 2.04 2.29
Er 3.33 3.71 3.42 3.26 9.87 6.22 7.02
Tm 0.53 0.53 0.56 0.57 1.53 0.93 1.09
Yb 3.39 3.69 3.67 3.43 10.15 6.08 6.88
Lu 0.51 0.58 0.52 0.53 1.47 0.87 1.04
Hf 4.3 6.20 6.20 4.90 12.30 7 9.10
Ta 0.6 0.60 0.70 0.60 1.40 0.6 0.90
W 6 6.00 3.00 2.00 7.00 5 2.00
Pb 12 13.00 0.00 0.00 0.00 30 0.00
Th 4.8 6.88 6.58 4.87 7.57 3.7 5.66
U 1.79 2.37 1.94 1.70 3.00 1.68 1.84
Ag 1 1 0 0 0 1 0
Pr 6.02 6.64 7.59 6.7 12.5 7.86 8.82
Tl 0.5 0.5 0.5 0.5 0.5 0.5 0.5
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Felsic Felsic Felsic Felsic Felsic Felsic
Rock Metavolcanics Metavolcanics Metavolcanics Metavolcanics Metavolcanics Metavolcanics
Jaupaci Sequence |Sample (GD-54)| Sample (GD-55) [ Sample (GD-56) |Sample (GD-57)|Sample (GD-58)|Sample (GD-59)
Si02 (wt%) 70.22 78.06 78.09 73.17 69.89 75.62
TiO2 0.63 0.19 0.19 0.46 0.44 0.46
Al203 16.36 15.35 15.48 15.32 16.25 15.22
Fe203 3.36 2.35 2.38 2.44 3.28 2.41
MnO 0.11 0.04 0.03 0.14 0.08 0.11
MgO 0.98 0.23 0.10 0.53 0.78 0.71
Ca0 2.96 0.88 0.27 0.71 2.34 0.74
Na20 4.65 4.73 3.20 5.20 5.67 4.24
K20 2.46 1.88 4.25 2.39 2.88 2.38
P205 0.16 0.03 0.03 0.03 0.17 0.03
LOI 3.44 0.74 0.90 1.24 2.69 1.40
Total 102.02 103.87 104.22 100.55 101.91 102.09
Na20 + K20 (wt %) 7.11 6.60 7.46 7.59 8.55 6.61
Sr/Y 6.4 1.0 0.3 19 11.3 2.2
La/Yb 5.8 4.6 5.5 3.7 7.5 4.5
Th/Ta 7.3 6.1 7.5 6.3 9.8 6.1
(La/Lu)N 9.9 7.9 8.5 6.5 11.7 7.0
V (ppm) 45.00 24.00 22.00 22.00 63.00 33.00
Cr 20.00 20.00 20.00 20.00 20.00 50.00
Co 0.00 0.00 0.00 0.00 0.00 1.70
Ni 0.00 0.00 0.00 0.00 0.00 22.00
cu 0.00 0.00 0.00 0.00 0.00 8.00
Zn 0.00 0.00 0.00 0.00 0.00 92.00
Ga 17.90 19.80 16.30 27.90 16.70 20.50
Rb 60.10 27.60 50.80 43.40 57.80 53.70
Sr 229.00 75.30 20.80 115.50 260.00 120.50
Y 36.00 72.80 65.90 60.10 23.10 54.70
Zr 223.00 469.00 337.00 338.00 198.00 273.00
Nb 8.50 12.50 12.90 10.70 6.90 7.70
Mo 0.00 0.00 0.00 0.00 0.00 3.00
Sn 2.00 3.00 3.00 3.00 3.00 3.00
Cs 2.26 1.52 0.62 2.27 2.02 3.06
Ba 812.00 1090.00 1495.00 1240.00 1010.00 1305.00
La 23.00 36.50 36.00 27.10 20.20 25.50
Ce 53.10 86.10 82.50 64.50 43.40 57.70
Nd 27.30 48.50 44.20 35.20 19.00 34.60
Sm 5.68 11.15 10.20 9.03 4.06 7.99
Eu 1.49 2.80 2.27 2.22 1.06 2.17
Gd 6.37 12.25 11.10 9.38 3.68 8.27
Th 1.00 2.01 1.82 1.59 0.61 1.40
Dy 6.54 12.90 11.75 9.57 3.69 8.90
Ho 1.22 2.45 2.38 2.20 0.78 1.90
Er 4.10 8.04 7.02 6.69 2.49 5.86
Tm 0.59 1.18 1.04 1.09 0.48 0.86
Yb 3.94 7.85 6.55 7.32 2.71 5.73
Lu 0.58 1.16 1.06 1.04 0.43 0.91
Hf 5.60 11.70 9.80 8.30 4.90 6.90
Ta 0.60 0.90 0.80 0.60 0.50 0.60
W 8.00 1.00 24.00 5.00 5.00 5.00
Pb 0.00 0.00 0.00 0.00 0.00 13.00
Th 4.39 5.45 6.01 3.80 4.88 3.63
U 1.86 1.75 1.53 1.48 2.13 1.78
Ag 0 0 0 0 0 1
Pr 6.27 10.75 10.15 8.52 5.07 7.53
Tl 0.5 0.5 0.5 0.5 0.5 0.5
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Amphibole

Rock Amphibole schist | Amphibole schist | Amphibole schist | Amphibole schist | Amphibole schist schist Clhorite schist Clhorite schist
Jaupaci Seq e |Sample GD-43 Sample GD-32 [Sample GD-47 ple GD-49 Sample GD-60 Sample GD-61 Sample GD-17 Sample GD-33
Si02 (wt%) 47.02 47.62 48.90 46.66 47.45 46.36 48.8 47.63
TiO2 2.59 2.16 2.23 2.01 2.58 2.07 1.87 2.33
Al203 16.58 113 16.65 16.11 16.58 17.08 15.2 16.50
Fe203 14.08 16.47 13.01 13.41 13.66 13.23 11.95 13.52
MnO 0.24 0.26 0.21 0.23 0.22 0.22 0.18 0.19
MgO 7.01 8.09 6.88 8.12 6.13 7.42 7.69 6.19
Ca0 9.75 11.91 10.14 10.48 10.84 12.33 8.53 7.82
Na20 2.27 1.67 2.32 2.49 2.65 1.02 1.88 1.96
K20 0.08 0.16 0.23 0.35 0.16 0.41 1.85 1.58
P205 0.43 0.31 0.40 0.29 0.43 0.34 0.41 0.45
LOI 5.07 0.54 4.34 4.36 3.54 5.18 5.12 4.85
Total 100.1 100.18 101.0 100.2 100.8 100.58 101.55 103.2
Na20 +K20 (wt %) 2.4 1.8 2.5 2.8 2.8 1.4 3.7 3.5
(La/Lu)N 3.1 13 3.1 1.7 2.6 2.0 3.4 3.7
V (ppm) 326 438 295 335 314 328 214 311
Cr 170 0 180 210 150 250 210 230
Co 0 52.7 0 0 0 0 0 50.9
Ni 0 64 0 0 0 0 0 123
Cu 0 96 0 0 0 0 0 90
Zn 0 125 0 0 0 0 0 125
Ga 23.5 19.5 19.9 19.8 21 21.7 21.8 21.7
Rb 2.6 3.6 4.3 5.9 2.9 14 46.3 23.6
Sr 264 208 311 243 505 468 146 508
Y 38.4 38.38 35.4 34.9 33.7 34.8 34.8 31.6
Zr 164 124 171 142 147 135 146 121
Nb 5 5.27 5.4 29 4.2 3.5 5.2 3.1
Mo 0 2 0 0 0 0 0 2
Sn 1 13 2 1 1 1 1 1
Cs 0.27 0.44 0.5 0.53 0.37 0.75 3.9 2.37
Ba 49 74 103.5 138 85.2 273 389 852
La 12 5.9 10.4 6.8 8.7 6.6 11.8 11.7
Ce 31.2 15.2 279 19.4 239 18.8 30.6 29.7
Nd 21.6 14.1 20.1 15.3 18.7 14.7 20.2 21.3
Sm 6.11 4.7 5.06 4.27 5.05 4.77 5.39 5.55
Eu 2.74 1.68 1.99 1.79 2.02 1.78 1.94 1.94
Gd 7.11 6.43 6.42 6.13 6.45 5.64 6.2 5.69
Tb 1.18 1.16 0.98 1.07 1 1.04 1.04 0.88
Dy 6.84 7.46 6.6 6.42 6.35 6.32 6.42 5.93
Ho 1.46 1.6 1.22 1.23 1.1 1.34 13 1.19
Er 4.34 4.55 3.96 3.88 3.54 3.78 3.95 3.24
Tm 0.55 0.67 0.53 0.57 0.45 0.56 0.56 0.45
Yb 3.38 4.2 3.42 3.32 3.07 3.37 3.38 3.11
Lu 0.55 0.66 0.48 0.56 0.47 0.48 0.5 0.45
Hf 4.2 3.03 3.9 33 3.5 3.2 3.6 34
Ta 0.4 0.35 0.3 0.2 0.3 0.2 0.3 0.3
w 1 1.4 40 13 1 1 1 3
Pb 0 0 0 0 0 0 0 6
Th 0.97 0.2 0.57 0.32 1.34 0.3 0.96 1
U 0.45 0.08 0.26 0.18 0.18 0.11 0.39 0.48
Ag 0 0 0 0 0 0 0 1
Pr 4.64 2.53 4.02 3.03 3.62 3.05 4.28 4.06
Tl <0,5 0.5 0.5 0.5 0.5 <0,5 0.5 0.5
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Metatonalite -

Metatonalite -

Metatonalite -

Metatonalite - Type

Granodiorite -

Granodiorite -

Rock Type 1Suite Type 1Suite Type 1 Suite 1Suite Type 1Suite Type 1Suite
Onhgi::::;ss/ Arc Sample GD-29 Sample GD-12 | Sample GD-14 Sample GD-60 Sample GD-61 | Sample GD-62
Si02 (wt%) 73.65 67.42 75.81 70.16 72.83 72.30
TiO2 0.47 0.88 0.38 0.35 0.54 0.42
Al203 16.09 16.56 15.54 14.33 15.52 16.32
Fe203 3.36 5.34 2.03 2.94 3.40 3.50
MnO 0.11 0.18 0.07 0.11 0.10 0.05
MgO 2.09 172 0.14 0.38 0.88 0.51
CaO 1.72 3.31 0.86 1.25 2.03 0.76
Na20 1.18 3.62 5.74 4.23 3.22 2.64
K20 3.97 2.42 1.33 2.06 3.09 4.75
P205 0.16 0.14 0.08 0.06 0.12 0.09
LOI 3.65 2.74 1.05 0.91 2.77 2.68
Total 103.0 101.7 102.1 96.78 101.9 104.1
Na20 +K20 (wt %) 5.1 6.0 7.1 6.3 6.3 7.4
CaO/Na20 1.5 0.9 0.1 0.3 0.6 0.3
Sr/Y 3.7 6.9 1.8 2.7 7.6 3.1
La/Yb 4.2 5.3 3.7 4.7 5.6 12.6
(La/Lu)N 6.9 8.9 6.1 7.8 9.1 21.4
V (ppm) 31 79 12 5 64 25
Cr 40 40 20 20 20
Co 3 10.3 0 1.3 0 0
Ni 18 26 0 8 0 0
Cu 6 11 0 14 0 0
Zn 90 123 0 65 0 0
Ga 20 22.1 21.5 20.5 21.3 24.8
Rb 78 47.7 28.5 42.1 60.5 179.5
Sr 178.5 345 102.5 143 338 117.5
Y 48.8 49.8 55.6 52.72 44.4 37.9
Zr 242 274 328 281 237 309
Nb 7.8 12.5 8.4 9.61 8.9 21.1
Mo 2 3 0 2 0 0
Sn 3 3 2 1.2 2 8
Cs 3.33 1.49 0.64 0.54 2.53 6.2
Ba 1080 822 525 1187 957 744
La 23 28.1 24 29.1 26.5 55.7
Ce 52.5 62.6 58.9 67 59.4 112
Nd 30.9 36.4 34.8 38 31.1 46.5
Sm 7.13 8.46 7.75 9 7.03 8.7
Eu 1.82 2.21 2.2 2.49 1.74 1.22
Gd 7.35 7.82 9.02 9.4 7.05 8.37
Th 1.22 1.33 1.5 1.54 1.25 1.27
Dy 8.3 8.91 9.78 9.69 7.49 7.51
Ho 1.72 1.84 1.88 2.07 1.68 1.32
Er 5.51 5.33 6.52 6.31 4.97 4.26
Tm 0.84 0.81 0.94 0.95 0.79 0.7
Yb 5.47 5.27 6.44 6.2 4.77 4.42
Lu 0.83 0.79 0.98 0.93 0.73 0.65
Hf 6.8 7.4 8.4 8.5 6 8.2
Ta 0.6 0.9 0.5 0.61 0.6 2
W 12 9 5 0.8 2 1
Pb 13 10 0 0 0 0
Th 3.91 4.21 3.46 4.6 3.51 19.3
U 1.4 1.67 1.34 2 1.33 7.53
Ag 1 1 0 0 0 0
Pr 6.85 7.95 7.6 8.57 7.43 12.8
Tl 0.5 0.5 0.5 0.5 0.5 0.5
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Trondhjemite -

Trondhjemite -

Trondhjemite - Type

Trondhjemite -

Biotite Granite

Biotite Granite

Rock Type 2 Suite Type 2 Suite 2 Suite Type 2 Suite Gneiss - Type 2 Suite|Gneiss - Type 2 Suite

orth:::i'::iedss/ Art|  Sample GD-08 | Sample GD-67 sample GD-70 | Sample GD-71 | Sample GD-30 sample GD-72

Si02 (wt%) 70.52 65.46 69.92 70.78 68.01 68.22
TiO2 0.21 0.56 0.20 0.18 0.24 0.22
A1203 15.88 16.31 16.08 15.46 16.84 16.76
Fe203 1.90 3.46 1.78 1.70 2.62 2.73
MnO 0.03 0.05 0.03 0.03 0.01 0.01
MgO 0.52 0.72 0.45 0.47 0.66 0.65
Ca0 171 3.72 1.76 1.45 2.37 2.02
Na20 6.39 6.65 6.64 6.74 5.55 5.77
K20 2.05 2.22 2.08 2.08 2.26 2
P205 0.08 0.09 0.12 0.12 0.13 0.13
LOI 1.91 3.8 2.06 1.87 0.34 0.47

Total 99.5 99.5 99.3 99.3 99.02 98.97

Na20 + K20 (wt %) 8.4 8.9 8.7 8.8 7.8 7.8
CaO/Na20 0.3 0.6 0.3 0.2 0.4 0.4
Sr/Y 277.9 153.7 292.9 436.3 147.9 120.3
La/Yb 22.7 11.4 14.7 16.3 15.2 8.7
(La/Lu)N 62.5 20.8 20.8 38.8 22.8 16.3
V (ppm) 33 59 18 23 15 19
Cr 40 90 20 20 0 0
Co 2.6 10.7 0 0 3.2 3.4
Ni 26 33 0 0 9 10
Cu 8 10 0 0 6 5
Zn 78 56 0 0 20 62
Ga 21.9 24 26 24 23 25.7
Rb 40.1 40.7 40.1 36.1 41 39.8
Sr 528 830 615 829 753 834
Y 1.9 5.4 2.1 1.9 5.09 6.93
Zr 88 100 93 102 83 100
Nb 3.5 5.8 3.9 4.8 4.84 5.65
Mo 3 3 0 0 2 2
Sn 1 1 1 1 0.4 0.8
Cs 0.71 0.9 0.88 0.67 0.45 0.4
Ba 1025 1095 1460 1280 1350 1173
La 2.5 5 25 3.1 9.1 7.8
Ce 5.6 11.3 5.5 6.6 17.9 15.2
Nd 2.7 6.4 2.9 3.1 9.6 7
Sm 0.58 1.35 0.54 0.7 1.8 1.4
Eu 0.19 0.47 0.19 0.17 0.67 0.42
Gd 0.48 1.33 0.55 0.58 1.68 1.42
Th 0.04 0.17 0.08 0.05 0.22 0.23
Dy 0.31 1.14 0.45 0.32 1.02 1.34
Ho 0.04 0.17 0.06 0.06 0.2 0.26
Er 0.07 0.47 0.15 0.19 0.61 0.88
Tm 0.01 0.06 0.03 0.03 0.09 0.12
Yb 0.11 0.44 0.17 0.19 0.6 0.9
Lu 0.01 0.06 0.03 0.02 0.1 0.12
Hf 2.7 2.7 2.7 2.7 2.85 3.75
Ta 0.1 0.3 0.2 0.2 0.24 0.26
W 4 5 1 3 0.5 1.1
Pb 8 11 0 0 0 0
Th 0.45 0.6 0.44 0.39 1.6 0.7
U 0.34 0.72 0.33 0.38 0.8 0.42
Ag 1 1 0 0 0 0
Pr 0.64 1.29 0.62 0.8 2.25 1.64
T 0.5 0.5 0.5 0.5 0.5 0.5
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|sraélandia Impertinente Impertinente
Israélandia Granite Granite Bastos Granite Granite Piloandia Granite | Pilodndia Granite Ipora Granite Granite
Rock (equigranular facies) (porphyritic facies)
Post-collisional pre-ki pre-ki yn-ki yn-ki i yn-ki yn-ki post-ky post-k i
Granitoids Sample GD-01 Sample GD-02 | Sample GD-22 Sample GD-21 Sample GD-03 Sample GD-04 Sample GD-16 Sample GD-20
Si02 (wt%) 70.51 77.53 65.74 67.46 74.3 73.88 71.79 78.48
TiO2 0.28 0.13 0.43 0.5 0.18 0.1 0.18 0.03
Al203 14.06 10.4 14.76 13.68 13.12 12.42 14.88 13.24
Fe203 2.95 2.35 5.27 3.59 3.14 2.32 2.11 2.12
MnO 0.01 0.01 0.05 0.01 0.01 0.01 0.01 0.01
MgO 0.52 0.01 0.62 0.9 0.25 0.17 0.39 0.19
Ca0 1.12 0.19 2.04 1.84 0.25 0.13 0.82 0.4
Na20 3.61 3.11 3.95 3.48 2.29 3.08 3.73 3.38
K20 4.12 4.66 3.92 3.98 4.77 4.73 3.89 4.59
P205 0.09 0.01 0.11 0.19 0.03 0.03 0.06 0.02
LOI 0.21 0.34 0.43 0.11 0.63 0.37 0.66 0.23
Cr203 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
SrO 0 0 0 0 0 0 0 0
BaO 0 0 0 0 0 0 0 0
Total 97.48 98.54 97.33 95.73 98.94 97.2 98.48 102.67
Na20 +K20 (wt% 7.73 7.77 7.87 7.46 7.06 7.81 7.62 7.97
(La/Lu)N 9.9 13.4 15.5 14.5 83 13.8 14.8 4.8
V (ppm) 5 8 5 16 5 5 5 5
Cr 0 0 0 0 0 0 0 0
Co 3.4 0.5 4.7 6.5 0.8 0.6 2.5 0.7
Ni 5 5 7 10 6 5 6 5
Cu 8 7 10 31 5 6 5 5
Zn 24 209 85 23 106 69 17 30
Ga 21.2 28 27.1 19.8 27.5 26.9 233 25.2
Rb 153.2 140.2 127.1 142.8 154.3 136.1 180 3715
Sr 142 29 220 249 19 21 238 18
Y 27.97 65.36 120.69 37.29 55.94 82.91 24.7 63.22
Zr 204 673 475 220 553 278 108 134
Nb 15.64 23.08 32.16 17.61 35.13 33.92 12.56 28.8
Mo 2 2 2 2 2 2 2 2
Sn 5.5 31 41 5.1 5 4.8 33 11.2
Cs 5.13 1.07 2.83 3.1 4.75 1.58 6.4 8.59
Ba 657 49 1223 945 270 200 751 110
La 31 76.4 163.1 60.7 65.2 220.7 383 233
Ce 83.9 158 162.1 114.3 172.8 215.5 56.4 102.8
Nd 29.6 80.4 146.3 45.3 713 199.8 29.8 31.2
Sm 6.2 16.8 27.3 7.9 13.5 36.5 5.5 5.5
Eu 0.89 0.4 5.71 137 0.46 133 0.94 0.19
Gd 6.37 14.93 29.21 7.88 133 33.94 5.5 7.56
Tb 0.94 2.22 4.45 1.22 1.96 4.49 0.73 1.23
Dy 5.62 13.11 23.28 6.72 11.55 20.52 4.03 9.21
Ho 1.12 2.53 4.47 1.35 23 3.56 0.78 2.15
Er 3.34 7.11 11.91 4.03 7.23 9.25 2.37 7.01
Tm 0.5 0.99 1.68 0.66 1.1 1.23 0.37 117
Yb 3.4 6.4 10.5 4.1 7.5 7.8 2.6 8.1
Lu 0.52 0.95 1.5 0.6 1.12 1.07 0.43 1.21
Hf 6.87 13.99 12.94 7.02 15.19 9.93 4.34 6.77
Ta 1.35 0.57 2.07 1.7 2.05 2.11 117 3.48
W 1.2 1.5 0.8 0.6 4.7 1.5 1.6 17
Pb 0 0 0 0 0 0 0 0
Th 14.6 10.7 9.8 16 12.5 13.7 16 47.9
U 4.63 3.43 3.94 5.13 3.21 39 5.44 5.16
Ag 0 0 0 0 0 0 0 0
Pr 7.71 20.28 37.08 12.44 18.03 53.91 8.07 8.6
Tl 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.9
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4. THE FAZENDA NOVA GOLD DEPOSIT, GOIAS MAGMATIC
ARC: LATE NEOPRETOROZOIC INTRUSION RELATED
AURIFEROUS MINERALZATION CONTROLLED BY
INTRACONTINENTAL STRIKE-SLIP FAULTING.

Abstract

The Fazenda Nova gold deposit (650 koz with 4.@\g/of inferred resource, cut-off of
2.0 g/t Au) consists of stock-work Au-As minerativa hosted in late-Neoproterozoic dikes
located in the Goids Magmatic Arc, central Brakhe dikes consist of a set of post-collisional
iimenite-bearing dolerites, diorite porphyries,ctrgte, syenite porphyry (named as Bacilandia
Intrusions). U-Pb dating indicates at least twospslof dike intrusions: the earliet comprise
small volume dikes with ages varying from 5%35 to 590+ 5 Ma and a second pulse,
comprises a large volume of dikes with age betwBéd + 7 to 572+ 5 Ma. Three
hydrothermal alteration stages were identified azdhda Nova deposit: i) the early or main
stage comprise a pervasive sericitization of feddsgnd biotitization of mafic minerals with
stock-work of quartz associated with disseminatedfide assemblage of arsenopyrite-
pyrrhotite-stibnite in addition to hydrothermal aide, scheelite, rutile and apatite. The most
common sulfide in this stage is fine-grained neeatkenopyrite that hostes inclusion of gold,
galena and pyrite grains. The temperature estimfatedrystallization of acicular arsenopyrite
and pyrrhotite along with gold was of 340°C basedaosenopyrite geothermometry; ii ) the
intermediate stage is represented by stockworkscadfite-quartz veins associated with
hydrothermal chlorite, tourmaline, epidote, titenind disseminated sulfide assemblage of
pyrrhotite-arsenopyrite-pyrite. The arsenopyritettds stage display tabular texture with no
sulfides or gold inclusions. The crystallizatiormgerature of tabular arsenopyrite-pyrite was
estimated at 305°C. C-O isotopes data from cal@ias provided**C values ranging from -
9.68 to -11.57%o and*?O values from 12.87 to 13.84%., these values arevalgmt to those of
hydrothermal mantle-juvenile/magmatic carbonat@sthie late stage is veining and brecciation
infilled by monotonous calcite-ankerite with no dohineralization or hydrothermal alteration

The dikes and gold mineralization present strorigtimnship with the crustal-scale
strike-slip Bacilandia Fault. The Bacilandia Faidta second order crustal-scale fault that
branch out of the major crustal-scale Moipora-N@masil Shear Zone (MNBSZ) along the
NNW direction. The Bacilandia fault played importanle to channelize melts to uppercrust
and mineralized hydrothermal fluids. The majonattiof this fault took place at ~572 Ma with
emplacement of second pulse of dikes and mostyli#evelopment of hydrothermal stages in
Fazenda Nova deposit. The Fazenda Nova depodissifted as epizonal Reduced Intrusion
Related based on the follow evidence: i) mineréilima developed during post-collisional
tectonic setting above previously metasomatizeac@utinental lithosphere mantle; ii) the
dikes crystallized from metaluminous magmas witlmpry oxidation state that form ilmenite-
series intrusions iii) high geothermal gradientdidgate by ore deposition at temperatures of
340° to 300°C and vein textures formed only atlsthadepths (<4 km); iv) metal association
of Au-As-W-Sb; v) volatile saturation induced by gmaatic processes such as fractional
crystallization or magma mixing; vi) Gydrothermal veins with C-O isotopes displaying
magmatic/mantle fluids affinities

Key words: Goids Magmatic Arc, post-collisional magatism, Reduced Intrusion Related

gold deposit, intracontinental strike-slip.
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4.1. Introduction

The mineral deposits identified, so far, in the &oMagmatic Arc are part of a
convergent accretionary orogen with tectonic evofubetween 900 and 600 Ma. This
evolving convergent plate margin scenario starteth whe 890-860 Ma old Cu-Au
porphyry Chapada deposit related to intra-ocearsgmatic arcs (Oliveira et al., 2015)
and finished with Ni-Cu mafic—ultramafic synorogermtrusions emplaced at 626 Ma
during the Brasiliano/Pan-African Orogenic CycleBrazil (Laux et al., 2004, Mota e
Silva et al., 2011). Following this orogenic cygest-collisional A-type magmatism
took place at 600 to 500 Ma associated with intnéinental strikes-slip faulting
(Marques, 2017). In this last event, there is mor of occurrence of mineral deposits.

Two tectonic processes are widely recognized teeiggad ore deposit in post-
collisional settings: large-scale lithosphere tiignand intracontinental strike-slip
shear zones. The lithosphere thinning and gold llngeny is very well documented in
the North China Craton by Guo et al.,(2013); Li &ahtosh (2013); and Yang et al.,
(2014). In these articles the authors concludettttgagold mineralization resulted from
multiple tectonic processes including, delaminatadnlower crust, mantle upwelling
and mobilization and concentration of the ore nsetatgely associated with crust—
mantle interaction processes. The source of galtlides the basement rocks and the
metasomatized and enriched mantle developed dofdey tectonic cycles associated
with the Precambrian and Phanerozoic evolution ¢ tNorth China Craton.
Intracontinental strike-slip faulting define corgmtal deformation zones and
lithospheric blocks, which may reach the deep alukdvel and are able to act as
conduits for mantle flow and upwelling that generatagmatism and circulation of
hydrothermal fluids (Storti et al., 2003). The magfluid generation is caused by
upwelling of asthenospheric material inducing pédrtnelting of thickened juvenile
mafic lower crust or delaminated mafic lower cruBtese melts are channeled to the
upper crust by trans-lithospheric strike-slip faulin both tectonic process the thermal
source for circulation of hydrothermal fluids mag Berived from mafic underplating,
alkaline magmas and A-type granitic intrusions,egating mineral deposits unrelated
to convergent plate margins (Vauchez and Tomma8B2&chaltegger and Brack,
2007; Pirajno et al., 2008, Pirajno 2010).
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Several mineral deposits are documented in thealiee related to lithosphere
thinning and intracontinental strike-slip faultscluding: magmatic Ni-Cu-PGE and Fe-
Ti-V in northwest China (Pirajno et al., 2008); Bu-porphyry-skarn in eastern China
(Pirajno and Zhou, 2015); Fe-Cu-Au-(ETR-U), Cu-Aeins in the Iberian Pyrite Belt
(Tornos et al., 2005); polymetallic mineralizatiphg-Sb-Pb) related to alkaline mafic
intrusions in northwest Mongolia (Borisenko et @006); orogenic-Au deposits, low-
sulphidation epithermal Au-Ag, granitoid-relatedeigen, rare earth pegmatites,
intrusion related Au in central Asia (Pirajno &t 2009; Yakubchuk et al., 20p&nd
some of the granitoid hosted Au deposits in thadbag peninsula, north china craton
(Wang et al.,1998; Zhao et al., 2012; Li and Sdntdz014).

The Fazenda Nova gold deposit has recently beenediein the Neoproterozoic
Goias Magmatic Arc in the central portion of Bra#lg. 4.1).The inferred resource has
been estimated at 650 koz at a 4.0 g/t Au (cugadfde of 2.5 Au g/t, Yamana press
release, 2013). The resource is open at depthland sirike. Fazenda Nova was mined
during 2005-2007 for the oxide ore (73 koz of Ablit the refractory nature of the
sulfide ore and the complex structural control hawbectively hindered development
of the underlying sulfide resource. An earlier @deiclassified the deposit as orogenic
gold (Oliveira et al., 2014) but advanced drillihgs revealed the relationship of Au
mineralization with post-collisional alkaline insiwe rocks.

This paper documents the petrographic, geochenaodl geochronological
signatures of the Fazenda Nova gold deposit relatdithosphere thinning and strike-
slip intracontinental shear zones during the laemoterozoic/Cambrian. We focus
our study in the magmatic process that led frond godtraction in the mantle to gold
precipitation in the shallow epizonal environme#tditionally, a characterization of
fluids and hydrothermal alteration is also proposesing stable isotope and sulfide
geothermometryThese results provide a model describing the hizdratal evolution
and gold formation at the Fazenda Nova deposit
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4.2.Regional Setting

The Tocantins Provinces comprised of three orogenic belts formed duthng
Neoproterozoic Brasiliano cycle: the Paraguay, Anaguaia, and the Brasilia belts
They were developed as a result of the convergandecollision of three continental
blocks: Amazon, S&o Francisco/Congo, and Paranapafer Parana) (Pimentel et al.,
2001). The crustal growth started with the brealetiRodinia, followed by a prolonged
period of island and continental arc magmatismwbeh 930 — 635 Ma that was
terminated by the collision related ~630 Ma Brasib orogeny (Pimentel and Fuck,
1997, Pimentel et al., 2000) with closure of thei&d’harusian Ocean. (Kroner and
Cordani 2003, Cordani et al., 2013).

The Fazenda Nova Au deposit is within the Bragtidd Belt (Fig. 4.1), which
is made up of external and internal tectonic zomés. eastern external zone is a craton-
verging fold-and-thrust belt, comprising thick passmargin sedimentary deposits,
deformed and metamorphosed under greenschist faciesver P-T conditions. The
internal, western zone of the belt comprises:tfg metamorphic core of the belt
including the Neoproterozoic Anapolis-ltaucu gratesl (locally UHT granulites)
separated by faults from the mainly turbiditic lovgeade metasedimentary rocks of the
Araxa Group which include small ophiolite remnar(ig; the Goias Massif made of
Archean granite-greenstone terrains, Paleoproterazthogneisses largely covered by
folded metasedimentary sequences, recently intepreas the S&o Francisco
pericratonic western margin; (iii) and the Goiasgwatic Arc in the western part which
hosts the Fazenda Nova Au deposit (Pimentel ank A992; Fuck et al., 1994;
Pimentel et al., 2000; Pimentel et al., 2004; aley et al., 2008, Della Giustina et al.,
2009, Jost et al., 2010 Fuck et al., 2014).
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Figure 4.1 — Geological sketch map of the Brasilig&old Belt with the main mineral
deposits of the Goias Magmatic Arc (modified from Eck et al. 1994, Dardenne 2000).
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4.2.1 -The Goias Magmatic Arc

The Goias Magmatic Arc is one the largest Neopoai@c juvenile terrains
exposed in the world, with a minimal NNE strike d¢¢im of 1000 km, which may be
longer since the southern and northern portion caneered by Paleozoic—Mesozoic
sedimentary rocks. The Goias Magmatic Arc is exgaeewo areas separated by the
Archean rocks of the Goias Massif: the northernnsag named the Mara Rosa
Magmatic Arc and the southern segment known ag\tbadpolis Magmatic Arc (Fig.
4.1).

Available geochronological data reveal a compleal@ion of the arc system,
with four main episodes of magmatism and gendsimineral deposits (table 4.1): (i)
the earliest event took place between ca. 900 af@ Wa, comprising
tonalitic/dioritic/dacitic rocks formed in an intceanic setting that hosts Cu-Au
porphyry and Au-Ag-Ba volcanogenic deposits (Pb894;Pimentel et al., 2000, Laux
et al., 2005, Oliveira et al., 2015); (ii) the sedaepisode is represented by continental
arc volcanism at ca. 750 Ma associated with volgan@ disseminated Cu deposits
such as the Bom Jardim deposit (Guimardes et @ll2)2 (iii) the third episode,
dominated by felsic volcanic and granitic rocksedatit ca. 660-630 Ma displays
geochemical and isotopic affinities with continéntac settings. This event was
followed by emplacement of syn-orogenic tonalitdipritic and mafic-ultramafic
intrusions associated with Ni-Cu mineralizationykaet al,. 2004; Mota e Silva 2011) ;
iv) and the post-collisional magmatism that too&gel during protracted period ca. 597
to 504 Ma, representing the transition from cal@hhe to alkaline, high-K and A-type
dominated assemblages. (Pimentel et al., 1996; iarq2017) Despite the coeval
tectonic events, the Mara Rosa and the Arendpadis @display remarkable differences.
The former is dominated by regional amphibolitedgranetamorphism and low angle
foliation related to the development of isoclinalding and thrust to reverse faults
whereas metamorphism in the latter is greenscaés and foliation is of high angle
and related to the development of strike-slip fault

The Fazenda Nova Au deposit is located in the Jaugwit in the central part of
Arendpolis Magmatic Arc, which comprises orthogses and granitoid intrusions
exposed between NNW trending metavolcanic rockb®flaupaci Sequence (Fig. 4.2).

Marques (2017) defined five main periods of magsmatin this Belt:
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ii)

The 770 Ma magmatic event is represented by ilradyearing, calc-
alkaline, metatonalite and granodiorite of Type Uit&§ generated in
an island arc setting. The reservoir for this evienpredominantly
from juvenile material suggested by thguyTmodel ages of 0.86 to
0.91 Ga and +5.44Nd (T) values.

The 750 Ma magmatic event took place in a contadeatc-back arc
setting comprising adakitic, magnetite-bearing desn trondhjemite
and equivalent volcanic rocks represented by mgtéiths of the base
of the Jaupaci Sequence. These plutonic/volcaniksr@are mainly
sourced from a juvenile arc-derived reservoir ssggge by By model
ages 1.1 to 1.26 Ga apgy (T) values between +1.1 to +4.6.

The 597-585 Ma event comprising | and A-type preeknatic granitoid
intrusions, mafic dikes and bimodal volcanism & tipper part of the
Jaupaci Sequence, including N-MORB basalts andnili@dearing A-
type felsic volcanics. Neoproterozoigy model ages and positivgg
(T) of +2.3 to +4.21 of these rocks are consistent waith origin
involving partial melting of Neoproterozoic juveaisources.

The 577-539 Ma developmenbf crustal-scale intracontinental
translithospheric strike-slip faults followed byetlemplacement of A-
type syn-kynematic granitoids.

The 511-506 Ma post-kynematic A-type granite intvas. The syn-
kinematic and post-kinematic granitoids show slighpositive to
negativesyng (T) valuesyaryingfrom+1.1 to -19.
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Table 4.1 - Summary of isotopic data for the Arendplis Arc and related deposits. Quoted
references (1) Pimentel and Fuck 1992; (2) Pimentahd Fuck (1994); (3) Pimentel et al.,
(1996); (4) Pimentel et al., (1997); (5) Dantas at., (2001); (6) Pimentel et al., (2003); (7)
Laux et al., (2004); (8) Laux et al., (2005); (9) ktteini et al., (2010); (10) Guimaraes et al.,
(2012) ; (11) Motta Araujo (2013); (12) Oliveira etal., (2015); (13) Frasca (2015); (14)

Marques, (2017); * Oliveira (2017) unpublished data

GOIAS MAGMATIC ARC MINERALIZATIONS AND ISOTOPIC DATA SUMMARY
Age: U-Pb Age: U-Pb
Segment Setting \Volcano-sedimentary Sequepggcon (Ma) end (T) Plutonics Zircon (Ma) end (T)
M R S Porphyry to equigranulal 884+ 14
felsic ?T:’:ta\?slianeoq:lj:srliccerock 916£5(9) metadiorite (Cu-Au 864 x 8 (12
porphyry) _
Mara Rosa Sequence 908+ 8 (12 856+ 7 (2 3
metavolcanoclastic rock +8(12 Metatonalite 56£7(2) 8.7
Island Arc Mara Rosa Sequence 81147/
felsic Metavolcanic 906 (*) Granite gneiss 792 :8 9 -9.3/-7.2
North Segment (volcanogenic Au-Ag-Ba ) 8 (9)
Mara Rosa Mara Rosa Sequence
Magmatic Arc felsic Metavolcanic 862+ 7(4) | +46
(Orogenic Au )
Santa Terezinha Sequence
Continental Arc felsic Metavolcanic 661+7(5)
Metadiorite 638+ 3(9) +0.8
Syn-tectonic Metadiorite 634 +3(9)
. 540+ 5/
Post-colisional A-Type Granites 528+ 5(13) -2.26/ -2.02
Arenépolis Sequence o . .
Metarhyolite 900+8(2)| +4.6| Arenopolis Granite Gneigs 899 +Tj +3.2
cormego da Boa Esperancd 886 +5 (7, 6.0 Gabbro (M doBau] 890+6 (P 96
Island Arc amphibole schist £5(7)| +6 to (Morro do Bad 6 () :
Anicuns-ltaberai amphibolitg 830 + 8 (3 +5J0 Sanéledia Gneiss 820+ 7(8) +4.0
Ipora Granito Gneiss 804 +6(8) +1.8
Granito Creoulos 782+ 12 (8) +3.8
Suite- 1 Metatonalites |770+ 7 (14) +4.1
Bom Jardim
felsic volcanoclastic 749 + 6 (10) +1.0 Suite- 2 Granite gneisg 748+ 9 (19) 4.6+
(Cu volcanogenic)
Continental Arc Jaupaci metarhyolite 748+ 9 (14, +1p Matrinxd gragiheiss | 699+ 9 (8) +1.2
Palminépolis gneiss 637+2(8 -6.4
Firminépolis/Turvania 634+ 5/
) . -4.6
Southern granite-gniess 630+ 5(8)
Americano do Brasil mafic
Segment ) ) 626+8 (7 +3.0
Arenopolis Sin-tectonic ultramafic complex (Ni-Cu ™
Magmatic Arc Anicuns Santa-Barbara S| 622 + 6 (7) +2.6
Post-colisionalA Gabbro 5934 (14  +69
kiﬁngtic Jaupaci felsic metavolcanic 597+ 10 (14) +47
s . Israélandia Granite 587+ 20 (3) +2.3
volcanic/intrusio
Basto Granite 577+ 5 (14
A-.type syn- Impertmf-}nte Granite 561+ 5 (14)
kinematic (equigranular)
intrusion Messianépolis Granite | 542+ 4 (12) -20
Piloandia Granite 539+ 9 (12 2.2
A-type post- Ipora Granite 511+ 8 (14 +0.7
kinematic
intrusion Impertinente Granite 506+ 4 (14) 46
(porphyry)
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4.2.2 -Regional Structures

The Fazenda Nova deposit lies between two majatralestrike-slip faults (Fig.
4.1), the Transbrasiliano Lineament in the west slaoibora-Novo Brasil shear zones
(MNBZ2) in the east. The Transbrasiliano is a caatiial scale discontinuity running
from Argentina to northeast Brazil, also extendimip the African continent under the
name of Kandi Lineament with more than 4000 km ength. The Transbrasiliano
Lineament is defined by a series of deep ductiemaskzones probably reaching the base
of the lithosphere, utilizing weak lithospheric esnand/or block boundaries formed
during continental collisions (Cordani et al., 2D1Bhe nature of the Transbrasiliano is
ambiguous being interpreted either as a collisiaudilire, or as a first order strike-slip
zone generated by the lateral escape along thisionllzone between themazonian
and Sao Francisco cratons (Hasui et al., 2012). mbst accepted model in the
literature was put forward by Fuck et al., (2018 anterprets the lineament as an
intracontinental strike slip deformational systenthwdextral motion or, according to
Ganade de Araujo et al., (2014), the TransbrasilinBimeament is a transform plate
boundary also with dextral motion. In the ArenépolArc the Transbrasiliano
Lineament includes strong N30°E-trending gravityd amagnetic gradients, those
structures and weakness zones may have facilitdtedaction of magmatic and
hydrothermal processes (Curto et al., 2015).

The Moipora-Novo Brasil is a dextral crustal-sddkS shear zone that branches
out of the major Transbrasiliano shear system apdrates the Neoproterozoic rocks of
the Jaupaci Belt from the Goias Massif Archean lbigég 4.2). The peak of strain was
estimated by Marques (2013} ~577-539 Ma based on the syn-kinematic granitoids
ages that were emplaced into this shear zone. &abhenda Nova gold deposit is located
along a NNW splay (named in this study as the Badila Fault) of the main branch of
the MNBSZ. Smaller gold occurrences are also reeegnalong the Bacilandia Fault
(Fig 4.2).
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4.3. Geology of the Fazenda Nova gold deposit

4.3.1. Local Geology

The defined gold resources of the Fazenda Novasitegre distributed in the N-
S and E-W trending Lavrinha and the Vital orebodiespectively, which lie within and
adjacent to a 1.2 km long, north-northwest trendsmgrm of dolerite ,trachyte and
syenite porphyry dikes (Fig 4.3). The country roakfs the dikes encompass the
following units: i) The oldest comprise Type-1 ilm&e-bearing metatonalite exposed as
tectonic slices within the Jaupaci Sequence, a rgekding a U-Pb zircon age of 770
7 Ma (Marques 2017); ii) the metatonalites areuiéd by a small pluton of Type-2
adakitic trondhjemite, the east border of whichingted by the Bacilandia Fault where
a zone of deformed breccias with clasts of metditenand trondhjemite in a matrix of
sericite, pyrite and ilmenite was developed. Tloadhjemite was dated at 753 £ 12 Ma
by U-Pb on zircon (Marques 2017); iii) the volcamacks are represented by post-
collisional bimodal rocks from the upper part oé thaupaci Sequence. The rock types
comprise epidote-chlorite schist representing N-NBJRasalts, whereas biotite-feldspar
schist and muscovite-feldspar schist represent p&-typnetadacite and metarhyolite,
respectively. The metarhyolite was dated by U-Rbon at 598 + 10 Ma (Marques
2017). The metamorphic assemblage of epidote-¢alami mafic volcanics indicates
that these rocks were submitted to greenschisedanietamorphism.

The swarm of mineralized alkaline mafic, intermeeliand felsic intrusions was
emplaced as dikes, sills, plugs or small bodieg.(#i4A) with NNW main direction.
Individual dikes and sill range from 2 to 35 m irdtt, and plugs and small stocks up to
50 meters. The contacts get indurated and foliaidourred adjacent to the dyke walls.
It is not clear whether this texture destructiorsutes uniquely from thermal re-
crystallization at the contact of the dykeasthis work we defined the set of dikes at the
Fazenda Nova deposit as the Bacilandia Intrusidhs.field relationships indicate that
all intrusive phases were emplaced in at least pwises, where the oldest exhibit a
penetrative foliation while the youngest are undefed, thereforeshowing that the
Bacilandia Intrusions represent a long-lived magmatvent (Fig. 4.4B). The
petrographic characteristics of the six intrusiveages are discussed below in their

relative order of emplacement.
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Figure 4.2 — The Geological map of thdaupaci Belt showing the main structural features

and location of Fazenda Nova gold deposit and gotitcurrence.

Gabbro is a coarse-grained intrusion with phaneritic textcontaining euhedral
pyroxene, plagioclase, hornblende and large amaoaint®arse ilmenite. These rocks
usually show strong hydrothermal alteration andodwétion, in which pyroxene is
altered to chlorite, plagioclase to sericite andeihite to rutile/leucoxene. Accessory
phases include igneous titanite, zircon and magmatilfides (pyrrhotite and
chalcopyrite). A small plug of gabbro was datedMigrques (2017), southwest of the
Fazenda Nova property on U-Pb zircon age that iyigl893 + 4.7 Ma. Sm—Nd isotopic
analysis of the same sample givespa Todel age of 0.88 Ga and positisig (T) of
+3.97
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Dolerite represents the largest volume of dikes of thelBadia intrusions. It is
a fine-grained, blackish rock with aphanitic to goyritic texture containing 20 to 25
vol.% of plagioclase phenocrysts with occasionafienghenocrysts of hornblende, set
in a groundmass of fine-grained biotite and plagiee. The biotite is the main
component of the aphanitic groundmass with darkvhropleochroism usually
associated with ilmenite. Amphibole shows dark &atepgreen pleochroism and occurs
as disseminated elongated grains. The accessosgplaae ilmenite (altered to rutile),
and magmatic sulfides (pyrrhotite and chalcopyriié)e dolerite intrusions appear to
have been emplaced at shallow subvolcanic levelshag often contain primary
vesicles/amygdales and, locally, breccias formeth@tmargins of the dikes (Fig. 4.4
C).

Trachyte is a sub-volcanic porphyry intrusion which congaialigned large
(5mm to 1 mm) K-feldspar phenocrysts (Fig. 4.4Djthim an aphanitic groundmass
with biotite, plagioclase, amphibole and locallyagqu. Sanidine presents typical
Carlsbad twinning and is locally altered to fineiged sericite. The biotite shows
brown pleochroism and is usually associated witheiite/rutile. The amphiboles are
usually altered to fine-grained brown biotifEhe accessory phase includes ilmenite
(commoly altered to rutile), zircon, apatite andct of magmatic sulfides (pyrrhotite
and chalcopyrite).

Diorite porphyry is a stock-like intrusion containing plagioclasétite and
hornblende phenocrysts in an aphanitic biotitedeéat-quartz matrix (Fig 4.4 EJhe
plagioclase phenocrysts are rarely preserved, sigpwiteration into fine-grained
sericite and lesser clay minerals. Thmtite occurs in the aphanitic matrix or as
phenocrysts with up to 0.5 mm-sized lamellae withwmn pleochroismThe hornblende
is scarce and is commonly altered to fine-graineawh biotite. Accessory phases
include ilmenite, rutile, zircon, apatind trace of magmatic sulfides (pyrrhotite and
chalcopyrite).

Syenite porphyry contains K-feldspar and biotite phenocrysts in aagtic
biotitic, quartz-feldspar matrixThe K-feldpar phenocrysts are locally altered twefi
grained sericite, carbonate-rutile alteration. biatite occurs in the aphanitic matrix or
as phenocrysts with up to 0.3 mm-sized lamellasedisnated in the rockccessory
phases include ilmenite, rutile, zircon and magmasulfides (pyrrhotite and
chalcopyrite) Syenite commonly displays mafic microgranularlanes (MMES) with

centimeter to decimeter size (Fig. 4.4Hye mineralogy of mafic enclaves is identical
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to that of host syenite, but mafic enclaves contagher amounts of mafic minerals
(~20 vol.% of biotite and ~10 vol.% of hornblende)feldspar and plagioclase crystals
inside the enclaves and in the host syenite arégasim size in some places and feldspar
crystals commonly crosscut the enclaves/host baynda

Lamprophyre occurs as small dikes composed of olivine pherstsrwyithin a
dark fine grained groundmass composed of biotidofopite), plagioclase, apatite, and
less ilmenite. The lamprophyre dikes are cleartgrlahan other dikes as they lack
hydrothermal alteration or deformation.

Several measures of magnetic susceptibility wdtentan dikes from drill core
samples. The values showed low to very low magrsetsceptibility (0.26 to 0.56 Sl x
10°) also supporting that dikes belongs to iimenitéese
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Figure 4.3 - Geology map and cross-sections of tRazenda Nova property showing the location of the b samples of Marques (2017) and samples collectiedhis

study. Cross sections at A-A” and B-B’ showing thglight to strong discordance between ore zones (823/t Au) and the dike/sill complex
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Porphyritic Syenite

&

Figure 4.4 - Main textural features of dikes and dis of the Fazenda Nova deposit: A)
Outcrop showing metric undeformed dykes of dolerite intruded into folded felsic
metavolcanics of the Jaupaci Sequence; B) Outcrop the Fazenda Nova open pit showing
two events of dike intrusion, felsic metavolcanicare intruded by deformed gabbros,
which in turn are crosscut by undeformed dolerites;C) Intrusion breccias formed at the

margins of the dolerite dykes which contain clastof the wall rock in a fine-grained
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magmatic cement of mafic composition; D) sample gforphyry diorite with phenocrysts of
plagioclase (Pl) sample collected for U-Pb zircomnalyses); E) drill core sample of
trachyte showing oriented phenocrysts of K-feldspar(Kfs) and fine biotite rich
groundmass; F) drill core sample of porphyritic syaite with centimetric mafic enclave

and microgranular enclaves.

4.3.2.Local Structures and stages of deformation

The structural geology of the Fazenda Nova degusit been mapped mainly
through study of core samples and limited surfageosures. The deformation took
place during three main phases,(PD,, D, + 1) with involvement of the Jaupaci Belt
rocks in the development of the Bacilandia fault.

Dn-1 phase produced essentially.;$enetrative schistosity marked by the
orientation of micaceous minerals. This foliation parallel to the compositional
banding (9) defined by alternate micaceous and quartz-feldsyyars. The strike of the
Sn-1 schistosity varies from NNW-SSE in the nodlINW-ESE in the south and the
dip changes from sub-vertical to steeply west- ast-€lipping, thus delineating a
possible post-R; macrofold affecting the S foliation. This deformation affected
Type-1 tonalite, Type-2 trondhjemite and volcanocks of the Jaupaci Sequence,
whereas dikes and sills do not show &brics. Therefore, such dikes/sills must post-
date Dy.;ductile deformation

D, structures record ENE-WSW shortening that geneéretiels () with NNW
striking axial planar foliation ($ and strike-slip faults (Moipora-Novo Brasil Shear
Zone, Bacilandia fault and other secondary fauli$le F, folds are asymmetric, up-
right, tight to isoclinal with NNW-ESE striking adi planes and fold axes gently
plunging to the SSE. These folds are typically iceetric to a few meters in wave
length, although some may reach up to regionaksddie § foliation is a penetrative
axial-planar schistosity with a NNW strike and sudstical to steep dip to the west. In
the south of the deposit the Sn foliation is ratatéo a WNW direction and a steep dip
to the south. The interference of ®ith S,.; produced a strong intersection lineation
(L) parallel to the Ffold axes as well as L-tectonites in the hingeezoof such folds
(Fig. 4.5A). Additionally in the Dn event is devpkd the Bacilandia Fault, which
comprises N-S to NNW strike-slip fault. Such import fault reworked the, S foliation
generated a variety of fault rocks, such as catdekn deformed breccias and mylonites.
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The cataclasites/breccias are mainly observedanrétaplutonic rocks, commonly the
contact between the trondhjemite (Type-2) and roptdite (Type-1) is marked by a
broad corridor (~ 25 meters) of progressive fatiatand comminution of both rocks.
The mylonites are represented by fine-grained rdeksvolcanic rocks and dolerites
dykes) with S-C foliation (Fig. 4.5 B). This foliah is better developed in fine-grained
rocks such as volcanic rocks and dolerites dikég. @5 B). Quartz segregations and
directional stretching lineations are commonly obsé in felsic volcanic rocks. Most
kinematic indicators along the Bacilandia faulticade dextral slip. The pdeformation
affected some dikes along the Bacilandia fault shgwhat the emplacement of early,
small volumes of dikes is pre to syn-@uctile deformation. However, the bulk of the
dikes are not affected by thg Bliation.

A large volume of northwest dikes/sills were empthafter the Dn deformation.
These dikes are folded and deformed by a laterd2formation that rotated the.8S,
fabrics and the Bacilandia Fault from the northarBnd to an east-west trend. The
rotation of foliation is related to box folding{ff) with an NE-SW and NW-SE pair of
axial planes ($1) with steep plunging fold axes to NNE (Fig. 4.5a6d D). The $1
foliation is a discrete spaced cleavage or fracture cleavage Mihdirection mainly
observed in fine-grained rocks as the dikes andavoétanics. NE and N-S conjugate
brittle faults with dextral kinematics displacedkes and older foliations and are

interpreted as the late stage of deformation irFdmeenda Nova Deposit.
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Figure 4.5 - Deformational structures of the Fazena Nova deposit. All photos are from

open pit exposures. A) Outcrop of type-1 metatondk in the Lavrinha open pit showing
strong intersection lineation between the Sn-1 anthe Sn foliations in the Fn fold hinge; B)
Felsic metavolcanic rocks (muscovite-feldspar schjswith S-C milonitic foliation with
dextral offset produced by the Bacilandia fault (NNV striking); C) Rotation of the S,//S,1
foliations related to box folding (F..1) with steep NNE-plunging fold axes; D) 1 spaced
cleavage with NE-SW direction in felsic metavolcacs.
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4.4. Analytical procedures

4.4.1. U-Pb and Sm-Nd isotopic analyses

Zircon concentrates were extracted from ca. 10 &gk rsamples using
conventional gravimetric and magnetic techniquemekél fractions were hand-picked
under a binocular microscope to obtain fractionsiwfilar size, shape and color. For in
situ U-Pb analyses, hand-picked zircon grains weaorinted in epoxy mounts and
polished to obtain a smooth surface. Before angJysmunts were cleaned with dilute
(ca. 2%) HNQ. Backscattered electron images or cathodolumimescé@nages were
obtained using a FEI-QUANTA 450 working at 10 kVtla¢ University of Brasilia.The
U-Pb LA-ICPMS analyses followed the analytical mgdare described by Buhn et al.,
(2009). In this LA-ICPMS U-Pb analyses samples wi#aeed in an especially adapted
laser cell. A New Wave UP213 Nd: YAG laser £ 213 nm), linked to a Thermo
Finnigan Neptune Multi-collector ICPMS was usedlitita was used as the carrier gas
and mixed with argon before entering the ICPMS. THser was run at a frequency of
10 Hz and energy of ~100 mJ/cm2 with a spot dianwt80um.

For the U-Pb LA-ICPMS zircon analyses, a fragmenticcon standard GJ-1
(Jackson et al., 2004) was used as the primaryerefe material in a standard-sample
bracketing method, accounting for mass bias andét dorrection. The resulting
correction factor for each sample analysis considlee relative position of each 199
analysis within the sequence of 4 samples brackieyetivo standard and two blank
analyses (Albarede et al., 2004). An internal stathadvas run at the start and at the end
of each analytical session, yielding accuracy adlo2% and precision in the range of
1% (15). Uncertainties in sample analyses were propadateguadratic addition of the
external uncertainty observed for the standardthéoreproducibility and within-run
precision of each unknown analysis. Zircon grairith W*®Pb?*Pb lower than 1000
were rejected. U-Pb age data were calculated antbglusing ISOPLOT v.3 (Ludwig,
2003) and errors for isotopic ratios are preseatdte & level.

Seven drill core samples were selected for isotagmalyses of Sm-Nd,
comprising two samples from dolerite, two samplesyenite porphyry, one sample of
trachyte ,one sample of diorite porphyry and one@a of lamprophyrie. Sm-Nd
isotopic analyses followed the method describedGigia and Pimentel (2000) and

were carried out at the Geochronology LaboratorthefUniversity of Brasilia. Whole
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rock powders (ca. 50 mg) were mixed wifiSm-""Nd spike solution and dissolved in
Savillex capsules. Sm and Nd extraction of wholgkrsamples followed conventional
cation exchange techniques. Sm and Nd samples lwaded on Re evaporation
filaments of double filament assemblies and th&éo@oc measurements were carried out
on a multi-collector Finnigan MAT 262 mass specteten in static mode. Uncertainties
for Sm/Nd and'*NdA*Nd ratios are better than +0.5%c}2and +0.005% (&),
respectively, based on repeated analyses of irienah rock standards BHVO-1 and
BCR-1. The"*Nd/*Nd ratios were normalized t8°Nd/**Nd of 0.7219 and the decay
constant used was 6.54 xfG*. The Toum values were calculated using the model of
DePaolo (1981). Nd procedure blanks were better 1188 pg.

4.4.2. Whole-rock chemical analyses

Twenty six samples from the Bacilandia Intrusionsrevcollected for whole
rock analyses after preliminary petrographic exatiom. These samplesere analyzed
for major, minor, and trace components, which idelli rare earth element (REE).
Whole rock analyses were performed at ALS Chemexuy.PMajor oxides and minor
elements were obtained by ICP-AES spectrometry ofoilg a lithium
metaborate/tetraborate fusion and dilute nitricedigpn of a sample aliquot of 0.1 g.
Rare earth and refractory elements were determimyedCPMS following a lithium
metaborate / tetraborate fusion and nitric acicestign of 0.1 g samples. The loss on
ignition (LOI) was measured after ignition at 10C0All rocks analyzed were affected
by regional metamorphism, and some also by hydrotakalteration. The volcanic
rocks were metamorphosed to the greenschist facieditions and thus the primary
geochemical compositions are liable to subsequedifioations. Large ion lithophile
elements (e.g. Rb, Ba, K, Sr) are generally comsdlenobile under metamorphic
conditions whereas rare earth elements and highdteength elements (e.g. Th, Nb, Ti,
Zr, Y) are considered the least mobile or immol§Reollinson, 1993). Given these
considerations, only those elements generally densd to be immobile are used in the
geochemical diagrams. To minimize some effects Itdration, all samples were
carefully selected to exclude veining and recerativering. Samples with LOI greater
than 5.0 were discarded. Exceptionally, we usedb@akamples with elevated LOI

values only in trace element classification.
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4.4.3. Mineral chemical analyses

Twelve thin sections were selected for determiriivg composition of silicates,
sulfides and carbonates via the JEOL JXA-8230 mlacticroprobe at the Electron
Microprobe Laboratory in the University of Brasil/DS (wavelength dispersive X-
ray spectrometer) beam operating conditions werek\20and 20 nA, with a 10s
counting time. Thin sections were polished and lizet with a 250 A thick carbon

film.

4.4.4. Carbon-Oxygen isotope samples

Eight drill core samples were collected from hyHestnal carbonate veins for
carbon-oxygen isotopes analyses, after an exammati polished thin section®Ve
selected these carbonate rich alterations withgtied of evaluating the origin of the
hydrothermal fluids. Approximately 300 mg of carbta was extracted from each
sample using a hand-micro drill, and these carl@osainples were analyzed for carbon
and oxygen isotopes by IRMS (Delta Plus Advantagethe Geochronos Lab of the
University of Brasilia. Analyses of NBS 18 duringetperiod of this study yield an

average value of -5.1%o fér**Cypps and 23.1%o fob **Ovsmow

4.5. Age of Bacilandia Intrusions

Three samples from Bacilandia Intrusions were setetor isotopic U-Pb LA-
ICP-MS analysis representing de different stagantfisions, one from the diorite
porphyry (GD-23), one from trachyte (GD-04A) ancednom syenite porphyry (GD-
13A), being the two latters intrusions samples wibhtectonic fabrics. Results are given
in the supplementary table 4.A.

Thediorite porphyry sample (GD-23) was collected from drill core sasnblat
was representative of the central portion from itkoporphyry stock. Zircon grains in
this rock are colorless or light-brown, transparemtsemi-transparent and subhedral
with a few euhedral crystals. Their length variesf 50 to 20Qum. The grains display
clear oscillatory zoning and Th/U ratios with a ganfrom 0.25 to 0.73 indicating a
magmatic origin. Ten spots were analyzed on 10omB¢ where six spots analyses
yielded the concordia age of 590 + 5 Ma (MSWD =, Eig. 4.6A), which is interpreted
as the crystallization age of the original dioptaphyry.
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The trachyte sample (GD-04A) was also collected in vicinities of thpem pit
of Fazenda Nova deposit. This trachyte outcrop e ¢@with few meters wide)
emplaced into Type-1 metatonalite. Zircon graisrfrthis sample may be divided into
two main populations based on their morphologias iaternal structures: (i) the most
abundant population (approximately 90 % of thergaconsist of subhedral elongated
crystals with rounded edges and occasional osmijtazoning and (ii) a less abundant
(10 %) formed of euhedral, elongated crystals, wighl-developed zoning. The grains
selected for analyses are in the size range betd@amd 300 um. Twenty two analyses
on twenty two zircon grains were carried out, aed grains of the first population
yielded a concordia age of 772 + 6 Ma (MSWD = £8).,4.6B). According to their
characteristics they are most likely represent ritde zircons. The large amount of
inherited zircon crystals is probably due to thexpmity to Type-1 samples with ca.
770 Ma old metatonalite country rocks. Two zircamigs of the second population
yielded the younger concordia age of 574 + 10 M&WD = 0.09, Fig. 4.6B), which is
interpreted as the crystallization age of the oagtrachyte dike.

The syenite porphyry sample (GD-13A) was collected in outcrop closehaf
Fazenda Nova open pit as dike emplaced in felsi@mvo&anics. Most of the zircon
grains in this rock are colorless or light-browranisparent to semi-transparent and
euhedral to subhedral prisms, length varying froB® 1o 300um and oscillatory
zoning, indicating their igneous origin. Th/U ratieary from 0.11 to 0.31. A total of 31
spots were analyzed on 31 zircons. Four spot agmlyielded the concordia age of 572
+5 Ma (MSWD = 1.9, Fig. 4.6C), which is interprétas the crystallization age of the
original syenite dyke. Other six analyses yieldedoacordia age of 598 + 3 Ma
(MSWD = 0.17, Fig. 4.6C) which is interpreted asimmerited componente. The large
amount of inherited zircon crystals is probably dodhe proximity of this sample to
felsic metavolcanics with similar age of 597 £ 5.Ma

Sm-Nd analyses in dikes preséHsm/*‘Nd values from 0.13 to 0.14 angyf
model ages are between 0.75 to 0.88dgg@values at T = 572 Ma, range from +1.88 to
+4.5 (table 4.2).
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Figure 4.6 - Concordia diagram for zircon grains of A) diorite porphyry (sample GD-23);
B) trachyte (GD-04A) and C) syenite porphyry (samp GD-13A).

Table 4.2 Sm—Nd isotopic data for the Bacilandia limusions

s 143Nd/l44Ndi
Sample Rock Sm(ppm) Nd(ppm) smA*Nd osE end©) | Tom(ca) | ENdm
GD-05A Dolerite 5.376 23.272 0.1396 0.512635+/-14 -0.05 0.84 3.81
GD-11 Dolerite 4.636 19.669 0.1425 0.512632+/6 -0.172 0.84 3.5
GD_09 Gabbro 241 10.234 0.1423 0.512631+/-22 -0.13 0.84 3.97
GD_23 Diorite porphyry 2.41 10.234 0.1423 | 0.512633+-42 -0.1] 0.84 3.8}
GD-04A Trachyte 8.244 37.097 0.1343 0.512601+/8 -0.72 0.8§ 3.51
GD-13A Syenite porphyry | 6.82 31.477 0.131 0.512640+-14  0.03 0.79 45
GD_25 Lamprophyre 9.884 59.641 0.1002 0.512418+/6 -4.29 0.84 1.8
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4.6. Geochemistry of major and trace elements of Bdandia Intrusions

Gabbros, dolerites, trachytes, diorite porphyry,erste porphyry and
lamprophyres are high-K calc-alkaline to shoshoramd have a clear alkaline affinity
with composition varying from basalts and alkalsaltis to more evolved trachytes
(Fig. 4.7A). Aluminum saturation increases with increased siticatent, and the rocks
can be considered metaluminous to slightly peratoos (Fig. 4.7B). Harker variation
diagrams (Fig. 4.8) indicate that CaO,®B¢ TiO, and MgO systematically decrease
with increasing SiO2, forming relatively smoothrids. The NgO and KO show a
positive correlation with Si® The less evolved rocks generally feature highds P
contents. The variation of major elements of eagde tof Bacilandia Intrusions is
shown in the Table 4.3.

Table 4.3 Major elements data for Baciladia Intrusons. The gabbro was not included in

table due the high values of LOI.

Major elements Dolerite Diorite Trachyte Syenite Lamprophyre
porphyry porphyry
SiO, wt% 46.8-52.6 55.2-63.7 52.1-62.27 64.71-71)07 45.2
Fe,03wt% 9.6-14.7 7.47-10.37 8.25-11.4 3.48-6.45 14.54
MgO wt% 8.8-3.1 1.31-3.54 1.33-4.66 0.47-0.9¢ 7.11
TiO,Wt% 1.9-3.2 1.04-1.93 2.35-0.78 0.39-0.72 3.38
CaO wt% 6.8-9.9 2.59-6.64 3.98-6.7 1.62-2.94 10.72
Na,O + K,0 wt% 3.21-6.58 5.66-5.89 5.68-6.62 7.74-8.69 8.79

All Bacilandia intrusives are strongly enriched LiLES (consistent with the
high K contents) and some HFSE, such as Nb aniN@gativeP and Tianomalies are
present in the syenite porphyry, trachyte and tioporphyry (Fig. 4.9A and C).
Chondrite-normalized REE plots show that light R&E strongly enriched in all rocks,
with the highest absolute values in syenite porphyhe diorite porphyry is slightly
more enriched in middle and LREE (Fig. 4.9B and THe Eu depletion in syenite
porphyry indicates some plagioclase fractionatiofater magmatic stages. Thgenite
porphyry, trachyte and diorite porphyplot in the post-tectonic granites field in the Rb
versus Y+Nb diagram (Fig. 4.7C). The gabbro anentel intrusions plot as E-MORB,
whereas lamprophyre dikes plot as alkaline witHatepbasalts (Fig.4.7 D). All results

are given in the supplementary table 4.B
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Figure 4.7 —Plot for Bacilandia intrusions A) Zr/TiO, versus Nb/Y composition diagram
after Pearce (1996); B) A/NK versus A/CKN (Shand, 943);. (C) Rb versus Y+Nb tectonic
classification plot after Pearce et al., (1984) fdielsic components of Bacilandia Intrusions
; (D) Th-Hf-Nb diagram (after Wood, 1980);WPT - within-plate tholeiites, WPA - alkaline
within-plate basalts and; CAB volcanic-arc basalts]AT — Island Arcs tholeiites. Note the

negative Eu anomaly in syenite
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Figure 4.9 - MORB-normalized spider diagrams and chndrite-normalized REE patterns
for the dolerite, gabbro and lamprophyre (A and B); porphyry diorite, trachyte and
syenite (C and D). MORB and chondrite normalizationvalues after Pearce (1983) and Sun
and McDonough (1989), respectively Trace element characteristics across the
compositional range of intrusions are remarkably utiform. All samples are strongly
enriched in incompatible elements, particularly LILE and light REE, and feature high
LILE/HSFE ratios.

4.7. The Fazenda Nova Gold Mineralization

The gold resource at the Fazenda Nova deposit ®6auNNW-SSE striking,
steeply west dipping mineralized bodies (Lavrinip&ro Pit), which are sub-parallel to
the dikes. This NNW trending dyke swarm was rotdigds,.; folding into the WNW-
striking steeply south-dipping attitude seen at\fital open pit to the South. The flat to

shallow dipping mineralized zones at Vital are s&ligtrelated to sills (Fig 4.3).

117



The gold mineralization at the Fazenda Nova dep®siharacterized by a strong
gold-arsenopyrite association, which occurs asgiflag veinlets/veins, and lesser
crackle breccias, filled by quartz + carbonate seappyrite + pyrrhotite £ pyrite. There
is no correlation between the density of veining gold grade, but good correlation is
seen between gold and arsenic. The presence afoprg#te in veinlets/veins and as
fine acicular disseminations is the most obviousti@ on gold grades, so much that
some intervals with dense veining carry no goldai$enopyrite is not present. A
consistent and general sequence of paragenetitonships is observed between
primary igneous and hydrothermal minerals in thdséerent stages, classified in
chronological order as: early, intermediate ané kthge, as explained below (Table
4.4). The three stages of alteration affected altiBndia intrusives and wall rocks,
except for the lamprophyres, which show no hydnatta alteration.

Theearly stage (main stageinay be divided into subtypes: i) the first is leaist
preferably in, or near, the contacts of intrusiolbBe pervasive sericitization (fine-
grained sericite) of feldspar and biotitization roafic minerals are the most obvious
alteration features (Fig. 4.10A and B). The intousi, (eg dolerites and trachytes),
typically contain igneous ilmenite partially altdreto rutile/titanite and widely
disseminated hydrothermal apatite grains in theaimétig. 4.10C). The hydrothermal
assemblage of biotite-rutile-apatite and locallyrbomate (siderite) is frequently
observed with fine-grained acicular arsenopyritgiriptite and less scheelite and
stibinite. (Fig4.10D). ii) the second subtype ofrlgaalteration is represented by
mineralized quartz veins/veinlets and crackle beectilled in by quartz + arsenopyrite
+ pyrrhotite. Alteration consists of a fine-grainedass of biotite selvages with
arsenopyrite and pyrrhotite in the quartz veing.(B.10E and F). In the metamorphic
country rocks (metatonalite, felsic metavolcan&a)y mineralization is represented by
quartz stockwork with massive veinlets and veindioé acicular arsenopyrite with
sericitic alteration (Fig4.11A). Hydrothermal créelboreccias consist of a grayish to
brownish-colored breccia of angular to subanguiagrhents of intensely altered dikes,
or felsic host rocks, cemented by an abundantifsic groundmass of acicular
arsenopyrite + pyrrhotite Fig4.11B). These two gpbs exhibit mutual cross-cutting
relationships suggesting they are essentially sgmaius.

Early stage mineralization generally grades frofd & 30 g/t Au with an
average value of about 6.0 g/t Au (Yamana reportsg. sulfide concentration is about

8% to 15%, with the gold grades proportional to tdomtent of arsenopyrite in the
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groundmass of the dikes or in the veins/veinletee €arly mineralization is hosted in
dikes that usually are not deformed, moreover, winested in the wall rocks; truncate
the ductile §tectonic fabrics. However, some of the arsenopyréaring-veins from
this early event are still deformed by thgSoliation. Thus, a post-Pand partially
pre- to syn-R.; age for the early stage alteration is inferred das& above
relationships.

The intermediate stageis represented by stockworks of carbonate (caldite
quartz veins with pyrrhotite and less fine-grainadsenopyrite-pyrite (Fig.4.11C).
Alteration in the wall rocks depends on host contpmy showing chloritization (Fe-
chlorite) of mafic minerals, hydrothermal epidotiéanite (leucoxene) and tourmaline
rich alteration in the mafic intrusions, and cardenquartz veins in the felsic
metamorphic rocks. In this stage the arsenopyriéng are predominantly tabular and
occur in equilibrium with pyrite and rarely with photite (Fig4.11D).

The intermediate stage grades vary from 0.3 t& 3ug with an average value
of ca.1.5 g/t Au (Table 4.4) and sulfide concemndreg of ca.5% to 8%. This style of
mineralization represents barren to low grade rat&vith some mineralized zones
continuous over 30 meters. The early quartz-arsgitepveins are frequently cut by
quartz-chlorite-carbonate intermediate veins (Fid1E), although the opposite
relationship has also been found locally. This sstgythat the two events are partially
overlapped in time and may even reflect a spat@tipal to distal alteration zoning.

The late stageof alteration is represented by veining/breccrattbat occurs
only in the dikes as barren veinlets and crackéedias infilled by monotonous calcite-
ankerite occasionally with comb/cockade textureg@&iL1F and G). These veins are
barren and lack alteration selvages and sulfidés. [ate stage veins consistently cut
across early stage alteration and intermediate ooatk-quartz veins and are not

affected by any deformation and are , thereforferiad to be post-R2;in age.
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Figure 4.10 — Photographs of drill core samples (And E), thin section photomicrography
(B,D and F) and scanning electron microscope (SEMyackscattered electron images (C) of
early stage alteration styles in the Fazenda Novaegosit. A) Diorite porphyry displaying
pervasive early alteration characterized by dissemition of fine-grained arsenopyrite,
sericitization of feldspar and fine-grained biotite B) Diorite porphyry with disseminated
acicular arsenopyrite, sericitization (Ser) of feldpar phenocrysts and minerals in the
groundmass; acicular arsenopyrite (Apy) is partialarly abundant in the relict of

feldspar phenocryst; (C) Typical alteration in mafic dikes showing hydrothermal
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assemblage of apatite (Ap), disseminated carbonat&b), acicular arsenopyrite (Ap),
scheelite (Sch) and ilmenite (Ilm) partially alterel to rutile (Rt); D) Acicular arsenopyrite-
rutile-pyrrhotite hydrothermal assemblage with gold (Au) in the contact between
arsenopyrite (Apy) and pyrrhotite (Po); E) Dolerite with typical alteration associated with
high grade gold intervals comprising pervasive biote-arsenopyrite-pyrrhotite

hydrothermal association and quartz veins with finegrained biotite-arsenopyrite selvages
F) Dolerite crosscut by quartz veins with arsenopyite and fine-grained dark-brown

biotite selvages (TL,NJ.
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Figure 4.11 Photographs of drill core samples (AE,F and G), thin section
photomicrography (D and E) of early stage , intermdiate and late stages of alteration in
the Fazenda Nova deposit. A) Early alteration in Tge-1 metatonalite with sericite (Ser)
arsenopyrite (Apy) selvages in the quartz veins; Barly-stage hydrothermal breccia with
sericitized felsic metavolcanic clasts and silicéid matrix with acicular arsenopyrite (apy)
rich-alteration; C) Dolerite with calcite (Cal) veins/veinlets with fine-grained chlorite-
pyrrhotite-tourmaline (Tur) selvages representing he Intermediate alteration stage; D)
Acicular and tabular arsenopyrite (Apy) with pyrrho tite-pyrite-titanite hydrothermal
assemblage in the intermediate alteration stage; E) Thin section photomicrography
(TL,N//) showing dolerite with two sets of veins, a&ly alteration vein (V1) represented by
quartz-arsenopyrite-rich vein and carbonate + quart vein (V2) with chlorite (Chl) and
fine-grained tabular arsenopyrite (Apy) selvages ofhe intermediate stage; F) Late stage
alteration with barren calcite veins in gabbros; G)Late stage hydrothermal breccia with

calcite (Cal) veins displaying cockade texture.

Table 4.4 — Table with main characteristics of théhree stages of alteration in the Fazenda

Nova Deposit (the grades were extracted from Yamanaports)

Main Eeatures Early Stage Intermediate Stage Late Stage
Texture of alteration Pervavise, stock-work and crackle | Mainly carbonate stock-works | Carbonate stock-work ( comb
breccias and cocade

Penasive alteration with
dissemanited sulfides, biotitization
and sericitization and replacement

of ilminite by rutile/leucoxene ,
disseminated apatite; quartz stock-
work with biotite sulfides selvages;

crackle-breccias cemented by
silicified groundmass with sulfides

Vein, veinlets and stock-work of
calcite with Fe-chlorite, sulfides
and toumaline selvages

Veinlets and stock-work of milkyj

Dike Alteration calcite and less ankerite

Sericitization with fine-grained
sulfides filling micro-fractures; quartz
stockwork with sericite and sulfide

Veins and \einltes compsed by

Wall-Rock Alteration sericite, carbonate and turmaline No alteration

veins
selvage
ite + ite + ite + i
Main Metallic Mineralogy Needle arst_enopynte pyrrhotite Tabular arser_10pyn_te _pyrrhotlte None
rutile+ leucoxene +pyrite + titanite
. . ite + + ite + .
Seconday Metallic Mineralogy Pyrite Galena' Schegllj(e. tabular needle arsenopyrite None
arsenopyrite + stibinite
Elemental Association Au + As +Sb + W (Pb) As + Au. None
Sulfide Contents 10 % to 25 % 3% to 5% None
Au Grades None
>3.0 gpt to avarage of 6.0 gpt Au |< 3.0 gpt avarage of 1.5 gpt /Au
Gold O In lattice of arsenopyrite, invisible In lattice of arsenopyrite, N
0 ccurence gold and less free state invisible gold and free state one
Deformation event pre to sin-Dn+1 pre to sin-Dn+1 Post Dn+1
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4.8. Ore mineralogy

In the early-stage alteration gold occurs mostly conctact or as inclusion ia th
arsenopyrite and lesser pyrrhotite (Fig. 4.10D &g 4.12A). Two morphologic
varieties of arsenopyrite are recognized in thdyestage: a more common acicular-
prismatic type and a less frequent tabular typectibn microprobe analysis indicate
(table 4.5) that both arsenopyrite types have |lserdc contents of 41.31-46.16 wt %
As (average of 31.83 at % As) in the acicular tgpd 38.73 — 41.15 wt % As (average
of 29.5 at % As) in the tabular one. The tabulpetgontains more sulphur (19.9-24.3
wt %) and Fe ranging from 34.2 to 36.85 wt %. Tbiewar grains are fine-grained (10
to 300 um) with high gold contents ranging from 1&0 2200 ppm. The Au
concentrations in acicular arsenopyrite indicateequal distribution of elemental gold
as nanoparticles (Fig. 4.12B). Acicular arsenopymiiay exhibit poykilitic texture (Fig.
4.12C) and high porosity with microinclusions oflegea, pyrite and high contents of
Cu, Pb, Bi and Ag (4.12 D). The tabular arsenopytitpe occurs as fine-grained,
flattened, isometric, often rhombic pyramidal caystwith no gold contents.

Pyrrhotite contains S varying from 39.4 to 51.54%tand Fe from 45.55 to
60.16 wt %. When Gold is visible, present roundedtib-rounded edges with size
ranging from 5 to 2@m, locally were observed very fine-grained with (rB in size.
The gold occurs mainly incorporated by arsenopymte fills microfractures in the
arsenopyrite or pyrrhotite. Due the majority of djak incorporated in the crystal
structure of the arsenopyrite the Fazenda Nova goiteralization is metallurgically
refractory.

When present, gold in tHatermediate stageoccurs as free particles in contact
with tabular arsenopyrite (Fig.4.11 E) and locallyth pyrite, or associated with
preserved early-stage acicular arsenopyrite. Inescases, free gold is associated with
tabular arsenopyrite (Fig.4.12 E), pyrrhotite aiidates. Electron microprobe analyses
indicate that the compositions of tabular and daicarsenopyrite are similar that of the
early hydrothermal stage (Table 4.5). Pyrite is éictent (50-53 wt %) with Fe
contents ranging from 45.55 to 48.21 wt %, locabintaining elevated As and Pb.
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Fig 4.12 - Scanning electron microsope (SEM) batered electron images. A) Acicular
arsenopyrite and hydrothermal rutile assemblage wh gold enclosed by arsenopyrite. B)
Acicular arsenopyrite-rutile-apatite hydrothermal assemblage with arsenopyrite
havinghomogeneous gold values (apy-26 with 740 ppfu, apy-27 with 790 ppm Au, apy-
28 with 540 ppm and apy-29 with 640 ppm Au). C). Tgical acicular arsenopyrite (Apy-14
with 1400 ppm Au and 30.27 wt % As with gold inclsion. D) Porosity acicular
arsenopyrite (Apy-12 with 1920 ppm Au and 30.87 w® As with gold microinclusion,

galena and pyrite inclusions. E) Tabular arsenopyte (Apy-26 with no Au contents and

29.36 % As) in contact with gold
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Table 4.5 - Electron Microprobe Data (wt %) for the early and intermediate stage of
alteration of Fazenda Nova deposit. Abbreviations py = Arsenopyrite, Po= pyrrhotite,
Py=Pyrite, Au = Gold and b.d.| = below detection it.

Sample 4D | At%As | As% | S% | Bi% | Ag% | Sb % | Po% | Au% | Fe% | Cu% | Total % |[Morphology
Early Stage of Alteration

Apy_02 30.16 41.31 22.48 0.02 0.03] 0.01 0.10 0.06 36.28 b.d.l| 100.44 Needle|
Apy 03 30.21 41.38 22.37 b.d.| 0.00, b.d.| 0.09 0.07 35.75 0.05 99.91 Needle|
Apy_04 31.16] 42.69 22.33 0.07 b.d.| b.d.| 0.08 0.12 36.02] 0.03| 101.46) Needle|
Apy_05 31.70] 43.42 20.60 0.01 b.d.| b.d.| 0.00 0.07 35.45] b.d.| 99.66 Needle|
Apy 07 31.74] 43.52 20.73 0.12 0.01 b.d.| 0.05 0.21 35.94] 0.04| 101.10 Needle|
Apy 08 30.55 41.85 22.98 0.04 b.d.I 0.01 0.07 0.05 35.98 b.d.| 100.75] Needle
Apy_09 30.75 42.13 22.56 0.05 b.d.I b.d.| b.d.I 0.15 36.16 0.01 101.22 Needle|
Apy_10 33.18 45.45 20.20 b.d.| b.d.I b.d.| 0.07 0.18 35.50 b.d.| 101.54 Needle|
Apy 12 30.86 42.27 22.53 0.02 0.03 b.d.| 0.05 0.19 36.11 b.d.| 101.44 Needle
Apy 13 30.31 41.53 22.31 b.d.| 0.01 0.00 0.01 0.07 36.25 0.03| 100.36 Needle|
Apy_14 30.26 41.45 22.53 0.05 0.02, b.d.| 0.07 0.14 36.38 0.02| 100.84 Needle|
Apy_16 30.47] 41.74 22.73 b.d.| 0.01 b.d.| 0.15 0.15 36.11 b.d.l 101.05 Needle|
Apy 17 33.84] 45.36 19.47 0.06 0.02 b.d.| b.d.| 0.5 35.13] 0.02| 100.31 Needle|
Apy_20 31.37 42.97 21.42 0.05 0.03 b.d.| 0.02 0.02 35.10 0.03: 99.70 Needle
Apy 21 33.32 45.64 22.42 b.d.| b.d.l b.d.| 0.03 0.03 34.93 b.d.| 103.06 Needle
Apy_22 34.36 47.07 19.42 b.d.l b.d.l b.d.l 0.09 b.d.l 34.76 b.d.l 101.41 Needle
Apy 23 33.70 46.16 20.06 b.d.| 0.03] b.d.| 0.08 b.d.| 34.44 0.00  100.79 Needle|
Apy_24 32.02] 43.86 21.81 b.d.| b.d.| b.d.| 0.02 b.d.| 35.21 b.d.Il  100.98 Needle|
Apy_25 32.56] 44.60 22.18 b.d.| b.d.| b.d.| b.d.| 0.03 35.83] 0.03| 101.76| Needle|
Apy 26 32.78 44.91 21.75 b.d.l b.d.l b.d.| 0.20 0.07 35.72 b.d.| 101.72 Needle
Apy 27 31.70 43.43 22.59 0.08 b.d.l b.d.| 0.10 0.08 36.13 b.d.| 101.33] Needle
Apy_28 31.65 43.36 22.25 b.d.| b.d.I b.d.| 0.16 0.05 35.80 b.d.l| 101.71 Needle|
Apy 29 31.78 43.54 22.74 0.05) b.d.I b.d.| 0.06 0.06 35.69 b.d.| 101.17 Needle|
Apy 18 29.66 40.63 23.80 0.00 0.00 0.00 0.04 0.020 36.55 b.d.| 101.22 Tabular
Apy 19 29.84 40.87 23.14 0.05 0.02 0.07 0.02 b.d.l 36.43 b.d.| 100.74 Tabular
Apy 21 30.01 41.10 23.38 0.11 0.01 0.03 0.16 b.d.l 36.46 b.d.l 101.38 Tabular]
Apy_22 28.56 39.13 24.37 0.07 b.d.I 0.25 0.19 b.d.l 36.86 0.02| 101.23 Tabular]
Apy_23 30.04] 41.15 23.29 0.01 0.03 0.09 b.d.| b.d.| 36.94] b.dll 101.11 Tabular}
Apy 26 29.36] 40.21 23.22 0.11 0.01 0.16 0.06 b.d.| 36.66] 0.01 100.59 Tabular}
Po_01 b.d.| b.d.| 39.31 0.11 b.d.| b.d.| 0.06 b.d.| 59.94] 0.02 99.59

Po_02 b.d.I b.d.l 39.89 0.16 0.01 b.d.| 0.11 b.d.| 60.16 0.02 100.58

Po_03 b.d.| b.d.l 40.08 0.02 0.00 0.000 0.16 0.000 59.92 0.015 100.44

Au_01 b.d.| b.d.l b.d.| b.d.l 13.1 b.d.| b.d.| 86.9 b.d.| b.d.| 100] Inclusion in Apy
Au_02 b.d.| b.d.l b.d.| b.d.l 12.2 b.d.| b.d.| 87.8 b.d.| b.d.| 100] Inclusion in Apy
Au_03 b.d.l b.d.l b.d.| b.d.l 15 b.d.| b.d.| 85| b.d.| b.d.| 100] Inclusion in Apy
Au_04 (Electrum) b.d.I b.d.l b.d.| b.d.l 22.6 b.d.| b.d.| 77.4 b.d.I b.d.| 100] Inclusion in Apy
Au_05 b.d.l b.d.| b.d.l b.d.l 12, b.d.l b.d.l 88 b.d.l b.d.l 100 Free State
Au_06 b.d.| b.d.l b.d.| b.d.| 14] b.d.| b.d.| 86 b.d.| b.d.| 100 Free State

Intermediate stage Alteration

Apy_28 31.14 42.66 22.14 b.d.l 0.01 b.d.l 0.07 0| 36.1270 0.01 101.13] Needle
Apy_29 33.18] 45.46 19.47 0.056 0.02 b.d.l b.d.| 0.03 35.13] 0.021 100.31 Needle|
Apy_30 31.63] 43.33 22.60 0.03 0.03 b.d.| 0.11 0.02 36.25] b.d.I|  102.53 Needle|
Apy 31 30.90 42.33 22.16 0.09 b.d.I b.d.| 0.00 0.08 35.61 b.d.| 100.39] Needle
Apy 33 30.65 41.99 21.30 b.d.| b.d.| 0.024 b.d.| 0.04 36.05 0.011 99.53 Needle
Apy_34 29.83] 40.86 23.40 b.d.| 0.05 0.19 0.10 b.d.| 36.74] b.dll 101.44 Tabular}
Apy_36 30.04] 41.15 22.18 b.d.| 0.01 b.d.| 0.03 b.d.| 36.10] 0.016|  100.53 Tabular}
Apy 37 28.27 38.73 21.80 0.03 0.01 b.d.| 0.06 b.d.l 35.25 b.d.| 96.18 Tabular
Py 01 b.d.l b.d.l 51.54 0.04 b.d.l b.d.l 0.11 b.d.l 46.34] 0.013 98.25

Py 02 b.d.I 0.039 51.35 0.21 b.d.I 0.041 0.15 b.d.| 45.55 0.034 98.62

Py 03 b.d.| b.d.| 53.62 b.d.| b.d.| b.d.| 0.18 b.d.[ 47.514 0.015 98.61

Py _04 b.d.| b.d.| 53.12 b.d.| b.d.| b.d.| 0.30 b.d.ll  46.954 0.007, 99.51

Py 05 b.d.| 0.044 50.09 b.d.| b.d.| 0.038 0.30 b.d.| 48.215 0.028 98.15

4.9. Carbon and oxygen isotopes of carbonate veins

The carbon and oxygen isotopic results from tredyeses of calcite in carbonate
veins from the intermediate stage are shown inérat8. Most of thé'°C and the*®0
values of the carbonates are quite homogeneous 34 ranging from -9.68 to -
11.57% ands*®O from 12.87 to 13.84%.. On tHE°Cypps Versuss®Osuow diagram
(Fig. 4.13), the intermediate veins plot in thddief juvenile hydrothermal solutions

derived from mantle sources (Swain et al., 2015 ).
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Tabel 4.6- Carbon and oxygen isotopic data of carlmate (calcite) veins from intermediate

alteration stage

Calcitc carbonate veins samples of intermediate V-PDB V-SMOW
stage d'*C%o d'®0%,
AM_01 -11.57 13.94
AM_02 -11.15 14.27
AM_03 -10.76 13.63
AM_04 -9.68 13.13
AM_05 -11.34 12.87
AM_06 -11.87 13.10
AM_07 -10.67 13.83
AM 08 -11.12 13.26

@ Samples of calcite veins of
intermediate stage alteration

13
0> Cuos %0

Carbonate from
0 mantle derived
fluids

Marine Carbonates

_6
Carbonate | 1= 1 Continental Carbonates
from Magmatic
hydrothermal
8 [
Carbonate from
Mantle-Juvenile
-10 hydrothermal
...... fluids
0 2 4 6 8 10 12 16 18 20 22 24 26 28 30

880 swow Yoo

Figure 4.138 *Cyppg %o versusd ®Ogsyow %oisotope diagram for the carbonate veins from

the intermediate alteration stage. The fields are dsed on isotopic data from various

studies defining a range for carbonates formed in ifferent geological environments:
continental and marine carbonates (Craig, 1953; Kén and Webber, 1964); carbonatites
(Taylor et al., 1967); orogenic gold deposit fluid¢Beaudoin and Pitre 2005 Craw et al.,
2010); magmatic hydrothermal fluids (Ohmoto 1986, &angi et al., 2012); mantle
hydrothermal fluids (Santos et al., 2013); and maté-juvenile hydrothermal fluids Swain

etal., 2015).
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4.10 Discussion

4.10.1 — Magmatic processes and gold mineralization

The Bacilandia Intrusions were emplaced largelthenJaupaci Sequence, with a
close temporal and spatial association with golcheralization, suggesting that
magmatic process played a significant role in go&tallogeny. In order to establish the
link between petrogenesis of the Bacilandia intmsi and gold fertility some
assumptions are taken :i) the widely recognized@ason between alkalic magmas
and gold mineralization (e.g. Rock et al. 1987;séenand Barton 2000; Muller 2002);
i) Loucks and Ballard (2003) reported thargntal mafic magmas regionally and
temporally associated with more evolved, gold-paive intrusives have higher
contents of Nb, Th and other highly incompatibtadphile elements than average arc
basalts. Furthermore, the auth@encluded that parental magmas of gold-productive
centers are related to either unusually low degreespartial melting in the
asthenospheric mantle wedge or to the meltingtibdsipheric mantle regions that were
enriched in incompatible elements (i.e. fertilizelo)y the trapping of earlier low-degree
partial melts of the deeper mantle; iipold provinces in some parts of the world are
linked to lithospheric instabilities following thdéower crustal and lithospheric
delamination (Leahy et al., 2005; Bierlein et a&0Q06) as well as upwelling
asthenosphere, which produce high-heat flow inlithesphere coincident in time with
the peak gold mineralization events(Goldfarb et2005; Yang et al,. 2014).

The U-Pb geochronological data presented in thidysindicates that the various
intrusive phases of the alkaline Bacilandia Intrasiwere emplaced during a protacted
magmatic episodeThe first intrusive event comprises gabbros anditéigporphyry
dated at ~593-590 Ma overlapping with the ages ayp¥® pre-kinematic granitoids.
The second pulse is represented by trachyte amitsy®orphyry dated at ~574-572 Ma
that took place concurrently with the emplacemdrm-type syn-kinematic granitoids.
The final intrusive pulse is represented by the lamprophyre dikesAll rock-types
have remarkably similar positivepy(T) valuesare enriched in LILE, in HFSE( Nb, Th
and Zr) and light REEs, and all trace element sigea are relatively uniform and
consistent with a cogenetic origin involving partial meltingf slightly older

metasomatized Neoproterozoic juvenile rodRenstraints on the origin of the different
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intrusive phases at the Fazenda Nova deposit datibreships with magmatic process

are evaluated below.

4.10.2.1 — Significance of Dolerite and gabbrougsion

The dolerites and gabbros display high contentdre8E, LREE, LILE Nb, Ta,
typical of E-MORB basalt, which are frequently onigted from enriched mantle
sources. The metasomatic origin for the E-MORB imeguan earlier episode of low-
degree partial melting of an enriched mantle soutgegenerate the elevated
incompatible trace element abundances (Waters.et2@11). Proposed low-degree
melting mechanisms include metasomatism of oveglymantle by melting of
eclogitized crust in subduction zones (Donnellpalet2004), metasomatism by melting
of mantle within the low-velocity zone beneath atedithosphere (Niu et al., 2002),
and metasomatism of subcontinental lithosphere sarbequent delamination (Galer
and O’Nions, 1986). Marques (2017) observed twaotec events with mantle
metasomatism in the Jaupaci Sequence: i) the d&ind, related to arc-back arc
continental subduction with melting of pre-existingvenile arc-derived crust
(crystallized between 880 and 790 Ma), which oagia ~750 Ma adakitic, magnetite-
bearing type-2 trondhjemite and metarhyolites & Jlaupaci Sequence. This event is
also regionally associated with Cu (and Au) mineegion represented by Cu-
volcanogenic Bom Jardim deposit (Guimaraes e@all?2); the second event is related
to extensional tectonism associated with the birhediganics of the Jaupaci Sequence
which erupted at 598 + 10 Ma in a post-collisiosetting. The volcanism of N-MORB
metabasalts represents the asthenospheric meltsy afantle upwelling and
delamination, while the A-type felsic magmas areegated by mixture of low degrees
of partial melting of the newly underplated loweunst with older crustal source melting
(778-828 Ma).

Thus, after the pulse of bimodal volcanics the icaaus input of heat has led to
a decompressional melting of asthenospheric mantesequentlytrigger the re-
melting of lower crust that hdoeen pre-enriched in incompatible elements to igeae
adakitic and/or A-type felsic magmashe result of this melting i€-MORB mafic
rocks of Bacilandia Intursions, represented by éwents of intrusions: first emplacat
593 £+ 4 Ma (Marques 2017)yepresented byabbros and dolerites displayirig,
foliation; and second event emplaced postfBpresented by undeformed dolerites,
probably with the same age of trachyte and syeguo@hyry at ~574-572 Ma . The
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change of astenospheric to lithospheric derivedamafgmas is supported by different
REE pattern, which N-MORB metabasalt displaying lo#/Yb (2.0 to 3.5, Marques
2017) and E-MORB dolerites/gabbros with high La/j@5 to 12.8, Fig. 4;14A). In
general, low La/Yb ratios reflect a melting reginh@minated by relatively large melt
fraction and/or spinel as the predominant resigiase, whereas high La/Yb ratios are
indicative of smaller melt fractions and/or garoentrol (Kinzeler 1997, Hellebrand. et
al., 2002). The parental magmas involved meltingastamination with crustal rocks in
order to produce ilmenite-bearing mafic magmas ematain inherited zircon grains
(gabbro sample dated by Marques 2017). Howeverebervoir is predominantly from
juvenile material as suggested by metaluminousrealigy model ages of 0.84 to 0.88
Ga and positiveng (T) values range +3.81 to +3.9hus, based on these isotopic and
geochemical data the dolerite and gabbros wereapiglilerived from low-degree (~8)
of partial melting of a metasomatized juveniledspheric mantle in the garnet stability
field (Fig. 4.14B).Low-percentage melts are especially enriched ihljipncompatible
chemical species, such as water, sulfate, chloalkalis, LILE, and HFSE (such as U,
Th, Nb, Ta,). According to Loucks and Ballard (2p@%ir link to exceptional Au ore-
forming fertility arisesgold must behave as an incompatible element dulomg
percentages of partial melting of peridotite maotiéithospheric mantle

In summary, the subcontinental lithospheric man®CLM) was initially
metasomatized by subduction zone fluids at ~750 diaing which chalcophile (Cu)
and siderophile (for instance Au and W) elementddbe efficiently transported from
the mantle sourcelhe metasomatic assemblages then resided withiS@ieV until
melting occurred in response to lithospheric péxtions. Two major events of melting
occurred after this continental collision: a majdrase of extensional tectonics and
delamination at 597-585 Ma followed by compresioeaént with development of
crustal-scale strike-slip shear zone at ~577 Waboth tectonic environments the
parental magmas where water-rich and 6@ due the presence of magmatic
hornblende and ilmenita in gabbro and dolerite. iurthese melting events the
extraction of metals from metassomatized mantlenanly controlled by magma
oxidatition state (Richards, 2009). Metal-solulilistudies indicate that significant
guantities of Au can be transported by magmatied$luunder either reducing or
oxidizing conditions, whereas Cu transport is muwcbre favored in the oxidizing

environment (Rowins, 2000). Thus, the dolerites gaBibros have the potential to
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transport and formed only-Au ore system and othetala as tungsten and antimony

that are commonly transported in reduced conditions
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Figure 4.14 A) — Comparison of rare earth element spider diagrams pattern of

metabasalts of Jaupaci Sequence and mafic menberg Bacilandia Intrusions with
normalized to the chondritic values of Sun and McDoough (1989); B)Variations in
Sm/Yb vs. La/Sm (Ma et al., 2016) with melting cur@ of spinel-bearing peridotite / garnet-
bearing peridotite source for metabasalts of JaupacSequence , mafic dikes of Bacilandia

Intrusions and lamprophyres.

4.10.2.2 — Significance of diorite porphyry, tratdhand syenite porphyry intrusions

Diorite porphyry, trachyte and syenite porphyry dikeely to evolve from
dolerites and gabbros by fractional crystallizati@nustal assimilation and magma
mixing rather than a dominantly crustal originpartial melting of mafic lower crust
There are several evidences that support thisprettion: i) all felsic, intermediate and
mafic rock types examined have positisig(T) similar trace element characteristics
and similar mineralogy; ii) felsic and intermediatenembers display negative Eu
anomalies coupled witmarked depletions in Sr, Ti and which point to fractional
crystallization of plagioclase, apatite and Fe—¥kides in the source; iii ) mafic
components are volumetrically dominant supportiagid to felsic differentiation; iv)
mafic enclaves in the syenite porphyry contain -fyn@ined K-feldspar crystals
(contrasting with the porphyritic texture of theesite) implying that the enclaves are
hybrid; this observation is direct evidence thatlames formed via magma mixing,
instead of being restites or xenoliths (Didier &@wrbarin 1991, Chappell and White
1991, Barbarin 2005)According to Patifio Douce (1995) and Castro et(aB99) n

order to generate felsic compositions, parentakliasntermediate magmas must have
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evolved during ascent through crustal conduit®raitresidence period in chambers at
the lower to middle crust. Processes that drivéeiftiation include fractionation of
early phenocrysts, assimilation of crust and sejthf resultant reaction assemblages
During continued flow through the conduit systethe parental magmas undergo
contamination with reduced wall rocks (that wheo¢ mapped on surface) to produce
iImenite-bearing magmas and incorporate zircon ggrstals (inherited zircons with
598 £ 3 Ma and 772 £ 6 Ma, in the syenite and tyeckample, respectively). However,
the magma reservoir is predominantly from juvemiaterial as suggested by
model ages of 0.75 to 0.86 Ga and positiwg(T) varying from +3.8 to +4.5.

Gold behaviour during magmatic evolution is strgngbntrolled by the @ of
the melts. In more oxidized conditions, characetiby the presence of magnetite as
the main Fe-Ti oxide, gold content in plutonic recklecreases with increasing
differentiation whereas the opposite occurs in ntedaiced conditions (Ishirara et al.,
1985). According to Mccoy et al., (1997) gold bebs\as an incompatible element
under reducing conditions and tends to conceninabethe late fluids, possibly leading
to gold mineralization related to highly evolvediifls. Therefore, the magmatic
differentiation tooriginate felsic magmas of Bacilandia Intrusionsiéhed even more
in Au, highly incompatible element and volatileshereas crustal contamination will
potentially the source of Aslowever is not clear if the walls rocks will progi@rsenic,
since As-rich sedimentary rocks regionally are re@bgnized. An alternative model is
proposed by Rowins (2000) and Mungall (2002), whggested that W and As behave
as incompatible element during the fractionationreduced magmas and g€ch
hydrothermal fluids. Magma mixing process Ii&kely responsible for volatile
enrichment and fluid saturation by input of voletilch mafic magmas in more evolved
syenite magmas

Two events ofdifferentiation from basic magmas occurred to gatest felsic
and intermediate magmas of Bacilandia intrusionsealy event represented diprite
porphyry dated at 590 =+ 5 Ma and late event repteseby trachyte and syenite
porphyry dated at ~574-572 Ma.

4.10.2.3. Late lamprophyre intrusions

The lamprophyres are mafic alkaline dikes moreched in LILE and HFSE.
They plot in tectonic fields differs from doleritesnd gabbros (Fig. 4.7), showing
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alkaline within-plate basaltaffinity. The high La/Yb ratios coupled with pos#ieng
(T) are indicative of same juvenile mantle sourtelaerites and gabbro, however the
elevated Sm/Yb (4.74) and La/Sm (6.78) point todowdegree of melting (~2 %) with
residual garnet to generate lamprophyries dikeg. (#i16B). The lamprophyre post-
date gold mineralization, hydrothermal alteratiamd aother intrusion of Bacilandia
Intrusions, for this reason is possible to infee tamprophyre emplacement after 572
Ma (age of youngest mineralized syenite porphymygxtensional tectonic setting. It is
likely that those lamprophyres dikes are mantleicn@érived magmas involved in the

generation of post-kinematic A-type intrusion af. &hd 506 Ma (e.g Ipora granites).

4.10.2. Regional strike-slip faulting controllinglkaline intrusions and gold
mineralization.

The spatial association of the Fazenda Nova depagita dense dyke swarm
emplaced along the Bacilandia strike-slip fauggests that this structure played a role
in channeling of the fertile magmas and hydrothéritogds to the upper crust. Field
evidence coupled with the aeromagnetic survey atdgthat th&acilandia Fault is a
second order crustal-scale shear zone that splays the major crustal-scale Moipora-
Novo Brasil shear system. Therefoiteis likely to act as a conduit for mantle material
to reach the SCLM (sub-continental lithospheric tlegrand/or to provide enough heat
to induce melting in the lithospheric mantle matkes well as a channelway for the
circulation of hydrothermal fluids (Storti 2003;r&no 2010). The Bacilandia Fault was
probably active over long periods of time. It mawé started in an extensional setting
and subsequently reactivated during later compeakiectonic events. However, one
single gold mineralization event is recorded intingathat acritical process may have
occurred that transported the hydrothermal fluidd gold to the upper crust. A model
of evolution for the Bacilandia Fault (Fig 4.15) ynée envisaged based on the
following evidence

1-The spatial relationship between the BacilandiaultFand the Jaupaci
volcanics may suggest that this fault was actduing the extensional environment
that allowed the extrusion of this bimodal volcamigt 598 + 10 Ma (Fig 4.15A) ;

2- Shortly after the onset of the volcanic basishdt to a compressional stress
regime imprinted the b fabric in the type-1 and type-2 plutonic rocks andthe
Jaupaci volcanics. The compressional event waswelll by local extensional regime

where the first pulse of dikes ascended. In thisnewere recorded small volume of
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gabbros, dolerites, diorite porphyry and A-typenies (Israelandia granite), which
took place roughly from 593 to 585 Ma (Fig 4.15B);

3-Subsequently, intense folding and shearing to@ceplduring the regional
development of the Pfabrics under greenschist metamorphic conditidighe same
time syn-kinematic mylonitic A-type granites wemamaced along the Moipora-Nova
Brasil shear zone at 577-539 Ma. In the FazendaaM®posit, the Ffolding and the
Bacilandia Fault imprinted the, ®liation indicating that reactivation and majotigity
of this fault were developed in this compressiosetting and time span. Under this
major compression environment, the hydrothermaldaootivity of faults can increase
by several orders of magnitude where high pernhigabi are maintained even to
considerable depths, promoting high heat flow d&edatrrival to epizonal depths of deep
fluids with minor heat loss (Sanderson and Zha®§9). Therefore, a large volume of
lower crust melting and hydrothermal fluids are grated in the Pevent, where local
extensional zones (for instance the deflectiorhefBacilandia fault in the south of the
Lavrinha pit, Fig. 4.3) allowed magma emplacemertt Aydrothermal circulation. The
geochronological data presented in this paper ateithat emplacement of the second
pulse of trachytes and syenite porphyry (like otpest-Dn dolerite intrusions) took
place at ~574-572 Ma, so they occurred early inet@ution of the Bacilandia Fault.
According to Selby et al., (2001) and Hart et @Q04) reduced magmatic systems cool
rapidly, implying that magmatic and hydrothermadg@sses must be essentially coeval.
Thus, hydrothermal fluids should have migrated fopar crust soon after the
emplacement of the younger syenite porphyry atM@2although the exact timing of
gold mineralization cannot be determined by avélatata.When the hydrothermal
fluids reached shallow levels the dikes may haveeda@as impermeable barriers,
enabling the fluids to be trapped within the loeglensional pathways with subsequent
metal precipitation. The dikes are therefore stopfigat prevented the leakage and run-
off of the ore-bearing fluids. The prolonged intgian of the Bacilandia Intrusions with
the surrounding mineralizing fluids is also evidethdy the pervasive early alteration
along the margins of the dikes. This would alsol&xpthe close association between
the dikes and mineralization, as well as the abls@fi®re mineralization in structural
channels (fault zones) which are devoid of thekedd(Fig 4.15C).

4-Continued deformation at shallow levels during tbgievent caused the

bending of the Bacilandia fault which may also haaed as a deep conduit for
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emplacement of the late lamprophyre dykes undeznsidnal conditions. Late-stage
barren hydrothermal fluids may relate to this fieeént (Fig 4.15D).
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Figure 4.15 Schematic model based on the data presented here fiie evolution of the

Bacilandia Fault and progressive stages envisagedrfthe genesis of the Fazenda Nova
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deposit. A)Bacilandia Fault acting as a deep conduit in an éegnsional setting that allowed
the extrusion of volcanic rocks of the Jaupaci Se@unce; B) Compressional setting (b))
associated with the decompressional melting of thesthenosphere with partial melting of
metassomatised mantle sub-continental lithospherienantle to generate first pulse of
Bacilandia Intrusions dikes. C) Major activity of Bacilandia Fault in the D, compressional
setting, where the large volume of dikes, sills andtocks of Bacilandia Intrusions were
generated. In this stage the magma mixing, fractical crystallization and crustal
assimilation play critical role in the generation & early and intermediate hydrothermal
stages; D) Extensional setting with development ofate hydrothermal fluids and

emplacement of lamprophyres.

The A-type granites are temporally related to Bamdia Intrusions, however
show no Au mineralization. This is probably atttédole to the HO-deficient and high
temperature signatures of the parental magma tiypfcaA-type granites (Loiselle and
Wones, 1979; Collins et al., 1982). The source diyge granites should be a “dry”
lower crust possibly regions with no previous metaatism (Fig 4.15).

4.10.3. Hydrothermal alteration and arsenopyrittigermometry

4.10.3.1- Early stage alteration (main stage)

The early stage alteration occurred with paragsnedi arsenopyrite with
pyrrhotite, apatite and rutile-leucoxene, evidegcthe crucial role of deposition of
these minerals with of gold-bearing acicular arggmite. We use the arsenopyrite
geothermometer (Barton, 1969; Sharp et al., 1988)assume a maximum temperature
of 340°C for crystallization of acicular arsenopgriand pyrrhotite along with gold.
(Fig.4.16A). The conditions to generation of sualide assemblage would have been
low sulfur activity, with low pH environment anddeced (log &s with —2.5 and log
fO, ranging from —31.2 to —32.5, Fig.4.17B). At thésniperature and ph, Flee et al.,
(1993); Stefansson and Sew§2004); Pokrovsky et al., (2014) suggested thagthid
should be carried as bisulfide complexes in hydnottal solutions (AuH% and
Au(HS),) ,or gold and arsenic can be transported togedbehioarsenide complexes
(AuAsS,). Thus, Au solubility will be very sensitive todacrease in the total activity of
reduced sulfur species. Considering the gold igycéwy bisulfide complex the

deposition of gold may related to follow steps:ithe hydrothermal fluid cause the

135



oxidation of magmatic iimenite to rutile and/omtiite that will release iron (E® to
hydrothermal solutions; ii) the interaction of iranh solutions with As-hydroxide
complexes (As (OH) and HS crystallized arsenopyrite and pyrrhotite that
impoverishes the fluid in HS—, thereby destabiligithe dominant gold complexes
Au(HS), with gold precipitation. The excess of iron anghrtium in solution form
hydrothermal rutile and less siderite. The preatmn of gold with arsenic sulfides
under reducing conditions is consistent with thedgtof Heinrich and Eadington
(1986); Gilbert et al., (1998) Pokrovsky et al.0@2); who considered that reducing
conditions are expected to decrease gold solubditybisulfide complexes in the
hydrothermal fluid favoring the gold precipitation.

The fine needle arsenopyrite is the main alterafemture of the early stage.
According to Volkok et al., (2006) formation of sharsenopyrite texture enriched in
gold seems to occur under considerable oversatarati hydrothermal solutions with
S-As-containing complex compounds of gold, whoseodgosition results in a great
number of sulfide seeds, which rapidly crystalliZEhe needle arsenopyrite is
commonly characterized by high porosity with lopegsence of a significant number of
metallic microinclusions as galena and pyrite, ®sjgg that the arsenopyrite
precipitation was followed by trapping of gold aomther metallic particles in the
inclusion void spaces. The gold presents homogendairibution, which indicates a
fast growth rate and short residence time for tiie fons (Becker et al., 2010). Thus,
the growing of the arsenopyrite promotes the godghding and encapsulation. Fine-
acicular high-Au arsenopyrites were found and swicit several large gold deposits
localized in Hillgrove, Australia (Ashley et al.0@0), Suzdal and Zherek in the eastern
of Kazakhstan (Kovalev et al., 2011), Dolin CrerkAlaska (Groves et al., 2004). At
some of them gold is present in arsenopyrite innkddiorm, whereas at others, both in
bound form and as metal nanoparticles ( in Suzaateported 1000 to 2000 ppm of Au
in acicular Arsenopyrite). One of the reasons fog Au enrichment of fine-acicular
arsenopyrite is the high defectiveness of its sime¢c determined by the Fe:As:S
proportion, as compared with well-crystallized ageyrite (Zhmodik, 2008). Cepedal
et al., (2008) studied gold-bearing arsenopyrite Bh Valle deposit proposed a
mechanism in which gold is removed from ore fluyschemisorption at As-rich, Fe-

deficient surface sites and incorporated into thiédes as solid solution.
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4.10.3.2. Intermediate stage of alteration

After crystallization of acicular arsenopyrite wigold an intense carbonate-rich
hydrothermal alteration of intermediate stage led minor pyrite and tabular
arsenopyrite crystallizatiorthe acicular arsenopyrite found in this late epésos
considered to be relict of the early sulfide stagbe arsenopyrite geothermometer
assume a maximum temperature of 305°C for crystditin of tabular arsenopyrite and
pyrite (Fig.4.16A), slightly high sulfur acitvity nal lower reduced conditions of
hydrothermal fluid compared with early stage (lag with 0.5, and log f@ranging
from —28.8 to —31 ,Fig.4.16B). The temperature Bhdconditions of intermediate and
early alteration are quite similar evidenced by xtstence of both hydrothermal
arsenopyrite stages (early acicular and late talawmsznopyrite).

The tabular arsenopyrite present no gold contemisvieig that it might have
been crystallized at late stage with any incorponabf Au in sulfide lattice. The
deposition of gold associated with tabular arsentpyccurs in free-state, frequently
associated with intermediate stage low-temperatimgdrothermal assemblage
(carbonates, sericite, and chlorite). The preseafcmtense carbonate alteration and
crystallization of new minerals (e.g., chlorite arn@urmaline) suggests the
predominance of open-system processes with inpa¢wfelements and more oxidizing
conditions, instead of closed system, involvingyomineral transformations. It is not
clear if intermediate event may have also resuhextidition of new gold, since most of

this type of alteration is barren.

4.10.3.3. Late stage of alteration

Late-stage alteration is related to a barren-Cioh alteration possibly formed at
shallow depth associated with boiling of fluidsdoginated cockcade and colloform
vein texture (Moncada et al., 2012). However neration, sulfide or mineralization is
associated to this phase showing that this latkalggprocess did not play role on gold
deposition in Fazenda Nova deposit.
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Figure 4.16 - A) The average composition of hydro#trmal arsenopyrite of early sulfide
stage is plotted. Temperature of crystallization ofarsenopyrite and pyrrhotite along with
gold is expected to be about 340°C. Phase diagranedrawn from Barton (1969),
Kretschman and Scott (1976) and Sharp et al., (1985Atomic proportions of arsenopyrite
are indicated. Apy = arsenopyrite, Lo = loellingite Po = pyrrhotite, Py = pyrite. B )
Evolution of the chemical conditions at the Fazend&ova deposit: log fO2 vs. logXS
stability based on diagram Bigot and Jebrak diagam (2015); (1) Initiate with magmatic
assamblages with pyrrhotite-chalcopyrite-ilmenite a&semblage frequently observed in
dykes ; evolved (2) to arsenopyrite-pyrrhotite-rutle (with less carbonate) assemblage of
early stage ; finally (3) to pyrite-arsenopyrite- @arbonate rich alteration of intemerdiate

stage

4.10.4. Nature of the aqueous-carbonic ore fluigseh

The evolving fluids of the Fazenda Nova depositwslam increase in the GO
content with time, starting with mineralized quadmnd carbonate-poor early stage
alteration followed by carbonate-quartz intermeglistages and final barren gfch
veining and alteration. Magmatic origin for carbdioxide-rich aqueous fluids is not
widely accepted in mineral deposit models. Firgtigst felsic intrusions do not contain
carbon-bearing magmatic minerals and, thereforés tommonly assumed that the

magmas could not have produced carbon dioxide, (€lgllips and Zhou, 1999).
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Secondly, low-salinity carbon dioxide-rich aguedligds associated with gold-only
deposits are commonly interpreted to be metamorphuarigin (Phillips and Powell,
1993, Goldfarb et al., 2005). However, accordingLtwenstern (2000, 2001) GO
contents are commonly associated with magmas th&indated sedimentary crust.
Additionally carbon dioxide has a low solubility ielsic melts and its solubility
decreases with decreasing pressure and increaseereore (Giggenbach, 1997;
Lowenstern, 2001). The low solubility of carbon xdde will result in the early
exsolution of volatiles from magma at much highexsgures than those predicted for
magmas which contain only water. According to Bak2002), deeper magmatic-
hydrothermal systems are typically more £@h, and during progressive open-system
degassing, early magmatic vapors will have greadecentrations of C©O Thus, early
release of carbon dioxide from melts will incredise relative concentration of other
volatiles in the melt, including potential metaldoeg bisulfide complexes. Phillips and
Evans (2004have suggested that G@ay have played a critical role in transporting
Au by buffering the fluid in a pH range, where @t&d Au concentration can be
maintained by complexing with reduced sulphur.

The mineralized fluids from the Fazenda Nova ddpae derived from low-
degree melting of metassomatized mantled (alreadigleed in volatiles) and crustal
assimilation have played important role to gener&acilandia magmas. The
fractionation crystallization and magma mixing puially increase saturation of
fluids/volatiles in later stages of felsic to intexdiate magmas and both magmatic
process must have occurred in middle to lower cwmisere magma are especially £0
rich. The increase of volatiles allows the meltcredluid saturations when fluids
exsolved from the melt, therefore metals and Velstsuch as sulphur and halogens
presumably preferentially partition from the meita an exsolving aqueous-carbonic
ore fluid phase (Hedenquist and Lowenstern, 19Bdjthermore the venulation and
brecciation present in all alterations stages m@i¢hat these hydrothermal fluid events,
likely involved fluids under high pressure (hydretimal or hydraulic breccias). Thus, is
very likely that transport of aquo-carbonic flu@sd metal-bearing bisulfide complexes
is from magmatic source. This is supported by Gs@apes indicating that carbonate
are derived from magmatic/mantle hydrothermal sohst sources. Additionally the
presence of apatite in hydrothermal early stagentpotowards the influence of

magmatic volatiles (F, Cl) in hydrothermal soluson
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4.10.5. Deposit classification and metallogenidiatfon of mineralization

The Fazenda Nova deposit is characterized by aceedlow-sulphidation
sulphide assemblage (arsenopyrite-pyrite-pyrrhptifal-As-W-Sb metal association,
significant CQ in the ore-forming fluid, and relatively low tenrpéure biotite-sericite-
chlorite-carbonate phyllic alteration along britdeockwork/breccia structures clearly
points to a low-sulphidation style of relativelyatlow (epizonal) mineralization. These
characteristics of the Fazenda Nova deposit mosebl resemble those associated with
both epizonal intrusion-related and epizonal oraggold deposits (Groves et al., 1998;
Lang and Baker 2001; Groves et al., 2003; Goldé&tral., 2005; Hart et al., 2002; Mair
et al., 2011). According to Hart et al., (2004)dueed intrusion related gold deposits
exhibit a predictable zonation of differing depastyles from intrusion-hosted (Au-Bi-
TexW,Mo), proximal (Au-AsxW,Sb) to pluton-distah@-As-Hg-Sb +Pb,Zn) settings.
There is also crustal-scale vertical zonation, wefiizonal occurrences forming at
shallower levels. The Fazenda Nova deposit metafisociation and features are
consistent with those of Reduced Intrusion RelgtEd deposits developed at proximal
and shallow crustal settings. These features enassng) mineralization developed
during post-collisional tectonic setting above poegly metasomatized subcontinental
lithosphere mantle; ii) dikes, sill and stocks eyss$ reflecting some input from mantle-
derived mafic alkaline magmas into the base ofdiust; iii) metaluminous magmas
with primary oxidation state that form ilmenite4gsr intrusions; iii) felsic magma
mixed with volatile-rich mafic melts; iv) high gdwrmal gradients indicated by ore
deposition at temperatures of 340° to 300°C asedoaith veins textures exclusive of
shallow formation depths (<4 km); v) volatile sattion induced by magmatic processes
such as fractional crystallization, magma mixingcuustal assimilation; vi) carbonate
hydrothermal veins with C-O isotopes displaying magc/mantle fluids affinities.
Alternatively, the temporal and spatial associatioin D, event, development of
Bacilandia fault, greenschist metamorphism and gaideralization points to features
of orogenic gold deposits.

We believe that the genetic model of Fazenda Neymsit fit with IGRD, since
magmatic process play important role in all stagésore-formation. Firstly,low
percentages of partial melting of lithospheric n@mbelting concentratedold as an
incompatible element. Posteriorly, magmatic proceass fractional crystallization,

magma mixing andignificant crustal contamination may be a crititattor for gold
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concentration and fluid saturation in the meltsrtik@rmore, in the metamorphic
devolatilization model for orogenic gold depositse auriferous fluid is considered to
be derived from the breakdown of hydrous and caatsominerals during prograde
metamorphism (Kerrich and Fyfe, 1981). During  thesesvents,
dissolution/decarbonation reactions produce, @@h §°C values similar to or more
enriched than in the parent rocks (Ohmoto and Gaddh 1997). Theé'*C values
obtained in this work present very low values rafrgen -9.68 to -11.57%., compared
with orogenic gold deposit values wisi’C range of -2.0 to -4.0%., (Beaudoin and Pitre
,2005; Craw et al., 2010). Thus, the carbonatesvefrFazenda Nova deposit are derive
from mantle-juvenile/magmatic volatiles rather thadO, from metamorphic
devolatization. Nevertheless, if Fazenda Nova déepssindeed an intrusion-related
gold deposit, then the causative intrusion (orusitsn-hosted) system remains to be
recognized. Thus, open entire new exploration piatehor the deeper portion of
Fazenda Nova deposit.

4.10.6. Deposits anologue to Fazenda Nova goldsiepo

The Fazenda Nova gold deposit has a number of aities to the Shotgun
deposit located 150 km north of Dillingham, SW AlasAs described by Rombach and
Newberry (2001), auriferous quartz stockworks anectia at Shotgun, resembling a
porphyry-style system, cut a ca. 70 Ma felsic pgrptstock and Au-As mineralizing
fluids are, for the most part, similar to thosearted here for the Fazenda Nova deposit.
These similarities encompasses: metaluminous iledigaring felsic intrusion that
hosted the mineralization, degrees of magmatictimation to concentrate metal
(Au,As, Bi and Te), proximal alteration of quartack-work veining with hydrothermal
assemblage of sericite+biotite+rutile+feldspar+del and distal alteration of
tourmaline+carbonate+clhorite+albite; a dominantw-Bulphidation arsenopyrite-
pyrrhotite-pyrite sulfides assemblages; isotopesl dhluid inclusions indicating
temperature of late-mineralized hydrothermal fluidstimated at 380-360 °C. In
contrast to Fazenda Nova, the Shotgun depositasacterized by significant copper-
bearing ore phases (chalcopyrite and bornite), rapbalbite alteration, a high sodium
(rather than Fe) concentration in the hydrotherfhaids, and Fazenda Nova has
considerable resources hosted in mafic fine-grash@drites, whereas at Shotgun the

resources is mainly hosted in the porphyry stoclsoAShotgun recorded an early
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hydrothermal sulfide stage with higher temperatuspresented by lollengite-
arsenopyrite-pyrrhotite deposition temperatured#f to 630 °C. Thus, considering the
features showed at Shotgun and Fazenda Nova depasipossible to infer that they
appear to be products of the same magmatic-hydrotiesystem and only differ in
depth of formation, with Fazenda Nova representengshallow system (with
temperature of hydrothermal fluids with 305 to 33Q)°whereas Shotgun may represent
a deeper portion of the magmatic-hydrothermal sydteat present a broader range of

hydrothermal temperature varying of 630 to 350°C

4.11 — Conclusions
The main conclusions in the present study aredlisedow.

 The Fazenda Nova deposit mineralization is hostethé Bacilandia
Intrusions, a long-lived magmatic system of dikais and stocks that
were emplaced from ~593 to 572 Ma in the postsioifial tectonic
setting of the Arendpolis Magmatic Arthe stages of emplacement of
the Bacilandia intrusions may correlate with thrgmilses of A-type
granitoids: (1) the early event is represented bjomned gabbros,
dolerites and syenites intruded at 593-590 Ma andime-equivalent to
the pre-kinematic A-type granitoids (585 Ma); (2)et574-572 Ma
trachyte and syenite porphyry are equivalent tdyestages of syn-
kinematic A-type intrusions (577-539 Ma); (3) ahe tate lamprophyres
are likely related to post-kinematic A-type intruss (after 572 Ma)lThe
Bacilandia Intrusions have remarkably positiggy(T) with values
ranging from +1.88 to +4.Similar Tpy model ages (0.75-0.88 Gaye
enriched in LILE, HFSE( Nb, Th and Zr) and lighER, and all trace
element features are relatively uniform and coesistith a cogenetic
origin and source involving partial melting of ofdemetassomatized
Neoproterozoic juvenile rocks (~770-598 Ma basednbrerited zircon
ages).

» Trace elements from dolerite and gabbros indicaaéicnwocks derived
from low-degree (~8%) partial melting of a fertiiltnospheric mantle in
the garnet stability fieldThis process specifically provides Au fertility,

enrichment in incompatible elements and volatildse trachyte, diorite
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porphyry and syenite porphyrgvolved from dolerites by fractional
crystallization, crustal assimilation and magma ingxrather than by a
dominantly crustal origin opartial melting of mafic lower crust. These
magmatic processes play a critical role in goldcemtration andluid
saturation.

* The Bacilandia Fault is a NNW trending second ontastal-scale shear
zone that branches out of the major crustal-scakeeNding Moipora-
Novo Brasil shear system. The Bacilandia fault play important role in
channelling the melts and the mineralized hydrottarfluids to the
upper crust. Main fault activity took place at ~5K2a with the
emplacement of a large volume of dikes and sillsthef Bacilandia
intrusion suite and development of hydrothermaleralion in the
Fazenda Nova deposit.

» Three types of alteration are recognized in theeRda Nova deposit:

v i) An early (main) alteration that comprises stookkv quartz
veining and silicified breccias associated withvasive sericite
and biotite alteration (including a hydrothermabasgation of
arsenopyrite, pyrrhotite, scheelite, stibnite, leytileucoxene,
apatite and siderite). The most common sulfidehis stage is
fine-grained acicular arsenopyrite that hosts iblésgold and
inclusions of free native gold, galena and pyrit@ims. The
temperature estimated for acicular arsenopyriteérhpyite and
gold precipitation was estimated at 340°C. At sterhperature,
gold is transported as bisulfide complexes or tseaide
complexes;

v i) An intermediate stage represented by calcitarguveining
with a hydrothermal assemblage of chlorite-tournekpidote-
titanite-pyrrhotite-arsenopyrite-pyrite. The arspyiite exhibits
a tabular habit with no gold inclusions, and tlsseanblage of
tabular arsenopyrite-pyrite provides a temperabfir@05°C;

v i) The late stage is comprised of barren veirtimgéciation
infilled by monotonous calcite-ankerite with comitkcade

textures typical of very shallow brittle crustaléts
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« The C-O isotopic data presented providedf-i range from -9.68 to -
11.57%0 and a'®0 range from 12.87 to 13.84%.. These values are
consistent with hydrothermal mantle-juvenile/magmearbonates.

* Such a magmatic isotopic signature coupled withimeralized system
that is: a) hosted in post-collisional reducedusives; b) characterized
by shallow-level, open space-filling textures ininge and breccia
textures; c) a metal association of Au with As-W-8pa reduced low
sulfidation assemblage of arsenopyrite-pyrrhotyate, and e) C@rich
hydrothermal fuids and related carbonate-rich hyanonal alteration
altogether strongly suggest that the Fazenda Nim@osit may be
classified as an Epizonal Reduced Intrusion Rel@eld System.

The Fazenda Nova deposit represents a signifioant Intrusion Related gold
resource in a region of central Brazil that haslitronally been known for orogenic
gold deposits related to the Brasiliano Orogeny 0(63Va) or older
Paleoproterozoic/Archean events . This classificatopens up a new exploration
frontier where the main prospective guide is thetymwogenic ,intracontinental, second
order crustal-scale strike-slip shear zones thapdd deep fertile magmas and

hydrothermal fluids distilled frorpreviously metasomatized subcontinental lithosgheri
mantle.

144



4.12. References

Barbarin, B., 2005. Mafic magmatic enclaves andienadcks associated with some granitoids of the
central Sierra Nevada batholith, California: natumégin, and relations with the hosts. Lithos 80,
155-177.

Barton, Jr., P.B., 1969, Thermochemical study & $ystem Fe-As-S: Geochimica et Cosmochimica
Acta, v. 33, p. 841-857

Beaudoin, G., Pitre, D., 2005. Stable isotope gewntstry of the Archaean Val-d'Or (Canada) orogenic
gold vein field. Mineral. Deposita v.40, p.59-75.

Becker, U., Reich, M., and Biswas, S. (2010) Namigie—host interactions in natural systems. In F.
Brenker, and G. Jordan, Eds., Nanoscopic ApproaichEarth and Planetary Sciences: EMU Notes
in Mineralogy, 8, 1-52

Bierlein, F.P., Groves, D.l., Goldfarb, R.J., Dul®, 2006. Lithospheric controls on the formatidn o
provinces hosting giant orogenic gold deposits.dviih Deposita 40, 874—886.

Bigot L., Jébrak M., 2015. Gold Mineralization aetSyenite-Hosted Beattie Gold Deposit,Duparquet,
Neoarchean Abitibi Belt, Canada . Econ. Geol. Bll%-335.

Borisenko, A.S., Sotnikov, V.., 1zokh, A.E., Pokav, G.V., Obolensky, A.A., 2006.Permo-Triassic
mineralization in Asia and its relation to plumegnatism. Russian Geology and Geophysics 47,
166-182.

Castro, A., Patino Douce, A.E., Corretge, L.G. lal&kosa, J.D., El-Biad, M., and El-Hmidi, H., 1999,
Origin of peraluminous granites and granodiorilegrian massif, Spain: An experimental test of
granite petrogenesis: Contributions to Mineraloggt etrology, v. 135, p. 255-276.

Chappell, B.W., White, A.J.R., 1991. Restite eneland the restite model. In: Barbarin, B., Didr,
(Eds.), Enclaves and Granite Petrology. Elseviensterdam, pp. 375-381.

Craig, H., 1953. The geochemistry of the carbotojges. Geochimica et cosmochimica Acta 3, p53-92.

Craw, D., Upton, P., Yu, B., Horton, T., Chen, 2010. Young orogenic gold mineralisation in active
collisional mountains, Taiwan. Mineral. Deposita 831-646.

Cepedal, A., Fuertes-Fuente, M., Martin-lzard, @gnzalez-Nistal, S., and Barrero, M., 2008, Gold-
bearing As-rich pyrite and arsenopyrite from the\Ellle gold deposit, Asturias, northwestern
Spain: The Canadian Mineralogist,v. 46, p. 233-247.

Cordani, U,G. Pimentel, M,M. Aratjo C,E,G. Basei, A6 Fuck R.A and Girardi, V,A,V, 2013a. Was
there an Ediacaran Clymene Ocean in Central oftS@uaterica ?American Journal of Science
v.313, p.517-539

Collins, W.J., Beams,S.D., White,A.J.R., ChappeWB1982. Nature and origin of A-type granites with
particular reference to Southeastern Australtantributions to Mineralogy and Petrology80,
p.189-200.

Curto, J.B., Vodotti, R.M., Blakely, R.J., Fuck,AR.2015. Crustal framework of the northwest Parana
Basin, Brazil: Insights from joint modeling of magdit and gravity datalectonophysicsv.655, p.
58-72.

145



Dantas, E. L., Jost, H., Fuck, R. A., Brod, J.Rimentel, M. M. and Meneses, P. R., 2001. Proveidén
e idade deposicional de sequéncias vulcano-sedangzntla regido de Santa Terezinha de Goiés,
baseada em dados isotopicos Sm-Nd e U-Pb em metabcde zircdoRevista Brasileira de
Geociéncias.31(3): p. 329-33.

Della Giustina, M.E.S.D., Oliveira, C.G., Piment®l,M., Melo, L.V., Fuck, R.A., Dantas, E.L., Buhn,
B., 2009. U-Pb and Sm-Nd constraints on the natfirthe Campinorte Sequence and related
Paleoproterozoic juvenile orthogneisses, TocarRirivince, Central Brazil. Geological Society of
London Special Publication, v.323, p.255-269.

Didier, J., Barbarin, B., 1991a. The different typH enclaves in granites nomenclature. In: Didier,
Barbarin, B. (Eds.), Enclaves and granite petrolodyevelopments in Petrology. Elsevier, pp. 19—
24.

Donnelly, K. E., Goldstein, S. L., Langmuir, C. &.Spiegelman, M. (2004). Origin of enriched ocean
ridge basalts and implications for mantle dynamigarth and Planetary Science Letters 226, 347-
366.

Fleet, M.E., Chryssoulis, S.L., Davidson, R., Waexe C.G., and Maclean, P.J., 1993, Arsenian pyrite
from gold deposits: Au and As distribution inveatigd by SIMS and EMP, and color staining and
surface oxidation by XPS and LIMS: The Canadianévatogist, v. 31, p. 1-17.

Frasca, A.A.S., 2015. Amalgamas do W-Gondwana awipcia do Tocantins. Unpublished Phd thesis,
Universidade de Brasilia, 105 pp.

Fuck, R.A., Pimentel, M.M. and Silva, L.J.H.D. 19®bmpartimentacdo tectdnica da por¢cado oriental da
Provincia Tocantins. Acta88 Congresso Brasileiro de GeologiBalneario Camboria-SC, 1, pp.
215-216.

Fuck, R. A. ; Dantas, E.L.; Vidotti, R.M. ; Roig,. H. ; Almeida, T. 2013. Deformacéo intracontinénta
em sistemas transcorrentes: o caso do Lineameattshirasiliano, geometria, idade e significado,
In: 140° Simposio Nacional de Estudos Tectdnicdsapada dos Guimardes. Sociedade Brasileira
de Geologia. p. 1-3.

Fuck, R.A., Dantas, E.L., Pimentel, M.M., BotelihF., Armstrong, R., Laux, J.H., Junges, S.L., Bsar
J.E., Praxedes, I.F., 2014. Paleoproterozoic ¢austation and reworking events in the Tocantins
Province, central Brazil: A contribution for Atldcé supercontinent reconstructidPtecambrian
Research, v.244.53-74.

Galer, S. J. G. & O'Nions, R. K. 1986. Magmagenasid the mapping of chemical and isotopic
variations in the mantl&hemical Geologw.56, p.45-61.

Ganade de Aralujo, C.E., Weinberg, R.F., Cordang.|J2014b. Extruding the Borborema Province (NE
Brazil): a two-stage Neoproterozoic collision preseTerra Nova 26, 157-168.

Gibert F., Pascal M. L., and Pichavant M. (1998)ldGsolubility and speciation in hydrothermal
solutions: Experimental study of the stability gfdnosulfide complex of gold (AuHSO ) at 350 to
450°C and 500 bars. Geochim. Cosmochim. Acta 62128947

Genkin A. D., Bortnikov N. S., Cabri L. J., WagrterE., Stanley C. J., Safonov Y. G., McMahon G.,
Friedl J., Kerzin A. L., and Gamyanin G. N. (1998)multidisciplinary study of invisible gold in

146



arsenopyrite from four mesothermal gold depositSilberia, Russian Federation. Econ. Geol. 93,
463-487.

Goldfarb, R.J., Baker, T., Dubé, B., Groves, Hart, C.J.R., Gosselin, P., 2005. Distribution, releter
and genesis of gold deposits in metamorphic testaBeon. Geol. 100th Anniv., p. 407-450.

Groves, D.l., Goldfarb, R.J., Robert, F., and Heaxrt).R., 2003, Gold deposits in metamorphic belts:
Overview of current understanding, outstanding bpams, future research, and exploration
significance: Economic Geology, v. 98, p. 1-29

Guimaraes, S,B. Moura, M, A. Dantas, E . L., 2&trology and geochronology of Bom Jardim copper
depositBrazilian Journal of Geologw.42, n.4, 2012, p.841-862.

Guo, P., Santosh, M., Li, S.R., 2013. Geodynamfcgotd metallogeny in the Shandong Province, NE
China: an integrated geological, geophysical andclgemical perspective. Gondwana Research,
v.24,p. 1172-1202.

Groves, D.l., Golding, S.D., Rock, N.M.S., Barléy,E., McNaughton, N.J., 1988. Archaean carbon
reservoirs and their relevance to the fluid sodoceyold deposit. Nature 321, 254-257.

Hart, C.J.R., McCoy, D., Goldfarb, R.J., Smith, MRpberts, P., Hulstein, R., Bakke, A.A., and
Bundtzen, T.K., 2002, Geology, exploration andcoiry in the Tintina gold province, Alaska and
Yukon: Society of Economic Geologists, Special lfeation 9, p. 241-274.

Hart, C.J.R., Mair, J.L., Goldfarb, R.J., and Gmvé.l., 2004, Source and redox controls on
metallogenic variations in intrusion-related orsteyns, Tombstone-Tungsten belt, Yukon Territory,
Canada: Transactions of the Royal Society of EdigifbuEarth Science, v. 95, p. 319-337.

Hasui, Y.; Carneiro, C. D. R.; Almeida, F. F. Maorelli, A., 2012. Geologia do Brasil, Ed. Bepag
118.

Hellebrand, E., Snow, J.E., Hoppe, P., Hofmann, A.X&002. Garnet-field melting and late-stage
refertilization in “residual” abyssal peridotiteoin the Central IndianRidgd. Petrol 12, 2305—
2338.

Heinrich C. A. and Eadington P. J., 1986. Thermadiyic predictions of the hydrothermal chemistry of
arsenic and their significance for the paragenstiquence of some cassiterite-arsenopyrite-base
metal sulfide deposits. Econ. Geol. 81, 511-529

Ishirara, S. 1981. The Granitoid Series and Mineatibn. Economic Geology 75th Anniversary Volyme
pp.458-484.

Keith, M., Webber, J., 1964. Carbon and oxygenoisiat composition of selected limestones and fassils
Geochimica et Cosmochimidecta 28, 1787-1816.

Kerrich, R., Fyfe, W.S., 1981. The gold-carbonateo&iation: source of G@nd CQ fixation reactions
in Archaean lode depositShem. Geolv.33,p. 265-293.

Krestchmar U. Scott S.D. (1976), Phase relatiomsliing Arsenopyrite in the system Fe-As-S andrthei
application. Canadian Mineralogist, v.14, p. 3646.38

Lang, J.R., and Baker, T., 2001, Intrusion-relajeldi systems: the present level of understanding:
Mineralium Depositav. 36, p. 477-489

Laux, J.H., Pimentel, M.M., Dantas, E.L. Armstrorg,, Armele, A., Nilson, A.A., 2004. Mafic

magmatism associated with the Goias Magmatic ArthenAnicuns region, Goias, central Brazil:

147



Sm-Nd isotopes and ID-TIMS and SHRIMP U-Pb ddtarnal of South American Earth Sciences
v.16(7), p.599-614.

Laux, J.H., Pimentel, M.M., Dantas, E.L. ArmstroRy, Junges, S.L., 2005. Two Neoproterozoic crustal
events in the Brasilia Belt, central Braziburnal of South American Earth Scienced 8 p.183-
198.

Leahy, A., Barnicoat, A.C., Foster, R.P., Lawrer®€., Napier, R.W., 2005. Geodynamic processds tha
control the global distribution of gold deposits: McDonald, I., Boyce, |., Butler, I.B., Herringtp
R.J., Polya, D.A. (Eds.), Mineral Deposits and Edtolution: Geol. Soc. London, Spec. Publ
248, pp. 119-132.

Li, S.R., Santosh, M., 2014. Metallogeny and cratestruction: records from the North China Craton.
Ore Geology Reviews 56,p. 376-414

Loucks RR, Ballard JR (2003) Report 2C: Petrochahtbaracteristics, petrogenesis and tectonic siabit
of gold-ore-forming arc magmas. Unpublished repfort industry-sponsored research project:
Predictive Guides to Copper and Gold MineralizatatrCircum-Pacific Convergent Plate Margins
69p

Hedenquist, J.W., Lowenstern, J.B., 1994. The aflenagmas in the formation of hydrothermal ore
depositsNature370, 519-527

Jost, H., Chemale, F., Dussin, I.A., Tassinari,.G.CMartins, R., 2010. A U-Pb zircon Paleoproteioz
age for the metasedimentary host rocks and golénalization of the Crixas greenstone belt, Goias,
central BrazilOre Geology Reviews. 37, p.127-139.

Ma L., Jiang S.Y., Hofmann AW., Xu Y.G., Dai B,Hou M.L. 2016.Rapid lithospheric thinning of
the North China Craton: New evidence from cretasemafic dikes in the Jiaodong Peninsula.v.
432, p. 1-15.

Mair, J.L., Farmer, G.L., Groves, D.l., Hart, C.J.Rnd Goldfarb, R.J., 2011, Petrogenesis of
postcollisional magmatism at scheelite dome, Yukfanada: Evidence for a lithospheric mantle
source for magmas associated with intrusion-relgi@d systemsEconomic Geologyy. 106, p.
451-480

Matteini M., Junges S.L. , Dantas E.L.; PimenteMV].Biihn B., 2010In situ zircon U-Pb and Lu—Hf
isotope systematic on magmatic rocks: Insights e crustal evolution of the Neoproterozoic
Goias Magmatic Arc, Brasilia belt, Gondwana Redeart7 p.1-12.

Marques, G.C., 2017. Evolucao Tectbnica e metal@iignno contexto do depdsito aurifero de Fazenda
Nova, Arco Magmatico de Goias. Unpublished Phdishé&miversidade de Brasilia, 182 pp.

Moncada, D., Mutchler, S., Nieto, A., Reynolds,.TRimstidt, J.D., and Bodnar, R.J., 2012, Mineral
textures and fluid inclusions petrography of thétegmal Ag-Au deposits at Guanajuato, Mexico:
Application to exploration: Journal of GeochemiEaploration, v. 114, p. 20-35

Motta-Aradjo, J.G., 2013. Eventos igneos e metaicusf Neoproterozoicos/Eopaleozoicos no arco
magmatico de Arendpolis, Goias. Unpublished Phdishé& niversidade de Brasilia, 73 pp.

Mota e Silva, J., Ferreira Filho C. F., Bunh B.ni@s E.L., 2011Geology, petrology and geochemistry
of the “Americano do Brasil” layered intrusion, ¢eh Brazil, and its Ni—-Cu sulfide deposits.

Mineralium Deposita, v. 46 p. 57-90.

148



Muller D (2002) Gold-copper mineralization in alied rocks Mineralium Depositar.37:1-3.

Mungall, J.E., 2002, Roasting the mantle: Slab imgland the genesis of major Au and Au-rich Cu
deposits: Geology, v. 30, p. 915-918.

Niu,Y. L. & Batiza, R. (1997).Trace element eviderfoom seamounts for recycled oceanic crust in the
eastern Pacific mantle. Earth and Planetary Scieatters 148, 471-483

Ohmoto, H., Goldhaber,M.B., 1997. Geochemistry pfiféthermal Ore Deposits. third ed.John Willey
and Sons, New York, pp. 517-611.

Oliveira C.G., Kuyumjian R.M., Bedran de Oliveira, Marques G.C., Palermo N., Dantas E.L. 2014.
Metalogénese do Arco Magmatico de GoiAdyletalogénese da Provincias Tectdnicas Brasitiera
CPRM, p.455-466.

Oliveira C.G., Bedran de Oliveira F., Della Giustibl.E.S,, Marques G.C., Dantas E.L., Pimentel M.M.
Bunh B. M. 2015. The Chapada Cu-Au deposit, MarsaRMagmatic Arc, Central Brazil:
Constraints on the Metalogenesis of a Neoprotecotaige porphyry-type deposit. 2018re
Geology Reviewwy. 72, p. 1-21.

Oreskes, N., Einaudi, M.T., 1992. Origin of hydmtmal fluids at Olympic Dam: preliminary results
from fluid inclusions and stable isotopes. Econo@éology v.87 (1),p.64- 90.

Patino Douce, A.E., 1995 ,Experimental generatiohydfrid silicic melts by reaction of high-Al basalt
with metamorphic rocks: Journal of Geophysical Rese v. 100, p. 15623-15639.

Pearce, J.A., 1983. Role of the subcontinentabdipfhere in magma genesis at active continentalinzarg
In: Hawkesworth, C.l., Norry, M.J. (Eds.), Contit&nBasalts and Mantle Xenoliths. Shiva,
Nantwich, pp. 230-249.

Pearce, J.A., Harris, N.B.W., and Tindle, A.G., 498race element discrimination diagrams for the
tectonic interpretation of granitic rockkournal of Petrology.25, p.956-983.

Pearce, J.A., 1996. Sources and settings of granitks. Episodes v.19, p.120-125.

Pirajno, F., Mao, J.-W., Zhang, Z.-C., Zhang, Z.-&hai, F.-M., 2008. The association of mafic-
ultramafic intrusions and A-type magmatism in thianl Shan and Altay orogens, NW China:
implications for geodynamic evolution and potenfa@l the discovery of new ore deposits. Journal
of Asian Earth Sciences v.32,p 165e183.

Pirajno, F., Ernst, R.E., Borisenko, A.S., Fedos&gy Naumov, E.A., 2009. Intraplate magmatism in
central Asia and China and associated metallogersy Geology Reviews 35, 114-136.

Pirajno, F., 2010. Intracontinental strike-slip lfapassociated magmatism, mineral systems andlenant
dynamics: examples from NW China and Altay-Sayaibgi$a). Journal of Geodynamics.50,
p.325-346.

Pirajno, F., Zhou T., 2015. Intracontinental Pomyhsind Porphyry-Skarn Mineral Systems in Eastern
China:Scrutiny of a Special Case “Made-in-ChinafoBomic Geology, v. 110, p. 603—-629.

Pimentel, M.M. and Fuck, R.A. 1992. Neoproterozoigstal accretion in central Brazkeology v.20,
p.375-379.

Pimentel,M.M., Fuck,R.A. and Alvarenga,C.J.S. 198@st-Brasiliano (Pan-African) high-K granitic
magmatism in central Brazil: late Precambrian/e&djeozoic extensiofrrecambrian Research,v.
80:p.217-238.

149



Pimentel, M.M., Whitehouse, M.J., Viana, M.G., FUBKA., Machado, N., 1997. The Mara Rosa Arc in
the Tocantins Province: further evidence for Netgnaroic crustal accretion in central Brazil.
Precambrian Res. 81, 299-310.

Pimentel, M.M., Fuck, R.A., Ferreira Filho, C.F.rafijo, S.M., 2000. The basement of the Brasilia Bel
and the Goias Magmatic Arc. In: Cordani, U.G., Mil&.J., Thomaz Filho, A., Campos, D.A. (eds)
Tectonic Evolution of South Americalst International Geological Congress, Rio deeita, 195—
229.

Pimentel, M.M., Ferreira Filho, C.F., Armstrong,AR.2004. SHRIMP U-Pb and Sm-Nd ages of the
Niquelandia layered complex: Meso- (1.25 Ga) andp¥eterozoic (0.79 Ga) extensional events in
central Brazil PrecambrianResearcty.132, p.133-153.

Phillips, G.N., Evans, K.A., 2004. Role of g the formation of gold deposits. Nature v.42860—

863.

Pokrovski, G., Kara, S., and Roux, J., 2002, Stgkéind solubility of arsenopyrite, FeAsS, in calst
fluids: Geochimica Cosmochimica Acta, v. 66, p. P3B378.

Pokrovski, G.S., Akinfiev, N.N., Borisova, A.Y., Biv, A.V., and Kouzmanov, K., 2014, Gold
speciation and transport in geological fluids: ¢gimes from experiments and physical-chemical
modelling: Geological Society, London, Special Redtlons, v. 402, 62 p.

Sanderson, D.J., Zhang, X., 1999. Critical stresalization of flow associated with deformationell-
fractured rock masses, with implications for mimeteposits. In: McCaffrey, K.J.W., Lonergan, L.,
Wilkinson, J.J. (Eds.), Fractures, Fluid Flow andnéfalization, Geological Society, London,
Special Publications no. 155, pp. 69— 81.

Santos, R.V., Oliveira C. G., Parente C.V., Garbdayl., Dantas E. 2013. L., Hydrothermal alteration
related to a deep mantle source controlled by ab@iamintracontinental strike-slip fault: Evidence
for the Meruoca felsic intrusion associated wité firansbrasiliano Lineament, Northeastern Brazil.
Journal of South American Earth Scienee$3, p.33-41.

Sarangi, S., Sarkar, A., Srinivasan, R., Patel,,2@12. Carbon isotope studies of auriferous Q€di%
two orogenic gold deposits from the Neoarcheanr@thitrga schist belt, Dharwar craton, India:
evidence for mantle/magmatic source of auriferduisl fJ. Asian Earth Sci. 52, 1-11.Sarma, D.S.,
Fletcher, I.R., Rasmus

Schaltegger, U., Brack, P., 2007. Crustal-scale madig systems during ntracontinental strike-slip
tectonics: U, Pb and Hf isotopic constraints froerrRian magmatic rocks of the Southern Alps.
International Journal of Earth Sciences (Geol Rohds) v.96, p.1131-1151.

Shand, S.J., 1943. Eruptive rocks, their genesisposition, classification, and their relation tee-o
deposits with a chapter on meteorite. John Wilay 2ons, New York.

Storti, F., Holdsworth, R.E., Salvini, F. (Eds.p(3. Intraplate Strike-slip Deformation Belts, v@1.0.

The Geological Society, London, Special Publicatipr234

Stefansson A., and Seward T.M, 2004, Gold (I) cexiplg in aqueous solutions from 300 to 600°C and

from 500 to 1800 bar: Geochimica et CosmochimictaAe¢. 68, p.4121-4143.

150



Sharp, Z.D., Essene, E.J., and Kelly, W.C., 198%¢-&xamination of the arsenopyrite geothermometer:
Pressure considerations and applications to naass¢mblages: Canadian Mineralogist, v. 23, p.
517-534

Sun, S.S., and McDonough, W.F., 1989, Chemical @udopic systematics of oceanic basalts:
Implications for mantle compositions and processésological Society of London Special
Publication 42, p. 313-345

Swain S.K., Sarangi S., Srinivasan R., Sarkar AgtBitharya S., Patel S.C., Pasayat R.M., Sawkar, R.H
2015. Isotope (C and O) composition of auriferousrtg carbonate veins, central lode system,
Gadag Gold Field, Dharwar Craton, India: Implicatido source of ore fluids.Ore Geology Reviews
v.70 p. 305-320

Richards, J.P., 2009. Postsubduction porphyry Cuaiepithermal Au deposits: products of remelting
of subduction-maodified lithosphere. Geology 37,2250

Ridolfi, F.,Renzulli,A.,Puerini,M.,2010. Stabilignd chemical equilibrium of amphibole in calc-alkel
magmas: an overview, new thermobarometric formutetiand application to subduction-related
volcanoes. Contributions to Mineralogy and Petrglagl60, p.45—66.

Rombach, C.S., and Newberry, R.J., 2001, Genesik rameralization of the Shotgun deposit,
southwestern Alaska: Mineralium Deposita, v. 36G@/—-621

Rowins, S.M., 2000, Reduced porphyry copper-golabdis: A new variation on an old theme: Geology,
V. 28, p. 491-494.

Taylor Jr., H.P., Frechen, J., Degens, E.T., 1@6&gen and carbon isotope studies of carbonatites f
the Laacher See District, West Germany, and Alrtrigt, Sweden. Geochimica et Cosmochimica
Acta 31, 407-430

Tornos, F., Casquet, C., Relvas, J.M.R.S., 200&ndpressional tectonics, lower crust decoupling and
intrusion of deep mafic sills: a model for the umaismetallogenesis of SW Iberia. Ore Geology
Reviews v.27, p. 133-163.

Rock N.M.S., Duller P., Haszeldine R.S., Groves.,D(1987). Lamprophyres as potential gold
exploration targets: Some preliminary observatiand speculations. In SE Ho, DI Groves (eds)
Recent Advances in Understanding Precambrian GagoBits, Geology Dept. & University
Extension, Univ WA Publ 11: 271-286

Rowins, S.M., 1999, Reduced porphyry copper-golabdés: A newly recognized style of gold
mineralization: Geological Society of America Alasits with Programs, v. 31, no. 7, p. A-92.

Rowins, S.M., 2000, Reduced porphyry copper-golabdés: A new variation on an old theme: Geology,
V. 28, p. 491-494.

Valeriano, C.M., Pimentel, M.M., Heilbron, M., Alriala, J.C.H., Trouw, R.A.J.,2008. Tectonic evolution
of the Brasilia Belt, central Brazil, and early esbly of Gondwana. Geological Society, London
Special Publication 294,p.197—p.210.

Vauchez, A., Tommasi, A., 2003. Wrench Faults Doten the Asthenosphere: geological and
Geophysical Evidence and Thermo-mechanical Effekts.The Geological Society, London,

Special Publication, vol. 210, pp. 15e34

151



Volkov, A.V., Genkin, A.D., Goncharov, V.l., 200&o0ld species in ores of the Natalkinskoe and
Maiskoe deposits (northeastern Russia). TikhookeamsGeologiya 25 (6), 18-29

Yang, J.H., Sun, J.F., Chen, F.K., Wilde, S.A., WLY., 2007. Sources and petrogenesis of late Jidas
dolerite dikes in the Liaodong Peninsula: implioas for post-collisional lithosphere thinning oéth
eastern North China Craton. J. Petrol. 48, 19737199

Yang, Q. Santosh M., Shen J., Li S.., 2014. Jugewd. recycled crust in NE China: Zircon U-Pb
geochronology, Hfisotope and an integrated modeMesozoic gold mineralization inthe Jiaodong
Peninsula.Gondwana Research v. 25 p. 1445-1468.

Yakubchuk, A.S., Shatov, V.V., Kirwin, D., Edwards,, Tomurtogoo, O., Badarch, G.,Buryak, V.A,,
2005. Gold and base metal metallogeny of the CleAsian Orogenic Supercollage. In: Economic
Geology, v. 100th Anniversary Volume, pp. 1035-1068

Wang, L.G., Yiu, Y.M., McNaughton, N.J., Groves|.DLuo, Z.K.,Huang, J.Z., Miao, L.C., Liu, Y.K.,
1998. Constraints on crustal evolution and gold athegeny in the Northwestern Jiaodong
Peninsula, China, from SHRIMP U-Pb zircon studiegranitoids. Ore Geology Reviews 13, 275—
291.

Waters C.L., Sims K.K.W., Perfit M.R., Blitchert-fia)., Blusztajn J., 2011. Perspective on the Genes
of E-MORB from Chemical and Isotopic heterogeneity 9-10°N East Pacific Rise. Journal of
petrology v.52, p.565-602.

Wood, D.A., 1980. The application of a Th-Hf-Tagliam to problems of ectonomagmatic classification
and to establishing the nature of crustal contatiinaof basaltic lavas of the British Tertiary
volcanic provinceEarth Planet Science Letter 50, p.11-30.

Zhao, H.J., Ma, F.S., Li, G.Q., Zhang, Y.M., Gug,2D12. Study of the hydrogeological charactexssti
and permeability of the Xinli Seabed Gold Mine imizhou Bay, Jiaodong Peninsula, China.
Environmental Earth Sciences 65, 2003e2014.

Zhmodik, S.M., 2008. Gold-Concentrating System®Oghiolite Belts (by the Example of the Sayan—
Baikal-Muya Belt) [in Russian]. AkademicheskoelZ@8eo0”, Novosibirsk

152



Supplementary Table.4.A-summary of ICP-MS U—-Pb ziron data

Conc (%)
Sample f(206)% Th/U 6/4ratio 7/6ratio 1s(%) 7/5ratio 1s(%) 6/8ratio 1s(%) 7/6age 1s(Ma) 7/5age 6/8 age 6/8-7/5
GD23
015-ZR09 0.023 0.616 68941 0.059 0.907 0.781 1310 0.096 0.870 0.664 569 20 586 6 590 5 101
008-ZR05 0.020 0.693 77283 0.059 1.314 0.781 2.105 0.096 1.602 0.761 567 28 586 9 591 9 101
012-ZR06 0.049 0.279 31792 0.060 1.552 0.785 2.182 0.095 1.489 0.682 607 33 588 10 584 8 9
006-ZR03 0.036 0.497 43267 0.060 1.121 0.786 1.638 0.095 1.135 0.693 606 24 589 7 585 6 99
007-ZR04 0.034 0.595 45570 0.059 1.314 0.790 1.476 0.097 1.018 0.690 579 22 591 7 595 6 101
016-ZR10 0.041 0.732 38133 0.059 1.003 0.791 1.494 0.096 0.899 0.602 584 24 592 7 594 5| 100
013-ZR0O7 0.041 0.396 37730 0.059 1.135 0.768 1.578 0.097 1.112 0.705 506 23 578 7 597 6 103|
004-ZR0O1 0.018 0.249 84702 0.057 1.056 0.813 1.021 0.099 0.705 0.691 591 14 604 5 607 4 101
014-ZR0O8 0.037 0.506 41686 0.061 1.032 0.825 1.661 0.098 1.247 0.751 632 22 611 8 605 i 99
005-ZR02 0.006 0.349 254786 0.084 0.427 2.543 0.797 0.221 0.562 0.705 1282 8 1284 6 1286 7 100
Conc (%)
Sample (206)% Th/U 6/4ratio 7/6 ratio 1s(%) 7/5ratio 1s(%) 6/8ratio 1s(%) 7/6age 1s(Ma) 7/5age 6/8 age 6/8-7/5
GD04A
005-Z3 0.037 0.429 47170 0.066 1.072 1.160 1.519 0.128 1.076 0.693 802 22 782 8 775 8 99
009-Z5 0.029 0.473 61528 0.065 0.992 1.061 1.524 0.118 1.158 0.747 789 21 734 8 717 8 98|
010-Z6 0.051 0.331 34013 0.066 1.166 1.142 1.854 0.125 1.442 0.770 820 24 773 10 757 10 98|
011-Z7 0.091 0.291 19142 0.067 1.097 1.154 1.500 0.125 1.023 0.664 835 23 779 8 759 7 97|
012-Z8 0.038 0.287 46436 0.065 1.597 1.120 1.875 0.125 0.982 0.718 779 34 763 10 758 Z 99
015-Z9 0.056 0.279 31382 0.066 1.052 1.158 1.602 0.127 1.208 0.743 803 22 781 9 773 9 99
016-Z210 0.045 0.273 39111 0.068 1.116 1.155 1.620 0.124 1.174 0.712 855 23 779 9 753 8 97|
017-Z11 0.081 0.299 21470 0.066 1.474 1.170 2.014 0.128 1.372 0.672 810 31 787 11 778 10 99
018-Z12 0.075 0.260 23240 0.066 2.750 1.245 3.172 0.137 1.581 0.738 799 58 821 18 829 12 101
021-Z13 0.024 0.266 75506 0.059 0.899 0.758 1.385 0.093 1.054 0.746 572 20 573 6 573 6 100]
023-Z15 0.045 0.296 38899 0.067 0.537 1.177 0.897 0.128 0.718 0.769 828 11 790 5 777 5 98|
024-Z16 0.014 0.327 121166 0.067 1.064 1.212 1.293 0.132 0.735 0.736 823 22 806 7 800 6 99
027-Z17 0.056 0.291 30864 0.067 0.629 1.205 1.129 0.130 0.937 0.815 841 13 803 6 789 7 98|
028-718 0.165 0.578 10600 0.065 1.546 1.128 2.019 0.127 1.299 0.632 759 33 767 11 769 9 100}
029-Z19 0.059 0.637 29528 0.066 1.854 1.169 2.308 0.128 1.375 0.585 807 39 786 13 779 10 99
030-220 0.062 0.607 27999 0.066 4.077 1.165 4.753 0.128 2.444 0.762 813 85 785 26 774 18 99
035-723 0.050 0.477 34693 0.067 0.991 1.186 1.463 0.128 1.077 0.721 852 21 794 8 774 8 97|
036-224 0.139 0.345 12500 0.070 2.173 1.290 2.642 0.134 1.502 0.795 930 45 841 15 808 11 96
039-Z25 0.057 0.346 30625 0.066 2.408 1.185 3.061 0.131 1.891 0.612 800 50 794 17 792 14 100
040-226 0.066 0.286 27113 0.061 2.255 0.785 3.108 0.094 2139 0.684 632 49 588 14 577 12 98}
041-227 0.044 0.549 39577 0.068 1.299 1.188 1.775 0.127 1.209 0.669 857 27 795 10 773 9 97|
042-228 0.085 0.301 20382 0.070 2.943 1.317 3.405 0.137 1.712 0.746 916 61 853 20 830 13 97|
Conc (%)
| f(206)% Th/U 6/4ratio 7/6 ratio 1s(%) 7/5 ratio 1s(%) 6/8 ratio  1s(%) 7/6age 1s(Ma) 7/5age 6/8 age 6/8-7/5
GD13A
010_Zr7 0.0017 0.128 144002 0.061 0.39 0.813 1.67  0.0972 0.92 0.55 627 58 604 15 598 10 87.29
041-ZR51N 0.0021 0.206 74859 0.060 0.511 0.807 131  0.0965 0.96 0.74 627 34 601 12 594 11 98.85
047-ZR53N 0.0047 0.19 384630 0.056 0.851 0.81 1.19 0.0979 0.73 0.61 604 37 603 11 602 8 99.92
039-ZR49 0.0092 0.112 184253 0.061 1.097 0.803 09  0.0968 0.67 0.75 611 20 599 8 595 8 99.46
011-ZR36N 0.0117 0.147 164366 0.063 1.277 0.791 0.87 0.0966 0.57 0.66 582 23 592 8 594 7 100.42
010-ZR35 0.0161 0.123 153752 0.057 111 0.797 0.86  0.0982 0.55 0.64 562 23 595 8 604 6 10147
004_Zr1 0.0018 0.128 42141 0.060 1.17 0.749 1.67 0.0917 115 0.69 576 50 568 14 565 12| 86.97
007_Zr4 0.0019 0.112 29412 0.064 1.328 0.771 1.5 0.0934 1.03 0.68 600 44 581 13 576 11 100.32
053-ZR56 0.0131 0.13 174273 0.060 1.277 0.751 1.47 0.0925 11 0.75 561 39 569 13 570 12 100.32
036_Zr21 0.0041 0.093 100439 0.061 1.209 0.767 1.07  0.0929 0.75 0.7 601 29 578 9 572 8  99.00
199 0.0064 0.149 7477 0.060 0.487 0.908 3.52 0.1067 2.17 0.62 664 116 656 34 654 27 99.42
036-ZR48 0.0056 0.281 9857 0.062 0.598 0.858 239 0.1048 1.99 0.83 582 55 629 22 642 24 102.21
006-ZR33 0.0062 0.236 49746 0.061 1.507 0.837 2.05 0.1048 173 0.84 527 46 618 19 643 21 104.58
042-ZR51BP 0.0027 0.286 27595 0.061 0.282 0.811 2.09 0.1025 1.5 0.72 507 61 603 19 629 18 104.11
021-ZR41 0.01 0.174 20780 0.060 0.38 0.847 1.76 0.1054 141 0.8 540 43 623 16 646 17 103.00
040-ZR50 0.0066 0.333 6132 0.060 0.407 0.782 1.06 0.0939 0.74 0.69 618 29 586 9 578 8 99.32
033_Zr18 0.0082 0.091 3318 0.058 0.579 0.784 1 0.094 0.68 0.68 619 27, 588 9 579 8 98.60
027-ZR44AN 0.0082 0.151 47626 0.057 0.808 0.789 0.9 0.0944 0.67 0.75 624 20 590 8 581 7 98.70
017_Zr10N 0.0007 0.138 24005 0.058 0.606 0.748 3.58 0.0883 2.59 0.72 655 104 567 31 545 27 96.20
005_Zr2 0.0018 0.144 33484 0.059 0.759 0.758 141 0.0891 0.95 0.68 662 41 573 12 550 10 96.10
029-ZR45N 0.0037 0.291 93494 0.062 1.695 0.733 1,35 0.089 1.01 0.75 594 35 558 12 550 11 98.40
018_Zr11 0.0012 0.213 34325 0.060 0.398 0.828 2.82  0.0983 197 0.7 641 84 612 26 605 23 9870
020_Zr12N 0.0008 0.162 30843 0.059 0.53 0.787 2.87  0.0958 1.87 0.65 588 92 590 26 590 21 100.00
037_Zr22B 0.0012 0.195 14915 0.060 0.616 0.86 2.61  0.0981 151 0.58 726 87 630 24 604 17 95.80
013_Zr8 0.0009 0.2 15739 0.059 0.686 0.794 2.65 0.0958 1.76 0.66 608 83 594 24 590 20 99.40
016_Zr10B 0.0018 0.191 24289 0.059 0.317 0.756 232 0.0959 121 0.52 498 84 572 20 591 14 103.30
019_Zr12B 0.0011 0.162 23673 0.059 0.32 0.808 2.66  0.0933 1.68 0.63 701 85 601 24 575 18  95.40
038_Zr22N 0.0009 0.177 36238 0.060 0.285 0.771 2.65 0.0921 19 0.72 627 77 580 23 568 21 97.30
034_Zr19 0.004 0.115 55792 0.060 0.519 0.713 1.94  0.0915 117 0.6 471 66 546 16 564 13 103.30
029_Zr17B 0.0031 0.17 116492 0.061 0.486 0.752 1.27  0.0906 0.87 0.69 611 36 569 11 559 9 9820
024-ZR43N 0.0056 0.226 96433 0.061 0.819 0.765 0.97 0.091 0.64 0.65 638 27 577 9 562 7 97.30
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Supplementary Table 4.B Major and trace element dat for representative Arc granitoids,

Jaupaci Sequence, and post-collisional granitoidasiples from the Jaupaci belt.

|Rock Dolerite Dolerite Dolerite Dolerite Dolerite Dolerite Dolerite Dolerite Dolerite
Bacilandia
Intrusions Sample GD-05 |Sample GD-06 |Sample GD-07 [Sample GD-09 |S le GD-10 |S le GD-11 |S le GD-12 [Sample GD-15 Sample GD-78
Si02 (wt %) 52.39 51.66 49.45 48.72 52.63 48.11 54.26 62.27 49.03
TiO2 2.33 2.03 2.14 2.29 2.55 2.21 1.91 0.78 2.03
A1203 15.72 15.96 15.66 15.01 15.62 16.83 15.57 17.04 16.63
Fe203 12.29 11.51 12.31 12.65 12.50 11.50 9.68 7.31 12.7
MnO 0.18 0.17 0.18 0.19 0.17 0.17 0.15 0.12 0.13
MgO 3.67 5.25 6.83 6.64 4.12 8.88 4.41 1.59 5.81
Ca0 6.79 8.28 9.53 9.97 7.66 8.81 6.77 3.98 8.41
Na20 3.86 3.41 2.79 2.80 3.54 2.16 3.95 571 2.63
K20 1.99 1.43 0.78 1.03 1.59 2.88 2.00 2.29 0.58
P205 0.55 0.23 0.18 0.29 0.48 0.29 0.46 0.23 0.2
LOI 2.01 1.64 1.82 1.22 3.19 4.41 1.98 3.08 1.48
Total 99.9 100.0 99.9 99.7 101.0 102.1 99.3 101.5 99.62
Na20 + K20 (wt %) 5.8 4.8 3.6 3.8 5.1 5.0 6.0 8.0 3.2
(La/Lu)n 8.6 5.2 5.1 5.3 9.7 6.3 7.4 8.4 4.9
V (ppm) 177 244 300 307 242 244 139 56 245
Cr 100 60 150 140 70 550 70 50 0
Co 36.8 45.2 51.1 51 38 49.3 0 0 47.7
Ni 49 48 53 39 30 113 0 0 54
Cu 27 9 23 18 17 28 0 0 43
Zn 146 126 113 120 144 113 0 0 66
Ga 245 22 219 21.7 23.2 20.4 24.7 29.1 21.7
Rb 53 41.4 19.6 25.8 40.3 72.5 57.9 55.3 15.4
Sr 580 502 479 461 518 740 474 286 388
Y 31 25.6 22 22.8 28.9 24.5 39.2 37.9 22.68
Zr 239 181 140 146 239 177 288 383 126
Nb 24.6 14.9 14.2 14.7 24 12.8 23.8 30.9 13.35
Mo 4 4 3 3 4 4 0 0 2
Sn 3 2 1 2 2 1 3 4 1.2
Cs 3.1 2.68 1.76 2.56 2.79 2.61 3.26 2.62 1.58
Ba 626 363 254 246 474 730 573 973 231
La 30.9 18.8 15.2 15.8 30.1 18.9 38.4 46.9 15.1
Ce 68.4 43 34.8 36.4 66.9 43.7 84.6 101.5 33.5
Nd 38 23.7 20.9 21.6 37.2 25.2 39.3 43.7 21.1
Sm 8.43 5.76 4.58 5.28 7.64 5.69 8.03 8.58 4.8
Eu 23 1.73 1.5 1.67 2.26 1.82 2.22 2.04 1.72
Gd 6.87 5.23 4.59 5 6.89 5.14 8.09 7.37 5.84
Tb 1.08 0.77 0.73 0.72 1 0.87 1.13 1.21 0.83
Dy 6.27 5.17 4.39 4.52 5.85 5.22 7.11 6.66 4.75
Ho 1.15 1.04 0.85 0.95 1.08 1 1.38 1.34 0.9
Er 2.85 2.5 2.27 2.49 2.73 2.73 4.18 3.9 2.53
Tm 0.42 0.35 0.32 0.35 0.38 0.33 0.57 0.63 0.35
Yb 2.66 2.39 1.89 2.18 2.35 2.01 3.52 3.71 2.3
Lu 0.36 0.36 0.3 0.3 0.31 0.3 0.52 0.56 0.31
Hf 5.8 4.9 3.7 3.8 5.9 4.6 7 9.6 3.86
Ta 1.7 1.1 1 1.1 1.6 0.9 1.5 2.1 0.8
W 4 4 6 4 5 9 11 8 0.6
Pb 9 8 7 8 8 9 0 0 0
Th 3.96 2.87 1.75 1.84 4.11 2.33 4.99 9.42 1.6
U 1.42 1.12 0.64 0.74 1.49 1.07 1.76 3.62 0.64
Ag 1 1 1 1 1 1 0 0 0
Pr 8.5 5.45 4.41 4.67 8.08 5.45 9.9 11.8 4.57
Tl 0.5 0.5 0.5 0.5 0.5 0.5 0.5 <0,5 0.5
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IRock Dolerite Gabbro Gabbro Diorite Porphyry | Diorite Porphyry | Diorite Porphyry Trachyte Trachyte Trachyte
Bacilandia
Intrusions Sample GD-79 |Sample GD-81 ple GD-82 ple GD-23  |Sample GD-24 ple GD-25 |Sample GD-04A ple GD-81A [Sample GD-82
Si02 (wt %) 46.81 49.11 53.59 63.73 60.38 55.29 60.62 54.74 50.56
TiO2 2.74 1.53 1.10 1.04 1.46 1.93 1.19 1.80 3.23
Al203 16.35 18.01 20.08 15.56 16.64 15.93 15.80 15.38 15.91
Fe203 13.88 11.63 8.41 7.47 8.38 10.37 8.32 11.60 14.71
MnO 0.13 0.17 0.17 0.13 0.24 0.15 0.13 0.17 0.18
MgO 4.83 13.53 9.55 1.31 2.27 3.54 1.33 2.39 3.18
Ca0 6.89 7.64 12.22 2.59 4.95 6.64 4.13 5.79 5.59
Na20 3.27 1.50 2.31 3.44 2.97 3.54 5.34 3.62 4.39
K20 1.07 2.18 1.51 3.14 2.87 2.13 2.51 3.05 2.19
P205 0.32 0.21 0.14 0.40 0.38 0.34 0.38 0.53 0.77
LOI 0.62 8.47 12.1 1.83 5.25 1.72 1.9 243 1.19
Total 96.92 105.75 109.25 99.0 100.67 100.0 100.0 99.3 100.9
Na20 +K20 (wt %) 43 3.7 3.8 6.6 5.8 5.7 7.8 6.7 6.6
(La/Lu)N 8.0 7.8 5.1 9.4 5.9 6.9 8.8 7.2 8.8
V (ppm) 251 182 149 48 98 199 58 127 198
Cr 0 850 480 30 40 40 30 40 50
Co 70.9 68.7 0 0 0 0 14.4 28.6 43.8
Ni 67 254 0 0 0 0 17 21 53
Cu 60 40 0 0 0 0 16 18 74
Zn 88 88 0 0 0 0 129 138 198
Ga 24 16.3 11.5 26.3 25.9 25.9 27.1 26.2 279
Rb 25.5 58.8 38.6 72.3 711 59.8 80.5 94.8 59.1
Sr 664 453 434 185.5 259 506 427 536 742
Y 23.53 17.3 13.7 43.5 54.5 316 40 35.4 49.9
Zr 185 145 88 478 396 294 396 275 474
Nb 22.4 10 5.7 36.3 29.6 239 32 24.1 44
Mo 2 3 0 0 0 0 5 4 5
Sn 2 2 1 6 5 3 5 3 5
Cs 4.44 5.2 4.84 3.1 1.9 2.57 3.78 4.61 2.97
Ba 356 427 307 890 749 632 1120 1115 662
La 23.1 17.1 9.1 51.8 36.4 31 47.5 32.9 55.7
Ce 52.3 36.8 20.9 115.5 82.2 70.1 99.9 71.3 122.5
Nd 30.6 19.4 12 53.1 39.6 33.9 49.9 37.8 66.6
Sm 6.7 4.26 2.8 10.15 8.28 6.9 9.89 8.63 13.3
Eu 2.22 1.19 117 2.71 2.2 211 2.44 2.32 3.03
Gd 6.71 3.6 2.84 10.25 9.17 6.87 8.23 7.61 11.45
Tb 0.99 0.57 0.5 1.47 1.62 1.07 1.38 1.06 1.71
Dy 5.19 3.35 2.58 8.23 9.43 6.24 7.65 6.98 10.05
Ho 0.94 0.66 0.5 1.61 1.84 1.04 1.46 1.27 1.88
Er 2.62 1.7 1.61 4.42 5.67 3.35 4.21 3.59 4.8
Tm 0.36 0.25 0.18 0.66 0.78 0.47 0.57 0.5 0.7
Yb 2.2 1.51 1.26 3.99 4.56 2.91 3.75 2.92 4.34
Lu 0.29 0.22 0.18 0.55 0.62 0.45 0.54 0.46 0.63
Hf 5.54 3.5 2.2 12.4 9.7 6.8 10.2 6.7 11.5
Ta 1.4 0.8 0.4 2.5 2.1 1.5 2.3 1.7 2.9
W 1 4 3 37 11 2 6 5 8
Pb 0 9 0 0 0 0 14 10 14
Th 2.3 3.03 1.41 12.45 9.26 5.27 10.05 5.56 8.3
U 0.85 1.38 1.34 4.73 3.93 1.83 3.74 2.26 3.05
Ag 0 1 0 0 0 0 1 1 1
Pr 6.92 4.31 2.53 13.35 9.76 8.19 11.6 8.87 15
Tl 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
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|Rock Trachyte Trachyte Syenite porphyry | Syenite porphyry | Syenite porphyry | Syenite porphyry | Syenite porphyry | Lamprophyre
Bacilandia
Intrusions Sample GD-83 ple GD-84 Sample GD-13A  [Sample GD-101 ple GD-102 ple GD-103  [Sample GD-104  |Sample GD-98
Si02 (wt %) 60.22 52.01 64.49 66.05 71.07 64.71 68.83 45.20
TiO2 1.56 2.35 0.61 0.48 0.39 0.55 0.72 3.38
Al203 15.89 16.11 15.78 15.18 15.67 15.79 15.40 17.17
Fe203 8.25 10.28 6.45 5.67 3.48 6.24 4.82 14.54
MnO 0.12 0.15 0.11 0.10 0.06 0.10 0.07 0.22
MgO 3.04 4.66 0.73 0.57 0.47 0.72 0.96 7.11
CaO 6.17 6.70 2.98 2.61 1.62 2.94 2.07 10.72
Na20 2.57 4.08 5.10 4.98 4.21 4.88 2.86 1.68
K20 3.10 2.54 3.50 3.71 4.23 3.40 4.87 2.11
P205 0.24 0.81 0.23 0.22 0.07 0.24 0.13 0.70
LOI 3.96 2.46 1.69 1.77 1.75 1.85 2.15 3.96
Total 101.3 99.9 100.1 99.7 101.3 99.7 100.9 103.3
Na20 + K20 (wt %) 5.7 6.6 8.6 8.7 8.4 8.3 7.7 3.8
(La/Lu)N 5.7 10.5 8.6 10.6 10.4 9.5 10.9 23.4
V (ppm) 170 171 27 19 27 15 69 376
Cr 40 110 50 40 20 20 20 130
Co 0 0 8 5.9 0 0 0 51
Ni 0 0 21 17 0 0 0 49
Cu 0 0 12 9 0 0 0 19
Zn 0 0 117 111 0 0 0 139
Ga 24.2 23.5 28 27.3 29.8 28.6 30.4 20.1
Rb 64.8 66.2 96.8 105.5 111 94.2 120.5 85.8
Sr 471 668 357 286 123 331 263 1785
Y 33.2 34.4 38.7 35.9 28.5 39.6 27.9 28.1
Zr 218 343 380 363 247 445 229 277
Nb 17.1 30.6 33.9 32.8 35.4 32.6 37 74.8
Mo 0 0 7 5 0 0 0 5
Sn 2 2 5 5 5 4 7 2
Cs 3 3.09 2.04 1.51 1.37 1.67 1.74 5.03
Ba 1145 777 897 780 481 863 888 1945
La 24.4 50.2 53.5 51.7 35.5 51.4 31.6 70.2
Ce 55.6 109 108 104.5 78.3 112 72.7 142
Nd 28.7 49.6 49.3 45.3 34.4 49.3 32.5 63.3
Sm 6.12 9.74 9.36 8.68 6.83 8.66 7.64 10.35
Eu 1.7 2.8 1.97 1.71 0.99 2.15 1.2 2.85
Gd 5.93 8.31 7.48 6.93 6.55 8.46 6.54 7.48
Tb 1 1.25 1.1 1.08 0.96 1.2 0.99 1.05
Dy 6.11 6.52 7.13 6.68 5.63 7.33 5.44 5.66
Ho 1.2 1.37 1.43 1.28 0.88 1.29 0.99 1
Er 3.6 3.55 3.85 3.52 2.8 4.18 2.58 2.65
Tm 0.56 0.56 0.56 0.53 0.37 0.62 0.36 0.34
Yb 3.15 3.17 3.87 3.2 2.3 3.68 2.17 2.18
Lu 0.43 0.48 0.62 0.49 0.34 0.54 0.29 0.3
Hf 5.5 7.1 9.4 9.7 8 10.5 7.4 7
Ta 1 1.5 2.5 2.5 2.7 2.4 2.6 4.8
W 10 1 4 5 1 1 5 4
Pb 0 0 15 16 0 0 0 9
Th 4.37 4.95 11.15 12 11.15 10.6 9.98 6.84
] 1.61 1.83 4.55 4.63 4.83 4.1 4.56 1.76
Ag 0 0 1 1 0 0 0 1
Pr 6.98 12.85 12.1 11.5 8.76 12.55 8.61 16.1
Tl <0,5 <0,5 0.5 0.5 0.5 0.5 <0,5 0.5
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5.0 CONCLUSOES

Os dados apresentados nesta tese de doutoraddi@enn@tingir os objetivos
principais propostos no plano de pesquisa, qugsnsdatar a idade dos diques e de
suas rochas encaixantes (Sequéncia Jaupaci), entencontexto tectébnico em que
essas rochas se formaram e a relacao de falhasrmame com a geracédo dos diques,
granitos tipo-A e fluidos hidrotermais, bem comdmdeo modelo metalogénetico para

o depdsito Fazenda Nova, 0s quais serdo abaixihaletes.

5.1. Evento arco magmatico na sequencia Jaupaci enplicacbes tectbnicas
regionais

A evolucdo do Arco Magmatico de Goias vem sendmrtafda nos arcos de
Mara Rosa e Arenopolis com dois principais eventagmaticos: o mais antigo, em um
ambiente de arco intra-oceanico com a geracédo genatsmo com idade entre 920 e
800 Ma, e posteriormente, um mais recente em um @mutinental que ocorreu entre
660 e 630 Ma (Pimentei al., 2000, Dantas et al 2001; Kroner & Cordani 2003toBr
Neveset al.,2014). Entretanto, os dados de Laux et al., (20@8jteini et al., (2010); e
0s apresentados nesta tese apontam um novo exantmtensa atividade magmatica
ocorrido entre 797 a 750. Esse evento magmaticesepta boa parte das exposi¢cdes
de rocha na Faixa Jaupaci, apresentando duas idadeipais:

e O primeiro evento magmatico (~770 Ma) é representpdr tonalitos e
granodioritos com ilmenita, peraluminosos, calcadhos da Suite Tipo 1. Os
is6topos de Nd mostraram idades modelgg @ie 0.86 até 0.91 Gasgg (T)
positivo com valores variando de +4.6 até + 5.4eBdo nas informacdes dessa
tese foi interpretado que esses magmas sao desivkdbaixa fusdo parcial de
um arco juvenil na crosta inferior, composto pochas sedimentares e
basalticas. A fusdo ocorre devido ao espessameatarosta (~25 km),
possivelmente em estagios finais de colisdo emmbiemte intra-oceanico. Da
mesma forma, granitoides peraluminosos (granitas J&o e Creoulos, por
exemplo) sdo registrados na parte oriental do AledArendpolis com idades
entre 792 e 782 Ma (Laux et al 2005), mostrandoegte evento tardio de fusdo
parcial envolveu boa parte das rochas previamemglzadas em ambiente

arco oceanico (880-820 Ma).
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* O segundo evento engloba magmas félsicos com ni@geetmetaluminosos
representado pelos granitoides Tipo 2, com idad@58 + 12 Ma e os riolitos
basais da Sequéncia Jaupaci datados com 748 + 108dados geoquimicos
indicam que essas rochas apresentam afinidadetiadaldom fonte proveniente
de baixa fusado parcial de crosta juvenil muito ssp€>40 km) em um ambiente
de arco continental. Os dados isotépicos de Nd rarmosidades modelospf
um pouco mais antigas, com 1.1 até 1.21 Ga, do amegranitoides
peraluminosos Tipo 1. Entretanto a fonte é predantamente juvenil, sendo
indicada pelo @&ng (T) positivo, com valores variando de +1.1 ate.882e
zircdes herdados cristalizados entre 790 e 880Maesmo evento é registrado
no extremo oeste do Arco de Arendpolis represenpaddufos datados por U-
Pb em zircdo com idade de 749 + 6 Ma (Guimaditeal. 2012). Esses tufos
apresentam zircdes Paleoproterozoicos e Arqueas®sm comoeng (T)
negativo indicando que o evento de 750 Ma envolweasta antiga
(possivelmente representado pelo gnaisse Ribeis@phrtando a hip6tese que

este evento ocorreu em um arco continental.

5.2. Evento pos-colisional na Sequéncia Jaupacireglicacdes tectbnicas regionais.

Anteriormente, o evento pos-colisional no Arco deerfpdlis era apenas
relacionado aos granitos Tipo-A da Suite Serra &lediesta tese, um extenso
mapeamento junto aos dados geoquimicos e isotopiosrou que além dos granitos
Tipo-A, ocorrem rochas vulcanicas bimodais e osuesqdas Intrusivas Bacilandia.
Desta forma, para englobar todas as rochas sugmasit propusemos trés eventos
relacionados temporalmente a geracao da Zona @h@isento Moipord Novo-Brasil:
0 pré-cinematico (~597-585 Ma), o sin-cinematic67(~539 Ma) e o pos-cinématico
(~511-506 Ma).

* O evento pré-cinematico ocorreu em um ambientensiieal com
ascensao mantélica e posterior delaminagédo daadrdstior. Associado
a esse evento, ocorre o magmatismo bimodal e oepanpulso de
diques das Intrusivas Bacilandia. No que se refaemagmatismo
bimodal, as vulcanicas méficas sdo catacterizadasampfibolio-clorita

xisto com assinatura N-MORB, idade modelgyTde 0.8 Ga eng(T)
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entre +5.2 e +6.7, indicando magmas méficos askemoss. Os magmas
félsicos sdo representados por rochas metavulcmieacomposicao
dacitica a riolitica e granitos tipo-A, apresentaithde U-Pb de 597110
Ma, idades modelos ply entre0.81 Ga e 0.9 eng(T) com valores
positivos de +2.3 até +6.6. Os dados sugerem gas @schas félsicas
sdo derivadas de uma mistura de magmas mantélmms naaterial
proveniente da fusdo parcial de uma crosta juedproterozoica. Tal
interpretacédo € suportada por zircGes herdadosidades variando de
778 até 882 Ma. O primeiro pulso das IntrusivasilBadia é definido
por um pequeno volume de digues de gabros, ddeeitsienitos com
idade variando entre 593+5 Ma a 5905 Ma. A origigases diques é
relacionada com uma baixa fusdo parcial de um métasférico
previamente metassomatizado. Os dados sugeremameadimilar das
rochas metavulcanicas félsica indicada @(T) positivo com valores
entre +3.56 até +4.5dades by variando de 0.75 a 0.88 e zircdes
herdados com idade de 850 Ma. Quanto as correlagegemais deste
evento pré-cinméatico, foram feitas algumas comg@@s@ontuais nesta
tese baseados nos dados regionais disponiveis, @smmchas da
Sequéncia Ipora ser uma possivel continuidadealattas rochas da
Sequéncia Jaupaci. Entretanto sera necessariouiazeanalise isotopica
e geoquimica sistematica para confirmar essa tEpote

O evento sin-cinématico ocorre em um ambiente prassional no qual
€ registrada uma fase deformacional @m metamorfismo em facies
xisto verde, desenvolvimento da Zona de Cisalhambfdipora-Novo
Brasil (ZCMNB), geracéo de granitos Tipo-A e de segundo evento de
diques das Intrusivas Bacilandia. A ZCMNB foi imtestada como um
“splay” do Lineamento Transbrasiliano representando umaitest
translitosférica profunda, que permitiu a interag@omanto com a base
da litosfera, gerando novos magmas tipo-A. Os taniipo-A sao
alojados ao longo da ZCMNB (além de outras zonasis@hamentos
subordinadas) e comumente apresentam estruturasiticihs indicando
movimento direcional destral. Tal movimento foiisignte para justapor
os terrenos Arqueano/Paleoproterozoicos do MaoicGaias e o Arco

Magmatico de Arenopolis. Devido a esta justaposidaodiferentes
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terrenos, os granitos tipo-A deste evento apreseassinatura isotopica
distinta com idades modelog1.27 — 2.25 Ga enq (T) negativo com
valores variando entre -1.0 até -20.0. A idade glasitos tipo-A e a
formacédo da ZCMNB foram interpretadas nesta tesando entre 577
até 539 Ma. O inicio do evento sin-cinematico éaado por um novo
pulso volumoso de diques stocksde traquitos, doleritos, traquitos e
sienitos porfiros, sendo estes dois ultimos datados idades entre 574+
10 Ma e 572+ 5 Ma respectivamente. O segundo eveaetaliques
apresenta a mesma assinatura geoquimica e isotdpicarimeiro,
indicando que sdo provenientes da mesma fonte. Unmicacdo
regional de estimar o pico de deformacao (e metinmms Xxisto verde
da fase Dn) ao evento sin-cinématico com idada® &nM9 Ma até 539
Ma é que essa deformacdo tardia deve estar relgistean outras
unidades tectbnicas da Faixa Brasilia. De acordo D&l-Rey Silva et
al.,, (2011) estima-se idade entre ~580-540 Ma pare Ultima
deformacédo (denominada neste trabalho comp ma porcdo meridional
da Faixa Brasilia, que corrobora essa hipotesaeatiliscneste trabalho.

* O evento pos-cinematico ocorre em um em um ambexténsional com
a geracao de granitos tipo-A sem deformacéo, cawheslvariando entre
511 até 506 Ma. Apresentam idades modelos entrat8.9.2 Ga eng
(T) com valores variando de negativo a positivo (-4t6 &1.0),
indicando que neste evento predominou uma fontenjlvao contrario
do que se deu no evento sin-sinematico. Ainda me&tieto ocorreram 0s
diques de lampréfiros, que podem representar unpooante mafico
relacionado a esse ambiente extensional. Uma andatmprofiro

mostrou idade modelo de 0.84 Gag(T) com valor de +1.88.

5.3 O evento de mineralizacéo aurifera no depositte Fazenda Nova

A mineralizacdo de Fazenda Nova representa um astilm de metalogénese
aurifera na porcado central do Brasil. Os aspectisesesta mineralizacdo foram
concluidos da seguinte forma:

1- Os doleritos e gabros apresentam assinatura dele8&, LILE, LREE, Nb e Ta

tipicos de magmas maficos E-MORB. A fonte dessegnma maficos €
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proveniente de uma fusdo parcial de um manto @&tasf previamente
metassomatizado. Essa metassomatizacdo do margotgrodcorrido tanto em
750 Ma, quando foram gerados os magmas adakiticasito em 597 Ma pela
geracdo de rochas vulcanicas félsicas da Sequ@acdipaci. A geracado dos
magmas méficos ocorreu em dois eventos: o printieinmenor volume, em 593+
5 Ma e o segundo, mais volumoso, com idades &i#el0 Ma e 572+5 Ma.
Uma baixa fusdo parcial (~8%) foi estimada paraagfs desses magmas
maficos, sendo que tal taxa de fusdo foi essepeed a fertilidade de ouro,
assim como para o enriquecimento do magma em etemémcompativeis e
volateis.

Os digues de diorito porfiro, traquito e sienitorfgé s&o originados por
processos magmaticos como cristalizacado fracionadaimilacdo crustal e
magma mixingTais processos também atuaram de forma cruciedmeentracéo
de ouro e outros metais (As Sb e W), assim comcataracdo de fluidos
hidrotermais.

A Falha Bacilandia é uma estrutura NNW de segunadkeno da Zona de
Cisalhamento Moipora-Novo Brasil. A Falha Bacilandoi interpretada como
uma estrutura profunda e canalizou os magmas tlasiiras Bacilandia, assim
como fluidos hidrotermais. A maior atividade dest@ha ocorreu em
aproximadamente em 572 Ma e esta associada a gedacéaior volume de
magmatismo, assim como aos estagios mineralizamtedepdsito de Fazenda
Nova.

Os fluidos hidrotermais no depoésito de Fazenda Nawareram em trés estagios
inicial, intermediario e tardio; i) o0 estagio iratiou mineralizante, que consiste
em uma alteracdo pervasiva com sericitizacdo depds, biotitizacdo dos
minerais maficos e transformacgédo da ilmenita patifofleucoxénio. A alteragéo
pervasiva é acompanhada mbock-workde quartzo (eventualmente brechas) e
disseminacédo de sulfeto composta por uma assend#etaisenopirita-pirrotita-
scheelita-stibinita além de apatita e siderita dieimal. A arsenopirita desse
estagio apresenta formato acicular e frequentemaptesenta inclusdes de
galena, pirita e ouro, dando este ultimo o carééfratario do minério. A
temperatura estimada para o par de sulfetos ansgaggirrotita foi estimada em
340°C. A esta temperatura o ouro pode ser traresgmriem solucoes

hidrotermais como um complexo de bissulfeto ou dergs de tio-arsenatos; ii)
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O estagio intermediario é composttock-workde calcita e quartzo com uma
assembleia hidrotermal de clorita, epidoto, turnzlie titanita associado a
sulfetos como pirrotita-pirita-arsenopirita. A arepirita neste estagio é
frequentemente tabular, ndo apresentando inclu®eslfetos e nem de ouro. A
temperatura estimada para o par de sulfetos anseaqprita foi de 305°C.
Is6topos de C-O em veios de calcita desse estagiederand™*C variando de -
9.68 até -11.57%. &'°0 com valores variando entre 12.87 a 13.84%.. Tais
valores sao equivalentes aos de carbonato magnwtitadrotermal/mantélico;
iii) O estagio tardio € composto por veios e brechampostas apenas por
calcita-ankerita sem alteracdo hidrotermal ou nailieacéo aurifera.

O Deposito de Fazenda Nova foi classificado cddeducedntrusion Related
epizonal baseado nos seguintes aspectos: mingadizzospedada em magma
reduzido pés-colisional, ocorréncia de diquestazkscom assinatura mantélica
proveniente de um manto metassomatizado, procesagmaticos atuando na
concentracdo de Au e outros metais, textura epizien@eios comatock-worke
brechas associado a sulfetos com temperaturassti@izacao entre 340-305 °C
indicando um alto gradiente hidrotermal, bem conagsociacdo metalica de Au-
As-W-Sb e isétopos de C-O indicando carbonatos atdef magmatica ou

mantélica.

Os depositos auriferos definidos na Faixa Brasfitdcerelacionados a diversos

modelos, tais como: Au-orogénico formado na orogérigrasiliana (deposito aurifero
de Posse) ou previamente em eventos de orogénkesgpiéerozoica (Oliveira et al.,
2004; Jost et al.,, 2010); o depédsito de Chapadaoc@u-Au porfiro com idade
aproximada de mineralizacdo de 880 Ma e processosehobilizacdo durante a
orogénese Brasiliana (Oliveria et al., 2015); eepddito de Zacarias como Au-Ag-Ba
VMS com idade aproximada de 900 Ma (Poll 1994).réiahto todos os depdsitos
supracitados tem idade minima de mineralizacadeaardie até 630 M& depdsito de
Fazenda Nova esta relacionado a um modelo ddgatucedntrusion-Relatedonde a
idade da mineralizagdo esta relacionada ao estigimaior volume de diques das
Intrusivas Bacilandia (~572 Ma), representando,ingssum novo conceito de
metalogénese de ouro associada a magmatismo psisital na Faixa Brasilia. Outro
conceito alcancado na metalogénese de ouro doittepétidado foi sua relacdo com a

Falha Bacilandia e Zona de Cisalhamento MoiporaeNBrasil. Esta Ultima estrutura
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foi interpretada como um display N-S do Lineamehtansbrasiliano, mostrando que
outros splaysdo Lineamento Transbrasiliano podem apresentaulagdo de fluido
hidrotermal e mineralizacdo aurifera. A referidpotése de circulacdo de fluidos
hidrotermais ao longo do Lineamento Transbrasilimaocumenta por Santos et al,.
(2013) em carbonatos hidrotermais no granito MeapMN& do Brasil.

Os principais guias prospectivos para encontrppsitos auriferos similares a
Fazenda Nova séo: i) presenca de diqgues maficatinals reduzidos pos-colisionais
com assinatura geoquimica e isotopica de fonte éfieamt metassomatizada; ii)
coexisténcia de diques e stocks de composi¢cdo anéfifdlsica, indicando processos
magmaticos como cristalizacdo fracionadamagma mixingque vao atuar na
concentracdo de metais e elementos volateis; igsgnca de diques com textura
porfiritica que indicara sistemas magmaticos hadtas; iv) existéncia de zonas de
cisalhamentos profundas (por exemplo, utilizandedptos geofisicos regionais) que
serdo responsaveis por canalizar os fluidos hidnatis para crosta superior.
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