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RESUMO

Moreira Gomes € um dos depositos do campo mineralizado do Cuiu-Cuiu, provincia Aurifera
do Tapajés, com recursos de 21,7 t de ouro. A zona mineralizada, com 1200 metros de
comprimento, 30-50 metros de largura e, pelo menos, 400 metros de profundidade €
controlada por uma estrutura subvertical de orientacdo E-W, associada a um sistema de falhas
transcorrentes sinistrais. As rochas hospedeiras nesse deposito sdo predominantemente
tonalitos de 1997 £ 2 Ma (Suite Intrusiva Creporizdo). O estilo da alteracdo hidrotermal
relacionado & mineralizacéo é predominantemente fissural e localmente pervasivo. Os tipos de
alteracdo hidrotermal séo sericitizagéo, carbonatagéo, cloritizacdo, sulfetacdo, silicificagéo e
epidotizacdo, além da formacéo de veios de quartzo de espessuras variadas. Pirita € principal
sulfeto e contém inclusdes de galena, esfalerita, calcopirita e, em menor quantidade, de hessita
e bismutinita. O ouro ocorre mais comumente como inclusdo em cristais de pirita e,
secundariamente, na forma livre em veios de quartzo. Ag, Pb e Bi foram detectados por
analise semi-quantitativa como componentes das particulas de ouro. Estudo de inclusdes
fluidas identificou fluidos compostos por CO; (Tipo 1), H,0-CO,-sal (Tipo 2) e H,0-sal
(Tipo 3). O voléatil CO, é predominante na fase carbénica. O fluido do Tipo 2 apresenta
densidade baixa a moderada, salinidade entre 1,6 e 11,8 % em peso equivalente de NaCl e foi
aprisionado principalmente entre 280° e 350°C. No fluido do Tipo 3 o sistema quimico pode
conter CaCl; e, talvez, MgCl,, e a salinidade varia de zero a 10,1% em peso equivalente de
NaCl. Apenas localmente a salinidade atingiu 25% em peso equivalente de NaCl. Esse fluido
foi aprisionado principalmente entre 120° e 220°C e foi interpretado como resultado de
mistura de fluido aquoso mais quente e levemente mais salino, com fluido mais frio e diluido.
Globalmente, o estudo das inclusdes fluidas indica estado heterogéneo durante o
aprisionamento e ocorréncia de separacdo de fases, mistura, flutuacdo de pressdo e
reequilibrio das inclusdes durante aprisionamento. A composi¢do isotopica do fluido em
equilibrio com minerais hidrotermais (quartzo, clorita e calcita e pirita) e de inclusdes fluidas
apresenta valores de 820 e 8D entre +0,5 e +9,8 %o, e -49 a -8 %o, respectivamente. Os
valores de 8%S de pirita (-0,29 %o a 3,95 %o) sdo provavelmente indicativos da presenca de
enxofre magmatico. Pares minerais forneceram temperaturas de equilibrio isotdpico em geral
concordante com as temperaturas de homogeneizacdo de inclusdes fluidas e compativeis com
as relacOes texturais. Os resultados isotopicos, combinados com os dados mineralogicos e de

inclusbes fluidas sdo interpretados como produto da evolucdo de um sistema magmatico-
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hidrotermal em trés estagios. (1) Exsolucdo de fluido magmatico aquoso e portador de CO,
entre 400°C e 320-350°C, seguido de separacdo de fases e precipitacdo principal da
assembleia clorita-sericita-pirita-quartzo-ouro sob pressées menores que 2,1 kb e a 6-7 km de
profundidade. (2) Resfriamento e continuacdo da exsolugcdo do CO, do fluido magmatico
geraram fluido aquoso, mais pobre a desprovido de CO, e levemente mais salino, com
aprisionamento dominantemente a 250°-280°C. A assembleia hidrotermal principal ainda
precipitou, mas epidoto foi a principal fase nesse estagio. (3) Mistura do fluido aquoso do
estadgio 2, mais quente e mais salino, com um fluido aquoso mais frio e menos salino, de
origem meteorica. Carbonatacdo est4 associada com esse estagio. A assembleia hidrotermal e
os valores isotopicos indicam que fluido foi neutro a levemente alcalino e relativamente
reduzido, que H,S (ou HS") pode ter sido a espécie de enxofre predominante, e que Au(HS)™?
deve ter sido o complexo transportador de ouro. A deposicdo do ouro em Moreira Gomes
ocorreu em resposta a diversos mecanismos, envolvendo a separacdo de fases, mistura e
reacOes fluido-rocha. O depdsito Moreira Gomes é interpretado como o produto de um
sistema magmatico-hidrotermal, mas nédo possui feigcdes classicas de depositos relacionados a
intrusdes graniticas, tanto oxidadas como reduzidas. A idade de deposicdo do minério (1,86
Ga) sugere que o sistema magmatico-hidrotermal pode estar relacionado com a fase final do
extenso magmatismo célcio-alcalino da Suite Intrusiva Parauari, embora 0 magmatismo

transicional a alcalino da Suite Intrusiva Maloguinha ndo possa ser descartado.

Palavras-chave: ouro, Tapajos, Paleoproterozoico, incluséo fluida, isdtopos estaveis, granito

hospedeiro



ABSTRACT

Moreira Gomes is a recently discovered deposit (preliminary resources of 21.7 t Au) of the
Cuiu-Cuiu goldfield, an importante and historical mining area of the Tapajos Gold Province,
Amazonian Craton. The mineralized zone is about 1200 m long, 30-50 m wide, and is
followed to at least 400 m in depth. The zone is controlled by a subvertical, east-west-trending
structure that is related to a left-handed strike-slip fault system. The host rocks in the deposit
are predominantly tonalites dated at 1997 + 2 Ma that are attributed to the magmatic arc or
post-collision Creporizdo Intrusive Suite. Hydrothermal alteration and mineralization are
predominantly of the fissure-filling type and locally pervasive. Sericitization, chloritization,
sulfidation, silicification, carbonatization and epidotization are the observed alteration types.
Pyrite is by far the predominant sulfide mineral and bears inclusions of chalcopyrite, galena,
sphalerite and minor hesite and bismuthinite. Gold occurs predominantly as inclusions in
pyrite and subordinately in the free-milling state in quartz veins. Ag, Pb and Bi have been
detected by semi-quantitatiive analysis. Three types of fluid inclusions, hosted in quartz veins
and veinlets, have been identified. (1) Type 1: one- and two-phase CO, inclusions; (2) Type
2: two- and three-phase H,0-CO,-salt inclusions, and (3) Type 3: two-phase H,O-salt
inclusions. CO; is largely the predominat volatile phase in the CO,-bearing inclusions. The
CO,-bearing types 1 and 2 are interpreted as the product of phase separation of an immiscible
fluid. This fluid presentes low to moderate density, low to moderate salinity (1.6 to 11,8 wt.%
NaCl equivalent) and was trapped chiefly at 280° to 350°C. In Type 3 fluid, the chemical
system may contain CaCl, and/or MgCl,, salinitye varies from zero to 10.1 wt.% NaCl
equivalent. Only locally salinities up to 25% have been recorded. This fluid was trapped
mainly between 120° and 220°C and is interpreted as resulting from mixing of a hotter and
more saline aqueous fluid (in part derived from phase separation of the H,O-CO; fluid) with
a cooler and dilute aqueous fluid. As a whole, the fluid inclusions indicate phase separation,
pressure fluctuations, mixing, and reequilibration during trapping. The isotopic composition
of inclusion fluids and of the fluid in equilibrium with hydrothermal minerals (quartz,
chlorite, and calcite) show 50 and 8D values that range from +0.5 to +9.8%o, and from -49
to -8%o, respectively. The 8*S values of pyrite (-0.29%o to 3.95%o) are probably related to
magmatic sulfur. Mineral pairs show equilibrium isotopic temperatures that are compatible
with the fluid inclusion homogenization temperatures and with textural relationships of the

hydrothermal minerals. Isotopic results combined with mineralogical and fluid inclusion data



are interpreted to reflect a magmatic-hydrothermal system that evolved in at least three stages.
(1) Exsolution of a CO,-bearing magmatic fluid between 400°C and 320-350°C and up to 2.1
kbars (6-7 km in depth) followed by phase separation and main precipitation of the
hydrothermal assemblage composed of chlorite-sericite-pyrite-quartz-gold. (2) Cooling and
continuous exolution of CO, producing a CO,-depleted and slightly more saline aqueous
fluid that was trapped mainly at 250°-280°C. The predominant hydrothermal assemblage of
stage 1 continued to form, but epidote is the main phase at this stage. (3) Mixing of the stage
2 aqueous fluid with a cooler and dilute aqueous fluid of meteoric origin, whis was
responsible for the main carbonatization phase. The composition of the hydrothermal
assemblage and the fluid and isotopic composition indicate that the mineralizing fluid was
neutral to slightly alkaline, relatively reduced (only locally, more oxidezed conditions have
been attained, resulting in the precipitation of barite). H,S (and/or HS") might have been the
main stlfur species in the fluid and Au(HS)? was probably the gold transporting complex.
Gold deposition occurred as a consequence of a combination of mechanisms, such as phase
separation, mixing and fluid-rock interaction. The Moreira Gomes is a granite-hosted gold
deposit that interpreted to be a product of a magmatic-hydrothermal gold system. The age of
ore formation (~1.86 Ga) is consistent with the final stages of evolution of the widespread
high-K, calc-alkaline Parauari Intrusive Suite, although the ttransitional to predominantly
alkaline Maloquinha Intrusive Suite cannot be ruled out. Notwithstanding, the deposit does
not show the classic features of (oxidized or reduced) intrusion-related gold deposits of

Phanerozoic magmatic arcs.

keywords: gold, Tapajos, Paleoproterozoic, fluid inclusion, stable isotopes, granite-hosted
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1 INTRODUCAO

A Provincia Aurifera do Tapajos (PAT), localizada na porcdo central do Craton
Amazodnico (Fig. 1), possui &rea de cerca de 140.000 km? (Almeida et al. 1981), abrangendo
parte dos municipios de Itaituba, Jacareacanga e Novo Progresso no estado do Pard, e uma
pequena parte do municipio de Maués no sudeste do estado do Amazonas. E uma importante
provincia mineral do Brasil. Conta com mais de duas centenas de ocorréncias auriferas
primarias, supergénicas e aluvionares (Klein et al. 2002) e se constitui em um dos principais
atrativos para a pesquisa mineral do pais.

A atividade mineradora artesanal (garimpeira) teve inicio em 1958, com produgédo nao
oficial de 600 t de ouro (essencialmente aluvionar) ao longo das trés primeiras décadas,
tornando-se a principal produtora de ouro do Brasil entre as décadas de 1970 e 1990. Klein &
Carvalho (2008 e suas referéncias) relatam que a atividade garimpeira oficial produziu 90 t
Au entre 1985 e 1995, e no ano de 2003 a producdo garimpeira oficial chegou a 4 t Au. Em
2007, foi de 2,2 t Au, correspondendo a 63% da producao garimpeira do estado do Para.

No final da década de 1990, a producdo aurifera aluvionar entrou em declinio. O
esgotamento dessas reservas aluvionares nas areas tradicionalmente garimpadas levou a
descoberta de dezenas de jazimentos primarios, passando assim a exigir técnicas de
explotacdo mais apropriadas, capazes de alcangar minério aurifero primario com maiores
teores de metal.

O campo mineralizado do Cuiu-Cuil localiza-se aproximadamente na por¢do central
da PAT e é uma das mais antigas areas de garimpagem na provincia, com producao histérica
estimada em 46-62 t Au (McMahon 2011) e oriunda essencialmente da garimpagem das
aluvides e de perfis supergénicos. Esse campo mineralizado possui varias ocorréncias, alvos
em exploracdo e depositos auriferos (Central, Raimundinha, Pau da Merenda, Guarim,
Jerimum de Cima, Jerimum de Baixo, NhO, Moreira Gomes, Babi e outros menos
conhecidos). Os dados mais recentes indicam recursos de 21,7 t de ouro com teor de 1,5 (g/t)
para Moreira Gomes e 15,5 t de ouro com teor de 0,9 (g/t) para Central.

A éarea selecionada para estudo dentro desse campo é o deposito Moreira Gomes, com
o0 intuito geral de se obter dados sobre a génese do minério neste deposito e assim contribuir
para o entendimento da mineralizacdo do campo mineralizado do Cuiu-Cuiu e, por extensdo,

da Provincia Tapajos.
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Figura 1 — Localizagdo da Provincia Aurifera do Tapajés (poligono) em relagdo as provincias geocronologicas
do Craton Amazonico (de acordo com Vasquez et al. 2008, modificado de Santos et al. 2003).

1.1 LOCALIZAGAO E ACESSO

O campo mineralizado do Cuiu-Cuil (Fig. 1.1) localiza-se préximo a vila homénima,
no municipio de Itaituba, estado do Para, aproximadamente 180 km a SW da sede municipal e
1000 km a WSW da capital estadual, Belém. O acesso a vila do Cuiu-Cud, partindo de
Belém-PA, pode ser feito via aérea por meio de voos comerciais, até a cidade de Itaituba, a
partir de onde se utilizam avides mono ou bimotores fretados até a pista de pouso da vila do

Cuil-Cuiu. Outra forma de acesso € fluvial, por meio de barco pelos rios Tapajos e Crepori.
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1.2 PROBLEMATICA

A PAT tem sido alvo de estudos metalogenéeticos em escala de deposito e de
provincia. Devido a escassez de afloramentos, do conhecimento geologico existente ainda na
escala de reconhecimento, da caréncia de dados cientificos tanto em escala de provincia como
de campo, ndo existe um modelo geoldgico-metalogenético unificado para a PAT. Discute-se
ainda a existéncia de uma ou mais classes de depdsitos e de uma ou mais epocas
metalogenéticas para essa provincia (Santos et al. 2001, Klein et al. 2002, Juliani et al. 2005,
Coutinho 2008). Os principais modelos geoldgico-metalogenéticos propostos incluem as
classes de depdsitos de ouro orogénicos, epitermais, porfiros e relacionados a intrusdo (Dreher
et al. 1998, Santos et al. 2001, Klein et al. 2002, Juliani et al. 2005, 2012, Coutinho 2008,
Echeverri-Misas et al. 2013).

Apesar da producdo aurifera historica e atividade mineradora na &rea, 0 campo
mineralizado do Cuiu-Cuiu recebeu apenas estudos de reconhecimento. Alguns estudos nessa
area sdo centrados em depositos individuais, focalizando os controles locais e aspectos como
incluses fluidas, is6topos estaveis e radiogénicos, mineralogia hidrotermal e estrutura (Klein
et al. 2001b, Coutinho 2008).

No campo mineralizado do Cuiu-Cuid, afloramentos sdo raros. Caracteristicas das
rochas e efeitos da mineralizagdo sdo mais bem observados em testemunhos de sondagem.
Em 2004, a empresa Magellan Minerals adquiriu os direitos de exploracdo mineral sobre a
area. Trabalhos realizados até o final de outubro de 2010, envolvendo geoquimica de solo,
bem como um detalhado levantamento aerogeofisico radiométrico e magnético foram
concluidos pela mineradora. Com esses trabalhos vérias anomalias de solo ja foram
identificadas, entre elas uma no entdo alvo Moreira Gomes. Posterior sondagem permitiu a
delimitacdo de uma reserva parcial de 21 t de ouro (McMahon 2011) e elevacdo de Moreira
Gomes a categoria de depdsito.

Embora alguns dados sobre rochas mineralizadas e alteragcdo hidrotermal estejam
disponiveis em relatdrios da mineradora detentora dos direitos minerarios (McMahon 2011),
nenhum outro estudo foi ainda efetuado e nada se conhece sobre a génese do minério no
depdsito Moreira Gomes. Especialmente porque, diferentemente de outros jazimentos da
Provincia Tapajés, Moreira Gomes ndo era garimpo, tendo sido descoberto pelos métodos

tradicionais de exploracdo mineral (geofisica, geoguimica, sondagem). Nesse ambito, torna-se



relevante, entre outros, o estudo da alteracdo hidrotermal responséavel pela deposi¢do do

minério e a caracterizacdo dos fluidos mineralizadores neste deposito.

1.3 OBJETIVOS

Esta dissertacdo esta inserida numa proposta maior que visa ao estabelecimento do
modelo geoldgico-metalogenético para o campo mineralizado do Cuiu-Cuiu. Para tal, se faz
necessario, entre outros, conhecer as rochas hospedeiras do minério, o entendimento dos
processos hidrotermais responsaveis pela mineralizagdo aurifera nos diversos alvos, depdsitos
e ocorréncias, com enfoque nas mudancas mineralégicas e texturais das rochas, na
determinacdo da(s) fonte(s) de fluidos e solutos responsaveis pela mineralizacdo e nas
principais caracteristicas fisico-quimicas do sistema de fluidos. Esses aspectos foram
investigados no deposito Moreira Gomes, de forma a contribuir com o objetivo maior.

1.3.1 Objetivos especificos

¢ identificacdo da mineralogia e definicdo das rochas hospedeiras do minério e
do(s) tipo(s) de alteracdo hidrotermal impressos nessas rochas, incluindo os
relacionado(s) com a mineralizacao aurifera;

e determinacdo das caracteristicas fisico-quimicas (P,T e composicao) do sistema
de fluidos gerador da mineralizacdo; e

e investigacdo da(s) fonte(s) dos componentes dos fluidos que geraram o minério.



2 CONTEXTO GEOLOGICO REGIONAL

O Craton Amazénico é uma das maiores areas com rochas de idade arqueano-
proterozoica e uma das principais unidades tectonicas da América do Sul. Localiza-se ao
norte da plataforma Sul-Americana (Almeida et al. 2000) e abrange uma éarea de
aproximadamente 4.500.000 km? E constituido pelos escudos das Guianas e Brasil Central,
0s quais sdo separados pela expressiva faixa sedimentar das bacias do Amazonas e Solimdes.
Limita-se a oeste pela cadeia andina, a leste, sul e sudeste pelos cinturdes neoproterozoicos
Araguaia e Paraguai, e ao norte pelo oceano Atlantico e Venezuela (Santos et al. 2000).

Véarios modelos de compartimentacdo tectdnica tém sido propostos para o Craton
Amazonico (Amaral 1974, Cordani et al. 1979, Teixeira et al. 1989, Santos et al. 2000,
Tassinari et al. 2000). As compartimentacdes tectdnico-geocronologicas de Santos et al.
(2000) e Tassinari & Macambira (2004) tem sido as mais utilizadas (vide Fig. 1). Ambas
admitem que a evolugdo do Craton Amazonico é resultante de sucessivos episddios de
acres¢do crustal durante o Paleoproterozoico e o Mesoproterozoico em volta de um nucleo
mais antigo estabilizado no final do Arqueano. A discordancia entre essas propostas esta,
sobretudo, nos limites temporais e espaciais das provincias tecténico-geocronoldgicas e,
também, na interpretacdo da evolucdo das mesmas.

A provincia de maior interesse para este trabalho é a Provincia Tapajos-Parima,
segundo o conceito de Santos et al. (2000), pois é onde se localiza a Provincia Aurifera
Tapajos. Esta apresenta orientacdo NW-SE e se estende do norte do Mato Grosso até o sul da
Venezuela, com 1900 km de comprimento e 180-280 km de largura. E composta por rochas
de derivagdo mantélica relacionadas a um arco magmatico (Tassinari & Macambira 2004 e
suas referéncias). Ja de acordo com Santos et al. (2001, 2004) a evolucgédo desta provincia €
marcada por sucessivos arcos de ilha e magmaticos acrescidos a borda de um continente.
Santos et al. (2001) dividiram a provincia em quatro dominios (vide Fig. 1), a saber: Parima e
Uaimiri, localizados ao norte da bacia do Amazonas, e Tapajos e Alta Floresta ao sul da bacia.
Nesse contexto geotecténico, a Provincia Aurifera Tapajos coincide praticamente com 0s

limites do dominio Tapajos. Dessa forma, € relevante tratar apenas a geologia deste dominio.



2.1 DOMINIO TAPAJOS

O dominio Tapajos (Fig. 2.1), segundo revisdo mais recente de Vasquez et al. (2008),
é 0 segmento central da Provincia Tapajos-Parima, e se limita a leste com o dominio Iriri-
Xingu, sendo recoberto ao norte e ao sul respectivamente pelas bacias fanerozoicas do
Amazonas e Alto Tapajos.

Atualmente, se discutem dois modelos de evolugdo geoldgica para o dominio. O
modelo proposto por Santos et al. (2004 e suas referencias) envolve acres¢do de sucessivos
arcos magmaticos entre 2050 e 1877 Ma durante quatro episddios orogénicos. Vasquez et al.
(2008 e suas referencias) admitiram que apenas um arco magmatico orosiriano (< 2,0 Ga)
desenvolvido em diferentes estagios de um evento orogénico (vide discussdo no item 2.4).
Zonas de cisalhamento transcorrentes de direcdo NW-SE definem a estruturacao principal do
dominio Tapajos e compdem um megassistema sinistral, segundo a conceituacdo de Santos &
Coutinho (2008).
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2.2 LITOESTRATIGRAFIA

Sera apresentada uma compilacdo da litoestratigrafia do dominio Tapajés baseada em
Vasquez et al. (2008 e sua referéncias). Esses autores agruparam as diversas unidades em
associaces tectdnicas (vide Fig. 2.1), que se desenvolveram em diferentes estagios evolutivos
do dominio (vide também item 2.3).

2.2.1 Sequéncia metavulcanossedimentar

2.2.1.1 Grupo Jacareacanga

Melo et al. (1980) designaram inicialmente de Suite Metamorfica Jacareacanga as
rochas metavulcanossedimentares que afloram do sudoeste do Para ao sudeste do Amazonas.
Posteriormente, Ferreira et al. (2000) renomearam a unidade como Grupo Jacareacanga,
subdividido-o em duas unidades, denominadas Unidade Xisto e Unidade Quartzito. A
Unidade Xisto constitui-se de rochas metassedimentares peliticas e psamiticas, e de rochas
metavulcanicas méafico-ultraméaficas subordinadas, que incluem xistos, filitos, metargilitos e
metagrauvacas. A Unidade Quartzito é composta por quartzitos, formacdes ferriferas
bandadas e metacherts.

Este grupo ocorre em faixas alongadas segundo a direcdo NW-SE a NNW-SSE. A
foliacdo geralmente segue o trend regional NW-SE. Segundo Ferreira et al. (2000) e Almeida
et al. (2000), localmente, as rochas apresentam dobras assimétricas, estruturas S-C e
superficies de crenulacao.

De acordo com Melo et al. (1980), os xistos maficos foram metamorfisados sob
condicOes da fécies xisto verde a epidoto-anfibolito. Por outro lado, Ferreira et al. (2000)
sugerem condi¢Oes anquimetamdorficas para as metagrauvacas e metargilitos.

Cristais detriticos de zircdo de rochas paraderivadas mostram idades de 2098 a 2875
Ma, com predominancia de idades em torno de 2100 Ma (Vasquez et al. 2008 e suas
referéncias). Um metaturbidito apresentou uma populacao de cristais detriticos de zircdo com
idades entre 2125-2098 Ma (U-Pb, ID-TIMS). Esses cristais foram interpretados como
derivados de rochas magmaticas jovens formadas em ambientes de retroarco, e definem a

idade méxima do Grupo Jacareacanga (Santos et al. 2001).
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Segundo Melo et al. (1980), rochas metaméaficas e metaultramaficas deste grupo
apresentam uma assinatura de basaltos toleiiticos oceanicos, localmente magnesianos. Para
Ferreira et al. (2000), as sucessdes siliciclasticas e quimicas foram depositadas em ambiente
plataformal, com subordinado vulcanismo mafico-ultraméafico associado. Ja Santos et al.
(2001) as interpretam como uma sequéncia turbiditica, intercalada com basaltos oceénicos,
relacionada a bacias de retroarco e de fossa oceénica.

2.2.2 Magmatismo Orogénico

2.2.2.1 Complexo Cuiu-Cuiu

O Complexo Cuil-Cuiu (Pessoa et al. 1977; Almeida et al. 2000) é constituido por
ortognaisses tonaliticos e granodioriticos, com subordinados termos monzograniticos, quartzo
dioriticos, quartzo monzodioriticos e dioriticos. Esses gnaisses hospedam diques e apofises,
além de enclaves lenticulares méaficos, metaultramaficos e raramente de paragnaisses (Melo et
al. 1980; Almeida et al. 2000, Ferreira et al. 2000, Klein & Vasquez 2000, Vasquez & Klein
2000).

Os corpos de gnaisses mostram orientacdo segundo o trend regional NW-SE. O
bandamento composicional estd orientado segundo NZ10°-20°E/60°-80°SE, transposto
localmente por foliacdo milonitica de atitude N35°E/subvertical (estruturas S-C) (Almeida et
al. 2000, Bahia & Quadros 2000, Klein & Vasquez 2000, Vasquez & Klein 2000). Este
padrdo estrutural € comum, porém localmente ocorrem inflexdes da foliacdo para NW-SE e
NNW-SSE. Fei¢cdes microtexturais e migmatiticas e presenca de enclaves de anfibolito e de
paragnaisses, sugerem que as rochas desse complexo foram submetidas a metamorfismo de
alto grau, compativeis com a facies anfibolito superior (Almeida et al. 2000, Vasquez & Klein
2000).

Santos et al. (2000, 2001) obtiveram idades entre 2033 £7 e 2005 + 7 Ma (U-Pb,
SHRIMP) em zircéo para ortognaisses e granitoides. Dados de isotopos de Nd (eNd2,01Ga de
+2,6 e +1,8 e TDM de 2,09 e 2,16 Ga — Sato & Tassinari 1997) para tonalitos relacionados a
este complexo indicam assinatura juvenil paleoproterozoica.

Essas rochas apresentam afinidade calcio-alcalina e a sua génese relaciona-se a arcos

magmaticos pouco evoluidos associados a subducdo de litosfera oceénica (Vasquez et al.
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2002, Santos et al. 2004, Coutinho et al. 2008), possivelmente em ambiente de arco de ilhas
(Santos et al. 2004). Os leucogranitos peraluminosos se assemelham aos granitos de fuséo

crustal relacionados a colisdo de litosfera continental (Vasquez et al. 2002).

2.2.2.2 Formagéo Vila Riozinho

Rochas vulcanicas intermediarias e félsicas aflorantes préximo a localidade de Vila
Riozinho e no rio Jamanxim e anteriormente mapeadas como pertencentes ao Grupo lriri
(Klein & Vasquez 2000) foram reunidas por Lamardo et al. (2005) na Formagéo Vila
Riozinho, com base em informagcbes quimicas e geocronoldgicas que diferem daquelas
existentes para o Grupo Iriri. A formagdo é constituida por andesitos basalticos,
traquiandesitos basalticos, traquitos e riolitos. As rochas andesiticas contém fenocristais de
plagioclésio, clinopiroxénio, anfibolio tardio e biotita. Os traquitos apresentam fenocristais de
plagiocléasio, feldspato alcalino (subordinado), biotita e anfibdlio. A matriz felsitica é pobre
em quartzo. Os riolitos mostram fenocristais de feldspatos e, subordinadamente, de quartzo
(Lamardo et al. 2002).

As rochas vulcénicas da Formagéo Vila Riozinho forneceram idades de cristalizagio
(Pb-Pb em zircdo) de 2000 + 4 e 1998 + 3 Ma (Lamarao et al. 2002). Com base nessas idades
e nas assinaturas dos is6topos de Nd (eNd2 o ca de -1,09 a -3,71 e TDM de 2,49 a 2,28 Ga),
Lamarao et al. (2005) sugerem que essas rochas podem ter se formado por mistura de magma
juvenil paleoproterozoico, contaminado pela assimilagdo de rochas arqueanas ou pela
interacdo com um magma derivado de uma fonte arqueana. Estes autores sugerem também
que estas rochas podem representar, alternativamente, a refusdo de uma crosta sialica com
cerca de 2,2 Ga, a partir de underplating de magmas maéficos.

Os dados geoquimicos em rocha total apresentados por Lamardo et al. (2002)
revelaram que as rochas vulcanicas possuem assinatura célcio-alcalina de alto potassio a

shoshonitica, similar a de arcos magmaticos maturos.
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2.2.2.3 Suite Intrusiva Creporizéo

Granitoides comumentemente milonitizados que afloram nas porgdes centro-leste e
sudeste do dominio Tapajés e que eram previamente incluidos no Complexo Cuiu-Cuiu foram
denominados Suite Intrusiva Creporizdo por Ricci et al. (1999). As rochas sdo sienogranitos e
monzogranitos, com biotita, e raramente hornblenda granodioritos, tonalitos e quartzo
monzodioritos. Esses granitoides hospedam enclaves microgranulares méaficos relacionados a
mistura de magmas (mingling), diques sinpluténicos e xenolitos de ortognaisses (Klein &
Vasquez 2000).

Os corpos graniticos desta suite ocorrem como batdlitos orientados segundo o trend
regional NW-SE. A deformacdo ductil € heterogénea. Segundo Klein & Vasquez (2000) e
Vasquez & Klein (2000), a foliacdo milonitica tem direcdo N10°-20°W, com mergulhos (70° -
80°) para ENE e WSW, a qual, associada a lineagdo de estiramento mineral suborizontal,
define o carater transcorrente das zonas de cisalhamento que controlaram o alojamento dos
corpos graniticos desta suite. Ricci et al. (1999) e Vasquez et al. (2002), com base nos
aspectos microtexturais dos granitoides, sugerem que o0s mesmos foram alojados e
deformados em condicGes da facies anfibolito.

Idades entre 1957 + 6 Ma e 1997 + 3 Ma (U-Pb e Pb-Pb em zircdo) foram obtidas para
granitoides da suite (Santos et al. 2001, Vasquez & Klein 2000, Silva Jr. et al. 2012).
Lamarao et al. (2002) apresentaram idades (Pb-Pb em zircdo) de 1981 + 2 e 1983 + 8 Ma para
o0 Granito S&o Jorge Velho, que pode ser correlacionado a esta suite (Vasquez et al. 2008).

Os granitoides da Suite Intrusiva Creporizdo apresentam assinatura céalcio-alcalina
mais evoluida que a daqueles do Complexo Cuil-Cuil. Vasquez et al. (2002) advogam que
provavelmente sdo granitos tardios de ambientes colisionais com padrdes geoquimicos de
arco magmatico preservados. Contudo, evento colisional ndo foi ainda claramente definido
para 0 dominio Tapajos. Santos et al. (2004) interpretam a assinatura geoquimica como
relacionada a outro arco magmatico, mais jovem que o dos granitoides do Complexo Cuid-
Cuiu (vide item 2.3).
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2.2.3 Magmatismo P6s-Orogénico

2.3.3.1 Suite Intrusiva Tropas

Santos et al. (2001), ao datarem diorito recuperado por testemunho de sondagem no
depdsito aurifero do Ouro Roxo e previamente incluso no Complexo Cuil-Cuiu, encontraram
idade incompativel com esta Gltima unidade e propuseram a Suite Tropas, sem apresentar
cartografia da unidade. Ferreira et al. (2004) cartografaram, por interpretacdo de sensores
remotos, um corpo na porcdo central da provincia e a redefiniram como Suite Intrusiva
Tropas.

A Suite Intrusiva Tropas & composta por tonalitos, dioritos, quartzo dioritos,
granodioritos e monzogranitos. Esses granitoides comumente hospedam xendlitos de basalto e
andesito. Sdo hidrotermalmente alterados para clorita, epidoto, albita, leucoxénio e pirita
(Santos et al. 2001).

Santos et al. (2001, 2004) obtiveram idades (U-Pb) que variam entre 1907 + 9 e 1892
+ 6 Ma em zircdo e titanita de rochas dessa suite. Santos et al. (2004) interpretam a assinatura
calcio-alcalina das rochas da Suite Intrusiva Tropas como relacionada a ambiente de arco de
ilha, formado em torno de 1,9 Ga. Os mesmos autores advogam também que as formagdes
sedimentares Abacaxis e Sequeiro (que afloram no Amazonas) seriam remanescentes das

bacias relacionadas a este arco.

2.2.3.2 Grupo Iriri

As rochas vulcanicas, que ocorrem no dominio Iriri-Xingu da Provincia Amaz6nia
Central e no dominio Tapajos, foram inicialmente reunidas na Formac&o Iriri (Forman et al.
1972). Posteriormente, Pessoa et al. (1977) elevaram a unidade a categoria de grupo,
subdividindo-o nas formacdes Salustiano e Aruri.

A Formacdo Salustiano é composta predominantemente por derrames de rochas
vulcénicas félsicas como riolitos, riodacitos e dacitos porfiriticos. A Formacdo Aruri
constitui-se principalmente por rochas vulcanoclasticas e epiclasticas como ignimbritos,
brechas vulcanicas, tufos félsicos, conglomerados, arenitos e siltitos ricos em detritos

vulcanogénicos.
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As rochas vulcanicas formam relevo arrasado e cristas esparsas de rochas
vulcanoclasticas orientam-se segundo NNW-SSE. Além disso, altos topograficos
semicirculares dispostos em arranjos concéntricos, falhas e fraturas radiais e anelares, e
depressGes topograficas semicirculares sdo descritos por Juliani et al. (2005) que
interpretaram as feicbes como complexos de caldeiras vulcanicas. Bahia & Quadros (2000)
sugeriram que as rochas da Formacéo Aruri se depositaram em ambiente de lagos continentais
nas proximidades de vulcbes, tendo como base estruturas primarias e microtexturas
indicativas de retrabalhamento.

Os riolitos e ignimbritos do Grupo Iriri no dominio Tapajos forneceram idades de
cristalizacdo (Pb-Pb e U-Pb em zircdo) entre 1890 = 6 e 1870 + 8 Ma (Dall’ Agnol et al.1999,
Lamardo et al. 2002). Neste grupo estdo incluidas as idades obtidas na Formacdo Moraes
Almeida, proposta por Lamardo et al. (2002), mas incluida por Vasquez et al. (2008) no
Grupo lIriri. Dados de is6topos de Nd (eNdj gsga de -2,26 a -3,05 e TDM de 2,44 a 2,30 Ga -
Lamardo et al. 2005) para as rochas vulcanicas félsicas, sugerem fontes crustais
dominantemente paleoproterozoicas, mas incluem componentes arqueanas.

As rochas vulcanicas félsicas apresentam assinatura calcio-alcalina que transiciona
para alcalina aluminosa (meta e peraluminosa), localmente peralcalina (Vasquez et al. 2008).
O carater dubio dessas rochas pode indicar que diferentes conjuntos de rocha estejam reunidos
nesse grupo. De modo geral, os riolitos apresentam uma assinatura alcalina aluminosa de
ambiente intraplaca (Lamardo et al. 2002, Fernandes 2005) e ha indicios de que esse

vulcanismo esteja associado a uma SLIP — Silicic Large Igneous Province (Klein et al. 2012).

2.2.3.3 Formacao Bom Jardim

A denominacdo Formagdo Bom Jardim foi proposta por Ferreira et al. (2000) para
reunir as rochas andesiticas a basalticas que afloram nas porc¢des central e oeste do dominio
Tapajos. Essa unidade é composta por andesitos, basaltos (subordinados), traquitos e latitos
(Vasquez et al. 2008). Estdo inseridos nessa formacdo diques informalmente denominados
Andesitos Joel-Mamoal por Vasquez & Klein (2000) e Lamprofiros Jamanxim por Almeida et
al. (1977), que ocorrem nas porcdes leste e central do dominio Tapajos, orientados segundo
ENE-WSW e NNE-SSW.
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Lamardo et al. (2002) dataram um traquito e obtiveram uma idade de cristalizacdo de
1881 + 4 Ma (Pb-Pb em zirc&o). Dados de is6topos de Nd dos diques andesiticos (eNd1 g s de
-2,38 e TDM de 2,26 Ga — Santos et al. 2000) e de um traquito (eNd gg g2 de -1,98 e TDM de
2,29 Ga — Lamardo et al. 2005) sugerem fontes paleoproterozoicas, com pequena contribuicao
crustal mais antiga. Estas rochas apresentam assinatura célcio-alcalina de alto K a
shoshonitica (Ferreira et al. 2000, Vasquez & Ricci 2002).

2.2.3.4 Suite Intrusiva Parauari

Santos et al. (1975) denominaram de Granito Parauari aos corpos graniticos aflorantes
nos rios Tapajos e Parauari. Posteriormente, novas ocorréncias foram mapeadas e Almeida et
al. (2000) elevaram essa unidade de categoria, designando-a Suite Intrusiva Parauari.

Duas facies petrograficas sdo identificadas nos corpos desta suite, uma granodioritica e
outra granitica (Almeida et al. 2000, Vasquez & Klein 2000, Bahia & Quadros 2000). Na
primeira predominam granodioritos portadores de biotita e hornblenda. Monzogranitos,
tonalitos e quartzo monzonitos sdo subordinados. Na segunda facies predominam monzo e
sienogranitos com biotita e hornblenda.

Os batdlitos e plutons da suite apresentam-se orientados segundo o trend regional
NW-SE. Em geral, os corpos de granodiorito ndo apresentam deformacdo tectonica
importante, mas apresentam uma foliacdo protomilonitica nas por¢des afetadas por zonas de
cisalhamento de orientacdo NW-SE, havendo apenas uma ténue orientagdo dos fenocristais e
rara foliacdo protomilonitica na fcies granitica.

Diversos corpos graniticos da Suite Intrusiva Parauari apresentam idades de
cristalizacdo (Pb e U-Pb em zircdo) entre 1891 + 3 e 1879 + 11 Ma (Brito et al. 1999, Santos
et al. 2000, 2001, 2004, Vasquez & Klein (2000).

Segundo Almeida et al. (2000) e Santos et al. (2004), os granitoides dessa suite sdo
calcio-alcalinos de médio a alto potassio. Para Vasquez et al. (2002) essas rochas estdo
relacionadas ao estagio tardio da colisdo do arco CuiG-Cuil, mas com preservacdo da
assinatura de arco magmatico de sua fonte. Ja Santos et al. (2004) atribuem esta assinatura
calcio-alcalina a um arco magmatico continental de 1885 a 1877 Ma.
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2.2.3.5 Suite Intrusiva Ingarana

Pessoa et al. (1977) reuniram intrusdes gabroicas aflorantes nos igarapes Ingarana e
Bom Jardim na unidade Gabro Ingarana. Bahia & Quadros (2000) elevaram a unidade a
hierarquia de suite intrusiva, apds identificarem outros corpos gabroicos correlatos. A suite €
composta por gabros, gabronoritos, leuconoritos, diabasios e microgabros, bem como
subordinados monzogabros, dioritos e monzodioritos. Os corpos da Suite Intrusiva Ingarana
apresentam, em geral, formas irregulares, e sdo orientados segundo E-W e NW-SE.

Vasquez & Klein (2000) dataram um leuconorito dessa suite, que forneceu idade de
cristalizacdo de 1887 + 3 Ma (Pb-Pb em zircéo). Santos et al. (2004) apresentaram idades de
cristalizacdo entre 1881 £, 1880 + 7 e 1881 + 11 Ma (U-Pb em zircdo e baddeleyita). Com
base em dados de is6topos de Nd (eNdig ga de -0,87 e TDM de 2,24 Ga) para um gabro,
Santos et al. (2000) sugeriram uma fonte juvenil paleoproterozoica com uma contaminacgao
crustal pequena. Em estudos litogeoquimicos, Bahia & Quadros (2000) e Almeida et al.
(2000) identificaram uma assinatura calcio-alcalina de alto potassio com enriquecimento em

aluminio para as rochas gabroicas, caracterizando rochas de ambiente de arco magmatico.

2.2.3.6 Olivina Gabro Rio Novo

Andrade & Urdininea (1972) individualizaram um corpo maéfico aflorante na foz do
rio Novo. Posteriormente, Vasquez & Klein (2000) denominaram-no Olivina Gabro Rio
Novo. Trata-se de um corpo alongado segundo NW-SE, no qual predominam gabros
isotropicos, com granulacdo média a grossa. As rochas comumente apresentam alteracéo
hidrotermal e cataclase.

Vasquez et al. (2000) obtiveram idades médias de 1999 + 3 e 1967 £+ 3 Ma em duas
populagOes de zircdo, e um cristal com idade de 1878 + 3 Ma (Pb-Pb em zircdo). Segundo
estes autores, 0s resultados sdo pouco conclusivos para caracterizar a idade do magmatismo
maéfico. Além disso, consideraram os dados conflitantes com as relagdes de campo. Vasquez
et al. (2000) sugeriram que, provavelmente, os cristais mais antigos que 1,88 Ga podem ser
herdados e os mais jovens podem estar mais préximos da idade minima de cristalizacdo do

corpo.
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2.2.3.7 Anortosito Jutai

Trata-se de um corpo mafico elipsoidal que aflora no norte do dominio Tapajos,
proximo a rodovia Transamazonica (BR-230), e que era considerado como pertencente a Suite
Intrusiva Ingarana por Bahia & Quadros (2000). Ferreira et al. (2004) individualizaram a
unidade e a denominaram Anortosito Jutai, para destacar o litotipo dominante.

Esta unidade é composta por anortositos e magnetita gabros, em geral, equigranulares,
médios e isétropos. Estas rochas apresentam alteracdo hidrotermal, com substituicdo de
hornblenda por actinolita e biotita, bem como cloritizagdo, com pirita e ouro disseminados em
pequenos veios de quartzo (Vasquez et al. 2008). Santos et al. (2001) determinaram idade de
1878 = 8 Ma (U-Pb, SHRIMP em titanita) para esta unidade.

2.2.3.8 Gabro Sdo Domingos

Na porc¢éo centro-leste do dominio Tapajés, ocorre um platé lateritico nos arredores do
garimpo S&o Domingos. Anomalias magnéticas sugerem a presenca de um corpo mafico em
subsuperficie, e o perfil de alteracdo intempérica é também tipico de rochas maficas. Apesar
da auséncia de afloramentos, foram encontrados gabros em furos de sonda realizados por
empresas que prospectam ouro na area. Vasquez et al. (2008) utilizaram a denominacéo
Gabro Sdo Domingos para designar esta ocorréncia.

Por correlagdo com o magmatismo mafico da regido, ja datado (Suite Intrusiva
Ingarana, Anortosito Jutai), ao qual comumentemente estdo associadas mineralizacdes
auriferas, Vasquez et al. (2008) atribuiram uma idade paleoproterozoica ao Gabro S&o

Domingos.

2.2.3.9 Gabro Serra Comprida

Vasquez & Klein (2000) denominaram de Gabro Serra Comprida um corpo com forma
alongada, que se destaca como uma crista orientada segundo NNW-SSE, com platos

lateriticos no topo, que ocorre no interflivio dos rios Novo e Inambé, na porcao centro-sul do
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dominio Tapajés. A unidade é formada por gabros (litotipo dominante) e dioritos
inequigranulares, de granulacdo média a grossa e is6tropos.

Uma idade paleoproterozoica entre 1,90 e 1,88 Ga foi sugerida por Vasquez & Klein
(2000) para a unidade, com base na correlagdo com os corpos maficos ja datados que ocorrem

na regido (Suite Intrusiva Ingarana, Anortosito Jutai).

2.2.3.10 Quartzo Monzogabro Igarapé Jenipapo

Klein & Vasquez (2000) denominaram Quartzo Monzogabro Igarapé Jenipapo a uma
pequena intrusdo nos granitoides da Suite Intrusiva Creporizao, orientada segundo E-W e
localizada na area da mina Crepori, préximo a vila Creporizdo, na porcao central do dominio
Tapajos.

O corpo intrusivo é composto de quartzo monzogabros (predominante), com
subordinados quartzo monzonitos, microgabros e diques de quartzo sienito microgranulares
associados. Os quartzo monzogabros sdo inequigranulares, de granulacdo média e isétropos.
Apresentam intensa alteracdo hidrotermal (cloritizacdo, sericitizacdo, carbonatacdo e
saussuritizacdo), possivelmente relacionada as ocorréncias auriferas filoneanas com sulfetos
associados que ocorrem nas proximidades (Vasquez et al. 2008).

Nas porcdes central e oeste do dominio Tapajos, rochas semelhantes foram
identificadas por Almeida et al. (2000) e relacionadas a Suite Intrusiva Ingarana, o que

sugere uma provavel correlacdo dessa unidade ao magmatismo que gerou esta suite.

2.2.4 Magmatismo Intracontinental

2.2.4.1 Suite Intrusiva Maloquinha

Andrade et al. (1978) propuseram a designacdo Suite Intrusiva Maloquinha, em
substituicdo a Granito Maloquinha (Santos et al. 1975), para agrupar corpos graniticos tidos
como circulares e que ocorreriam amplamente distribuidos no dominio Tapajoés.
Posteriormente, verificou-se que 0s corpos ndo seriam unicamente circulares, mas os stocks e

batolitos tém também formas elipsoidais e irregulares e sdo geralmente orientados segundo
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direcOes que variam de N-S a NW-SE (Bahia & Quadros, 2000; Klein & Vasquez, 2000;
Vasquez & Klein, 2000).

Duas facies petrograficas foram identificadas nos corpos desta suite (Almeida et al.
2000, Vasquez & Klein 2000, Bahia & Quadros 2000). Os corpos da facies com biotita séo
compostos por leucossienogranitos rosados com subordinados feldspato-alcalino granitos e
leucomonzogranitos. Nos corpos da facies com anfibdlio predominam granitos acinzentados a
avermelhados, com teores elevados de minerais méaficos. Sdo anfibdlio-biotita sienogranitos e
monzogranitos, com subordinados quartzo sienitos e quartzo monzonitos com anfibolio e
biotita.

Vasquez et al. (1999) e Lamardo et al. (2002) obtiveram idade de cristalizagcdo de
1882 + 4 e 1880 £ 9 Ma (Pb-Pb em zircdo) para granitos da suite. Santos et al. (2001)
apresentaram idades entre 1877 + 12 e 1864 + 18 Ma (U-Pb em zircdo) e identificaram
populacBes de cristais de zircdo herdados neoarqueanas a orosirianas. Dados de isotopos de
Nd (eNd1gs ca de -0,72 a -2,45 e TDM de 2,28 a 2,23 Ga — Lamaréo et al. 2005) sugerem
fontes paleoproterozoicas. Contudo, a assinatura isotdpica de outros granitos correlatos a esta
suite (eNdy g7 ca de -2,84 e -6,67 e TDM de 2,53 e 2,60 Ga — Santos et al. 2000), indicam a
participacdo de crosta arqueana na origem, 0 que é compativel com a presenca de zircGes
herdados neoarqueanos. A natureza quimica dos granitos revela uma afinidade alcalina (tipo
A), tipica de ambientes extensionais intracontinentais (Brito et al. 1997, Vasquez et al. 2002,
Lamarao et al. 2002).

2.2.4.2 Granito Pepita

Trata-se de um batdlito granitico de forma elipsoidal, orientado segundo NNW-SSE,
gue ocorre na margem direita do rio Tapajoés, o qual era incluido na Suite Intrusiva
Maloquinha (Melo et al. 1980). Almeida et al. (2000) distinguiram-no dos granitos desta
suite, denominando-o de Granito Pepita com base na ocorréncia de anfibdlios e piroxénios
sodicos neste granito. A unidade constituiu-se de feldspato alcalino granitos,
hololeucocraticos, de cores rosa avermelhada e amarelada, geralmente equigranulares de
granulagdo média.

Santos et al. (2004) obtiveram uma idade de alojamento para o Granito Pepita de 1872

+ 4 Ma (U-Pb/SHRIMP em zircdo). A idade obtida € semelhante a dos granitos relacionados a
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Suite Intrusiva Maloquinha, apesar desses serem granitos hipersolvus com anfibdlios sodicos.
Segundo Almeida et al. (2000), o estudo litogeoquimico revelou assinatura alcalina a
subalcalina, de ambiente intraplaca continental, mas a ocorréncia de granitos hipersolvus com

anfibolios sédicos atesta uma filiacdo alcalina (tipo A).

2.2.4.3 Granito Carocal

Na porcdo oeste do dominio Tapajos ocorre um batdlito orientado segundo NW-SE,
com caracteristicas composicionais contrastantes com as da Suite Intrusiva Maloquinha, na
qual era englobado (Melo et al. 1980), o que levou Almeida et al. (1999) a denominar esta
ocorréncia de Granito Carocal. A unidade é composta por sieno e monzogranitos com biotita,
leucocréticos e isotropos, de cor vermelha a cinza rosada, com textura equigranular grossa a
porfiritica.

Santos et al. (2004) apresentaram uma idade de cristalizacdo de 1870 + 4 Ma (U-Pb
SHRIMP em zircdo) e identificaram populacdes de cristais herdados de 2,71 e 1,94 Ga.
Heranca arqueana neste corpo ja havia sido identificada por Almeida et al. (1999), que
obtiveram uma idade média 2656 + 6 Ma (Pb-Pb em zircdo).

Em termos litogeoquimicos, segundo Almeida et al. (1999), o Granito Carocal revela
uma assinatura calcio-alcalina de alto potassio, em contraste com a afinidade alcalina (tipo-A)

dos granitos da Suite Intrusiva Maloguinha.

2.2.4.4 Granito Porquinho

Prazeres et al. (1979) denominaram de Granito Porquinho um batdlito granitico com
forma eliptica localizado no interflivio dos rios Branco e Aruri, leste do dominio Tapajos, o
qual era correlacionado a Suite Intrusiva Maloquinha (Pessoa et al. 1977, Almeida et al.
1977).

Segundo Prazeres et al. (1979), este corpo apresenta duas facies, uma definida por
granitos com micas, composta por feldspato alcalino granitos e granitos/microgranitos com
biotita, localmente coexistindo com muscovita; e outra facies composta por granitos com

anfibolio, constituida por granitos com riebeckita e granitos com hastingsita. Alteracdo
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potéassica e sodica, bem como graisenizagdo com mineralizacbes de Sn, Nb e Ta estdo
associadas aos granitos com biotita.

Santos et al. (2004) obtiveram idade de cristalizacdo de 1786 + 14 Ma (U-Pb/SHRIMP
em zircdo), o que levou estes autores a correlaciond-lo com o magmatismo da Suite Intrusiva
Teles Pires do norte do Mato Grosso (dominio Juruena). O Granito Porquinho apresenta uma
assinatura geoquimica calcio-alcalina a alcalina (Prazeres et al. 1979, Bahia et al. 1998).

2.2.4.5 Diabasio Crepori

Pessoa et al. (1977) denominaram inicialmente como Sill Crepori as intrusdes de
diabasio nas rochas sedimentares da Formacdo Buiugu, na bacia do rio Crepori, as quais,
posteriormente, receberam a designacéo Diabasio Crepori por Santos & Loguércio (1984).

O Diabasio Crepori ocorre como soleiras orientadas segundo E-W e diques segundo
N10°E, com espessuras entre 10 e 50 m. S&o rochas melanocraticas de cores preta e cinza
esverdeado, geralmente microgranulares e isotropicas. S&o diabéasios, olivina diabasios e
microgabros, compostos por pigeonita, augita, plagioclasio andesitico, olivina (forsteritica
intermediaria) e minerais opacos (6xidos de Fe-Ti) (Vasquez et al. 2008).

Santos et al. (2002) obtiveram uma idade de cristalizagdo de 1780 = 7 Ma (U-
Pb/SHRIMP em baddeleyita) para o Diabasio Crepori. Segundo Almeida et al. (2000), rochas
maéficas correlatas ao Diabasio Crepori revelaram uma assinatura alcalina. Entretanto, a
ocorréncia de quartzo (normativo e modal) indica uma afinidade toleiitica, tipica de basaltos
toleiiticos continentais (Vasquez et al. 2008).

2.2.5 Coberturas Sedimentares

2.3.5.1 Formacgédo Novo Progresso

Ocorréncias de depésitos de rochas vulcanoclasticas e epiclasticas nas cercanias da

cidade de Novo Progresso, sudeste do dominio Tapajés, foram cartografadas e incluidas na

Formacdo Aruri (Grupo Iriri) por Vasquez & Klein (2000). Ferreira et al. (2004),

posteriormente, individualizaram esses depositos na Formacao Novo Progresso.
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A Formacgdo Novo Progresso constitui-se, da base para o topo, por conglomerados
polimiticos, com seixos subangulosos e subarredondados de rochas vulcanicas e
vulcanoclasticas félsicas, e, subordinadamente, com seixos arredondados de granito em uma
matriz arcosiana, estas rochas sao sobrepostas por arenitos liticos e arcosianos de granulacéo
fina, cinza claros, macigos e estratificados, intercalados com argilitos laminados e siltitos
tufaceos, de cor rosa. As rochas da Formacgdo Novo Progresso afloram como cristas e cuestas,
orientadas segundo NNW-SSE, com a atitude de acamamento variando de N25°W a NO5°E,
com mergulhos de 18° a 60° para SW ou NE. A proximidade das rochas dessa formacgdo com
as rochas vulcanicas da Formacgéo Vila Riozinho (Vasquez et al. 2008) sugere que a mesma

esta relacionada a este vulcanismo mais antigo, e ndo ao Grupo Iriri.

2.2.5.2 Formacdo Buiugu

As rochas sedimentares siliciclasticas proterozoicas do dominio Tapajos receberam
diversas denominacg0es até serem reunidas na Formacédo Buiugu (Almeida et al. 2000, Ferreira
et al. 2000, Klein & Vasquez 2000, Quadros & Bahia 2000). A area-tipo da Formag&o Buiugu
esta localizada na borda noroeste da bacia do Alto Tapajos, proximo a Serra do Cachimbo, no
limite entre o Para e o Mato Grosso, sul do dominio Tapajos.

Segundo Vasquez et al. (2008), os mais expressivos segmentos da Formacéo Buiucu
ocorrem na bacia do rio Crepori, centro do dominio Tapajos, onde predominam arcosios,
arcosios liticos e arenitos ortoquartziticos, com subordinados conglomerados polimiticos,
siltitos e argilitos. Este segmento constitui uma bacia sigmoidal, controlada por falhas
extensionais e transcorrentes, orientadas segundo WNW-ESE e NWSE, o acamamento
mergulha entre 5° e 35° para N e NE, com paleocorrentes indicando transporte sedimentar
para N15°-20°E. Nos demais segmentos, além da sucessao siliciclastica, Bahia & Quadros
(2000) individualizaram uma sucessdo vulcanoclastica, composta por tufos félsicos, arenitos e
conglomerados com seixos de rochas vulcanicas, que, por sua vez, foi seccionada pelo
Granito Porquinho, datado em 1786 + 14 Ma (Santos et al. 2004).

Bahia & Quadros (2000), baseados na baixa maturidade mineraldgica, texturas e
estruturas primarias das rochas, sugeriram ambiente continental de deposicdo, relacionado a

canais fluviais entrelacados. O fato de a Formacdo Buiucu ser seccionada pelo Granito



23

Porquinho e pelo Diabéasio Crepori, datados em torno de 1,78 Ga (Santos et al. 2002, 2004),
sugere que os sedimentos desta formacao foram depositados antes do Estateriano.

2.2.6 Magmatismo Méfico Intracontinental

2.2.6.1 Suite Intrusiva Cachoeira Seca

A designacdo Troctolito Cachoeira Seca foi dada por Pessoa et al. (1977) para uma
expressiva ocorréncia mafica, localizada na porgdo centro-norte do dominio Tapajés, no
médio curso do rio Tocantins. Posteriormente, Quadros et al. (1998) elevaram a unidade a
categoria de Suite Intrusiva Cachoeira Seca.

Nesta unidade predomina olivina gabro, diorito e subordinadamente troctolito e
diabasio troctolitico (Bahia & Quadros 2000). Macroscopicamente, as rochas sdo, em geral,
melanocraticas e de cor cinza esverdeado, e isotropicas de granulacdo média.

Pessoa et al. (1977) apresentaram idades K-Ar em plagioclasio de 1072 + 18 e 1046 £
27 Ma para as rochas dessa unidade. Posteriormente, Santos et al. (2002) dataram um
troctolito e obtiveram uma idade de 1186 + 12 Ma (U-Pb em baddeleyita), melhor definindo a
idade da suite. Pessoa et al. (1977) caracterizaram as rochas desta unidade como basaltos de
afinidade alcalina, em parte subsaturados em silica. Por outro lado, Quadros et al. (1998)
identificaram uma assinatura toleiitica saturada em silica (olivina toleiitos). A natureza

guimica da suite ainda €, portanto, controversa.

2.3 EVOLUCAO GEOLOGICA DO DOMINIO TAPAJOS

Tassinari & Macambira (2004) interpretaram a evolucdo geoldgica da provincia
Ventuari-Tapajoés como relacionada com um arco magmatico. Santos et al. (2000, 2001)
advogaram que, no dominio Tapajos da provincia Tapajos-Parima, houve acres¢cdo de
sucessivos arcos magmaticos entre 2050 e 1877 Ma. Estes autores admitiram quatro arcos
magmaticos datados em: 2,02 Ga - Complexo Cuil-Cuil e Grupo Jacareacanga; 1,96 Ga -
Suite Creporizdo; 1,90 Ga - Suite Tropas e 1,88 Ga -Suite Parauari. Em trabalho de revisao

mais atual, Vasquez et al. (2008) defenderam um modelo que envolve apenas um arco de
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ilhas (arco Cuiu-Cuiu) (< 2,0 Ga) e a geracdo de sucessivos pulsos magmaticos pos-
colisionais, que se estenderam ao estagio pos-orogénico, ha cerca de 1,88 Ga. Diante da atual
falta de dados que sustente a existéncia dos diversos arcos magmaticos, foi adotada nesse

trabalho a proposta de Vasquez et al. (2008), simplificada abaixo.

2.3.1 Paleoproterozoico - Orosiano (Orogénese - Arco de Ilha/Magmatico e colagem

continental)

Segundo Vasquez et al. (2008), no dominio Tapajos ocorrem associagOes tectonicas de
um orogeno orosiriano formado pela colisdo de arco de ilhas (Arco Cuiu-Cuil) contra um
continente (desconhecido), no que os ultimos autores se referiram como Orogénese Cuiu-
Cuiu. De acordo com Vasquez et al. (2008), o arco é representado pelas rochas do Grupo
Jacareacanga (depositadas entre 2,1 e 2,01 Ga) e do Complexo Cuiu-Cuid (2,03 a 2,0 Ga). A
primeira unidade define a associacéo tecténica bacia de arco de ilhas orosiriano e a segunda
unidade representa os granitoides de arco ilhas com deformacdo ductil e metamorfismo
relacionado a uma fase colisional (Suite Pluténica Sinorogénica). Para Almeida et al. (2001),
as feicbes estruturais (p.ex, bandamento gnaissico e xistosidade) dessas unidades foram
produzida por um evento compressivo obliquo relacionado a subduccéo. Klein et al. (2002)
atribuem tais feicGes ao primeiro estagio deformacional (D1), que ocorreu num intervalo de
tempo entre 2005 -1977 Ma. Santos et al. (2001) entenderam que este evento deformacional
pode ter sido sincrénico com o pico do metamorfismo. Estruturalmente, Santos & Coutinho
(2008) entenderam que as zonas de deformacdes de direcbes NW-SE (destral), N-S e NE-SW
(sinistrais) constituem diferentes zonas de fraqueza crustal, pré-existentes, com movimentacdo
compressiva segundo essas direcdes, com transporte tectonico de leste para oeste.

Ap0s a colisdo do arco Cuiu-Cuil contra o suposto continente, se instalaram zonas de
cisalhamento transcorrentes de direcdo NW-SE (estruturacdo principal do dominio Tapajos),
ao longo das quais se alojaram os granitoides da Suite Intrusiva Creporizdo (1,99 a 1,96 Ga —
Suite Plutdnica Tardiorogénica). Esse evento marca o segundo estagio de deformacéo (D2)
(Klein et al. 2002). Santos et al. (2001) definiram este segundo evento deformacional do
dominio Tapajos como de cardter raptil-ductil em regime de cisalhamento transcorrente de
alto angulo. Na porcao leste do dominio Tapajos, as rochas vulcanicas calcio-alcalinas de alto

K a shoshoniticas da Formacao Vila Riozinho, com cerca de 2,0 Ga, ocorrem associadas a



25

coberturas vulcanoclasticas e epiclésticas da Formagdo Novo Progresso. Estas formacGes mais
evoluidas que as rochas do arco Cuiu-Cuit e sem metamorfismo e deformacéo ductil tém sua
evolucdo relacionada a uma etapa mais tardia da orogénese Cuil-Cuil. Essas formacoes
foram reunidas na associacao tectonica rochas de arco vulcanico orosiriano e bacia associada
(Vasquez et al. 2008).

Vasquez et al. (2002, 2008) atribuiram para os granitoides calcio-alcalinos da Suite
Intrusiva Parauari e para as rochas da Suites Intrusivas Tropas (que, segundo Santos et al.
2004 representariam unidades de arcos de ilhas) uma evolucédo relacionada a extensdo pos-
colisional (Suite Plutdnica P6s-orogénica), com mistura de magmas mantélicos e da crosta
continental. A Suite Intrusiva Tropas foi a principal unidade afetada nesse evento, estagio
deformacional (D3), enquanto as suites intrusivas Creporizdo e Parauari foram afetadas
localmente (Klein et al. 2002).

Santos & Coutinho (2008) interpretam que os lineamentos evoluiram a partir de uma
reativacdo tectbnica regional, ao longo das direcOes antigas de fraqueza crustal,
correspondendo no tempo a continuidade do regime compressivo, dentro de uma deformacéo
progressiva, com transporte tecténico de leste para oeste, responsavel pelo desenvolvimento
do Megassistema de Falhas Transcorrentes do Tapajés. A geometria, a cinematica e as
relacfes angulares das estruturas deste megassistema sdo compativeis com o modelo de uma
zona de cisalhamento, a partir de fraturas én-chelon do tipo R de Ridel, ou com o modelo de
sistema de falhas transcorrentes, onde o principal vetor de compressao estaria orientado na
direcdo E-W a ENE-WSW.

2.3.2 Orosiano/Estateriano (Tafrogénese)

No periodo Orosiano iniciou um processo de extensdo crustal. As rochas do Grupo
Iriri correspondem aos equivalentes vulcanicos dos granitos alcalinos (Suite Intrusiva
Maloquinha) e calcio-alcalinos (Suite Intrusiva Parauari) de cerca de 1,88 Ga. Rochas
gabroicas calcio-alcalinas de alto K (1,88 Ga - Suite Intrusiva Ingarana) indicam a atuacao de
processo de underplating na geracdo das rochas pds-orogénicas relacionadas a essa extensao
crustal. A essa fase extensional orosiana associam-se ainda rochas vulcanicas da Formagéo
Bom Jardim. Suites pluténicas de afinidade alcalina como a Suite Maloquinha (1882-1864

Ma) e corpos plutonicos (Granito Pepita, Carogal e Porquinho), representam estagios
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diferentes da implantacdo dos riftes continentais. A implantacdo desses riftes culminou com a
deposicdo das coberturas sedimentares da Formacdo Buiugu entre o Orosiano e Estateriano,
formadas por sucessdes epiclasticas com contribuicdo vulcanoclastica e localmente
piroclastica. Ja no Estateriano os diques e soleiras (Diabasio Crepori - 1780 + 7 Ma) cortaram

0 embasamento orosiriano e as bacias de rifte.

2.3.3 Mesoproterozoico - Esteniano (Rifteamento Continental/Magmatismo Mafico-

Ultraméfico)

No Esteniano as rochas da Suite Intrusiva Cachoeira Seca (1186 + 12 Ma)

relacionadas a distensdo esteniana marcam uma reativacdo do manto sob o dominio Tapajos.

2.4 METALOGENESE DO DOMINIO TAPAJOS

O dominio Tapajos possui mais de 100 ocorréncias minerais primarias (Klein et al.
2002). Varios modelos metalogenéticos foram propostos para 0 ouro nesta provincia.
Atualmente poucos depositos apresentam dados suficientes que permitam classificad-los com
mais precisdo. As classes de depdsitos orogénico, relacionados a intrusao, porfiro e epitermal
sdo discutidas na literatura geologica dessa provincia. Alguns estudos apresentam um enfoque
mais regional (Santos et al. 2001; Klein et al. 2002; Juliani et al. 2005, Coutinho 2008).
Coutinho (2008) classificou cerca de duas dezenas de depositos e ocorréncias no modelo de
depdsitos de ouro orogénico dos tipos mesozonais e epizonais com duas fases de
mineralizacdo, uma em 1,96 Ga, outra em 1,88 Ga (Pb-Pb em sulfetos). Dados de inclusfes
fluidas e isotopicos (O, H) indicariam fontes profundas (magmatica ou mantélica) com
contribuicdo de agua metedrica nos mais rasos. Os depositos sdo interpretados como
depositados a partir de fluidos mineralizantes similares em diferentes niveis crustais. Com
base na estrutura e textura dos veios, 0s autores atribuiram temperatura de formagéo em torno
de 500 °C sob regime ductil-ruptil para a primeira fase e condi¢des de temperatura < 270°C
na segunda fase, sob condicdes rupteis.

Santos et al. (2001) propuseram duas classes: (1) orogénico e, (2) relacionado a

intrusdes. Esses tipos foram subdivididos em quatro categorias: (1.1) orogénico, hospedado
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em turbiditos e alojado em estruturas ducteis (p. ex., Buiugu); (1.2) orogénico, hospedado em
arco-magmatico sob regime ddctil-raptil (p. ex., Ouro Roxo); (2.3) relacionado a intrus&o,
epizonal, consistindo em veios de quartzo posicionados em falhas rdpteis extensionais (p. ex.,
Sequeiro); (2.4) relacionado a intrusdo, epizonal, disseminado/stockwork (p. ex., S&o Jorge).
Anadlises isotopicas em galena (Pb-Pb) e muscovita (Ar-Ar) indicam idade de 1860 Ma para
mineralizacédo relacionada com intrusdes. Is6topos de Pb em feldspato alcalino indicam que as
fontes do Pb tenham sido as unidades Jacareacanga, Cuiu-Cuiu e Tropas. Santos et al. (2001)
consideraram que houve apenas essa fase de mineralizacdo em 1860 Ma. Ja Coutinho (2008),
considerou a existéncia de duas fases (1,96 Ga e 1,88 Ga). Klein et al. (2002) com base nos
estilos estruturais dos depositos da porgdo sul do dominio Tapajés também propuseram a
existéncia de dois eventos distintos. O mais antigo estaria relacionado ao regime transcorrente
que afetou a Suite Intrusiva Creporizdo (1,97-1,95 Ga), o0 que € corroborado por dados
isotopicos (Coutinho 2008, Klein & Vasquez 2000) e se encaixariam no modelo de depositos
de ouro orogénico; e 0 mais jovem, possivelmente do tipo relacionado a intrusdes, no que
concordam com parte da proposta de Santos et al. (2001).

Segundo Juliani et al. (2005), a Provincia Aurifera Tapajos contém as primeiras
evidéncias conhecidas de mineralizacfes auriferas epitermais de alta-sulfetacdo do Craton
Amazodnico. Os dados isotopicos em alunita do depdsito Botica sugerem origem hidrotermal
magmatica para a mesma, 0 que seria tipico de mineralizacbes de alta-sulfetacdo.
Temperaturas estimadas por isétopos de enxofre no par alunita-pirita e isotopos de oxigénio
no trio alunita-SO4-OH variam entre 130 e 420 °C. Os valores de Do € de 8800 para
alunita sugerem fluidos dominantemente magmaticos, com pequena contribui¢cdo de agua
metedrica. Algumas amostras de alunita forneceram idades de 1869 a 1846 Ga (“’Ar/**Ar).
Juliani et al. (2005) sugeriram que o minério foi preservado por causa do soterramento em
nivel crustal raso por sedimentos e tufos em bacias tafrogénicas que provavelmente se
desenvolveram logo apds & mineralizacdo e provavelmente foram exumadas ha cerca de 60
Ma.

Estudos em depdsitos individuais também adotam alguns desses modelos para a
génese do minério. Borges et al. (2009) identificaram quatro associa¢cdes minerais no deposito
Sdo Jorge, sendo duas relacionadas aos processos hidrotermais responsaveis pela
mineralizacdo. Os dados obtidos pelo geoterm6metro da clorita sugerem temperaturas de
300+40° C para as associacdes relacionadas com a mineralizagdo. O geobarémetro do Al

(hornblenda) indica pressdes de cristalizacbes em torno de 1 kbar para os granitos
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mineralizados. Condi¢fes oxidantes, acima do tampdo NNO (niquel-6xido de niquel)
prevaleceram durante a génese do depdsito. Os autores sugerem para o deposito Sdo Jorge um
modelo porfiro ou relacionado a intrusao.

Dreher et al. (1998) estudaram cristais de adularia associada a veios de quartzo nos
prospectos Davi e Joel. O estudo de inclusdes fluidas mostrou que os feldspatos formaram-se
sob temperaturas de 240-320°C no prospecto Davi e de 220-340°C no prospecto Joel. Os
fluidos aprisionados s@o desprovidos ou pobres em CO; e pouco salinos. Segundo os autores,
a composicéo dos fluidos estaria dentro dos limites para depdsitos epitermais do tipo adularia-
sericita. Como as temperaturas de formacao dos veios sdo elevadas para esse tipo de deposito,
0S autores sugeriram que 0s prospectos correspondam a exposi¢cdes de partes profundas (de
até 1,5 km) dos sistemas hidrotermais e que a natureza epitermal seria corroborada pela
natureza ruptil da deformacéo, padréo de alteracdo hidrotermal, texturas de preenchimento e
assembleia mineral. Santos et al. (2001) entenderam que esses jazimentos ndo séo epitermais
e argumentam a falta de adularia na maioria dos depdsitos, a largura relativamente restrita das
zonas de alteracdo e a falta de penecontemporaneidade entre o vulcanismo e a mineralizacdo
na maioria dos casos.

Recentemente, a sugestdo do modelo pérfiro para alguns alvos passou a estar em
evidéncia, assim como a possibilidade de a provincia Tapajés ndo ser apenas aurifera. Ha
ocorréncia de mineralizagdes de metais de base do tipo poérfiro, incluindo depdsitos de cobre
em unidades calcio-alcalinas menos evoluidas e de cobre e molibdénio em rochas mais
evoluidas, além de ouro e cobre e ouro nos granitoides tardios de alto potassio e nas intrusivas
do tipo A (Echeverri-Misas et al. 2013; Juliani et al. 2012).

Para Veloso e Santos (2013), o deposito aurifero Ouro Roxo consiste em um sistema
hidrotermal de veios de quartzo sulfetados, hospedado em granitoides da Suite Intrusiva
Tropas e controlado pela zona de cisalhamento N-S Ouro Roxo-Canta Galo. Segundo os
autores, o0 ambiente orogénico, o estilo filoneano, o controle estrutural, a alteragédo hidrotermal
(propilitica + filica + carbonatacdo) e a associacdo metalica (Au+Cu+Bi) sdo compativeis
com o modelo orogénico da interface mesozona-epizona para a génese do deposito.

De acordo com Santiago et al. (2013), no depdsito aurifero Tocantinzinho o0s
processos hidrotermais geraram duas principais variedades de rochas alteradas
(informalmente descritos como salame e smoky). A historia hidrotermal teve inicio com a
microclinizacdo, passando para cloritizacdo, e logo apos a sericitizacdo, durante a qual os

fluidos mineralizadores precipitaram pirita, calcopirita, esfalerita, galena e ouro. Quartzo em
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vénulas e carbonatacdo em estagios mais tardios. Provavelmente houve mistura entre fluidos
aguosos e aquo-carbonicos, de que teria resultado a reacdo entre Ca’ “ e CO, e formacio de
calcita. Segundo esses autores, o ouro ocorre principalmente como inclusdes ao longo de
microfraturas em pirita e quartzo e, de acordo com Villas et al. (2013), as raz6es Au/Ag no
depésito variam de 0,05 a 5,0. Villas et al. (2013) interpretaram os valores de §*Cppg (-3,45 €
-2,29%o0) do carbono da calcita do estagio de carbonatacdo como oriundo de fontes crustais
profundas, provavelmente mantélicas. Os valores de 8'%0 smow (+5,97 a +14,10%0) foram
interpretados como forte contribuicdo magmatica, mascarada por influxo de aguas
provavelmente superficiais. Estudos de inclusdes fluidas efetuados por Queiroz (2013)
revelaram a presenca de trés tipos principais de fluidos: (1) aquo-carbonico com Tht de 280 a
380°C, salinidades de 2 a 11% e densidade global no intervalo de 0,40 a 0,99g/cm3; (2)
aquoso com Tht de 160 a 260°C e salinidades de 14 a 20%; e (3) aquoso com salinidades de
0,53 a 4% e Tht de 95 a 160°C. As inclusdes aquo-carbonicas e parte das aquosas foram
atribuidas a imiscibilidade sob condigdes de flutuacdo de presséo, seguida de aprisionamento
heterogéneo. As inclusdes aquosas de maior salinidade e Tht moderadas foram interpretadas
como um fluido independente que, durante sua migracdo, misturou-se ao fluido aquo-
carbonico, e as inclusdes com baixas salinidades e Tht foram atribuidas a infiltracdo de agua
meteorica durante a evolucdo do sistema hidrotermal, sendo responsével pela diluigdo dos
fluidos. O cruzamento das is6coras dos fluidos aquosos e aquo-carbdnicos sustenta a
interpretacdo de mistura e delimitou as condi¢bes de aprisionamento dos fluidos em 280-
327°C e 0,8-1,8 kb, o que corresponde a profundidades de 2 a 5 km. Para Villas et al. (2013)
0 CO2 poderia ter estado dissolvido em magma granitico. Para Santiago et al. (2013),
Tocantinzinho é similar aos depésitos Batalha, Palito e Sdo Jorge, e aos do campo Cuid-Cuil
e tipologicamente poderia ser classificado como depoésito relacionado a intrusdo, no que

concordam com Villas et al. (2013).
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3 MATERIAIS E METODOS

Para a realizacdo deste estudo foram utilizados testemunhos de furos de sondagem
disponibilizados pela empresa de mineracdo Magellan Minerals, incluindo rochas pouco ou
muito alteradas, mineralizadas ou ndo. A fim de alcancar 0s objetivos enunciados

anteriormente, foram realizados os procedimentos metodoldgicos descritos a seguir:

3.1 PESQUISA BIBLIOGRAFICA: foram compilados dados existentes sobre a geologia e
metalogenia da regido enfocada, bem como sobre a metalogénese do ouro e as técnicas

analiticas aqui utilizadas.

3.2 TRABALHO DE CAMPO E AMOSTRAGEM: uma viagem de campo foi realizada para

selecdo e amostragem dos testemunhos de furos de sondagem;

3.3 PETROGRAFIA CONVENCIONAL: foi realizada descricio macroscopica e
documentacdo fotografica dos testemunhos de sondagem; Confeccdo de laminas delgadas,
polidas e bipolidas. A caracterizacdo petrografica microscopica do minério e das rochas
hospedeiras foi efetuada com microscopio petrogréafico Zeiss modelo Axioplan 2, de luzes
transmitida e refletida, do laboratorio de petrografia do Instituto de Geociéncias da UFPA.
Neste estudo foram determinadas a composicdo mineralogica das rochas hospedeiras, bem

como sua classificacdo, e a composicdo da alteracdo hidrotermal que as afetou.

3.4 MICROSCOPIA ELETRONICA DE VARREDURA ACOPLADA A SISTEMA DE
DISPERSAO DE ENERGIA (MEV-EDS): foi realizada no equipamento de marca LEO
(modelo 1430) no laboratorio (LabMEV) pertencente ao Instituto de Geociéncias da UFPA,
para auxiliar nas determinagdes petrograficas e avaliar a composi¢cdo quimica

semiquantitativa dos minerais de minério;

3.5 DIFRACAO DE RAIOS-X: As andlise de minerais separados e rocha total foram
realizadas em Difratdmetro de raios-x modelo X’'PERT PRO MPD (PW 3040/60), da
PANalytical, com Goniémetro PW3050/60 (Theta/Theta) e com tubo de raios-x ceramico de
anodo de Cu (Kal 1,5406 A), modelo PW3373/00, foco fino longo, 2200W, 60kv. O detector
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utilizado é do tipo RTMS, X'Celerator. O equipamento pertencente ao Instituto de
Geociéncias da UFPA;

3.6 ESTUDO DE INCLUSOES FLUIDAS: foi desenvolvido nos laboratorios de petrografia e
de microtermometria, ambos pertencentes ao Instituto de Geociéncias da UFPA. No estudo
petrografico foram analisadas 20 laminas bipolidas utilizando o microscopio petrografico
Zeiss (modelo Axioplan 2). Para o estudo microtermométrico 14 laminas se mostraram
apropriadas e aproximadamente 354 inclusdes fluidas hospedadas em cristais de quartzo
foram analisadas no equipamento Linkam THMSG 600 com estagios de resfriamento e
aquecimento, seguindo os critérios de Roedder (1984). A calibragéo foi efetuada com padrbes
de CO; (fusdo do CO; sélido em -56,6°C) e H,O (fusdo do gelo em 0°C) puros. A precisdo
das medidas microtermomeétricas é estimada em 0,3°C e 5°C para medidas abaixo e acima de

50°C, respectivamente.

3.7 ESTUDOS DE ISOTOPOS ESTAVEIS (O, H, C, S): foram utilizados para a
determinacdo da(s) fonte(s) dos componentes dos fluidos mineralizadores e estimativa de
temperatura de equilibrio dos minerais hidrotermais. Os concentrados minerais (quartzo,
pirita, clorita e carbonato) para esse estudo foram obtidos por técnicas convencionais de
reducdo de amostras, envolvendo fragmentacéo, trituracdo, peneiramento e catagdo manual
em lupa binocular de cristais limpidos. Para eliminar possiveis carbonatos, as amostras de
quartzo e clorita foram submetidas a limpeza com &cido cloridrico (concentrado em 10%), por
oito horas, e lavados com agua destilada e secados em estufa a 60°C. A preparacdo do
material foi realizada nos laboratérios da CPRM-Belém e UFPA. As andlises de isétopos de
oxigénio em silicatos e oxigénio e carbono em carbonatos foram efetuadas no Laboratorio de
IsGtopos Estaveis (LABISE) da Universidade Federal de Pernambuco. A técnica empregada €
a extracdo a laser. Procedimento analitico: para carbonato, o gas CO,, foi extraido em linha de
alto vacuo apos reacdo com acido ortofosforico a 100% a 25°C por 1 dia e analisado em
espectrometro de massa. Os resultados estdo expressos na notagcdo & em pormil (%o) relativo
ao padrdo VPDB. A incerteza da medida isotopica foi melhor que 0,1%. para carbono
e 0,2%o0 para oxigénio, baseado em analises multiplas de um padrdo interno do laboratério
(BSC). Para silicato, o oxigénio foi liberado por reacdo com BrFs, e convertido a CO; por
reacdo com grafita a 750°C. O gas CO, obtido foi analisado isotopicamente em espectrometro

de massa. Os resultados estdo expressos na nota¢do & em permil (%o) relativo ao padrdo V-
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SMOW, com precisdo melhor que £0, 1%0..VPDB. As razdes isotopicas dos carbonatos e de
silicatos foram determinadas em espectrometro de massa Delta V Advantage. As raz0es
isotopicas de hidrogénio e carbono em inclusdes fluidas e hidrogénio em clorita foram
determinadas no laboratério Queen’s Facility for Isotope Research da Queen’s University,
Canadd. A composicdo isotdpica do hidrogénio da clorita foi medida num analisador
elementar termo-quimico (TC/EA-IRMS) segundo o procedimento descritos em Kyser &
O’Neil (1984) e Sharp et al. (2001). Concentrados com 0,2 a 1,0 g de clorita foram colocados
em cépsulas de prata e desgaseificados por uma hora a 100°C. As capsulas foram entéo
compactadas e carregadas num auto-amostrador, onde foram purificadas com gas hélio para
remocdo da agua superficial. As amostras foram depositadas em cadinho de grafite a 1450°C
para conversdao de CO, e H,O liberados em CO e H,. Esses gases foram amostrados num
equipamento Thermo Finnigan CONFO 1l e o H;, separado por um cromatégrafo de gas
(PORAPLOT-Q). As composicdes isotopicas foram medidas num espectrémetro Thermo
Finnigan DELTA-PLUS-XP. O procedimento para andlise da composic¢do isotopica do
hidrogénio em inclusdes fluidas do quartzo é semelhante a descrita acima para a clorita. Cerca
de 50 mg de fragmentos de quartzo foram colocados nas capsulas e desgaseificados a 100°C.
Apo6s combustdo a ~1000°C a determinagdo da composicao isotdpica foi feita por TC/EA-
IRMS a 1450°C. O carbono do CO; das inclusdes fluidas (extracdo similar a da H20) teve
sua composicdo isotopica medida em analisador elementar acoplado a um espectrémetro
DELTA-PLUS-XL. Os padrdes internos foram calibrados em relacdo ao padrdo V-PDB e a
precisdo é estimada em 0,25 %.. As razdes isotopicas do enxofre em sulfetos foram
efetuadas no Laboratorio de Isotopos Estaveis do Instituto de Geociéncias - LAIS - da
Universidade de Brasilia. Foi utilizada a técnica EA-IRMS (Elemental Analysis — Isotope
Ratio Mass Spectrometry), usando analisador elementar Flash EA e espectrémetro de massa
ThermoFisher MAT 253. As 20 amostras (4-5 cristais por amostra) foram colocadas em
capsulas de Sn e submetidas a temperatura de 1080°C, onde, por combustdo, o enxofre foi
foram convertido em SO,. Os gases da combustdo sdo entdo levados em fluxo de hélio
reduzidos através e em contato com fios de cobre de elevada pureza. O SO, é entdo separado
por um cromatografo de gas sob condigdes isotérmicas e 0s gases sdo ionizados e acelerados
no espectrometro de massa. Num campo magnético as diferentes massas sdo separadas e,
simultaneamente medidas, por multicolectores Faraday.

Os resultados isotopicos sdo apresentados em per mil na notacdo delta relativa aos
padrdes V-CDT (5*S), V-SMOW (3D e §'®0) e V-PDB (8*3C). Todas as anélises de
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hidrogénio foram acompanhadas por analises de padrdes internos calibrados em relagdo ao
padrdo V-SMOW. E a precisdo analitica é de £1%o., conforme andlises de duplicatas e de

materiais de referéncia.

3.8 INTEGRACAO E INTERPRETACAO DOS RESULTADOS: tratamento e interpretagio

dos dados; redacdo da dissertacdo; e publicacdo dos resultados.
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Abstract

Moreira Gomes is a recently discovered deposit (preliminary resources of 21.7 t
Au) of the Cuiu-Cuiu goldfield, an important and historical mining area of the Tapajos
Gold Province, Amazonian Craton. The mineralized zone is about 1200 m long, 30-50
m wide, and is followed to at least 400 m in depth. The zone is controlled by a
subvertical, east-west-trending structure that is related to a left lateral strike-slip fault
system. The host rocks in the deposit are predominantly tonalites dated at 1997 + 2 Ma
that are attributed to the magmatic arc or post-collision Creporizéo Intrusive Suite.
Hydrothermal alteration and mineralization are predominantly of the fissure-filling type

and locally pervasive. Sericitization, chloritization, sulfidation, silicification,
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carbonatization and epidotization are the observed alteration types. Pyrite is by far the
predominant sulfide mineral and bears inclusions of chalcopyrite, galena, sphalerite and
minor hessite and bismuthinite. Gold occurs predominantly as inclusions in pyrite and
subordinately in the free-milling state in quartz veins. Ag, Pb and Bi have been detected
by semi-quantitative analysis.

Three types of fluid inclusions, hosted in vein and veinlets of quartz, have been
identified. (1) Type 1: one- and two-phase CO;, inclusions; (2) Type 2: two- and three-
phase H,0-CO,-salt inclusions, and (3) Type 3: two-phase H,O-salt inclusions. CO; is
largely the predominat volatile phase in the CO,-bearing inclusions. The CO,-bearing
types 1 and 2 are interpreted as the product of phase separation of an immiscible fluid.
This fluid presents low to moderate density, low to moderate salinity (1.6 to 11.8 wt.%
NaCl equivalent) and was trapped chiefly at 280° to 350°C. In Type 3 fluid, the
chemical system may contain CaCl, and/or MgCl,, salinity varies from zero to 10.1
wt.% NaCl equivalent. Only locally salinities up to 25% have been recorded. This fluid
was trapped mainly between 120° and 220°C and is interpreted as resulting from mixing
of a hotter and more saline aqueous fluid (in part derived from phase separation of the
H,0-CO;, fluid) with a cooler and dilute aqueous fluid. As a whole, the fluid inclusions
indicate phase separation, pressure fluctuations, mixing, and reequilibration during
trapping.

The isotopic composition of inclusion fluids and of the fluid in equilibrium with
hydrothermal minerals (quartz, chlorite, and calcite) show §'%0 and 8D values that
range from +0.5 to +9.8%o, and from -49 to -8%o, respectively. The §**S values of pyrite
(-0.29%0 to 3.95%0) are probably related to magmatic sulfur. Mineral pairs show

equilibrium isotopic temperatures that are compatible with the fluid inclusion
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homogenization temperatures and with textural relationships of the hydrothermal
minerals.

Isotopic results combined with mineralogical and fluid inclusion data are
interpreted to reflect a magmatic-hydrothermal system that evolved in at least three
stages. (1) Exsolution of a CO,-bearing magmatic fluid between 400°C and 320-350°C
and up to 2.1 kbars (6-7 km in depth) followed by phase separation and main
precipitation of the hydrothermal assemblage composed of chlorite-sericite-pyrite-
quartz-gold. (2) Cooling and continuous exsolution of CO, producing a CO,-depleted
and slightly more saline aqueous fluid that was trapped mainly at 250°-280°C. The
predominant hydrothermal assemblage of stage 1 continued to form, but epidote is the
main phase at this stage. (3) Mixing of the stage 2 aqueous fluid with a cooler and dilute
aqueous fluid of meteoric origin, which was responsible for the main carbonatization
phase.

The composition of the hydrothermal assemblage and the fluid and isotopic
composition indicate that the mineralizing fluid was neutral to slightly alkaline,
relatively reduced (only locally, more oxidized conditions have been attained, resulting
in the precipitation of barite). H,S (and/or HS") might have been the main sulfur species
in the fluid and Au(HS)™ was probably the gold transporting complex. Gold deposition
occurred as a consequence of a combination of mechanisms, such as phase separation,
mixing and fluid-rock interaction.

The Moreira Gomes is a granite-hosted gold deposit that is interpreted to be a
product of a magmatic-hydrothermal gold system. The age of ore formation (~1.86 Ga)
is consistent with the final stages of evolution of the widespread high-K, calc-alkaline
Parauari Intrusive Suite, although the transitional to predominantly alkaline Maloquinha

Intrusive Suite cannot be ruled out. Notwithstanding, the deposit does not show the
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classic features of (oxidized or reduced) intrusion-related gold deposits of Phanerozoic

magmatic arcs.

keywords: gold, Tapajos, Paleoproterozoic, fluid inclusion, stable isotopes, granite-

hosted

1. Introduction

The Tapajds Gold Province, in the central sector of the Amazonian Craton (Fig.
1), holds more than 200 primary, supergene and alluvial occurrences and a few gold
deposits. Artisanal (garimpo) mining started in 1958 and an unofficial historical
production of over 600 t Au (mainly from alluvial deposits) is estimated (Klein and
Carvalho, 2008 and references therein).

In spite of its importance, the significant historical production, and the broad
knowledge of the lithostratigraphy (Klein et al. 2001a; Vasquez and Rosa-Costa, 2008),
the geological evolution is rather debatable (e.g., Santos et al., 2004; Vasquez et al.,
2008), and the province still lacks studies in a larger number of individual deposits in
order to give more support to local and integrated regional metallogenic models. In this
regard, province- (Santos et al., 2001; Coutinho, 2008) and deposit-scale models
(Dreher et al., 1998; Jacobi, 1999; Klein et al., 2001b; Juliani et al., 2002, 2005, 2012;
Borges et al., 2009; Veloso and Santos, 2013; Santiago et al., 2013) point out to the
epithermal, intrusion-related, porphyry, and orogenic classes of deposits. In addition, a
single (Santos et al., 2001) and two (Klein et al., 2002; Lafon and Coutinho, 2008)
metallogenic epochs have been proposed for the province, occurring at 1.86 Ga and at

1.96 Ga and 1.88 Ga, respectively.
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The Cuiu-Cuiu goldfield is located approximately in the central portion of the
Tapajoés Gold Province (Fig. 1). It represents one of the oldest mining camps in the
province, and has an estimated historical production of 46-62 t Au (McMahon 2011),
coming essentially from alluvial and oxidized deposits. This camp comprises several
targets under exploration and at least two deposits, Moreira Gomes (21.7t Au @ 1.5
g/t) and Central (15.5t Au @ 0.9 g/t). A few structural, fluid inclusion and stable and
radiogenic data are available only for surface exposures of the Cuit-Cuia goldfield,
which led some authors (Klein et al., 2001b; Coutinho and Fallick, 2008) to interpret the
gold mineralization in this camp as belonging to the orogenic type.

The Moreira Gomes deposit was selected for this study and no data are available
about this deposit. Aiming to contribute with the understanding of the genesis of this
deposit and of the Cuiu-Cuiu goldfield as a whole, in this study we investigate the host
rocks of the gold ore in the deposit, the hydrothermal alteration that affected these
rocks, and the physico-chemical composition and potential sources of the mineralizing

fluid, based on fluid inclusion and stable isotope data.

2. Geological setting

The Tapajds domain of the Amazonian Craton is part of a major orogenic belt
that is represented by the Tapajos-Parima geochronological province of Santos et al.
(2000) (Fig. 1). The evolution of the Tapajés domain is rather debatable and two main
lines of interpretation are considered: (1) Santos et al. (2000, 2004, and references there
in) understand that the domain was formed by accretion of five successive magmatic
arcs between 2040 and 1880 Ma related to two orogenic events, and followed by a post-

orogenic period between 1870 and 1760 Ma. (2) Vasquez et al. (2002, 2008) stated that
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the present knowledge of the Tapajos domain is insufficient to characterize such a
number of arcs and of orogenic episodes and interpreted the domain as the result of a
single and protracted orogenic event. This event comprises an early arc-related
association, followed by collision, post-collision and intracontinental magmatic
associations.

We do not recognize elements to choose among these two major and rather
contrasting interpretations, and we will describe below the major lithostratigraphic units
of the Tapajdés domain (Fig. 2), trying to highlight the different interpretations. The
metavolcano-sedimentary Jacareacanga Group and the Cuit-Cuit Complex are the
oldest known units in the Tapajos domain, formed between 2040 and 1998 Ma, and
there is a consensus that these units represent an arc-related association (Santos et al.,
2004; Vasquez et al., 2008). The Jacareacanga Group is composed of schists and
quartzites that possibly represent back-arc and trench sediments that were
metamorphosed at predominantly greenschist facies conditions (Santos et al., 2004).
The Cuiu-Cuit Complex comprises gneisses and metagranitoids that represent more
primitive calc-alkaline magmas, which record amphibolitic metamorphism (Santos et
al., 2004; Vasquez et al., 2008). The NNE-SSW-trending banding of the gneisses and
the schistosity of the Jacareacanga Group, which dip predominantly to WNW, have
been produced during an early oblique compressive event related to subduction and
synchronic with metamorphic peak conditions that occurred possibly at 2005-1977 Ma
(Almeida et al., 2001; Santos et al., 2001; Klein et al., 2002; Santos and Coutinho,
2008). This early compressive event displays vergence to ESE.

Following the arc association, the Tapajos domain experienced the intrusion of
several plutonic suites. The first one is represented by the Creporizao Intrusive Suite

(1998-1957Ma), which comprises massive to protomylonitic monzogranite to
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granodiorite and subordinate tonalite of peraluminous affinity (Santos et al., 2001;
Vasquez et al., 2002; Silva Jr. et al., in preparation). The emplacement of these
granitoids was strongly controlled by the development of high-angle, NW-SE-trending
strike-slip shear zones of brittle-ductile character that have also been responsible for the
transposition of the gneissic banding and reorientation of the bodies of the Cuiu-Cuiu
Complex (Almeida et al., 2001; Santos et al., 2001; Klein et al., 2002; Santos and
Coutinho, 2008). Vasquez et al. (2002, 2008) ascribed this unit to a collision
assemblage, whereas Santos et al. (2004) interpreted the unit as belonging to a
magmatic arc setting. Felsic to intermediate volcanism attributed to the Vila Riozinho
Formation is associated to this phase (Lamarao et al., 2002).

After a time gap of about 50 Ma the Tapajds region experienced the intrusion of
the calc-alkaline, I-type Tropas (1906-1886 Ma) and Parauari (1887-1879 Ma) suites of
mixed mantle and crustal magma sources (Santos et al., 2001, 2004; Vasquez et al.,
2008). According to Santos et al. (2001, 2004), these suites are related to arc
magmatism, whereas Vasquez et al. (2002, 2008) understand that at least the Parauari
Suite represents an extensional-related magmatic activity. Several basic intrusions,
predominantly grabbroic, are associated to this phase. According to Santos and
Coutinho (2008), this phase is structurally characterized by the establishment of the
megasystem of vertical strike-slip brittle faults that affected the Parauari and older
magmatic suites and strongly controlled the positioning of the stocks and batholiths of
the Maloquinha Intrusive Suite in the following phase. The compressive vectors were
oriented to E-W and ENE-WSW at this time.

The calc-alkaline magmatism was followed, and partly overlapped in time, by
large (post-orogenic?) crustal extension and possibly magma underplating, occurring

between 1893 and 1870 Ma (Vasquez et al., 1999, 2002; Santos et al., 2001; Lamarao et
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al. 2002). This phase is characterized by the deposition of large volumes of felsic
volcanic rocks and associated pyroclastic rocks (Iriri Group) of alkaline to transitional
affinity; high-K calc-alkaline to shoshonitic volcanic rocks (Bom Jardim Formation),
and by the intrusion of predominantly A-type granites (Maloquinha Intrusive Suite,
Carocal and Pepita granites). Post-1800 Ma sedimentary and igneous units characterize

anorogenic episodes in the Tapajés domain (Vasquez et al., 2008)

3. Analytical procedures

All studied samples came from deep drill cores ensuring that the rocks were
fresh. Transmitted and reflected light petrography, scanning electron microscopy (SEM)
coupled with EDS (energy dispersive system) semi-quantitative chemical analysis, X-
ray diffraction analysis, and fluid inclusion studies were performed in laboratories
housed in the Instituto de Geociéncias of the Universidade Federal do Par, in Belém,
Para, Brazil.

From twenty doubly-polished sections, fourteen showed to be appropriated for
fluid inclusion studies. About 350 fluid inclusions were microthermometrically
analyzed with a Linkam THMGS 600 heating-freezing stage, following procedures
described in Shepherd et al. (1985) and Roedder (1984). Calibration was done with
synthetic standards containing pure CO, and H,O. Precision is estimated at 0.3°C and
5°C for phase transitions below and above 50°C, respectively.

Mineral concentrates for stable isotope analyses were obtained by conventional
reduction techniques, involving crushing, sieving, and handpicking under binocular
microscope. To eliminate possible carbonates present in concentrates of silicate

minerals, the concentrates were reacted with HCI (10% conc.). Sulfur isotope analyses
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were carried out in the Laboratorio de Is6topos Estaveis - LAIS (Universidade de
Brasilia). For sulfur analysis, SO, was produced by combustion of about 0.5 mg of
pyrite loaded into tin capsules reacting at 1080°C. The combusted gases were carried in
a He stream and reduced by contact with high-purity copper wires and the SO, was
separated by gas chromatography. Analyses were done by the EA-IRMS (Elemental
Analysis — Isotope Ratio Mass Spectrometry), using a Flash Elemental Analyzer and
ThermoFisher MAT 253 mass spectrometer. Uncertainties are estimated at 0.2%o.

Oxygen isotope analysis of quartz, chlorite and calcite, and carbon isotope
analysis of calcite were performed in the Laboratorio de Isotopos Estaveis (LABISE) of
the Universidade Federal de Pernambuco, Recife, Brazil. The isotopic ratios were
determined in a Delta V Advantage mass spectrometer. For carbonate analyses, samples
were reacted in a high-vacuum line after reaction with 100% H3PO, at 25°C during 24
hours. The extracted CO, gas was cryogenically purified. Analysis of an internal
standard (BSC) produced results that agree within 0.1%o for carbon and 0.2%. for
oxygen isotopes. For oxygen isotope analysis of quartz and chlorite, a laser fluorination
system was used. Oxygen was liberated by reaction with BrFs, and converted into CO,
by reaction with hot graphite. The raw data were corrected following the procedures
described by Valley et al. (1995). Precision was better than 0.1%eo.

Hydrogen isotope ratios in chlorite and fluid inclusion waters, and carbon
isotope ratios in fluid inclusion CO, were determined in the Queen’s Facility for
Isotope Research of Queen’s University, Canada. The hydrogen isotope compositions of
chlorite were measured in a thermo-chemical elemental analyzer (TC/EA-IRMS).
According to procedures described in Kyser and O’Neil (1984) and modified by Sharp
etal. (2001), 0.2 to 1.0 g of chlorite concentrates were loaded into Ag capsules and

degassed during one hour at 100°C. The capsules were loaded into an auto-sampler and
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purified with He carrier gas to remove surface water. Samples were dropped into a
graphite crucible at 1450°C, converting the released CO, and H,O into CO and H,.
These gases were sampled using a Thermo Finnigan CONFO I1l, the H; separated by a
PORAPLOT-Q gas chromatograph column, and measured with a Thermo Finnigan
DELTA plus XP IRMS. The hydrogen isotope composition of fluid inclusion waters
was determined similarly to that of chlorite. About 50 mg of quartz fragments were
degassed in Ag capsules for one hour at 100°C. After combustion at about 1000°C the
hydrogen isotope ratios were measured on the TC/EA — IRMS at 1450°C. Internal
standards calibrated to V-SMOW were run during both chlorite and fluid inclusion
analyses and the analytical precision is better than 1%o. as determined by analyses of
reference materials. Fluid inclusion CO, was extracted as described above for fluid
inclusion waters. The carbon isotope analyses of CO, were performed on a Delta-Plus
XL IRMS. Internal standards were calibrated to NBS 21 and precision was within
+0.25%o.

The isotopic results are presented in the delta notation as parts per mil (%o)

relative to the V-CDT (5**S), V-SMOW (3D, §*%0) and V-PDB (5"3C) standards.

4. Geology of the Cuiu-Cuiu goldfield

In previous maps (Bahia and Quadros, 2000; Klein et al., 2001b; Vasquez and
Rosa-Costa 2008), the Cuiu-Cuil region is underlain by rocks belonging to the Cuiu-
Cuit Complex (Fig. 2). However, the recent study of Silva Junior et al. (in preparation)
has shown that part of the lithological framework of the Cuiu-Cuit goldfield may be
attributed to other lithostratigraphic units. These authors have determined the

crystallization ages (single-zircon Pb evaporation) of granitoids that host the gold
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mineralization in the Moreira Gomes (1997 = 2 Ma) and Central (1884 + 3 Ma)
deposits. The ages are consistent with those of the Creporizdo and Parauari intrusive
suites, respectively. Nevertheless, the Cuit-Cuit Complex is still an important gold-host
unit in the Cuiu-Cuiu region (Fig. 3) (Chaves and Moura, in press).

In the Cuid-Cuit region, the Cuit-Cuit Complex is composed of metagranitoids
(quartz diorite, tonalite, granodiorite and subordinate monzogranite) and gneisses. The
rocks are medium- to coarse-grained, porphyritic to equigranular and underwent
medium- to high-grade metamorphism compatible with the amphibolite facies. The
gneisses show compositional banding oriented to N10°-20°E/60°-80°SE (Bahia and
Quadros 2000; Klein et al. 2001b). Klein et al. (2001b) reported the occurrence of
locally deformed, east-west-trending mafic dykes and north-south-trending aplitic veins
crosscutting rocks of the complex.

The Cuiu-Cuiu Complex was intruded by high-K, calc-alkaline granitoids of the
Creporizdo and Parauari intrusive suites. In the study area, the Creporizao Intrusive
Suite comprises medium- to coarse-grained granodiorite, tonalite and monzogranite
with well-preserved primary igneous features and lacking mesoscopic tectonic fabric.
The Parauari Intrusive Suite consists of medium-grained, rarely porphyritic
monzogranite and granodiorite. The rocks also show well-preserved igneous features
and are only locally deformed when affected by discrete shear zones (Bahia and
Quadros 2000; Coutinho et al., 2008). Structurally, the emplacement of the igneous

bodies appears to be controlled by the NW-SE-trending shear zones (Fig. 3).

5. Aspects of gold mineralization in the Cuid-Cuiu goldfield
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At the regional scale, Santos and Coutinho (2008) stated that the structural grain
and mineralized veins of the Tapajos Gold Province are related to the Tapajos
megasystem of strike-slip faults that define the main NW-SE structural orientations in
the province. This megasystem is mostly sinistral, moderately- to steeply-dipping, and
associated with subordinate dextral, thrust and extensional faults that have developed
under ductile to brittle conditions. For the Cuiu-Cuiu region, Santos and Coutinho
(2008) have interpreted that gold mineralization is also associated to the main NW-SE
sinistral slike-slip system and locally to ENE-WSW-oriented, ductile-brittle to brittle
structures. The Cuit-Cuiu goldfield is approximately limited by two sinistral faults (Fig.
3) (Klein et al., 2001b; McMahon, 2011).

At the deposit scale, the ore zones have irregular shapes and appear to be better
developed in brecciated granites (McMahon et al., 2011). In surface exposures, the
thicker gold-bearing veins are up to 1 m thick, lenticular, and occur parallel to the strike
of the host structure in association with thin (mm- to cm-thick) extension veinlets,
tension gashes, and rare stockworks (Bahia and Quadros, 2000; Klein et al., 2001b;
Santos and Coutinho, 2008).

A variety of granitoids, from more primitive diorites to more evolved
monzogranites and syenogranites and subordinate gneisses are the host rocks for the
gold mineralization (Bahia and Quadros, 2000; Klein et al., 2001b; Coutinho and
Fallick, 2008; McMahon, 2011; Queiroz and Klein, 2012; Silva Janior. et al., in
preparation, and this study). These rocks belong to the Cuit-Complex and to the
Creporizdo and Parauari intrusive suites (Fig. 3).

McMahon (2011) observed that gold mineralization in the Cuid-Cuiu goldfield

Is associated with quartz veining in sulfidized and strongly sericitized zones. In general,
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the sulfide content is low (<2%), but high-grade zones (>10 g/t of Au) are associated
with higher contents of sulfides.

Fluid inclusion and a few stable isotope studies have already been performed in
gold-associated quartz veins of some deposits and showings of the Cuiu-Cuiu goldfield
(Klein et al., 2001b; Coutinho and Fallick, 2008; Queiroz and Klein, 2012). These
studies have shown similar fluid inclusion populations and microthermetric
characteristics (Table 1). Accordingly, CO,-rich, mixed H,O-CO,, and H,O-rich
inclusions have been described in all cases. Salinities of the aqueous phase in aqueous-
carbonic fluids vary between 3.9 and 7.5 wt% NaCl equiv., clustering at about 4.9 wt%
NaCl equivalent. Similarly, salinities of aqueous inclusions cluster at about 6 wt% NaCl
equivalent. Homogenization temperatures have been recorded between 215 and 380°C
for the aquous-carbonic types and between 140 and 270°C for the aqueous types (Klein
et al., 2001b). Oxygen and sulfur fugacities indicate relatively reduced conditions for
the nearly neutral mineralizing fluid at Guarim (Klein et al., 2001b) and oxygen and
hydrogen isotopes suggest that the fluid may contain substantial amounts of H,O

possibly derived from juvenile sources (Coutinho and Fallick, 2008).

6. Geology of the Moreira Gomes gold deposit

6.1. Structure and host rocks

At Moreira Gomes, the ore zone is 1200 m long, 30-50 m wide and is found at

least down-to 400 m in depth. The zone is controlled by a steeply-dipping, east-west-

trending, sinistral strike-slip brittle fault which is highlighted by low-magnetic response

in magnetometric maps. Orebodies in this zone are more or less continuos, parallel to
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the strike of the host fault and, as a whole, have lensoid and sigmoidal shapes (Fig. 4).
Ore-bearing veinlets display two main orientations: NNE-SSW/31°ESE and ESE-
WNW/71°NNE (McMahon, 2011).

The host rock is a tonalite attributed to the Creporizéo Intrusive Suite (1997 £ 2
Ma; Silva Junior et al., in preparation). The tonalite is a medium- to coarse-grained rock
that varies in color from light grey when unaltered to greenish and redish when altered
(Fig. 5A-B). According to McMahon (2011), the fresh rocks are strongly magnetic, and
the magnetism diminishes with increasing alteration. Under the microscope the
preserved portions of the host tonalite show hipidiomorphic granular texture (Fig. 5C).

The deformation that affected the host rock is heterogeneous and increases with
depth from brittle to brittle-ductile style. The brittle overprinting of the primary textures
is characterized by the fracturing of plagioclase and by the formation of thin
multidirectional veinlets (Fig.5D). The transition to brittle-ductile deformation is
indicated by microstructures of quartz, such as undulose extinction, deformation
lamellae, recrystallization, subgrain formation and quartz and chlorite fibers in pressure
shadows of pyrite. Bending of plagioclase twins is also associated with this style (Fig.
5E).

Aplite and pegmatite dykes of granitic composition and chloritized andesite
dykes crosscut the tonalites and are only weakly mineralized. Rare unaltered and
unmineralized rhyolite dykes are also present and are possibly post-mineralization rocks

that are parallel to the host structure (Fig. 4).

6.2. Hydrotermal alteration
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The ore-related hydrothermal alteration is predominantly of the fissure-filling
type, which is a common feature in low-porosity and low-permeability igneous rocks
under brittle conditions. However, when the alteration is more expressive, the partial
(selective) to total overprinting of the primary mineralogy and texture is observed,
giving a pervasive aspect to the alteration (Fig. 6A). In decreasing order of abundance,
sericitization, carbonatization, chloritization, sulfidation, silicification and epidotization
are the identified alteration types, in addition to quartz veining.

The sericitic alteration is characterized by the moderate to strong substitution of
plagioclase crystals (Fig.6B) and crystallization of sericite in the cores of chlorite
crystals as part of the chloritization of biotite. Sericite also occurs in microscopic
veinlets and filling fractures (Fig.6C). Chlorite (clinochlore) substitutes the mafic
minerals (biotite £ amphibole) and occurs also in small veinlets and fractures, where it
forms radial aggregates (Fig.6D). Carbonatization is characterized by the substitution of
plagioclase by calcite, and by the development of fracture-filling veinlets of calcite
along with quartz and sulfides (Fig.6E). Apparently, the carbonatization increases with
depth and is a late process with respect to the other alteration types, as depicted from
crosscutting relationships with pyrite grains and epidote (Fig.6F). Epidote forms
aggregates on mafic minerals (hornblende and/or biotite). In more deformed portions of
the host rock, carbonate microveinlets cut across epidotized zones (Fig.6G). The
silicification is characterized by precipitation of quartz aggregates in irregular, cm-wide
spots (Fig. 6H). Sulfidation is present as dissemination of sulfide minerals and in quartz
(Fig. 61) and chlorite-carbonate veinlets. Pyrite is largely the predominant sulfide
mineral, occurring as dissemination in the altered host rocks, in fractures (Fig. 6J) and
in quartz + carbonate veinlets. Chalcopyrite, sphalerite, galena and lesser amounts of

hessite and bismuthinite occur as inclusions in pyrite grains (Fig. 6L). Semi-quantitative



49

analysis of sulfide grains have identified subordinate amounts of Pb and Bi in pyrite, Pb
in chalcopyrite, Sb, As and Bi in sphalerite, and of As and Bi in galena. No
compositional variation is observed in pyrite from different modes of occurrence. Barite
has been identified in a few samples, occurring as anhedral microscopic crystals in
association with epidote.

The quartz veinlets have multiple orientations and show signs of shearing and
recrystallization. In places, they are laminated and present fragments of the host rock
(Fig. 6M). In the veinlets, the quartz grains area coarse-grained, subhedral to anhedral
and show moderate to strong undulose extinction and, locally, deformation lamellae
(Fig.6N). In places, the veinlets display finer-grained portions with irregular-shaped,
recrystallized crystals, and subgrain formation. In these finer-grained portions, sericite
(xmicrocline) and pyrite occur as disseminations (Fig.60).

Gold is closely associated with pyrite. It occurs as very fine-grained irregular
particles. Most commonly, gold occurs as inclusions in pyrite crystals and subordinately
in the rims of, or between, crystals of pyrite, with sharp to curved contacts (Fig.6P).
Free-milling gold occurs in quartz veinlets and is, in places, visible to the naked eye
(Fig.6Q). Ag, Pb and Bi have been detected by SEM-EDS analysis as minor
components of the gold particles. Gold has not been found included neither in other
sulfide minerals nor in association with gangue minerals.

Several textural and structural characteristics (Figs.5A-F and 6A-Q) indicate that
gold mineralization is associated with a relatively shallow brittle, locally brittle-ductile,
event. These include: (1) the locally preserved igneous texture of the host rock, (2)
plagioclase crystals with curved twins, (3) quartz crystals showing recrystallization and
undulose extinction, (4) presence of locally sheared quartz veins and locally foliated

host rocks, (5) radial chlorite and quartz aggregates filling open spaces in the altered
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host rock, and (6) the fissure-filling style of the hydrothermal alteration. In addition, the

alteration assemblage is consistent with greenschist facies conditions.

7. Fluid inclusions

7.1. Types and distribution

Petrographic and microthermometric investigations have been undertaken in
fluid inclusions hosted in cm-thick vein quartz, in mm-thick quartz-carbonate-sulfide
veinlets, and in quartz spots of the silicified portions of the host tonalite (Fig.6).
Recrystallized portions of the host quartz and crystals with numerous crosscutting
fractures do not have fluid inclusions or, if present, the inclusions are too small to be
analyzed. Therefore, this study has been performed in the more limpid portions of the
host quartz crystals, which present inclusions with workable sizes (> 4 um).

Based on the number of phases at room temperature and on phase changes
during freezing runs, three types of fluid inclusions have been identified. The three
types of inclusions occur in clusters and trails. In general, the three types occur in a
single microscopic domain of the host quartz (Fig. 7A-B). In places, one type
predominates over the others. Necking down features are present in all types (Fig.7C).
These necked inclusions have been avoided in the microthermometric study. No solid
phases have been detected in the three types of inclusions.

Type 1 is the less abundant and consists of one- (CO2 yapor) and two-phase
(CO021ig-CO2yapor) fluid inclusions (Fig.7D). These are clear to predominantly dark
inclusions with sizes between 4 and 14 pm having various shapes (rounded, rectangular,

irregular).
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Type 2 is the most abundant type in the majority of studied samples and
comprises two- (H20i4-CO2iig) and three-phase (H201ig-CO21ig-CO2vapor) aqueous-
carbonic fluid inclusions (Fig.7E). The aqueous phase is clear and the carbonic phase is
commonly dark, which makes occasionally difficult the definition of the number of
phases. The inclusions have sizes between 4 and 16 um and irregular, ellipsoidal and
negative crystal morphologies. The CO, phase occupies from 20 to 90% of the cavities.

Type 3 consists of two-phase aqueous inclusions (H2Oig-H20vapor), Which are
quite clear, with rounded to elongated or irregular shapes (Fig.7F). Their size ranges
from 4 to 12 um and the degree of filling varies from 0.80 to 0.95. This type also

includes very small (< 4 um) one-phase inclusions that show metastable behavior.

7.2. Microthermometric results

The CO,-bearing fluid inclusions (Types 1 and 2) show CO, melting
temperatures (TmCO;) between -56.6° and -58.4°C (Fig. 8A). This indicates that CO,
is the predominant volatile in the carbonic phase and that only minor amounts of other
volatiles (in general CH,4 and/or N;) are present. The homogenization of CO, (ThCO,)
occurred to the liquid state or by the disappearing of the meniscus between 14.2° and
31.1°C (Fig.8B). In Type 2 inclusions, the clathrate melting temperature (Tmclat)
ranges from 3.1° to 9.2°C, indicating salinities ranging from 11.8 to 1.6 wt.% NaCl
equivalent (Collins, 1979) (Fig.8C). In the same type the final homogenization (Tht)
varies between 197° and 406°C (Fig. 8D). Several inclusions have decrepitated between
288° and 403°C. Tht occurred mainly to the liquid state. Only a few inclusions
homogenized to the vapor state and, apparently, this fact does not correlate with the

CO,/H,0 ratios. The frequency distribution of Tht is bimodal, with peaks at about
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280°C and 350°C (Fig.8D). It is noteworthy that most of the lowest values have been
recorded in one sample (EK-2F).

In Type 3 aqueous inclusions, limited data of the first melting (eutectic - Teu)
temperature were recorded in the range -44.7° to -41.1°C, indicating that the aqueous
system might contain CaCl, = MgCl,. The ice melting temperature (Tmice) in this type
ranges from -0.7° to -6.7°C (Fig.8E), indicating salinities of 1.1 to 10.0 wt.% NaCl
equivalent (Bowers and Helgeson, 1983). A few inclusions showed lower Tmice,
ranging from -22.5° to -23.2°C (salinity of about 25%, assuming Ca and Na as the
present cations). These higher-salinity inclusions are restricted to a single microscopic
domain in one sample and, therefore, represent local conditions of entrapment. Tht
occurred between 90° and 333°C. However, only three inclusions homogenized above
230°C and most of Tht values concentrate between 120 and 220°C (Fig.8D). In
addition, a co-variation is observed between Tmice (i.e., salinity) and the final

homogenization in Type 3 (Fig.8F).

7.3. Composition and density

Estimates of fluid compositions and density have been obtained from the
microthermometric data and using the equation of state of Brown and Lamb (1986) for
types 2 e 3 fluid inclusions. Considering that the presence of other volatiles in the
carbonic phase is minor and that it does not have affected significantly the
microthermommetric properties (especially ThCO, and Tmcla), the composition of
Type 2 is: XCO,: 0.05-0.66 mol%; XH,0: 0.33-0.92 mol%; XNaCl: 0-0.02 mol%. The
density of the carbonic phase ranges from 0.46 to 0.80 g/cm?®, whereas the bulk density

varies between 0.52 and 0.97 g/cm®. These values characterize low to moderate
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densities for the aqueous-carbonic fluid. The salinity of this type varies from 1.6 to 11.8
wt.% NaCl equivalent.

In Type 3, the chemical system might contain CaCl, and, perhaps, MgCl.
Salinities vary widely, from near zero to 10.1 wt.% NaCl equivalent. Only locally (one

microscopic domain), salinities of about 25 wt.% NaCl equivalent have been recorded.

7.4. Origin of the fluid inclusion populations

The petrographic investigation has shown that the host quartz at Moreira Gomes
show moderate to strong undulose extinction, deformation lamellae, subgrains and
recrystallized portions (Fig.6A-Q). These features indicate variable intensities of ductile
deformation. The fluid inclusions hosted in these quartz samples revealed the presence
of post-trapping modifications, such as necking down and partial leaking (Fig.7B).
During heating runs only rare decrepitation has been observed. These kinds of
inclusions have been avoided during the microthermometric work. Therefore, the fluid
inclusions cannot be classified as primary inclusions, in the sense of Roedder (1984),
because not all inclusions were preserved during deformation. Notwithstanding, the
inclusions that have been preserved from post-entrapment modifications are interpreted
to have been trapped and/or re-equilibrated throughout the evolution of the
hydrothermal system and of the host structure.

The coexistence of H,O-CO, (Type 2) and CO, (Type 1) fluid inclusions in a
single microscopic domain, and the similar ThCO, and TmCO, values in these two
types (Figs. 8A, B), indicate that the inclusions are cogenetic and that they trapped the
same fluid during the evolution of the hydrothermal event. Assuming that post-

entrapment changes have not modified the properties of the analyzed fluid inclusions
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(or, at least, that we have control on this problem), the variation in the CO,/H,0 ratios
and microthermometric data, such as variation in the partial homogenization
temperature of CO, (density variation) and in the total homogenization temperature of
H,0-CO,-bearing fluid inclusions indicate that fluid was in a heterogenous state during
entrapment (Diamond, 2003). Therefore, the possibility of phase separation must be
investigated.

Strong variation in the CO,/H,O0 ratios associated with the fact that the final
homogenization of Type 2 inclusions occurred in both the liquid and vapor states at the
same temperature range (Fig. 8D) are indications of unmixing of an originally
homogeneous fluid (Ramboz et al., 1982). Comparing the CO,/H,0 ratios and the
density of the carbonic phase in aqueous carbonic-inclusions helps to differentiate
immiscibility and selective leakage of water (Huizenga and Touret, 1999). Accordingly,
water-rich H,O-CO;, fluid inclusions produced by phase separation (immisciblity,
unmixing) must show lower densities when compared to water-poor inclusions (high
CO2/H,0 ratios). The opposite indicates that the inclusions were formed via selective
leakage. This criterion has not been applied to Moreira Gomes, because no co-variation
has been observed between ThCO, (density) and the CO,/H,O ratios. In general,
similar densities are observed for variable CO,/H0 ratios.

The bimodal frequency histogram of homogenization temperatures in Type 2
inclusions is attributed to the local entrapment of the aqueous-carbonic fluid at lower
temperature (280°C) conditions.

The absence of aqueous inclusions in spatial association with CO,-bearing
inclusions is not a ubiquitous feature in immiscible systems, but this behavior has
already been described elsewhere, especially in orogenic gold systems (Schmidt-Mumm

etal., 1997; Klein at al., 2006; Chi et al., 2009; Klein and Fuzikawa, 2010). At Moreira
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Gomes, it has been demonstrated that aqueous inclusions are usually present in spatial
association with CO,-bearing inclusions in the same microscopic domain (Fig. 7A).
However, the microthermometric results have shown that there is a significant
difference in the trapping temperatures between types 2 and 3 and that Type 2 has much
more variable salinity values (Fig. 8F). In consequence, it is more likely that the
aqueous Type 3 inclusions are not related to the immiscibility phenomenon.
Furthermore, the lack of a continuous of temperature-salinity between aqueous and
CO,-bearing inclusions rules out mixing. Therefore, the aqueous and CO,-bearing
inclusions are interpreted to represent the entrapment of different fluids.

On the other hand, the aqueous inclusions show large variation in salinity and
some variation in the final homogenization temperatures. Although subtle (because of
the lesser T variation), these inclusions show co-variation in the temperature vs.
composition space (Fig. 8F). In addition, the extreme values of Tht and salinities are
concentrated in two samples, whereas the other samples show intermediate values of

Tht and salinity. This is most likely a consequence of mixing.

8. Stable isotopes

8.1. Results

We have determinated the isotope composition of hydrothermal minerals
(quartz, chlorite, calcite, and pyrite — sericite flakes are too small and we were not able
to separate them) and inclusion fluids from Moreira Gomes. The results are summarized
in Table 2. The §*%0 values in quartz show strong variation, between +8.1 and +14.3%o.

The lowest values correspond to quartz from tiny veinlet that cut across an aplite and
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from quartz from silicification spots in the host granite. In both cases, the rocks are only
weakly mineralized (<1 ppm Au). The moderate to highest values come from quartz
from mineralized veins and veinlets that cut across the hydrothermally-altered host
tonalite. Quartz samples from veins show moderate variation in the 520 values, from
+12.0 to +14.0 %o and there is no clear relationship between the 5'°0 values and gold
grades. The 5'20 values of chlorite are in the range of +3.2 to +5.7, and again the lowest
value comes from the weakly mineralized sample, whilst the 6D values vary little, from
-49%o (weakly mineralized) to -44%o (mineralized). The oxygen isotope composition of
calcite is moderately variable, with 520 values ranging from +8.8 to +10.9%o. In fact,
this range of values shows less internal variation, with concentration of values in the
+8.8 t0 +9.9%0 (samples with <1 ppm Au), and +10.3 to +10.9%. (Fig. 9). It is
noteworhty that within this second group the range is the same for samples coming from
two different drill holes, but only the samples from drill cc50 are from the mineralized
zones. The §"3C values of calcite show little variation (-2.4 to -3.2 %o). The 8D values of
inclusion fluids range from -49 to -23%o (mostly -31 to -29%o). The 5"°C values of the
CO3 in the same fluids vary between -2.8 and -3.5%o, and a strongly negative result of -
23.8%o has been recorded in one sample. Sulfur isotope compositions of pyrite show
relatively small variation in the 5**S values, from -0.29%o to +3.95%o (average of +2.4 +
1%0). No correlation has been observed between these values and depth or with gold

grade.

8.2. Isotope thermometry

Temperatures have been calculated using the oxygen isotope compositions of the

hydrothermal minerals and the fractionation equations of Sharp and Kirchner (1994) for
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the quartz-calcite pair, and those of Matsuhisa et al. (1979) and Wenner and Taylor
(1971) for the quartz-chlorite pair. The quartz-calcite pair yielded temperature values
between 233 and 240°C in samples of quartz-carbonate veinlets from drill hole cc50,
and between 317°C and 356°C in samples coming from drill holes cc58 and cc69,
respectively. The quartz-chlorite pair from samples of drill hole 58 yielded temperatures
of 304 and 359°C. These values must be taken with caution because there is no
unequivocal proof of petrographic/textural equilibria between quartz and chlorite in the
analyzed samples. Nevertheless, the obtained temperatures are in the same range of the
fluid inclusion homogenization temperatures, and quartz and chlorite are part of the
same hydrothermal event. Regarding the quartz-calcite pair, it clearly exhibits at least
two, probably three, temperature populations (Fig. 10), and each population coming

from different drill holes.

8.3. Fluid composition and sources

The isotopic composition of the fluid(s) in contact with the hydrothermal
minerals has been calculated using mineral-fluid fractionation factors and the main
range of homogenization temperatures (280-350°C) of fluid inclusions. The following
isotope fractionation equations have been used: quartz-H,O (Matsuhisa et al., 1979),
chlorite-H,O (Graham et al., 1987), and calcite-H,O (Ohmoto and Rye, 1979).
Following the large variations in the oxygen isotope composition of quartz, the fluid
880 values range from +0.5 to +9.0%o. Such a large variation might have been
produced by different fluids acting in separation or not (mixing), or mineral
crystallization at different temperatures (hydrothermal stages). The fluid compositions

calculated from chlorite and carbonate show less variation and fall within the same
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range yielded by the quartz (Fig. 11A). A major difference is observed between the 6D
values measured in inclusion fluids (-23 to -49%o) and those calculated from chlorite (-8
to -15%o) (Fig. 11B). Most of the fluid compositions fall within the metamorphic field,
and only the samples with the lowest fluid inclusion 8D values plot in the magmatic
water field of Sheppard (1986) in the 80 vs. 8D diagram (Fig. 11B). In addition, the
sample with the lowest (magmatic-like) 8D values is rich in CO,-bearing fluid
inclusions and contains only little aqueous inclusions. The §*%0 vs. 8D diagram also
shows that the distribution of fluid compositions follows a trend from high §%0-low 8D
to low 8D-high 520 values.

The 5'*C values of the fluid CO,, calculated from calcite, range from -1.4 to -
0.6%o (at 280°C) and 0.0 to -0.8%o (at 350°C). The §"*C values of fluid inclusion CO,
which is a direct measure of the carbon isotope composition of the (paleo) hydrothermal
fluid, are in the range of -3.5 to -2.8%o.. A few hypotheses are envisaged: (1) calcite has
precipitated from a fluid that had a carbon isotope composition that was slightly
different from that of the fluid inclusion CO,, (2) low-temperature alteration/re-
equilibration of calcite, and (3) the temperatures used to calculate the fluid composition
from calcite analyses are not relevant. If we assume that calcite has precipitated from
the same CO,-bearing fluid that has been trapped in the fluid inclusions, then the
equilibrium temperatures should be 173-197°C and 182-206°C for samples EK2L and
EK2M, respectively. These temperature values have been found only in aqueous
inclusions. Regardless of the chosen hypothesis, the CO- 8*3C values are rather higher
than those of magmatic, mantle and crustal sources (~-5%o0 — Taylor, 1986), and lower
than those of marine carbonate (~0%o. — Ohmoto, 1986). Marine carbonates are not
known in the Tapajos Province. A possible explanation for the measured values is

closed-system CO,-degassing from a crystallizing magma, since CO;, is slightly
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enriched in 3C relative to its source magma (Taylor, 1986). One sample presented a
highly negative 5'°C value of -23.8%o, which indicates organic provenance. At this
moment, however, we do not have an explanation for this behaviour, because organic
sources (e.g., carbon-bearing sedimentary rocks) have not been reported for the study
region so far.

The &**S values of pyrite (-0.29%o to +3.95%o) are more likely derived from
magmatic sulfur, either from felsic magmas or from leaching of magmatic sulfides in
crustal rocks. Marine and sedimentary sulfur have, respectively, more positive and more

negative values than those found at Moreira Gomes (Campbell and Larson, 1998).

9. Discussions

9.1. Evolution of the hydrothermal system

The data obtained in this study suggest that the hydrothermal system at Moreira
Gomes evolved in at least three stages (Fig. 12). (1) Considering the stable isotope
composition of the fluid and the absence of a known metamorphic event at the time of
ore deposition, we assume that the hotter aqueous-carbonic fluid is of magmatic
derivation. This fluid started to be trapped at about 400°C (highest homogenization
temperatures of Type 2 fluid inclusions) and the main trapping occurred at 320-350°C,
probably due to phase separation. Chlorite was mainly formed at this stage, mostly in
equilibrium with sericite, quartz and pyrite. This is consistent with petrographic data,
the peak of homogenization temperatures of Type 2 fluid inclusions (Fig. 8D), and with
the quartz-chlorite equilibrium temperature. Pressure was lower than 2.1 kbar, as

indicated by the isochore relationships (Fig. 13). Assuming lithostatic conditions, depths
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down to 6-7 km are inferred for this process. (2) With the cooling of the hydrothermal
system and intensive earlier exsolution of the H,O-CO, magmatic fluid, this fluid
became depleted in CO; (e.g., Lowenstern, 2001; Baker, 2002). Accordingly, it is
possible that the hotter and more saline aqueous fluid (Type 3 inclusions present in
sample EK2C - Fig. 8D) represents this late trapping stage of the initial immiscible
H,0-CO;, fluid that was trapped at about 280°C (Fig. 8D). Petrographic evidence
indicates that epidote, and probably barite, formed in this stage. (3) Mixing of the
aqueous (partially aqueous-carbonic) fluid (~270-290°C, >6% NaCl) with a cooler and
less saline fluid (90-100°C, <2-3% NacCl) is indicated by the trend observed in the
salinity versus homogenization temperature of fluid inclusions (Fig. 8F). Pressure
conditions at this stage were similar to that of the first stage, up to 2 kb (Fig. 13). The
main carbonatization phase is associated with this stage, as given by petrographic
evidence and the isotope equilibrium temperature of the quartz-calcite pair. Locally
(e.g., sample EK2P), the cooler and less saline fluid has been trapped as individual
aqueous fluid inclusions. More likely, this fluid is from meteoric origin, as indicated by
the isotopic data (Fig. 11B), and might have isotopically re-equilibrated part of the

chlorite.

9.2. Gold transport and deposition

Based on the hydrothermal mineral assemblage, with presence of calcite and
white mica (sericite) and absence of K-feldspar, the fluid pH at Moreira Gomes is
thought to have been neutral to slightly alkaline (cf. Romberger, 1990). In addition, the
absence of hematite and the coexistence of chlorite and pyrite and the 5**S values of

pyrite indicate reducing conditions for the fluid (see Kerrich, 1987; Romberger, 1990;
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Hayashi and Ohmoto, 1991). Small barite crystals were recognized only locally and
their textural relationships with sulfide minerals are uncertain. Notwithstanding, the
presence of barite indicates that slightly oxidizing conditions have been attained at least
locally.

The physico-chemical conditions described above, along with the fluid inclusion
properties, the presence of pyrite and absence of significant amounts of base metals
indicate that H,S (or HS") might have been the predominant sulfur species in the
mineralizing fluid, and that Au(HS)? might has been the gold transporting complex
(Shenberger and Barnes, 1989; Benning and Seward, 1996).

At Moreira Gomes, gold occurs mainly as inclusions in pyrite crystals and
subordinately as free-milling particles. This might indicate different mechanisms of
precipitation. Phase separation of immiscible fluids, probably induced by magma
degassing and minor pressure fluctuation, and mixing of fluids have reasonably been
identified in our study. Increasing of the fluid pH by sericitization of the K-feldspar, and
reduction of the sulfur activity by precipitation of sulfide minerals via fluid-mafic
minerals (Fe-Mg-bearing minerals, such as biotite, amphibole and magnetite) reaction
might have occurred in response to fluid-rock interaction.

The abundant occurrence of CO,-bearing fluid inclusions and of calcite shows
that the fluid was rich in CO,. Removal of CO, from the fluid to form fluid inclusions
and by dissociation to form carbonate according to the reaction CO, + H,O = H" +
HCO3", would raise the pH of the solution and the activity of the carbonate ion in the
solution (raise in the fCO, of the solution) favoring the precipitation of calcite
(Rimstidt, 1997). This causes variation in the redox conditions of the fluid and

destabilization of the bisulfide complex. However, at Moreira Gomes sericitization and
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sulfidation appear to be directly related to gold precipitation, whereas carbonatization is
considered to be a late alteration process.

In summary, it appears that the gold deposition at Moreira Gomes occurred in
response to concurrent and sometimes conflicting (pH variations, for instance)
mechanisms, involving phase separation, mixing and fluid-rock reactions. We interpret
that the main phase of gold deposition was associated with the precipitation of the
predominant hydrothermal mineral assemblage, formed by quartz, chlorite, sericite, and
pyrite. This was related to the end of the first stage of hydrothermal evolution that

occurred mainly at 320-350°C, <2.1 kbar, and 6-7 km in depth.

9.3. Genetic model

The orogenic, intrusion-related, porphyry-type, and high- and low-sulfidation
epithermal classes have already been proposed to individual gold deposits and showings
in the Tapajos Gold Province (Dreher et al., 1998; Jacobi, 1999; Klein et al., 2001b,
2004; Juliani et al., 2002, 2005, 2012; Coutinho, 2008; Borges et al., 2009; Echeverri-
Misas et al., 2013; Santiago et al., 2013; Veloso and Santos, 2013; Villas et al., 2013).
According to Santos et al. (2001), the orogenic deposits are subdivided into: (1)
turbidite-hosted deposits emplaced in ductile structures and (2) magmatic arc-hosted
veins emplaced in dutile-brittle structures. The same authors subdivided the intrusion-
related type in (3) epizonal quartz veins emplaced in brittle and extensional faults, and
(4) epizonal disseminations and stockworks. To Coutinho (2008) all deposits are
mesozonal to epizonal orogenic. Both authors included the Cuiu-Cuid
deposits/showings in the orogenic class. The Guarim prospect has been included in the

same class by Klein et al. (2001 b). Recently, the Tocantinzinho deposit, which shares
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several characteristics with Moreira Gomes, in terms of host rocks, structural style, and
alteration patterns, has been interpreted as an intrusion-related deposit (Santiago et al.,
2013; Villas et al., 2013).

Available geological and geochronological data indicate that ore deposition at
Moreira Gomes is clearly epigenetic and quite younger (~1.86 Ga) than the the
emplacement of the host granitoids (1.99 Ga — Silva Junior et al., in preparation).
Despite the fluid composition and P-T conditions determined in our study, which are
similar to those of orogenic gold deposits, the absence of a metamorphic event at the
time of ore formation (the metamorphism in the Tapajos domain is inferred to has
occurred at about 2.0-1.95 Ga — Santos et al., 2001; Klein et al., 2002), appears to rule
out the interpretation of Moreira Gomes as an orogenic gold deposit. Alteration and
structural styles, low base metal contents and fluid composition also rule out porphyry-
epithermal systems (e.g., Seedorf et al., 2005; Simmons et al., 2005).

Intrusion-related gold deposits, both the classical oxidized and reduced types,
must be clearly linked to a causative intrusion (Sillitoe and Thompson, 1998; Thompson
and Newberry, 2000; Lang and Baker, 2001; Hart, 2007; Robert et al., 2007). This link
has been established to the south of the Tapajés domain, in the Serrinha deposit of the
Alta Floresta region (Moura et al., 2006). In the Cuit-Cuil goldfield, a causative
intrusion has not been identified to date and a good definition of the redox state of the
granitoid magmas in this region has not been attained as well.

In our interpretation, Moreira Gomes is the product of a magmatic-hydrothermal
(intrusion-related?) gold system in which low-salinity, CO,-bearing aqueous fluids have
been degassed in early stages of fluid-magma evolution at depths of about 6-7 km; with
the evolution of the system the fluid became depleted in CO, and slightly more saline

(e.g., Baker, 2002) and, eventually, the magmatic-derived fluid mixed with cooler and
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diluted meteoric waters. The age of ore deposition (1.86 Ga — Silva Junior et al., in
preparation) suggests that the magmatic-hydrothermal system might be related to the
calc-alkaline Parauari Intrusive Suite, although the transitional to predominantly
alkaline Maloquinha Intrusive Suite cannot be discarded. Clearly, detailed mapping
(although the area is strongly weathered), rock and ore geochemistry, and a better
definition of the tectonic setting of the Cuid-Cuiu region would help the interpretation

of a deposit model for Moreira Gomes and the whole Cuiu-Cuiu goldfield.

10. Conclusions

The Moreira Gomes gold deposit of the Cuiu-Cuiu goldfield is a structurally-
controlled tonalite-hosted gold deposit. Available data indicate that the host tonalite
belongs to the magmatic arc/post-collision Creporizéo Intrusive Suite (1997 Ma) and
that gold deposition occurred at about 1.86 Ga.

The petrographic, fluid inclusion and stable isotope data of our study indicate
that the deposit formed from a magmatic-hydrothermal sytem that evolved in at least
three stages, each one characterized by different fluid types, alteration minerals, and
physico-chemical conditions:

(1) Exsolution of a magmatic-derived CO,-bearing aqueous fluid of low salilnity and
low to moderate density. The main hydrothermal assemblage, associated with gold
precipitation, is composed of chlorite, sericite, quartz and pyrite, and formed between
400°-350°C and up to 2.1 kbars, and down to 6-7 km in depth.

(2) Cooling and continuous exsolution of CO, from the magmatic fluid resulting in a
slightly more saline aqueous fluid (possibly by phase separation, although a separate

aqueous fluid cannot be ruled out). Chlorite, sericite, quartz and pyrite (Au?) continued
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to form, but epidote is the main hydrothermal phase in this stage, which occurred at
slightly lower temperatures (350°-280°C) and similar pressures in relation to the stage 1
fluid.

(3) Mixing of stage 2 aqueous fluid with a cooler and diluted meteoric fluid, which was
responsible for the main phase of calcite precipitation.

Precipitation of gold occurred by concurring mechanisms such as phase
separation, cooling, mixing, and fluid-rock reactions. Although a magmatic-
hydrothermal system is relatively well constrained by our data, Moreira Gomes does not
show the classic (end-member) features of oxidized or reduced intrusion-related gold

systems.
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Figure Captions

Figure 1 — Location of the Tapajos Gold Province in relation to the geochronological
provinces of the Amazonian Craton (according to Vasquez et al., 2008, modifying

Santos et al., 2003).

Figure 2 — Geological map of the Tapajos Gold Province (modified from Klein et al.,

2001b), with location of the Cuiu-Cuiu region.

Figure 3 — Geological map of the Cuid-Cuiu region (adapted from Chaves and Moura,

in press)

Figure 4 — Simplified geological map of the Moreira Gomes deposit (Adapted from

McMahon, 2011)

Figure 5 — Aspects of the host rocks at the Moreira Gomes gold deposit. (A) Unaltered
host rock; original color is preserved. (B) Hydrothermally-altered host rock; original
color and texture modified. (C) Photomicrograph of a host tonalite with preserved
igneous texture. (D) Photomicrograph showing fractured crystal of plagioclase. (E)
Photomicrograph of plagioclase crystal with deformed twins. Mineral abbreviations: PI:

plagioclase, Bt: biotite, Ttn: titanite, Qtz: quartz, Hbl: hornblende.
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Figure 6 — Aspects of the hydrothermal alteration at Moreira Gomes. (A) Pervasive
hydrothermal alteration; (B) strong sericitization of plagioclase crystals; (C) sericite
filling fractures; (D) radial aggregates of chlorite crystals; (E) quartz-carbonate veinlet;
(F) pyrite crystal crosscut by carbonate veinlet; (G) epidote zone crosscut by carbonate
veinlet; (H) aggregates of quartz crystals; (1) quartz-sulfide veinlets; (J) fracture-filling
pyrite; (L) pyrite crystal with inclusions of other sulfide minerals; (M) laminated quartz
vein; (N) deformation lamellae in quartz crystals; (O) fine-grained quartz in veinlets; (P)
modes of occurrence of the gold particles; (Q) visible gold in quartz vein. Mineral
abbreviations: PI: plagioclase; Bt: biotite; Ser: sericite; Ttn: titanite; Qtz: quartz; Hbl:

hornblende; Gn: galena; Ccp: chalcopyrite; Py: pyrite; Au: gold.

Figure 7 — Aspects of the fluid inclusions. (A-B) Mode of occurrence of the three types
of fluid inclusions (1-2-3) in a single microscopic domain; (C) necking down features;
(D) two-phase carbonic inclusion; (E) three-phase aqueous carbonic inclusion; (F) two-

phase aqueous inclusion.

Figure 8 — (A-E) Histograms of the microthermometric data of the fluid inclusions; (F)
Tht vs. salinity diagram for types 2 and 3 fluid inclusions. L stands for liquid, V stands

for vapor.

Figure 9 — 80 vs. 8*3C diagram for the hydrothermal calcite of the Moreira Gomes

deposit.



Figure 10 — Diagram comparing the 520 values of quartz, calcite and chlorite. The
solid and dashed lines represent equilibrium temperatures between quartz and calcite.

See text for explanation.

Figure 11 — (A) Oxygen isotope composition of the fluid in equilibrium with, quartz,
chlorite and calcite. (B) Oxygen and hydrogen isotope composition of the fluid in
equilibrium with quartz and chlorite, and hydrogen isotope composition of inclusion
fluids extracted from quartz of the Moreira Gomes deposit. The magmatic and
metamorphic fields are as defined by Sheppard (1986) and the kaolinite line by Savin

and Epstein (1970).

Figure 12 — Diagram tentatively showing the temporal evolution of the mineral

associations in the different hydrothermal stages.

Figure 13 — Pressure-temperature diagram showing isochores covering the range of
compositions and densities of aqueous-carbonic (thick solid lines) and aqueous (thick
dotted lines) inclusions from Moreira Gomes. The dashed curve represents the solvus
for XCO,= 10 and 6 wt % NaCl equiv. (Bowers and Helgeson, 1983). Vertical lines
show the temperature variations obtained from isotope geothermometry and fluid
inclusion (FI) homogenization temperatures. Mineral abbreviations: gtz: quartz; cc:

calcite; chl: chlorite.
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Table 1: Fluid characteristics available for some deposits and showings of the

Cuiu-Cuiu goldfield

Guarim Pau da Merenda Jerimum Almerita
de Cima

fluid types CO, CO, nd nd

H,0-CO, H,0-CO,

H,O0 H,O0

% NacCl 5 6.5 nd nd
T (°C) 270-320 220-320 nd nd
P (kbar) 0.9-2.9 nd nd nd
log fO, -29.4 t0 -34.5 nd nd nd
log fS, -10to -11 nd nd nd
depth (km) 4-7 nd nd nd
50 (%) +11.2 nd +13.9t0 +6.8 +10.2
3D (%o) -31 nd -80 -21
reference 1,2 3 2 2

nd: not determined. Fl:

fluid inclusion, qtz: quartz, chl: chlorite. Key to

references: 1 — Klein et al. (2001b); 2 — Coutinho (2008); 3 — Queiroz and Klein

(2012).



Table 2: Stable isotope results

95

drill ref. sample ™0 %o 5120 %o 520 %o 3D %o D% o°C%  8°C%  8%'S %o
(quartz) (chlorite) (calcite)  (chlorite) (FD (calcite) (FD) (pyrite)

CC58_10/130.77 CE3B 9.9 3.2 -49 2.35
CC58_10/133.66 CE3C 8.1
CC58_10/158.6 CE3D 115 5.7 9.0 -48 -2.8 3.71
CC58_10/172.75 CE3E 3.95
CC69_09/72.4 EK1B 10.9 -2,4
CC69_09/74 EK1D 12.0 -29 -23.8 1.96
CC69_09/77.1 EK1F 2.48
CC69_09/84.2 EK1G 10.3 -3.0 3.05
CC69_09/87.1 EK1H 12.6 104 -44 -3.0 2.80
CC69_09/90.3 EK1J 8.8 -2.4
CC50_09/151.5 EK2A -0.29
CC50_09/160.6 EK2C 3.93
CC50_09/163.1 EK2E 1.84
CC50_09/165.1 EK2F 14.3 10.9 -49 -3.1 2.99
CC50_09/167.1 EK2G 2.68
CC50_09/169.9 EK2H 1.47
CC50_09/171.5 EK2I 1.83
CC50_09/172.1 EK2J 1.76
CC50_09/173.5 EK2K 125 2.64
CC50_09/174.9 EK2L 14.0 10.6 -30 -3.2 -3.5
CC50_09/175 EK2M 13.7 104 -31 -2.9 -3.2 2.84
CC50_09/175.7 EK2N 2.30
CC50_09/177.25 EK20 2.34
CC50_09/179 EK2P -23 -2.8
CC50_09/186.2 EK2R 1.18

Abbreviations: Fl: fluid inclusion
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5 SUMARIO CONCLUSIVO

Trabalhos anteriores interpretaram os depdsitos e prospectos do campo mineralizado
do Cuil-Cuit como hospedados em rochas do complexo homénimo e como pertencentes a
classe dos depdsitos orogénicos de ouro. Informacbes mais recentes, incluindo as produzidas

neste trabalho permitem concluir o que se segue.

o O deposito de ouro Moreira Gomes do campo mineralizado do Cuil-Cuidl € um
deposito controlado por estrutura de orientacdo leste-oeste vinculada a estruturacdo
principal NW-SE que é a mais comum na Provincia Tapajos. Os dados disponiveis
indicam que o tonalito hospedeiro pertence a Suite Intrusiva Creporizdo (1997 Ma)
provavelmente formada em arco magmatico/ambiente pos-colisdo e que a deposicéo

de ouro ocorreu ha cerca de 1,86 Ga.

o O sistema hidrotermal que operou no depdsito Moreira Gomes é caracterizado como

de natureza magmatico-hidrotermal e evoluiu em pelo menos trés etapas distintas:

(1) exsolucdo de um fluido aquoso portador de CO,, de baixa salinidade e de
densidade baixa a moderada e de derivagdo magmaética. A principal assembleia
hidrotermal associada a precipitacdo de ouro é composta por clorita, sericita, quartzo e
pirita, e foi formada entre 400°-350°C e até 2,1 kbar, e até 6-7 km de profundidade.

(2) Refriamento e continua exsolucdo de CO; a partir do fluido magmatico resultou
em em um fluido aquoso ligeiramente mais salino (possivelmente pela separacdo de
fase, emboraa participacdo de um fluido aquoso distinto, ou seja, mistura, ndo possa
ser excluida). Clorita, sericita, quartzo e pirita (Au?) continuaram a se formar, mas
epidoto foi a principal fase hidrotermal nesse estigio. Essa fase ocorreu em
temperaturas ligeiramente mais baixas (350°-280°C) e pressdes semelhantes em

relacdo ao primeiro estagio.

(3) A mistura de fluido aquoso do estagio 2 com um fluido metedrico mais frio e
diluido, foi responsavel pela principal fase de precipitacdo de calcita.
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A assembleia hidrotermal (presenca de calcita e sericita e auséncia de feldspato
potassico; auséncia de hematita e a coexisténcia de clorita e pirita e os valores de 8*S
em pirita), indica que o pH do fluido em Moreira Gomes era neutro a ligeiramente

alcalino em condicgdes predominantemente reduzidas .

Em Moreira Gomes, ouro ocorre principalmente como inclusdes em cristais de pirita e
subordinadamente como particulas livres. Os dados coletados sugerem 0s seguintes
pontos a respeito da precipitacdo do ouro.

A deposicao ocorreu em resposta mecanismos as vezes conflitantes (mudancas de pH,
por exemplo) que envolveram a separacdo de fase, resfriamento, mistura e reacoes

fluido-rocha.

Com bases nas condi¢des fisico-quimicas, juntamente com as propriedades de
inclusdes fluidas e a assembleia hidrotermal, interpreta-se que H,S (ou HS") podem ter
sido as espécies predominantes de enxofre no fluido mineralizante, e que Au(HS)™?

poder ter sido o complexo transportador de ouro.

O ouro esta associado com a precipitacdo da assembléia mineral hidrotermal
predominante (quartzo, clorita, sericita e pirita), relacionado com o fim do primeiro
ciclo da evolugdo hidrotermal, estimado entre 320-350° C, <2,1 kbar, e 6-7 km de

profundidade.

Com relacdo a interpretacdo sobre a classe de depositos a qual pertence Moreira
Gomes, embora o sistema magmatico-hidrotermal seja relativamente bem delimitado
por dados desse estudo, Moreira Gomes ndo mostra as caracteristicas classicas (end-

member) de sistemas auriferos relacionados a intrusdes oxidadas ou reduzidas.
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