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RESUMO

A Faixa Movel Aguapei compreende uma estreita faixa de dobramentos de aproximadamente
500Km de comprimento, estruturalmente confinada entre a margem leste do Craton Paragua e o
embasamento da provincia San-Ignacio. A reativacdo de estruturas de escala crustal tem sido apontado
como o principal responséavel pela evolugdo tecténica e metamorfica da faixa, que ocorreu no inicio do
Neoproterozoico (~0.92Ga) e que causou a deformacdo e o metamorfismo de rochas sedimentares
previamente depositadas em um Aulacégeno (Aguapei Group), bem como seu embasamento
Mezoproterozéico. A evolugdo da Faixa Movel Aguapei e sua relacdo com mineralizagGes auriferas que
ocorrem em sua porcao mais setentrional, foi investigado nessa pesquisa através de petrografia auxiliada
pelo estudo de inclusdes fluidas, geotermobarometria e geoquimica. A area de estudo esta localizada a
sul da cidade de Pontes e Lacerda (MT), mais ou menos na porcao central da Provincia Aurifera Alto
Guaporé que compreende uma série de dep6sitos de auriferos hospedados ao longo da faixa. Na parte sul
da area de estudo, na regido do depdsito Pau-a-Pique, o arcabouco estrutural é dado por uma série de
zonas de cisalhamento transcorrentes, enquanto que a porcdo norte, regido do depdsito Ernesto, é
caracterizada por dobramentos e cavalgamentos. O padrdo estrutural, por sua vez, sugere gque a
deformacdo foi contralada principalmente pela acdo de zonas de cisalhamento com encurtamento
NNE-SSW. Dados de geotermobarometria com base no contetdo de Si em muscovita, Ti em quartzo e
no fracionamento isotépico entre quartzo e magnetita, presente em veios de quartzo e em muscovita
xisto ao longo de zonas de cisalhamento, sugerem que as condi¢cdes metamarficas atingiram a zona de
transicao entre as facies xisto verde anfibolito, com temperaturas superiores a 490°C e pressdo acima de
3.2Kbar. Essas condicGes estdo de acordo com feigdes petrograficas observadas em dioritos e andesitos
preservados em nucleos pouco deformados ao longo de zonas de cisalhamento anastomosadas. Também
sS40 mais ou menos coerente com presenca de migracdo de bordas de grdo (GBM) como principal
mecanismo de recristalizacdo de quartzo em zonas de cisalhamento. Dados de geoquimica de rocha total
sugerem que fluidos estavam presentes durante a formacéo de zonas de cisalhamento transcorrente da
regido do deposito Pau a Pique. A percolagao de fluidos associado ao cisalhamento causou importantes
modificagbes quimicas e texturais nas rochas e transformou granitdides em mica-xistos pela
remobilizacdo de elementos quimicos. As condi¢cdes (PT) encontradas em zonas de cisalhamento
contrastam fortemente com as condi¢Oes encontradas em rochas metassedimentares pouco deformadas,
presentes principalmente na porcdo central e norte da area de estudo. A auséncia de biotita em
sedimentos peliticos e a presencga de Bulging (BLG) como mecanismo de recristalizacdo do quartzo séo
indicativos de baixa temperatura (abaixo de 400°C). Ao mesmo tempo o parametro b da célula unitaria
de micas brancas (sericita) em rochas metassedimentares indicam baixo contetdo de fengita nas micas,
comum em zonas de metamorfismo de pressdo baixa a intermediéria. Essas condigfes sdo compativeis
com metamorfismo na facies xisto verde e sugerem que as condi¢des metamorficas ndo foram

uniformes ao longo da &rea.A percolagdo de fluidos redutores ricos em CO, foram responséveis pelo



evento de mineralizacdo aurifera, como observado nos depdsitos Pau-a-Pique e Ernesto (Nivel
Intermedi&rio). A relagdo proxima entre clorita, sulfeto e carbonato, que geralmente ocorrem ao longo
de fraturas em veios de quartzo-albita foi usado para estimar a temperatura de precipitacdo do sulfeto
através do uso de geotermémetros especificos para clorita. Os resultados sugerem que no depoésito
Pau-a-Pique, que clorita, carbonato e sulfeto ocorrendo em fraturas de veio de quartzo, se formaram a
325°C durante a fase de retrometamorfismo. Os aspectos texturais de piritas revelam que se
cristalizaram pela alteracdo de Oxidos de Ti e Fe presentes nas encaixantes de veios de quartzo
mineralizados do depoésito Ernesto e em muscovita xisto do depdsito Pau-a-Pique, devido a reacdo
destes fluidos redutores ricos em H,S. Tal processo foi também responsavel pela precipita¢do do ouro.
As caracteristicas das inclus6es fluidas e da alteracdo hidrotermal dos depoésitos estudados sdo comuns
em depésitos do tipo ouro orogénico. Dados de is6topos estaveis (8D e 3®0) indicam fonte metamoérfica
para fluidos responsaveis pela cristalizacdo dos principais minerais de ganga presente nos depdsitos
estudados e em outros seis depdsitos da area de estudo. Além disso dados de 3D em inclus@es fluidas sdo
compativeis com valores encontrados na maioria das provincias de ouro orogénico pelo mundo. Os
resultados permitem concluir que os depdsitos estudados foram formados tardiamente na evolucédo
metamorfica da Faixa Movel Aguapei, ap6s o pico metamérfico da area, a partir de fluidos redutores

ricos em CO; que transportaram ouro via complexagdo com H,S.

Palavras chave: Ouro Orogénico; Deposito Pau-a-Pique; Deposito Ernesto; Provincia Aurifera Alto

Guaporé



ABSTRACT

The Aguapei belt comprises a narrow and long (~500Km) NNW-SSE zone of deformed and
metamorphosed rocks structurally confined between the eastern margin of the Paragua Craton and the
reactivated basement of Rondonian San-Ignacio. Neoproterozoic (~0.92 Ga) reactivation of crustal
scale structures has been pointed out as responsible for the tectonic and metamorphic evolution of the
belt. It has caused the deformation and metamorphism of previously deposited sedimentary rocks in an
aulacogen basin and its Mesoproterozoic basement as well. The metamorphic evolution of Aguapei
belt, and its relationship with gold mineralization occurring on its southernmost portion was
investigated in this research through petrography coupled with fluid inclusions studies, geochemistry
and geothermobarometry. The studied area is located to the south of Pontes e Lacerda city (MT), more
or less on central portion of Alto Guaporé Gold Province (AGGP), which in turn comprises a series of
gold deposits hosted along the belt. The structural architecture of the south portion of the studied area
(Pau-a-Pique region) is given by a series of strike-slip shear zones, whereas trusting and folding are
dominant on central and northern (Ernesto area). The structural pattern suggest that the deformation was
controlled by strike-slip shearing due to oblique shortening. Geothermobarometry based on Si content in
muscovite, Ti in quartz and oxygen isotopes fractionation between the pair quartz-magnetite occurring
in guartz veins and in muscovite schist present in shear zones suggest that the conditions reached the
greenschist-amphibolite facies transition with temperature above 490°C and minimum pressure of
3.2Kbars. These P-T condition are in agreement with the petrographic features found in mafic diorite
and andesite preserved in cores of low deformation along anastomosed shear zones in Pau-a-Pique area
and are also more or less consistent with the presence GBM quartz recrystallization mechanism
occurring within shear zones. Whole rock geochemistry suggest that fluid were present during
strike-slip shearing in Pau-a-Pique area. Percolating fluids during shearing has caused major chemical
transformation of the mylonite during the prograde conditions. In the extremely modified rocks,
metagranitoids were transformed to micas schist due elemental remobilization. The P-T conditions
found in shear zones contrast strongly with those recorded in most of low deformed metasedimentary
rocks of Aguapei Group, mainly present on central and northern portion of the studied area. The
presence of biotite-absent pelite and bulging recrystallization mechanism of quartz suggest low
temperature conditions (below 400°C). Meanwhile b-parameter in white micas of metasedimentary
rocks records low content of phengite generally found in low to intermediate pressure regions. These
conditions are compatible with greenschist facies metamorphism and suggest that the metamorphic
conditions was not uniform through the area. Percolation of reduced aqueous-CO, fluids were
responsible for gold mineralization as recorded in Pau a Pique and Ernesto (intermediate Level) fluid
inclusions. The close relationship between chlorite, sulfide and carbonate occurring along fractures in
early formed quartz albite veins in Pau-a-Pique was used to estimate the temperature of sulfide

precipitation using chlorite thermometry. The results suggest that chlorite, carbonate and sulfide found



in fractures of early formed quartz, has been crystallized at 325°C at the retrograde path in Pau-a-Pique
deposit. The textural aspects of pyrite suggest that previously formed Fe-Ti oxides occurring in the wall
rock of mineralized veins in the Ernesto deposit (Intermediate level) and in mica schist in shear zones of
the Pau a Pique deposit, were replaced by pyrite due to reaction of Fe-Ti oxides with reducing H,S rich
fluids. Such process was the main mechanism responsible for gold precipitation. The characteristics of
fluid inclusions and the hydrothermal alteration of the studied deposits are similar to those found in most
of orogenic gold deposit around the world. 8D and 5O stable isotope geochemistry are in agreement
with metamorphic source for the fluid-forming of the main guange phases present in Pau-a-Pique,
Ernesto (intermediate level) and other six gold occurrences in the central portion of AGGP. Meanwhile
oD signature of fluid inclusions are compatible with those observed in major orogenic gold provinces
worldwide. The results allows to conclude that the studied gold deposits were formed latter on
metamorphic evolution of Aguapei belt, during retrograde conditions, and from mixed aqueos-CO,

fluids that has transported gold by complexation with H,S.

Key words: Orogenic Gold; Pau-a-Pique deposit; Ernesto deposit; Alto Guaporé Gold Province
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1. Introducao

Depdsitos de ouro podem ser formados em todos os estédgios da evolugdo de um
orogeno. Depdsitos do tipo porfiro e epitermal sdo os exemplos mais comuns de depdsitos
hidrotermais associado a magmatismo formado durante o processo de espessamento crustal ao
longo de margens convergentes. Depdsitos de ouro orogénico, ocorrem associados a cinturdes
metamdrficos ao longo de cadeia de montanhas. Nesse tipo de depdsito, fluidos mineralizantes
circulam por fraturas e descontinuidades na crosta onde precipitam veios de quartzo
mineralizados. Dentre as caracteristicas mais comum desses depositos estédo a presenca de
fluidos aquosos ricos em CO, + CH,4 aproximadamente neutro e que transportam ouro através
de sua complexacéo com H,S (Groves et al., 1998).

Depositos de ouro orogénico tém sido formado ao longo dos ultimos trés bilhdes de
anos, episodicamente desde 0 Mesoarqueano até final do Pré-cambriano e continuamente
durante o Fanerozoico (Goldfarb et al., 2001). Depositos do inicio do Pré-cambriano foram
protegidos da exumacéo e erosdo por estarem hospedados no centro de regides cratonicas.
Esses, entretanto, sdo raros entre 1700 e 600 Ma, devido a mudancas para um estilo mais
moderno de tectonica de placas, onde a exumacdo e erosdo de cinturbes orogénicos mais
vulneraveis causou a destruicdo de depositos dessa idade (Groves et al., 2005).

A exumacao e erosdo de cinturdes orogénicos formados durante o Mesoproterozbico e
final do Neoproterozoéico, durante 0 amalgamento do supercontinente Rodinia, expondo araiz
das cadeias de montanhas, tém sido usado para explicar a falta de depdsitos do tipo orogénico
associado a esse periodo, visto que geralmente ocorrem hospedados em zonas da facies xisto
verde, nas porcdes superiores da crosta. Dessa forma depositos orogénicos formados entre o
Esteniano e 0 Toniano séo raros. Os poucos existentes sdo reportados na provincia Greenville
na America do Norte, no SW do Craton Amazoénico, na Americado Sul (Goldfarb et a., 2001)
e no Escudo Fenoscadian na Suécia (Alm et al., 2003). Todos esses exemplos tém sido
associado a eventos deformacionais associado ao estabelecimento do Supercontinente Rodinia.

Apesar da baixa tonelagem, os exemplares sul-americanos ocorrendo no territério
brasileiro, mais especificamente naregido do Vae do Rio Guaporé (no estado do Mato Grosso),
constituem uma importante provincia aurifera, em termos de producdo e importancia
econdmica regional.

Esse depositos foram descobertos ainda no periodo colonial, em 1733, por expedicdes
portuguesas chamadas de Mongdes. Foram importantes para a economia da colénia e

fundamentais para a consolidagéo da expansdo do territorial brasileira. Estima-se que entre
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1719 e 1822, cerca de 3.2 Moz tenham sido extraidas das minas do territorio, hoje,
mato-grossense que incluiam depdsitos na regido de Cuiaba e no Vale do Rio Guaporé
(Holanda, 2003). Segundo Zanettini et al., (2004), mesmo utilizando préticas rudimentares, que
incluia o uso de méo de obra escrava, a producdo de ouro das minas do Vale do Guaporé (Fig.
1-1) teriam alcangado seu auge entre 1736 e 1738 onde, juntas, teriam produzido cerca de
48Koz.

.
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Figura 1-1: Carta geografica histéricado Vale do Rio Guaporé. O ano de publicagéo € desconhecido, no entanto,
de acordo com Zanettini et d., (2004) afonte citada é de 1751. Importante notar que o norte no esta rotacionado
e é indicado como uma langa na porcao inferior dafigura. Os pontos vermelhos com nomes sdo nuicleos urbanos
formados no entorno das minas (arraiais de mineragéo).

O Vale do Guaporé voltou a ser foco da exploracdo de ouro em meados da década de
70, apos mais de 150 anos desde sua descoberta, com intensa atividade garimpeira na regiéo
entre as cidades de Pontes e Lacerda e Nova Lacerda. Masfoi sO a partir dadécada de 80, quea
lavra de ouro naregido comegou ater importancia para a economia formal, com a implantacéo
de instalacfes da Mineracdo Santa Elina. Inicialmente focada na lavra de minério em placer, a
mineracdo Santa Elina passou a lavrar minério primério hospedado em metassedimentos do

Grupo Aguapei, na Mina Sdo Vicente (municipio de Nova Lacerda), a partir da metade da
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década de 80. A atividade de lavra na Mina S&o Vicente pela Mineragdo Santa Elina foi
encerradaem 1997, devido a queda nos preco do metal, que inviabilizou a lavraem funcdo dos
altos custos.

Em 2002 a regido voltou a receber investimentos e assim iniciou-se novo ciclo de
exploragdo. Os investimentos ocorridos nos Ultimos dez anos resultaram na reativagdo da Mina
de S8o Vicente, que voltou alavrar minério primario entre 2009 e 2014, além dainstalagdo da
Mina S&o Francisco, queiniciou as atividades em meados de 2005, e o inicio daimplantacéo de
mais duas minas nos municipios de Pontes e Lacerda e Porto Esperidido, que integradas a uma
SO planta sdo denominadas Projeto Ernesto/Pau-a-Pique e apresentam reservas de cerca de 20
toneladas de ouro.

Atualmente sdo conhecidas mais de 30 ocorréncias de ouro naregido do Vale do Rio
Guaporé. Essas ocorréncias, em conjunto com o0s depositos e minas, tém sido agrupadas sob o
nome de Provincia Aurifera Alto Guaporé (Fernades et al., 2005a). Se estendem por cerca de
200Km desde o limite com o territorio boliviano, ao sul, até a parte norte da Serra de Séo
Vicente (Fig. 1.2). A maioria dos depositos ocorrem encaixados em rochas metassedimentares
deformadas (Grupo Aguapei), ou no contato entre as rochas metassedimentares e seu
embasamento.
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Figura 1.2: Localizagdo geogréfica da Provincia Aurifera Alto Guaporé mostrando a guns dos mais importantes
depdsitos da érea.
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6 Conclusions

The Aguapei belt comprises a narrow thrust and folded belt formed in the latter stages
of the collision between Amazonia and Laurentia during Rodinia Assembly.

In the most accepted model for the SW of Amazon Craton, the Paragua Terrane
comprises a separated cratonic block that assembled to Amazon between 1320 and 1340 Ma.
The docking of Paragua Craton formed a weakness zone along the contact with the Amazon
Craton. The reactivation of this weakness zone as result of stress in the plate margin during the
end of Mesoproterozoic has been argued by some author as the responsible for deformation and
metamorphism of Aguapei belt towards the end of Greenville interval.

From this point of view the Aguapei belt may correspond to an intraplate strike-slip
deformation belt in which deformation and metamorphism occurred as response to deformation
occurring in the plate margins.

During the research, petrographic features consistent with greenschist metamorphism
were observed in metasedimentary rocks of low deformed portions of the Aguapei (mainly in
domains where the deformation is characterized by folding). However along shear zones
present in most of the contact between the metasedimentary rocks and the basement the
conditions recorded are higher. Temperatures above 450°C and pressures as higher as 3.2 kbar
were obtained from some geothermobarometric calculations executed in samples from
Corredor shear zone in Pau-a-Pique area.

Temperatures obtained using mineral phases formed along the shear zone are in
agreement with the metamorphic features recorded in low-deformed mafic rocks proximal to
these shear zones and suggest that peak conditions in the Corredor shear zones may have
reached conditions coherent with greenschist-amphibolite facies transition. These conditions
seem to be applicable to most of the exposed contact between the metasedimentary rocks and
the basement in the central portion of AGGP.

At the same time the petrographic aspect and the chemical characteristics of the rocks
occurring along the shear zones suggest that fluid were present during shearing and was
responsible for most mineralogical transformations observed in these rocks. Extremely
modified rocks were produced along the shear zones and chemical data showed that fluid
percolation was responsible for such transformations. At the same time geothermometric
studies based in trace elements in quartz from veins demonstrated that most of quartz veins

precipitated from fluids of moderate temperature consistent with greenschist-amphibolite facies
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transition. The presence of abundant hydrous minerals and quartz veins indicates that huge
amounts of fluid have circulated along the secondary porosity created by the shear zones.

The absence of syn-genetic magmatic intrusions nearby, and the fact that the quartz
veins records temperature higher than those found in non-metassomatized metasedimentary
rocks occurring around suggest that hot metamorphic fluids from deeper portions of the crust
migrated along the contact and probably was responsible for the metassomatic transformations
observed in the shear zones including quartz veining. Isotopic calculations of fluid in
equilibrium with quartz, magnetite and albite give values of 'O coherent with metamorphic
source.

Metalogenetic study of two gold deposits, one occurring along the shear zones of the
contact, and one hosted by metasedimentary rocks, and located in different tectonic settings
revealed that they show similar characteristics in terms of mineralizing timing and fluids. The
study of fluid inclusions suggest that the mineralizing fluids in both cases comprises reduced,
low salinity, CO,-rich fluids and diverge from previous interpretation that proposed agueous
low salinity fluids as the gold carrier.

The petrographic aspects of the studied deposits suggest that the mineralizing fluids has
precipitated pyrite and gold by destabilization of gold hydrosulfide complex due to interaction
with the wall rock with high Fe/Fe+Mg rations. Thus the early formed Fe-Ti oxides played an
important hole on mineralization since the higher gold grades tend to be associated with zones
characterized by sulfidation of Fe-Ti oxides. At the same time the isotopic equilibrium between
non-martitized magnetite and quartz (in quartz veins) and the textural aspect of the Fe-Ti oxides
suggest that they are syn-genetic to quartz and thus are of metassomatic origin.

Considering the above, two contrasting hydrothermal events are recorded in the studied
deposits, the first comprises most of veining observed in the area and is characterized by
crystallization of muscovite and the formation of most of quartz veins and oxides present
mainly along shear zones.The hydrothermal event responsible for the mineralization seemsless
expressive in terms amount of fluid. The characteristics of mineralization suggest that these
fluids circulated preferentially through the evolving shearzoned during the later stages of
deformation and most of fluid inclusions related to the mineralization event veins was trapped
in deforming quartz veins which would justify their secondary aspect occurring along trailsin
early formed quartz.

The isotopic compositions of fluid inclusions as well as the composition of mineralizing

fluid inclusions indicates that these deposits are similar to most of orogenic gold deposits
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occurring in metamorphic belt in which the origin of fluid has been attributed to metamorphic
devolatilization.

The difference between the temperature obtained in mineralizing fluids (250°inc
325°C ) and the temperature obtained from quartz using TitaniQ (~490°) indicates that the
mineralization occurred during the retrograde path.

Explanation for the preservation of these deposits follow the line of thought proposed
by Groves et al. (2005) in which most of deposits from this age were eroded during uplift
caused by exhumation. Despite the lack of a well characterized tectonic architecture for the
Aguapei belt, in the studied area most of the structures suggest that the deformation evolved by
predominant strike-slip movements due to reactivation of crustal scale structures. Considering
that, it is expected low rate of exumation and for instance the preservation of the deposits hosted

along shear zones occuring in greenschist facies terrane.
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