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RESUMO

O depésito cupro-aurifero Visconde esta localizado na Provincia Mineral de
Carajas, a cerca de 15 km a leste do deposito congénere de classe mundial Sossego.
Encontra-se em uma zona de cisalhamento de direcdo WNW-ESE, que marca o contato
das rochas metavulcanossedimentares da Bacia Carajas com o embasamento. Nessa
zona ocorrem outros depodsitos hidrotermais cupro-auriferos com caracteristicas
similares (Alvo 118, Cristalino, Jatoba, Bacaba, Bacuri, Castanha), que tém sido
enquadrados na classe IOCG (lron Oxide Copper-Gold), embora muitas ddvidas ainda
existam quanto a sua génese, principalmente no que diz respeito a idade da
mineralizacdo e fontes dos fluidos, ligantes e metais. O deposito Visconde esta
hospedado em rochas arqueanas variavelmente cisalhadas e alteradas hidrotermalmente,
as principais sendo metavulcanicas félsicas (2968 + 15 Ma), o Granito Serra Dourada
(2860 + 22 Ma) e gabros/dioritos. Elas registram diversos tipos de alterag&o hidrotermal
com forte controle estrutural, destacando-se as alteracdes sodica (albita + escapolita) e
sodico-célcica (albita + actinolita + turmalina + quartzo + magnetita + escapolita), mais
precoces, que promoveram a substituicdo ubiqua de minerais primarios das rochas e a
disseminacdo de calcopirita, pirita, molibdenita e pentlandita. Dados isotopicos de
oxigénio e hidrogénio de minerais representativos desses tipos de alteracdo mostram
que os fluidos hidrotermais foram quentes (410 — 355°C) e ricos em ‘20 (5'%0y.0= +4,2
a 9,4%0). Sobreveio a alteracdo potassica, caracterizada pela intensa biotitizacdo das
rochas, a qual ocorreu concomitantemente ao desenvolvimento de foliacdo milonitica,
notavelmente desenhada pela orientagdo de palhetas de biotita, que precipitaram de
fluidos com assinatura isotopica de oxigénio similar & dos estagios anteriores (5020
entre +4,8 e +7,2%o, a 355°C). Microclina e alanita sdo outras fases caracteristicas desse
estagio, além da calcopirita precipitada nos planos da foliacdo. A temperaturas mais
baixas (230 + 11°C), fluidos empobrecidos em 20 (§*%0,0 = -1,3 a +3,7%0) geraram
associaces de minerais calcico-magnesianos (albita + epidoto + clorita + calcita
actinolita) que sdo contemporaneas & mineralizacdo. Valores de 6**Op.0 € Dm0
indicam que os fluidos hidrotermais foram inicialmente formados por &guas
metamorficas e formacionais, a que se misturou alguma &gua de fonte magmatica. Nos
estagios tardios, houve consideravel influxo de aguas superficiais. Dilui¢do e queda da

temperatura provocaram a precipitacdo de abundantes sulfetos (calcopirita + bornita £
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calcocita + digenita), 0s quais se concentraram principalmente em brechas tectdnicas —
0s principais corpos de minério — que chegam a conter até cerca de 60% de sulfetos.
Veios constituidos por minerais sodico-calcicos também apresentam comumente
sulfetos. A associacdo de minerais de minério e ganga indica uma assinatura de Cu-Au-
Fe-Ni-ETRL-B-P para a mineralizacdo. Os valores de §*S (-1,2 a +3,4%o) de sulfetos
sugerem enxofre de origem magmatica (proveniente da exsolucdo de magmas ou da
dissolucdo de sulfetos das rochas igneas pré-existentes) e precipitacgdo em condicdes
levemente oxidantes. Datacdo do minério por lixiviagdo e dissolucdo total de Pb em
calcopirita forneceu idades de 2736 + 100 Ma e 2729 + 150 Ma, que indicam ser a
mineralizacdo neoarqueana e, a despeito dos altos erros, permite descartar um evento
mineralizador paleoproterozoico. A idade de 2746 + 7 Ma (MSDW=4,9; evaporac¢éo de
Pb em zircdo), obtida em um corpo granitico ndo mineralizado (correlacionado a Suite
Planalto) que ocorre na area do depoésito, foi interpretada como a idade minima da
mineralizacdo. Assim, a formacdo do depdsito Visconde teria relagdo com o evento
transpressivo ocorrido entre 2,76 e 2,74 Ga, reponsavel pela inversdo da Bacia Carajas e
pela geracdo de magmatismo granitico nos dominios Carajas e de Transi¢do. Esse
evento teria desencadeado reacdes de devolatilizagdo em rochas do Supergrupo
Itacaiunas, ou mesmo, provocado a expulsdo de fluidos conatos salinos aprisionados em
seus interticios. Esses fluidos teriam migrado pelas zonas de cisalhamento e reagido
com as rochas (da bacia e do embasamento) pelas quais se movimentaram durante a fase
ductil. As concentragBes subeconémicas do dep6sito Visconde devem ser resultado da
auséncia de grandes estruturas que teriam favorecido maior influxo de fluidos

superficiais, tal como ocorreu na formacéo dos depoésitos Sossego e Alvo 118.

Palavras-chave: Minério de cobre. Mineralizacdo cupro-aurifera. 1sétopos de H O e S.

Datagdo Pb-Pb. Fluidos hidrotermais. Provincia Mineral de Carajés.
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ABSTRACT

The Cu-AuVisconde deposit is located in the Carajas Mineral Province, northern
Brazil, about 15 km east of the world-class Sossego deposit. It lies within a regional
WNW-ESE-striking shear zone that marks the contact between the ~2.76 Ga
metavolcano-sedimentary rocks of the Carajas Basin and the basement units. Other Cu-
Au deposits with similar characteristics (Bacaba, Castanha, Alvo 118, Cristalino,
Jatoba) occur along this shear zone. They have been included in the 10CG class,
although much controversy exists regarding their genesis, particularly with respect to
the mineralization age and source of fluids, ligands and metals. TheVisconde deposit is
hosted by Archean rocks, mainly felsic metavolcanic rocks (2968 + 15 Ma), the Serra
Dourada granite (2860 + 22 Ma), and gabbro/diorites. These rocks are variably sheared
and reveal various types of hydrothermal alteration with strong structural control. The
earliest types are the sodic (albite-scapolite) and sodic-calcic alterations (albite-
actinolite = tourmaline £ quartz £ magnetite £ scapolite + epidote), which promoted
ubiquitous replacement of the rock primary minerals and precipitaton of disseminated
chalcopyrite, pyrite, molybdenite and pentlandite. Oxygen isotope data of representative
minerals from these stages show that the hydrothermal fluids were hot (410 — 355°C)
and *0-rich (8"0p.0 = +4.2 to +9.4%o). The following potassic stage is characterized
by intense biotitization of the rocks, which developed concomitantly a mylonitic
foliation highlighted by the remarkable orientation of biotite flakes. This mica
precipitated from fluids with similar oxygen isotope signature to that of the previous
stages (6180H20 = +4.8 to +7.2%o, at 355°C). Microcline and allanite are other typical
minerals of this stage, in addition to chalcopyrite that deposited along the foliation
planes. At lower temperatures (230 + 11°C), ‘*O-depleted fluids (6*On0 = -1.3 to
+3.7%o0) generated a calcic-magnesian mineral assemblage (albite + epidote + chlorite £
actinolite + calcite) present mostly in veins and contemporaneous with the main
mineralization. The 6'®0y,0 and dDy.0 data indicate that the hydrothermal fluids were
initially formed by metamorphic and formation waters, possibly with some contribution
of magmatic water. At later stages, there was a considerable influx of surface water. The
resulting fluid dilution and cooling might have accounted for the abundant precipitation
of sulphides (chalcopyrite + bornite + chalcocite * digenite) mainly in tectonic breccias,

whose matrix contains up to 60% sulphides. These breccias represent the most



important ore bodies, although sulphides also occur in veins together with sodic-calcic
minerals. The mineral associations assign a Cu-Au-Fe-Ni-ETRL-B-P signature to the
ore. The sulphur isotope composition (6**Scpr= -1.2 to 3.4%0) is compatible with a
magmatic source for sulphur, which could have been either exsolved from a
crystallizing granitic magma or dissolved from sulphides originally present in pre-
existing igneous rocks. Additionally, it indicates relatively reducing conditions for the
fluid. Dating of chalcopyrite by Pb leaching and total dissolution techniques yielded
ages of 2736 + 100 Ma and 2729 = 150 Ma. Despite the large errors, they point to a
Neoarchean age for the mineralization and preclude a Paleoproterozoic mineralizing
event. The age of 2746 + 7 Ma (MSDW = 4.9; Pb evaporation on zircon), obtained for a
non-mineralized granitic intrusion present in the deposit area and correlated to the
Planalto Suite, was considered as the minimum age for the mineralization. Thus, the
Visconde deposit genesis could be related to the 2.76-2.74 Ga transpressive tectono-
thermal event that was responsible for the inversion of the Carajas basin and generation
of granitic magmatism in the Carajas and Transition domains. Such an event should
have triggered devolatilazion reactions in the Itacaiunas Supergroup rocks, producing
metamorphic fluids or even driving off water trapped in the pores of the basin rocks.
These fluids migrated along regional shear zones and reacted with both the basin and
basement rocks through which they moved during the ductile regime. The sub-
economic concentrations of the Visconde deposit might be the result of the absence of
prominent structures that would otherwise favor a greater influx of fluids, as it seems to

have been the case in the Sossego and Alvo 118 deposits.

Keywords: Copper ore. Cu-Au mineralization. H, O and S isotopes. Pb-Pb dating.

Hydrothermal fluids. Carajas Mineral Province.



