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RESUMO

O Complexo Mafico-Ultramafico Acamadado Lago Grande contém
mineralizagcdo de EGP associada a niveis centimétricos de cromititos e sulfetos.
Pertence a Suite Mafica-Ultraméfica Serra Leste (Ferreira Filho et al., 2007) —
regido leste da Provincia Mineral Carajas, cujo principal representante é o
Complexo Luanga também mineralizado a EGP. A Suite Serra Leste situa-se nas
imediacbes de Serra Pelada, importante depdsito epigenético de Au-PGE
(Grainger et al.,, 2002). Trata-se de um corpo intrusivo posicionado entre o
Complexo Xingu e o Grupo Rio Novo, com estratigrafia magmética composta por
estrato ultramafico harzburgitico na base, seguido de pacote piroxenitico e espessa
unidade de gabro no topo. O pacote ultraméfico apresenta textura primaria
cumulatica produzida pela olivina e pelo ortopiroxénio, enquanto que no pacote
gabroico a textura cumulatica é dada pelo plagioclasio. Resultados de quimica
mineral revelam magma relativamente primitivo - olivina (Fog5 a Fogs7); piroxénio
(Engos @ Engss); plagioclasio (Angzg a Angsz). Ocorre cromita sob a forma
disseminada e de delgado estrato de cromitito situado no topo do pacote de rochas
ultramaficas. O empilhamento estratigrafico revela “trend” de diferenciagdo normal
da base para o topo do Complexo e os dados estruturais sugerem que a camara
magmatica esteja invertida. A mineralogia primaria das rochas esta praticamente
toda transformada hidrotermalmente, restando relictos da mineralogia primaria.
Olivina, opx, cpx e plagioclasio estdo transformados em serpentina, hornblenda,
Mg-cumingtonita, tremolita, actinolita, talco, saussurita, carbonato, epidoto, clorita e
quartzo. Estas condicoes metamorficas sao condizentes com facies xisto verde a
anfibolito. O conteldo em elementos maiores e menores, bem como elementos
traco reflete a percentagem de cumulados de olivina—opx-pl-cromita nas rochas
indicando o fracionamento do magma da base para o topo da cadmara magmaética.
Os teores de ETR nas rochas do Complexo Lago Grande apresentam inclinagao
positiva, sendo suave para as rochas ultramaficas e mais forte para a unidade
gabroica, denotando enriquecimento em ETRL e forte anomalia de Eu para as
rochas do Complexo Lago Grande. Dosagens em cristais de zircdo extraidos de
leucogabros pegmatdides retornaram idade por Sm/Nd de 2,72 Ga, com &ng (T-2.72
ca) Valores (-0.32 a-4.25), indicando contaminac¢éo das rochas por elementos das
encaixantes. Datagbes U/Pb indicaram idade de 2.722153 Ma para cristalizacao
das rochas do Complexo Lago Grande e interseccdo com a concérdia em
2.553+61 Ma, sugerindo atuagdo do processo metassomatico hidrotermal IOCG
sobre as rochas deste complexo. Ha ainda outra intersecgdo com a concérdia em
600 Ma representado influéncia do evento Brasiliano sobre estas rochas. Os
estudos focando a caracterizagdo de EGP demonstram que nos cromititos

predomina alta relagdo Pt-Pd-Rh e sulfo-arsenietos de Pt e Pd, enquanto que nos

viil



niveis sulfetados predomina baixa relacdo Pt-Pd e bismutetos de Pd e cloretos de

Bi, contendo Te, Tc e ligas de Ni, Zn, Cu, Sn e Au.

Palavras chave: EGP, intrusdo acamadada, geocronologia, litogeoquimica, Carajés

X



1. INTRODUCAO

Esta dissertacdo de mestrado faz parte do Projeto Integrado de
Pesquisa denominado “Desenvolvimento de parametros comparativos da
fertilidade do magmatismo mafico-ultramafico de Carajas para
mineralizacoes magmaticas (Ni, Cu, EGP, Cr, Ti-V) com base em estudos
geocronoldgicos, petrolégicos e do seu posicionamento tectonico-
estratigrafico”, aprovado no Edital MCT/CTMineral/VALE/CNPq 12/2009.

A metodologia para desenvolvimento deste estudo constou de
petrografia, microssonda eletrdnica, litogeoquimica, microscopia eletrénica de
varredura e analises isotopicas para a geracdo de dados primarios sobre as
rochas do Complexo Lago Grande, os quais permitiram uma melhor
compreensao dos processos geoldgicos que atuaram em sua evolugcao no

contexto do magmatismo mafico-ultramafico de Carajas.

O Complexo Mafico-Ultramafico Acamadado Lago Grande faz parte da
suite de intrusbes acamadadas localizadas na porcdo leste da Provincia
Mineral Carajas, denominada de Suite Mafica-Ultramafica Serra Leste
(Ferreira Filho et al., 2007).

Esta dissertacado pretende contribuir para a compreensdo da evolugao
do conhecimento geoldgico da porcao leste da Provincia Mineral Carajas, onde
ocorrem importantes mineralizagdes de Au-EGP, como Serra Pelada (Grainger
et al., 2002) e intrusées maficos-ultramaficas acamadadas contendo cromititos
com EGP, tendo o Complexo de Luanga como principal representante
(Medeiros Filho e Meireles, 1985; Suita, 1988; Diella et al., 1995; Ferreira Filho
et al., 2007).

As informacdes utilizadas para a realizacdo deste trabalho foram
gentilmente cedidas pela VALE, as quais foram integradas com as informacdes
versando sobre a geologia regional e a tipologia desta modalidade de depdsito.



2. METODOLOGIA DE TRABALHO

A metodologia de trabalho adotada para a realizagdo da pesquisa esta
sintetizada no Anexo 01 - Fluxograma de Trabalho. A sistematica de trabalho
compreendeu a integracdo das informacdes bibliograficas e do acervo técnico
da VALE sobre o Complexo Lago Grande e a geologia regional no primeiro
momento. Posteriormente, realizou-se uma etapa de campo no local de
ocorréncia do Complexo Lago Grande para estudo de sua geologia e para
coleta de amostras de rocha dos principais tipos litoloégicos existentes
destinadas aos estudos de petrografia, litogeoquimica, geocronologia, quimica
mineral e microscopia eletrénica de varredura. As amostras coletadas foram de

afloramentos e de testemunhos de sondagem.

As amostras destinadas a geocronologia foram coletadas nas porcdes
pegmatdides da unidade gabrdica e em um dique de diabasio existente na
porgcédo central do Complexo. As amostras, com massa em torno 10 kg cada,
foram britadas, moidas e concentradas em bateia e separador eletromagnético
tipo Frantz, com objetivo de concentrar os minerais pesados. Posteriormente o
concentrado foi levado a lupa binocular para separagao de cristais de zircéo.
Estes por sua vez foram submetidos a procedimentos de preparacéo e analise

conforme detalhado no item 3 do artigo.

As amostras destinadas a laminacdo serviram para 0s estudos
petrograficos, em luz refletida e luz transmitida, quimica mineral e microscopia
eletrénica de varredura - MEV. A caracterizacdo da composicado primaria dos
minerais foi realizada por intermédio da selecdo de nucleos preservados dos
minerais primarios, como olivinas, opx, plagioclasio e cpx. O estudo no MEV
teve como foco a identificacdo dos minerais do grupo da platina e suas

relacdes com os minerais metalicos (sulfetos e cromita) e silicatos presentes.

As amostras destinadas a litogeoquimica foram enviadas ao Laboratério
ALS do Canada para andlise por XRF, ICP-MS, ICP-AES, IR07, IR08 para
dosagem dos elementos e compostos discrinados no fluxograma de trabalho
do Anexo 01.
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Abstract

The Lago Grande and Luanga mafic-ultramafic complexes are part of a cluster of PGE-
mineralized layered intrusions located in the eastern part of the Carajas Mineral Province
(CMP). The CMP occurs in the southeastern portion of the Amazonian Craton and is divided in
the Rio Maria Domain to the south, where typical NeoArchean granite-greenstone terrains
occur, and the ltacailnas Domain to the north. The latter includes the Archean (ca 2.75 Ga)
metabasalt sequence of the Grdo Para Group, footwall to the jaspilite-hosted, giant iron
deposits of Carajas. The PGE-mineralized intrusions occur in the ltacailtnas Domain, which is

also known for hosting several Cu-Au, Au-PGE and Ni world-class deposits.

The Lago Grande Complex is a NE-trending medium-size (12-km-long and average 1.7-
km-wide) layered intrusion consisting mainly of mafic cumulate rocks and minor ultramafic
cumulates. The stratigraphy of the intrusion is overturned and, to the south, overlain by highly
foliated metamorphic rocks of the Xingu Complex. The layered sequence consists of an
Ultramafic Zone to the southeast, and a Mafic Zone to the northwest. Geological sections
defined by drilling indicate that igneous layers have moderate dip to the SE, such that the
Ultramafic Zone overly the Mafic Zone. The Ultramafic Zone, about 4 km long and 500 meter
wide, comprises an up to 250 meter-thick sequence of interlayered harzburgite and pyroxenite
at the base and pyroxenite at the top. The lower contact of the Ultramafic Zone with the Xingu
Complex is poorly exposed, whereas the contact with the overlying Mafic Zone is gradational
and characterized by interlayered pyroxenite and gabbroic rocks. The Mafic Zone consists of a
monotonous sequence of gabbroic rocks with an estimated thickness of up to 1,000 meters in

the central part.

Primary igneous minerals of the Lago Grande Complex are partially replaced by
metamorphic assemblages that indicate temperatures up to the amphibolite facies of regional
metamorphism. This metamorphic alteration is heterogeneous and characterized by an
extensive hydration that largely preserves primary textures and bulk chemical composition. The
penetrative fabric when present is restricted to narrow domains of up to few meters, and
igneous textures are identified in adjacent non-deformed domains. Metamorphic assemblages
consist of variable proportions of Mg-cummingtonite, serpentine, talc and magnetite in
ultramafic rocks, and hornblende and/or actinolite-tremolite, clinozoizite, chlorite, micas, albite

and minor quartz in mafic rocks.

The compositional range of cumulus olivine (Fogo5.857) is consistent with a moderately
primitive composition for the parental magma of the Lago Grande Complex. Cryptic variation of
olivine in the Ultramafic Zone suggests the existence of one major compositional reversal
interpreted as resulting of open-system crystallization involving replenishment by new primitive

magma pulses. The sequence of crystallization in the Lago Grande Complex, consisting of



olivine + chromite, orthopyroxene + chromite, orthopyroxene, orthopyroxene + plagioclase and
orthopyroxene + plagioclase + clinopyroxene, suggests that the parental magma was silica
saturated. Mantle-normalized alteration-resistant trace element profiles of gabbroic rocks of the
Lago Grande Complex are fractionated, as indicated by relative enrichment in LREE and Th,
with pronounced negative Nb and Ta anomalies. Nd isotopic data obtained for both mafic and
ultramafic lithotypes render Nd model ages between 2.94 and 3.56 Ga, with variably negative
ENd (T-272 Ga) Values (-0.32 to -4.25). The crystallization sequence of the intrusion and the
composition of cumulus minerals, together with lithogeochemical and Nd isotopic results, are

consistent with an original mantle melt contaminated with older continental crust.

Different styles of PGE mineralization occur in the Lago Grande Complex, as indicated
by PGE mineralization associated with sulfide-poor chromitite, sulfide-bearing harzburgite and
venulated sulfide-bearing altered rocks. The latter is considered to result from hydrothermal
remobilization of the chromitite-hosted and/or sulfide-bearing magmatic mineralization. In
sulfide-poor chromitite of the Lago Grande Complex the PPGE are highly enriched and show a
negative slope in mantle-normalized profile for PGE contents, whereas IPGE are moderately
enriched and show a positive slope. Normalized profile of the chromitite sample from the Lago
Grande Complex is generally similar to profiles from Middle Group (MG) and Upper Group (UG)
chromitites from the Bushveld Complex, and very close to profiles and overall contents of the
MG-4 chromitites. Platinum group minerals (PGM) occur mainly at the edge of chromite crystals
in the Lago Grande chromitite, consisting mainly of arsenites and sulfo-arsenites. Sulfide-
bearing harzburgite samples with well preserved igneous mineralogy of the Lago Grande
complex have low Pt/Pd (0.2 to 0.3) and high Pd/Ir (116.7 to 170.0) ratios. These ratios are very
distinct from those obtained in the chromitite sample, thus suggesting that PGE contents in
sulfide-bearing harzburgites and chromitites result from different magmatic concentration
processes. Altered and venulated sulfide-bearing harzburgite samples from the Lago Grande
complex have highly variable PGE contents. This variation is indicated by Pt/Pd ratio (< 0.02 to
8.0) and Pd/Ir ratio (5.0 to 810.0), suggesting that PGE were mobile and fractionated during
hydrothermal alteration. Preliminary studies of PGM in venulated samples from the Lago
Grande complex identified several minerals with variable contents of Cl and Bi. Mineralogical
results in venulated and altered sulfide-bearing rocks suggest that Cl-bearing saline
hydrothermal fluids, similar to those considered to be associated with the origin of both
NeoArchean |IOCG deposits and smaller Paleoproterozoic Cu-Au-W-Bi deposits in the Carajés

Mineral Province, may be involved in the PGE remobilization by hydrothermal fluids.

The 2722153 Ma U-Pb zircon age determined in this study for the Lago Grande
Complex overlaps with the crystallization age of the Luanga Complex. This result supports the
interpretation that layered intrusions in the eastern portion of the Carajas region result from
coeval magmatic events. Similar styles of magmatic PGE mineralization, including PGE

associated with sulfide-poor chromitites and PGE associated with disseminated sulfides in



ultramafic cumulates, occur in the coeval Luanga and Lago Grande complexes. PGE profiles for
chromitites of the Lago Grande and Luanga complexes are remarkably similar suggesting that
the same parental magma and/or magmatic concentration process were involved. The
distribution of different styles of magmatic PGE mineralization in these two complexes, as well
as in other intrusions located in the eastern portion of the Carajas Mineral Province, support the
concept that they belong to a PGE-enriched mafic-ultramafic magma type, designated the Serra
Leste Magmatic Suite. These layered complexes crystallized from siliceous high magnesian
basaltic magmas, similar to the parental liquids to the world's principal PGE-sulfide deposits,

such as those hosted by the Bushveld and Stillwater complexes.

Keywords: Carajas, PGE, layered intrusion, geochronology, lithogeochemistry



1. Introduction

The PGE-mineralized Lago Grande and Luanga complexes are part of a
cluster of layered mafic-ultramafic intrusions located in the eastern part of the
Carajas Mineral Province (CMP). This cluster of mafic-ultramafic intrusions,
denominated Serra Leste Magmatic Suite (Ferreira Filho et al., 2007), is
characterized by frequent PGE mineralizations of different styles. Magmatic
PGE mineralizations are located close to the epigenetic Serra Pelada Au-PGE
deposit (Grainger et al., 2002). This led to the suggestion that a fertile
magmatism for PGE mineralization intruded the eastern part of the CMP
(Ferreira Filho et al., 2007). Even though these layered intrusions were target
for mineral exploration since the 80", published data is limited and so far
restricted to the Luanga Complex. Therefore the geological, petrological and
metallogenetic characteristics of the Serra Leste Magmatic Suite are loosely

defined and mainly based on unpublished mineral exploration results.

This study consists of a geological, geochemical and geochronological
characterization of the Lago Grande Complex and associated PGE
mineralization. Results for the Lago Grande Complex obtained in this study are
compared to published data for the Luanga Complex and provide key features
supporting that PGE-mineralized layered intrusions in the Serra Leste region
are linked to a specific magmatic suite. These closely associated PGE-
mineralized intrusions suggest the existence of relatively PGE-enriched mafic-
ultramafic magmatism in eastern portion of the Carajas Mineral Province.
Because mafic-ultramafic magmas with abnormally enriched PGE content are
uncommon, the slightly enriched Pt content in some marginal rocks of the
Bushveld Complex (Barnes et al.,, 2010) and the small Permian Jinbaoshon
ultramafic sill in China (Wang et al., 2010) are rare examples, the tectonic
setting and mantle process involved in the origin of the Serra Leste Magmatic
Suite are discussed in this study.



2. Regional Setting

2.1 The Carajas Mineral Province

The Carajas Mineral Province (CMP), located in the southeastern portion
of the Amazonian Craton (Fig. 1A), is divided in two distinct domains: Rio Maria
Domain to the south and ltacaiinas Domain to the north (Aradjo et al., 1988;
Huhn et al., 1988). The ltacaiunas Domain (Fig. 1B) is best known for hosting
several world-class deposits (Docegeo, 1988), including the largest iron ore
deposit in the world, as well as several Cu-Au and Ni world-class deposits. The
CMP is bordered to the east by the Neoproterozoic Araguaia Belt and to the
west by overlying Paleoproterozoic sequences of the Uatuma Supergroup
(Docegeo, 1988; Araujo and Maia, 1991). Geological limits to the south, where
typical granite-greenstone terrains occur of the Rio Maria Domain occur, and to
the north, where Paleoproterozoic gneiss-migmatite-granulite terrains

predominate, are not precisely defined.
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Archean basement of the CMP consists mainly of gneiss, migmatite and
minor granulite, generally related to the Xingu Complex (Docegeo, 1988). U-Pb
zircon dating of high-grade metamorphic rocks yielded Archean ages, 2859+9
Ma for edembergites of the Pium Complex (Pidgeon et al., 2000) and 2859+2
Ma for migmatites of the Xingu Complex (Machado et al., 1991). These are
interpreted to represent ages of metamorphic recrystallization.

The Itacailnas Supergroup includes several Archean (ca. 2.75 Ga;
Machado et al., 1991; Trendall et al., 1998) volcano-sedimentary sequences
(Docegeo, 1988). These include the large sequence of metabasalts of the Grao
Para Group, footwall to the jaspilite-hosted, giant iron deposits of Carajas
(Docegeo, 1988). This extensive basaltic volcanism is usually considered to
result of intra-plate rifting of older continental crust (Gibbs et al., 1986;
Olszewski et al., 1989; Villas and Santos, 2001) but subduction-related
environments have also been proposed (Dardenne et al., 1988; Teixeira and
Eggler, 1994).

The Rio Fresco Group (Docegeo, 1988) or Aguas Claras Formation
(Aratjo et al.,, 1988; Soares et al., 1994) is a low-grade metamorphic
sedimentary sequence. This sequence of clastic sedimentary rocks, comprising
mainly sandstone and siltstone formed in shallow marine to fluvial environment
(Nogueira et al., 1994; 2000), covers different sequences of the ltacailnas
Supergroup. The U-Pb zircon age of 2645+12 Ma for gabbroic dikes cross
cutting the Aguas Claras Formation provides a minimum age for this
sedimentary sequence (Dias et al., 1996).

The CMP was intruded by granititic magmas of distinct ages and
compositions. These intrusions are mainly correlated to three distinct periods.
Archean (ca. 2.74-2.76 Ga) intrusions include the Plaqué Suite, as well as the
Planalto, Estrela and Serra do Rabo granites (Avelar et al., 1999; Dall’Agnol et
al., 1997; Barros et al., 2001). Younger (ca. 2.56 Ga) intrusions include granites
like the Old Salobo (Machado et al., 1991) and Itacailunas intrusions (Souza et
al., 1996). Paleoproterozoic (ca. 1.88 Ga) intrusions include several anorogenic
granitic plutons (Machado et al., 1991; Dall'Agnol et al., 1997) that belong to an
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extensive A-type Proterozoic province of the Amazon Craton (e.g., Santos et
al., 2001).

Several mafic-ultramafic complexes intrude the Xingu Complex or the
Itacailinas Supergroup (Docegeo, 1988). These intrusions include large Ni-
mineralized layered intrusions of the Cateté Suite and the PGE-mineralized
Luanga Complex (Ferreira Filho et al., 2007). The latter crystallized at 276316
Ma (Machado et al., 1991) and is coeval with the extensive mafic magmatism of
the ltacaiunas Supergroup.

The structural evolution of the CMP is attributed to the development of
regional E-W trending, steeply dipping fault zones, reactivated in several

episodes in the Archean and Paleoproterozoic (Holdsworth and Pinheiro, 2000).

The Paleoproterozoic (ca. 1.87-1.88 Ga) extension event of the
Amazonian Craton is indicated by dyke swarms in the CMP (Rivalenti et al.,
1998).

2.2 The Serra Leste Magmatic Suite

The Serra Leste Magmatic Suite (Ferreira Filho et al., 2007) consists of a
cluster of small- to medium-size layered mafic-ultramafic intrusions located in
the eastern part of the CMP (Fig. 2). Mafic-ultramafic complexes are intrusive
into gneiss and migmatite of the Xingu Complex and/or volcanic-sedimentary
rocks of the Itacailnas Supergroup (known as Rio Novo Group in the region;
see Fig. 2). The regional distribution of intrusions considered to be part of the
Serra Leste Magmatic Suite is loosely constrained. They were grouped based
on the presence of PGE mineralization or PGE anomalies, disregarding any
geological, stratigraphic or petrological consideration. During early exploration
for PGE deposits nearby the Luanga Complex, these intrusions have been
interpreted as tectonically dismembered segments of a single large intrusion.
However, the different stratigraphic sequences of three PGE-mineralized
medium-size layered complexes (e.g. Luanga, Formiga and Lago Grande) in
the Serra Leste region (Fig. 2) indicate that they are separate intrusions
(Ferreira Filho et al., 2007).
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The PGE-mineralized Luanga Complex is the only intrusion of the Serra
Leste Magmatic Suite with published data (Medeiros Filho and Meireles, 1985;
Suita, 1988; Diella et al., 1995; Ferreira Filho et al., 2007). The Luanga
Complex is a medium-size (~ 18 km? mafic-ultramafic intrusion hosting
stratabound PGE-Ni mineralization (Ferreira Filho et al., 2007; 2010). Based on
U-Pb zircon age of gabbroic rocks (2763 + 6 Ma; Machado et al., 1991) the
Luanga Complex is considered to be coeval with the extensive bimodal
volcanism of the Grao Para Group (ca. 2.75 Ga; Machado et al., 1991; Trendall
et al., 1998). The PGE-Ni mineralization is hosted in orthopyroxenite and
harzburgite located in the transition from a lower ultramafic zone to an upper
zone of interlayered ultramafic and mafic cumulates. PGE-Ni mineralization
occurs in a continuous (~ 5 km) and thick (10-50 meter-thick) layer of
disseminated (1-3 vol. %) base metal sulfides. Anomalous PGE content also

occurs in massive chromitites of the Luanga Complex (Diella et al., 1995).
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3. Analytical Procedures
3.1 Microprobe analyses

Mineral analyses were performed on polished thin section using a 5-
spectrometer JEOL JXA-8230 SuperProbe at the Electron Microprobe
Laboratory of the University of Brasilia (Brazil). The wavelength dispersive
(WDS) analyses were performed at an accelerating voltage of 15 kV and a
beam current of 10 nA. Both synthetic and natural mineral standards were used
for the analyses and the same standards and procedure were retained
throughout. Fe®** contents were estimated using site and charge balance
calculations on cation-normalised analyses. Routine analyses (EDS) of several
minerals were also used to support petrographic studies. Systematic WDS
analyses were obtained for olivine, orthopyroxene, clinopyroxene, and
plagioclase. Tables 01 and 03 show representative analyses of olivine,
orthopyroxene and plagioclase.

3.2 Bulk rock analyses

Sample preparation and lithogeochemistry analyses were performed at
the ALS Chemex (Canada). A total of 16 representative samples from outcrops
and from one diamond borehole were analysed using three different
procedures. These include the whole rock package plus LOI (ALS Chemex
codes: ME-XRF12st and OA-GRAO05x), total S plus total C (ALS Chemex
codes: S-IR08 and C-IR07) and 38 elements fusion ICP-MS package (ALS
Chemex code: ME-MS81). A complete description of analytical methods is
available in the ALS Chemex Home Page (www.alsglobal.com). Results for
these 16 samples are shown in Table 04.

3.3 Sm-Nd isotopic analyses

Sm-Nd isotopic analyses followed the method described by Gioia and
Pimentel (2000) and were carried out at the Geochronology Laboratory of the
University of Brasilia. Whole rock powders (ca. 3000 mg) were mixed with
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149Sm-150Nd spike solution and dissolved in Savillex bombs. Sm and Nd
extraction of whole-rock samples followed conventional cation exchange
technigues. Sm and Nd samples were loaded on Re evaporation filaments of
double filament assemblies and the isotopic measurements were carried out on
a multi-collector Finnigan MAT 262 mass spectrometer in static mode.
Uncertainties for Sm/Nd and 143Nd/144Nd ratios are better than +0.5% (2 0)
and +0.005% (2 o), respectively, based on repeated analyses of international
rock standards BHVO-1 and BCR-1. The 143Nd/144Nd ratios were normalized
to 146Nd/144Nd of 0.7219 and the decay constant used was 6.54 x 10-12 a-1.
The TDM values were calculated using the model of DePaolo (1981). Nd
procedure blanks were better than 100 pg. Sm-Nd results for 12 samples are

shown in Table 5.

3.4 LA-ICPMS U-Pb zircon analyses

Zircon concentrates were extracted from ca. 10 kg rock samples using
conventional gravimetric and magnetic techniques at the Geochronology
Laboratory of the University of Brasilia. Mineral fractions were handpicked
under a binocular microscope to obtain fractions of similar size, shape and
color. For in situ U-Pb analyses, hand-picked zircon grains were mounted in
epoxy blocks and polished to obtain a smooth surface. Before every micro-
analytical procedure, mounts were cleaned with dilute (ca. 2%) HNOs.
Backscattered electron and cathodoluminescence images were obtained using
a FEI-QUANTA 450 SEM working at 15 kV at the University of Brasilia.

For U-Pb isotopic LA-ICPMS analyses, the sample was mounted in an
especially adapted laser cell and loaded into a New Wave UP213 Nd:YAG laser
(A = 213 nm), linked to a Thermo Finnigan Neptune Multi-collector ICPMS.
Helium was used as the carrier gas and mixed with argon before entering the
ICP. The laser was run at a frequency of 10 Hz and energy of ~100 mJ/cm? with
a spot diameter of 30um for U-Pb systematics. The U-Pb LA-ICPMS analyses
followed the analytical procedure described by Buhn et al. (2009) and were

carried out at the Geochronology Laboratory of the University of Brasilia.
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Two international zircon standards were used. A fragment of zircon
standard GJ-1 (Jackson et al., 2004) was used as the primary reference
material in a standard-sample bracketing method, accounting for mass bias and
drift correction. The resulting correction factor for each sample analysis
considers the relative position of each analysis within the sequence of 4
samples bracketed by two standard and two blank analyses each (Albarede et
al., 2004). An internal standard was run at the start and at the end of each
analytical session, yielding accuracy around 2% and a precision in the range of
1% (10). Uncertainties in sample analyses were propagated by quadratic
addition of the external uncertainty observed for the standards to the
reproducibility and within-run precision of each unknown analysis. Zircon grains
with 206Pb/204Pb lower than 1000 were rejected. Plotting of U-Pb data was
performed using ISOPLOT v.3 (Ludwig, 2003) and errors for isotopic ratios are
presented at the 10 level. U-Pb results for sample LU-SI-20B are shown in
Table 6.

3.5 PGE and PGM analyses

Sample preparation and PGE analyses were performed at the ALS
Chemex (Canada). A total of 05 samples from boreholes were selected based
on Pt-Pd exploration data, for PGE+Au analyses. These were performed using
pre-concentration and neutron activation analyses (ALS-CHEMEX code PGM-
NAA26). A complete description of analytical methods is available in the ALS
Chemex Home Page (www.alsglobal.com). Results for these 05 samples are
shown in Table 07.

Description and analyses of PGM by Scanning Electron Microscopy
(SEM) were developed in FURNAS Laboratory (LEICA SEM model S440i with
and Oxford EDS) and in the LabMic Laboratory of the Universidade Federal de
Goias (JEOL SEM model JSM 6610). PGM results are shown in Table 8.
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4. The Lago Grande Layered Mafic-Ultramafic Complex

4.1 Geology

This study provides the first published geological-stratigraphic description
of the Lago Grande layered complex. Geological maps (Figs 3 and 4) and
section (Fig. 5) are mainly based on extensive mapping and drilling data
developed by VALE for exploration programs in the region. The Lago Grande
Complex consists of a 12-km-long and average 1.7-km-wide NE trending
sequence of layered mafic-ultramafic rocks (Fig. 3). This layered sequence is
truncated by the EW trending Cotia shear zone in the northeastern portion. Host
rocks of the Lago Grande Complex consist of highly foliated gneiss, migmatite
and amphibolite of the Xingu Complex in the south. To the north the complex is
limited by metavolcanic rocks of the Rio Novo Group and a metadiorite body
interpreted as a granitoid of the Estrela Suite. Host rocks are poorly exposed in
the contact zone, and geological contacts are partially based on soil
geochemistry and geophysical surveys.

Poorly exposed magnetite-bearing rocks occur close to the upper
(northwestern) contact of the Mafic Zone (Fig. 3). This sequence of magnetite-
bearing mafic rocks is well defined by ground magnetometric surveys, and
consists mainly of fine to medium-grained plagioclase, actinolite/hornblende and
magnetite crystals. Rocks with distinct foliation and nematoblastic texture
(amphibolite) occur associated with massive rocks with intergranular to
subophitic texture. They were previously (e.g. VALE's internal reports)
interpreted to represent an upper and more fractionated portion of the Mafic
Zone. They are however re-interpreted in this paper as part of the Vila Nova

volcanic sequence.

Several NNW diabase dykes cross cut the Lago Grande Complex and
host rocks (Fig. 3). These dykes are up to several meters-wide and belong to a
regional swarm of magnetic mafic dykes. These dykes have an aphanitic chilled
margin, usually few millimeter-wide, with fine to medium grained intergranular to

ophitic texture in the central portions. They consist mainly of clinopyroxene,
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olivine and plagioclase, with accessory Ti-magnetite. Primary igneous minerals

are largely preserved, with minor alteration of clinopyroxene to chlorite and Ti-

magnetite to titanite. Thin dykes with intersected texture consist of

microphenocrysts of olivine, clinopyroxene and plagioclase within an aphanitic
matrix. Olivine microphenocrysts consist of corroded euhedral crystals altered
to a reddish fine-grained aggregate (iddingsite).
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of the weathering profile (saprolite or partially weathered rocks).

Outcrops of mafic-ultramafic rocks of the Lago Grande Complex consist
mainly of massive blocks and boulders scattered in a flat lying area of cattle
ranches (Fig. 6A). Mafic cumulates predominate and ultramafic cumulates are
restricted to a 5-km-long zone in the eastern portion of the Lago Grande
Complex (Fig. 3). Primary igneous textures are largely preserved but primary
igneous minerals are partially to extensively altered to metamorphic minerals.
Extensive drilling in the central portion of the complex exposed complete
sections of the layered sequence (Figs. 4 and 5). In this portion of the Lago
Grande Complex, the layered sequence consists of an Ultramafic Zone to the
southeast, and a Mafic Zone to the northwest. Geological sections defined by
drilling (Fig. 7) indicate that igneous layers have moderate dip to the SE, such
that the Ultramafic Zone overly the Mafic Zone. Geological sections based on
drilling together with petrological data (to be discussed in following sections)
suggest that the layered sequence is overturned. Even though tectonic
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processes leading to this overturned sequence layered rocks are not discussed
in this paper, and robust structural data of regional structures in this region are
not available, the layered sequence is described as overturned in the following
descriptions. An overturned layered sequence was also described for the
Luanga Complex (Ferreira Filho et al., 2007), suggesting the existence of
regional scale structures leading to large overturned blocks in the Serra Leste
region, a subject to be further addressed in the discussion of this paper.

4.1.1 The Ultramafic Zone

The Ultramafic Zone, about 4 km long and 500 meter wide, is restricted
to the NE portion of the complex. It comprises an up to 250 meter-thick
sequence of interlayered harzburgite and pyroxenite at the base (e.g.
considering an overturned sequence) and pyroxenite at the top. The
southeastern contact (lower contact) of the Ultramafic Zone with the Xingu
Complex is poorly exposed. The contact with the overlying Mafic Zone is also
poorly exposed in the field, but is well exposed in several drilling sections. This
contact is gradational and characterized by a dozen of meters thick sequence of
interlayered pyroxenite and mafic rocks.

Olivine-bearing rocks are mainly harzburgite consisting of olivine (Ol),
orthopyroxene (Opx), minor clinopyroxene (Cpx) and accessory chromite. The
relative amount of Ol and Opx is variable, from dunite (Ol + Chr cumulate) to Ol
orthopyroxenite (Ol + Opx + Chr cumulate). Different lithotypes (dunite,
harzburgite, Ol orthopyroxenite) occur interlayered in scales that vary from few
centimeters to several meters. Primary igneous textures vary accordingly, from
adcumulate in dunite to meso or orthocumulate in harzburgite. The latter is
usually characterized by highly absorbed anhedral Ol crystals enclosed in larger
poikilitic Opx crystals. Coarse-grained (up to several centimeters) anhedral Opx
crystals with irregular distribution in medium-grained harzburgite (Fig. 6B and
6C) form breccia-like structures in outcrops. These structures are likely to
represent zones with abundant trapped intercumulus liquid, possibly partially
remobilized from the cumulate pile. Most harzburgites consist of larger anhedral
Opx crystals, frequently enclosing partially absorbed anhedral Ol, surrounded

21



by aggregates of medium-grained euhedral Ol crystals (Fig. 6D). Chromite is a
ubiquitous accessory mineral (about 2-3 vol. %) in harzburgite and Ol

orthopyroxenite, suggesting cotetic crystallization.

Orthopyroxenite are medium- to coarse-grained rocks with adcumulate to
mesocumulate texture, the latter characterized by interstitial plagioclase (PI)
and/or minor Cpx. Chromite occurs frequently, but not always, as an accessory
mineral (< 2 vol. %). This indicates the upward transition from Opx + Chr

cumulates to Opx cumulates in the Ultramafic Zone.

Primary igneous minerals are partially to extensively replaced by
metamorphic assemblages. Metamorphic alteration is heterogeneous and
extensively replaced rocks are closely associated with rocks with primary
igneous minerals. Rocks with extensively replaced igneous minerals usually
preserve primary textures, frequently as pseudomorphs of Ol replaced by Mg-
cummingtonite, serpentine and magnetite and pseudomorphs of Opx replaced
by Mg-cummingtonite, talc and serpentine. Metamorphic assemblage replacing
orthopyroxenite with interstitial plagioclase are characterized by the presence of
chlorite, usually forming aureoles around larger pseudomorphs of Opx replaced
by Mg-cummingtonite, talc and serpentine. Metamorphic assemblages of
ultramafic rocks indicate physical conditions that reached temperatures
equivalent of the amphibolite facies of regional metamorphism.  Exploration
assays of core samples (sampled at 1 meter-long interval) provide the
chemostratigraphy of the Ultramafic Zone. This is illustrated in Figure 7 by the
variation of Ni content throughout the stratigraphy in Drill Hole FD26. Ni
contents in the Ultramafic Zone are positively correlated to the amount of olivine
or olivine pseudomorphs. Harzburgite has Ni contents above 1,000 ppm (up to
2,500 ppm in thin dunite layers intercepted in few drill holes), whereas
orthopyroxenite has Ni contents below 500 ppm. Interlayered harzburgite and
pyroxenite at the base of the Ultramafic Zone is characterized by overall higher
Ni contents and sharp variation in Ni contents (Fig. 7). Pyroxenite at the top of
the Ultramafic Zone has lower Ni contents and is characterized by a gradational

transition to gabbroic rocks of the Mafic Zone (Fig. 7).
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Fig. 6. A) Boulders of ultramafic rocks of the Lago Grande Complex. B)
Harzburgite. Large Opx oikocrysts within domains of medium-grained Opx+Cpx
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(whitish color). See sample 04 in Fig. 4 for location. C) Detail of the medium-

grained domains of the previous photo. D) Harzburgite. Detail of Opx oikocrysts

(with inclusion of anhedral Ol) and euhedral (black color due to serpentinization)

Ol. E) Harzburgite. Photomicrograph of large Opx oikocryst enclosing several

olivine (OIl) anhedral crystals and chromite (opaque) euhedral crystals. F)

Orthopyroxenite. Photomicrograph of an aggregate of Opx crystals with minor

associated white to pale green amphibole crystals. G) Medium-grained gabbroic

rock consisting of anhedral pyroxene (black) and tabular plagioclase (whitish

color). See sample 08 in Fig. 4 for location. H) Pegmatoid gabbroic pod from the

same outcrop of the previous photo.
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Fig. 7. Ni content for Drill Hole FD26. See Fig. 4 for captions and location of drill

hole.
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4.1.2 The Mafic Zone

The Mafic Zone comprises most of the Lago Grande Complex. It consists
of a monotonous sequence of gabbroic rocks with an estimated thickness of up
to 1,000 meters in the central part. Most of the sequence consists of massive
medium-grained gabbroic rocks (Fig. 6G), consisting of anhedral pyroxene
pseudomorphs and variably altered tabular plagioclase. Because pyroxene
crystals are pervasively altered in the studied gabbroic rocks, optical and
chemical (see mineral chemistry section in this study) identification (i.e., Opx
and/or Cpx) are not possible. These rocks are therefore described as Pl and
pyroxene cumulates and discussions on the composition of pyroxenes will be

addressed together with chemical data.

Elongated pods or irregular dykes of pegmatoid gabbroic rocks, up to
several meters wide, occur associated with medium-grained gabbroic rocks
(Fig. 6H). These pegmatoidal rocks consist of coarse-grained plagioclase and
pyroxene crystals associated with accessory fine-grained apatite and quartz, as
well as minor zircon. Pegmatoidal pods are interpreted as resulting of later
crystallization of trapped intercumulus liquid. Ductile shear zones eventually
truncate massive gabbroic rocks. Within these sheared zones, which are up to
several meters wide, gabbroic rock developed a distinct foliation, frequently

defined by elongated plagioclase and pyroxene crystals.

Primary igneous minerals are partially to extensively replaced by
metamorphic assemblages in the Mafic Zone. Igneous plagioclase is
extensively altered to a fine-grained aggregate of clinozoizite, micas, albite and
minor quartz. Relicts of igneous plagioclase are just eventually preserved,
usually in small portions of large crystals. Igneous pyroxene is pervasively
altered to a fine-grained aggregate of amphiboles (hornblende and/or actinolite-
tremolite) and chlorite. Metamorphic assemblages of gabbroic rocks indicate
physical conditions that reached temperatures equivalent to the amphibolite

facies of regional metamorphism.
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4.2 Mineral Chemistry

Systematic studies of mineral composition of cumulus minerals of the
Lago Grande Complex are limited due to extensive alteration of the igneous
assemblage. Olivine and Opx were analyzed on samples of harzburgite
throughout drill hole FD26. Plagioclase crystals were analyzed on 3 samples of
gabbroic rocks from outcrops and 1 sample from drill hole FD26. Limited
quantitative analyses of amphiboles and qualitative (EDS) analyses of several
minerals were performed to support petrographic descriptions. Representative
analyses of olivine, orthopyroxene and plagioclase are reported in Tables 1-2-3.

Detailed sampling (20 drill core samples) and petrographic studies of drill
hole FD26 provided for chemical analyses 7 samples with igneous Ol and 4
samples with igneous Opx. Compositional variation of Ol and Opx with
stratigraphic height (Fig. 8) in drill hole FD26 is limited to samples of harzburgite
located in the central portion of the Ultramafic Zone. In these samples Ol
compositions range from Fogs7 t0 Fo0gp4 indicating moderately primitive
compositions. Compositional variation of olivine with stratigraphic height
(considering an overturned stratigraphy) indicates a more fractionated
composition for the lowermost analyzed harzburgite (Fosz>5 to Fogp.4), followed
by an interval where Ol compositions have very limited compositional variation
(Fogso to Fogs7). In the latter the compositional variation of olivine shows a
general upward fractionation trend (e.g. decrease in Fo content). Ni contents in
olivine range from 1900-3700 ppm and are positively correlated with Fo content.
Opx compositions in harzburgite, limited to 4 samples, do not match perfectly
the fractionation trend defined by olivine compositions. Compositional variation
of Opx with stratigraphic height indicates a more fractionated composition for
the lowermost analyzed harzburgite (Engz), followed by three samples where
Opx compositions have very limited compositional variation (Engzg to Engss).
These features are consistent with olivine composition for this stratigraphic
interval, except for the fact that Opx compositions do not show a general
upward fractionation trend. Distinct compositional trends for Ol and Opx
compositions in these three samples are likely to result from samples where
Opx is an intercumulus mineral. Opx crystals have ubiquitous exsolution
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lamellae or irregular blebs of Cpx, resulting in highly variable CaO contents for
individual samples. To reduce scattering of the data, analyses with CaO content
higher than 2.0 wt. % were disregarded during the interpretation of
compositional variation with stratigraphic height. Opx crystals have Al.O3
contents < 2.6 wt.%, and highly scattered contents of TiO, (< 0.25 wt.%), NaxO
(< 0.14 wt.%) and Ni (< 900 ppm).

Table 01 — Representative analyses of olivine. Harzb = harzburgite.
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Table 02 — Representative analyses of orthopyroxene. Harzb = harzburgite.

Table 03 — Representative analyses of plagioclase.




Due to extensive alteration compositions of igneous plagioclase were
obtained just for 4 samples. These samples, located in different stratigraphic
positions of the Mafic Zone, show a wide compositional range from Angzg to
Anys 7. Plagioclase crystals with the most primitive compositions (Angz.9t0 Anes 1)
were analyzed in a gabbroic sample (drill core FD26 - 260.5 meter) from the
lower part of the Mafic Zone, located about 50 meters above the contact with
the Ultramafic Zone. Plagioclase crystals with the most fractionated
compositions (Ansgsto Angs ;) were analyzed in a gabbroic sample (Sample 12
in Fig. 04) from the upper portion of the Mafic Zone. The latter corresponds to
the sample with preserved igneous plagioclase located in the uppermost
stratigraphic position within the Mafic Zone of the Lago Grande Complex.

Plagioclase compositions throughout the Mafic Zone suggest
fractionation from moderately primitive compositions at the base (SE in Fig. 04)
to more fractionated compositions toward the upper part (NW in Fig 04).

FD26
Drill Hole Olivine Olivine Orthopyroxene
0 _ .
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200 ! | i
75 80 85 920 1000 2000 3000 4000 75 80 85 90
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Fig. 8. Compositional variation of olivine and orthopyroxene for Drill Hole FD26.
See Fig. 4 for captions and location of drill hole.
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4.3 Bulk Rock Geochemistry
4.3.1 Major and Minor Elements

Whole-rock chemical compositions of the Lago Grande Complex
samples are listed in Table 4. Variable amounts of loss on ignition reflect the
degree of alteration. Hence, the presented data are recalculated to anhydrous
compositions for major and minor elements. Because the Lago Grande
Complex consists of cumulate rocks, their major and minor element
compositions are dominantly controlled by the type of cumulus minerals. The
plot of major element oxides against MgO indicates the predominance of
olivine, pyroxene and plagioclase cumulates (Fig. 9).

Olivine-bearing rocks have MgO contents (anhydrous base) bracket
between 34.6 and 37.3 wt. %, consistent with the predominance of harzburgite.
A comparison with the compositions of major constituent silicate minerals
reveals that the contents of SiO,, CaO, Al.O3;, Na>O and K>O in harzburgites
are not controlled just by the proportions of olivine and orthopyroxene in the
rocks (Fig. 9). Contents of Al,O3, CaO and K,O above the OI-Opx tie lines, and
SiO2 below the OI-Opx tie lines, result from the presence of minor intercumulus
Cpx and phlogopite. The contents of Ni and Cr in harzburgites are controlled by
olivine and accessory chromite, respectively (Fig. 10). CroO3 contents (between
0.19 and 0.52 wt. %) are consistent with the occurrence of cumulus chromite in
harzburgites.

Two samples of orthopyroxenites have MgO contents (anhydrous base)
of 19.0 and 23.3 wt. %. These samples are partially to highly transformed Opx
cumulates with minor intercumulus Pl. A comparison with the compositions of
major constituent silicate minerals in orthopyroxenites (Fig. 9) is hampered by
the fact that Opx crystals were analyzed just in harzburgite samples, which are
expected to be more primitive (e.g. higher En content) than Opx crystals in
orthopyroxenite. CroO3 contents (up to 0.29 wt. %) are consistent with the
occurrence of cumulus chromite in orthopyroxenite samples (Opx + Chr

cumulate).
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Gabbroic rocks are characterized by low MgO contents (< 10 wt. % in
anhydrous base). A comparison with the compositions of major constituent
silicate minerals in gabbroic rocks (Fig. 9) is also hampered by the fact that Opx
were analyzed just in harzburgite. Nevertheless, contents of Al,O3; and Na,O
below the PI- crystals were Opx tie lines, and K-O well above the PI-Opx tie
lines, suggest the common presence of minor K-feldspar and phlogopite (Fig.
9). Just the latter was eventually identified in partially to extensively altered
gabbroic rocks. High TiO, content in two samples of gabbroic rocks (up to 1.1
wt. %) is consistent with the occurrence of accessory Fe-Ti oxides in few
samples (Fig. 10).

CaO-Al,O3; plot suggests that gabbroic rocks consist of Pl+Opx or
Pl+Opx+Cpx (Fig. 11). This is consistent with a crystallization sequence
characterized by Opx cumulates (orthopyroxenite) in the base, and
Opx+Cpx+Pl cumulates in the top.
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Fig. 9. Plot of MgO versus major element contents for rocks of the Lago Grande
Complex. Data from Table 4 recalculated to anhydrous compositions.
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Compositions of plotted OIl, Opx and Pl correspond to microprobe analyses

reported in this study. Ol and Opx crystals were analyzed in harzburgite,

whereas Pl crystals were analyzed in gabbroic rocks. * Corresponds to sample

LUSL19 (mafic rock from the Rio Novo Group).
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Fig. 10. Plot of MgO versus minor element contents for rocks of the Lago

Grande Complex. Data from Table 4 recalculated to anhydrous compositions. *

Corresponds to sample LUSL19 (mafic rock from the Rio Novo Group).
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Fig. 11. Al,03-CaO plot for rocks of the Lago Grande Complex. Data from Table
4 recalculated to anhydrous compositions. Compositions of plotted Opx and PI
correspond to microprobe analyses reported in this study, whereas plotted Cpx
corresponds to expected composition of Cpx in gabbroic rocks. * Corresponds
to sample LUSL19 (mafic rock from the Rio Novo Group).

As a reconnaissance exercise, the composition of one mafic sample from
the Rio Novo Group (LUSL19) was considered in this study. This sample has
subophitic texture and is interpreted as a mafic sill or internal portion of a thick
volcanic flow. Major and minor element contents indicate a composition of
fractionated sub-alkaline basalt, characterized by low MgO/(MgO+FezO3 total)
ratio (0.34), moderate Ni (114 ppm) and Cr (350 ppm) contents, and high TiO,
content (1.04 wt. %). The latter is consistent with accessory magnetite with
abundant exsolution lamellae of iimenite in sample LUSL19.

4.3.2 Trace Elements

Mafic-ultramafic rocks of the Lago Grande Complex have relatively low
contents of incompatible trace elements (Table 4), which are expected for
olivine, pyroxene and plagioclase cumulates. Variations in contents of
incompatible trace elements in mafic-ultramafic cumulates in layered complexes

result from the combined effect of variable assemblages of cumulate minerals,
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fractionation of the parental magma and variable amounts of trapped
intercumulus liquid (Barnes, 1986; Ferreira Filho et al., 1998).

Table 04 — Whole rock analyses of representative samples from the Lago

Grande Complex. Gbr = gabbroic rock; Opxt = orthopyroxenite; Hzb =

harzburgite. Sample LUSL19 is a mafic rock from the Rio Novo Group.




Distinct mantle-normalized rare earth element (REE) profiles characterize
different cumulate rocks of the Lago Grande Complex (Fig. 12). REE profiles for
gabbroic rocks (Pl + pyroxene cumulates) have distinctively positive slopes for
LREE (e.g. progressive enrichment toward lighter REE), flat to slightly positive
slope for HREE, and distinct Eu anomalies (Fig. 12A and 12B). These features
are illustrated by samples of gabbroic rocks collected in a short interval (~ 20
meters apart) in drill hole FD26 (Fig. 12B). Sample LUSL26-240.50, a
leucocratic gabbroic rock characterized by abundant cumulus PI, has very steep
positive slope for LREE elements, the highest Eu anomaly, and overall low REE
contents. Distinct REE element content and REE profile for sample LUSL26-
240.50, compared to other gabbroic rocks, are likely to result from the combined
effect of greater amount of cumulus plagioclase and lesser amounts of trapped
intercumulus liquid in this sample. REE profiles for samples of orthopyroxenite
(Fig. 12C) and harzburgite (Fig. 12D) have positive slope for LREE and flat
distribution of HREE. REE profiles have distinct Eu anomalies for
orthopyroxenite (Fig. 12C) and for few harzburgite samples (Fig. 12D). REE
profiles of harzburgite, orthopyroxenite and gabbroic rocks indicate a
progressive increase in REE contents and positive LREE slopes. Whereas the
difference in LREE slopes result from the abundance of cumulus plagioclase in
gabbroic rocks, the overall increase in REE elements with stratigraphic height
are likely to result from the upward fractionation of the parental magma.

Contents for several highly incompatible high field strength cations,
including Ta, Nb, Th and Hf, in cumulate rocks of the Lago Grande Complex are
below detection limits for most samples (Table 4). In addition, contents for
several LILE (large ion lithophile element) are variable due to heterogeneous
effect of metamorphic/hydrothermal alteration in different samples. Mantle-
normalized lithophile trace element profiles of the Lago Grande Complex are
limited alteration-resistant trace elements and restricted to two samples of
gabbroic rocks with higher contents of incompatible trace elements (Fig. 13).
The profiles of gabbroic rocks very similar, except for Ti, Hf and Zr. Different
contents for these elements are explained by the occurrence of accessory
ilmeno-magnetita, which increase the Ti content, and traces of zircon, which

increases contents of Zr and Hf, in one gabbroic sample. Mantle-normalized
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alteration-resistant trace element profiles of gabbroic rocks are fractionated, as
indicated by relative enrichment in LREE and Th, with pronounced negative Nb
and Ta anomalies (Fig. 13). Both features are consistent with the presence of a
component from the continental crust; possibly due to assimilation during
ascend of the mafic-ultramafic magma, an issue to be addressed in the
discussion of this study.
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Fig. 12. Primitive mantle-normalized REE profiles for samples of the Lago
Grande Complex. A) Samples of gabbroic rocks from outcrops of the Mafic
Zone. Sample LUSL19 is a mafic rock from the Rio Novo Group. B) Samples of
gabbroic rocks from drill core FD26, located at the lowermost part of the Mafic

Zone. C) Samples of orthopyroxenite from drill core FD26. D) Samples of
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harzburgite from drill core FD26. Data from Table 4. Primitive mantle

normalization values are from Sun and McDonough (1989).
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Fig. 13. Primitive mantle-normalized alteration-resistant profiles for samples of
gabbroic rocks of the Lago Grande Complex. Sample LUSL19 is a mafic rock
from the Rio Novo Group. Data from Table 4. Primitive mantle normalization

values are from Sun and McDonough (1989).

Sample LUSL19, a mafic sill or internal portion of a thick volcanic flow of
the Rio Novo Group, has distinctively different content of trace elements
compared to mafic-ultramafic cumulates of the Lago Grande Complex (Fig. 12
and 13). This sample represents a composition of a mafic liquid, as indicated by
higher contents for most incompatible elements compared to mafic cumulates.
Mantle-normalized REE profile for sample LUSL19 is flat (La/Smy = 1.03),
whereas mantle-normalized alteration-resistant trace element profile is flat
except for distinctively lower contents of Nb and Th. Lithogeochemical
characteristics of sample LUSL19 will be compared with those from mafic-
ultramafic rocks of the Lago Grande Complex, as well as metavolcanic rocks of

the Rio Novo Group, in the discussions of this study.

4.4 Sm-Nd Systematics
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The Sm-Nd isotopic data of the Lago Grande layered intrusion as listed
in Table 05. Nd isotopic data obtained for both mafic and ultramafic lithotypes
render Nd model ages between 2.94 and 3.56 Ga, with variably negative eng
(T=2.72 Ga) Values (-0.32 to -4.25). Plotted against the stratigraphy, the Sm-Nd
data do not correlate with the layering sequence and, therefore the observed
small scale variation observed in eng values may be related merely to different
degrees of assimilation during the emplacement into an older continental crust.
Sample LUSL19, a mafic sill or internal portion of a thick volcanic flow of the Rio

Novo Group has positive eng (t-2.72 ca) Value (1.69).

4.5 U-Pb geochronology

Sample LUSL 20B was selected for U-Pb zircon dating and the analytical
results are presented in Table 6. This sample corresponds to a pegmatoid
leucogabbro, interpreted as representative of the most evolved rocks of the
Mafic Zone. Zircon grains are colorless and show a stubby prismatic habit with
subhedral shape and irregular surfaces. The crystals vary in size from 100 ym
to 300 um. Fractures and inclusions are common. BSE and CL imaging reveals
extremely complex internal zircon textures, with a dark, low luminescent cores,
surrounded by a bright outer part, which corresponds to relatively lower Th/U
ratios (Figure 14). However, these domains do not correlate with distinct U-Pb

ages.

U-Pb isotopic analyses render highly discordant U-Pb dates (Table 6;
Figure 15). Nevertheless, nineteen spot analyses define a Discordia line with an
upper intercept age of 2722+53 Ma (MSWD=17; Figure 15). The lower intercept
points toward Neoproterozoic dates (~600 Ma), a feature also observed by
Grainger et al. (2008) in the Formiga granite-hosted Au-Cu mineralization,
which is explained by the spatial proximity of the Araguaia Fold Belt,
outcropping a few kilometers to the east of the Lago Grande Complex. Other
remarkable feature is the cluster of concordant to slightly discordant dates at ca.
2.55 Ga (tentative Discordia upper intercept = 2553161 Ma, MSWD=13; Figure
15) which, in the Carajas Province, corresponds to the large-scale 10CG
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mineralizing event

metasomatism.

(Tallarico et

al.,

2005),

characterized by extensive

Fig. 14. True color CL images of selected zircon grains from sample LUSL-20,
showing low luminescent cores surrounded by irregular, bright rim. The location

of U-Pb spot analyses is also shown.

Fig. 15. LA-MC-ICPMS U-Pb plots
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Sample  |Sm(ppm) | Nd(ppm) |'/Sm/'*Nd| '"Nd/'"*Nd ["*Nd/'"“Nd)i| & & Tpm(Ga)

LUSL 19 2.386 7.239 0.1992 | 0.512769+/-24 | 0.508997 2.56 1.68

LUSL 20B 0.793 3.548 0.1351 [ 0.511458+/-20 | 0,509141 | -23.02 -1.14 3.10
LUSL 79.85 | 0.128 0.409 0.1899 | 0.512697+/-17 | 0,509256

LUSL 99.85 | 0.425 1.936 0.1327 | 0.511427+/-12 | 0,509010 | -23.62 -0.89 3.06
LUSL 117.45| 0.233 1.040 0.1353 | 0.511470+/-13 | 0,509006 | -22.78 -0.98 3.08
LUSL 134.05| 0.184 0.759 0.1467 | 0.511609+/-21 | 0.508937 | -20.07 232 3.31
LUSL 152.90 | 0.275 1.230 0.1351 [ 0.511467+/-52 | 0.509006 | -22.84 -0.96 3.08
LUSL 179.60 [ 0.230 0.844 0.1649 [ 0.511936+/-18 | 0.508932 | -13.69 241 3.56
LUSL 205.00 [ 0.336 1.670 0.1215 [ 0.511272+/-10 | 0.509059 | -26.65 0.07 2.94
LUSL 220.00 [ 0.301 1.163 0.1566 | 0.511852+/-10 | 0.509000 | -33.45 -3.81 3.23
LUSL 240.55 | 0.265 1.413 0.1132 0.510923+/-6 | 0.508861 | -15.33 -1.09 3.23
LUSL 260.50 | 0.636 3.356 0.1146 | 0.511049+/-18 | 0.508962 | -31.00 -1.84 3.08

Table 05 - Sm—Nd isotopic data for the Lago Grande Complex. Sample LUSL19
is a mafic rock from the Rio Novo Group.

Apparent ages

Sample f(2‘26) Th/U r?ii?o rZiGO (‘17:) rZiso (‘17:) riﬁgo (}72) Z;: %o Z;z %o S;/gi %0 Rho (E(;/:l)c
Z1-N 2.18 0.42 648 0.14362 3.0 46834 2.2 023650 2.0 22714 512 17643 18.6 1368.5 249 093 60
ZI-R 0.34 0.38 5076 0.14042 11.7 25951 8.6 0.13404 7.9 22324 1889 12993 61.1 8109 598 092 36
z3 3.21 0.12 551 0.10725 8.7 15040 6.3 0.10170 5.8 17533 1507 9320 37.7 6244 353 0.96 36
Z2 0.32 0.82 4962 0.16662 6.9 65555 4.9 028535 4.8 25240 1114 20534 425 1618.2 68.8 098 64
Z4 42.32 0.65 38 0.10329 4.7 23643 4.3 0.16601 1.1 1684.1 850 12319 30.6 990.1 173 0.81 59
Z6 7.42 0.62 234 0.07796 8.4 13911 6.5 0.12941 49 11459 1581 8852 37.7 7845 39. 0.89 68
Z1N 3.17 0.45 521 0.14828 3.2 45020 2.9 022020 1.2 23262 534 17313 24.1 1283.0 139 051 55
ZI1R 0.07 0.06 20330 0.18919 0.8 129187 3.3 049525 3.2 27351 131 26737 30.7 2593.4 675 097 95
Z8-N 1.32 0.79 914 0.11457 2.9 20583 2.1 013029 1.9 18732 508 11350 14.6 789.5 14.1 091 42
Z8-R 7.31 0.62 231 0.14584 4.7 34268 3.6 0.17041 2.8 22977 790 15106 27.8 1014.4 288 091 44
2 3.43 0.35 425 0.16694 7.3 94095 5.4 040879 4.8 25272 1180 23788 48.6 2209.4 914 092 87
Z10-N 5.19 0.72 326 0.12492 2.4 30061 1.9 017453 1.4 20276 411 14092 142 1037.0 136 083 51
Z10-R 2.66 0.20 202 0.16591 7.7 82816 5.6 036202 5.2 25168 1242 22623 49.2 1991.7 91.1 097 79
Z11 8.25 0.16 177 0.18999 7.5 102111 5.5 038980 4.7 2742.1 1183 24541 49.7 21219 914 096 77
712 5.10 0.57 337 0.13216 6.2 27029 4.4 0.14833 4.1 21269 1050 13293 324 891.6 360 099 42
Z13 0.20 0.59 17289 0.17697 0.7 112355 2.1 046047 2.0 26247 112 25429 19.8 2441.6 409 096 93
Z14 0.76 0.66 2120 0.15785 1.9 58959 1.4 027089 1.3 24328 316 19606 12.1 15453 1723 093 64
Z15 0.17 0.83 10338 0.10643 3.6 19896 2.6 0.13558 2.5 17392 643 11120 173 819.6 19.1 095 47
Z16-R 0.11  -0.02 12737 0.16275 2.1 103671 5.2 046198 4.8 24845 351 2468.1 48.1 24483 970 092 99
Z17 0.04 1.08 47771 0.08163 3.7 1.1049 2.6 009817 2.5 12366 700 7557 139 603.7 146 096 49
Z18 0.50 0.16 2800 0.18601 4.0 12.6866 2.9 049465 2.8 27072 645 26567 26.8 2590.8 58.8 0.97 96

Table 06 — U-Pb LA-MC-ICPMS data for sample LUSL-20B (N - nucleus; R —

rim).

41



4.6 Platinum Group Elements and Minerals

PGE mineralization was discovered in ultramafic rocks of the Lago
Grande Complex by VALE in 2002 during exploration for PGE-Ni deposits in the
Serra Leste region. Resources and contents of PGE mineralization in the Lago
Grande Complex are not available for publication at this moment. The following
description, based upon representative unweathered samples, characterizes
two different styles of PGE mineralization intercepted by diamond drilling in the
Lago Grande Complex. PGE mineralization occurs associated with
disseminated base metal sulfides in harzburgite and within small (< 10 cm thick)
seams of chromitite. Pt-Pd-Rh-S analyses taken from exploration data from one
borehole (FD02) illustrate the main differences between chromitite-hosted and
sulfide-bearing PGE mineralization. Sulfide-bearing harzburgite samples are
characterized by lower Pt/Pd ratios and variable contents of sulfur, while the
chromitite sample is characterized by high Pt/Pd ratio, high Pt-Pd-Rh contents

and low sulfur contents (Fig. 16 and 17).

Five samples were selected for PGE analyses (Table 07). Samples
FD02-44.50m and FD02-44.00m are sulfide-bearing harzburgite with well-
preserved igneous mineralogy and texture, while samples FD02-110.00m and
FD02-110.75m are partially transformed sulfide-bearing harzburgites. The same
type of sulfide minerals occur in altered and preserved harzburgites. They
consist mainly of pentlandite with minor amounts of chalcopyrite and pyrrhotite.
Sulfide occurs as interstitial aggregates in harzburgite where primary igneous
minerals and textures are preserved, whereas sulfide minerals are concentrated
in thin (< few millimeter) veins in highly transformed harzburgite. Sample FD02-
163.25 is a thin (few centimeters thick) chromitite hosted in a transformed
pyroxenite. The host rock is a fine- to medium-grained chlorite amphibolite (~ 80
vol. % pale amphibole) with diablastic texture. Chromite (up to 60 vol. %) is fine-

grained with frequent atol texture.

Sulfide-poor chromitite (sample FD02-163.25) has the highest PGE
content (6PGE ~ 10ppm) and is characterized by high Pt/Pd ratio (4.3) and low
Pd/Ir ratio (13.9). Mantle-normalized profile for PGE contents of sample FD02-
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163.25 (Fig. 18) indicates distinct distribution for PPGE (Rh, Pt, Pd) and IPGE
(Os, Ir, Rh). PPGE are highly enriched and show a negative slope, whereas
IPGE are moderately enriched and show a positive slope. Chromitite samples
from Lago Grande (this study) and Luanga Complex (Diella et al., 1995) have
similar mantle-normalized PGE plots (Fig. 18).

Sulfide-bearing harzburgite samples have Os and Ru values below
detection limit (Table 07) and mantle-normalized profiles for PGE contents are
poorly constrained. Sulfide-bearing harzburgite samples with well preserved
igneous mineralogy (samples 44.00 and 44.50) have low Pt/Pd ratio (0.2 to 0.3),
a feature consistent with Pt/Pd ratio observed in samples of sulfide-bearing
harzburgite from the exploration database (Fig. 17). Low Pt/Pd ratio and high
Pd/Ir ratio (116.7 to 170.0) for samples 44.00 and 44.50 are very distinct from
those ratios in the chromitite sample, suggesting that PGE contents in sulfide-
bearing harzburgites and chromitites result from different concentration
processes. Such distinct PGE contents in chromitite samples and sulfide-
bearing samples were also described in the Luanga Complex (Ferreira Filho et
al., 2007). Altered and venulated sulfide-bearing harzburgite (samples 110.75
and 110.00) have highly variable PGE contents. This variation is indicated by
Pt/Pd ratio (< 0.02 to 8.0) and Pd/Ir ratio (5.0 to 810.0), suggesting that PGE

were mobile during hydrothermal alteration.

A preliminary study of the Platinum Group Minerals (PGM) for the
selected samples was developed by MEV (Table 08). The assemblage of PGM
identified in these samples is consistent with PGE analyses, and a relatively
large number of PGM were just identified in the PGE-rich and sulfide-poor
chromitite (Table 7; sample FD02-163.25). In this sample PGM (up to several
um long) occur mainly at the edge of chromite crystals and subordinately as
inclusions in amphibole and chlorite. PGM associated with chromitite have
variable compositions but consist mainly of arsenides and sulfo-arsenides, with
hollingworthite and sperrylite as the most frequent and abundant minerals (i.e.,
abundance estimated based on the size of identified crystals). Rh arsenide and
a Pt-Ru-Rh-Os sulfo-arsenide occur as frequent PGM in sample FD02-163.25.
The assemblage of PGM identified in this sulfide-poor chromitite is consistent
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with high Pt and Rh contents, as well as the high Pt/Pd ratio, of this sample
(Table 07 and Fig. 18).

PGM in sulfide-rich harzburgite (samples FD02-44.00 and FD02-44.50)
are very fine-grained (< 1 pum long), thus hampering their identification.
Relatively abundant PGM are mainly restricted to pentlandite- or serpentine-
hosted Pd-Te-Bi minerals (Table 8). Rare Pd-bearing sulfo-arsenides and

arsenides were also identified.

Minerals consisting mainly of Bi and Cl occur in sample FD02-100.00, a
highly transformed sulfide-bearing harzburgite, and sample FD02-44.00, a
partially preserved sulfide-bearing harzburgite. These minerals have variable
contents of Cl and Bi, from 13.95-14.98 wt. % Bi and 76.81-77.14 wt. % Cl in
crystals identified in sample FD02-44.00. Analyses in two distinct very fine-
grained grains (nor neccessarily a single crystal) in sample FD02-44.00 yielded
one result of 77.50 wt. % Bi and 14.00 wt. % CI, and another of 89.52 wt. % Bi
and 10.48 wt. % CI. The presence of frequent chlorite-bearing minerals in these
samples suggests the effect of hydrothermal fluids, an issue to be evaluated in

the discussions of this paper.
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Fig. 16. Plot of Pd, Pt, and Rh versus sulfur (S) for borehole FD02. Data from
mine drilling assay database (VALE, unpublished internal report).
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Fig. 17. Plot of Pd versus Pt for borehole FD02. Data from mine drilling assay

database (VALE, unpublished internal report).

Sample Unit 163.25 110.00 110.75 44.00 44.50

Rock Chromitite Harzburgite Harzburgite | Harzburgite Harzburgite
Pt ppb 6,810.00 <20 160.00 200.00 80.00
Pd ppb 1,600.00 810.00 20.00 700.00 510.00
Au ppb 23.00 21.00 5.00 20.00 10.00
Os ppb 60.00 <10 <10 <10 <10
Ru ppb 250.00 <50 <50 <50 <50
Ir ppb 115.00 1.00 4.00 6.00 3.00
Rh ppb 1,260.00 <5 31.00 48.00 30.00

Pt/Pd 4.26 <0.02 8.00 0.29 0.16

Pd/Ir 13.91 810.00 5.00 116.67 170.00

Table 7 - PGE analyses of representative samples of Lago Grande Complex.
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Table 8 - Analyses of PGM for sulfide-poor chromitite and sulfide-bearing
harzburgite. Relative abundance of PGM for these samples is indicated as: A =
abundant (several minerals identified); F = frequent (few minerals identified); R

= rare (very few minerals identified).
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Fig. 18 - Primitive mantle-normalized PGE profiles for chromitite samples from
the Lago Grande (data from Table 08) and Luanga Complex (data from Diella et
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al., 1995). Primitive mantle normalization values are from Sun and McDonough
(1989).

5. Discussion

5.1 Magmatic structure

The layered sequence of the Lago Grande Complex is interpreted in this
study as overturned. This interpretation carries significant implications for the
understanding of the primary structure and fractionation of the sequence of the
layered rocks. This is therefore the first subject to be discussed in our study.
The actual architecture of the intrusion, characterized by moderate dip to the
southeast, shows an extensive sequence of mafic rocks underlying a sequence
of ultramafic rocks, which is followed upwards by highly foliated rocks of the
Xingu Complex in the south (Fig. 4 and 5). An overturned layered sequence is
consistent with the stratigraphic sequence of layered rocks as well as
mineralogical and geochemical evidences presented in this study. Considering
that normal fractionation processes have taken place in the Lago Grande
Complex, both the crystallization sequence and cryptic variation of cumulus

minerals (Fig. 8) support an overturned sequence.

The architecture of the intrusion, the crystallization sequence and cryptic
variations described in the Luanga Complex, located a few km to the north of
the Lago Grande Complex, also indicate an overturned layered sequence
(Ferreira Filho et al., 2007). Physical markers that provide facing criteria in the
Lago Grande and Luanga complexes consist of repeated characteristic
sequences of cumulate rocks, which correspond to cyclic units described in
several layered complexes (Eales and Cawthorn, 1996). Facing criteria is
abundant in the PGE mineralized and extensively drilled Luanga Complex,
especially in the transition from the Ultramafic Zone to Mafic Zone, as indicated
by several few meter thick cyclic units ranging from ultramafic to mafic
cumulates (Ferreira Filho et al., 2007).
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The identification of two closely associated overturned medium-size
layered intrusions suggests that regional scale structures leading to large
overturned crustal blocks were developed in the Serra Leste region in Carajas.
The tectonic processes leading to the overturned sequence of layered rocks in
the Lago Grande and Luanga Complexes have so far not been addressed in
published papers. Because robust structural data of regional structures in this
region are not available, these processes are unconstrained at this point in time.
The timing of the tectonic processes leading to crustal overturning in the Serra
Leste is also poorly constrained, bracket between the crystallization age of the
layered intrusions (2722153 Ma; this paper) and the age of later cross cutting
mafic dykes (1515£8 Ma; Teixeira 2013, unpublished M.Sc. thesis). Discussion
of tectonic processes leading to overturned blocks, as well as regional
implications associated with the existence of overturned blocks in the Serra
Leste region, is beyond the scope of this study. It is however important to
indicate that processes of this type may induce the transport of hydrothermal
fluids, a subject to be addressed when the origin and remobilization of PGE is
considered in this study.

5.2 Constraints for the composition of parental magma and fractionation

The Lago Grande Complex is a layered intrusion consisting mainly of
mafic cumulate rocks and minor ultramafic cumulates. The stratigraphy of the
intrusion is overturned and truncated in the northern portion by the Cotia EW
shear zone (Fig. 3). The tectonic disruption of the primary stratigraphy together
with poor outcropping and limited drilling, the latter mainly restricted to the
Ultramafic Zone, pose restrictions for the understanding of the bulk composition
of the intrusion. The composition of the parental magma of the Lago Grande
Complex cannot be constrained by common approaches used to define their
composition in well-exposed and unaltered intrusions (e.g., chilled margin, bulk
composition, extrusive equivalents, related dykes, and melt inclusions).
Whenever a direct composition of the parental magma is not possible in layered
intrusions, the nature of the parental magmas has been inferred from the
crystallization sequences of the intrusions and cumulates geochemistry. The

compositional range of cumulus olivine (Fosos.857) IS consistent with a
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moderately primitive (or moderately MgO rich) composition for the parental
magma of the Lago Grande Complex. The composition of the most primitive
cumulus olivine in the Lago Grande Complex is comparable with those reported
for the central zone of the Jinchuan intrusion (Foszgs) (Li et al., 2004) and
Luanga Complex (Fosp0-84.7) (Ferreira Filho et al., 2007). Even though limited to
a few samples due to extensive alteration of the magmatic minerals, the cryptic
variation of olivine in the Ultramafic Zone suggests the existence of one major
compositional reversal (Fig. 8). This reversal within a restricted compositional
range of olivine compositions in the Ultramafic Zone suggests open-system
crystallization involving replenishment by new primitive magma pulses.
Cumulus minerals in the layered rocks suggest that the sequence of
crystallization in the Lago Grande Complex consists of olivine + chromite,
orthopyroxene + chromite, orthopyroxene, orthopyroxene + plagioclase and
orthopyroxene + plagioclase + clinopyroxene. The crystallization sequence of
the Lago Grande Complex is similar to those of the major PGE-bearing
intrusions in  which orthopyroxene precedes clinopyroxene (Eales and
Cawthorn, 1996). The early crystallization of orthopyroxene relative to
clinopyroxene indicates that the primary magma was silica saturated. Several
studies suggest that, since orthopyroxene was an early-crystallizing mineral in
many layered intrusions worldwide, the assimilation of continental crust may

have induced enrichment in silica in these magmas (Campbell, 1985).

Evidence for assimilation of continental crust during the ascent and/or
emplacement of the mafic-ultramafic magma of the Lago Grande Complex is
also provided by geochemistry and isotopic data. Mantle-normalized alteration-
resistant trace element profiles of gabbroic rocks are fractionated, as indicated
by relative enrichment in LREE and Th, with pronounced negative Nb and Ta
anomalies (Fig. 13). These alteration-resistant element profiles were compared
with average compositions of the upper and lower crust (Wedepohl, 1995) and
with average composition of the B1 rocks of the Bushveld Complex (Barnes et
al., 2010) in Figure 19. B1 rocks of the Bushveld Complex are chilled margins
interpreted as representative of the composition of the parental magma of the
cumulate rocks of the Lower Zone of the Bushveld Complex. The B1 magma is
interpreted as the product of a mixture of a primitive mantle melt mixed with
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continental crust, and has been successfully modelled as the parental magma
of the cumulate rocks of Lower and Lower Critical Zone of the Bushveld
Complex (Barnes et al., 2010; Godel et al., 2011). The distribution of alteration-
resistant elements in the Lago Grande Complex is therefore consistent with a
mixture of a moderately primitive mantle melt of poorly constrained composition
with continental crust. Additional evidence for crustal contamination of the
parental magma of the Lago Grande Complex is provided by Sm-Nd isotopic
data (Table 05). Nd isotopic data obtained for both mafic and ultramafic
lithotypes render Nd model ages between 2.94 and 3.56 Ga, with variably
negative eng (1-2.72 ca) Values (-0.32 to -4.25). These results are consistent with
an original mantle melt contaminated with older continental crust, which is
compatible with intrusive relationship with gneiss and migmatites of the ca. 3.0

Ga Xingu Complex.
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Fig. 19. Primitive mantle-normalized alteration-resistant profiles for samples of
gabbroic rocks of the Lago Grande Complex, average composition of the upper
and lower crust (Wedepohl, 1995), and average composition of the B1 rocks of
the Bushveld Complex (Barnes et al., 2010). Primitive mantle normalization

values are from Sun and McDonough (1989).
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5.3 Metamorphism and hydrothermal alteration of magmatic rocks

Metamorphic assemblages that indicate temperatures up to the
amphibolite facies of regional metamorphism largely replace primary igneous
minerals of the Lago Grande Complex. This metamorphic alteration is
heterogeneous and characterized by an extensive hydration that largely
preserves primary textures and bulk chemical composition, as well as the
compositional domains of igneous minerals. The penetrative fabric when
present is restricted to narrow domains of up to few meters, and igneous

textures are identified in adjacent non-deformed domains.

The metamorphic assemblages and preserved primary textures of the
Lago Grande Complex rock's contrast with the highly tectonized and higher
grade rocks of the Xingu Complex in the south. The latter consists of highly
foliated rock, including quartz-feldspathic gneiss with migmatite pods and
bands. U-Pb zircon dating of high-grade metamorphic rocks yielded Archean
ages, 285919 Ma for edembergites of the Pium Complex (Pidgeon et al., 2000)
and 2859+2 Ma for migmatites of the Xingu Complex (Machado et al., 1991).
These geological and isotopic data are consistent with regional interpretation of
the Xingu Complex as older crustal rocks where the Lago Grande Complex
intruded.

Mafic metavolcanics located to the north of the Lago Grande Complex
are variably foliated and have amphibolite facies assemblages, consisting
mainly of amphibolite and garnet amphibolite. Because no age dating of
metamorphic minerals is available, the timing of the metamorphic
recrystallization of the cumulate rocks of the Lago Grande Complex and
associated metavolcanics is poorly constrained. The crystallization age of the
layered intrusions (2722153 Ma; this paper) provides an upper limit for the
metamorphic event, while the age of cross cutting mafic dykes (15158 Ma;
Teixeira, 2013) provides a lower limit. The latter are pristine mafic dykes that
truncate the metamorphosed rocks of the Lago Grande Complex and host
metavolcanics. Metamorphic features described in the Luanga Complex and
host metavolcanics (Suita, 1988; Ferreira Filho et al., 2007) are similar to those
described in this study. These features suggest that the same metamorphic
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event affected mafic-ultramafic complexes and volcanic-sedimentary rocks in
the Serra Leste region. Robust geochronological data of metamorphic minerals
are also not available for metamorphosed cumulate rocks of the Luanga

Complex and associated metavolcanics.

The type of metamorphism in the metavolcanic rocks of CMP, including
the Serra Leste region and different mafic metavolcanic sequences of the
Itacailinas Supergroup, is a debatable issue. This metamorphic recrystallization
has been interpreted either as a typical regional metamorphic event (Docegeo,
1988) or as the result of widespread hydrothermal metamorphism (Dardenne et
al., 1988). Several Cu-Au deposits of the Carajas region are now considered to
belong to the IOCG class of deposits (Tallarico et al., 2005; Grainger et al.,
2002) and formed as part of a major hydrothermal system. This hydrothermal-
metassomatic event, described in several Cu-Au deposits in the CMP (e.g.
Bahia-Alemao, Salobo, Sossego, Cristalino), is characterized by: 1) intense Fe
metasomatism resulting in the formation of abundant Fe-bearing silicates
(garnet, grunerite, fayalite) and/or Fe oxides (magnetite and/or hematite); 2)
associated K-Na alteration (frequently indicated by abundant biotite and/or
scapolite); 3) sulfur-poor ore paragenesis; 4) enrichment in LREE and U.
Precise dating of hydrothermal minerals in the Bahia deposit (2575 +12 Ma;
Tallarico et al., 2005) and Salobo (2576 +9 Ma, Requia et al., 2003) suggests a
NeoArchean ages for the regional scale hydrothermal system and associated
Cu-Au deposits. Even though these hydrothermal-metassomatic processes
were considered as part of the regional metamorphic event in the past (as
illustrated by the original descriptions of the Salobo deposit), their
characteristics are now well defined and they were mapped as complex zones
consisting of variable hydrothermal rocks associated with Cu-Au mineralization
(Tallarico et al., 2005; Grainger et al., 2008). Precise identification of the
hydrothermal-metassomatic processes in the CMP is facilitated when the
primary rocks are clearly known. Metamorphic alteration observed in the Lago
Grande and Luanga complexes is characterized by extensive addition of H>O in
a process that largely preserves the primary bulk chemical composition, such
that variably transformed mafic-ultramafic rocks (e.g. metaharzburgite,
metaorthopyroxenite, etc) may be unequivocally identified by their recalculated
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anhydrous composition. Hydrothermal-metassomatic alteration characteristic of
IOCG-type deposits were not identified in the studied portion of the Lago
Grande Complex, but it is developed in the Cotia shear zone (Fig. 3) as well as
in few narrow discrete zones observed in the Luanga Complex (e.g. indicated
by few meter-thick magnetite-garnet-grunerite bearing rocks cross cutting
orthopyroxenite; personal observation by Cesar Ferreira Filho). Considering that
the Serra Leste region are affected by major fault zones known to be regionally
associated with IOCG type deposits (Fig. 1 and 2), the presence of discrete
hydrothermal-metassomatic zones is expected. U-Pb isotope analyses of zircon
crystals from a pegmatoid gabbro from the Lago Grande Complex show a
cluster of concordant to slightly discordant dates at 2553+61 Ma (Fig. 16).
These dates overlap with zircon dates from hydrothermal minerals in the Bahia
and Salobo Cu-Au deposits in Carajas, and are likely to correspond to a
significant disturbance of the U-Pb system during the regional scale
hydrothermal event associated with the origin of I0CG type deposits. Zircon
grains also show evidences of an extensive recrystallization, as revealed by
complex internal textures with an irregular, curved-inward shape with well-
defined boundaries along distinct CL domains (Fig. 15). Several authors have
attributed these features to a fluid-induced dissolution-reprecipitation process
(Geisler et al., 2007; Putnis, 2009; among others). Throughout this sub-solidus
mechanism, a fluid/melt phase facilitates the removal of non-formula elements
from zircon structure, such as REE, U and Pb, thus causing a chemical and
isotopic re-equilibration in the crystal (Geisler et al., 2007). In some cases, this
process can almost completely reset the U-Pb isotopic information, leading to
dates without a geological significance, which has been already described in
other mafic-ultramafic complexes elsewhere (Giustina et al., 2011a, b).
However, in the Lago Grande Complex, U-Pb isotope analyses obtained on
bright luminescent rims with typical recrystallization features reveal a cluster of
concordant to slightly discordant dates pointing at 2553+61 Ma (Fig. 16). These
younger dates overlap with zircon ages from hydrothermal minerals in the Bahia
and Salobo Cu-Au deposits in Carajas and, therefore, are likely to correspond
to a significant disturbance of the U-Pb system during the regional scale

hydrothermal event associated with the origin of IOCG type deposits
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5.4 The petro-tectonic setting of the Lago Grande Complex and associated

layered intrusions of the Serra Leste region

Discussion of the petro-tectonic setting of the layered intrusions of the
Serra Leste region may be linked to the setting of coeval basaltic volcanism of
the Itacailnas Supergroup, and specially the bimodal volcanism of the Grao
Para Group. The accumulation of this extensive and thick pile (up to 4-6 km,
Gibbs, 1986) of basaltic rocks was determined by various authors at ca. 2.75
Ga. Precise U-Pb zircon ages (2759+2 Ma, Machado et al., 1991; 276011 Ma,
Trendall et al., 1998) of the bimodal volcanism of the Grao Para Group overlap
with available U-Pb zircon ages for the Luanga (276316 Ma, Machado et al.,
1991) and Lago Grande (2722153 Ma, this study) complexes, thus supporting
the interpretation that mafic volcanics and mafic-ultramafic layered intrusions
resulted from coeval magmatic events (Machado et al., 1991; Ferreira Filho et
al., 2007).

The tectonic setting of the volcanic-sedimentary sequences of Carajas is
highly debated. This extensive basaltic volcanism is usually considered to result
of intra-plate rifting of older continental crust (Gibbs et al., 1986; Olszewski et
al., 1989; Villas and Santos, 2001) but subduction-related environments have
also been proposed (Dardenne et al., 1988; Teixeira and Eggler, 1994;
Zucchetti, 2007). An extensive discussion of the tectonic setting of the Archean
sequences of the Carajas region is beyond the scope of this paper. The
following reasoning, focused on the mafic-ultramafic intrusions of the Serra
Leste region, aims to provide additional constraints for this on-going discussion.

The assimilation of older continental crust during the ascent and/or
emplacement of the mafic-ultramafic magma of the Lago Grande Complex is
consistent with field, petrological and isotopic results discussed in this paper.
Similar field and petrological results reported for the Luanga Complex (Ferreira
Filho et al., 2007) also suggest the assimilation of older continental crust.
Regardless of the specific conditions of magma generation, these results are
consistent with large volume of primitive magma being transferred through
continental crust in the Carajas region. One step ahead from the indication that
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mafic-ultramafic intrusions and extensive basaltic volcanism are coeval, and
therefore associated to the same regional tectonic setting, is the identification of
specific parts of the basaltic stratigraphy that are comagmatic with these

contaminated intrusions.

Extensive petrological studies developed in the Triassic Siberian traps
and associated Ni-Cu-PGE mineralized intrusions of the Noril'sk-Talnakh
provide evidence for comagmatic origin of intrusions and specific stratigraphic
sequence of volcanics (e.g., Lightfoot et al., 1990; Arndt et al., 2003, and
references herein for a review). These studies suggest that the Noril’'sk-Talnakh
intrusions are fossil conduits that originally linked deeper magma chambers to
the volcanic pile at the surface. Even though the petrological models connecting
volcanics and intrusions in Noril'sk-Talnakh are controverse, they concur on the
importance of these intrusions as dynamic systems where magma passed
through the crust before reaching the surface (Lightfoot and Keays, 2005, and
references herein for a review). These studies also agree that magmatic
plumbing system plays a crucial role in the formation of Ni-Cu-PGE deposits in
the Noril’sk-Talnakh region, a principle applied for the origin of different styles of
magmatic sulfides worldwide (e.g., Barnes and Lightfoot, 2005, and references
herein for a review).

Systematic lithostratigraphic studies of volcanic rocks of the Grao Para
Group are not available, and the composition of layered intrusions of the Serra
Leste region cannot be compared to specific stratigraphic portions of the
volcanic pile. An added complexity is that basaltic volcanic rocks of the Serra
Leste region are frequently altered by hydrothermal processes (Dardenne et al.,
1988; Teixeira and Eggler, 1994; Zucchetti, 2007). Extensively altered volcanic
rocks of the Grao Para Group, especially when associated with I0CG-type
alteration, have distinct chemical and isotopic compositions when compared
with less transformed samples (Lindenmayer et al., 2001). Lithochemical and
Nd isotope results for best-preserved basaltic rocks of the Grao Para Group are
consistent with variable contamination of parental magmas with older
continental crust (Olszewski et al., 1989). These are indicated by variable
patterns of REE elements (from flat or slightly LREE depleted to LREE
enriched) and variable eng (1) values (from -0.7 to + 4.6). Because most of the
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ena (1) values of mafic volcanics cluster around positive values typical for
depleted mantle at 2.76 Ga, Olszewski et al. (1989) suggested that mafic
magmas derived from a depleted mantle source. Lithogeochemical results
obtained for one sample of basaltic rock of the Rio Novo Group in this study
(sample LUSL19, Fig. 12 and 13) is comparable to those provided for the Grao
Para Group (Olszewski et al., 1989). Mantle-normalized REE profile for sample
LUSL19 is flat, whereas mantle-normalized alteration-resistant trace element
profile lacks the pronounced negative Nb and Ta anomalies, consistent with an
origin from an uncontaminated magma derived from a depleted mantle source.
Both lithogeochemical results and positive eng (1) value (+ 1.69, Table 5) for
sample LUSL19 are distinct from those obtained for cumulate rocks of the Lago
Grande Complex, those suggesting a distinct parental magma. Mafic and
ultramafic cumulates of the Lago Grande Complex are characterized by
distinctively negative eng (1) values (from -0.32 to -4.25, Table 5). These results
are consistent with an original mantle melt contaminated with older continental
crust for the parental magma of the Lago Grande Complex. Contrasting eng (1)
values for mafic-ultramafic cumulates of the Lago Grande Complex compared
with most volcanic rocks of the Grdao Para Group, as well as sample LUSL19 of
the Rio Novo Group, suggest that the parental magma of the Lago Grande
Complex is not comagmatic with typical volcanic rocks of the Carajas region.
Future systematic lithostratigraphic studies of volcanic rocks of the Grao Para
Group should provide evidence for continuous changes in basalt chemistry
through the stratigraphy, such that processes that took place in layered
intrusions may eventually be connected with specific sections of the volcanic
pile.

5.5 Origin of Platinum Group Minerals and implication for exploration

Our results indicate that different styles of PGE mineralization occur in
the Lago Grande Complex. These results also suggest that PGE mineralization
associated with both sulfide-poor chromitite and sulfide-bearing harzburgite
represent primary magmatic concentration of PGE, whereas hydrothermal

processes are significant in altered and venulated sulfide-bearing harzburgite.
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The origin of chromitites in layered intrusions is controverse and subject
of a number of conflicting ideas in the literature (e.g. Mondal and Mathez, 2007;
Ferreira Filho and Araujo, 2009; Naldrett et al., 2012; and references herein for
a review). The origin of PGE mineralized chromitites is no less controverse, as
illustrated by recent papers dealing with the origin of chromitites and associated
PGE mineralizations in the Bushveld Complex (Naldrett et al., 2012; Maier et
al., 2013). The PGE mineralization associated with chromitites in the Lago
Grande Complex share several features with PGE-mineralized chromitites
described in layered intrusions, as illustrated by those of the Bushveld Complex.
These similar features should reflect, independently of favoured models, that
similar geological processes were involved in their origin. In sulfide-poor
chromitite of the Lago Grande Complex the PPGE are highly enriched and
show a negative slope in mantle-normalized profile for PGE contents, whereas
IPGE are moderately enriched and show a positive slope (Fig. 19). Normalized
profile of the chromitite sample from the Lago Grande Complex is generally
similar to profiles from Middle Group (MG) and Upper Group (UG) chromitites
from the Bushveld Complex, and very close to profiles and overall contents of
the MG-4 chromitites (Naldrett et al. 2012). Platinum group minerals (PGM)
occur mainly at the edge of chromite crystals in the Lago Grande chromitite,
consisting mainly of arsenites and sulfo-arsenites. PGM frequently occur closely
associated, mainly as inclusions within chromite in PGE-mineralized chromitites
(Talkington and Lipin, 1986; Markle, 1992; Zaccarini et al., 2002). This close
association of PGM and chromite has been interpreted in different ways (e.g.
Naldrett et al., 2012, for a review), that tend to concur that PGM inclusions in
chromite were encapsulated within enlarging chromite crystals. Experimental
studies developed by Finnigan et al. (2008) indicate that a localised reduction
front developed around chromite crystals during their crystallization from natural
basaltic liquids induced, due to lower PGE solubility in this front, the
crystallization of PGE alloys. An important conclusion derived from this
experimental study is that the association of chromite and PGM, as observed in
most of the Bushveld chromitites and in our study of the Lago Grande chromitite
should be restricted to natural magmatic systems close to PGE saturation. This
assumption allows distinguishing magmatic systems close to PGE saturation,
and therefore prone to produce PGE-mineralized chromitites, from those
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systems that chromite crystallization does not induce PGM crystallization due to
PGE contents far from their saturation level. When applied to the layered
complexes of the Serra Leste Suite, this assumption suggest that they
crystallized from magmas close to PGE saturation, as indicated by PGE-rich
chromitites in the Lago Grande (this study) and Luanga (Diella et al., 1995;
Ferreira Filho et al., 2007) complexes.

PGE mineralization associated with base metal sulfides are usually
considered to form as a result of segregation of an immiscible sulfide liquid from
mafic or ultramafic magma (Naldrett, 2004). Sulfide-bearing harzburgite
samples with well preserved igneous mineralogy of the Lago Grande complex
have low Pt/Pd (0.2 to 0.3) and high Pd/Ir (116.7 to 170.0) ratios. These ratios
are very distinct from those obtained in the chromitite sample, thus suggesting
that PGE contents in sulfide-bearing harzburgites and chromitites result from
different concentration processes. Geochemical features, together with their
close association with interstitial base metal sulfides, suggest that this PGE
mineralization resulted from segregation of sulfide liquids.

Altered and venulated sulfide-bearing harzburgite samples from the Lago
Grande complex have highly variable PGE contents. This variation is indicated
by Pt/Pd ratio (< 0.02 to 8.0) and Pd/Ir ratio (5.0 to 810.0), suggesting that PGE
were mobile during hydrothermal alteration. PGE mineralization produced by
hydrothermal processes appears to be the result of Cl-rich aqueous fluids
concentrating PGE, or just remobilizing previously concentrated PGE, in layered
intrusions (Mungall and Naldrett, 2008). Preliminary studies of PGM in
venulated samples from the Lago Grande complex identified several minerals
with variable contents of Cl and Bi. The importance of Cl-bearing saline
hydrothermal fluids in the origin of both NeoArchean IOCG deposits and smaller
Paleoproterozoic Cu-Au-W-Bi deposits in the Carajas Mineral Province is
indicated in several studies (Grainger et al., 2008, Xavier et al., 2009). The
epigenetic Serra Pelada Au-PGE deposit was also considered to result from
hydrothermal fluids that possibly leached adjacent mafic-ultramafic complexes,
including the PGE-mineralized Luanga Complex, located in the eastern portion
of the Carajas Mineral Province (Grainger et al., 2002, 2008). The chlorite-
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bearing minerals identified in highly transformed PGE-mineralized ultramafic
rocks of the Lago Grande Complex in this study, provide an evidence for the
suggested PGE remobilization by hydrothermal fluids. This remobilization may

lead to economic concentrations like Serra Pelada Au-PGE deposit.

Different styles of magmatic PGE mineralization, including PGE
associated with sulfide-poor chromitites and PGE associated with disseminated
sulfides in ultramafic cumulates, occur in the coeval Luanga and Lago Grande
complexes. PGE profiles for chromitites of the Lago Grande and Luanga
complexes are remarkably similar (Fig. 19B) suggesting that their PGE content
originated from the same parental magma and/or magmatic concentration
process. The distribution of different styles of magmatic PGE mineralization in
these complexes, as well as in other intrusions located in the eastern portion of
the Carajas Mineral Province, support the concept that they belong to a PGE-
enriched mafic-ultramafic magma type, designated the Serra Leste Magmatic
Suite by Ferreira Filho et al., (2007). Combined results obtained for the Lago
Grande Complex (this study) and the Luanga Complex (Ferreira Filho et al.,
2007) indicate that layered complexes associated with Serra Leste Magmatic
Suite crystallized from moderately primitive parental magmas (olivine
compositions are up to Fogs7 and Fogs7 for the Lago Grande and Luanga
Complexes, respectively), which promote abundant crystallization of opx in the
ultramafic cumulates and were characterized by significant contamination by
older crustal rocks. These features are consistent with the ultramafic cumulates
of the intrusions being formed from siliceous high magnesian basaltic magmas,
similar to the parental liquids to the world's principal PGE-sulfide deposits, such
as those hosted by the Bushveld and Stillwater complexes (Harmer and Sharpe
1985, Naldrett,1994, Keays et al., 2012). The origin of siliceous high magnesian
basaltic magmas, including the origin of the parental magma of the Bushveld
Complex, is controversial but tends to converge into two distinct possibilities.
They are either considered to be highly contaminated komatiite (Barnes, 1989;
Eales and Costin, 2012) or they may be boninite (Hamlyn et al., 1985; Sun et
al., 1989). Given the current state of knowledge of this subject, as well as the
debatable tectonic setting of the mafic magmatism of the Carajas Mineral
Province, tectonic-petrogenetic discussions on the origin of parental magmas of
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the Serra Leste Suite are unresolved in the present context.

Apart from specific petrogenetic discussions, the characteristics of the
layered intrusions of the Serra Leste Suite provide a framework to identify
promising layered intrusions for PGE mineralization in the Carajas Mineral
Province. The available data suggest that crustal contaminated and moderately
primitive intrusions, characterized by abundant crystallization of opx in the
ultramafic cumulates, provide favourable targets for exploration for PGE
deposits. Considering that the Serra Leste Magmatic Suite was originally
defined by a region where PGE-mineralized mafic-ultramafic intrusions occur,
and that this region also coincides with the location of the hydrothermal Serra
Pelada Au-PGE deposit, the presence of covered PGE-mineralized layered
intrusions in the eastern portion of the Carajas Mineral Province should not be
overlooked. Exploration for unconventional hydrothermal PGE deposits, likely to
be associated with major faults, should also be considered.

6. Conclusions

The principal conclusions of this study are as follows:
a) The Lago Grande Complex is a NE-trending medium-size (12-km-long and
average 1.7-km-wide) layered intrusion consisting mainly of mafic cumulate
rocks and minor ultramafic cumulates. The stratigraphy of the intrusion is
overturned and, to the south, overlain by highly foliated metamorphic rocks of

the Xingu Complex.

b) The compositional range of cumulus olivine (Fogo5.857) is consistent with a
moderately primitive (or moderately MgO rich) composition for the parental
magma of the Lago Grande Complex. Cryptic variation of olivine in the
Ultramafic Zone suggests the existence of one major compositional reversal,
suggesting open-system crystallization involving replenishment by new primitive
magma pulses. Cumulus minerals in the layered rocks suggest that the
sequence of crystallization in the Lago Grande Complex consists of olivine +
chromite, orthopyroxene + chromite, orthopyroxene, orthopyroxene +
plagioclase and orthopyroxene + plagioclase + clinopyroxene.
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c) Mantle-normalized alteration-resistant trace element profiles of gabbroic
rocks are fractionated, as indicated by relative enrichment in LREE and Th, with
pronounced negative Nb and Ta anomalies. Nd isotopic data obtained for both
mafic and ultramafic lithotypes render Nd model ages between 2.94 and 3.56
Ga, with variably negative eng (T-2.72 ga) Values (-0.32 to -4.25). These results are
consistent with an original mantle melt contaminated with older continental
crust, which is compatible with intrusive relationship with gneiss and migmatites
of the ca. 3.0 Ga Xingu Complex.

d) U-Pb zircon age for the Lago Grande Complex was determined in this study
at 2722153 Ma. This age overlaps with the crystallization age of the Luanga
Complex (2763+6 Ma, Machado et al., 1991) thus providing the first analytical
result supporting the interpretation that layered intrusions in the eastern portion
of the Carajas region resulted from coeval magmatic events (Machado et al.,
1991; Ferreira Filho et al., 2007).

e) U-Pb isotope analyses of zircon crystals from a pegmatoid gabbro from the
Lago Grande Complex show a cluster of concordant to slightly discordant dates
at 2553161 Ma. These dates overlap with zircon dates from hydrothermal
minerals in the Bahia and Salobo Cu-Au deposits in Carajas, and are likely to
correspond to a significant disturbance of the U-Pb system during the regional
scale hydrothermal event associated with the origin of IOCG type deposits.

f) Different styles of PGE mineralization occur in the Lago Grande Complex.
These include primary magmatic PGE mineralization associated with sulfide-
poor chromitite and sulfide-bearing harzburgite, as well as hydrothermal PGE
mineralization associated with altered and venulated sulfide-bearing
harzburgite.

g) The distribution of different styles of PGE mineralization in the Lago Grande
and Luanga complexes, as well as in other intrusions located in the eastern
portion of the Carajas Mineral Province, support the concept that they belong to
a PGE-enriched mafic-ultramafic magma type, designated the Serra Leste
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Magmatic Suite by Ferreira Filho et al., (2007). Petrological results indicate that
the Serra Leste Magmatic Suite originated from siliceous high magnesian
basaltic magmas, similar to the parental liquids to the world's principal PGE-

sulfide deposits.

h) Exploration for covered PGE-mineralized layered intrusions and/or
hydrothermal PGE deposits in the eastern portion of the Carajas Mineral

Province should not be overlooked.
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CONCLUSOES

O estudo do Complexo Lago Grande possibilitou estabelecer as seguintes

conclusdes que sao apresentadas abaixo:

a) O Complexo Lago Grande — CLG é uma intrusao acamadada de médio porte
(12 km x 1,7 km), alongada no sentido nordeste/sudoeste. Compde-se
principalmnte por rochas maficas cumulaticas, seguidas por cumulos de
natureza ultramafica. Do ponto de vista estrutural o CLG esta com a
estratigrafia magmatica invertida, sendo recoberto, na porcdo sudeste, por
rochas metamorficas pertencentes ao Complexo Xingu

b) A composicdo dos cumulos de olivina do CLG (Fos2ss57) indica
cristalizacdao a partir de um magma parenteral relativamente primitivo (ou
relativamente rico em MgO). A variacdo da composicdao das olivinas na Zona
Ultramafica indica uma reversdo na sua composicao sugerindo um sistema de
cristalizacdo aberto, com reequilibrio pela entrada de novos pulsos
magmaticos. Os minerais cumulos presentes no CLG e suas relagdes texturais
sugerem a seguinte sequencia de cristalizacao: olivina + cromita; ortopiroxénio
+ cromita; ortopiroxénio, ortopiroxénio + plagioclasio e ortopiroxénio +

plagioclasio + clinopiroxénio.

c) Ha evidencias de que o magma que originou o CLG foi contaminado com
elementos da crosta continental antiga durante seu posicionamento tectonico.
Estas evidéncias sado: 1) O perfil dos elementos tragos estaveis das rochas
gabréicas do CLG, normalizados ao manto, indicam fracionamento destas
rochas, com enriquecimento em LREE e Th e importante empobrecimento em
Nb e Ta. 2) Dados isotépico de Nd em rochas maficas e ultramaficas retornam
idade modelo entre 2,94 e 3,56 Ga, com &ng (1-2.72 ca) Netativa entre (-0,32 to -
4,25). Estes dados séo coerentes com o posicionamento tecténico do CLG no
Complexo Xingu, que tem ca 3 Ga.

d) A idade U-Pb em zircido para o Complexo Lago Grande foi determinada,
neste estudo, em 27224153 Ma. Essa idade € concordante com a idade de
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cristalizacdo do Complexo de Luanga (2763+6 Ma, Machado et al., 1991),
fornecendo assim, o primeiro resultado analitico que confirma a interpretacao
de que as intrusdes acamadadas da porcao leste de Carajas sao resultado de

eventos comagmaticos (Machado et al., 1991, Ferreira Filho et al., 2007).

e) Analises isotépicas U-Pb em cristais de zircdo de uma por¢cdo pegmatdide
do gabro do Complexo Lago Grande mostram um conjunto de dados
concordantes ou levemente discordantes em 2553+61 Ma. Essa idade
corresponde aos dados de zircoes de minerais hidrotermais dos depdsitos de
Cu-Au Bahia e Salobo em Carajds. Parecem também corresponder a uma
perturbacao significativa do sistema U-Pb durante o evento hidrotermal regional

associado a origem dos depdsitos tipo IOCG.

f) Diferentes tipos de mineralizagcbes de PGE ocorrem no Complexo Lago
Grande, tais como: mineralizagdo primaria de PGE associada a cromitito pobre
em sulfetos; harzburgito portador de sulfetos e mineralizacdo hidrotermal de
PGE associada a harzburgitos portadores de sulfetos alterados e venulados.

g) A distribuicdo de diferentes tipos de mineralizagdo de PGE nos complexos
de Lago Grande e Luanga, assim como em outras intrusées localizadas na
porcao leste da Provincia Mineral Carajas, sugerem que elas sao provenientes
de um tipo de magma mafico-ultraméfico enriquecido em PGE, designado por
Ferreira Filho et al., (2007) como Suite Magmatica Serra Leste. Os resultados
petroldgicos indicam que a Suite Magmatica Serra Leste se originou a partir de
um magma basaltico silicoso rico em magnésio, similar ao liquido parental dos

principais depositos mundiais de sulfetos-PGE.

h) Programas exploratérios para PGE na porgao leste da Provincia Mineral de
Carajas deverao considerar como possiveis controles 0s corpos intrusivos
acamadados mineralizadas em PGE, assim como os depdésitos hidrotermais de
PGE.
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Fluxograma 1 - Fluxograma da metodologia de trabalho

Analise bibliografica e Integracdo de dados
existentes sobre a area de estudo

Reconhecimento Descrigdo e amostragem
Geoldgico e Amostragem de testemunhos de
de afloramentos sondagem
Coleta de Coleta de Coleta de
—| amostras para amostras para amostras para
geocronologia petrografia litogeoquimica
I—|
[ ' | (V)

= Dosagem por:
Separag&o de zircdo Descrigdo S:'Inier:;:rc;iie XRF (Al203, BaO, Cao,
em amostra de petrogréfica em ST s T Cr0;, Fex0s K0, MgO,
gabro p_egrlngtonde e luz refletida e dosagem por MnO, Na,O, P,0s, SiOs, SrO,

diabasio transmitida o e TiOz)

ICP-MS (Ag,Ba,Ce,Co, Cr, Cs,
0 (D] Cu, Dy, Er, Eu, Ga, Cd, Hf, Ho,
: : La, Lu, Mo, Nb, Nd, Ni, Pb, Pr,
E"I"éggrsﬂcgipﬁe Rb, Sm, Sn, Sr, Ta, Th, Th, T,

Varredura - Dosagem de Tm, U, V, Yb, Zn, Zr);
MEV Si02; Alx0s; ICP-AES (Ag, As, Cd, Co, Cu,

NiO; .Fezo3.:' Mo, Ni, Pb, Zn);
) Mggr'zgjo' IRO7 (C tot); IROS (S tot.);
XRF (LOI).

Fluxograma 2 - Fluxograma de preparacdo de amostras para geocronologia

AMOSTRA DE ROCHA
Britagem
Pulverizacao
Concentracao em Bateia
Separacao Eletromagnética - FRANTZ
Separacao e classificacao dos zircoes em Lupa Binocular

Montagem em epoxi e polimento

Limpeza com HNO; 2%

Analise U-Pb - LA-ICPMS
FRI-QUANTA 450 SEM (15Kv) - UnB



Fluxograma 3 - Fluxograma de preparacio de amostras para petrografia e
microscopia eletrénica de varredura - MEV

Confeccao de Laminas Polidas
Descricao petrografica por luz transmitida e refletida

Metalizacao em Carbono

Microscopia Eletronica de Varredura em microsccopio
Leica, modelo S440i, de alto vacuo, com EDS da
Oxford de Furnas e outro JEOL, modelo JSM 6610 de
Alta Resolucao — LabMic-UFG

Fluxograma 4 - Fluxograma de preparacao de amostras para litogeoquimica

16 amostras representativas de rocha

Preparacdao - Moagem, pulverizagao (85%<75u), quarteameamento

13 6xidos - Cédigo ME - XRF 12 st
C - LECO - Cddigo C-IR O

S - LECO - Cddigo S-IR 08
38 elementos- Fusao ICP-MS - Cédigo ME-MS 81

Perda ao Fogo - XRF - Codigo OA-GRA 05x

09 elementos - Codigo ICP-AES



Anexo Il - Andlise de Quimica Mineral
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BH11210260 - Finalized
CLIENT : CAFON - Cesar Fonseca Ferreira Filho

# of Samples : 8

DATE RECEIVED : 2011-10-31 DATE FINALIZED : 2011-12-06
PROJECT : LUANGA SUL
CERTIFICATE COMMENTS :

PO NUMBER :
ME-XRF12st| ME-XRF12st | ME-XRF12st | ME-XRF 12st| ME-XRF12st | ME-XRF 12st | ME-XRF12st | ME-XRF 12st | ME-XRF12st | ME-XRF12st
SAMPLE AI203 BaO CaO Cr203 Fe203 K20 MgO MnO Na20 P205
DESCRIPTION % % % % % % % % % %
LUSL-08 18,300 0,037 9,490 0,006 7,130 1,050 7,290 0,127 3,230 0,007
LUSL-09 16,050 0,028 14,250 0,004 8,580 0,463 5910 0,156 2,370 0,006
LUSL-11 22,200 0,048 11,400 <0.001 3,890 1,090 4,250 0,100 3,790 0,006
LUSL-19 13,850 0,049 9,990 0,044 14,050 2,100 7,370 0,302 1,650 0,079
LUSL-20b 19,000 0,069 9,000 0,075 7,160 1,695 6,060 0,194 3,450 0,008
LUSL-21b 13,650 0,019 9,830 0,021 15,300 0,481 6,730 0,204 2,910 0,258
LUSL-WO-A 2,720 0,040 46,400 <0.001 1,650 0,574 1,460 0,039 0,420 0,130
LUSL-WO-B 2,300 0,042 48,100 <0.001 1,400 0,482 1,400 0,034 0,279 0,119
ME-XRF 12st| ME-XRF12st| ME-XRF12st| ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81
SAMPLE Sio2 Sro TiO2 Ag Ba Ce Co Cr Cs Cu
DESCRIPTION % % % ppm ppm ppm ppm ppm ppm ppm
LUSL-08 50,900 0,032 0,130 1,000 262,000 7,700 51,900 70,000 0,560 295,000
LUSL-09 50,100 0,051 1,020 <1 138,000 8,700 31,700 20,000 0,400 45,000
LUSL-11 51,800 0,054 0,110 <1 351,000 7,900 15,700 30,000 0,950 17,000
LUSL-19 49,000 0,019 1,040 <1 349,000 9,600 55,000 350,000 0,750 155,000
LUSL-20b 52,300 0,052 0,110 <1 586,000 9,100 34,700 40,000 0,780 12,000
LUSL-21b 47,700 0,045 2,690 <1 144,500 41,000 56,800 260,000 0,520 324,000
LUSL-WO-A 16,550 0,142 0,160 <1 209,000 25,600 7,500 70,000 0,310 24,000
LUSL-WO-B 15,750 0,128 0,160 <1 165,500 22,600 6,900 50,000 0,360 12,000
ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81
SAMPLE Dy Er Eu Ga Gd Hf Ho La Lu Mo
DESCRIPTION ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
LUSL-08 0,820 0,540 0,420 15,800 0,730 <0.2 0,160 4,300 0,090 2,000
LUSL-09 1,090 0,620 0,570 18,600 0,900 1,000 0,200 4,900 0,100 2,000
LUSL-11 0,950 0,640 0,520 19,900 1,000 0,300 0,220 4,500 0,080 2,000
LUSL-19 4,200 2,510 0,930 17,100 3,360 1,400 0,840 3,500 0,370 2,000
LUSL-20b 1,010 0,530 0,510 18,400 1,100 <0.2 0,210 5,200 0,100 2,000
LUSL-21b 6,650 3,820 2,250 24,000 7,970 5,400 1,350 16,300 0,450 3,000
LUSL-WO-A 2,030 1,310 0,550 5,200 2,450 0,500 0,460 12,300 0,190 3,000
LUSL-WO-B 1,940 1,250 0,460 4,700 1,910 0,900 0,390 10,600 0,150 2,000
ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81
SAMPLE Nb Nd Ni Pb Pr Rb Sm Sn Sr Ta
DESCRIPTION ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
LUSL-08 0,200 3,200 126,000 106,000 0,860 51,800 0,670 1,000 291,000 <0.1
LUSL-09 1,700 3,500 80,000 6,000 0,940 19,000 0,960 1,000 443,000 0,100
LUSL-11 <0.2 4,100 83,000 <5 1,070 48,700 1,170 1,000 497,000 0,100
LUSL-19 2,600 7,800 133,000 9,000 1,490 157,000 2,590 1,000 152,500 0,200
LUSL-20b <0.2 3,800 105,000 6,000 1,040 72,100 0,910 1,000 476,000 <0.1
LUSL-21b 17,100 23,700 147,000 11,000 4,860 17,700 6,760 7,000 399,000 1,600
LUSL-WO-A 3,900 10,000 40,000 9,000 2,610 21,100 2,220 3,000 1.280,000 0,300
LUSL-WO-B 4,600 9,800 41,000 6,000 2,290 15,400 1,960 2,000 1.080,000 0,300
ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81
SAMPLE Tb Th Tl Tm U \ W Y Yb Zn
DESCRIPTION ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
LUSL-08 0,140 0,250 <0.5 0,070 0,200 187,000 4,000 4,600 0,500 445,000
LUSL-09 0,190 1,670 <0.5 0,090 1,180 679,000 6,000 6,000 0,610 73,000
LUSL-11 0,170 0,410 <0.5 0,080 0,260 99,000 3,000 5,600 0,500 55,000
LUSL-19 0,590 0,170 <0.5 0,350 0,220 340,000 3,000 23,500 2,440 355,000
LUSL-20b 0,170 0,350 <0.5 0,080 0,210 154,000 4,000 5,500 0,510 89,000
LUSL-21b 1,050 3,060 <0.5 0,510 0,510 526,000 2,000 38,700 2,970 122,000
LUSL-WO-A 0,300 1,740 <0.5 0,160 1,460 40,000 2,000 16,000 1,190 70,000
LUSL-WO-B 0,320 1,620 <0.5 0,120 1,430 29,000 5,000 14,300 1,060 39,000
ME-MS81 | ME-4ACD81 | ME-4ACD81 | ME-4ACD81 | ME-4ACD81 | ME-4ACD81 | ME-4ACD81 | ME-4ACD81 | ME-4ACD81 | ME-4ACD81
SAMPLE Zr Ag As Cd Co Cu Mo Ni Pb Zn
DESCRIPTION ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
LUSL-08 9,000 <0.5 <5 1,000 47,000 311,000 <1 113,000 118,000 481,000
LUSL-09 44,000 <0.5 <5 <0.5 27,000 44,000 <1 73,000 <2 59,000
LUSL-11 15,000 <0.5 5,000 <0.5 14,000 13,000 <1 76,000 <2 37,000
LUSL-19 57,000 <0.5 <5 0,600 44,000 164,000 <1 114,000 7,000 367,000
LUSL-20b 8,000 <0.5 <5 <0.5 31,000 6,000 <1 87,000 <2 80,000
LUSL-21b 179,000 <0.5 <5 <0.5 41,000 314,000 <1 110,000 <2 85,000
LUSL-WO-A 26,000 <0.5 <5 <0.5 6,000 10,000 <1 12,000 <2 38,000
LUSL-WO-B 30,000 0,600 <5 <0.5 5,000 3,000 <1 10,000 <2 20,000
ME-MS42 | ME-MS42 | ME-MS42 | ME-MS42 | ME-MS42 | ME-MS42 S-IR08 C-IR0O7 OA-GRAO5x
SAMPLE As Bi Hg Sb Se Te S C LOI 1000
DESCRIPTION ppm ppm ppm ppm ppm ppm % % %
LUSL-08 1,400 0,560 0,023 <0.05 0,400 0,020 0,050 0,050 2,430
LUSL-09 0,200 0,020 0,012 <0.05 <0.2 0,010 0,020 0,070 1,610
LUSL-11 0,900 0,050 0,013 <0.05 <0.2 <0.01 0,010 0,060 2,230
LUSL-19 1,300 0,120 0,014 <0.05 0,400 0,010 0,060 0,050 1,730
LUSL-20b 0,200 0,060 0,009 <0.05 <0.2 0,010 0,010 0,060 1,680
LUSL-21b 0,200 0,120 0,016 <0.05 0,600 0,010 0,010 0,050 1,200
LUSL-WO-A <0.1 0,060 0,017 <0.05 0,400 0,020 <0.01 8,350 29,880
LUSL-WO-B <0.1 0,040 0,010 <0.05 0,400 0,020 <0.01 8,760 30,590
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Phaone: +55 (31} 3621 3907 Fax: +55 (31} 3621 8433

To: CESAR FONSECA FERREIRA FILHO Page: 1

SQN 107, BLOCO 1, APT 403, ASA NORTE, Finalized Date: 6-DEC-2011
BRASILIA DF 70.743-090 Account: CAFON

ALS www.alsglobal .com
Minerals
| CERTIFICATE BH11210260 SAMPLE PREPARATION
ALS CODE DESCRIFTION
Project; LUANGA SUL WEl-21 Received Sample Weight
PO No- LOG-22 Sample login - Rcd wio BarCode
; . i . ) . PUL-QC Pulwerizi Test
This report is for 8 Rock samples submitted to our lab in Belo Horizonte, MG, Brazil PUL_; P:::;;;"iﬁ::t:;sw <75 um
on 31-0CT-2011. ’ : S
The following have access to data associated with this certificate:
CESAR FONSECA AMNALYTICAL PROCEDURES
ALS CODE DESCRIFTION IMSTRUMENT
ME-XRF12st Whle rock by XRF-selected analytas XRF
ME-M3E1 3E element fusion ICP-M5 ICP-MS
ME-4ACDEL Base Metals by 4-acid dig. ICP-AES
E-M542 Up to 34 elements by ICP-MS ICP-M5
C-IRO7 Total Carbon (Leco) LECO
e Total Sulphur (Leco) LECD
OA-GRADSx LA for XRF W5T-5E0
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ATTN: CESAR FONSECA
50N 107, BLOCO |, APT 403, ASA NORTE,
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Fax: +35 (31) 3621 B433

To: CESAR FONSECA FERREIRA FILHO
SQN 107, BLOCO I, APT 403, ASA NORTE,
BRASILIA DF 70.743-090

Page: 2 - A

Total # Pages: 2 (A - E)
Finalized Date: 6-DEC-2011
Account: CAFON

ALS www.alsglobal.com
ITIinerEIS Project: LUANGA SUL
CERTIFICATE OF ANALYSIS BH11210260
Method | WE-21  ME-XRFIZst ME-RF1Z5: ME-XAFL2st ME-MRF1Z:t ME-NRFLZst ME-XRF1Zst ME-XRFIZst ME-¥RF12st ME-MRF1Zst ME-XRFIZst WE-XRFIZst ME-NRFIZst ME-XRFlZst  ME-MSBI
Analyte | Foowd We Al703 Bl Cal craoz FezOE K20 Mg T MaZO 205 502 50 oz Ag
! Units g % % % % % % % % % % % % % nom
Sample Dexcription LOR 0.0z ool 0,001 0.01 0.001 0.01 0.001 0.0l 0.001 0,001 0.001 0.0l 0.001 a0l 1
LUSL-08 o5 18.30 Do3r 9.49 0.00s 7.13 1.050 7.2 0.127 323 0.007 s0G D3z 013 1
LUSL-09 D24 16.05 0023 1425 0.oos §.53 0.463 591 0.156 237 0.0606 50.1 Do 1.02 =1
LUSL-11 025 222 D043 11.40 <1.001 3.8 1.090 425 0.100 379 0.D0& B Duas4 o1 =1
LUSL-19 D26 13.85 D049 99 00442 14.05 210 7.37 0.302 1.650 0.o7a 49.0 Duote 1.04 =1
LUSL-20b D14 19.00 D.oes 9.00 D075 7.16 1685 6.06 0154 345 0.D0& 523 Duas2 ol =1
LUSL-21b 010 1365 0019 9.83 o021 15.30 D.as1 6.73 0.204 291 0258 477 Dudas 268 =1
LUSL-WO-A 0os 272 004a 46.4 <0001 1.65 0.574 1.45 0.035 0.420 0.130 16.55 D142 0.is =1
LUSL-WO-B 013 230 D042 481 <0001 1.40 D482 1.40 0.034 0.z75 0115 1575 D128 016 =1
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ALS Brasll Leda.

Rua 530 Paulo, GBS, Célvia,
CEP-33.200-000 Vespasiano
Eelo Horizonte MG

Phane: +55 (31) 3621 3507 Fam: +55 (31} 3621 B433

To: CESAR FONSECA FERREIRA FILHO
SQN 107, BLOCO I, APT 403, ASA NORTE,
BRASILIA DF 70.743-090

Page: 2 - B

Total # Pages: 2 (A - E)
Finalized Date: 6-DEC-2011
Account: CAFON

ALS www.alsglebal.com
I'I'Iinerals Project: LUANGA SUL
CERTIFICATE OF ANALYSIS BH11210260
Method | ME-MSB1  ME-MSB]  ME-MSEL  ME-MEE1  ME-MSE1  ME-MEEL  ME-MEEL  ME-MSE]  ME-MSEL  ME-MSE1 ME-MSE1  ME-MSEL  ME-MSE]  ME-MSE1  ME-MSE
Analyte Ea Ce o cr s Cu oy Er Eu Ga Gcd HF Ho La Ly
5 e D St Units ppm pom ppm ppm ppm npiT PR =] PR =] =] ppm =] Dpm opm
g Descripthon LOR oS s 05 w0 .01 5 0.05 0.0% 003 ol 0.05 oz 0.1 05 ool
LUSL-08 252 77 51.9 T OS5 285 .52 0.54 D42 15.8 073 1.2 016 43 o.oe
LUSL-09 130 &7 3.7 20 040 4 1.09 0.e2 .57 18.6 090 1.0 020 48 o.io
LUsL-11 351 TE 15.7 30 0.55 7 0.95 0.64 .52 19.8 1.00 o3 022 45 OoE
LUsL-19 345 == 55.0 350 OL7s 155 4.2 2.51 0e3 17.1 3.36 14 084 35 037
LUSL-208 536 a1 34T a0 073 12 1.01 0.53 2.3 15.4 1.10 .2 021 5.2 oio
LUSL-21kb 1445 41.0 56.8 2640 o.s2 334 6.65 382 225 24.0 TAar 54 135 16.3 045
LUSL-WO-A 205 256 7.5 T 031 24 2.03 1.3 055 52 2 45 0.5 046 123 o9
LUSL-WO-B 1855 2.6 6.9 =0 035 12 1.54 1.25 D48 4.7 91 os 039 106 ois
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ALS Brasil Lada.

Rua 5io Paulo, BBS, Céhia,
CEP-33. 200-000 Vespasiano
Eela Horizonte MG

Phone: +55 (31) 3621 3907 Fax: +55 (31) 3621 B433

To: CESAR FONSECA FERREIRA FILHO

SQN 107, BLOCO I, APT 403, ASA NORTE,
BRASILIA DF 70.743-090

Page:2 - C

Total # Pages:2 (A-E)
Finalized Date: 6-DEC-2011
Account: CAFON

ALS www.alsglobal.com
I'I'IinETEIS Project: LUANGA SUL
CERTIFICATE OF AMNALYSIS BH11210260
Method | ME-MSB1  ME-MSE]  ME-MSZ1  ME-MES1  ME-MSEL  ME-MSSL  ME-MEE1  ME-MSSL  ME-MSSL ME-MSEL ME-MSEL ME-MSEL  ME-MSE]  ME-MSE1  ME-MSAI
Analyte Mo b Nl N P Pr b 5m sn st Ta T Th i ™
5 ie D —_— Units = Fam ppm PR npm DR == PRm PR =] PEm pom pm npm ppm
AN Description LOR z 0.2 0.1 5 5 0.03 0.2 0.0z 1 0.1 1 ool 0.05 05 ool
LUSL-08 2 02 3.2 126 106 0.85 51.8 067 1 291 <01 014 0235 =05 ooT
LUSL-09 2 1.7 335 ED B 0.52 124 0.95 1 443 o L.1% 187 =05 ooa
LusL-11 2 .2 41 B3 =5 1.07 487 147 1 497 o1 0T 041 =05 DLoS
LUSL-19 2 2.6 7.8 133 = 1.49 157.0 253 1 152.5 o2 1 o7 =05 03s
LUSL-20b 2 =02 B 105 E 1.04 T2 .9 i 478 =1 0T 035 =05 DL0S
LUSL-21k 3 17.1 23.7 147 11 4.85 17.7 8.73 T 299 15 1.05 3.06 =05 o=
LUSL-WO-A 3 3.5 10.0 40 = 2.61 211 2.2 3 1280 03 030 1.74 =05 DLiG
LUSL-WO-B 2 46 a8 41 B 223 15.4 1.95 2 1080 03 0.3z 152 =05 oLz
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ALS Brasil Lada. To: CESAR FONSECA FERREIRA FILHO Page:2 - D

Rua Sia Paula, GBS, Cévia, SQN 107,BLOCO |, APT 403, ASA NORTE, Total # Pages: 2 (A - E)
CEP-33.200-000 Vespasiano BRASILIA DF 70.743-090 Finalized Date: 6-DEC-2011
Eela Ilu'i.eun_!u MG i Account: CAFON
Phaone: +55 (321} 3621 3007 Fam: +55 (31) 3621 E433
ALS www.alsglobal.com
I'I'Iinerals Project: LUANGA SUL
CERTIFICATE OF ANALYSIS BH11210260
Method | ME-MS81  ME-MSE]  ME-MSEl  ME-MSS1  ME-MSEL  ME-MSS1  ME-MGE1  ME-4ACDS1 ME-4ACDS1 ME-SACDE] ME-4ACDE1 ME-4ACDS] ME-4ACDEL ME-JACDEL ME-4ACDEL
Analyte u v w ¥ ] k3 zr Ag A cd Co Cu Ma ] o
Sample Description Uity it Ppm o o PP ppm P PR pem = pRm poam pom npT npm
LOR [ % 5 1 0.5 0.03 5 2 0.5 5 os 1 1 1 1 2
LUSL-08 o220 187 4 46 0.5a 445 a =0.5 =5 1 47 31 = 113 118
LUSL-09 1.18 T & &.0 0E1 T3 44 =0.5 =5 =0.5 27 44 = 73 =2
LUSL-11 026 5 3 55 0.5a 55 15 <05 5 <05 14 13 3 76 =2
LUSL-19 022 340 3 235 244 355 57 <05 <5 0.5 44 154 114 7
LUSL-208 021 154 4 55 0.51 ] B <05 =5 <05 3 ] = a7 =2
LUSL-2 1B s 526 2 387 297 122 1™ =0.5 <5 =0.5 41 314 =1 110 =2
LUSL-WO-A 146 al P 16.0 1.19 70 26 =05 <5 =<0.5 & 1a =1 12 =2
LUSL-WO-B 143 29 5 14.3 1.05 39 30 HL] <5 =0.5 S 3 =1 10 =2




A15 Brasil Lida. To: CESAR FONSECA FERREIRA FILHO Page:2 - E

Riss Se Paula, GBS, Céhvia, SQN 107, BLOCO I, APT 403, ASA NORTE, Total # Pages: 2 (A - E)
CEP-33.200-000 Vespasiano BRASILIA DF 70.743-090 Finalized Date: 65-DEC-2011
Bela Horizanie MG Account: CAFON
Phone: +55 (31} 3621 3507 Fan: +55 (31} 3621 B433
ALS www.alsglobal .com
I'I'IiﬂEI'aIS Project: LWANGA SUL
CERTIFICATE OF ANALYSIS BH11210260
Methad ME-4ACDEL ME-M542 ME-MZ42 BE-M54Z ME=ME4Z ME-ME42 ME-WE4Z 5-IR0E C=IRDT DA-CRADS®
Analyte In Az B Ha b 58 Te 5 c L0l 1000
- Units pom pom npm ppm ppm npm g % % 4
Sample Description LOR z 0.1 0.01 0.005 0.0% 02 0.0 0.01 0.0l 0.01
LUSL-08 431 14 [£R- 3 ooz <0.05 0.4 o.o2 a.os a.os 243
LUSL-09 55 02 o2 ooz =0.05 =02 o.01 o.o2 o.o7 1.61
LusL-11 T o0s oS o3 <105 <02 <0.01 oo 0.06 223
LusL-19 o7 1.3 o2 o4 <0.05 0.4 a.o a.0s a.os 1.73
LUSL-206k &0 0z 006 0.00% «=0.05 =02 a.o1 .o 0.06 1.68
LUsL-21b 5 0z o1z OLO16 <1.05 a6 a.o1 o a.ns 1.20
LUSL-WiO-A 3B <01 0.0e 0.oA7 <0.05 04 a.o2 <001 835 20,38

LUSL-WD-E 20 <01 0.04 .00 <105 0.4 o.o2 =0.01 8.76 30,55




ALS Brazil Lada.

Fusa Sio Paulo, 685, Célvia,

CEP-33.200-000 Vespasiano

Eelo Horizonte MG

Phone: +55 (31) 3621 3507 Fax: +55 (31} 3621 8433

To: CESAR FONSECA FERREIRA FILHO Page: 1

SQN 107,BLOCO 1, APT 403, ASA NORTE, Finalized Date: 6-DEC-2011
BRASILIA DF 70.743-080 Account: CAFON

ALS www.alsglobal.com
minerals
| QC CERTIFICATE BH11210260 SAMPLE PREPARATION
ALS CODE DESCRIFTION
Project: LUANGA SUL WEl-21 Received Sample Weight
P.O. No.: Loc-22 Sample login - Red w/o BarCode
This report is for & Rock samples submitted to our lab in Belo Horizonte, MG, Brazil ::Et:?f ::uiwrzzmg ?:tTE;;., 75
on 31-0CT-2011. uivenze spht to sa < d . UM
The following have access to data associated with this certificate:
CESAR FONSECA ANALYTICAL PROCEDURES
ALS CODE DESCRIFTION INSTRUMENT
ME-XRF12st Whole rock by XRF-selected analytes XRF
ME-M3E1 3E element fusion ICP-M5 ICP-M5
ME-4ACDEL Ease Metals by 4-acid dig. ICP-AES
ME-M542 Up to 34 elements by ICP-M5 ICP-M5
C-IROT Total Carbon (Leco) LECO
5-IRCE Total Sulphur (Leco) LECO
OA-GRAOSx LA for XRF WST-5EQ

To: CESAR FONSECA FERREIRA FILHO
ATTN: CESAR FONSECA
S0N 107, BLOCO |, APT 403, ASA NORTE,
BRASILIA DF 70.743-090

This is the Final Report and supersedes any preliminary report with this certificate number. Results apply to samples as

submitted. All pages of this report have been checked and approved for release.

%‘M@

Signature:
Rene Mamani. Laboratory Manager. Peru
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ALS Brazil Lada.

Fua 5o Paulo, B85, Célvia,
CEP-33 200-000 Vespasiano
Eelo Horizonte MG

Phone: +55 (321} 3621 3907
www.alsglobal.com

Fax: +55 (31) 3621 B433

To: CESAR FONSECA FERREIRA FILHO
SQN 107, BLOCO |, APT 403, ASA NORTE,
BRASILIA DF 70.743-090

Project: LUANGA SUL

Page: 2 - A

Total # Pages: 6 (A - E)
Finalized Date: 6-DEC-2011
Account: CAFON

| QC CERTIFICATE OF ANALYSIS BH11210260

Method
Anahyte
Sample Description If_:;';

ME-XFFIZst ME-XRF1251 ME-XRF12st ME-XRF13st ME-XRF12:1
AlTD3 Ealy Cad Cr2oz Fe203
% % L = 1
o1 0001 L 0.001 0.01

ME-XRF12st ME-XRF1Zst ME-XRF12s5t ME-NXFF1Zst ME-XRF12st ME-XRF1Zst ME-XRFIZst ME-XRFIZ5t  ME-MEEL

K20 M0 MinD Halo P205 =02
L1 % % % % %
0.001 a.om 0.001 0.001 .00l 0.1

S0
L]
0.0l

ME-M581
T2 Ag Ba

L] npm mom
o1 1 o5

CEMIGE-4c

Target Range - Lower Bound
Upper Bound

CEMFFS-5

Target Range - Lower Bound
Upper Bound

LT1O00/ 372

LT100:0/ 372

Target Range - Lower Bound
Upper Bound

LT1000/ 372

LT100:0/ 372

Target Range - Lower Bound
Upper Bound

LT1007 /318

Target Range - Lower Bound
Upper Bound

LT1012/319

LT1012/319

Target Range - Lower Bound
Upper Bound

LT1012/319

LT1012/319

Target Range - Lower Bound
Upper Bound

MRC =008

Targel Range - Lower Bound
Upper Bound

OREAS 146

OREAS 146

Target Range - Lower Bound
Upper Bound

STANMDARDS

=1 > 10000
=1 > 10000
=1 11430
3 =10000
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mMmnerals

ALS Brasil Lada.

Rua 5io Paulo, 685, Célvia,
CEP-33. 200-000 Vespasiano
Eelo Horizonte MG

Phone: +55 (30} 3621 3907
www.alsglobal.com

Fax: +55 (31) 3621 B433

To: CESAR FONSECA FERREIRA FILHO
SQN 107, BLOCO |, APT 403, ASA NORTE,
BRASILIA DF 70.743-090

Page:2 - B

Total # Pages: 6 (A - E)
Finalized Date: 6-DEC-2011
Account: CAFON

Project: LMANGA SUL

| QC CERTIFICATE OF ANALYSIS BH11210260

Method
Analyte

Sample Description Iﬂl_.:::

ME-M581 ME-M581 ME-MSE] ME-MEE] ME-MZE]
Ce Co Cr Cs Cu
ppm ppm ppm ppm npm
=81 .5 1o 0.01 3

ME-MSE1

v
ppm
Q.05

ME-NEE] ME-MS581 ME-MES1 ME-MSEL ME-MSE1L ME-M581 ME-M581 ME-MSE] ME-M581
Er Eu Ga Cd HE Ho La Lu Mo
ppm ppm PRm ppm ppm ppm ppm ppm ppm
0.03 0oz ol 0.0% oz 001 0.5 .03 F

GEMIGE-4c

Target Range — Lower Bound
Upper Bound

GEMOS-5

Target Range - Lower Bound
Upper Bound

LT1O0 372

LT 10/ 372

Target Range — Lower Bound
Upper Bound

LT 100D/ 372

LTL1O00f 372

Target Range - Lower Bound
Upper Bound

LT107f1E

Target Range - Lower Bound
Upper Bound

LT10127319

LT1012/219

Target Range — Lower Bound
Upper Eound

LT1012/319

LT1012/319

Target Range — Lower Bound
Upper Bound

MRCeoD8

Target Range - Lower Bound
Upper Bound

OREAS 146

OREAS 145

Target Range - Lower Bound
Upper Bound

4710 3.7 130 0.5
4220 33.5 220 0.55

STANDARDS

237
237

353 1300 253 40 4 T4 2450 BT
89.7 137.5 24 B 49 &0 T4 2240 .47
78.3 114.5 24 323 45 331 2280 SEE

R
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ALS
Minerals

AlLS Brasil Lada.

Rua Sio Paulo, 685, Céhia,
CEP-33.200-000 YVespasiano
Belo Horizonte MG

Phone: +55 (31} 3621 3907
www.alsglobal.com

Fan: +35 {31} 3621 B433

BRASILIA DF 70.743-030

Project: LUANGA SUL

To: CESAR FONSECA FERREIRA FILHO
SON 107, BLOCO 1, APT 403, ASA NORTE,

Page: 2 - C
Total # Pages: 6 (A - B}

Finalized Date: 6-DEC-2011

Account: CAFON

| QC CERTIFICATE OF ANALYSIS BH11210260

Sample Description Iﬂ'-_.:::

Methaod
Analyte

ME-M581 ME-MZ81 ME-=-M3E] ME=MSE1 ME-B5E1
Kb Ml i Fb Pr
Fpm Pam ppm PRm ppm
oz i | 5 5 0.03

ME=MSE1
Rb
Apm
0.2

ME-MSE1 ME-=ME581 ME-MEE1
5m n S0
PR BRm FRmM
0.03 1 ol

ME-MSEL
Ta
BRm
ol

ME=MESE1
Th
PR
o1

ME-M581
Th
pem
05

ME=-M581

ME=BISE]1 ME-M581
m Tm u

FPpm AR npm
o5 0.0l o.os

CEMIGE-4c

Target Range - Lower Bound
Upper Bound

GEMOSS-5

Target Range - Lower Bound
Upper Bound

LTI000 /372

LT1000 /372

Target Range - Lower Bound
Uppers Bound

LT100D 372

LT1000 372

Target Range - Lower Bound
Upper Bound

LTI0O07 318

Target Range - Lower Bound
Upper Bound

LT1012/319

LT1012/319

Target Range - Lower Bound
Uppes Bound

LT1012/319

LT1012/319

Target Range - Lower Bound
Upper Bound

MRCeu08

Target Range - Lower Bound
Upper Bound

OREAS 146

OREAS 146

Target Range - Lower Bound
Upper Bound

408 2200 7B 1= S35
407 2210 620 335

415 2400 753 03

STANDARDS

283

BE

.
f

3200
2830

a4k
BEE b

M

BEs N

1.9

a5a

813

.3 10.60 285

.5 .50 237
15 10.20 3
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Minerals

ALS Brazil Lada.

Rua 5io Paule, GBS, Céhia,
CEP-33.200-000 Vespasiano
Eelo Horizonte MG

Phane: +55 (31} 3621 3507
www.alsglobal.com

Fau: +55 (31} 3621 B433

To: CESAR FONSECA FERREIRA FILHO

SQN 107, BLOCO |, APT 403, ASA NORTE,

BRASILIA DF 70.743-030

Project: LUANGA SUL

Page:2 - D

Total # Pages: 6 (A - E)
Finalized Date: 6-DEC-2011
Account: CAFON

| QC CERTIFICATE OF ANALYSIS BH11210260

Method
Analyte

Sample Description If}_.:::

ME-M581 ME-MI581 ME-MZE] ME-M5E1
W W ¥ hi-]
pom Pam ppm PR
5 1 0.5 0.0z

ME-MSE]
In
Ppm
5

ME-MEE1
Zr
npm

A5 Cd Co
] pEm ppm
5 os 1

el

ME-4ACDET ME-4ACDE]1 ME-£ACDE]1 ME-44CDE1 ME-LACDE]

Cu

=]
1

ME-4ACDE1 ME-4ACNE1 ME-J4ACDEL1 ME-450DAL

Ma
pom
1

Hi P Zn
pom npm npm

GEM3IGE-4c

Target Range - Lower Bound
Upper Bound

GEMST3-5

Target Range - Lower Bound
Upper Bound

LTI 372

LT LD 372

Target Range - Lower Bound
Upper Bound

LTLODD 372

LTLODD 372

Target Range - Lower Bound
Upper Bound

LTLO7 /318

Target Range - Lower Bound
Upper Bound

LTLO12/3108

LTI012/210

Target Range - Lower Bound
Upper Bound

LT1012/318

LT1012/319

Target Range - Lower Bound
Upper Bound

MRCeo08

Target Range - Lower Bound
Upper Bound

OREAS 145

CREAS 145

Target Range - Lower Bound
Upper Bound

161
163
140
132

Q56 535
a7 S0.5
14 261

Ehs s

1410
1300
1230
1510

STANDARDS

3

S0.2
435 =5
44 17

o
-
o

2000
1775
2170

28

3950

12
&0
G936

4130 =10000 5110
2660 10550 4510
44ED =10000 5530
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ALS Brazil Lada.

Rua Sio Paulo, 6ES, Céhvia,
CEP-33.200-000 Veipasiano
Eelo Horizonte MG

Phane: +55 (31} 3621 3507 Fax: +#55 (31} 3621 B433

To: CESAR FONSECA FERREIRA FILHO
SQN 107, BLOCO |, APT 403, ASA NORTE,
BRASILIA DF 70.743-090

Page: 2 - E

Total # Pages: & (A - E)
Finalized Date: 6-DEC-2011
Account: CAFON

ALS www.alsglobal.com
I'I'Iinerals Project: LUANGA SUL
| QC CERTIFICATE OF ANALYSIS BH11210260
Methad ME-M542 ME-M542 ME-M542 ME-ME4Z ME=NEAZ MIE = M54Z S-IRDg C=IRDT DA-CRADSN
Analyte As 8l Hy 5b e Te 5 C LOI 1000
Sample Description Uindcs L pem gt P o Ppe - & N
LOR ol ool 0005 Q.05 0.2 0.01 0.01 0.0l 0.0l
STAMNDARDS
GEM3ISE-4c
Target Range - Lower Bound
Upper Bound
CEMGoS-5 32 051 0.043 485 1.0 027
Target Range - Lower Bound 27 050 025 414 ar 023
Upper Bound 3 054 00s3 572 17 0.3
LTI/ 372 725
LTLO00 /372 725
Target Range - Lower Bound 599
Upper Bound 7.53
LTI/ 372 353
LTI/ 372 351
Target Range - Lower Bound 3.42
Upper Bound a7
LTLOO07 /218 Q.37
Target Range - Lower Bound 034
Upper Bound 0.3
LTI012/319 1.67
LT1012/319 1.90
Target Range - Lower Bound 1.81
Upper Bound 157
LT1012/319 1.20
LT1012/319 1.17
Target Range - Lower Bound 1.13
Upper Bound 1.23
MRCeaD8 45 078 0o 3.54 1.2 0.02
Target Range - Lower Bound 288 0ss 0as3 2.5 a7 =0.01
Uppes Bound 355 na1 os7 35 17 0.04
COREAS 146
OREAS 146
Target Range - Lower Bound
Upper Bound
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ALS
Minerals

ALS Brazil Lada.

Rua Sio Paulo, 685, Célvia,
CEP:33.200-000 Vespasiano
Eelo Horizonte MG

Phone: +55 (31) 3621 3907
www.alsglobal.com

Fax: +53 (31} 3621 B433

To: CESAR FONSECA FERREIRA FILHO

SQN 107, BLOCO |, APT 403, ASA NORTE,

BRASILIA DF 70.743-090

Project: LLMANGA SUL

Page: 3 - A

Total # Pages: & (A - E)
Finalized Date: 5-DEC-2011
Account: CAFON

| QC CERTIFICATE OF ANALYSIS BH11210260

Method
Analyte

Sample Description LII_T-_.:le

ME=XFF1Zst ME-XRF1Z251 ME-XRF12s1

AlZ03 Ealy CaD
% % %
o1 0001 .01

ME-XRF1Zst ME-XRF12:1

Cr20z
L
0.001

ME-XRF12:1

K20 Mg MnC HaZo 205
L L % % %
0.001 0.01 0.001 0.001 0.1

ME-XRF12st ME-XRF12st ME-XRF12st ME-XRF12st ME-XRF12st

=02
%
0.0l

ME-XRF1Zst ME-XRFIZ2st  ME-MEE1 ME-MZ81

S

%
0001

Tio2 A Ba
% opm oom
001 1 0.5

OREAS-45P

Target Range - Lower Bound
Upper Bound

OREAS-45P

OREAS-45P

Target Range - Lower Bound
Upper Bound

PD-1

PD-1

Target Range - Lower Bound
Upper Bound

SARM-11

Target Range - Lower Bound
Upper Bound

SARM-12

Target Range - Lower Bound
Upper Bound

-4

Target Range - Lower Bound
Upper Bound

BLANK

BLANK

Target Range - Lower Bound
Upper Bound

BLANK

Target Range - Lower Bound
Upper Bound

BLANK

Target Range - Lower Bound
Upper Bound

078 0005 1.11
o2 0003 1.03
naz D007 115

0.004
=0.001
ooos

STANDARDS

0.013 2.58 0.224 2.0z 0.108
.01 265 0.207 .0 0103
0013 295 0.231 0.014 o.1s

BLANES

034

0.016
o3
o7

A

236
a0
252
Eali)

w Ao

073
os7
o7
360

375
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To: CESAR FONSECA FERREIRA FILHO
SQN 107, BLOCO |, APT 403, ASA NORTE,
BRASILIA DF 70.743-090

Page:3 - B

Total # Pages: 6 (A - E)
Finalized Date: 6-DEC-2011
Account: CAFON

ALS Brazil Lada.

Rua 5o Paulo, 685, Céhia,
CEP-33.200-000 Vespasiano
Eelo Harizonte MG

Phone: +55 (31) 3621 3507 Fax: +55 (31} 3621 B433

ALS www.alsglobal.com
I'I'IinEI'EIS Project: LUANGA SUL
| QC CERTIFICATE OF ANALYSIS BH11210260
Methad ME-M5Z81 ME-M581 ME-M5E1 ME-NSE1 ME-MZE1 ME-MEE] ME-MEE1 ME-MEE1 ME-MEE1 ME-MEZE1 ME-MEZE1 ME-M581 ME-M581 ME-MZE] ME-M581
Analyte Ce o cr s Cu Dy Er Eu Ga Gd HE He L2 Lu Mo
Units pom pom ppm PR ppm ppm PR (o] o] [==u1] =<0} pom pom ppm ppm
Sample Description LOR o5 s 10 2.6l 5 0.0 2.03 003 1 .05 oz ool o5 0.01 z
STANDARDS
OREAS-45P
Target Range - Lower Bound
Upper Bound
OREAS-45FP 43.8 1185 1120 1.93 703 4.33 22 1.2 2.7 4.06 62 081 253 D0.as 4
OREAS-45F 56.1 1165 11E0 1.84 53 4.20 2147 1.23 235 2.94 748 030 278 0.1 4
Target Range - Lower Bound 435 1075 1020 1.68 a1 .64 1.85 1.03 a2 3355 6.1 (1] 218 027 <2
Upper Bound 4.3 1325 1280 205 T 4.55 245 1.33 M8 445 A oa7r 278 Das 7
PD-1
PD-1
Target Range - Lower Bound
Upper Bound
SARM-11
Target Range - Lower Bound
Upper Bound
SARM-12
Target Range - Lower Bound
Upper Bound
Y-4 133.0 2.5 10 1.43 7 19.65 15.10 2.20 364 1515 10.9 4.55 1.7 232 =2
Target Range - Lower Bound im.s 17 =10 1.34 =3 16.35 1275 1.77 4 12.55 83 386 5.7 168 =2
Upper Bound 1345 3s 30 1.65 i7 201 1565 223 86 1545 1.9 474 843 232 &
BLANKS
BLANK
BLANK
Target Range - Lower Bound
Upper Bound
BLANK
Target Range - Lower Bound
Upper Bound
BLANK
Target Range - Lower Bound
Upper Bound
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ALS Brazil Lada.

Rusa 580 Paulo, 685, Célvia,

CEP-33.200-000 Vespasiano

Eelo Horizonte MG

Phone: +55 (31} 3621 3907 Fax: +55 (31) 3621 B433

To: CESAR FONSECA FERREIRA FILHO

SQN 107, BLOCO |, APT 403, ASA NORTE,

BRASILIA DF 70.743-090

Page:3 - C

Total # Pages: &6 (A - E)
Finalized Date: 6-DEC-2011
Account: CAFON

ALS www.alsglobal.com
minerals Project: LUANGA SUL
| QC CERTIFICATE OF ANALYSIS BH11210260
Method ME-M581 ME-M581 ME-MZE] ME-M5E1 ME-MSE]L ME-MSE1 ME-M5E1 ME-MEE1 ME-MSEL ME-MEEL ME-MEE1 ME-M581 ME-M581 ME-MSE]1 ME-M581
Analhyte HE M i Pt Ar RE 5m Sn sr Ta T Th T m u
s Units (= PRm ppm PR ppm ppm PR PR PR = =u [==41) =0 Fom ppm ppm
Sample Description LOR 0.2 a1 5 5 0.03 0.2 0.03 1 0.1 01 ool 0.05 0.5 0.01 0.05
STANDARDS
COREAS-45P
Target Range - Lower Bound
Upper Bound
COREAS-45P 23.3 215 383 23 SE7 245 451 4 33.5 16 073 CL <05 033 242
OREAS-45P 241 21.5 354 25 5.70 .2 440 3 335 17 053 546 .5 (vl | .54
Target Range - Lower Bound 214 18.8 342 1 483 205 403 =1 22 13 DLE1 BT <05 028 21
Upper Bound 25.6 232 429 3 5497 255 499 B &0 18 o7 10.85 15 036 268
PD-1
PD-1
Target Range - Lower Bound
Upper Baund
SARM-11
Target Range - Lower Bound
Upper Bound
SARM-12
Target Range - Lower Bound
Upper Bound
SY-4 141 8.9 a i0 15.85 SE.4 12.40 g 1175 0.8 279 1 <05 245 084
Target Range - Lower Bound 1.5 5.2 =3 =5 13.45 483 1140 g 1070 o7 233 121 <05 206 06
Upper Bound 145 628 13 Fal 16.55 607 1400 10 1210 1.1 287 1.59 15 254 iE-2]
BLANES
BLAMK
BLANK
Target Range - Lower Bound
Upper Bound
BLANK
Target Range - Lower Bound
Upper Bound
BLANK
Target Range - Lower Bound
Upper Bound
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ALS Brazil Lada.

Rua 580 Paule, GBS, Célvia,
CEP-33.200-000 Vespasiano
Eelo Horizonte MG

Phone: +55 (31} 3621 3507

Fax: +55 (31} 3621 B433

To: CESAR FONSECA FERREIRA FILHO
SQN 107, BLOCO |, APT 403, ASA NORTE,
BRASILIA DF 70.743-090

Page:3-D
Total # Pages: 6 (A - E)

Finalized Date: 6-DEC-2011

Account: CAFOMN

ALS www.alsglobal.com
Mminerals Project: LUANGA 5UL
| QC CERTIFICATE OF ANALYSIS BH11210260
Methad ME-M581 ME-M581 ME-M35E] ME-MSE] ME=MSE] ME-MEE1 ME-JACDE] ME-4ATDE]1 ME-LACDE] ME-4ATDE] ME-4ACDE] ME-4A0DE1 ME-450081 ME-JACDAL ME-4500B1
Analyte v w ¥ T Zn I Ag As cd Co Cu Mo NI P Zn
Sample Description Lindcs PR Ppm ppm ppm R ppm ppm ppm ppm ppm ppm pam ppm ppm ppm
LOR 5 1 0.5 0.03 5 2 0.5 5 s 1 1 1 1 2 2
STANDARDS
COREAS-45P L] 13 <0.5 115 T2 =<1 a0 21 138
Target Range - Lower Bound =5 =5 =05 107 &73 =1 4B 17 125
Upper Bound 15 24 15 133 825 3 428 7 157
COREAS-45P 76 2 188 2m 157 260
COREAS-45P 234 5 200 2.3 152 245
Target Range - Lower Bound 25 3 157 1.88 122 249
Upper Bound 287 T 203 234 160 ]
PD-1
PD-1
Target Range - Lower Bound
Upper Bound
SARM-11
Target Range - Lower Bound
Upper Bound
SARM-12
Target Range - Lower Bound
Upper Bound
S¥-4 a 1 124.0 15.70 a 582
Target Range - Lower Bound =5 =1 106.5 13.30 T8 461
Upper Bound 18 2 1315 16.30 108 583
BLANKS
BLANK
BLANK
Target Range - Lower Bound
Upper Bound
BLANEK =05 <=5 =05 1 =1 =1 =1 =2 =2
Target Range - Lower Bound =05 =3 <05 <1 =1 <1 =1 <2 2
Upper Bound 10 10 10 2 2 2 2 4 4
BLANK
Target Range - Lower Bound
Upper Bound
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ALS
MmMinerals

ALS Brasil Lada.

Rua S0 Paulo, BBS, Célvia,

CEP-33.200-000 Vespasiano

Eela Horizonte MG

Phane: +55 (31} 3621 3507 Fax: +55 {31} 3621 B433
www.alsglobal.com

To: CESAR FONSECA FERREIRA FILHO
SQN 107, BLOCO |, APT 403, ASA NORTE,

Page:3 - E
Total # Pages: & (A - E)

BRASILIA DF 70.743-090 Finalized Date: 6-DEC-2011

Project: LLANGA SUL

Account: CAFON

| QC CERTIFICATE OF ANALYSIS

BH11210260

Method
Analyte

Sample Description If}_.:::

ME-M547 ME-M547 ME-M347 ME-M542 ME=ME42Z
A Bi Hug Sb L
pom pom ppm PR ppm
ol 001 0u00% 0.05 0.2

ME-ME4Z S-IRD8 C=IRD7 DA-CRADSN
Ta 5 C LOH 1000
ppm L % %
0.01 .01 0ol 0ol

COREAS-45P

Target Range - Lower Bound
Upper Bound

COREAS-45P

COREAS-45P

Targel Range - Lower Bound
Upper Bound

PD-1

PD-1

Target Range - Lower Bound
Upper Bound

SARM-11

Targel Range - Lower Bound
Upper Bound

SARM-12

Target Range - Lower Bound
Upper Bound

Sy-4

Target Range - Lower Bound
Upper Bound

BLANK

BLANK

Target Range - Lower Bound
Upper Bound

BLANK

Targel Range - Lower Bound
Upper Bound

BLANK

Targel Range - Lower Bound
Upper Bound

=01 <0.01 0.003 =005 =0.2
=01 =0.01 <0005 =005 =02
0z oaz 01a 010 04

STANDARDS

a7
8.29
7.93
8.53

BLANKS

=0.01
=001
=001
ooz

<001
=0.01
o.o2
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ALS Brazil Lada.

Rua Sio Paulo, 6E5, Célvia,
CEP-33.200-000 Veipasiano
Eelo Horizonte MG

Phone: +55 (21} 3621 3907

Fax: +55 (31} 3621 8433

To: CESAR FONSECA FERREIRA FILHO

SQN 107, BLOCO |, APT 403, ASA NORTE,

BRASILIA DF 70.743-030

Page: 4 - A

Total # Pages: 6 (A - E)
Finalized Date: 5-DEC-2011
Account: CAFON

ALS www.alsglobal.com
I'I'IiﬂEI'EIS Project: LUANGA SUL
| QC CERTIFICATE OF ANALYSIS BH11210260
Method | ME-XRFIZSt ME-NRFIZst ME-KRF12:: ME-XRF12st ME-XRF12: ME-NRF12: ME-MRF1Zst ME-MRF1Zsr ME-XRFL2st ME-MRFLZst ME-NRFIZSc ME-XRFIZst ME-XRFI2s ME-MGS1  ME-MSB1
Anahte | 4203 Eal ca0 craoz Fez0E K20 Migo M Ma2r F205 02 50 TioZ Ag Ba
. Units % % % % % % % % % % % % % ppm pam
Sample Description LOR ool 0001 .01 0.001 0.01 0.001 0.0l 0.001 2.001 0.001 0.01 0.001 ool 1 o5
BLANKS
BLANK =1 1.5
BLANK =1 0.5
BLANK =1 0.5
Targel Range - Lower Bound =1 <5
Upper Botind 2 10
BLANEK «=0.01 «0.001 <0.01 <.001 <0.01 0.004 «<0.01 0.002 «=[.001 0.002 552 <0.001 =0.01
Target Range - Lower Bound =001 =0.001 <1.01 <0.001 <0.01 =0.001 =001 =[0.001 =000 =000 950 =0.001 <001
Upper Bound ooz D.oo2 oo 0.ooz 0.2 0.oo2 o.o2 0.0a2 0.002 0.0a2 100.0 ooz ooz
BLANK
Target Range - Lower Bound
Upper Bound
BLANK
BLANK
Target Range - Lower Bound
Upper Bound
DUPLICATES
AL
oup
Target Range - Lower Bound
Upper Bound
A2Za
oup
Target Range - Lower Bound
Upper Bound
AZZh
oup
Target Range - Lower Bound
Upper Bound
AZT
Dup
Target Range - Lower Bound
Upper Bound
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ALS Brasil Lada.

Rua S5io Paulo, 685, Célvia,
CEP-33.200-000 Vespasiano
Eelo Horizonte MG

Phone: +55 (21} 3621 3507 Fax: +55 (31} 3621 8433

To: CESAR FONSECA FERREIRA FILHO

SQN 107, BLOCO |, APT 403, ASA NORTE,
BRASILIA DF 70.743-090

Page: 4 - B

Total # Pages: 6 (A - E)
Finalized Date: 6-DEC-2011
Account: CAFON

ALS www.alsglobal.com
I'I'Iinerals Project: LUWANGA SUL
| QC CERTIFICATE OF ANALYSIS BH11210260
Methad ME-M581 ME-MZ81 ME-MZE]L ME-MEE] ME-MZE] ME-MSEL ME-MEE] ME-MEE1 ME-MEE1 ME-MZB1 ME-MEB1 ME-M581 ME-M581 ME-MZE] ME-M581
Analyte Ce o cr Cs Cu oy Er Eu Ga cd HE He: La Lu Mo
i ple Dt::riptinrl Units = Fam npm PRiT PR Rpm PRt [ =l PR == PRm FRm FRm Rpm ppm
LOR o5 0.5 1 0.01 5 0.0% 0.03 0oz ol 0.0% oz a1 o5 0.01 F ]
BLANKS
BLANK 1.5 <015 =10 oo =3 =].05 =0.03 =003 =0.1 =005 <02 =001 <1.5 =0.01 =2
BLANK 0.5 1.5 =10 =001 =3 =0.05 =0.03 =003 =0.1 =005 <02 =00 0.5 =0.01 =2
BLAMEK 1.5 .5 10 =001 =5 =].05 =0.03 =002 02 =005 =02 =001 =1.5 =1.01 =3
Target Range - Lower Bound 0.3 0.5 =10 =001 =3 =005 =0.03 <003 <01 =005 0.2 =00 0.3 =0.01 =2
Upper Bound 1.0 1.0 20 oo 10 .10 a.0s 0.0s 02 o 04 ooz 1.0 0oz 2
BLANK
Target Range - Lower Bound
Upper Bound
BLANK
Target Range — Lower Bound
Upper Bound
BLANK
BLANK
Target Range - Lower Bound
Upper Bound
DUPLICATES
AlB
oup
Target Range - Lower Bound
Upper Bound
AZZa
oup
Target Range - Lower Bound
Upper Bound
A2Zb
Dup
Target Range - Lower Bound
Upper Bound
A23
oup
Target Range - Lower Bound
Upper Bound
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ALS Brazll Lada.

Rua 580 Paule, BES, Célvia,
CEP-33.200-000 Vespasiano
Eelo Horizonte MG

Phone: +55 (31) 3621 3907 Fax: +55 (31) 3621 B433

To: CESAR FONSECA FERREIRA FILHO

SQN 107, BLOCO I, APT 403, ASA NORTE,
BRASILIA DF 70.743-090

Page: 4 - C

Total # Pages: 6 (A - E)
Finalized Date: 6-DEC-2011
Account: CAFON

ALS www.alsglobal.com
ITIinerEIS Project: LWANGA SUL
| QC CERTIFICATE OF ANALYSIS BH11210260
Methad ME-MZ81 ME-MZ81 ME-MZE] ME-M5E1 ME-MZE] ME-M5E] ME-M5E1 ME-M=81 ME-MEEL ME-MEE81 ME-MEE1 ME-M581 ME-M581 ME-MZE] ME-M581
Analyte Kb Hd u P Pr Rb sm sn s Ta b Th T ™ u
Sam p|t Dtll:riptinrl Units FRm FRm ppm PRt PR ppT PR PR PR [==ul [==ul FRm FRm PR ppm
LOR oz ol 5 5 0.03 0.2 0.03 1 ol ol ool 005 o5 0.01 0.05
BLANKS
BLANK 0.2 0.1 =3 =3 <0.03 =02 =0.03 =1 =0.1 =01 =0.01 =005 1.3 =0.01 <0.05
BLANK .2 <0.1 =5 =5 <0.03 =02 =0.03 =1 =1 =0.1 =0.01 =005 <1.5 =0.01 <0.05
BLAMNEK .2 0.1 5 =5 <003 =02 =003 =1 o1 =0.1 =001 =005 1.5 <0.01 .05
Target Range - Lower Bound .2 <f.1 =5 =5 <0.03 =02 =003 =1 =01 <01 =0.01 =005 =1.5 =0.01 <0.05
Upper Bound 04 02 10 10 0.05 04 0.05 2 o2 02 ooz oD 1.0 o.02 o.i0
BLANK
Target Range - Lower Bound
Upper Bound
BLANIK
Target Range - Lower Bound
Upper Bound
BLANK
BLANK
Target Range - Lower Bound
Upper Bound
DUPLICATES
AlE
Dup
Targel Range - Lower Bound
Upper Bound
AZZa
Cup
Target Range - Lower Bound
Upper Bound
AZZh
Dup
Target Range - Lower Bound
Upper Bound
A23
Cup
Target Range - Lower Bound
Upper Bound
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ALS Brazil Lada.

Rua 580 Paule, GBS, Célvia,
CEP-33.200-000 Vespasiano
Eelo Horizonte MG

Phone: +55 (31} 3621 3507 Faw: +55 (31) 3621 8433

To: CESAR FONSECA FERREIRA FILHO
SQN 107, BLOCO |, APT 403, ASA NORTE,
BRASILIA DF 70.743-030

Page: 4 - D

Total # Pages: & (A - E)
Finalized Date: 6-DEC-2011
Account: CAFON

ALS www.alsglobal.com
I'I'IiHEI'EIS Project: LUANGA SUL
| QC CERTIFICATE OF ANALYSIS BH11210260
Method ME-M581 ME-M581 ME-MS5E] ME-MEE1 ME-MSE] ME-MS5E1 ME-4ACDE1 ME-4ACDE]1 ME-4ACDE]1 ME-44C0E1 ME-4ACDE]1 ME-4ACDE] ME-4ACDE] ME-4ACDAT ME-4ACDEL
Analyte v w L b n zIr Ag s cd Co Cu Mo Hi P Zn
: Units pom pRm ppm Ppm ppm ppm Ppm PR PR =41 [0 pom =] ppm ppm
Sample Description LOR 5 1 0.5 0.03 5 2 0.5 5 05 1 1 1 1 2 2
BLANEKS
BLANE =5 =1 =05 =003 <5 <2
BLANK =5 =1 =05 =0.02 =3 =2
BLANK =5 =1 =05 =0.02 <5 =2
Target Range - Lower Bound =5 =1 .5 =0.03 =5 =2
Upper Bound 10 2 1.0 a.0s 10 4
BLANK
Target Range - Lower Bound
Upper Bound
BLANK
Target Range - Lower Bound
Upper Bound
BLANK
BLAMNK
Target Range - Lower Bound
Upper Bound
DUPLICATES
ALE
Cup
Target Range - Lower Bound
Upper Bound
A2Za
oup
Target Range - Lower Bound
Upper Bound
A22b =05 <5 <05 47 59 3 234 =2 41
oup =05 <5 =0.5 45 57 <1 234 <2 42
Target Range - Lower Bound =05 <3 =05 43 = =1 g | =2 38
Upper Bound 10 10 10 0 g2 2 247 4 46
A2
Cup
Target Range - Lower Bound
Upper Bound
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ALS Brasil Lada.

Risa 580 Paulo, 685, Célvia,

CEP-33. 200000 Vespasiano

Eelo Horizonte MG

Phane: +55 (31} 3621 3907 Fax: +55 (31) 3621 B433

To: CESAR FONSECA FERREIRA FILHO

SQN 107, BLOCO I, APT 403, ASA NORTE,

BRASILIA DF 70.743-090

Page: 4 - E

Total # Pages: 6 (A - E)
Finalized Date: 6-DEC-2011
Account: CAFON

ALS www.alsglobal.com
I'I'Iinerals Project: LUWANGA SUL
| QC CERTIFICATE OF ANALYSIS BH11210260
Methad ME-MI543 ME-MZ542 ME-MZ42 ME - MEZ42 ME=M542 ME-M542 5-IR0E C=IRDT DA-CRADSN
Analyte A 8l Hi 5b e Te 5 c LOH 1000
_—— Units ppm ppm apm PR Bpm apm % % L
Sample Description LOR 01 001 0,005 0.06 0.2 0.01 0.01 0.0l 0.01
BLAMNKS
BLANE
BLANE
BLANE
Target Range - Lower Bound
Upper Bound
BLANEK
Target Range - Lower Bound
Upper Bound
BLANE
Target Range — Lower Bound 000030000
Upper Baund 0020000000
BLANEK =001
BLANK <001
Target Range - Lower Bound =001
Upper Bound o.o2
DUPLICATES
LY E] =001
Dur =<0.01
Target Range - Lower Bound =001
Upper Bound 0.0z
AZZ2a 0A7
CuP 0.7
Target Range — Lower Bound 015
Upper Baund 0.13
A22b 1.29
Dup 124
Target Range - Lower Bound 127
Upper Bound 1.36
AZT oS 0a3 D.o17 =0.0S =0.2 am 1.40
oup 1.0 0a3 D016 <005 =02 .01 1.13
Target Range - Lower Bound 0.8 oaz a0 =005 =02 =001 122
Upper Bound 11 004 0023 0.10 04 0.0 131
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ALS
Mminerals

ALS Brazil Lada.

Rua Sio Paulo, &85, Célvia,
CEP-33. 200-000 Vespasiano
Eelo Horirante MG

Phane: +55 (31} 3621 3507

www.alsglobal.com

Fax: +55 (31} 3621 B433

To: CESAR FONSECA FERREIRA FILHO
SQN 107, BLOCO |, APT 403, ASA NORTE,
BRASILIA DF 70.743-090

Project: LUANGA SUL

Page: 5 - A
Total # Pages: 6 (A - E)
Finalized Date: 6-DEC-2011
Account: CAFON

| QC CERTIFICATE OF ANALYSIS BH112102860

Method
Anmahyte

Sample Description Iﬂ;‘;

ME=XRF1Zsz
A3
]
oL

ME=XRF1Zs1
Baly
%
0uool

ME=XRF1251
Cal
%
ool

ME=-XRF12st
Cr203
1
0.001

ME=XRF1251
Fa2O
-1
0.0l

ME-XRF1251
20
1
0.001

ME=XRF12st ME=XRF12st ME-XFF1Ist

M3 L Halo
L % %
0.01 0.001 0.001

ME-XRF13st
P205
%
.01

ME-=XRF 1250
02
%
0.1

ME=XRF1Z5C
S
%
001

ME=XRF 125t
Tio2
%
oot

ME=MEE]
A
npm
1

ME-MZ81
Ba
mom
o5

EZ_01

Cur

Target Range - Lower Bound
Upper Bound

18.35
19.35
18.65

0048
DLasz

a8
826
.02

<.001
<0.001
<0.001
o.ooz2

11.70
11.75

12.05

DUPLICATES

1.845
1.850
1.600
1.885

317 0.0a2 342
319 0.0a4 343
am a.000 334
x .06 351

1.0

1.1

0035
0.036

0oar

LUSL-09

our

Targetl Range - Lower Bound
Upper Bound

LUSL-11

oue

Target Range - Lower Bound
Upper Bound

LUSL-19

Cur

Targetl Range - Lower Bound
Upper Bound

LUSL-Z 0k

Cur

Targel Range - Lower Bound
Upper Bound

Mi.ﬂ..ﬂ.

536
79
553
B12

LUSL-WO-A

our

Target Range - Lower Bound
Upper Bound

LUSL-WO-B

Dur

Target Range - Lower Bound
Upper Bound

FD25 - 198.40

Dur

Target Range - Lower Bound
Upper Bound
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ALS Brazil Lada.

Rua 580 Paulo, GBS, Célvia,
CEP-33.200-000 Vespasiano
Eelo Horizonte MG

Phone: +55 (31) 3621 3907

Fax: +535 (31} 3621 B433

To: CESAR FONSECA FERREIRA FILHO
SQN 107, BLOCO |, APT 403, ASA NORTE,
BRASILIA DF 70.743-090

Page: 5 - B

Total # Pages: 6 (A - E)
Finalized Date: 6-DEC-2011
Account: CAFON

ALS www.alsglobal.com
Minerals Project: LUANGA SUL
| QC CERTIFICATE OF ANALYSIS BH11210260
Methad ME-M5SE1 ME-MI581 ME-MS5E1 ME-M5E1 ME-MSE] ME-M5E1 ME-M5E] ME-MS81 ME-MSEL ME-MZE1 ME-MEE1 ME-M581 ME-M581 ME-MZE] ME-M581
Analyte Ce = cr Cs Cu Dy Er Eu Ga Gd HE He La Lu Mo
5 le D - Units FRm FRm ppm PR PR R PRI PFRm FRm == == (= FoRm RpT ppm
G o LOR 05 0.5 10 0.01 5 0.06 0.03 0.0 01 0.05 0z 001 05 0.01 z
DUPLICATES
EZ_01
DupP
Target Range — Lower Bound
Upper Bound
LUSL-09
DuP
Target Range — Lower Bound
Upper Bound
LUSL-11
Cup
Target Range — Lower Bound
Upper Bound
LUSL-19
Dup
Target Range — Lower Bound
Upper Bound
LUSL-20b 8.1 T 40 078 12 1.0 053 0.5 164 1.10 =02 021 52 oin 2
Dup 8.3 e A0 Q.82 10 1.03 0.6a 0.45 18.5 1.04 02 015 S4 0.oe 2
Target Range - Lower Bound g2 24 30 0.7 =3 a.92 2.5 0.43 74 a7 02 018 45 o.ov =2
Upper Bound 10.2 B.a 50 0.5 i7 1.12 g2 052 185 117 04 [ lr 3 a1 no.oa 2
LUSL-WO-A
il
Target Range - Lower Bound
Upper Bound
LUSL-WO-B
Dup
Target Range — Lower Bound
Upper Bound
FD25 - 198.40
CupP
Target Range - Lower Bound
Upper Bound
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ALS
MmMminerals

AL5 Brasil Lada.

Rua 5o Paulo, 685, Célvia,

CEP-313.200-000 Vespasiano

Eelo Harizonte MG

Phane: +535 (31) 3621 3907

www.alsglobal.com

Fax: +55 (21) 2621 B433

To: CESAR FONSECA FERREIRA FILHO
SQN 107, BLOCO |, APT 403, ASA NORTE,
BRASILIA DF 70.743-090

Page:5 - C

Total # Pages: 6 (A - B)
Finmalized Date; 6-DEC-2011
Account: CAFON

Project: LWANGA SUL

| QC CERTIFICATE OF ANALYSIS BH11210260

Methaod
Analyte

Sample Description If_g::

ME-M581 ME-M581
[2]:] Hid
ppm ppm
oz ol

ME-MZE]

Pr
ppm
0.03

ME-NEE] ME-MEE] ME-M5E1 ME-MESEL ME-MEEL ME-MSEL ME-M581 ME-M581 ME-MZE] ME-M581
Rb 5m 5n 5r Ta Th Th m Tm u
npm Ppm PEm pEm ppm ppm ppm ppm ppm npm
0.z 0.03 1 ol ol 001 005 0.5 0.01 0.os

EZ_01

our

Target Range - Lower Bound
Upper Bound

DUPLICATES

LUSL-03

cur

Target Range - Lower Bound
Upper Bound

LUSL-11

our

Target Range - Lower Bound
Upper Bound

LUSL-13

our

Target Range - Lower Bound
Upper Bound

LUSL-208b

our

Target Range - Lower Bound
Upper Bound

<2 3.8
<2 35
.2 36
0.4 4.1

105
29

112

S fymm

1.04
1.00
052
1.10

721 0.9 1 475 =01 LT 0.3s .5 0.os o
70.9 0.85 1 465 =0.1 0.1 0.3 <13 0.0s 0az
a1y 085 =1 447 =01 [FR L n2e .5 0.o7 L5
753 1.01 2 495 02 o6 oz 1.0 D.oa 025

LUSL-WO-A

oup

Target Range - Lower Bound
Upper Bound

LUSL-WO-E

our

Targel Range - Lower Bound
Upper Bound

FD25 - 198.40

oup

Target Range - Lower Bound
Upper Bound
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ALS Brasil Lida. To: CESAR FONSECA FERREIRA FILHO Page:5-D
SRR e SQN 107, BLOCO 1, APT 403, ASA NORTE, Total # Pages: 6 (A - E)
CEP-33.200-000 Vespasiano BRASILIA DF 70.743-090 Finalized Date: 6-DEC-2011
Eela ||n:|'i.:u'1.'.e MG B Account: CAFON
Phane: +55 (31} 3621 3507 Fax: +55 (21} 3621 B433
ALS www.alsglobal .com
I'I'Iinerals Praject: LUANGA SUL
| QC CERTIFICATE OF ANALYSIS BH11210260
Method | ME-M581  ME-MSB1  ME-MZZ]  ME-WEZ] ME-MZE1 ME-MSE1 ME-4ACDE] ME-4ACDE] ME-4ACDE] ME-4ACDE] ME-4ACDE] ME-4ACDS1 ME-4ACDE] ME-4ACDEY1 ME-4ACDBL
Analyte v W ¥ v n r Ag As cd o Cu Mo Hi Pb In
B Units pam pam apm P A apT PR BEm pEm pem FEm pam pam ppm npm
Samphe Discription LOR 5 1 0.5 0.03 5 z 0.5 5 os 1 1 1 1 2 2
DUPLICATES
EZ_01
Dup
Target Range - Lower Bound
Upper Bound
LUSL-09
Dup
Target Range - Lower Bound
Upper Bound
LUSL-11 <05 5 <[.5 14 13 =1 TE <2 T
DUr <05 <5 <[5 4 12 <1 70 <2 7
Target Range - Lower Bound <05 <3 =05 12 1 =1 6B <2 3
Upper Bound 10 10 10 18 14 2 7B 4 &1
LUSL-19
Dur
Target Range - Lower Bound
Upper Bound
LUSL-Z208 134 4 5.5 0.51 ] B
Dur 147 3 5.2 0.52 ] 9
Target Range - Lower Bound 138 2 48 0.45 B0 [
Upper Bound 153 3 &1 0.57 o8 11
LUSL-WO-A
Dur
Target Range - Lower Bound
Upper Bound
LUSL-WO-B
Dur
Target Range - Lower Bound
Upper Bound
FD25 - 198.40
Dur
Target Range - Lower Bound
Upper Bound
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AL5 Brazil Lada.

Fua 5io Paulo, &BS, Céhia,

CEP-33.200-000 Vespasiano

Eelo Horizonte MG

Phane: +55 (31) 3621 3907 Fam: +55 (31) 3621 8433

To: CESAR FONSECA FERREIRA FILHO
SQN 107, BLOCO |, APT 403, ASA NORTE,
BRASILIA DF 70.743-090

Total # Pages: 6 (A - E)
Finalized Date: 6-DEC-2011
Account: CAFON

ALS www.alsglobal.com
ITIiﬂEI'EIS Project: LUANGA SUL
| QC CERTIFICATE OF ANALYSIS BH11210260
Method ME-&I542 ME-MZ42 ME-MZ42 ME-ME42 ME-NEA2 ME-ME42 E-IRD8 C=|RD7 OA-CRADS
Analyte -t Bl Hg 1 S Te 5 C LW 1000
i Units PRm FRm ppm [ npm np L % %
Sample Descriptian LOR 0.1 001 0005 0.0 0.2 0.01 .01 0.01 0.01
DUPLICATES
EZ_01
cup
Target Range - Lower Bound
Upper Bound
LUsL-09 oo
Cup 0.0s
Target Range - Lower Bound 005
Upper Bound 0.0
LusL-11
Cup
Target Range - Lower Bound
Upper Bound
LUsL-19 1.3 o1z o014 =0.05 04 .01
i 1.3 o1z 0L0z0 <005 0.3 .o
Target Range - Lower Bound 11 oo 0o =005 <02 <001
Upper Bound 1.5 o1 0023 a.1a a7 oo
LUSL-20b
cup
Targel Range - Lower Bound
Upper Bound
LUSL-W0-A 835
Cup 332
Target Range - Lower Bound 8.13
Upper Bound 8.56
LUSL-WO-E
Dup
Target Range - Lower Bound
Upper Bound
FD25 - 198.40 313
cup 3.2
Target Range - Lower Bound 3m
Upper Bound 3.25
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ALS Brazil Lada.

Ewa 5io0 Paulo, 685, Célvia,
CEP-33.200-000 Vespasiano
Eela Horizante MC

Phone: +55 (21} 2621 3507

Fax: +55 (31) 3621 B433

To: CESAR FONSECA FERREIRA FILHO
SQON 107, BLOCO |, APT 403, ASA NORTE,
BRASILIA DF 70.743-090

Page: 6 - A

Total # Pages: 6 (A - B
Finalized Date: 6-DEC-2011
Account: CAFON

ALS www.alsglobal.com
I'I'Iiﬂerals Project: LUANGA SUL
| QC CERTIFICATE OF ANALYSIS BH11210260
Method | ME-XRFIZS ME-XRFIZst ME-XRF1Z2:t ME-NRF1Z:t ME-XRF1Z: ME-XRF1Z5t ME-XRF1Z5t ME-XRF12st ME-XRF12st ME-NRFIZ5t ME-NRFIZSE ME-XRFIZst ME-MGE1  ME-M581
Analyte | 41203 Bal ca0 Crzos FezaE Mgo Mo Kazo PZOS 202 S0 T2 Ag Ba
e Units % % % % % Y % % % % % % npem ppm
Sample Description LOR .01 0.002 0.01 0.001 a.m 0.00 2.001 0.001 0.001 0.0 0.001 001 1 0.5
DUPLICATES
ORICIMAL =1 157.0
DUP <1 150.0
Target Range - Lower Bound =1 1455
Uppes Bound z 161.5
ORICEIMAL =1 3T
Dur <1 37BD
Target Range - Lower Bound =1 B0
Upper Bound 2 4020
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ALS Brazil Lada.

Rua 5do0 Paule, B85, Céhia,
CEP-33. 200-000 Vespasiano
Bela Horizante MG

Phone: +55 (31) 3621 3507

Fax: +55 (31} 3621 8433

To: CESAR FONSECA FERREIRA FILHO
SQN 107, BLOCO I, APT 403, ASA NORTE,
BRASILIA DF 70.743-090

Page:6 - B

Total # Pages: 6 (A - E)
Finalized Date: 6-DEC-2011
Account: CAFON

ALS www.alsglobal.com
I'I'Iinerals Project: LWANGA SUL
| QC CERTIFICATE OF ANALYSIS BH11210260
Method | ME-M581  ME-MSE1  ME-MSEL  ME-MSS1  MEQMSS]  ME-MSSL  ME-WSS1  ME-MSEL  MEMSEL  ME-MSEL  ME-MSS1  ME-MSEL  ME-MSEL  ME-MSS1  ME-Msel
Anslyte Ce o s Cu Dy Er Eu Ga o HE He La Lu Mo
Ve S aRR Y Units ppm ppm ppm ppm ppm ppm ppm ppm pRm pem e ppm ppm ppm ppm
Amiple Description LOR oS os 0.0 5 0.05 0.03 0.03 ol 0.05 oz 0.1 s .01 z
DUPLICATES
ORIGINAL 3.8 14 4D 0.23 10 1.26 0.70 0.49 =0.1 1.76 210 0.25 165 oo9 2
Dur 30.3 1.1 40 0.25 B 1.20 0.83 a.51 <01 1.35 20 026 15.2 o1 2
Target Range - Lower Bound 29.0 o7 30 0.2 =3 1.12 0.7a 0.45 =01 1.52 17 023 14.6 ooe =7
Upper Bound 331 18 50 0.25 10 1.34 0.e3 0.35 0.2 1.79 23 028 171 (51 F £
ORIGINAL 248 14.0 7O a.07 38 3.54 2.3 1.93 3241 445 19.4 072 135.5 037 3
Dup 254 144 7O T.M 39 381 216 1.9 N3 424 7.5 066 128.5 029 4
Target Range - Lower Bound 238 13.0 (1] T.52 32 344 2.0m 1.78 300 4.08 17.5 0.es 125.0 0.30 =T
Upper Bound 264 154 a0 8.34 45 3.91 237 2.04 334 461 19.6 073 138.0 036 4
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ALS Brasil Lda. To: CESAR FONSECA FERREIRA FILHO Page:6 - C

Risa S8 Paxils, GBS, Célvia, SQON 107, BLOCO |, APT 403, ASA NORTE, Total # Pages: &6 (A - E)
CEP-33.200-000 Vespasiano BRASILIA DF 70.743-090 Finalized Date: 6-DEC-2011
Eela ||\'.I'I.E\:|'1.'.E MG ; Account: CAFON
Phone: +#55 (31) 3621 3907  Fax: +55 (21) 3621 8433
ALS www.alsglobal.com
I'I'IinE'raIS Project: LUWANGA SUL
| QC CERTIFICATE OF ANALYSIS BH11210260
Method | ME-MSEL  ME-MSE1  ME-MSEL  ME-MSZ1  ME-MSE]  ME-MSS1  ME-MSS1  ME-MSEL  ME-MSEL  ME-MSE1  ME-MSEl  ME-MSEL  ME-MSB1  ME-MSE1  ME-MSEI
Anahete HE Md N F& Pr R sm sn s Ta o Th Ti Tm u
ke D Units paim pom Bpm ppm npm B e pRm ppan e e pam poim Bpm mpm
ample Description LOR 0.2 a1 5 5 2.03 0.2 0.03 1 0.1 ol 0.01 005 o5 a.01 005
DUPLICATES
ORIGINAL E.D 126 2 T 325 71 258 2 247 0.3 021 4.3 .5 0.1z DET
oup &1 1.5 2E T ER I 7.6 2.34 2 23E 0.5 022 2.4 0.5 0.10 0.ez
Target Range - Lower Bound 55 11.3 1B <5 3.00 6.5 2.40 <1 29 03 020 457 <15 D.a 056
Upper Bound 66 128 3o i0 337 78 272 3 56 0.s 024 516 1.0 013 073
ORIGINAL i07.0 B5.7T a7 40 204 1450 82.09 B 403 4.3 055 244 <5 0.3z 13
Dup 1085 624 33 35 19.50 1425 7.23 3 395 4.1 L.56 24.4 0.5 D28 T3
Target Range - Lower Bound s BT 2B M 19.10 1370 7.25 4 37 34 054 231 <5 W 5.58
Upper Bound 1140 67.4 42 4 2132 1515 a.o7 7 4270 45 (15| 257 10 0.33 6.28
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ALS5 Brazil Lada.

Fua Sio Paulo, GBS, Célvia,
CEP-33.200-000 Vespasiano
Eelo Horizronte MG

Phaome: +55 (31} 3621 3507

Fax: +55 (31) 3621 B433

To: CESAR FONSECA FERREIRA FILHO
SQN 107, BLOCO |, APT 403, ASA NORTE,

BRASILIA DF 70.743-090

Page:&6 - D
Total # Pages: & (A - E)

Finalized Date: 6-DEC-2011

Account: CAFON

ALS www.alsglobal.com
miﬂeralﬁ Project: LUANGA SUL
| QC CERTIFICATE OF ANALYSIS BH11210260
Method | ME-MSEL  ME-MSE1  ME-MSE]L  ME-MEE1  ME-MSE]  ME-MSS1  ME-4ACDE] ME-4ACDE1 ME-4ACDE1 ME-4ACDE1 ME-4ACDE] ME-4ACDSL ME-4ACDS1 ME-4ACDE] ME-4ACDEL
Analyte v w f b n zr Ag As cd Co Cu Ma ] P In
R Units =0 Bpm apm ppm PR ppm pRm pRm pRm [==4] PRm PRm pRpm ppm mpm
Sample: Dexcription LOR 5 1 0.5 0.03 5 ) 0.5 ] 05 1 1 1 1 2 2
DUPLICATES
ORIGINAL 15 3 74 0.41 16 a7
oup 19 4 7.3 0.45 17 73
Target Range - Lower Bound " 2 6.5 0.3 1 65
Upper Bound 23 5 a.2 0.43 el 76
ORIGINAL 319 2 245 1.53 10 336
CuF 314 3 234 1.57 100 TES
Target Range — Lower Bound 236 2 23 1.85 50 758
Upper Bound 337 5 256 210 111 843
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AL5 Brazil Lada.

Rua Sio Paulo, GBS, Céhvia,
CEP:33.200-000 Vespasiano
Belo Horironte MG

Phone: +55 (31} 3621 3507 Fax: +55 (31} 3621 B433

To: CESAR FONSECA FERREIRA FILHO

SQN 107, BLOCO |, APT 403, ASA NORTE,

BRASILIA DF 70.743-090

Page:6 - E

Total # Pages: 6 (A - E)
Finalized Date: 6-DEC-2011
Account: CAFON

ALS www.alsglobal.com
I'I'IiﬂEI'EIS Project: LLANGA SUL
| QC CERTIFICATE OF ANALYSIS BH11210260
Method | ME-M542  ME-MS42  ME-MS4Z  ME-MSAZ  ME-MS42 51208 CeIRD7  OA-GRADSX
Analyte As m Hg 5k e 5 c LO 1000
s Units pam ppm ppm ppm ppm % % %
Samphe Description LOR ol ool 0.00% 0.0% 0.2 0.0 0.01 .01
DUPLICATES
ORIGINAL
Dup
Target Range - Lower Bound
Upper Bound
ORIGINAL
Dur
Target Range - Lower Bound
Upper Bound
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ALS

Minerals

Ta:

Cesar Fonseca

WORKORDER

CONFIRMATION FOR
BH11210260

Cesar Fonseca Ferreira Filho

SON 107, Bloco |, Apt 403, Asa Norte,

Brasilia

Brazil 70.743-090

Print date Oct 26, 2011
Client Code CAFON
Page 1 of 2

WO Billing address:

Cesar Fonseca

Cesar Fonmseca Ferreira Filho
SON 107, Bloco I, Apt 403, Asa
MNorte,

Brasilia DF

Brazil 70.743-090

WORKORDER DISTRIBUTION

REPORT DESCRIPTION

Certificate of analysis

Invaice

ALS Minerals Standard OC format

QC Certificate
Work Order
Excel Format

DESTINATION PERSOM DELIVERY
Cesar Fonseca Email
Cesar Fonseca Email
Cesar Fonseca Email
Cesar Fonseca Email
Cesar Fonseca Email
Cesar Fonseca Email

Samples submitted by:  CESAR FILHO Total Samples Received: 8
Project LUAMGA SUL Pulp Disposition: Paid Storage after 90 Days
P.O.E Reject Disposition Monthly Storage
Sample Type: Rock First Sample Description: LUSL-08
Date Received: October 24, 2011 Carrier and Waybill:
Sample Origin: Distrito Federal, Brazil
ANALYTICAL WORK REQUESTED:
PREP

8 CRU-31 Fine crushing - 70% <2mm

8 LO-22 Sample login - Rcd wi'o BarCode

a8 PUL-31 Pulverize split to 85% <75 um

8 SPL-21 Split sample - riffle splitter

8 WEI-21 Received Sample Weight

Analytes Requested: Recwd ¥t
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ALS

Minerals

8

&

WORKORDER Print date Oct 26, 2011

CONFIRMATION FOR Client Code

ANALYTICAL
C-IRO7 Total Carbon (Leco)
Analytes Requested: C
ME-4ACDE]1 Base Metals by 4-acid dig.
Analytes Requested: Ag,Cd.Co,Cu Mo, Mi,Pb.Zn
IF 8g == 100 ppen THEN RUN METHOD Ag-0OLEE
IF Co o= 10000 ppm THEN BLUM METHOD Co-C052
IF Cu == 10000 ppr THEN BUN METHOD Cu-0062
IF M0 2o = 10000 ppm THEN BUN METHOD Mo-0LEZ2
IF Hi == 10030 ppm THEN BUM METHOD Ki-0062
IF PO == 10000 ppm THER BUN METHOD Fo-0LEES
IFZn »= 10000 ppimn THEM RUMN METHOD Sn-0052
ME-ICPOE  Whole Rock Package - ICP-AES
Analytes Requested: ALR03.Ba0 Cal, Cr203, Fe203 K20, MgO MnO Na20, P205 502 5r0, Ti02

ME-M542 Up to 34 elements by ICP-MS
Analytes Requested: As,Bi Hg,5b.5e.Te

ME-M581 38 element fusion ICP-M5
Requested:
Ba,Ce Cr,Cs, Dy Er EwiGa,5d Hi, Ho L3, Lu Nb,Md, Pr,Rb.5m, Sn,5r, Ta Te, Th, T, Tm U WY, YB2Zr
OA-GRADS  Loss on Ignition at 1000C
Analytes Requested: LOI
5-IR0O3 Total Sulphur (Leco)
Analytes Fequested: 5
TOT-KCPOE Total Calculation for ICPOG
Analytes Requested: Total

MISCELLANEQUS ITEMS:
2 5HP-21 Per Sample Shipping Charge

CAFON

BH11210260 Page 2 of 2
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WORKORDER Print date Oct 31, 2011

CONFIRMATION FOR Client Code  CAFON
ALS
Page 1 of 2
s A BH11213769
To: WO Billing address:
Cesar Fonseca Cesar Fonseca
Cesar Fonseca Ferreira Filho Cesar Fonseca Ferreira Filho
50N 107, Bloco |, Apt 403, Asa Norte, 50N 107, Bloco |, Apt 403, Asa
Brasilia DF Norte,
Brazil 70.743-090 Brasilia DF
Brazil 70.743-090
WORKORDER DISTRIBUTION
REPORT DESCRIPTION DESTINATION PERSON DELIVERY
Certificate of analysis Cesar Fonseca Email
Invoice Cesar Fonseca Email
ALS Minerals Standard OC format Cesar Fonseca Email
OC Certificate Cesar Fonseca Email
Work Order Cesar Fonseca Email
Excel Format Cesar Fonseca Email
Samples submitted by:  CESAR FILHO Total Samples Received: 18
Project LUANGA SUL Pulp Disposition: Returm after 90 Days
PO % Reject Disposition: Returm
Samiple Type: Drill Core First Sample Description: LUSL 26-260,50
Date Received: October 31, 2011 Carrier and Waybill: SEDEX Sr081477141ER
Samiple Origin: Distrito Federal, Brazil

ANALYTICAL WORK REQUESTED:;

PREP
13 LOL-22 Sample login - Red wio BarCode

13 PUL-31 Pulverize split to 85% <75 um

18 WEI-21 Received Sample Weight
Analytes Requested: Recwd W

115



WORKORDER Print date

CONFIRMATION FOR Client Code

ALS
Mminerals BH11213769
ANALYTICAL

13 C-IRO7 Total Carban (Lecao)
Analytes Feguested: C
13 ME-4ACDE]1 Base Metals by 4-acid dig.
Analytes Fequested: Ag As.Cd,Cio, Cu, Mo, Mi Pb.Zn
IF Ag == 100 ppen THEM RUN METHOD Ag-OGES
IF Co » = 10000 ppm THEN RLUM METHOD Co-Cio62
IF Cu == 10000 ppm THEN AUN METHOD Cu-0062
IF Mo == 10000 ppm THEN BUN METHOD Mo-0GE2
IF i == 10000 ppm THEN BLSN METHOD KI-C062
IF P = 10000 ppm THEN BUN METHOD PR-0GE2
IF 2n = 10000 ppm THEM RUN METHOD Sn-0062
13 ME-M542  Up to 34 elements by ICP-M5
Analytes Requested: As Bi Hp,Sb.5e Te

13 ME-M581 38 element fusion KCP-M5
Analytes Requestad:

Oct 31, 2011
CAFON
Page 2 of 2

P.g,EI.EI,CE.C-:r,C'I',C5,-{:U.Dr.El,Eu,Ga,Gd,I-I',I-b.La,Lu,Mu,NI:-,N-:I_Ni,F'h,F'r.Rb,SrrLEn_Er.Ta,Th,Th,'I'I,Tm,

LV WY Yo Zn Zr
13 ME-XRF12st Whole rock by XRF-selected ana

Anatytes Requested: ALX03, Ba0 Cal, Cr203 Fe2 (3, K20, MgO MnO Na20 P20S5 5602, 5r0, THO2

13 OA-GRAOSx LON for XRF
Analytes Requested: LOI 1000

i POM-MAAZE PLM NiS collection NAA finish
Analytes Requestad: Auw,Ir. Os,Pd,Pt.Rh. Ru

13 5-IR0OS Total Sulphur (Leco)
Analytes Requested- 5

MISCELLANEOUS ITEMS:
18 5HP-21 Per 5ample Shipping Charge
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Anexo |l — Petrografia
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AMOSTRA: LUSL-01 CLASSIFICAGAO DA ROCHA: CLINOPIROXENITO
COMPOSICAO MINERALOGICA

Mineralogia principal Mineralogia acessoria - < 1%
Clinopiroxénio Minerais opacos (llm, Hm, Py e Lm)
Ortopiroxénio Biotita

Hornblenda

DESCRIGAO MICROSCOPICA

Rocha de granulacédo grossa (> 5 mm), onde antigos cristais de clinopiroxénio, e
subordinadamente, ortopiroxénio, estdo quase totalmente substituidos por anfibdlio. Os
resquicios de ortopiroxénio e clinopiroxénio sao distinguidos pelas cores de interferéncia e
angulo de extingao, sendo o ultimo predominante; os limites dos antigos cristais mostram-

se retos a cbncavo-convexos.

O anfibédlio é verde, com forte pleocroismo, variando de verde amarelado palido a
verde oliva, granulagédo fina (< 2 mm) a ultrafina, forma subédrica predominantemente,
habito tabular, por vezes prismatico ou em mosaicos poligonizados de cristais, sendo
classificado como hornblenda. Alguns cristais apresentam extincdo ondulante.

Os minerais opacos possuem granulacdo fina a ultrafina, forma anédrica a
subédrica, ocorrendo geralmente nos espacos intergranulares ou como finas inclusdes
nos cristais de piroxénio. O principal opaco identificado foi a ilmenita algumas vezes com
halo de alteracao para titanita.

Finas vénulas com preenchimento por anfibdlio ocorrem nos limites intergranulares

ou cortando cristais de minerais.

A reconstituicdo dos minerais originais da rocha aponta uma proporcéao relativa de
95 % de clinopiroxénio e < 5% de ortopiroxénio, classificando o protélito da rocha como
clinopiroxenito, cujas relagdes texturais apontam para uma rocha cumulatica do tipo
adcumulética. Devido a transformacdo quase que total destes para anfibdlio a

classificacao final € de metaclinopiroxenito, metamorfisado em facies anfibolito.
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Prancha LUSL-01 — A e B) Fotomicrografia em luz natural e luz polarizada,
respectivamente, apresentando resquicios do clinopiroxénio em processo de

transformacao para hornblenda.

Prancha LUSL-01 — C e D) Fotomicrografia em luz natural e luz polarizada,
respectivamente, mostrando a juncdo de trés antigos cristais de clinopiroxénio, cujo

contato entre eles é marcado pela presenca de pequenos cristais de hornblenda.

Prancha LUSL-01 — Opacos — A) cristal de pirita (Py) com inicio de oxidagao para limonita
(cinza); B) limonita (Lm) substituindo pirita (Py). Obj. a 6leo. Luz natural.
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AMOSTRA: LUSL-03 CLASSIFICA(;AO DA ROCHA:
Wehrlito

COMPOSICAO MINERALOGICA

Mineralogia principal Mineralogia acessOria - <
1%

Clinopiroxénio: 75% Serpentina

Olivina: 15%

Minerais opacos: 10%

DESCRICAO MICROSCOPICA

Rocha de granulagdo muito fina, onde os cristais ndo ultrapassam 1 mm em
dimensao, composta predominantemente por clinopiroxénio, e subordinadamente, por
olivina. O clinopiroxénio apresenta-se em cristais incolores, forma anédrica a subédrica,
constituindo um mosaico de cristais poligonizados, onde alguns apresentam habito
tabular, extincdo ondulante, além da presengca de diminutos minerais opacos

acompanhando as linhas de clivagem.

Os cristais de olivina sdo anédricos, incolores, porém alguns exibem um tingimento
marrom palido (brucita?), provavelmente devido ao processo de serpentinizacao, que se

mostra presente nas bordas e nas fraturas internas dos cristais.

Os minerais opacos estdo dispersos por toda a rocha, apresentando granulacao
ultrafina, forma anédrica a subédrica, habito acicular, e comumente formam aglomerados
irregulares ou vénulas miliméritcas (até 2 mm), onde estdo associados com serpentina

mesh.

A classificagdo da rocha, baseada no conteddo mineraldgico é de um wehrlito, e
sua textura com efeitos de recristalizagdo classifica-se como do tipo sacaroidal ou

granoblastica, caracterizando assim um metawehrlito.
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Prancha LUSL-03 — A e B) Fotomicrografia em luz natural e luz polarizada,

respectivamente, apresentando a textura poligonal granoblastica, marcada pelo
predominio de cristais de clinopiroxénio sobre cristais de olivina; C e D) Fotomicrografia
em luz natural e luz polarizada, respectivamente, mostrando faixa mais enriquecida em

minerais opacos e serpentina (cor de interferéncia cinza).
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AMOSTRA: LUSL-04 CLASSIFICAGCAO DA ROCHA: LHERZOLITO
COMPOSICAO MINERALOGICA

Mineralogia principal Mineralogia acessodria - <
1%

Clinopiroxénio Minerais opacos (Py, Ptl)
Ortopiroxénio Serpentina

Olivina

DESCRICAO MICROSCOPICA

A lamina apresenta dois dominios distintos, sendo o de menor expressao
caracterizado por um mosaico de cristais poligonizados, granulacao ultrafina, formado
predominantemente por clinopiroxénio, e subordinadamente por ortopiroxénio e bastita. O
ortopiroxénio por vezes apresenta lamelas de clinopiroxénio. A bastita forma cristais
tabulares a aciculares, granulacdo muito fina, possuindo minerais opacos nas linhas de
clivagem, com cores de interferéncia alta, além de extincdo reta e ondulante. Tal porcéao

pode ser caracterizada como websterito.

A porcao predominante da lamina apresenta composicao mineraldgica dada por
clinopiroxénio, ortopiroxénio e olivina como fases primarias e tendo como fases
secundarias de alteracao/metamorfismo serpentina mesh, bastita e minerais opacos. Os
cristais de piroxénio tém granulacao média (2 a 5 mm; maxima de até 3,5 mm) a fina (< 2
mm), forma subédrica a anédrica, habito quadratico a arredondado. Alguns cristais de
piroxénio possuem carater poiquilitico, com inclusdes arredondadas de olivina e,
secundariamente, de minerais opacos (pirita) e minerais translicidos marrons (espinélio).
Cristais de clinopiroxénio apresentam-se por vezes geminados, granulacdo fina, forma
subédrica a anédrica, e também com carater poiquilitico. A serpentina apresenta
caracteristicamente textura mesh (lizardita), sendo produto de transformacao da olivina e
estando comumente associada com bastita. A bastita € incolor, apresentando relevo mais
elevado do que a serpentina mesh, granulagdo muito fina a ultrafina, forma subédrica,
habito lamelar, e comumente com lamelas deformadas ou com kinks. Minerais opacos
estdo comumente associados a estes dois minerais, porém na serpentina estdo
salpicados em cristais ultrafinos de pirita com habito quadratico a arredondado, enquanto

que na bastita ocupam comumente as linhas de clivagem.
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Considerando-se a bastita um pseudomorfo de cristais de piroxénios, tanto
ortopiroxénio como clinopiroxénio, aliado a resquicios destes minerais mais olivina,
podemos considerar que tal rocha trata-se de um lherzolito, onde as relagdes texturais
apontam que olivina corresponde a material cumulus e intercumulus, enquanto orto e
clinopiroxénio a cristais cumulus.

Prancha LUSL-04 — A e B) Fotomicrografia em luz natural e luz polarizada,

respectivamente, da porgéo lherzolitica mostrando diferentes tipo de serpentina (Spm-
mesh e Spb- bastita) e cristais poiquiliticos de ortopiroxénio com cadacristais de olivina,
além de cristal de clinopiroxénio; C e D) Fotomicrografia em luz natural e luz polarizada,
respectivamente, da por¢ao websteritica, mostrando mosaico de cristais de clinopiroxénio

e ortopiroxénio, além de placas de bastita.
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Prancha LUSL-04 — Opacos — A) Piroxénio com diminutas inclusées de sulfetos (claros).

Epi iluminagdo; B) luz transmitida. Ambas as imagens em luz natural.

Prancha LUSL-04 — Opacos — C) Piroxénio com diminutas inclusées de sulfetos (claros).
Epi iluminacdo; D) cristal geminado de piroxénio, com inclusbes de opacos segundo

planos de clivagem. Luz transmitida. Ambas as imagens em luz natural.
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AMOSTRA: LUSL-08 CLASSIFICAGAO DA ROCHA: GABRO
COMPOSICAO MINERALOGICA

Mineralogia principal Mineralogia acessodria - <
1%

Plagioclasio: 80% Clorita

Anfibélio: 20% Minerais opacos

DESCRIGAO MICROSCOPICA

Rocha composta predominantemente por plagioclasio tendo ainda anfibdlio e
minerais opacos. Os cristais de plagioclasio encontram-se francamente saussuritizados,
porém ainda € possivel o reconhecimento de feicbes primarias como geminacao
polissintética e habito tabular (prismas longos e curtos), indicando tratar-se de minerais
cumulus. A forma é predominantemente subédrica e a granulacdo média, nao

ultrapassando 5 mm.

O anfibdlio é verde, pleocroismo médio (hornblenda e/ou actinolita) e apresenta-se
numa massa interconectada de cristais subédricos, de granulacdo fina a muito fina,
envolvendo cristais de plagioclasio; alguns cristais apresentam-se geminados, como
prismas alongados (actinolita) e outros exibem extingdo ondulante. Um tingimento marrom

palido ocorre de maneira superficial em cristais e anfibdlio.

Minerais opacos séo ultrafinos, forma acicular e ocorrem nas linhas de clivagem de

anfibdlio, ou formando grao isolado de habito quadratico de ocorréncia local.

Cristais de clorita, incolor a verde muito palido, de granulacdo fina ocorrem
localmente, associados a cristais de anfibolio, formando feixes de aspecto radial.

A quantidade relativa dos principais minerais e as relacdes texturais marcadas por
resquicios de cristais cumulus aponta que a rocha é de um metagabro. A paragénese

mineral caracterizada por plagioclasio, anfibélio e * clorita, indica a facies anfibolito.

A textura é nematoblastica nos dominios de anfibdlio, porém a forma de cristais de
plagioclasio e orientacdo cadtica dos eixos maiores dos mesmos aponta resquicios de

feicbes cumulaticas.
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Prancha LUSL-08 — A e B) Fotomicrografia em luz natural e luz polarizada,
respectivamente, mostrando cristais de plagioclasio saussuritizados e hornblenda;

Prancha LUSL-08 — C e D) Fotomicrografia em luz natural e luz polarizada,

respectivamente, com grao de plagioclasio de habito quadratico mostrando forte
saussuritizacao; E e F) Fotomicrografia em luz natural e luz polarizada, respectivamente,
exibindo cristais de plagioclasio cuja forma tabular mais alongada indica heranca da
textura cumulatica.
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AMOSTRA: LUSL- 09 CLASSIFICAGAO DA ROCHA: GABRO COM
QUARTZO

COMPOSICAO MINERALOGICA

Mineralogia principal Mineralogia acessOria - <
1%

Anfibdlio e clinopiroxénio: 70% Minerais opacos

Plagioclasio: 27 Carbonato

Quartzo: 3%

DESCRICAO MICROSCOPICA

A rocha apresenta uma intercalagdo de bandas milimétricas brancas e verdes,
representadas respectivamente por plagioclasio e clinopiroxénio mais anfibdlio. Nas
bandas maficas, clinopiroxénio ocorre como resquicios de cristais grossos a médios, de
forma anédrica, onde antigos limites de cristais sdo marcados pela presenca de cristais
poligonais de anfibélio, de granulagdo fina a muito fina. Internamente os cristais de
clinopiroxénio sao pervasivamente transformados para anfibélio. Tal anfibdlio € verde

oliva a marrom palido e fortemente pleocroico, caracterizado como hornblenda.

As bandas brancas, compostas predominantemente por plagioclasio, possuem
espessura milimétrica, sendo continuas ou segmentadas, de aspecto escurecido
(provavelmente pela presenca de Oxido de Fe-Ti), estando fortemente alteradas
(saussuritia), com sobrecrescimento principalmente de epidoto, e mais raramente zoisita.
Localmente, alguns resquicios de cristais muito finos, subédricos apreentam geminacao

polissintética.

O quartzo apresenta-se em cristais subédricos a anédricos (ameboidais), de
aspecto limpido, com extincdo em bandas, granulacdo muito fina, ocorrendo de forma
dispersa na rocha nos dois tipos de bandas, cuja estimativa visual ndo ultrapassa de 3%

da moda.

O carbonato ocorre como massas irregulares, geralmente nos contatos entre
cristais de plagioclasio e anfibdlio, possuindo granulagdo média a ultrafina, coloracao
marrom palida, pleocrdicos, onde os maiores cristais apresentam-se segmentados em

cristais menores e com extingdo ondulante.
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Minerais opacos formam aglomerado local, com cristais anédricos, de granulagao

fina a ultrafina, apresentando intima associacdo com epidoto.

Finas fraturas (<< 1 mm) com preenchimento de minerais do grupo do epidoto
cortam transversalmente o bandamento da rocha.

O protdlito corresponde a rocha gabroica, cuja assembléia metamorfica de
hornblenda, plagioclasio, condiciona a facies anfibolito e classifica a rocha como
metagabro. A presenca de quartzo sugere que este gabro corresponda a um produto mais
tardio de diferenciacdo magmatica, enquanto que a presencga de carbonato mostra efeitos
de alteracao hidrotermal, do tipo carbonatacdo, responsavel provavelmente pela forte

saussuritizacao dos cristais de plagioclasio.

Prancha LUSL-09 — A e B) Fotomicrografia em luz natural e luz polarizada,
respectivamente, exibindo cristais de clinopiroxénio e hornblenda, esta ultima produto de
transformacdo metamorfica do primeiro; C e D) Fotomicrografia em luz natural e luz
polarizada, respectivamente, com cristais de plagioclasio e quartzo, o primeiro fortemente
saussuritizado e o quartzo com aspecto limpido. Grao de carbonato de forma irregular

provavelmente marca processo de carbonatizagdo da rocha.
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AMOSTRA: LUSL- 10 CLASSIFICACAO DA ROCHA:
ANFIBOLITO

COMPOSICAO MINERALOGICA

Mineralogia principal Mineralogia acessOria - <
1%

Anfibélio: 70% Titanita, Zircao

Plagioclasio: 28% Epidoto

Minerais opacos: 2%

DESCRICAO MICROSCOPICA

Rocha composta predominantemente por anfib6lio e plagioclasio, numa textura
granonematoblastica. O anfib6lio € verde oliva a marrom pélido, forma comumente
subédrica e habito tabular, por vezes mostrando secdes basais tipicas, e mais
comumente, cristais com orientacdo preferencial de seu eixo maior, definindo a foliagao

principal da rocha; alguns se apresentam geminados.

Minerais opacos formam pequenos aglomerados ou ocorrem de maneira isolada e
apresentam forma anédrica a subédrica, granulacao ultrafina, por vezes com corona de
epidoto ou titanita, habito tabular, cuja elongacao do cristal é paralela ao plano de foliacao
principal.

Titanita aparece por vezes associada com minerais opacos ou em meio de cristais
de anfibdlio e plagioclasio, apresentando gra ultrafina e forma anédrica. Zircao ocorre
como cristal acicular, ultrafino em meio a cristais de plagioclasio. Epidoto por vezes forma

corona em minerais opacos.

Os cristais de plagioclasio apresentam duas formas distintas de ocorréncia, sendo
a primeira representada por cristais muito finos (< 1 mm), forma anédrica, por vezes com
geminacdao Carlsbad e/ou polissintética, extincdo ondulante e inclusées diminutas de
anfibdlio, enquanto a segunda mostra cristais ultrafinos, hébito sacaroidal poligonizado,
apresentando ou ndo geminacao polissintética; saussurita € comumente vista nos dois

tipos de ocorréncia, tendo epidoto como produto mais aparente.

Fina vénula corta subparalelamente a foliagdo da rocha sendo preenchida por
clorita.
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A assembléia metamorfica caracterizada por hornblenda, plagioclasio, * titanita,

condiciona a facies anfibolito.

Prancha LUSL-10 — A e B) Fotomicrografia em luz natural e luz polarizada,
respectivamente, com a mineralogia principal da rocha, dada por plagioclasio e
hornblenda, e como acessorios titanita e minerais opacos; C e D) Fotomicrografia em luz

natural e luz polarizada, respectivamente, exibindo a textura granonematoblastica.
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AMOSTRA: LUSL-12 CLASSIFICAGCAO DA ROCHA: LEUCOGABRO
COMPOSICAO MINERALOGICA

Mineralogia principal Mineralogia acessodria - <
1%

Plagioclasio: 85% Minerais opacos

Anfibélio: 15% Clorita, Apatita

DESCRIGAO MICROSCOPICA

Rocha composta principalmente por plagioclasio e actinolita/tremolita, onde os
cristais apresentam orientacdo preferencial de seus eixos maiores, caracterizando a
foliacdo principal da rocha. Resquicios de clinopiroxénio apresentam granulagéo ultrafina,

forma anédrica e bordas escurecidas, estando comumente associados com anfibdlio.

Os cristais de plagioclasio apresentam comumente geminacao polissintética, e por
vezes Carlsbad, forma subédrica, estando fortemente saussuritizados/propilitizados,
denotada por uma patina amarronzada. Variam em granulacdo de média a muito fina,
onde os cristais maiores alcancam até 4 mm de dimensdo, enquanto 0s menores

apresentam-se como mosaico poligonizado, alguns com extingdo odulante.

A actinolita forma cristais subédricos, habito tabular a acicular, granulagdo média
(até 3,5 mm) a fina (< 2 mm), contendo comumente minerais opacos nas linhas de
clivagem e orientagao preferencial do eixo maior dos cristais, definindo assim um plano de

foliacdo na rocha.

Clorita comumente ocorre no contato entre cristais de anfibdlio e plagioclasio, ou

também internamente nos primeiros.

Os minerais opacos ocorrem de duas formas distintas, a primeira como raros
cristais isolados, granulacao ultrafina, forma subédrica, e a segunda correspondendo a
um produto de alteracdo/metamorfismo, ocorrendo ao longo das linhas de clivagem de
cristais de anfib6lio ou acompanhando a geminacao polissintética do plagioclasio.

De ocorréncia local e restrita aparecem cristais ultrafinos de apatita, com forma

subédrica e habito arredondado a hexagonal.

A textura € marcada pela orientagdo preferencial dos cristais minerais, muito
embora alguns se coloquem obliguamente a esta tendéncia. Tal orientacao pode denotar
um bandamento igneo justamente pela ndo homogeneidade da orientagcdo dos minerais,

sugerindo uma feicao cumulatica; o paralelismo com uma foliagdo metamorfica ndo pode
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ser descartado. Finissimas vénulas cortam a rocha e sdo preenchidas por epidoto e

minerais opacos.

A assembléia metamoérfica denotada por actinolita, plagioclasio e + clorita
caracteriza a facies xisto verde, e a composicdo mineraldégica e proporcao modal dos

minerais principais, onde o plagioclasio aparece com mais de 65% na moda, classifica a

rocha como metaleucogabro.

Prancha LUSL-12 — A e B) Fotomicrografia em luz natural e luz polarizada,
respectivamente, com a mineralogia principal da rocha, dada por plagioclasio e actinolita,
e resquicios diminutos de clinopiroxénio (cor de interferéncia mais alta); C e D)
Fotomicrografia em luz natural e luz polarizada, respectivamente, exibindo grao
subeuédrico de plagioclasio, de habito tabular (ripa), indicando um resquicio da textura

ignea original;
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Prancha LUSL-12 — E e F) Fotomicrografia em Iluz natural e luz polarizada,
respectivamente, mostrando cristais de apatita.
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AMOSTRA: LUSL-13 CLASSIFICACAO DA ROCHA: ANFIBOLITO
COMPOSICAO MINERALOGICA

Mineralogia principal Mineralogia acessodria - <
1%
Anfibélio: 70% Minerais opacos

Plagioclasio: 30%

DESCRICAO MICROSCOPICA

Rocha composta por anfibélio e plagioclasio numa textura granonematoblastica, de
granulacdo média a fina, que define o plano de foliagédo principal da rocha.

O plagioclasio ocorre de duas formas distintas. A primeira representada por cristais
médios a finos, subédricos, fortemente saussuritizados, com orientacdo do eixo maior
discordante a subparalela a direcdo de foliacdo principal, exibindo resquicios de
geminacao polissintética. O outro modo de ocorréncia mostra cristais muito finos a
ultrafinos, sem geminagdo, subédricos com limites retos a suturados, localmente em
mosaicos poligonizados, evidenciando efeitos de recristalizacdo, onde alguns exibem
extingdo em bandas ou ondulante.

Os cristais de anfibdlio sdo verdes escuros a claros e com forte pleocroismo, o que
os caracteriza como hornblenda. Apresentam forma subédrica e hébito tabular e
granulacao fina a muito fina, com eixo maior orientado preferencialmente, definindo o

plano de foliagcao principal da rocha.

Os minerais opacos sao representados quase que exclusivamente por magnetita,
que possue granulacdo fina a muito fina, forma anédrica a subédrica e com os cristais
orientados em conformidade com os de anfibdlio. A magnetita apresenta alteracéao
incipiente para hematita. Hematita pulverulenta ocorre como fina poeira avermelhada em

meio a cristais de anfibdlio e plagioclasio.

Em termos estruturais a rocha apresenta apenas foliagdo definida principalmente
pela orientacdo preferencial dos cristais de hornblenda, numa textura
granonematoblastica. Localmente, finas vénulas de epidoto cortam obliquamente a
foliagcdo da rocha.

A facies metamérfica é anfibolito, devido a presenca de hornblenda e plagioclasio,
que se caracterizam como fases minerais principais, classificando a rocha como anfibolito,
de protélito igneo de composicao gabrdica.
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Prancha LUSL-13 — A e B) Fotomicrografia em luz natural e luz polarizada,

respectivamente, com a mineralogia principal da rocha, dada por plagioclasio e
hornblenda, onde o primeiro apresenta cristais subédricos a euédricos, indicando
resquicios da textura igneas original; C e D) Fotomicrografia em luz natural e luz
polarizada, respectivamente, exibindo a textura granonematoblastica da rocha, onde os

cristais de plagioclasio apresentam-se poligonizados e com granulagdao mais fina.
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AMOSTRA: LUSL-15 CLASSIFICACAO DA ROCHA:
ANFIBOLITO

COMPOSICAO MINERALOGICA

Mineralogia principal Mineralogia acessOria - <
1%

Anfibélio: 80% Minerais opacos

Plagioclasio: 20% Titanita

DESCRIGAO MICROSCOPICA

Rocha fortemente foliada mostrando bandamento incipiente dado pela intercalacédo
de bandas ricas em anfibdlio e ricas em plagioclasio.

O anfibdlio apresenta-se em cristais verdes, pleocréicos, forma subédrica,
granulacado predominantemente fina (< 2 mm), possuindo comumente habito tabular com

eixo maior orientado preferencialmente, o que define o plano de foliagéo principal.

Os cristais de plagioclasio apresentam granulacdo fina a muito fina, forma
subédrica a anédrica, comumente saussuritizados e tendo como produtos principais desta

transformacao sericita e carbonato.

A titanita ocorre em cristais incolores a marrons palidos, por vezes geminados,
fracamente pleocroicos, subédricos a anédricos, granulacdo fina (< 2 mm) a ultrafina (<<
1 mm),. Tem distribuicdo esparsa por toda a rocha, ocorrendo de forma isolada ou em
aglomerados de cristais, os mais finos condicionados a foliacdo da rocha, enquanto os

mais grossos associados a banda mais rica em plagioclésio.

Os minerais opacos sao raros e ocorrem nos planos de clivagem de cristais de

anfibdlio. Sao representados por magnetita e pirrotita oxidando-se para limonita.

Em termos estruturais apresenta foliagdo caracterizada pela orientacao preferencial
dos cristais de hornblenda, que juntamente com o mosaico de cristais de plagioclésio
definem uma textura granonematoblastica. Fino e localizado bandamento composicional &

observado.

A facies metamérfica é anfibolito, caracterizada pela presenca de hornblenda,
plagioclasio e = titanita, e sua classificacao petrografica é anfibolito, de provavel protdlito

gabroico (metamelagabro).
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Prancha LUSL-15 — A e B) Fotomicrografia em luz natural e luz polarizada,

respectivamente, com a mineralogia principal da rocha, dada por plagioclasio e
hornblenda, e como acessoério titanita, além da textura granonematoblastica; C e D)
Fotomicrografia em luz natural e luz polarizada, respectivamente, mostrando cristais de

titanita em meio a plagioclasio e hornblenda.
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AMOSTRA: LUSL-20B CLASSIFICACAO DA ROCHA: LEUCOGABRO

COMPOSICAO MINERALOGICA

Mineralogia principal Mineralogia acessOria - <
1%

Hornblenda Minerais do grupo do epidoto
Plagioclasio Minerais opacos

DESCRIGAO MICROSCOPICA

Anfibdlio: cristais incolores, verde pélido a verde azulados, pleocroismo médio a
forte, granulacdo média (< 3mm) predominantemente, forma subédrica a anédrica, com
habito que varia de tabular a prismatico. As diferentes cores e habitos apresentados
apontam para hornblenda, porém indo para uma composi¢do de ferroactinolita. Alguns
cristais sdo geminados, enquanto outros possuem inclusées de plagioclasio e de

diminutos cristais de epidoto.

Plagioclasio: cristais subédricos a anédricos, granulacdo média, tipicamente com
geminacao polissintética, porém fortemente saussuritizados. Interpenetragdo com
anfibdlio (parecidas com golfo de corrosao) foi vista localmente. Alguns cristais

apresentam zonamento concéntrico.

Os minerais opacos ocorrem de maneira localizada sobre cristais de plagioclasio,

granulacéao ultrafina, forma anédrica a subédrica.

A textura da rocha é do tipo granoblastica isogranular. Em termos deformacionais a
extincdo ondulante estd ausente em cristais de anfibdlio e presente nos cristais de
plagioclasio. Vénula de epidoto (?) corta obliguamente o acamamento da rocha. Em
termos modais apresenta cerca de 20% de anfibdlio e 80% de plagioclasio. A rocha

classifica-se como metaleucogabro.
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Prancha LUSL-20B — A e B) Fotomicrografias em luz natural e luz polarizada,
respectivamente, mostrando a mineralogia principal da rocha dada por hornblenda e
plagioclasio, este fortemente

saussuritizado;

Prancha LUSL-20B — C e D) Fotomicrografias em luz natural e luz polarizada,

respectivamente, onde grao de plagioclasio apresenta zonamento concéntrico (indicado
pela seta); E e F) Fotomicrografias em luz natural e luz polarizada, respectivamente,
exibindo grdo de hornblenda em contato com plagioclasio, cujo limite mostra fei¢cao tipo
golfo de corrosao (indicado pela seta).
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AMOSTRA: LUSL- 21.b CLASSIFICACAO DA ROCHA: DIABASIO

COMPOSICAO MINERALOGICA

Mineralogia principal Mineralogia acessoria - < 1%
Clinopiroxénio: 60% Minerais opacos
Plagioclasio: 40% Titanita

DESCRIGAO MICROSCOPICA

Rocha formada por micrélitos e ripas (fenocristais) de plagioclasio, entremeados
com cristais anédricos a subédricos de augita, além de massa opaca que constitui a
mesostase (solidificacdo da ultima fragcdo magmatica nos espacos entre os primeiros
minerais ja solidificados, podendo ser vitrea ou microgranular), formando uma textura do
tipo ofitica. As ripas (cristais tabulares/fenocristais) de plagioclasio estdo fortemente
saussuritizados, enquanto os micrélitos encontram-se um pouco mais preservados de tal

alteragéo.

Os cristais de clinopiroxénio sao rosa palido, fracamente pleocroéicos, apresentando
forma subédrica e granulacdo muito fina a ultrafina, por vezes com extincdo ondulante,
classificados como augita. Comumente associa-se com mineral verde, pleocréico por
vezes, com habito plumoso ou fibroso, tratando-se provavelmente de clorita, porém
muitas cores de interferéncia sao altas (duvida uralita/anfibdlio= transformagdo de
clinopiroxénio). Se esses minerais forem clorita representam entdo antigos cristais de

olivina.

Fenocristais de plagioclasio, variando de 1 a 3,5 mm ocorrem de maneira dispersa
na rocha, exibindo geminacao polissintética e/ou Carlsbad, além de zonamento de borda
e efeitos de saussuritizagéo.

Minerais opacos estao dispersos por toda a rocha, mostrando forma euédrica a subédrica,

hébito tabular a acicular e gra ultrafina (<< 1 mm).

A rocha nao apresenta efeitos de deformacao tecténica.
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Prancha LUSL-21.B — A e B) Fotomicrografia em luz natural e luz polarizada,

respectivamente, mostrando fenocristais de plagioclasio com geminacéao Carlsbad; C e D)
Fotomicrografia em luz natural e luz polarizada, respectivamente, exibindo textura ofitica
marcada por microlitos de plagioclasio em meio a mesostase (massa opaca), mostrando

cristais de olivina em meio a textura ofitica.

141



AMOSTRA: FD 02-44,00m  CLASSIFICAGAO DA ROCHA: OLIVINA
ORTOPIROXENITO

COMPOSICAO MINERALOGICA

Mineralogia principal Mineralogia acessoria - < 1%
Ortopiroxénio: 95% Minerais opacos (Pil, Po, Mg, Lm e
Cp)

Olivina: 5% Serpentina

DESCRICAO MICROSCOPICA

Rocha composta predominantemente por ortopiroxénio, e subordinadamente por
olivina, onde os primeiros variam em granulacdo de muito fina a muito grossa (1 a 6 mm),
com forma principalmente subédrica, alguns apresentando extingdo ondulante e kink
bands, enquanto outros possuem carater poiquilitico (cadacristais de olivina),
representando assim um heteroadcumulato. Os limites de cristais de ortopiroxénio
possuem o desenvolvimento de uma mineralogia secundaria/metamorfica de hidratacao,
caracterizada por talco, serpentina lamelar (bastita), e anfibdlio, variando de habito tabular
a acicular, este com alta birrefringéncia e extingao reta, caracterizado como cumingtonita.
A cumingtonita também aparece internamente nos cristais de ortopiroxénio, em cristais
aciculares bem desenvolvidos, ou cortando varios pequenos cristais de ortopiroxénio. As
lamelas de serpentina (bastita) chegam a atingir 1 mm de dimensao, onde as linhas de
clivagem séo realgadas pela presenca de minerais opacos; a maioria das vezes mostram
extincdo em bandas e por vezes kink bands. Duas geragdes de vénulas de serpentina sao
identificadas e pela disposicao dos cristais parece tratar-se de crisotila, onde a ultima
geracao de vénula corta cristais de anfibdlio.

A olivina se mostra fortemente fraturada e alterada para serpentina, onde a
reconstituicao dos limites de cristais mostra granulacao fina a ultrafina e forma subédrica,
ocorrendo em aglomerados de cristais ou como cadacristais em oikocristais de
ortopiroxénio. Estima-se cerca de 5% de cristais de olivina e de acordo com isso a rocha

classifica-se como olivina ortopiroxenito.

Os opacos sao representados predominantemente por sulfetos, sendo que foram
identificados pentlandita, pirrotita, e calcopirita. A pentlandita é o sulfeto mais frequente e
ocorre preferencialmente em grandes agregados de cristais de forma intersticial aos
silicatos ou preenchendo microfraturas. A pirrotita e a pentlandita se apresentam,
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frequentemente, em processo de alteracao para hidroxido de ferro. A calcopirita, sempre
inalterada, ocorre inclusa na pentlandita e na pirrotita. Identificou-se também a magnetita,
que ocorre como finos cristais alongados substituindo os ortopiroxénios e bastita, segundo
as linhas de clivagem ou como cristais finos a ultrafinos com tamanhos de 1 a 2 um e
forma subédrica a anédrica, disseminados na lamina em meio a porcoes

alteradas/serpentinizadas de ortopiroxénio e olivina.

. l.. SRy
Prancha FD 02 — 44,00m — A e B) Fotomicrografia em luz natural e luz polarizada,

respectivamente, mostrando cristais de olivina e ortopiroxénio com efeitos de
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serpentinizacdo; C e D) Fotomicrografia em luz natural e luz polarizada, respectivamente,
exibindo cristal de ortopiroxénio com kink band, marcada por extincao ondulante; E e F)
Fotomicrografia em luz natural e luz polarizada, respectivamente, mostrando textura

cumulatica.

100 jsm

Prancha FD 02 — 44,00m — Opacos — A) cristal de pirrotita (Po) alterando-se para
hidréxido de ferro (Lm) e com inclusdo de calcopirita (Cp). Obj. a éleo. Luz natural; B)
Alinhamento dos cristais de magnetita (Mg) e outros pequenos disseminados e

pentlandita (Ptl), sob luz natural,

Prancha FD 02 — 44,00m — Opacos — C) Grande cristal de pirrotita (Po) e pequenos
cristais de cromita. Luz natural. D) Cristal de pentlandita (Ptl) alterando-se para hidréxido
de ferro (Lm) e diminutos cristais de magnetita (Mg) disseminados. Obj. a éleo, sob luz
natural.
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AMOSTRA: FD 02 — 110,00 m CLASSIFICACAO DA ROCHA: SERPENTINITO
(PERIDOTITO)

COMPOSICAO MINERALOGICA

Mineralogia principal Mineralogia acessOria - <
1%
Serpentina Minerais opacos (Mg, Ptl e
Cp)

DESCRICAO MICROSCOPICA

Rocha composta predominantemente por serpentina, ocorrendo de duas formas
distintas, sendo a primeira como uma massa microgranular, granulacao ultrafina, por
vezes com arranjos de cristais radiados, semelhante a bastita microgranular descrita por
Viti & Mellini (1998). A outra forma corresponde a cristais incolores, sem plecoroismo,
forma subédrica, granulacdo média (até 3mm) a muito fina (< 1 mm), habito tabular, onde
por vezes ocorrem minerais magnetita de habito acicular nas linhas de clivagem. Ocorrem
como cristais isolados ou formam aglomerados de cristais, onde a maioria deles
apresenta extingdo em bandas, e alguns com presenca de kinks, caracteristicas tipicas de
bastita. Finas vénulas subparalelas de crisotila cortam a rocha de maneira descontinua.

Localmente, relictos fortemente transformados de olivina, caracterizados por
porcdes amarronzadas escuras com textura tipo quebra-cabeca em meio a massa
microgranular de serpentina, aliado a presenca de bastita em dois tipos texturais distintos

sugere que o protolito trata-se de um peridotito.

Os minerais opacos possuem granulacao ultrafina, forma subédrica, ocorrendo com
mais freqliéncia associado com bastita, e subordinadamente, na massa microgranular de
serpentina. O principal opaco presente é a magnetita, que ocorre como agregados
alongados segundo as linhas de clivagem da serpentina. Outros opacos identificados
foram a pentlandita e a calcopirita, de pouca expressdao e que ocorrem finamente

disseminados na amostra.
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Prancha FD 02 — 110,00 m - A e B) Fotomicrografia em luz natural e luz polarizada,
respectivamente, mostrando dois tipos de serpentina, microgranular e bastita, onde
algumas destas apresentam extingdo ondulante e com magnetita nas linhas de clivagem;
C e D) Fotomicrografia em luz natural e luz polarizada, respectivamente, com as mesmas
feicbes anteriores.

300 pm
—i

Prancha FD 02 — 110,00 m — Opacos — A) magnetita (Mg) em agregados prenchendo
fraturas e nas linhas de clivagem de silicatos, sob luz refletida, sem polarizacao; B)
mesma imagem anterior (girada um pouco para a esquerda) com luz transmitida sob
polarizagéo.
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AMOSTRA: FD 02 - 110,75 m CLASSIFICACAO DA ROCHA: WEHRLITO

COMPOSICAO MINERALOGICA
Mineralogia principal Mineralogia acessoria - < 1%
Serpentina Minerais opacos (Mg, Ptl, Cp e Cr)

DESCRICAO MICROSCOPICA

Rocha composta predominantemente por serpentina que ocorre de duas formas
distintas, sendo a predominante do tipo mesh e a segunda como bastita. A primeira
comumente caracteriza a substituicdo de cristais de olivina, onde apenas fantasmas de
limites de cristais sdo identificados, enquanto a segunda corresponde a pseudomorfos
sobre cristais de piroxénio.

O piroxénio, classificado como clinopiroxénio devido altas cores de interferéncia e
extingdo obliqua, apresenta-se em cristais tabulares, subédricos, por vezes com habito
ameboidal, granulagdo média, com tonalidades marrons a pretas, estas denotando a

presenca de fina poeira de minerais opacos e a progressiva transformacao para bastita.

A bastita além de pseudomorfisar cristais de clinopiroxénio ocorre como cristais
isolados em meio a textura mesh, e comumente possui minerais opacos, de forma
acicular que se colocam no meio das linhas de clivagem. Alguns cristais exibem extincao

ondulante e presenga de kinks.

Os minerais opacos sao ultrafinos, variando de subédricos a anédricos, com habito
acicular a tabular, quando associados a bastita, e com habito quadratico quando disperso
em meio a textura mesh. O principal opaco é a de magnetita, com os sulfetos (pentlandita
e calcopirita) e cromita raros. A principal forma de ocorréncia da cromita foi como finos
cristais de cerca de 1 a 3 um, também foi observado cristal maior de intercrescido com
dois de pentlandita e ambos alterando-se para hidroxido de ferro. A calcopirita ocorre sé e

finamente disseminada na amostra.

A reconstituicao do protdlito, baseada na presenca de serpentina mesh e bastita

sobre clinopiroxénio, sugere que a mesma trata-se de um wehrlito.
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Prancha FD 02 — 110,75 m - (A e B) Fotomicrografia em luz natural e luz polarizada,

respectivamente, mostrando forma ameboidal de antigos cristais de clinopiroxénio, que
aparecem como resquicios nas bordas de cristais de bastita (Spb), marcados por fina

poeira de minerais opacos. A serpentina mesh substitui antigos cristais de olivina.
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Prancha FD 02 — 110,75 m - C e D) Fotomicrografia em luz natural e luz polarizada,

respectivamente, mostrando resquicios de cristais de clinopiroxénio em meio a massa de
serpentina mesh e bastita; E e F) Fotomicrografia em luz natural e luz polarizada,
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respectivamente, exibindo porcdo totalmente serpentinizada, onde resquicios da

mineralogia original sdo raros, predominando a massa de serpentina mesh e bastita.

\ ; &

Sulfeto

Prancha FD 02 — 110,75 m — Opacos — A) Cristais ultrafinos de magnetita (Mg) alinhados
e raro sulfeto . Obj. 50 X. Luz polarizada. B) Cristais de pentlandita (Ptl) e de cromita (Cr)
intercrescidos e alterando para hidréxido de ferro (Lm). Obj. a éleo. Luz natural.
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AMOSTRA: FD26 — 79,85 m CLASSIFICAGAO DA ROCHA: HARZBURGITO

COMPOSICAO MINERALOGICA

Mineralogia principal Mineralogia acessOria - <
1%

Olivina Minerais opacos

DESCRICAO MICROSCOPICA

Rocha com anisotropia estrutural definida pelo arranjo orientado de filmes de
minerais opacos que estdo associados preferencialmente com lizardita e crisotila (mesh
deformada), sendo ainda acompanhados por cristais prismaticos de anfibdlio, como
também por resquicios de cristais de clinopiroxénio, ortopiroxénio e olivinas; localmente,

envolvem cristais de bastita.

A maioria dos cristais apresenta granulacdo muito fina, com forma subédrica num
mosaico de cristais de arranjo granoblastico. Por vezes a foliacdo apresenta aspecto
anastomosado, marcado pelo crescimento sincinematico de cristais de anfibdlio

(tremolita/cummingtonita) envolvendo olhos de piroxénio e olivina.

Vénulas de serpentina se colocam paralelas a foliacao e a textura de modo geral é
do tipo nematoblastica. Os cristais originais se encontram francamente fraturados
enquanto os cristais de anfibdlio crescidos orientados com eixo maior paralelo a foliagao.
Alguns deste encontram-se transformados para bastita.

Os opacos sao representados principalmente pela magnetita, que ocorre como
produto de alteracdo dos piroxénios, segundo as linhas de clivagem ou preenchendo
microfraturas. Os sulfetos identificados foram a pirita e a calcopirita em finos cristais
disseminados. A cromita ocorre como raros cristais subhédricos de cerca de 10 um.
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Prancha FD26 — 79,85 m - A e B) Placa de bastita em meio a cristais de anfibdlio e
resquicios de cristais de olivina;

Prancha FD26 — 79,85 m — C e D) mostrando a anisotropia estrutural da rocha, marcada
pelo anastomosamento da foliacdo, marcada por cristais de tremolita e antigos cristais de

olivina. Luz natural e luz polarizada, respectivamente.

Prancha FD26 — 79,85 m — Opacos — A) Magnetita (Mg) substituindo silicatos e raras

cromitas (Cr); B) magnetita (Mg) substituindo silicatos e raros cristais de Pentlandita (Ptl).
Obj. a 6leo. Luz natural.
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AMOSTRA: FD 26 — 99,85 m  CLASSIFICAGAO DA ROCHA: HARZBURGITO

COMPOSICAO MINERALOGICA

Mineralogia principal Mineralogia acessOria - <
1%

Ortopiroxénio Opacos (Cr, Mg, Ptl,
Po, Bv)

Clinopiroxénio

Olivina

DESCRICAO MICROSCOPICA

A rocha apresenta forte processo de serpentinizacdo, mostrando restos da
mineralogia original caracterizada por ortopiroxénio, clinopiroxénio e rara olivina. A
reconstituicao de limites de cristais mostra no geral uma granulagdo meédia (2 a 5 mm). Os
cristais de ortopiroxénio s&o incolores a verde/rosa palidos ou possuem pétina
amarronzada, extincao reta, forma subédrica e granulacdo média a muito fina, enquanto
os cristais de clinopiroxénio mostram-se incolores a verde/rosa palidos, extingdo obliqua.

A bastita ocorre por vezes microgranular.

Os minerais opacos sao representados por cromita, magnetita, pentlandita, pirrotita
e bravoita. A magnetita ocorre preenchendo as linhas de clivagem dos piroxénios, em
aglomerados de cristais, ou ainda como uma fina poeira de cristais ou cristais aciculares a
prismaticos com limites irregulares. A principal forma de ocorréncia da cromita foi como
cristais subédricos de tamanhos de poucos micrometros a cerca de 200 micrometros. A
bravoita (Fe, Ni)S, ocorre provavelmente como alteracdo da pentlandita (Fe,Ni)gSg
presente como exsolugdes na pirrotita (FeS).

Cristais de anfibdlio ocorrem bordejando cristais de ortopiroxénio, granulagéo fina
(< 2 mm) a muito fina, forma subédrica e habito prismatico; sdo incolores a rosa palido,
possuindo extincdo reta e alta birrefringéncia. Os cristais de olivina estdo quase que
totalmente transformados para serpentina mesh restando algumas ilhas de resquicios de

cristais originais.
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Prancha FD 26 — 99,85 m - A e B) Fotomicrografias em luz natural e luz polarizada, com
presenca de cristais de ortopiroxénio e tremolita; C e D) Fotomicrografias em luz natural e
luz polarizada, respectivamente, exibindo cristal de olivina totalmente serpentinizado,
resquicio de clinopiroxénio e dominio de microplacas de bastita.
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Prancha FD 26 — 99,85 m — Opacos — A) Magnetita (Mg) como cristais ultrafinos sobre
silicatos e grandes cristais de cromitas (Cr); B) Magnetita (Mg) muito fina alinhada,
substituindo silicatos, alguns sulfetos ultrafinos disseminados e cromitas (Cr); C) Cristais
de pentlandita (Ptl) alterando-se para magnetita (Mg) e com exsolucdes de bravoita (Bv).
Obj. a 6leo; D) Pentlandita (Ptl) alterando-se para magnetita (Mg) e com exsolu¢des de
bravoita. Obj. a 6leo. N //.
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AMOSTRA: FD 26 — 117,45 m CLASSIFICACAO DA ROCHA: HARZBURGITO

COMPOSICAO MINERALOGICA

Mineralogia principal Mineralogia acessOria - <
1%
Ortopiroxénio Opacos (Mg, Ptl, Cr)

Clinopiroxénio

Olivina

DESCRICAO MICROSCOPICA

Rocha composta predominantemente por (35%), mostrando forte processo de
serpentinizacdo. Os cristais de piroxénio sdo marrons palidos, apresentando forma
subédrica, habito quadratico com vértices arredondados e granulacdo média (2 a 5 mm),
distinguindo-se principalmente pela posicdo de extingdo dos cristais (obliqua para os
clinopiroxénio), porém a predominancia € de cristais de ortopiroxénio. Ambos possuem
carater poiquilitico, englobando pequenos cristais de olivina. Localmente formam
aglomerados de cristais subédricos de tamanhos distintos.

A olivina é quase que totalmente transformada para serpentina mesh e a
reconstituicao de antigos limites de cristais denota habito arredondado, granulagao fina (<

2 mm) a muito fina (< 1 mm).

Placas de bastita com franco desenvolvimento de minerais opacos nos planos de

clivagem sdo comuns em meio a massa de serpentina mesh.

Amostra com predominio da magnetita como mineral opaco, que ocorre como
finissima poeira sobre cristais de ortopiroxénio, massas irregulares ou aciculares de
granulagdo muito fina em meio amassa serpentinizada, tipo mesh ou bastita. Ocorre ainda
cromita como raros cristais subhédricos menores do que 10 um. O Udnico sulfeto

identificado foi a pentlandita que se apresenta alterando-se para magnetita.

Vénulas de crisotila cortam a rocha obliguamente a provavel bandamento de

acumulacao. Textura adcumulatica.
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Prancha FD 26 — 117,45 m - A e B) Na sequencia, fotomicrografias em luz natural e luz
polarizada, mostrando aglomerado de cristais de ortopiroxénio, € mais raramente,
clinopiroxénio; C e D) Fotomicrografias em luz natural e luz polarizada, respectivamente,
exibindo cristais poiquiliticos de ortopiroxénio com inclusées de olivina. Serpentina mesh
(Spm) ocorre em meio a ilhas de resquicios de cristais de olivina, enquanto bastita (Spb)
corresponde a antigos cristais de piroxénio.

30 pm
]

Prancha FD 26 — 117,45 m — Opacos — A) Magnetita (Mg) alinhada segundo as linhas de
clivagem dos silicatos e cristais de pentlandita(Ptl) alterando-se para magnetita (Mg); B)

Magnetita (Mg) substituindo silicatos e raras cromitas arredondadas (Cr).
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AMOSTRA: FD 26 — 134,05 m CLASSIFICACAO DA ROCHA:
HARZBURGITO

COMPOSICAO MINERALOGICA

Mineralogia principal Mineralogia acessOria - <
1%

Olivina Minerais opacos

Ortopiroxénio Serpentina

Antofilita/Cummingtonita

DESCRICAO MICROSCOPICA

Rocha fortemente serpentinizada, onde a ilhas de olivina estao preservadas em
meio a textura mesh. Outra forma de ocorréncia deste mineral € como inclusées em
cristais de ortopiroxénio, onde esta mais preservada da serpentinizacao. A granulacao da
olivina é fina a muito fina (Foto In2) e sua forma predominante é subédrica com vértices

arredondados.

Os cristais de ortopiroxénio estdo mais preservados, sendo incolores a rosa/verde
palidos, fraco pleocroismo, forma subédrica e granulacdo média (até 4 mm) a fina (< 2

mm); alguns sdo poiquiliticos.

Nas bordas de cristais de ortopiroxénio ocorrem cristais incolores, forma subédrica
de habito prismatico, granulagcdo muito fina, e extincdo reta, o que os caracteriza como
antofilita; por vezes formam aglomerados de aspecto radiado. Tais cristais também
ocorrem dispersos por toda a rocha e onde apresentam extincdo obliqua foram
classificados como tremolita (ou cummingtonita).

Os minerais opacos formam pequenos aglomerados aciculares nos planos de
clivagem de cristais de bastita, ou sdo massas de habito quadratico a arredondados,

sendo produto do processo de serpentinizacéo.

A lamina possui 1/4 de area formada predominantemente por olivina (dunito), e os
outros 3/4 corresponde a uma mistura ortopiroxénio, olivina e antofilita/cummingtonita de
acordo com a ordem de abundancia relativa do maior para o menor, traduzindo um

cumulato harzburgitico.
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Prancha FD 26 — 134,05 m - A e B) Fotomicrografias em luz natural e luz polarizada,

respectivamente, mostrando grdo de ortopiroxénio em meio a provavel material
intercumulus formado originalmente por clinopiroxénio, porém transformado para anfibélio
e bastita; C e D) Fotomicrografias em luz natural e luz polarizada, respectivamente,
exibindo grao poiquilitico de ortopiroxénio em meio a massa de serpentina mesh e bastita;
E e F) ) Fotomicrografias em luz natural e luz polarizada, respectivamente, apresentando

porcdo dominada por cristais de olivina fortemente serpentizados.
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AMOSTRA: FD 26 — 152,90 m CLASSIFICACAO DA ROCHA: HARZBURGITO

COMPOSICAO MINERALOGICA

Mineralogia principal Mineralogia acessOria - <
1%

Olivina Minerais opacos (Mg e Ptl)
Ortopiroxénio Serpentina

Brucita

DESCRICAO MICROSCOPICA

Rocha serpentinizada (aprox. 90%), possuindo dois tipos predominantes de
serpentina. A primeira corresponde a arranjos com textura mesh (lizardita-crisotila), onde
resquicios de cristais de olivina estdo presentes. A outra é caracterizada por placas de
bastita bem desenvolvidas, alcangcando até 4 mm em dimensdo, possuindo cores de
interferéncia de 12 e 22 ordem, possuindo frequentemente minerais opacos nas linhas de
clivagem, e por vezes presenga de kinks; extingdo ondulante é comum. A forma das
bastitas varia de subédrica a anédrica, onde esta ultima possui habito ameboidal,
caracterizando um material intercumulus e correspondente a antigos cristais de orto e/ou
clinopiroxénio. Resquicios de cristais de clino e ortopiroxénio estdo presentes, onde o
primeiro apresenta as maiores dimensdes (4 mm) e por vezes possuem inclusdes de
cristais de olivina (poiquiliticos).

Alguns cristais de olivina apresentam bordas com clinopiroxénio, este

caracterizando um material intercumulus, inclusive para cristais de ortopiroxénio (bastita).

Os minerais opacos sao frequentes e representados principalmente por magnetita,
que ocorre comumente nas linhas de clivagem dos cristais de bastita, com habito
esqueletal predominate.

A granulacdo geral é média e o arranjo textural dos cristais mostra que a rocha
trata-se de um cumulato de olivina e ortopiroxénio, tendo ainda clinopiroxénio como

material intercumulus, caracterizando assim um harzburgito-lherzolito.
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Prancha FD 26 — 152,90 m - A e B) Fotomicrografias em luz natural e luz polarizada,
respectivamente, mostrando a mineralogia principal da rocha transformada para minerais
do grupo da serpentina (serpentina mesh e bastita); C e D) Fotomicrografias em luz
natural e luz polarizada, respectivamente, apresentando cristais de olivina, ortopiroxénio e
clinopiroxénio, este ultimo de carater poiquilitico (cadacristais- inclusées- de olivina).
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Prancha FD 26 — 152,90 m — Opacos — A) Magnetita (Mg) esqueletal muito fina alinhada
segundo as linhas de clivagem das bastitas; B) Detalhe da imagem anterior; C) Magnetita
(Mg) mais bem desenvolvida alinhada segundo as linhas de clivagem de silicatos e cristal
de pentlandita (Ptl) alterando-se para magnetita; D) Detalhe do cristal de pentlandita (Ptl)

alterando-se para magnetita (Mg).
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AMOSTRA: FD 26 — 167,65 m CLASSIFICACAO DA ROCHA:
HARZBURGITO

COMPOSICAO MINERALOGICA

Mineralogia principal Mineralogia acessoria - < 1%

Olivina Brucita, Ortopiroxénio,
Anfibdlios, Serpentina

Minerais opacos (Mg, Po, Cr, Lm)

DESCRICAO MICROSCOPICA

Rocha composta por olivina, ortopiroxénio e clinopiroxénio num arranjo textural tipo
cumulatico. A fase cumulus é representada por olivina, que apresentam cristais de
granulagdo meédia (2 a 5 mm), subédricos a euédricos, a maioria com Vvértices
arredondados, e quase totalmente transformados para serpentina e magnetita.
Internamente em alguns cristais de olivina ocorre faixas de coloracdo amarelo

acastanhado palido a esverdeado, caracterizada como brucita (Mg(OH).).

O material intercumulus € representado por cristais de ortopiroxénio e bastita. O
primeiro apresenta forma ameboidal, salpicado por diminutos minerais opacos, além de
conter inclus@es ultrafinas (<< 1 mm) de olivina fortemente serpentinizada. Tal mineral por
vezes é transformado para bastita, que corresponde a um mineral lamelar, incolor a
castanho palido, granulacdo fina a muito fina, possuindo em suas linhas de clivagem
minerais opacos aciculares — magnetita. Comumente apresentam extingdo em bandas e

kinks, em cores de interferéncia variadas (desde baixa até alta).

O principal opaco observado é a magnetita, que ocorre como produto de alteracao
dos silicatos, segundo suas linhas de clivagem, algumas vezes ja oxidada para hidréxidos
de ferro. A cromita ocorre de forma restrita, principalmente como cristais subédricos
arredondados de cerca de 10 micrometros. Como sulfeto identificou-se a pirrotita com
tamanho variando de 01 micrometro a 40 micrometros. A pirrotita se apresenta com
alteracdo para magnetita a partir das bordas e fraturas.

Localmente, em meio ao material intercumulus, ocorrem cristais de anfibdlio,
incolor, granulagéo fina (< 2 mm) a muito fina (< 1 mm), habito tabular a prismatico,
associado com bastitas, que podem representar biotita, pois apresentam altas cores de

interferéncia e bird eyes.
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O arranjo textural e a composicado modal, estimada na ordem de 70% de olivina e
30% de ortopiroxénio, caracterizam a rocha como olivina cumulato, de composicao

harzburgitica a olivina ortopiroxenito.

Prancha FD 26 — 167,65 m- A e B) Fotomicrografia mostrando cristais de olivina, bastita e
anfibdlio, em luz natural e luz polarizada, respectivamente; C e D) Fotomicrografias em luz
natural e luz polarizada, respectivamente, exibindo cristais arredondados de olivina em
meio a cristais de bastita (Spb), provavelmente representando antigos cristais de
ortopiroxénio.
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Prancha FD 26 — 167,65 m — Opacos — A) vista geral da forma de ocorréncia da cromita
(cinza claro arredondada) e da magnetita estirada (Mg); B) vista geral da forma de
ocorréncia da magnetita (Mg) substituindo silicatos, além de hidéxidos de ferro (cinza
claro).

Prancha FD 26 — 167,65 m — Opacos — C) outro local da se¢éo polida, com um dos raros

cristais de pirrotita (Po) alterando-se para magnetita; D) Finos cristais de sulfetos
associados a magnetita.
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AMOSTRA: FD 26 — 179,60m CLASSIFICACAO DA ROCHA: HARZBURGITO

COMPOSICAO MINERALOGICA

Mineralogia principal Mineralogia acessoéria - < 1%

Olivina Clorita

Serpentina Talco

Piroxénio Minerais opacos (Mg, lim, Po, Ptl e Cp)
Anfibélios (cummingtonita) Carbonato

DESCRICAO MICROSCOPICA

Rocha fortemente serpentinizada, cuja mineralogia original retrata olivina de forma
predominante e, subordinadamente, piroxénio. A serpentina corta a rocha sob a forma de
finas vénulas de até 2 mm de largura, apresentando internamente dois tipos de arranjo,

um do tipo radiado de fibras de serpentina e outro lembrando comb texture.

Cristais prismaticos de cummingtonita, com até 2 mm em dimensao. Os minerais

opacos ocorrem finamente salpicados internamente no grao de anfibélio (Foto In1 e Ip1).

Os restos de anfibdlio, determinados pelas linhas de clivagem a 60 e 120 e/ou pela
forma mais prismatica dos cristais, sdo predominantes. Por vezes formam aglomerados
irregulares de cristais, lembrando um material intercumulus, no entanto, as terminac¢ées

de algumas dessas massas sao retas, indicando crescimento metamoérfico.

Os minerais opacos possuem duas formas distintas de ocorréncia: a primeira
corresponde a cristais de ilmenita, com limites regulares, lisos, de habito quadratico a
arredondado, por vezes inclusos em cristais de olivina, € a segunda caracterizam cristais
aciculares a prismaticos, com limites irregulares, traduzindo a magnetita oriunda da
serpentinizacdao. Foram identificados, ainda, pirrotita, pentlantida e calcopirita. Os
primeiros sulfetos alteram-se para magnetita a partir das bordas e fraturas. A calcopirita

foi observada apenas como inclusdes na pirrotita.
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Prancha FD 26 — 179,60m — A e B) Fotomicrografia exibindo, em luz natural e luz
polarizada, respectivamente cristais de olivina e ortopiroxénio, a primeira alterada para
serpentina;

Prancha FD 26 — 179,60m — C e D) Fotomicrografias em luz natural e luz polarizada,
respectivamente, exibindo grédo prismatico de tremolita em meio a placas de bastita;
resquicio de olivina pode ser visto na porgao superior esquerda da imagem.

Prancha FD 26 — 179,60m — A) Visao geral, com magnetita (Mg) substituindo silicatos e
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rara ilmenita (llm); B) Cristais de ilmenita (llm) préximos a cristais alongados de
magnetita;

; ; ~ 10 pm
=T -

Prancha FD 26 — 179,60m — C) Grande cristal de pirrotita (Po) alterando-se para magnetita

(Mg) e com exsolugdes de calcopirita (areas em amarelo). Imagem a 6leo e sem
polarizagdo; D) pentlandita (Pil) alterando-se magnetita (Mg). Imagem a 6leo e sem
polarizagao.
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AMOSTRA: FD 26 — 205,00 mCLASSIFICACAO DA ROCHA: ANFIBOLITO (olivina
melagabro cisalhado)

COMPOSICAO MINERALOGICA

Mineralogia principal Mineralogia acessoria - < 1%
Actinolita/Tremolita: 65% Olivina + talco + clorita
Plagioclasio: 35% Opacos (Mg)

DESCRICAO MICROSCOPICA

Rocha foliada, composta predominantemente por tremolita/actinolita e plagioclasio,
tendo como acessorios: talco, olivina e minerais opacos. A foliacdo € definida pela
orientacao preferencial dos eixos maiores dos cristais de tremolita, enquanto os cristais de
plagioclasio ocorrem como porfiroclastos em meio aos planos de foliacao. A tremolita tem

forma subédrica, granulacao fina a ultrafina, em cristais tabulares e aciculares.

O plagioclasio corresponde a cristais fortemente saussuritizados, com forma
anédrica a subédrica, granulacdo fina (1 a 2 mm) a muito fina (< 1 mm), onde pode se
identificar os restos de geminacéo polissintética do mineral primario. Localmente séo
vistos alguns cristais de olivina, de granulacao fina, forma subédrica de aspecto sigmoidal,
aspecto zonado. A clorita ocorre em meio a cristais de tremolita, com habito lamelar a
acicular, granulagdo ultrafina. O talco de ocorréncia local esta associado a cristais de
tremolita, parecendo ser um produto de transformacéao da tremolita.

Os minerais opacos correspondem a fina poeira sobre cristais de plagioclasio
saussuritizado ou nas linhas de clivagem da tremolita, tratando-se de magnetita como
mineral secundario. Nao foi identificado nenhum mineral opaco de carater primario

(magmatico).

As presencas de plagioclasio e tremolita como minerais principais e olivina como
acessorio caracterizam a natureza da rocha como olivina metagabro foliado. Possui
textura granonematoblastica, cuja assimetria de alguns augens de plagioclasio aliado ao
crescimento sin-cinematico de alguns cristais de anfibdlio, demonstram que a foliacdo

metamérfica se formou sob condi¢des de cisalhamento, em facies xisto-verde a anfibolito.
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Prancha FD 26 — 205,00 m - A e B) Fotomicrografia em luz natural e luz polarizada,
respectivamente, onde grdo subédrico de plagioclasio encontra-se totalmente

saussuritizado e com orientagdo obliqua a foliagdo/bandamento da rocha.

Prancha FD 26 — 205,00 m C e D) Fotomicrografia em luz natural e luz polarizada,
respectivamente, exibindo grao de ortopiroxénio com kink band, marcada por extingdo
ondulante; E e F) Fotomicrografia em luz natural e luz polarizada, respectivamente,
mostrando gréo de plagioclasio saussuritizado com resquicio de geminacao polissintética
na borda.
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AMOSTRA: FD 26 - 260,50 m CLASSIFICACAO DA ROCHA:
LEUCOGABRO

COMPOSICAO MINERALOGICA
Mineralogia acessoria - < 1%

Mineralogia principal
Actinolita+Tremolita+Hornblenda Clorita
Plagioclasio Biotita

DESCRICAO MICROSCOPICA

Rocha composta predominantemente por plagioclasio, com moderada
saussuritizacao e geminacao polissintética (heranca do mineral primario). Compde-se por
anfibdlio, tendo como acessoério clorita/biotita e minerais opacos. O anfibdlio ocorre tanto
como hornblenda como tremolita/actinolita. A hornblenda se caracteriza por cristais
subédricos de granulagao fina (< 2 mm), ocorrendo de forma isolada ou em aglomerados
tipo mosaico. Estd comumente transformada em suas bordas ou centros para anfibélio
acicular. Os cristais de plagioclasio estao parcialmente saussuritizados e frequentemente
exibem geminacao polissintética e extincdo ondulante, além de granulacéo fina a ultrafina

e forma predominantemente subédrica.
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AMOSTRA: FD 26 — 220,00 m
CLASSIFICACAO DA ROCHA: TREMOLITITO (PIROXENITO)

COMPOSICAO MINERALOGICA

Mineralogia principal Mineralogia acessoria - < 1%
Actinolita/Tremolita Clorita+ biotita

Ortoanfibdlio (antofilita ou gedrita?) Opacos (Mg)

DESCRICAO MICROSCOPICA

Rocha composta predominantemente por cristais de anfibdlio de forma subédrica a
euédrica, granulacdo média, onde alguns cristais alcancam até 4 mm em dimenséo,
sendo caracterizados como tremolita (cummingtonita) e actinolita muito fina e forma
euédrica a anédrica. Tais minerais estdo em contato mutuo e também imersos numa
massa de cristais muito finos de anfib6lio mostrando uma orientagdo preferencial
incipiente, que define uma foliagdo principal e textura diablastica. Alguns cristais
euédricos de anfibdlio formam porfiroblastos envoltos pela massa muito fina definindo
uma foliagdo do tipo anastomosada. Tais cristais possuem bordas transformadas para

biotita. Textura diablastica.

Minerais opacos sao ultrafinos, habito prismatico, forma predominantemente
subédrica, ocorrendo de forma rara e esparsa na rocha. Os opacos ocorrem também

como fina poeira em linhas de clivagem de cristais de anfibdlio.

A rocha trata-se de um tremolitito, cuja paragénese mineral dada por tremolita-
actinolita-clorita posiciona a rocha em facies xisto verde, onde a presenca de biotita
aponta para mais altas condicées desta facies (Best, 2003).
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Prancha FD 26 — 220,00 m — A e B) Fotomicrografias em luz natural e luz polarizada,
respectivamente, exibindo cristais prismaticos de tremolita e tabulares de actinolita;

Prancha FD 26 — 220,00 m — C e D) Fotomicrografias em luz natural e luz polarizada,

respectivamente, mostrando cristais subédricos de tremolita envoltos por cristais de
actinolita, e mais raramente biotita, que definem o plano de foliacdo principal da rocha; E
e F) Fotomicrografias em luz natural e luz polarizada, respectivamente, com presenca de

cristais de clorita em meio a cristais de anfibdlio.
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Anexo |V — Microscopia Eletronica de Varredura - MEV
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Project: Antonio Sales - UnB i — ,J
‘:'.'_‘ ,:' “"?
Company Name: LabMic Lo M | c

Title: Relatorio de Analise por EDS Laboratorio Multiusuario de

Microscopla de Alta Resolugho

1. AMOSTRA FD-02 44,00m

Full scale counts: 5710 FDO02-44,0042)_pt1
8000 —
Si
6000 € Bi
4000 )
o Mgl Bi
Cl
2000 | e
Fe Bi
0 T T T - Fe T T - T Bi
0 3 14 [ 8 10 12
kel

Figura 1.1: Detalhe da inclusao de cloreto de bismuto - Bismoclita (?) na serpentina.
Ampliagédo 2.700x.

Weight %
Cl-K Bi-M
FD02-44,00(2)_pt1 15.44 84.56

Figura 1.1-A: Microandlises referentes ao cloreto de Bi - Bismoclita (?) da figura 1.1.

Full scale counts: 6478 FD0244,0003)_pt1 2
8000
C

6000

Si
a00- | Moy Bi

0 Cl

I

2000 (| Fe
Bi Fe Bi Bi
0 T T T T T T
0 2 4 6 8 10 12
keV

Figura 1.2: Detalhe da inclusao de cloreto de bismuto - Bismoclita (?) na serpentina.
Ampliagéo 1.900x.

Weight %
Cl-K Bi-M
FD02-44,00(3)_pt2 15.80 84.20

Figura 1.2-A: Microandlises referentes ao cloreto de Bi - Bismoclita (?) da figura 1.2.

Resumo dos minerais de interesse encontrados na Amostra FD02 - 44,00m
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Project: Antonio Sales - UnB
Company Name: LabMic
Title: Relatorio de Analise por EDS

Mic

Laboratdorio Multivsuario de
Microscopia de Alta Resolugio

y COMPOSICAO QUIMICA analisada
MINERAL COMPOSICAO EDS Arauive
PROVAVEL PROVAVEL q
0) Cl Bi

8,91 14,28 76,81 01
Bismoclita (?) BiOCl

8,91 13,95 77,14 02

-

2. AMOSTRA FD-02 44,50m

30x.

30x.
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Project: Antonio Sales - UnB — : —
Company Name: LabMic e A : M I G

Title: Relatorio de Analise por EDS Labaoratdrio Multiuasuério de

Microscopla de Alta Resolugho

BEC 2okv WD12Zmm S8 x120
FO02-44,50 o ]

Figura 2.3: Pentlandita alterando para' I'imo'ni'ta, com inclusdes de varios teluretos e PGMs.
Ampliagdo 190x.

‘Pt 4

-

Pl
¥ )
\4‘. * ) L

o

BEC 20KV m..;ﬁumm- 5540 « x1,000 ¢ 10um
FDO2-44.50 ’ { " 1
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Project: Antonio Sales - UnB
Company Name: LabMic
Title: Relatorio de Analise por EDS

Mi
Laboratdrio Multivsuario de
Microscopia de Alta Resolugio

Figura 2.4: Inclusdes de varios teluretos e PGMs na limonita da imagem 03. Ampliacao

1.000x.

Full scale counts: 5317 Fpoz44,502)_pti - Rucklidgeita (?)
7000
6000 Ph
5000
4000
3000
T
2000 ¢ c
0
10009 | g PB Fe r, Pb
0 T T T T— T T
0 2 4 6 8 10
keV
Full scale counts: 4643 FD02 44,50(2)_pt2 Full scale counts: 6522 FD0244,50(2)_pt3
8000
8000
6000 Fb
6000
Bi
4000 —{pg Pd 4000 -
C
[v] C Te
20001 | Fe Sj Bi Te 2000+ o
Bi mg Bi Fe Bi Femg PP )11, po Fe . Ph
0 T T T T E— 0 T T T T f
0 2 1 6 8 10 0 2 4 6 8 10
keV keV
- Kotulskita(?) - Altaita (?)
Full scale counts: 4009 FD02.44,50(2)_ptd Full scale counts: 5351 FDO02 44,50(2)_ptd
7000 — 7000 -
6000 — a
6000 Ph
5000 Pd 5000 -
4000-{pg Bi Bi 1000
3000 ¢ 3000 C
Te
2000 |9 200019 si
Fe si Te F g ph
1000 || Bi gy Bi Fe re B 1000 - - Fo p, Pb
0 T T T T — 0 T T T T T
0 2 4 6 8 10 0 2 4 6 8 10
ke keV
- Kotulskita (?) - Altaita (?)
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Project: Antonio Sales - UnB
Company Name: LabMic
Title: Relatorio de Analise por EDS

Mi
Laboratdrio Multivsuario de
Microscopia de Alta Resolugio

Full scale counts: 7193 FD02 44,502} _pt6 Full scale counts: 4560 FD0244,50(2)_pt7
10000 -| so00 Fo
8000 - pd a000-{ Fe
6000 -| 3000
4000 -| PC(I A 2000 -
[i [
4 [0 Cu _ o
znﬂz L2 SII n T T ET% Fe (f“ T bs 1002 b SI\ T T / T T
0 2 1 6 8 10 0 2 4 6 ] 10
keV keV
- Isomertierita - Limonita
Full scale counts: 5366 FD02-44.5002)_pt8 Full scale counts: 7957 FD0244,5002)_pt9
7000 0
6000 -| Ph gooo | Femg
5000 -] 5000 s
4000
3000 CO T 4000
1 jFep. Si :
T el | :
0 T il T T E2 Fe ; ¢ Bll\)— 0 T Mlll 48 Fe T T
0 2 1 6 8 10 0 2 6 8 10
keV keV
- Altaita (?) - Silicato (serpentina)
Weight %
As Pd Sb Te Re Pb Bi
FD02-44,50(2) pti 39.67 0.00 59.53 0.80
FDO02-44,50(2) pt2 38.98 19.14 41.88
FD02-44,50(2)_pt3 4555 54.45
FD02-44,50(2)_pt4 40.86 2250 36.64
FD02-44,50(2)_pt5 44.67 55.33
FD02-44,50(2)_pt6 7.99 74.56 17.45
FD02-44,50(2)_pt8 45.77 54.23

Figura 2.4-A: Microandlises referentes aos PGMs e teluretos da figura 2.4.
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Project: Antonio Sales - UnB -
Company Name: LabMic —_— MIG

Title: Relatorio de Analise por EDS Labaoratdrio Multiuasuério de

Microscopla de Alta Resolugho

seL 20KV WD12mm  S581 &

FD02-44,50 g ;
Figura 2.5: Varios cristais de magnetita disseminados na serpentina. Ampliagédo 200x.

-

Fig. 08 -Bi —

BEC 20kY WD12mm 5540 x1,500 10um
FDO2=44 50

Figura 2.6: Inclusdes de bismuteto e telureto na serpentina. Ampliacao 1.500x.
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Project: Antonio Sales - UnB e = —
Company Name: LabMic e € B MI G

Title: Relatorio de Analise por EDS LSt uie: SURAEMAMN 4G Kuneh A5

Microscopla de Alta Resolugho

Full scale counts: 4559 FDO2-44,50(6)_pt1

7000 -|
6000 |
5000 -| Bi
4000 -
3000 €, _
2000 j g; S
1000

0 T T T T T =T T

keV/

- kotulskita com Tc?

Figura 2.7: Detalhe da Inclusdo de Kotulskita (?) na serpentina. Ampliacdo 3.000x.

Weight %
Te-L Pd-L Te-L Bi-M
FD02-44,50(6)_pt1  7.77 39.65 9.76 42.82

Figura 2.7-A: Microanalises referentes ao telureto da figura 2.7.

Full scale counts: 3692 FDO02-44,50(T)_pt1
6000
5000 )
Bi
4000 Te
C
3000 Mg Pd
2000-{ | NI g5
Fe Bi Bi
1000 - Te
Fe Ni HNi _Bi Bi
0 T T T T T T
0 2 4 6 8 10 12
keV
- kotulskita com Tc?

Figura 2.8: Detalhe da Inclusdo de Kotulskita (?) na serpentina. Ampliacao 3.000x.

Weight %
Te-L Pd-L Te-L Bi-M
FDO02-44,50(7) pt1  9.13 43.03 9.58 38.26

Figura 2.8-A: Microanalises referentes ao telureto da figura 2.8.
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Project: Antonio Sales - UnB
Company Name: LabMic
Title: Relatorio de Analise por EDS

Mi
Laboratdrio Multivsuario de
Microscopia de Alta Resolugio

Resumo dos PGMs encontrados na Amostra FD02-44,50m

MINERAL

COMPOSICAO

CLASSE PROVAVEL | PROVAVEL | pi | 7o b Te | Ag Abund*
PGE-Bi-Te-Pb Polarite ? (Pd,Te)PbBi 40,07 28,36 21,88 MA
PGE-Bi-Te kotulskita ? (Pd,Te)Bi 38,98 19,14 A
PGE-Bi-Te-Tc | kotulskita com Tc? (Pd,Te,Tc)Bi 39,11 18,25 744 MA
2 PGE-Ni-Pd 777 (Pd,Te, Tc)As 37,55 24,79 31,38 R
é PGE-Bi-Te-Pd Majakite ? PdNiAs (?) 4545 R
_§ ) Majakita c Age S? | (Ag,NiPd)SAs 4223 0,66 F
< |Sulfoarsenietos
A 777 (Pd)SAs 12,84 R
M;j{f:iﬂioi‘g?ou (Ag, NiPd)As | 4625 0.62 0
Arsenietos Gersdoffita (N)SAs 0
Isomertierita (Pd,Sb)As 74,56 R

* Abundancia relativa entre os PGM na amostra: MA - Muito abundante (>40%); A -
Abundante (>10%); F - Frequente (>2%); O - Ocasional (>0,5%); R - raro (<0,5%)
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Project: Antonio Sales - UnB
Company Name: LabMic

Title: Relatorio de Analise por EDS

MicC

Laboratdrio Multivsuario de
Microscopia de Alta Resolugio

Resumo dos teluretos encontrados na Amostra FD02-44,50m

COMPOSICAO QUIMICA analisada EDS

MINERAL PROVAVEL Cgﬁg)‘? :é%‘;o :

Te Pb Bi ARQUIVO

Rucklidgeita? (BiPb)3Ted 3967 | 5953 | 080 02 - Pt 01

Kochkarita? PbBi4Te7 4756 | 5065 | 179 08 - Pt 09

3205 | 6795 08 - Pt 12

3558 | 6442 08 - Pt 14

3889 | 61,11 09 - Pt 19

39,10 | 6090 08 - Pt 08

3966 | 6034 09 - Pt 09

3968 | 6032 09 - Pt 06

3989 | 60,11 09 - Pt 16

3992 | 60,08 09 - Pt 21

4049 | 5951 08 - Pt 10

4113 | 5887 08 - Pt 05

4116 | 5884 09 - Pt 22

Fairbanklﬁt/ifizsote]lurita PbTe ~ ou A1 >8.81 - P23

ol 0 dois? Pb(TeO3) (7) 4120 | 5880 09 - Pt14

4180 | 5820 08 - Pt 13

0204 | 579 09 - Pt 05

0209 | 5791 09 - Pt 18

062 | 5138 09 - Pt 08

294 | 5706 09 - Pt 10

404 | 5596 09 - Pt 11

467 | 5533 02 - Pt05

481 | 5519 09 - Pt 12

497 | 5503 09 - Pt 15

4555 | 5445 02 - Pt 03

4577 | 5423 02 - Pt 08
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Project: Antonio Sales - UnB
Company Name: LabMic
Title: Relatorio de Analise por EDS

3. Amostra 110,00 m

Pto 1_‘.

BEC
110,00

20kY WOlmm  SE4D

Mic

Laboratdorio Multivsuario de
Microscopia de Alta Resolugio

Full scale counts: 13688 110,00{1)_pt1
15000 7n
10000
9
5000
co 3] n
JlFe Al Fe Fe in
0 I T T T T T
0 2 1 6 8
keV

Figura 3.1: Detalhe da inclusao de zinco metélico na serpentina. Ampliacéao 1.500x.

Weight %
Zn-K

110,00(1)_pt1

100.00

Figura 3.1-A: Microandlises referentes ao zinco da figura 3.1.

Full scale counts: 4714 110,00(1)_pt2 Full scale counts: 11167 110,00(1)_pt3
so00+ 9 Fe 12000 Mg
4 0
4000 4 10000 si
3000 80007 e
6000
2000 Mg Si 4000 C
1000 H Fe 2000 -
| Fe Fe
0 T T T T 0 T T T T
0 2 4 [ 8 0 2 4 [ 8
keV keV
Full scale counts: 184 110,00{5)_pt1
00 ¢
150+
0 Mg Bi
100 Si
Al Ru
50 i
Fe Bi Ru
0 1 2 3 4
BEC 20kv  WDiImm 5540 %1500 A10pm  — keV
116,00
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Project: Antonio Sales - UnB -
Company Name: LabMic ' M | c
Title: Relatorio de Analise por EDS Laboratério Multiusuario de

Microscopla de Alta Resolugio

Figura 3.2: Detalhe da inclusdo de Bismuteto de Ru na serpentina. Ampliagdo 1.500x.

Weight % Ru-L Bi-M
110,00(6)_pt1 10.48 89.52

Figura 3.2-A: Microandlises referentes ao Bismuteto de Ru da figura 3.2.

Full scale counts: 6356 110,0047)_pt1

8000 4
Bi
6000 4
4000 Si

2000 i

0 T T T T

0 2 4 6 8 1
BEC 20KV WD1knm 3540 &1,500 T —— keV
110,04

Figura 3.3: Detalhe da inclusao de cloreto de Bi - Bismoclita (?) na serpentina. Ampliagao

1.500x.
Weight %
o (o] Bi
110,00(7)_pt1 8.90 13.59 77.50

Figura 3.3-A: Microandlises referentes ao cloreto de Bi - Bismoclita (?) da figura 3.3.

Full scale counts: T0T0 110,00(9)_pt1
o004 O
Fe Mg
6000 Si
C

4000 i

Bi

1
2000
I
B Fe
0 T I T = £ T
0 2 1 6 8 1
keV

Figura 3.4: Detalhe da inclusao de cloreto de Bi na serpentina - Bismoclita (7). Ampliacao

2.000x.
Weight %
o Cl Bi
110,00(9)_pt1 8.84 14.19 76.97

Figura 3.4-A: Microandlises referentes ao cloreto de Bi - Bismoclita (?) da figura 3.4.
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Project: Antonio Sales - UnB -
Company Name: LabMic —_— MIG

Title: Relatorio de Analise por EDS Labaoratdrio Multiuasuério de

Microscopla de Alta Resolugho

Full scale counts: 6037 110,00(12)_pt1
8000

6000 Cl

1000 Cpp i Si

2000

0 T T T T

BEC 206V  WD13mm S540 ¥1,500  A0pm  — keV
110,00

Figura 3.5: Detalhe da inclusao de outro cloreto de Bi - Bismoclita (?) na serpentina.
Ampliagéo 1.500x.

Weight %
o Cl Bi
110,00(12)_pt1 8.96 13.05 77.99

Figura 3.5-A: Microandlises referentes ao cloreto de Bi - Bismoclita (?) da figura 3.5.

Full scale counts: 12461 110,00{13)_pt1
C
15000 - ONi
Fe
10000
5000 Ni
Mygs; ;
s o
0 T T T T T
0 2 14 6 8 10
keV

Figura 3.6: Detalhe da inclusao de niquel metalico na serpentina. Ampliacao 1.500x.

Weight %

110,00(13)_pt1 0.32 99.68
Figura 3.6-A: Microanadlises referentes ao niquel metalico da figura 3.6.
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Project: Antonio Sales - UnB -
Company Name: LabMic —_— MIG

Title: Relatorio de Analise por EDS Labaoratdrio Multiuasuério de

Microscopla de Alta Resolugho

Full scale counts: 9928 110,00{17)_pt1
12000
10000

8000
6000
4000

Figura 3.7: Detalhe da inclusao de associacao Pb, Cr e S. Ampliacao 5.000x.

Weight %
S Cr Pb
110,00(17)_pt1 17.01 3.59 79.40

Figura 3.7-A: Microandlises referentes a associagao Pb, Cr e S da figura 3.7.

Full scale counts: 5178 110,00(18)_pt1
6000 s
co MgSi g
500010 Ni i Te
000 | Fe :
3000+
2000
1000 | Fe i
0 T T T T
0 2 1 6 8
keV

Figura 3.8: Detalhe da inclusao de associacao Bi, Cl e Tc. Ampliagao 2.500x.

Weight %
o (o] Tc Bi
110,00(18)_pt1 14.69 10.58 29.25 45.49

Figura 3.8-A: Microandlises referentes a associagao Bi, Cl e Tc do ponto 1 da figura 3.8.
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Project: Antonio Sales .UnB Lab M iC
Company Name: LabMic S G B M W H B R

e : ; Laboratorio Multiususrio d
Title: Relatorio de Analise por EDS e s in s
Full scale counts: 6581 110,00({19)_pt1
7000 - Mg
G000 © Si
50004 ¢
4000
Bi
3000 ol
2000+
1003— I Bi F»'r? e
0 2 H 6 8 1
keV

Figura 3.9: Detalhe da inclusdo de cloreto de bismuto - Bismoclita (?). Ampliagao 4.000x.

Weight %
o Cl Bi
110,00(19)_pt1 8.84 14.15 77.00

Figura 3.9-A: Microandlises referentes ao cloreto de bismuto - Bismoclita (?) da figura 3.9.

Full scale counts: 8178 110,0020)_pt1

0

Fe Mg
8000 g

Si
6000 —
4000 -

2000

Figura 3.10: Detalhe da inclusao de cloreto de bismuto - Bismoclita (7). Ampliagao 4.000x.

Weight %
o (o] Bi
110,00(20)_pt1 8.77S 14.91 76.33
Figura 3.10-A: Microandlises referentes ao cloreto de bismuto - Bismoclita (?) da figura
3.10.
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Project: Antonio Sales - UnB I — 1,#?1 M i C
Company Name: LabMic e way
Title: Relatorio de Analise por EDS Lakoasidre Nulthasalits. e

Full scale counts: 6975 110,0021)_pt1

Bi

8000 Te
co Cl
6000 -{T¢
Mg
Na
4000 | po
2000 — Sl';i
Al Bi Fe Fe
0 T T T T
0 2 4 6 8 1

Figura 3.11: Detalhe da inclusao de cloreto de bismuto - Bismoclita (?). Ampliagédo 2.500x.

Weight %
o Cl Tc Bi
110,00(21) _pt1 10.88 12.32 9.86 66.94

Figura 3.11-A: Microandlises referentes a associagéo Bi, Cl e Tc da figura 3.11.

Full scale counts: 8891 110,00(22)_pt1

Figura 3.12: Detalhe da inclusao de liga metalica Cu/Zn/Sn. Ampliacdo 3.000x.

Weight %
Cu Zn Sn
110,00(22)_pt1 55.05 8.18 36.77

Figura 3.12-A: Microandlises referentes a de liga metalica Cu/Zn/Sn da figura 3.12.
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Project: Antonio Sales - UnB I — = ~
Company Name: LabMic —_— Mlc
Title: Relatorio de Analise por EDS e s in s

Resumo dos PGE, Haloides e Ligas Metalicas da Amostra FD02-110,00 m.

i i Cl:lmp:lsil;ﬁl:l Cl:ump:-mu;'én Q'L'Ii'lfflil:& BAnalizada EDIS (?f'::-:l Ehundncia
IvTireral Promasrel el Relati
Frovdve Bi 1 Fu Te Zn Cu Sn alva

Deszonhecido FuBi 052 10,48 E
Danhresita on  |BiO{CH,CI on
Bismoclita  |BiOCI 7120 1400 MA

e e 53,26 12,53 34.20 E

Fn 100,00
Lizas metdlicas 28
Zn, Ch, 5n 218 5505 36,77

Legenda: MA-Muito abundante (>40%); A-Abundante (>10%); F-Frequente (>2%); O-
Ocasional (>0,5%); R— Raro.

4. Amostra 110,75 m

Full scale counts: 13427 110,75(2)_pt1
Cu
15000 n
C
o]
10000 Fe
5000 | M
9 Cu Zn
o Si g Fe /[\_/I\C“ 7n
T T T T T
0 2 4 6 8 10
keV
200pm

Figura 4.1: Detalhe da inclusao de liga metalica Cu/Zn/Sn. Ampliacéo 1.500x.
Weight %

o S Cu Zn
110,75(2)_pt1 8.07 0.15 58.81 32.97

Figura 4.1-A: Microandlises referentes a associagdao Cu/Zn/S da figura 4.1.
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Project: Antonio Sales - UnB ] =~ —
Company Name: LabMic —Cib WS Ic
Title: Relatorio de Analise por EDS folvmeiefcnion S Iehasxacintn. £ia

5. Amostra 163,25m — Cromitito

Mag = FL R T Detechar =0
EHT =20.00 kv Crata & Mar 2012

Figura 5.1: Aspecto geral da cromita — textura em atol. Ampliacao 70x.

Figura 5.2: Local da Lamina com cromita — textura em atol e inclusdo de PGE-As.
Ampliacdo 150x.
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Project: Antonio Sales - UnB e = —
Company Name: LabMic e € B MI G

Title: Relatorio de Analise por EDS LSt uie: SURAEMAMN 4G Kuneh A5

Microscopla de Alta Resolugho

Figura 5.3: Detalhe da imagem aterir da cromita com inclusdo de PGE-As. Ampliacao

1.500x.
Counts
3000—
k Pt
2000
Pd
1000 4
Az F
. Fd
] d Ft
1 Pd Cr Az
o T T 1
0 5 10

Energy eV

Figura 5.3-A: Microandlise do arseniento de Pd e Pt da figura 5.3.
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Project: Antonio Sales - UnB

Company Name: LabMic

Title: Relatorio de Analise por EDS

Figura 5.5: Detalhe da imagem anterior da cromita com inclusdo de PGE-Sb-As.
Ampliacao 3500x.

Counts

s I =
T -FI-L: _.--.'_?_.

B 40 B I c

Laboratdorio Multivsuario de

Microscopia de Alta Resolugio

r.

PGE-Sh-As

PGE-Sb-As

1000—

Fd

Fa
T

T
G

Energy ket

Figura 5.5-A: Microandlise do PGE-Sb-As — Mertierita (?) da figura 5.5.
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Project: Antonio Sales - UnB -
Company Name: LabMic —_— MIG

Title: Relatorio de Analise por EDS Labaoratdrio Multiuasuério de

Microscopla de Alta Resolugho

Figura 5.7: Detalhe da imagem anterior de silicato com inclusdo de PGEs-As. Ampliagao
2500x.
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Project: Antonio Sales - UnB
Company Name: LabMic
Title: Relatorio de Analise por EDS

2bMic

Laboratdorio Multivsuario de
Microscopia de Alta Resolugio

Counts
3000
Ft
2000—|
] Az
1000—
a Pt Pt fis
a | : _f'\..-..l..j\\..r\-t-“‘-_.._,
u 5 10
Enerngy (e

Figura 5.7-A: Microandlise do arsenieto de Pt - Sperrylita.

Counts

2000—
1500—
1000—

S00—

Energy (ke

Figura 5.7-B: Microanalise do arsenieto de Pt e Pd.

ﬁ

LigaAu/Hg/Bi

Wh12mm 540

180pm

Full scale counts: 4496 163.25(2)_pt1

6000

Au

5000 - Hg

4000
3000 ¢

2000 :
0O Ni cr

1000 1| e i Fe

Au Cr Fe Ni
0 T T

0 2 4 6 8
keV/

Liga Au/Hg/Bi

Figura 5.8: Cromita com liga de Au/Hg/Bi na borda. Ampliagdo 220x.
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Project: Antonio Sales - UnB -
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Title: Relatorio de Analise por EDS Laboratério Multiusuario de

Microscopla de Alta Resolugio

Weight %
Au Hg Bi
163,25(2) pt1 97.61 1.25 1.14
Figura 5.8-A: Microandlise do da liga de Au/Hg/Bi da figura 5.8.

Full scale counts: 10536 163,25(4)_pt1
PGE- AsS 15000
10000 ASSiP‘
0 |
C
Rh
5000 ¢y
Fe pe e Pd
0 Rh Cr Fe pt Pt Aspq
T T T T T
0 2 4 6 8 10
keV
WD 2Zmm 5540 x3.000  Spm — Hollmgworthlta

Figura 5.9: PGMs inclusos em silicato. Ampliacao 3.000x.

Weight %
S As Rh Pd Pt
163,25(4) pt1  0.72 43.90 0.40 2.20 52.77

Figura 5.9-A: Microandlise indicando ser uma Hollingworthita da figura 5.9.

Full scale counts: 10536 163,25(4)_pt1
15000
10000 i Sip‘
0 |
[
Rh
5000+ ¢y
Fe (o Il Pd
Rh Cr Fe pt Pt Aspq
Ptl 0 T T T T T
0 2 4 6 8 10
keV
AR DA 2T ES4D ®BSD p TR ! HOllil’lgWOl‘thita

Figura 5.10: PGMs inclusos em silicato. Ampliagdo 650x.

Full scale counts: 6172 163,25(9)_pt1 Full scale counts: 1656 163,25(5)_pt2
10000 o
8000 | 00 Fe
As 7
6000 S
Pt 1000 - Mg
4000 éi 0s Ru ISi
n Rh C
2000 Pt |\l py A 500 s " e
o JISt Fe Ni__ o0sPt Os Y o fe o Pt
i s
0 T T i T s P 0 1 T T T T
0 2 4 [ 8 10 0 2 4 [ 8 10
kel kel
Desconhecido Irarsita
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Project: Antonio Sales - UnB e -~
Company Name: LabMic e M MI G

Title: Relatorio de Analise por EDS LSt uie: SURAEMAMN 4G Kuneh A5

Microscopla de Alta Resolugho

Weight %
S As Ru Rh Os Ir Pt
163,25(5) pt1  17.80 29.92 19.69 6.20 4.14 22.26
163,25(5) pt2  3.09 46.55 5.52 35.24 9.60
Figura 5.10-A: Microandlises referentes aos pontos 01 (desconhecido) e 02 (Irarsita) da
figura 5.10.

Full scale counts: 14325 163,25(6)_pt1
15000 As
10000 |
Pt
5000
C Sili Rh
o Pt Pd Ca cr Fe Pt As p,
0 T T T T T
0 2 4 6 8 10
ke
Hollingworthita

Figura 5.11: PGM incluso em silicato (serpentina). Ampliacao 3.000x.

Weight %
S As Rh Pd Pt
163,25(6) pt1 1.16 41.67 3.16 1.24 52.77

Figura 5.11-A: Microanalise referente ao ponto 01 da figura 5.11 — Hollingworthita.

Full scale counts: 5899 163,25(9)_pti
8000
o004 A
1000 € Bt
0 Si
I
2000 | Fe
o Pt Ca Fe Pt As pt pe
T T T T T T
2 1 [ 8 10 1
keV
Sperrylita
e D E4ir p y

Figura 5.11: PGM incluso em silicato (serpentina). Ampliacao 4.000x.
Weight %

163,25(9)_pt1 42.49 57.51

Figura 5.11-A: Microandlise referente ao ponto 01 da figura 5.11 — Sperrylita.
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Project: Antonio Sales - UnB
Company Name: LabMic
Title: Relatorio de Analise por EDS

'/Ptl

Pt3 Pt 2

A

Pt4

EEC 20KV
E 183,23

WDiImm 5540

=
Laboratdorio Multivsuario de
Microscopia de Alta Resolugio

Full scale counts: 7370 163,25(12)_pt1
8000 - As
6000 - Rh
Pt
4000 - e
0 I
CFe
2000 —{Pd, p
Si Rh o orfe e Pt
0 T T T T T
0 2 4 6 8 1
keV
Hollingworthita

Figura 5.12: PGMs inclusos em silicato (serpentina). Ampliacao 2.500x.

Full scale counts: 7029 163,25(12)_pt2 Full scale counts: 3672 163,25(12)_p3
12000 o
10000 2000 P
Cr
20001y pu 40007 Fe Pd
soo0 000 | M9
1000 - As 2000 Al
Mg Si Si
2000 - Al sb 1000 C Pd o Fe
0 Cu CrorFe fa oy Sh Cr Fe
0 2 i 5 8 1t o7 T i T 7 py
keV keV
Mertierita (?) Mertierita (?)
Full scale counts: 8640 163.25(12) _ped B Sperrylita
]
100004 Cr
Fe
8000 Mg
6000
4000 |Si
2000 ¢ Pt
Cr Fe Pt
0 T = T T
0 1 [ 8 11
keV
Weight %
S As Rh Pd Sb Pt
163.25(12) pt1 14.27 32.98 45.77 2.02 4.95
163,25(12)_pt2 7.97 73.91 18.12
163,25(12)_pt3 18.00 74.29 7.71
163,25(12) pt4 43.51 56.49

Figura 5.12-A: Microandlises referentes aos PGMs da figura 5.12.
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Project: Antonio Sales - UnB -
Company Name: LabMic —_— MIG

Title: Relatorio de Analise por EDS Labaoratdrio Multiuasuério de

Microscopla de Alta Resolugho

BEC ZbkY WD13mm, 53540
E 163,25

Figura 5.13: imagem panoramica mostrando os PGMs da figura 12,na borda de uma

cromita e os da proxima figura (14) disseminados na serpentina. Ampliacao 450x.

AV

BEC. Z0kV WD1Imm  £540
E 183,256

Figura 5.14: PGMs inclusos em silicato (serpentina). Ampliacao 3.000x.

Full scale counts: 4339 163.25(11)_pt1 - Sperrylita
6000
My
5000 9
0 As
4000
Fe
3000 ISi
2000 | AuPt
C Au
1000 Pt
Cr Fe Au As
0 T T = T T
0 2 4 6 8 10
kel
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Project: Antonio Sales - UnB
Company Name: LabMic
Title: Relatorio de Analise por EDS

LabMic

Laboratdorio Multivsuario de
Microscopia de Alta Resolugio

Full scale counts: 3727 163,25(11)_p2 Full scale counts: 3792 163,25(11)_p3
5000
4000 - As i
4000 | RCh filf: g S
3000 w000 Fe .
2000 2000 4 | Os Rl.lh
1000 1000 Fe
0 0 Ca o FeConi i As
0 0 2 4 6 8 10
keV keV
Desconhecido Desconhecido
Full scale counts: 4299 163,25{11)_pw Full scale counts: 5650 163,25(11)_pt5
5000 7000 | As
5000 | 6000 [ Mg
4000 so00- Fe
3000 4000 | si
2000 | 3000 — I
C 2000 |
1000 10004 € SRh
0 _0 0 T T =l T F,‘S T T £s
0 2 4 6 i 10
Desconhecido Desconhecido
Weight %
S As Ru Rh Os Pt Au
163,25(11)_pt1 39.40 56.24 4.37
163,25(11)_pt2 20.80 54.63 11.60 7.36 5.61
163,25(11)_pt3 33.03 16.63 43.60 4.51 2.22
163,25(11)_pt4 20.44 40.09 36.31 3.17
163,25(11)_pt5 18.98  34.60 46.41

Figura 5.14-A: Microanalises referentes aos PGMs da figura 5.14.

BEC 20kY
E 183,25

WD 2Zmm

5540

%2,500

10pm
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Project: Antonio Sales - UnB
Company Name: LabMic
Title: Relatorio de Analise por EDS

Mic

Laboratdorio Multivsuario de
Microscopia de Alta Resolugio

Figura 15: PGMs inclusos em silicato (serpentina). Ampliacao 2.500x.

Full scale counts: 3267 163,25(14)_pt1 Full scale counts: 5934 163,25(14)_pt2
o]
8000 C
4000 | Pd
3000 6o F° Mg
2000 — 4000 | si
Ru |
1000 2000 S RFI’](I
o o pLRU Ry Cr Fe Pt As Pt
0 0 2 1 6 8 10
. keV . kel
Hollingworthita Hollingworthita
Full scale counts: 4659 163,25{14)_p3 Full scale counts: 7231 163,25(14)_ptd
7000
0 As
6000 ¢ g 15000 P(?
5000 - P(IF Na c
i e Rh
4000 10000 ¢y
3000 Si Fe Mg
2000 I s o 5000 - " si
1000 - I Rh
o ‘ : CrIFAe : A S Pd K Cr Fe
ooz 4 6 8w B S S S S S
keV eV
Hollingworthita sem Pt? Miassita ou Prassoita (?)
Weight %

S As Ru Rh Pd Pt
163,25(14)_pt1  18.22 40.83 3.90 29.22 5.91 1.93
163,25(14)_pt2 18.10 26.10 5.52 44.93 5.34 0.00
163,25(14) pt3 16.68 31.90 48.98 2.43
163,25(14) ptd  29.42 64.92 5.66

Figura 15-A: Microanalises referentes aos PGMs da figura 5.15.
Full scale counts: 4365 163.25(16)_pt1
Mg
5000 O Na
Fe Si
4000
3000
2000
1000 : Ca
o Tl : Cr‘nge | Pt hs
0 2 4 6 8 10
ke
Sperrylita
Wo1Zmm 5540

Figura 5.16: PGM ( sperrylita) incluso em silicato (serpentina). Ampliacao 1.000x.
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Project: Antonio Sales - UnB
Company Name: LabMic
Title: Relatorio de Analise por EDS

Mi
Laboratdrio Multivsuario de
Microscopia de Alta Resolugio

Weight %

163,25(16) pt1

34.47

65.53

Figura 5.16-A: Microanadlise referente ao PGM Sperrylita da figura 5.16.

Resumo dos PGE e outros minerais de interesse na Amostra FD02-163,25m

MINERAL COMPOSICAO
CLASSE p P Abund**
PROVAVEL PROVAVEL Pt Pd | Rh | Ru Ir Os Sh Au
Hollingworthita (Rh, Pt, Pd)AsS 52,77 220 040 A
Cherepanovite ou
2 57.80%
Polkanovite (?) RhAs ou Rhi2As7 >57,80 F
997 sokok RhAsS 46,41 R
£ PGE-AS-S
g Desconhecido (Ru, Rh,Pt,0s)AsS 22,26 6,20| 19,69 4,14] F
g
S Irarsita (Ir, Ru, Rh, Pt)AsS 9,60 552 35,24 R
&
Osarsita (Os,Ru)AsS 9,19% 51,89% R
7777 (Rh, Pt)AsS 3,17 36,31 R
Sulfoarsenieto Glaucodot (Co,Fe)AsS Tr| R
Pt-AS Sperrylita PtAs> 57,51 A
Mertierita, Pdi1(Sb,As)4 ou
PGE-Sb-As arsenopalladinita ou Pdg(As,Sb)s ou 7391 18,12] (6]
g_; isomertierita Pdi1ShaAsz
<
g
E | PCEAs Paladoarseneto ou |5y )01 pdsAss >T3.94% R
g Stillwaterita
g
PGE-AS-S |Hollingworthita (SEM Pt?), (Rh, Pd)AsS 243 4898 R
PGE-S Miassita ou Prassoita (?) Rhi7S15 com Pd 5,66, 64,92] R
<:£ lLiga Au-Bi-Hg Liga Au-Bi-Hg AuBiHg 97,61 R

* formula tedrica (sem analise quantitativa por EDS); *** Hollingworthita SEM Pt
** Abundancia relativa entre os PGM - MA - Muito abundante (>40%); A - Abundante
(>10%); F - Frequente (>2%); O - Ocasional (>0,5%); R — raro (<0,5%).
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Anexo V — Geocronologia
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Analises U-Pb LA-MC-ICPMS em zircao de dique de diabasio — Amostra LUSL 21

7/6 7/5 Conc

1s(%) 6/8 ratio 1s(%) age 1s(%) age 1s(%) 6/8 age 1s(%) Rho (%)
1,8 0,24488 1,7 14490 15,2 1426,8 14,1 14120 21,0 0,91 97,45
1,4 0,26336 1,1 14952 143 1502,1 10,7 1507,0 153 0,85 100,79
2,3 0,26464 1,7 1496,0 27,1 1506,2 17,8 1513,6 23,6 0,79 101,18
2,1 0,23421 1,6 1507,6 25,5 1416,4 16,1 13565 19,9 0,77 89,98
1,7 0,26769 1,5 15175 158 1524,2 13,3 1529,1 19,9 0,88 100,76
1,9 0,26651 1,8 1518,7 13,2 1521,3 152 1523,1 24,4 0,94 100,29
2,4 0,27477 2,1 1496,9 21,5 1536,2 18,7 1565,0 28,7 0,87 104,54
1,3 0,26569 1,1 15145 13,3 1517,1 10,5 1518,9 152 0,86 100,29
1,5 0,27643 1,4 15125 13,4 15475 12,1 1573,4 18,9 0,90 104,03
1,5 0,26369 1,3 1529,6 13,2 15174 11,5 1508,7 17,2 0,89 98,63
3,3 0,28921 2,9 15250 29,8 1589,0 26,6 1637,6 42,1 0,89 107,38
1,7 0,25039 1,6 1520,1 10,1 1473,0 13,0 1440,5 20,4 0,96 94,76
2,3 0,27897 1,7 1558,0 29,6 1574,1 18,3 1586,2 23,4 0,73 101,81
2,1 027933 2,0 1517,7 13,2 1558,0 17,1 1588,0 285 0,95 104,63
45 0,25075 4,0 1502,3 38,8 1466,8 34,9 14424 51,7 0,89 96,01
1,6 0,25482 1,3 15334 17,6 14921 126 1463,3 17,3 0,83 95,42
1,7 0,24625 1,4 1482,8 19,5 14448 13,4 14191 17,8 0,81 95,70
1,3 0,24897 1,0 1519,9 15,9 14685 10,4 1433,2 13,3 0,78 94,29
1,9 0,24113 1,6 1503,6 20,0 1437,1 149 13926 20,4 0,85 92,62
1,6 0,24533 1,3 1517,1 18,6 14559 12,7 14144 16,6 0,82 93,22

Plotagem intercepto superior de analise U-Pb - LA-MC-ICPMS em zircdo do diabésio -
Amostra LUSL 21

206Pb/238U

0,33

031 |

029 |

027

025 r

023 r

0,21

data-point error ellipses are 68.3% conf.

[1

Intercept at
515+ 8 [+10]
MSWD =16

3,0

34
207Pb/235U

3,8

42
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Anexo VI - Litogeoquimica
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BH11210260 - Finalized

CLIENT : CAFON - Cesar Fonseca Ferreira Filho

# of Samples : 8

DATE RECEIVED : 2011-10-31 DATE FINALIZED :2011-12-06

PROJECT : LUANGA SUL
CERTIFICATE COMMENTS :

PO NUMBER :

ME-XRF12 ME-XRF12 ME-XRF12 ME-XRF12 ME-XRF12 ME-XRF12 ME-XRF12 ME-XRF12 ME-XRF12 ME-XRF12 ME-XRF12 ME-XRF12 ME-XRF12 ME-MS81
SAMPLE Al203

DESCRIPTIO %

LUSL-08
LUSL-09
LUSL-11
LUSL-19
LUSL-20b
LUSL-21b
LUSL-WO-A
LUSL-WO-B

18,300
16,050
22,200
13,850
19,000
13,650

2,720

2,300

0,037
0,028
0,048
0,049
0,069
0,019
0,040
0,042

CaO

9,490
14,250
11,400

9,990

9,000

9,830
46,400
48,100

Cr203

0,006
0,004
<0.001
0,044
0,075
0,021
<0.001
<0.001

Fe203

7,130
8,580
3,890
14,050
7,160
15,300
1,650
1,400

1,050
0,463
1,090
2,100
1,695
0,481
0,574
0,482

7,290
5,910
4,250
7,370
6,060
6,730
1,460
1,400

0,127
0,156
0,100
0,302
0,194
0,204
0,039
0,034

Na20

3,230
2,370
3,790
1,650
3,450
2,910
0,420
0,279

P205

0,007
0,006
0,006
0,079
0,008
0,258
0,130
0,119

Sio2

50,900
50,100
51,800
49,000
52,300
47,700
16,550
15,750

0,032
0,051
0,054
0,019
0,052
0,045
0,142
0,128

0,130
1,020
0,110
1,040
0,110
2,690
0,160
0,160

Ag

ppm

205

1,000
<1
<1
<1
<1
<1
<1
<1



