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RESUMO

O depodsito magmatico de sulfetos de Ni-Cu Caboclo dos Mangueiros representa recente
descoberta feita pela Companhia Baiana de Pesquisa Mineral (CBPM) no ano de 2012, por
meio de trabalhos exploratérios no extremo noroeste do estado da Bahia, proximo a divisa com
o estado do Piaui. O depdsito esta situado na borda noroeste do Craton do S&o Francisco,
proximo a zona de contato com a faixa de dobramentos Neoproterozoica Rio Preto, regido em
gue outros complexos méafico-ultramaficos (M-UM) mineralizados sédo encontrados, a exemplo
do complexo M-UM Campo Alegre de Lourdes, mineralizado a Fe-Ti-V. Quinze furos de
sondagem rotativa foram realizados, totalizando 2670 m, e indicaram recurso preliminar de
aproximadamente 200Mt@0.20%Ni e 0.13%Cu. A sulfetagdo de Ni-Cu no depdsito
compreende um corpo de minério hospedado em intrusdo de composicdo essencialmente
ultraméfica com aproximadamente 2 km de comprimento na direcdo WNW-ESE, ~500 m de
largura, chegando a 270 m de profundidade na porcao central e ~100 m nas extremidades. A
estrutura remete a um sill (soleira) alongado em forma de barco. Dados litogeoquimicos de
rocha total indicam que a composicdo das rochas ultraméficas é controlada pelo tipo e
proporcdo modal de minerais clUmulus. Graficos dos Oxidos selecionados de elementos
maiores e menores versus MgO indicam predominéncia de olivina e clinopironénio cumulados.
Estes por sua vez seguem a seguinte sequéncia de cristalizacdo: Ol => Ol + Cpx => Cpx,
indicando composicao insaturada em silica para 0 magma parental. A intrusédo esta fracionada
da porc¢éo norte, onde dunito e wehrlito prevalecem, para a por¢cdo sul em que clinopiroxenito &
abundante. O fracionamento € também observado no decréscimo progressivo dos valores de
#Mg catiénico (i.e., Mg/[Mg+Fe®']) de cristais cimulus de clinopiroxénio em dire¢do & porcéo
sul da intrusdo, como indicado pela variacdo de #Mg catibnico em clinopiroxénios de
clinopiroxenito e wehrlito de furos de sondagem localizados na secéo central perpendicular &
intrusdo (i.e., NE-SW). A varia¢@o composicional de #Mg catidnico nos clinopiroxénios é entre
0.78 e 0.94, sugerindo composi¢cdo moderada a muito primitiva para 0 magma parental. Perfis
de elementos terras raras e elementos traco resistentes a alteracao, em graficos normalizados
ao manto primitivo, para as rochas cumulaticas ultraméficas mostram enriquecimento em
elementos terras raras leves (ETRL) com significativas anomalias negativas de Nb e Ta. Este
enriquecimento também é mostrado em perfis de elementos traco resistentes a alteragcéo para
o liquido parental estimado, embora anomalias negativas de Nb-Ta nédo sdo observadas. Os
dados revelam que os padrbes de ETRL sdo dependentes da proporcdo modal de
clinopiroxénio nas rochas cumulaticas, como indicado pela diminuicdo progressiva nos valores
da razdo La/Sm (normalizados ao manto primitivo) de dunito, wehrlito, olivina-clinopiroxenito e
clinopiroxenito. Significativa assimilacdo de rochas crustais ndo é suportada pela sequéncia de
cristalizacdo tipica de magmas insaturados em silica, bem como pela falta de anomalias
negativas de Nb-Ta. A mineralizacdo do depésito é dominantemente (i.e., ~99% em volume) de
natureza primaria e disseminada em forma de agregados (blebs) intersticiais, formando
associacdes de pirrotita, pentlandita, calcopirita e pirita. A mineralizagdo secundaria consiste da
remobilizacdo e recristalizacdo da mineralizacdo priméaria e compreende em torno de 1% em
volume do depésito. Ocorre em forma de brechas, vénulas ou ao longo do plano de foliacdo da
rocha quando associadas a zonas de cisalhamento discretas. As texturas primarias e o
contelido de sulfetos no depdsito, acima da proporgédo considerada cotética numa intrusédo
mineralizada, sugerem entradas de magma carreando sulfetos em suspensdo através de
estrutura de conduto magmatico que posteriormente se solidificou como um sill alongado em
forma de barco. A saturacédo de sulfetos no magma € entendida como sendo decorrente da
diminuicdo da temperatura, sem assimilacdo de rocha ou enxofre de origem crustal. Resultados
das andlises de isOtopos de enxofre indicam composicdo isotOpica para os sulfetos
disseminados compativel com a composigdo isotdpica do manto. Adicionalmente, o intervalo
restrito dos valores da composicao isotépica das amostras ndo sugere diferencas na
composicao isotopica relacionada a diferentes rochas (i.e., wehrlito ou clinopiroxenito) de
diferentes locais da intrusdo ultramafica. O conteldo depletado de elementos do grupo da
platina na composicéo dos sulfetos, provenientes de magma parental primitivo, € sugestivo que
tenha ocorrido segregacdo prévia de sulfetos em profundidade. Eventos tectbnicos e
metamorfismo em facies xisto verde afetaram o sill fracionado e suas rochas crustais
encaixantes. Apesar da tectdnica, a estrutura magmatica primaria se manteve preservada.
Devido a falta de idades absolutas para as rochas ultraméficas, o posicionamento do depésito
Caboclo dos Mangueiros na evolugéo tectdnica do craton do Sdo Francisco permanece incerto.



ABSTRACT

The Caboclo dos Mangueiros magmatic Ni-Cu sulfide deposit represents a recent discovery in
the northern Brazil made by Companhia Baiana de Pesquisa Mineral (CBPM) in 2012 by means
of greenfield exploration works at the northwestern portion of the Bahia state, close to the limit
with the Piaui state. The deposit is situated in the northwestern edge of the S8o Francisco
craton, close to the contact with the Rio Preto Neoproterozoic fold belt, where a cluster of
mineralized mafic-ultramafic complexes are found, as exemplified by the Fe-Ti-V Campo Alegre
de Lourdes mafic-ultramafic complex. Fifteen drill holes were performed, totalizing 2,670
meters, and indicate preliminary resource of ~ 200Mt@0.20%Ni and 0.13%Cu. The Ni-Cu
sulfides comprise an orebody hosted in an ultramafic intrusion with ~2 km long WNW-ESE
trending, ~500 m wide, reaching ~270 m depth in central portions and ~100 m in the
extremities, resembling an elongated boat-shaped sill. The composition of the ultramafic rocks
is controlled by the type and modal proportion of cumulus minerals. The plots of selected major
and minor element oxides versus MgO indicate the predominance of olivine and clinopyroxene
cumulates. It follows a crystallization sequence consisting of Ol => Ol + Cpx => Cpx, which
indicate a silica undersaturated composition for the parental magma. The intrusion is
fractionated from the northern portion, where dunite and wehrlite prevail, to the southern where
clinopyroxenite is abundant. The fractionating also is observed in the progressively decrease of
cationic Mg# values (i.e., Mg/[Mg+Fe2+]) in cumulus clinopyroxene crystals toward the southern
portion of the intrusion, as indicated by the variation in cationic Mg# in clinopyroxene from
clinopyroxenites and wehrlite from bore holes located across a NE-SW section of the intrusion.
The compositional range of cationic Mg# of cumulus clinopyroxene from 0.78 to 0.94 supports a
moderate to primitive composition for the parental magma. Primitive mantle-normalized REE
and primitive mantle-normalized alteration-resistant trace element profiles for the cumulate
ultramafic rocks show enrichment in LREE with significant negative Nb and Ta anomalies. This
enrichment is also showed in mantle-normalized alteration-resistant trace element profiles
estimated to the parental melt, although negative Nb-Ta anomalies are not observed. The data
reveal that LREE patterns are dependent of the modal proportion of clinopyroxene in the
cumulate rocks, as indicated by progressively lower La/Smpy from dunite, werhlite, olivine-
clinopyroxenite and clinopyroxenite. Significant assimilation of crustal rocks during ascent and
emplacement of the magma is not supported by the crystallization sequence typical of silica
undersaturated magmas, as well as by the absence of Nb-Ta anomalies. The mineralization of
the deposit is mainly (i.e., ~99 vol.%) primary nature and disseminated as interstitial blebs,
comprising pyrrhotite, pentlandite, chalcopyrite and minor pyrite. The secondary mineralization
consists of remobilization and recrystallization of the primary one and represent about 1 vol.%
of the deposit. It occurs in irregular veinlets and breccia, as well as sulfide aggregates or
stringers concordant with the foliation in discrete shear zones. The primary textures and the
amount of sulfides, well above the cotectic proportion for a mineralized intrusion, suggest
emplacement of sulfide droplets-charged magma through a conduit structure that later solidified
as an elongated boat-shaped sill. The sulfide saturation of the magma is understood due to the
decrease of temperature, with no significant assimilation of crustal-derived rock or sulfur.
Results for sulfur isotope indicate isotopic compositions for disseminated sulfides that mainly fit
into the mantle range. Additionally, the narrow compositional range of isotopic compositions in
our samples does not suggest differences in isotopic compositions related to different host
rocks (i.e., wehrlite or clinopyroxenite) of different location in the ultramafic intrusion. The
depletion of PGE in the sulfide composition from a moderate to primitive magma is suggestive
that has been occurred previous sulfide segregation at depth. Tectonic events and greenschist
facies metamorphism may have affected the fractionated ultramafic sill and its sedimentary
country rocks. Despite the tectonics the primary magmatic structure remains well preserved.
Due to the lack of an absolute age for the ultramafic rocks the positioning of the Caboclo dos
Mangueiros deposit in the tectonic evolution of the S8o Francisco craton remains uncertain.



CONSIDERACOES GERAIS

1. Introducéo

Depésitos de Ni-Cu hospedados em intrusdes de composicdo mafico-ultramafica sédo
amplamente classificados dentre aqueles associados a condutos magmaticos ou a intrusdes
acamadadas (Beresford and Hronsky, 2014). Contudo, nenhum grande deposito sulfetado de
Ni-Cu tem sido descoberto em zonas basais de grandes intrusdes acamadadas de natureza
mafico-ultramafica em mais de meio século, portanto sistemas magmaticos dinamicos
ascendentes através de estruturas de condutos tém se tornado alvos favoraveis para
exploracdo de depésitos sulfetados de Ni-Cu (Maier et al.,, 2001; Song et al., 2012).
Significativa importancia também ¢é atribuida ao ambiente tectdnico favoravel para este tipo de
depodsito. Begg et al. (2010) reconheceram associacdo espacial empirica entre diversos
depositos sulfetados de Ni-Cu-EGP (e.g., Niril'sk, Naldrett, 1992; Voisey’s Bay, Li and Naldrett,
1999), desde grandes campos a pequenos depésitos, e zonas de bordas litosféricas, mais
especificamente com margens de blocos cratdnicos Arqueanos, independente se formaram
riftes ou néo.

O depésito magmatico de sulfetos de Ni-Cu Caboclo dos Mangueiros foi descoberto no
ano de 2012, pela Companhia Baiana de Pesquisa Mineral (CBPM), por meio de trabalhos
exploratérios desenvolvidos no extremo noroeste do estado da Bahia, préximo a divisa com o
estado do Piaui. Esta regido consiste na zona da borda norte-noroeste do Craton do S&o
Francisco (Almeida, 1977) préximo ao contato com a faixa de dobramentos Rio Preto (Uhlein et
al., 2011), regido em que outros complexos maéfico-ultramaficos mineralizados s&o
encontrados (e.g., Complexo de Campo alegre de Lourdes, Sampaio et al., 1986).

O deposito consiste de corpo de minério com recurso preliminar de ~200Mt@0.20%Ni
e 0.13%Cu (Projeto Valorizagdo de Alvos Geofisicos; relatério interno da CBPM nao
publicado). A mineralizagdo do depésito € dominantemente de natureza primaria disseminada e
esta hospedada em rochas de composi¢cdo essencialmente ultraméfica que compdem uma
intrusdo alongada com aproximadamente 2 km de comprimento, ~500 m de largura, chegando
a 270 m de profundidade na porgdo central e ~100 m nas extremidades. Sulfetos disseminados
ocorrem ao longo de toda a por¢do sondada da intrusdo com contedo médio entre 1 e 5 % em
volume, sugerindo um corpo de minério de baixo teor e grande volume, coincidente com a
intrusdo alongada. Este contetdo de sulfetos em volume pode ser considerado acima da
proporcao cotética de sulfetos para uma intrusao magmatica mineralizada (Ripley & Li, 2013).

Esta recente descoberta motivou a realizacdo do presente trabalho que consiste na
primeira descricdo e caracterizagdo detalhada da estrutura magmatica e da mineralizagdo de
Ni-Cu do depésito Caboclo dos Mangueiros. Para tanto foram feitas novas avaliagdes do banco
de dados da CBPM (e.g., furos de sondagem, geoquimica dos furos, laminas petrogréficas e
levantamentos geofisicos), além de estudos analiticos adicionais como descricdo de novas
sec¢Oes delgadas polidas, litogeoquimica, quimica mineral e estudos isotépicos de enxofre. Os

resultados culminaram na reinterpretacdo da estruturagdo e génese do deposito, como sendo

Xi



de natureza magmatica primaria, depletada em elementos do grupo da platina (EGP) e
hospedada em estrutura de conduto que posteriormente se solidificou como um sill (soleira)

alongado.

2. Localizacao e Fisiografia

A area do depoésito sulfetado de Ni-Cu Caboclo dos Mangueiros, objeto deste estudo,
localiza-se no extremo noroeste do estado da Bahia a 880 km da capital Salvador, proximo a
divisa com o sul do estado do Piaui, nordeste do Brasil. O vilarejo homdnimo esta inserido no
municipio de Campo Alegre de Lourdes, localizado aproximadamente 50 km em linha reta a
nordeste (Figura i.1).

O depdésito de Ni-Cu Caboclo dos Mangueiros esta inserido na regido climatica do
semi-arido, a qual apresenta baixos indices de chuvas, normalmente com média anual abaixo
de 850 mm, associados a elevadas taxas de evapotranspiracdo e altas temperaturas, com
meédias anuais acima dos 25°C. O relevo regional que hospeda o depdésito, dominantemente
plano arrasado com pequenas eleva¢cbes também planas, compde o dominio geomorfolégico
pediplano sertanejo. As por¢des planas arrasadas apresentam média de cotas altimétricas de
480 m e estdo associadas a extensa cobertura sedimentar inconsolidada tércio-quaternaria,
enquanto que as areas mais elevadas (~500 m) sdo sustentadas por crostas lateriticas

ferruginosas.

3. Justificativas e Objetivos

A regido noroeste do estado da Bahia, em que o depdsito de Ni-Cu sulfetado Caboclo
dos Mangueiros esta localizado, possui diversas intrusdes de natureza méfico-ultraméficas
hospedeiras de importantes depodsitos minerais, a exemplo do depdsito de Fe-Ti-V do
Complexo Mafico-Ultramafico de Campo Alegre de Lourdes (Sampaio et al.,, 1986) e do
deposito de P,Os do Complexo Carbonatitico Angico dos Dias (Silva et al., 1987, 1988, 1997;
Antonini et al., 2003), atualmente explotado pela Mineragcao Galvani S.A., além de ocorréncias
de mineralizacdes de Fe-Ti-V do Complexo Mafico-Ultraméfico Peixe (Leite et al. 1993, 1997).
Portanto, trata-se de um cenério geoldgico altamente favoravel para exploracdo mineral que,
em contrapartida, € pouco conhecido e carece de estudos académicos sisteméticos. Este
trabalho € desenvolvido em cooperacdo com a Companhia Baiana de Pesquisa Mineral,
empresa de exploracdo mineral responséavel pelas pesquisas que resultaram na descoberta do

deposito.
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Figura i.1l: Mapa de localizacédo da area com principais drenagens e modelo digital de terreno.

O estudo sistematico do depodsito Caboclo dos Mangueiros, de carater inédito,
apresenta importancia tanto de cunho exploratério para empresas de mineracdo, como
académico. Além de proporcionar a abertura de novas perspectivas metalogenéticas em
corpos maficos e/ou ultramaficos adajecentes, e por fim, os trabalhos contribuem para o
conhecimento da metalogénese de depdésitos de Ni-Cu sulfetado.

O principal objetivo deste estudo é definir a génese e os controles da mineralizagdo de
Ni-Cu sulfetado do deposito Caboclo dos Mangueiros. Para isto serdo fornecidas informacoes
de carater geoldgico, petrogréafico e petroldgico, incluindo dados litogeoquimicos, isotdpicos e
de quimica mineral, tanto da intrusdo como do corpo de minério sulfetado. Estas informacoes
também servirdo de suporte para o entendimento integrado da evolugdo e estruturagcdo
magmatica do corpo ultramafico hospedeiro, bem como dos processos magmaticos
responsaveis pela mineralizagéo.
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4. Métodos

Para alcancar os objetivos pré-estabelecidos neste estudo, os trabalhos iniciaram-se
com revisao bibliogréafica. Esta etapa incluiu revisdo e compilacdo do acervo de dados da
CBPM (relatérios internos, descricdes e litogeoquimica dos furos de sondagem e laminas
petrograficas), bem como o estudo das informacg@es disponiveis sobre depdsitos magmaticos
de Ni-Cu sulfetado e do conhecimento geoldgico da regido por meio de artigos cientificos.

No intuito de apresentar o detalhamento geoldgico da intrusdo, foram feitas duas
etapas de campo. Durante a primeira etapa, realizaram-se novas descri¢des dos 15 furos de
sondagem, disponiveis na litoteca da CBPM, em Salvador, Bahia. Nestas atividades foram
adotadas sistematicas de trabalho préprias, visando o entendimento da estruturacdo
magmatica da intrusdo e da mineralizacdo. Estes trabalhos contaram com a participacao do
orientador e apoio logistico da CBPM, e foram realizados com auxilio dos resultados de
litogeoquimica dos furos de sondagem e apos descricdo prévia das laminas petrogréaficas,
ambos disponibilizados pela empresa. Ainda nesta etapa foram feitas novas amostragens para
estudos analiticos petrograficos / quimica mineral, litogeoquimicos e isotdpicos. A segunda
etapa de campo consistiu em campanha de seis dias brownfield, com descricdo e amostragem
de afloramentos da intrusédo ultramafica e das rochas encaixantes, bem como das rochas que
compunham o cenario geolégico e tectdnico regional.

Os estudos petrograficos consistiram de duas etapas, uma inicial realizada no
laboratério de microscopia da CBPM, utilizando as 32 laminas delgadas polidas
disponibilizadas pela empresa e uma etapa final realizada nos laboratorios de microscopia do
Instituto de Geociéncias da Universidade de Brasilia (IG-UnB). Esta segunda etapa consistiu do
estudo de 40 novas laminas delgadas polidas, confeccionadas no Laboratério de Laminacéo do
IG-UnB. Os estudos petrograficos forneceram suporte na selecdo de amostras para estudos de
quimica mineral e litogeoquimica.

Andlises de quimica mineral utilizando microssonda eletrénica foram realizadas no
Laboratério de Microssonda Eletrénica do IG-UnB, em equipamento JEOL JXA-8230. Foram
analisados de forma sistemética cristais de clinopiroxénio, anfibélio e sulfetos (calcopirita,
pentlandita, pirrotita e pirita / marcassita). O tratamento dos dados foi feito por meio de planilha
eletrdnica Microsoft Excel® e os resultados analiticos encontram-se nos Apéndices 1, 2 e 3.

As andlises litogeoquimicas de rocha total e a preparagéo do total de 13 amostras para
elementos maiores, menores e tragos foram realizadas nos laboratorios da SGS GEOSOL. Os
elementos maiores foram analisados por fluorescéncia de raios X (XRF) em amostras
decompostas através de fusdo com tetraborato de litio. Elementos menores e tragos foram
analisados por Espectrometria de Emissdo Otica por Plasma Acoplado Indutivamente (ICP-
OES) apo6s digestdo multi-acida (HCI-HNO3-HCIO4-HF). Os elementos terras raras (ETR),
nidbio (Nb), tantalo (Ta), hafnio (Hf) e rubidio (Rb) foram analisados por Espectrometria de
Massa por Plasma Acoplado Indutivamente (ICP-MS), apés fusdo com metaborato de litio. As
concentracdes de enxofre (S) foram determinadas pelo método LECO. Para determinacao dos

conteddos dos elementos ouro (Au), platina (Pt) e paladio (Pd) foi utilizado ICP-OES ap0s
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concentracao prévia padrao por fuséo Fire Assay. O tratamento dos dados foi feito por meio de
planilha eletrénica Microsoft Excel® e os resultados analiticos encontram-se na Tabela 1.

Seis amostras, representativas da mineralizacao, foram coletadas do depdsito Caboclo
dos Mangueiros para estudos isotdpicos de enxofre. Estas andlises foram realizadas no
Laboratorio de Geocronologia do 1G-UnB. As composicdes isotopicas de enxofre foram
determinadas por Espectrometria de Massa de Razdo Isotopica (IRMS), utilizando o
espectrobmetro Thermo Scientific MAT253 IRMS. O tratamento dos dados foi feito por meio de

planilha eletrénica Microsoft Excel® e os resultados analiticos encontram-se na Tabela 2.

5. Escopo do Estudo

Conforme previsto no regulamento do Curso de Pés-graduacdo em Geologia da
Universidade de Brasilia e por sugestdo do Orientador, esta dissertacdo de mestrado
apresenta-se estruturada na forma de artigo a ser submetido para publicagdo em periédico com
corpo editorial. O artigo é apresentado na forma que sera submetido, mantendo o estilo e o
formato previstos no periodico.

O artigo, intitulado “The Caboclo dos Mangueiros Deposit: Ni-Cu sulfide
mineralization hosted in ultramafic cumulates in the northern edge of the Sdo Francisco
Craton, Brazil.” foi elaborado durante o ano de 2017 e serd submetido a revista Economic
Geology. Este artigo tem como principal objetivo definir a génese e os controles da
mineralizacdo de Ni-Cu sulfetado do depésito Caboclo dos Mangueiros, bem como sua

contextualizagdo no cenario global dos depdsitos de Ni-Cu sulfetado.
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Abstract

The Caboclo dos Mangueiros magmatic Ni-Cu sulfide deposit is a recent discovery in the
northern Brazil made by Companhia Baiana de Pesquisa Mineral (CBPM) in 2012. The deposit
is situated in the northwestern edge of the S&o Francisco craton, close to the contact with the
Rio Preto Neoproterozoic fold belt, where a cluster of mineralized mafic-ultramafic complexes
are found. Drilling results indicate a preliminary resource of ~ 200Mt@0.20%Ni and 0.13%Cu.
The Ni-Cu sulfides comprise an orebody hosted in an ultramafic intrusion with ~2 km long, ~500
m wide and ~270 m depth in central portions and ~100 m in the extremities, resembling an
elongated boat-shaped sill. The intrusion is fractionated from the northern portion, where dunite
and wehrlite prevail, to the southern where clinopyroxenite is abundant. It follows a
crystallization sequence consisting of Ol => Ol + Cpx => Cpx, which indicate a silica
undersaturated composition for the parental magma. The compositional range of cationic Mg#
of cumulus clinopyroxene from 0.78 to 0.94 supports a moderate to primitive composition for the
parental magma. Mantle-normalized REE and mantle-normalized alteration-resistant trace
element profiles for the cumulate ultramafic rocks show enrichment in LREE with significant
negative Nb and Ta anomalies. This enrichment is also showed in mantle-normalized alteration-
resistant trace element profiles estimated to the parental melt. The data reveal that LREE
patterns are dependent of the modal proportion of clinopyroxene in the cumulate rocks.
Significant assimilation of crustal rocks during ascent and emplacement of the magma is not
supported by the crystallization sequence typical of silica undersaturated magmas, as well as by
the absence of Nb-Ta anomalies. The primary textures and the amount of sulfides, well above
the cotectic proportion, suggest emplacement of sulfide droplets-charged magma through a
conduit structure that later solidified as an elongated boat-shaped sill. Sulfur isotope
compositional characteristics of the deposit reflect the mantle source of sulfides with no
significant addition of crustal-derived sulfur. The depletion of PGE in the sulfide composition
from a moderate to primitive magma is suggestive that has been occurred previous sulfide
segregation at depth. Tectonic events and greenschist facies metamorphism may have affected
the fractionated ultramafic sill and its sedimentary country rocks. Despite the tectonics the
primary magmatic structure remains well preserved. Due to the lack of an absolute age for the
ultramafic rocks the positioning of the Caboclo dos Mangueiros deposit in the tectonic evolution
of the S&o Francisco craton remains uncertain.



Introduction

Ni-Cu deposits hosted in mafic-ultramafic intrusions are broadly classified into those
associated with magma conduits and those associated with layered intrusions (Beresford and
Hronsky, 2014). However, no major Ni-Cu sulfide deposits have been discovered within or at
the basis of large mafic-ultramafic layered intrusions in more than half a century, thus dynamic
ascending magma systems through conduit structures have become the favored exploration
targets for Ni-Cu sulfide deposits (Maier et al., 2001; Song et al., 2012).

The Caboclo dos Mangueiros Ni-Cu magmatic sulfide deposit was discovered in
northeastern Brazil by Companhia Bahiana de Pesquisa Mineral (CBPM) in 2012 and consists
of an orebody with a significant preliminary resource of ~ 200Mt@0.20%Ni and 0.13%Cu
(Projeto Valorizacao de Alvos Geofisicos; CBPM unpublished internal report). The orebody is
hosted in a relatively small size elongated ultramafic intrusion with ~2 km long WNW-ESE
trending and ~500 m wide that reaches ~270 m depth in central portions, resembling an
elongated boat-shaped sill. The orebody reflects the intrusion shape with 1 to 5 vol.% of
sulfides, which is considered well above the cotectic proportion for mineralized magmatic
intrusion (Ripley and Li, 2013).

This deposit represents a recent Ni-Cu sulfide discovery located in the northwestern
edge of the S&o Francisco Craton (Almeida, 1977), close to the contact with the Rio Preto fold
belt (Uhlein et al., 2011). The intrusion is located close to a cluster of mineralized mafic-
ultramafic complexes, exemplified by the Fe-Ti-V magmatic deposit of the Campo Alegre de
Lourdes mafic-ultramafic Complex (Sampaio et al., 1986) and the P,Os deposit of the Angico
dos Dias Carbonatite Complex (Silva et al., 1988; 1997; Antonini et al., 2003). Several Ni-Cu-
PGE sulfide deposits are located in similar tectonic setting (e.g., Noril’'sk, Naldrett, 1992;
Voisey's Bay, Li and Naldrett, 1999) and significant attention has been given to this as a
promising mineral exploration target for Ni-Cu-PGE deposits (e.g., Begg et al., 2010). It is worth
mentioning that the northwestern region of the Sdo Francisco Craton is widely covered by
tertiary-quaternary sediments and the Caboclo dos Mangueiros deposit do not outcrops.

In this study we present the first description of the magmatic structure and Ni-Cu
mineralization of the Caboclo dos Mangueiros deposit. Geological descriptions supported by
exploration data (drill core, geophysical surveys and whole-rock assay results of drill cores),
together with petrographic studies and geochemical data (whole-rock analyses, mineral
compositions and sulfur isotopes) are used to propose a model for the origin of the Ni-Cu sulfide
deposit. Our results indicate that the mineralization is associated with a dynamic magma
conduit, possibly representing a small portion of larger magmatic systems. The implication of
these results for mineral exploration in the northern edge of the S&o Francisco Craton is

discussed.



Discovery History

The occurrence of pyroxenite close to the Caboclo dos Mangueiros village was first
reported by Companhia Baiana de Pesquisa Mineral (CBPM) during a regional mapping project
in 1987 (Projeto Remanso - Fase |; CBPM unpublished internal report). Several aeromagnetic
anomalies were identified in a regional aerogeophysical survey developed in the northern
portion of the Bahia state by CBPM/CPRM-Brazilian Geological Survey in 2005-2006 (LASA,
2006). Follow up exploration of aeromagnetic anomalies carried out by CBPM in 2009, including
surface recognition campaigns and lithogeochemical analyses, identified Ni-Cu anomalies
associated with ultramafic rocks in the Caboclo dos Mangueiros target. In 2012, CBPM carried
out ground geophysical (magnetic, induced polarization and time-domain electromagnetic) and
soil geochemical surveys that supported the following drilling program for Ni-Cu sulfides. The
drilling program totaling 2,670 m (15 drill holes), completed in 2015 by CBPM, intersected up to
213 m of disseminated sulfides grading 0.22 wt.% Ni and 0.13 wt.% Cu. Drilling results indicate
a preliminary resource of ~ 200Mt@0.20%Ni and 0.13%Cu (Projeto Valorizacdo de Alvos
Geofisicos; CBPM unpublished internal report). Additional drilling carried on by CBPM in 2017
(7 drill holes) indicated a southeastern extension of the mineralization evaluated in 2015.

Geological Setting

The Caboclo dos Mangueiros Deposit is located in the northwestern edge of the Séo
Francisco Craton (Almeida, 1977), close to the contact with the Rio Preto fold belt (Uhlein et al.,
2011) (Fig. 1). The basement of the S&o Francisco Craton consists of four crustal segments
assembled during the Paleoproterozoic (ca. 2.0 Ga) orogenic cycle (Barbosa and Sabaté, 2004;
Peucat et al., 2011). These crustal segments, designated as (i) Gaviao Block, (ii) Jequié Block,
(iii) Itabuna-Salvador-Curacga Belt and (iv) Serrinha Block, are limited by Neoproterozoic fold
belts that surround the S&o Francisco Craton (Uhlein et al., 2011). These crustal segments
consist mainly of amphibolite to granulite facies orthogneiss and migmatites originated during
the 2,0 Ga orogeny. The older rocks of the S&o Francisco Craton consist of Archean tonalite-
trondhjemite-granodiorite terrains and greenstone belts, partially to extensively transformed
during the Paleoproterozoic orogeny (Barbosa and Sabaté, 2004). Large portions of the S&o
Francisco Craton are covered by Proterozoic and Phanerozoic sedimentary sequences (Fig. 1).

The northwest portion of the S&8o Francisco Craton (Fig. 2), where the Caboclo dos
Mangueiros deposit is located, belongs to the Archean-Paleoproterozoic Gavido Block. The
following description and Figure 2A are based on the regional mapping project carried on by the
Brazilian Geological Survey (Leite et al., 1997). The Archean Sobradinho-Remanso Complex,
interpreted as a tonalite-trondhjemite-granodiorite terrain affected by the Paleoproterozoic
orogeny, consists of orthogneiss and migmatite. Dantas et al. (2010) obtained U-Pb zircon ages
of 2,564+11 Ma and 3,537+8 Ma for these rocks. The Serra da Boa Esperanca Complex
consists of carbonate schist with lens of marble, as well as minor mica schist and mica-quartz

schist (Leite et al., 1997; Barbosa et al., 2012). This carbonatic-pelitic sedimentary sequence



has greenschist facies metamorphic parageneses and is correlated with Paleo
Mesoproterozoic sedimentary covers of the Sao Francisco Craton.
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Fig. 1: Geological setting. (A) Brazilian cratons. (B) Sketch showing the main domains of the S&o
Francisco Craton and surrounding Neoproterozoic belts. Modified from Alkmim et al. (1993). Abbreviations:
GB - Gavido Block; JB - Jequié Block; ISCB - Itabuna-Salvador-Curaga Belt; SB - Serrinha Block.

Several mafic-utramafic intrusions occur within the Sobradinho-Remanso and Serra da
Boa Esperanca Complexes. Mafic-ultramafic intrusions are usually weathered and/or largely
covered by Cenozoic sedimentary sequences (Fig. 2A). Except for the U-Pb zircon and

baddeleyite 2,010+6 Ma age of the Angico dos Dias carbonatite complex (Silva et al., 1987), no
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robust age dating is available for these intrusions. The mafic-ultramafic complexes indicated in
Figure 2A are briefly described as follow:

a) The Angico dos Dias carbonatite complex consists of pyroxenite, alkali diorite,
syenite, carbonatite and lamprophyre (Silva et al., 1988; 1997; Antonini et al.,, 2003). The
complex host a phosphate deposit developed in the weathered profile of apatite-rich
carbonatite. This 15Mt@15.4%P,0s deposit is currently mined by Minera¢éo Galvani S.A.

b) The Campo Alegre de Lourdes Mafic-Ultramafic Complex is a gabbro-anorthositic
intrusion hosting a large Fe-Ti-V deposit (Sampaio et al., 1986). This elongate 11 km long
intrusion consists of interlayered pyroxenite, gabbro, anorthosite and ilmenite-magnetitite
metamorphosed under greenschist to amphibolite facies. Fe-Ti-V mineralization occurs in
several individual bodies of massive to banded ilmenite-magnetitite, with total resources of
100Mt@45%Fe, 21%TiO,, 0.71% V,0s5 (Sampaio et al., 1986).

c) The Fe-Ti-V mineralized Peixe Mafic-Ultramafic Complex is largely covered by
Cenozoic eluvial/colluvial sediments. Geological limits are based upon an aeromagnetic
anomaly (Leite et al. 1993, 1997) and geological descriptions limited to exploratory drilling
carried on by CBPM in 1988. Drill core consists of interlayered metagabbro, metapyroxenite and
massive ilmenite-magnetitite.

d) The Caboclo dos Mangueiros Intrusion outcrops as rare weathered pyroxenite and
peridotite blocks within a flat region covered by eluvial/colluvial sediments (Fig. 2A). Additional
occurrences of these rock types mapped by Leite et al. (1997) suggest that they belong to a
cluster of small ultramafic bodies.

The Serra do Meio Alkaline Suite, intrusive into mica-quartz schists of the Serra da Boa
Esperangca Complex, consists of alkali granite with subordinated syenite (Pla Cid, 1994). This
felsic suite corresponds to Neoproterozoic to Cambrian anorogenic plutons (Pla Cid, 1994).

Paleozoic sedimentary rocks of the southern border of the Parnaiba Basin outcrop in
the northwest portion of Figure 2A. This sedimentary basin discordantly covers the Precambrian

rocks of the Sao Francisco Craton and adjacent Brasiliano belts in the region.
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Materials and Methods

Geological characterization of the Caboclo dos Mangueiros ultramafic intrusion was
supported by the exploration program carried on by Companhia Baiana de Pesquisa Mineral.
This program included geological mapping, soil geochemical grids, ground geophysical surveys,
petrographical studies and drilling. For this study, all drill holes were described to provide
representative samples for analytical studies. Petrographic studies of 40 additional polished thin
sections were carried on in the Microscopy Laboratory of the Universidade de Brasilia.

Mineral analyses were performed on polished thin section using a JEOLJXA-8230
SuperProbe with 5 wavelength dispersive (WDS) spectrometers 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. Energy

dispersive X-ray spectroscopy (EDS) of several minerals was also adopted to support



petrographic studies. Systematic WDS analyses were obtained for clinopyroxene, amphibole
and sulfides. Both synthetic and natural mineral standards were used for the analyses and the
same standards and procedure were retained throughout the analytical work.

Whole-rock chemical analyses and sample preparation for major, minor and trace
elements were carried out at SGS GEOSOL Laboratory in Brazil. The major elements were
analysed by X-ray fluorescence (XRF) on dissolved samples, fused by lithium tetraborate. The
minor and trace elements were analysed by inductively-coupled plasma optical emission
spectroscopy (ICP-OES) after multi-acid (HCI-HNOs-HCIO,4-HF) digestion. The REE, Nb, Ta, Hf
and Rb were analysed by inductively-coupled plasma mass spectroscopy (ICP-MS), after fusing
with lithium metaborate. The concentrations of S were determined by the LECO method. The
concentrations of Au, Pt and Pd were determined by ICP-OES after standard lead oxide fire
assay preconcentration. A total of 13 representative drill core samples were analysed.

It was used 429 quarter drill core whole-rock assay results of Mg, Cr, Ni and Cu from
two drill holes from the Companhia Baiana de Pesquisa Mineral database. They were sampled
continuously at approximately 1-m intervals, respecting geologic contacts. These samples were
analysed by ICP-OES after aqua regia digestion at SGS Geosol Laboratory in Brazil.

Sulfur isotopic analyses were carried out at the Geochronology Laboratory of the
Geosciences Institute of the University of Brasilia, Brazil. A total of six representative ore
samples were collected from the Caboclo dos Mangueiros deposit for sulfur isotopic study.
Sulfides consisting of pyrrhotite, chalcopyrite, pyrite and pentlandite from interstitial blebs were
hand-picked and individually mounted. The sulfur isotope compositions were determined by
isotopic ratio mass spectrometry (IRMS), utilizing a Thermo Scientific MAT253 IRMS, after the

samples get diluted in the elementary analyser Thermo Scientific Flash 2000.

The Ultramafic Intrusion
The Caboclo dos Mangueiros intrusion consists of a ~2 km long and ~500 m wide (~1
kmz) WNW-ESE trending ultramafic body. The magmatic structure is mainly delineated by
geological descriptions of drill holes and extends to a maximum depth of 270 m (Fig. 3A). The
ultramafic intrusion is widely covered by tertiary-quaternary sediments and ferruginous lateritic
crusts (Fig. 3B). The latter outcrops as ferruginous silexites (Fig. 3C) that sustain smooth hills,
up to 20 m higher than surrounding flat terrains where unconsolidated sediments prevail (Fig

3B). Ultramafic rocks occur as scattered blocks of partially weathered wehrlite and pyroxenite.
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Fig. 3: (A) Tridimensional model of the Caboclo dos Mangueiros intrusion (CBPM, unpublished internal
report). Green = ultramafic rocks, grey and blue = country rocks, yellow = saprolite, brown = soil, black =
ferruginous lateritic crust. (B) Panoramic view of the flat terrain and ferruginous lateritic crust (scale = 8-m-
wide dirty path). (C) Outcrop of silexite from ultramafic rocks.

Ultramafic rocks consist of olivine and clinopyroxene cumulates with disseminated
sulfides. Cumulus minerals are partially to extensively altered to hydrous minerals, as indicated
by pseudomorphs of olivine replaced by serpentine + magnetite and pseudomorphs of
clinopyroxene replaced by tremolite-actinolite, but igneous textures are preserved throughout
the intrusion. Penetrative fabric is restricted to narrow sheared domains of up to few meters
across, and igneous minerals and/or pseudomorphs are identified in adjacent nondeformed
domains. Because the original igneous texture is largely preserved in ultramafic rocks, such that
original cumulate minerals can be identified, these rocks are described using igneous
terminology. The contact of the intrusion intersected in drill core consists of up to 4 meters thick
zones of fine-grained chlorite-actinolitite or chlorite-actinolite schist. Country rocks of the
Caboclo dos Mangueiros intrusion are foliated and folded graphite-bearing quartz-biotite
schists. Country rocks are crosscut by rare veins or dykes (up to 1-2 m thick) with granitic
composition.

The Caboclo dos Mangueiros intrusion is thicker in the central portion and become
progressively thinner toward the extremities, resembling a boat-shaped structure (Fig. 3A). The
elongated intrusion is partially coincident with a 5-km-long discrete magnetic anomaly (Fig. 4A).
The latter extends to the northwest of the delineated ultramafic intrusion, suggesting that

ultramafic rocks may extend beyond the actual limits. Geological sections and drill core logs



(e.g., Fig. 4B and 4C) across de central portion of the intrusion indicate that dunite and wehrlite
predominate in the northern portion, while clinopyroxenite predominates in the southern portion.
These features indicate a progressive fractionation from olivine cumulates to clinopyroxene
cumulates toward the southern portion of the intrusion. A schematic block diagram illustrates
the magmatic structure of the intrusion (Fig. 5). The mineralogical and textural characteristics of
the ultramafic and their country rocks are briefly described as follow.

Dunite is a massive dark-green olivine cumulate with interstitial sulfides (up to 5 vol.%).
Medium-grained adcumulate to mesocumulate textures (Fig. 6A and 6B) predominate with
minor medium- to coarse-grained orthocumulate textures (Fig 6C and 6D). The latter consists of
large clinopyroxene oikocrysts (up to several centimeters) enclosing euhedral olivine. Olivine
occurs as pseudomorphs completely replaced by fine-grained aggregates of serpentine and
magnetite.

Wehrlite is a massive medium- to coarse-grained grayish green cumulate with interstitial
sulfides (up to 5 vol.%). Few meters thick lenses of dunite or clinopyroxenite are commonly
interlayered in wehrlite. Contacts with both dunite and clinopyroxenite are mainly gradational
and characterized by intermediate compositions (i.e., olivine clinopyroxenite; clinopyroxene-
bearing dunite). Adcumulate textures, consisting of cumulus olivine and clinopyroxene,
predominate in wehrlite (Fig. 6C). Meso- to orthocumulate textures, characterized by abundant
clinopyroxene oikocrysts enclosing cumulus olivine, occur in wehrlite closely associated with
dunite (Fig. 6D) in the northern portion of the intrusion. Olivine occurs as pseudomorphs
completely replaced by fine-grained aggregates of serpentine and magnetite, whereas

clinopyroxene is variably replaced by tremolite-actinolite.
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10



Legend
B soil
Caboclo dos Mangueiros Intrusion
l:l Clinopyroxenite
- Ol-Clinopyroxenite
[ wehriite
- Dunite
[ chi-Act Schist

Country Rock

|:| Qz-Bt Schist

‘% Drill Hole

Fig. 5: Schematic tridimensional model of the Caboclo dos Mangueiros intrusion. The model shows the
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Clinopyroxenite is a massive light greenish gray medium- to coarse-grained
clinopyroxene adcumulate with interstitial sulfides (Fig. 6E and 6F). Clinopyroxene commonly
have preserved cores with rims variably replaced by tremolite-actinolite (Fig. 6F). Clinopyroxene
is usually twinned and eventually have tiny acicular exsolutions of iimenite.

Chlorite-actinolite schists are fine-grained greenish rocks (Fig. 6G and 6H) located in
the contact of the ultramafic intrusion and country rocks. They form up to 4 meters thick zones
of variable rocks. Although chlorite-actinolite schist with > 70 vol.% actinolite prevail, rocks with
less prominent foliation and/or abundant biotite also occur. The contacts of ultramafic and
country rocks are usually sharp and characterized by abrupt changes in texture, mineral
composition and grain size. The disseminated sulfides (1-5 vol.%) that occur throughout the
ultramafic intrusion sharply disappear in the chlorite-actinolite schist.

Country rocks are fine- to medium-grained graphite-bearing quartz-biotite schists with
prominent foliation (Fig. 61 and 6J). The tectonic foliation is parallel to a lamination consisting of
alternating darker graphite-rich and lighter quartz-plagioclase-rich irregular laminae. Quartz-
biotite schist consists mainly of variable proportions of quartz (30-35 vol.%), biotite (20-25
vol.%), albite (20-25 vol.%), muscovite (up to 20 vol.%) and graphite (up to 10 vol.%). Common
accessory minerals include epidote, chlorite, ilmenite, pyrite and garnet. Chlorite is a common
alteration mineral replacing biotite. Disseminated fine- to medium-grained syn-cinematic
euhedral garnet was identified in just one sample of the country rocks. Metamorphic
parageneses consisting of albite + quartz + biotite + muscovite + epidote + garnet are typical of
metasediments submitted to the upper greenschist facies of regional metamorphism (Bucher
and Grapes, 2011). The upper greenschist facies is also indicated by the absence of

chlorite in the metamorphic parageneses of the metasediments (Bucher and Grapes, 2011).
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Fig. 6: Photos of core samples (left column) and photmicrogréhs (right colun). (A) *Medium-grained
dunite with disseminated sulfides. (B) Adcumulate dunite consisting of euhedral pseudomorphs of cumulus
olivine and interstitial sulfides (opaques). (C) Coarse-grained orthocumulate wehrlite consisting of
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pseudomorphs of cumulus olivine (dark color) and clinopyroxene oikocrysts. (D) Coarse-grained wehrlite
with orthocumulate texture. Note peseudomorphs of euhedral cumulus olivine and intercumulus
clinopyroxene. (E) Typical coarse-grained clinopyroxenite with interstitial sulfide blebs. (F) Adcumulate
clinopyroxenite with interstitial sulfides (opaques). Note metamorphic amphiboles developed in the outer
rim of clinopyroxene. (G) Fine-grained chlorite—actinolite schist from the contact zone of the intrusion. (H)
Chlorite-actinolite schist with prominent foliation. () Typical country rock. Fine-grained graphite-bearing
quartz—biotite schist. (J) Lepidoblastic texture in graphite-bearing quartz—biotite schist. Mineral symbols in
accordance with classification of Whitney (2010).

Geochemistry of the Ultramafic Rocks
Mineral composition

Systematic analyses of clinopyroxene and amphibole were performed in unweathered
samples troughout the Caboclo dos Mangueiros intrusion. Representative analyses for minerals
of the intrusion are provided in Appendixes 1 and 2.

Clinopyroxene compositions are essentially calcic and magnesian, ranging from 17.64
to 24.51 wt.% CaO and from 14.35 to 18.89 wt.% MgO. The cationic Mg# (i.e., Mg/[Mg+Fe*"]) of
clinopyroxene throughout the intrusion range from 0.78 to 0.94, which is characteristic of
primitive to moderately primitive compositions. These values progressively decrease toward the
southern portion of the intrusion, as indicated by the variation in cationic Mg# in clinopyroxene
from clinopyroxenites (Fig. 7A) and wehrlite (Fig. 7B) from bore holes located across a NE-SW
section of the intrusion (see Fig. 4 for the location of bore holes). The decrease of Mg# in
clinopyroxene matches the progressive fractionation from olivine cumulates to clinopyroxene
cumulates toward the southern portion of the intrusion (Fig. 4B and 4C). Clinopyroxene has
Cr,03 contents ranging from 0.22 to 0.64 wt.% (Fig. 7C), with higher values associated with
more primitive rocks (i.e., wehrlite).

Amphibole compositions are essentially calcic (11.35 to 13.50 wt.% CaO) and
magnesian (17.57 to 22.08 wt.%) with cationic Mg# ranging from 0.78 to 0.91 (Fig. 7D). These
compositions range from actinolite to tremolite. The similar range of cationic Mg# of
clinopyroxene and amphibole is consistent with the replacement of clinopyroxene by amphibole
indicated in petrographic studies. Amphiboles also have higher values of cationic Mg# in
wehrlites than in clinopyroxenites (Fig. 7D). Values of Si" close to 8 (Fig. 7D) indicate that the

tetrahedral site is fulfilled by Si with none to minor Al".
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Fig. 7: Mineral compositions. (A) Plot of cationic Mg# versus CaO for clinopyroxene in clinopyroxenites
from drill holes FD-9, FD-3 and FD-12. (B) Plot of cationic Mg# versus CaO for clinopyroxene in wehrlites
from drill holes FD-3 and FD-12. (C) Plot of cationic Mg# versus Cr,0O3 for clinopyroxene in clinopyroxenite
and peridotite. (D) Plot of cationic Mg# versus Si" for amphiboles in clinopyroxenites and wehrlites. Data
from Appendix 2.

Major and minor element whole-rock compositions

Assay results from the Companhia Bahiana de Pesquisa Mineral exploration database
for Mg, Cr, Ni and Cu throughout two representative drill cores (FD-3 and FD-12) are indicated
to point out critical features of the stratigraphy of the Caboclo dos Mangueiros intrusion (Fig. 8).

The drill hole FD-3 (Fig. 8A) is representative of the central portion of the intrusion. Mg
contents show a flat pattern in clinopyroxenite (average ~3 wt.%) that contrast with higher and
variable contents in wehrlite (average ~ 6 wt.%). Variable Mg contents in wehrlites are
consistent with their variable modal composition along the drill hole. Cr contents in these rocks
are low (< 1500 ppm), except for higher contents (up to 2800 ppm) in weathered rocks close to
the surface (Fig. 8A). Cr contents are slightly higher in clinopyroxenite (average ~ 1200 ppm)
than in wehrlites (average ~ 900 ppm), suggesting that Cr contents correlate mainly with the
modal proportion of clinopyroxene. Similar Ni contents in clinopyronenite and wehrlite indicate
that Ni is mainly contained in sulfides. This feature, together with consistently high Cu contents
(1000-2000 ppm) and positive Ni-Cu correlation, results from the occurrence of disseminated
Ni-Cu sulfides throughout FD-3.

The drill hole FD-12 (Fig. 8B), representative of the northern portion of the intrusion,
consists mainly of dunite and wehrlite with minor clinopyroxenite. High Mg contents, including
intervals above the upper detection limit of our analyses (i.e., >15 wt.% Mg), are restricted to
dunite, while progressively lower contents occur in wehrlite and clinopyroxenite. Mg contents in

wehrlite from drill hole FD-12 are commonly higher than 10 wt.% and, consequently,
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significantly higher than those reported in wehrlite from drill hole FD-3 located at the central
portion of the intrusion (< 10 wt.%). Cr contents in these rocks are commonly low (< 2000 ppm),
except for higher contents (up to 3500 ppm) in weathered rocks close to the surface and in one
interval of dunite with 3500-5000 ppm (Fig. 8B). The latter results from strong alteration within a
narrow zone of sheared dunite enriched in magnetite (~ 4 meter). Similar to FD-3, consistently
high Cu contents (1000-2000 ppm) and positive Ni-Cu correlation, results from disseminated Ni-
Cu sulfides throughout FD-12 (Fig. 8B).

15
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Whole-rock chemical compositions were obtained from 12 samples representative of
ultramafic rocks and one country rock (Table 1). Variable amounts of loss on ignition reflect the
degree of alteration and/or different alteration minerals for distinct rock types. Hence, the
compositions of major and minor elements are normalized to 100% on an anhydrous base. This
normalization is necessary to equilibrate differences originated by various degrees of alteration,
especially when clinopyroxene cumulates (i.e., < 3 wt.% LOI) are compared with olivine
cumulate (i.e., ~ 10 wt.% LOI). The composition of the ultramafic rocks is controlled by the type
and modal proportion of cumulus minerals. The plots of selected major and minor element
oxides versus MgO (Fig. 9) indicate the predominance of olivine and clinopyroxene cumulates.
This result, supported by comparing whole rock and clinopyroxene compositions in
clinopyroxenite, wehrlite and dunite (Fig. 9), is consistent with petrographic studies. The
progressive variation from olivine cumulate (i.e., dunite) to olivine + clinopyroxene cumulate
(i.e., wehrlite) and clinopyroxene cumulate (i.e., clinopyroxenite) is well illustrated by the
decrease of SiO,, Al,O; and CaO, and increase in FeO, versus MgO (Fig. 9). Displacement of
whole-rock compositions from the expected clinopyroxene-olivine trends are partially explained
by disseminated sulfides (1-5 vol.%) in these cumulate rocks. For example, the present of Fe-
rich or Ni-rich sulfides result in clinopyroxenites with FeO and Ni contents higher than the
composition of clinopyroxene (Fig. 9D and 9G), as well as a minor dilution effect in whole-rock
contents of elements not contained in sulfides (e.g., CaO and SiO,). Whole-rock contents of
TiO, and Cr,0O3; have positive correlation with the modal proportion of clinopyroxene. These
features are consistent with the reported contents of TiO, and Cr,O; in clinopyroxene (Fig. 9E
and 9F), as well as the lack of chromite and magmatic Fe-Ti oxides in the cumulate rocks.

Whole-rock compositions of chlorite-actinolite schists from the border zone of the
ultramafic intrusion are comparable with compositions of ultramafic cumulates (Fig. 9).
However, relatively higher Al,O; (Fig. 9B) and lower CaO (Fig. 9C), together with distinctively
higher K,O content in one sample, suggests some contamination with quartz-biotite schist (Fig.
9 and Table 1). Chlorite-actinolite schists have remarkably low contents of Cu and S (Table 1),
which are consistent with the sharp decrease in sulfides described in the fine-grained border

zone of the ultramafic intrusion.
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Table 1: Whole-rock analyses of representative samples from the Caboclo dos Mangueiros intrusion.

Sample BM-013 BM-016 BM-027 BM-042 BM-009 BM-033 BM-010 BM-030 BM-041 BM-035  BM-022 BM-039 BM-001
Drill Hole FD-9 FD-9 FD-6 FD-5 FD-3 FD-12 FD-3 FD-6 FD-5 FD-12 FD-6 FD-5 FD-3
Depth (m) 258.60 227.20 112.20 132.80 10410 13150 86.20 2570 20250 93.30 222.70 234.70 262.30
Rock Code Cpxt Cpxt Cpxt Cpxt OI-Cpxt Ol-Cpxt Wrlt Wrlt Wrlt Dun  Chl-Act Schist Chl-Act Schist Qz-Bt Schist

Sio2 % 4800 50.50 48.00 4520 46.90 4150 4520 4240 39.20 3560 40.80 50.80 62.60
ARR0O3 % 235 231 1.88 1.96 1.79 1.70 1.44 1.87 1.36 1.03 12.00 3.42 15.80
Fe203 % 1410 11.00 1190 1520 1330 1190 1620 1590 1830 18.10 12.10 11.50 7.61
CaO % 1590 1610 1620 1560 1270 1480 9.27 6.55 5.70 3.53 6.22 11.60 174
MgO % 1590 1640 1690 1610 19.20 20.00 2230 2540 2480 28.60 19.50 18.20 2.10
TiO2 % 1.07 0.93 0.88 0.92 0.82 1.03 0.67 0.51 0.46 0.48 0.71 118 0.74
P205 % <001 0.03 0.03 0.02 0.02 0.05 0.05 0.03 <0.01 0.09 0.07 0.05 0.06
Na20 % 0.9 0.25 0.18 0.12 012 <010 <010 <010 <010 <0.10 <0.10 <0.10 5.23
K20 % 0.02 0.04 <0.01 <0.01 002 <0.01 <001 <001 <0.01 <0.01 0.49 0.05 2.07
MnO % 018 0.21 0.18 0.18 0.20 0.22 0.22 0.20 0.19 0.21 0.19 0.21 0.07
Cr203 % 043 0.27 0.30 0.34 0.37 0.44 0.25 0.21 0.18 0.05 0.36 0.15 0.02
NiO % 024 0.05 0.22 0.34 0.15 0.15 0.21 0.20 0.42 0.54 0.06 0.02 0.01
V205 %  0.06 0.07 0.05 0.06 0.05 0.04 0.04 0.03 0.03 0.02 0.05 0.08 0.03
LOI %  1.87 1.35 2.19 3.00 2.69 8.02 4.88 6.78 7.86  10.08 5.95 2.56 2.49
Total % 100.32 9951 98.92 99.05 9833 99.96 100.84 100.19 98.61 98.44 98.60 99.92 100.57
S % 204 0.61 1.59 3.65 101 0.38 1.74 1.60 2.17 2.47 0.05 0.01 0.11
Au ppb 800 <5.00 20.00 19.00 <5.00 <500 1400 20.00 N.A. 14.00 <5.00 <5.00 <5.00
Pd ppb  9.00 <5.00 1400 3300 600 <500 8.00 7.00 N.A.  17.00 <5.00 <5.00 <5.00
Pt ppb 1400 <5.00 14.00 29.00 <5.00 <5.00 5.00 7.00 N.A.  27.00 <5.00 <5.00 <5.00
Ni ppm 1658.00 303.00 1486.00 2777.00 953.00 991.00 1427.00 1274.00 2912.00 3662.00 382.00 143.00 41.00
Cu ppm 969.00 129.00 879.00 2937.00 724.00 524.00 899.00 1334.00 1904.00 3153.00 87.00 4.00 32.00
Ag ppm <3.00 <3.00 <300 <300 <300 <300 <300 <3.00 <300 <3.00 <3.00 <3.00 <3.00
As ppm <10.00 20.00 <10.00 <10.00 <10.00 <10.00 <10.00 23.00 <10.00 <10.00 <10.00 <10.00 <10.00
Ba ppm 500 <3.00 <300 <3.00 <300 <300 <300 <300 <300 7.00 320 <3.00 551.00
Be ppm <3.00 <300 <300 <3.00 <300 <300 <3.00 <300 <300 <3.00 <3.00 <3.00 <3.00
Bi ppm <20.00 <20.00 <20.00 <20.00 <20.00 <20.00 <20.00 <20.00 <20.00 <20.00 <20.00 <20.00 <20.00
Cd ppm <3.00 <300 <300 400 <300 <3.00 400 <3.00 <3.00 <3.00 <3.00 <3.00 <3.00
Co ppm 13520 79.20 121.20 209.00 96.70 90.80 151.70 160.20 214.30 245.50 69.60 93.70 16.10
Cs ppm 0.10 0.08 006 <0.05 0.10 0.08 0.09 0.25 0.09 0.17 1.03 <0.05 10.95
Hf ppm 1.04 1.52 0.91 0.57 1.26 1.39 0.89 0.37 0.16 0.75 1.24 1.25 6.32
Li ppm 6.00 3200 9.00 4.00 4.00 3.00 3.00 4.00 3.00 3.00 109.00 14.00 43.00
Mo ppm <3.00 <300 <300 <3.00 <300 <300 <3.00 400 <300 <3.00 <3.00 <3.00 <3.00
Nb ppm  1.39 2.53 1.48 0.20 2.72 3.51 3.47 1.35 0.35 2.15 3.49 3.37 13.81
Pb ppm <800 <800 <800 <800 <800 <800 <800 <800 <800 <8.00 <8.00 <8.00 <8.00
Rb ppm  1.10 050 <020 <020 0.30 0.30 0.50 0.40 0.20 0.30 16.90 0.20 104.60
Sb ppm <10.00 <10.00 <10.00 <10.00 <10.00 <10.00 <10.00 <10.00 <10.00 <10.00 <10.00 <10.00 <10.00
Sc ppm 51.00 59.00 51.00 53.00 46.00 4400 3400 28.00 29.00 10.00 32.00 59.00 6.00
Se ppm <20.00 <20.00 <20.00 <20.00 <20.00 <20.00 <20.00 <20.00 <20.00 <20.00 <20.00 <20.00 <20.00
Sn ppm <030 090 <030 <030 050 <030 <030 <030 <0.30 <0.30 <0.30 <0.30 16
Sr ppm 27.00 56.00 3300 41.00 33.00 101.00 30.00 17.00 27.00 39.00 15.00 16.00 154.00
Ta ppm <0.05 <0.05 <0.05 <0.05 <0.05 <005 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 121
Tl ppm <0.50 <050 <050 <0.50 0.80 <050 050 <050 <050 <0.50 <0.50 <0.50 2.00
w ppm  2.30 1.40 1.50 110 2.40 1.60 1.10 1.70 1.10 1.90 4.20 1.20 2.20
Zn ppm 62.00 60.00 4500 49.00 6500 61.00 83.00 90.00 102.00 104.00 82.00 66.00 70.00
Zr ppm 17.00 18.00 <300 <3.00 <3.00 <300 <3.00 <300 800 11.00 19.00 <3.00 52.00
Hg ppm <0.05 <0.05 <0.05 <005 <0.05 <0.05 <005 <0.05 <005 <0.05 <0.05 <0.05 <0.05
Th ppm  1.90 1.90 0.90 0.50 4.30 0.80 2.70 0.90 0.80 0.80 1.70 3.10 14.60
U ppm  0.10 0.25 0.11 0.08 0.14 0.15 0.07 0.11 0.07 0.19 0.19 0.20 2.75
Y ppm 12.06 1564 1019  9.17 8.26 6.50 7.13 7.15 5.32 3.53 11.76 12.35 24.34
La ppm 440 1150 580 4.90 6.30 7.00 5.90 7.20 4.60 6.20 11.20 7.60 24.30
Ce ppm 820 1840 7.90 7.00 8.60 9.70 9.00 9.90 6.80 6.80 18.60 13.70 46.80
Pr ppm  1.52 2.95 1.35 1.29 1.36 1.38 1.28 1.34 0.94 0.90 2.15 1.84 5.13
Nd ppm 820 1500 7.90 7.30 7.10 7.00 6.40 7.00 4.70 3.80 8.70 9.50 19.60
Sm ppm  2.70 4.10 2.50 2.80 2.00 2.10 2.00 2.00 1.30 1.00 1.80 3.10 4.20
Eu ppm  0.82 1.06 0.70 0.78 0.65 0.40 0.59 0.65 0.40 0.31 0.59 112 0.92
Gd ppm 3.34 4.56 3.06 3.12 2.67 2.28 2.14 2.15 1.44 1.03 2.03 371 4.13
Tb ppm  0.52 0.67 0.44 0.43 0.39 0.33 0.31 0.30 0.22 0.15 0.31 0.54 0.68
Dy ppm  2.79 3.94 2.44 231 2.04 1.88 172 1.76 1.20 0.81 2.08 3.05 4.28
Ho ppm  0.48 0.74 0.44 0.43 0.37 0.32 0.31 0.32 0.21 0.15 0.48 0.62 0.92
Er ppm  1.20 1.83 1.06 114 0.91 0.82 0.76 0.79 0.55 0.36 128 131 2.73
m ppm 0.17 0.24 0.12 0.13 0.12 0.09 0.09 0.10 0.07 0.05 0.18 0.18 0.39
Yb ppm  0.90 1.50 0.80 0.80 0.70 0.50 0.60 0.70 0.40 0.20 1.40 1.20 2.50
Lu ppm  0.13 0.21 0.08 0.08 0.07 0.06 0.07 0.07 0.05 0.05 0.19 0.16 0.36

Cpxt = clinopyroxenite; OI-Cpxt = olivine clinopyroxenite; Wrlt = wehrlite; Dun = dunite. Chl-Act Schist =
chlorite actinolite schist; Qz-Bt Schist = quartz biotite schist.
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Fig. 9: Plots of MgO versus selected major and minor element contents for rocks of the Caboclo dos
Mangueiros intrusion and its country rock. Data from Table 1 normalized to 100% on an anhydrous basis.
Compositions of clinopyroxene correspond to microprobe analyses reported in this study (see Appendix 1).

Trace element whole-rock compositions

The incompatible trace elements contents in the ultramafic rocks of the Caboclo dos
Mangueiros intrusion are generally low (Table 1), which is expected for cumulates consisting
mainly by olivine and clinopyroxene. Variations in contents of incompatible trace elements in

mafic-ultramafic cumulates in layered complexes result from the combined effect of variable
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assemblages of cumulus minerals, fractionation of the parental magma and variable amounts of
trapped intercumulus liquid (e.g., Barnes, 1986; Ferreira Filho et al., 1998; Godel et al., 2011).

Different primitive mantle-normalized rare earth element (REE) patterns characterize
different cumulate rocks of the ultramafic intrusion (Fig. 10). REE patterns for dunite and
wehrlite have slightly positive slope for both LREE and HREE (Fig. 10A). These olivine
cumulates have primitive-mantle normalized Gd/Yb ratios (Gd/Ybpy) and La/Smpy ranging from
2.66-4.46 and 2.63-3.92, respectively. REE patterns for clinopyroxenite also have slightly
positive slope but with lower La/Smpy, ratios. The data reveals that LREE patterns are
dependent of the modal proportion of clinopyroxene in the cumulate rocks, as indicated by
progressively lower La/Smpy from dunite (4.01), werhlite (1.91-2.33), olivine-clinopyroxenite
(2.04-2.15) and clinopyroxenite (1.05-1.81). This observation is consistent with partition
coefficients obtained in experimental studies for clinopyroxene (Hart and Dunn, 1993; Hauri et
al., 1994) and several geochemical studies of clinopyroxene-bearing cumulate rocks (e.g.,
Ferreira Filho et al., 1998; Xue et al., 2016). These studies indicate higher partition coefficients
for clinopyroxene compared with olivine, as well as distinctively lower partition coefficients for
LREE compared with HREE in clinopyroxene. Contents for several high field strength elements,
including Ta, Nb, Th and Hf, in ultramafic rocks of the Caboclo dos Mangueiros intrusion are
close to or below their lower detection limits in the analyses (Table 1). To avoid the scattering
associated with variable alteration of the cumulate rocks, mantle-normalized trace elements
were plot for alteration-resistant elements (Fig. 11A). The mantle-normalized alteration-resistant
trace element patterns for peridotites and clinopyroxenites are characterized by relative
enrichment in LREE and Th. All these samples have prominent negative Nb-Ta and Zr-Hf
anomalies. The composition of the least altered adcumulate clinopyroxenites (samples BM-013
and BM-016) were used as a proxy for the composition of the clinopyroxene. The abundances
of the incompatible trace elements in the parental liquid were estimated by their whole-rock
concentrations divided by the partition coefficients of these elements between clinopyroxene
and basaltic liquids (Hart and Dunn, 1993; Hauri et al., 1994). Results for whole-rock and
calculated liquid (Fig. 11B) suggests that the abundance of clinopyroxene in cumulate rocks
impact the distribution of trace-elements, an issue to be considered in the following discussions
of the composition of the parental magma of the intrusion.

Two samples of chlorite-actinolite schist from the border zone of the intrusion have REE
and incompatible trace element patterns similar to those obtained for ultramafic rocks (Fig. 10C
and 11A). This result is consistent with the suggestion that the border zone consists of
ultramafic rocks compositionally similar to clinopyroxenites and wehrlites, as indicated by major
element data. REE pattern for one sample of quartz-biotite schist, a country rock of the
ultramafic intrusion, shows positive slope for LREE and almost flat HREE distribution (Fig. 10C).
The content of incompatible trace elements in the country rock is greater than those obtained in

most of the ultramafic rocks (Fig. 11A).
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Fig. 10: Primitive mantle-normalized REE patterns for samples of the Caboclo dos Mangueiros intrusion
and its country rock. (A) Samples of peridotites. (B) Samples of pyroxenites. (C) Samples of chlorite-
actinolite schists of the border zone and one sample of a country rock (quartz-biotite schist). Data from

Table 1. Primitive mantle normalization values are from Sun and McDonough (1989). The pattern of the
country rock is repeated in (A) and (B) for comparison.
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lower than the detection limits of the analytical method. Data from Table 1. Primitive mantle normalization
values are from Sun and McDonough (1989).

The Sulfide Mineralization
The Caboclo dos Mangueiros intrusion hosts a large orebody of disseminated Ni-Cu
sulfides, as indicated by preliminary resource of ~ 200Mt@0.20%Ni and 0.13%Cu (Projeto
Valorizacdo de Alvos Geofisicos; CBPM unpublished internal report). The bulk of sulfide
mineralization (~ 99 vol.%) comprises typical disseminated magmatic sulfides associated with
ultramafic cumulate rocks, consisting of sulfide blebs (1-5 vol%) within dunite, wehrlite and
clinopyroxenite. Disseminated sulfides occur throughout the entire drilled portion of the

ultramafic intrusion, suggesting a low-grade orebody coincident with the elongate boat-shaped
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intrusion (Fig. 3A). Preliminary estimates by CBPM indicate a 1700x400x200m orebody of
consistently low Ni and Cu contents. Remobilized sulfides (~ 1 vol.% of the sulfide resource) are
limited to few discrete shear zones (up to 4 m thick) where they occur as irregular strings. Zones
of remobilized sulfides have the higher Ni and Cu grades reported in the deposit (up to 4m > 1.0
wt.% Ni). However, their irregular distribution and small size, together with Ni-Cu contents
commonly similar to those reported in the disseminated ore, do not indicate any significant high-

grade ore zone.

Ore petrography

Ore petrography studies were based upon representative samples of the disseminated
(i.e., primary ore) and remobilized sulfide mineralizations. The modal composition of
disseminated sulfides in the Caboclo dos Mangueiros deposit is homogeneous with no
significant differences throughout the orebody. The sulfide assemblage and textures are typical
of magmatic sulfides segregated as immiscible sulfide liquids from mafic-ultramafic magmas
(Naldrett, 2004). These primary sulfides consist of pyrrhotite (~80 vol.%), pentlandite (~10
vol.%), chalcopyrite (~8 vol.%) and pyrite / marcasite (~2 vol.%), which occurs as aggregates
forming interstitial blebs with up to 3.0 cm diameter (Fig. 12A and 12B). The mineralogy and
texture of sulfide blebs are the same for different host rocks (i.e., dunite, wehrlite,
clinopyroxenite), with textural differences mainly associated with the grain size of host rocks.
Sulfide blebs in coarse-grained rocks may occur included in clinopyroxene or olivine, where
sub-spherical morphologies are common. Sulfide aggregates commonly consist of pyrrhotite (<2
mm) containing flames (<20 um) or inclusions (<300 um) of pentlandite and chalcopyrite (<600
pm) and/or pyrite (~ 50-500 um) associated (Fig. 12B and C). Pyrrhotite is eventually be
replaced by marcasite, a process that may be limited to fractures in pyrrhotite or pervasive in
some samples.

Remobilized sulfides are always closely associated with disseminated ore. They occur
in irregular veinlets and breccia that crosscut massive cumulates (Fig. 12D, E and F), as well as
sulfide aggregates or stringers concordant with the foliation in discrete shear zones (Fig. 12G
and H). The latter are host within fine-grained foliated rocks with abundant amphibole and/or
serpentine. Remobilized sulfides consist of pyrrhotite (~50 vol.%) associated with chalcopyrite
(~35 vol.%), pyrite / marcasite (~10 vol.%) and minor pentlandite (~5 vol.%). Compared with
disseminated sulfides, the aggregates of remobilized sulfides are enriched in chalcopyrite and

pyrite/marcasite.
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Fig. 12: Types of mineralization in the Caboclo dos Mangueiros deposit. (A) Clinopyroxenite with
disseminated primary mineralization. Note the interstitial sulfide blebs texture; (B) Typical interstitial bleb of
primary sulfide and sulfide included by silicate crystals (reflected light); (C) An aggregate of primary
sulfides comprising pyrrhotite, pentlandite and chalcopyrite. Note replacing of pyrrhotite by marcasite
(reflected light); (D) Drill core showing a silico-carbonate alteration zone with breccia and veinlets
remobilizing primary sulfides; (E) Veinlet filled out by remobilized pyrrhotite, chalcopyrite and pyrite
(reflected light); (F) Breccia zone filled out by remobilized chalcopyrite and pyrite (reflected light); (G) Drill
core of a local shear zone. Note the remobilized sulfides throughout the foliation planes; (H) Association of
pyrite and marcasite recrystallized throughout the foliation plane in a local shear zone (reflected light).
Mineral symbols in accordance with classification of Whitney (2010).
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Composition of sulfides

Systematic microprobe analyses were performed on unweathered sulfide minerals to
identify their compositions. Results of 169 analyses are provided in Appendix 3. Analyses of
pyrrhotite, pentlandite, chalcopyrite and pyrite indicate stoichiometric compositions. Average
compositions of pyrrhotite provide a Feqg,S atomic formula. Ni contents in pyrrhotite are highly
scattered but commonly < 0.70 wt.%. Higher Ni contents in pyrrhotite (up to 3 wt.%) result from
analyses including tiny pentlandite exsolutions. Pentlandite has Ni contents in the range of 29-
40 wt.% (average 35.8 wt.%), Fe contents in the range of 25-31 wt.% (average 27.6 wt.%) and
Co contents in the range of 0.5-2.7 wt.% (average 1.7 wt.%). Chalcopyrite has compositions
close to the ideal CuFeS, formula, with average contents of 34.0 wt.% S, 29.9 wt.% Fe and 34.2
wt.% Cu. Pyrite and marcasite have compositions close to the ideal FeS, formula, with average
contents of 51.8 wt.% S and 45.2 wt.% Fe. Pyrite has low contents of Co (< 0.11 wt.%) and
highly scattered Ni contents (up to 1.63 wt.%).

Lithogeochemistry of sulfide ore

The study of chalcophile elements is based upon assays of 10 representative samples
of peridotite and clinopyroxenite with disseminated sulfides (Table 1). The plots of S-Ni and and
S-Cu are indicated in Figure 13A and 13B, respectively. Positive correlation between S and Ni
(0.81) and S and Cu (0.87) indicate that both metals are mainly contained in sulfides. Linear
correlations in S-Ni and S-Cu plots indicate moderate tenors for Ni (3.46 wt.% Ni at 35 wt.% S)
and Cu (2.93 wt.% Cu at 35 wt.% S). Besides the Ni hosted in sulfides, our whole-rock analyses
include an additional amount of Ni hosted in silicates, mainly within olivine pseudomorphs.
Because this amount of Ni is not hosted in sulfides, Ni tenor indicated by the S-Ni correlation is
overestimated. However, Ni-Cu ratios are not positively correlated to MgO contents (Fig. 13C),
suggesting that the amount of Ni hosted in silicates does not significantly impact the indicated
Ni tenor. Nevertheless, considering that the indicated Ni tenor is slightly overestimated, the Ni-
Cu ratio of the sulfide liquid should be close to 1.

The contents of Pd (< 33 ppb), Pt (< 29 ppb) and Au (< 20 ppb) are distinctively low in
the analysed samples (Table 1). These samples have very high Cu/Pd ratios in the range of
0.26x10° to 25x10°. These Cu/Pd ratios indicate a depleted sulfide liquid (Fig. 13D).
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Fig. 13: Lithogeochemistry of sulfide mineralization. (A) Plots of Ni vs S; (B) Plots of Cu vs S; (C) Plots of
Ni/Cu vs MgO; (D) Plots of Cu/Pd vs Pd, modified from Barnes and Lightfoot (2005). Data from Table 1.

Sulfur isotopes

The sulfur isotopic composition of six samples representative of disseminated Ni-Cu
sulfide ore were analysed in this study. These samples are wehrlite and clinopyroxenite hosting
disseminated sulfide blebs consisting of pyrrhotite, pentlandite, chalcopyrite and pyrite. The
034S values for sulfides of these samples are bracketed between -2.19%o and -1.38%o (Table
2). Our results indicate isotopic compositions for disseminated sulfides that mainly fit into the
mantle range (Fig. 14). Additionally, the narrow compositional range of isotopic compositions in
our samples does not suggest differences in isotopic compositions related to different host

rocks (i.e., wehrlite or clinopyroxenite) of different location in the ultramafic intrusion.
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Table 2: Sulfur isotope analyses of representative samples from the Caboclo dos Mangueiros deposit.
Sample BM-009 BM-010 BM-013 BM-016 BM-041 BM-042
DrillHole FD-3 FD-3 FD-9 FD-9 FD-5 FD-5
Deth (m) 104.1 86.2 258.6 2272 2025 1328
Rock Code OI-Cpxt ~ Wrlt Cpxt Cpxt Wrlt Cpxt

§%*S %, 219 -160 -164 -1.70 -1.38 -1.69

Rock codes in accordance with Table 1.
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Fig. 14: Sulfur isotope. Histogram for 8**S values of sulfides from the Caboclo dos Mangueiros Deposit.
The dashed lines indicate the mantle-deriver sulfur interval. Data from Table 2.

Discussion

The magmatic structure

Ni-Cu-PGE deposits hosted in mafic-ultramafic intrusions are broadly classified into
those associated with magma conduits and those associated with layered intrusions (Beresford
and Hronsky, 2014). While layered intrusions are best known for hosting reef-type PGE
deposits (e.g., Merensky Reef and UG2 in the Bushveld Complex; Cawthorn et al., 2005), Ni-Cu
sulfide deposits are commonly hosted within magma conduits (e.g., Noril'sk-Talnakh and
Voisey's Bay deposits; Barnes and Lightfoot, 2005). The dynamics of magmatic systems in
conduits is relevant to promote the concentration of sulfides and their enrichment in Ni-Cu-PGE
through continuous and/or multiple flows of magma (Barnes and Lightfoot, 2005; Barnes et al.,
2016). Although typical layered intrusions and conduits have distinct magmatic structures and
textures, large Ni-Cu-PGE sulfide deposits are small parts of crustal scale magmatic systems
forming a continuous network of highly variable intrusions. Therefore, the characterization of the
magmatic structure in a recently discovered Ni-Cu sulfide deposit provides the first clues to
guide future investigations of the larger scale magmatic system.

The following summary discusses key features associated with the structure of the
ultramafic intrusion and host rocks. It should be considered that different from intrusions with
abundant outcrops, the description and interpretation of the magmatic structure of the Caboclo

dos Mangueiros intrusion was just based on drill core logging and petrographic studies of core
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samples. In addition, the discussion regarding the primary magmatic structure should also
evaluate modifications resulting from post-magmatic processes

The elongated boat-shaped intrusion resembles an elongated sill similar to those
hosting the Noril'sk-Talnakh Ni-Cu deposit (Naldrett, 2004) or the lpueira-Medrado chromite
deposit (Marques and Ferreira Filho, 2003). Although the upper portions of the ultramafic
intrusion were removed at the present erosion surface, a geometry typical of tubular chonoliths
(e.g., Nebo-Babel: Seat et al., 2007; Limoeiro: Mota-e-Silva et al., 2013), as well as those
typical of pipe- or funnel-like ultramafic intrusion (e.g., Eagle: Ding et al., 2012a; Jinchuan: Song
et al., 2012) is not consistent with our results for the Caboclo dos Mangueiros intrusion.

The contact between country rocks and the intrusion consist of thin (up to 4 meters
thick) zones of fine-grained chlorite-actinolitite and chlorite-actinolite schist. Although these fine-
grained rocks likely represent the border zone of the ultramafic intrusion, their characterization
is hampered by limited data from few core intervals where primary textures and minerals are not
preserved. The compositions of rocks from the border zone suggest ultramafic rocks variably
contaminated with country rocks. Similar trace element distribution for rocks from the border
zone and ultramafic cumulates suggests that they originated from compositionally similar
parental magmas. Pervasive disseminated sulfides (1-5 vol.%) that occur throughout the
ultramafic intrusion sharply disappear in the fine-grained border zone. The abrupt change in
sulfide content is possibly related to localized shearing and alteration along the contact zone.

Except for the discrete sheared zones, the degree and intensity of deformation in the
country rock is not shown by the intrusion. Country rocks of the Caboclo dos Mangueiros
intrusion are foliated and folded graphite-bearing quartz-biotite schists, contrasting with massive
cumulates with magmatic textures in the ultramafic rocks. Metamorphic assemblages described
in the country rocks (i.e., albite + quartz + biotite + muscovite + epidote), ultramafic cumulates
(i.e., tremolite-actinolite + serpentine + magnetite) and rocks from the border zone (i.e.,
actinolite + chlorite), on the other hand, are all consistent with greenschist facies of regional
metamorphism (Bucher and Grapes, 2011). The contrast in deformation between mafic-
ultramafic intrusions and metapelitic country rocks are common in metamorphic terrains (e.g.,
Mota-e-Silva et al., 2013; Teixeira et al., 2015) and result from their distinct rheological
properties (e.g., Passchier et al., 1990). This discussion suggests that the ultramafic intrusion
and country rocks were subjected to the same event of tectonism and associated greenschist
facies metamorphism. However, as no geochronological data is available, the timing of
sedimentation, intrusion and tectonic/metamorphic event is unconstrained at the moment.

The internal structure of the ultramafic intrusion lacks well-defined layering
characteristic of layered intrusions. The absence of layering together with abrupt changes in
textures in scales from centimeters to few meters, common features in magmatic dynamic
system, possibly result from magma flowing through and interacting with country rocks as

suggested by Barnes et al. (2016).
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Constraints for the parental magma of the ultramafic magmatism

The characterization of the parental magmas of mafic-ultramafic intrusions is of great
interest because this provides clues on the nature of the mantle source, the assimilation of
crustal rocks and their potential to host magmatic mineral deposits. The composition of parental
magmas, including those hosting Ni-Cu sulfide mineralization, can be determined directly, from
the chilled margins of the magmatic bodies that host the ore deposits, as illustrated by studies
of the parental magmas in tube-like conduits of the Limoeiro and Nebo-Babel deposits (Mota-e-
Silva, 2014; Seat et al., 2007). The composition of the parental magma of the Caboclo dos
Mangueiros deposit is not constrained by this common approach. Hence the nature of the
parental magma was inferred from the crystallization sequence and the geochemistry of the
cumulate rocks and minerals of the intrusion that host this deposit.

Geological descriptions of drill holes and bulk rock chemical compositions suggest a
crystallization sequence consisting of dunite, wehrlite and clinopyroxenite (Fig. 4 and 9). Due to
widespread replacement of cumulus minerals, olivine is pervasively altered and compositions
were obtained just for clinopyroxene. The cationic Mg# of cumulus clinopyroxene range from
0.78 to 0.94 (Fig. 7), indicating a moderate to primitive composition for the parental magma of
the Caboclo dos Mangueiros deposit. The composition of these clinopyroxene crystals is
comparable with those reported for wehrlite and clinopyroxenite from the VES3 intrusion in
central Brazil (Lima et al., 2008). Clinopyroxene and olivine in wehrlite from the VES intrusion
have cationic Mg# and Fo content of olivine ranging from 0.85-0.92 and 84-85 mol.%
respectively (Lima et al., 2008).

The fractionation of the ultramafic intrusion indicates a crystallization sequence as
follow:

Olivine => Olivine + Clinopyroxene => Clinopyroxene

This trend of crystallization is similar to what described for the VE3, Monte do Carmo and Sao
Domingos layered intrusions (Lima et al., 2008), for the Serra do Puma complex (Rosa, 2014)
and for the paleoproterozoic Ni-bearing intrusions in the Pechenga Ore Field in Russia (Latypov
et al., 2001; Naldrett, 2004). This fractionation characterizes silica undersaturated parental
magmas. In addition, the early crystallization of cumulus clinopyroxene rather than
orthopyroxene, leads to progressive depletion of chromium in the magma, thus providing an
explanation for the lack of chromite in the crystallization sequence of the Caboclo dos
Mangueiros intrusion. The same explanation is commonly used to justify the absence of
significant chromium deposits associated with silica undersaturated magmas (Cawthorn, 1996;
Ferreira Filho and Araujo, 2009).

The lack of mafic rocks in the intrusion could suggest an ultramafic parental magma.
However, clinopyroxene and whole-rock compositions are consistent with a basic parental
magma. In addition, the contents of Ni/Cu ratios of the deposit, a subject discussed hereinafter,
are distinctively low (~1 to 2) and indicative of basic compositions (Barnes and Lightfoot, 2005).
Therefore, our results indicate that the ultramafic intrusion result from the crystallization of a

basic parental magma with moderate to primitive composition.
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REE and primitive mantle-normalized patterns for the ultramafic cumulates vary from
different types of cumulates. Our results indicate progressively lower La/Smpy from dunite
(4.01), werhlite (1.91-2.33), olivine-clinopyroxenite (2.04-2.15) and clinopyroxenite (1.05-1.81),
suggesting that the distribution of LREE is partially controlled by the modal proportion of
clinopyroxene (Fig. 10A and 10B). This observation is consistent with partition coefficients
obtained in experimental studies for clinopyroxene (Hart and Dunn, 1993; Hauri et al., 1994)
and several geochemical studies of clinopyroxene-bearing cumulate rocks (e.g., Ferreira Filho
et al., 1998; Xue et al., 2016). The content of trace elements in cumulate rocks are modeled as
the result of combined content of cumulate minerals and trapped intercumulus liquid (Barnes,
1986). Due to low partition coefficient for incompatible trace elements (<< 1) for common
cumulus minerals in primitive mafic-ultramafic rocks (e.g., olivine, orthopyroxene,
clinopyroxene), the contribution of the amount of these elements contained in cumulate
minerals become significant just in whole-rock compositions of adcumulate rocks (Barnes,
1986). However, clinopyroxene has higher partition coefficients for LREE, as well as some other
incompatible trace elements, than olivine and orthopyroxene (Hart and Dunn, 1993; Hauri et al.,
1994). Therefore, the contribution of trace elements contained in cumulate minerals should be
particularly relevant for adcumulate clinopyroxenite. Based upon this reasoning, the composition
of the least altered adcumulate clinopyroxenites were used as a proxy for the composition of the
clinopyroxene. The abundances of the incompatible trace elements in the liquid were then
estimated considering the partition coefficients of these elements between clinopyroxene and
basaltic liquids (Hart and Dunn, 1993; Hauri et al., 1994). Although the composition calculated
for the parental liquid (Fig. 11B) may be overestimated (i.e., indicate higher contents of
incompatible elements than the actual magma) due to the re-equilibrium of clinopyroxene and
trapped liquid (Barnes, 1986; Godel et al., 2011), the calculated liquid largely reduce the effect
of cumulus minerals in trace element patterns. Primitive mantle-normalized alteration-resistant
trace elements patterns for the calculated parental liquid are fractionated, as indicated by
enrichment in LREE and Th (Fig. 11B). The strong Nb-Ta anomalies indicated in whole-rock
analyses of ultramafic cumulates (Fig. 11A) does not occur in the calculated parental liquid (Fig.
11B). Although the lack of isotopic results for the ultramafic intrusion largely limit the discussion
of mantle and crustal processes associated with the composition of the parental magma, the
fractionated pattern of the calculated parental liquid, together with primitive compositions
indicated by whole-rock and mineral compositions, provide some constraints for these
processes. Significant assimilation of crustal rocks during ascent and emplacement of the
magma is not supported by the crystallization sequence typical of silica undersaturated
magmas, as well as by the absence of Nb-Ta anomalies. The composition of the biotite-quartz
schist (Fig. 11A), the country rock of the ultramafic intrusion, does not provide an appropriate

contaminant to promote the trace elements patterns of the calculated parental liquid (Fig. 11B).
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Implications of the sulfide textures and compositions

The Caboclo dos Mangueiros deposit consists mainly of disseminated sulfide as
interstitial blebs (Fig. 12), comprising an association of pyrrhotite, pentlandite, chalcopyrite and
minor pyrite. Textures and mineralogical composition of sulfides indicate that they originated
from immiscible sulfide liquids segregated from mafic-ultramafic magmas (Naldrett, 2004).
Whole-rock compositions indicate low Ni/Cu ratios (between 0.95 and 2.35) consistent with the
segregation of the sulfide liquid from a mafic parental magma. The remarkably low content of
precious metals (i.e., Pt, Pd, and Au) and Cu/Pd (Fig. 13D) ratios indicates that the parental
magma is depleted in PGE-Au. Mantle-derived magmas with low MgO contents are commonly
PGE depleted owing to the retention of sulfides in the mantle (Barnes and Lightfoot, 2005).
These magmas give rise to ores with normal Ni and Cu contents but relatively depleted in PGE
contents (Barnes and Lightfoot, 2005). Given the moderate to primitive composition of the
suggested parental magma of the Caboclo dos Mangueiros intrusion, the degree of partial
melting was sufficient to originate a sulfide fertile parental magma that removed all sulfides from
the mantle source. Therefore, the depletion of PGE in the deposit is most likely due to previous
sulfide segregation. Current models for a number of important deposits attribute the initial
segregation of sulfide liquid to deep seated processes, occurring in the lower crust well below
the eventual level of formation of the actual deposits, followed by entrainment, upward transport
and mechanical deposition (Barnes et al., 2016).

The attainment of sulfide saturation in a determinate magma and the segregation of an
immiscible sulfide liquid, coupled with the presence of physical environment appropriated to the
collect and concentration of metal-rich sulfide liquid are key factors to the formation of magmatic
Ni-Cu-PGE deposits (Naldrett, 1999b; Barnes and Lightfoot, 2005; Ripley and Li, 2013).
Although sulfide saturation in mafic magmas may be attained just by the decrease of
temperature and hence fractional crystallization, it may be accelerated by contamination
processes, such as assimilation of volatiles, assimilation of siliceous country rocks, mixing of
magmas and/or addition of crustal-derived sulfur (Ripley and Li, 2013).

The amount of sulfide through the relatively small-sized intrusion, with average of 3-5
vol.%, lead to the discussion about the cotectic proportion of sulfide in an ultramafic intrusion.
The increase in sulfur concentration of a melt as a result of crystallization of olivine and
pyroxene by fractional crystallization, may lead to the separation of what is known as cotectic
proportions of sulfide liquid (Barnes, 2007; Li and Ripley, 2009). The amount of sulfide liquid
produced per crystallization increment is small and very efficient collection is required to
produce horizons with more than ~2 vol.% sulfide (Ripley and Li, 2013). In closed systems,
even if the sulfide saturation had been attained by contamination processes, excepting the
addition of crustal-derived sulfur, the content of sulfide produced is very close to the cotectic
proportions produced only by fractional crystallization. Furthermore, although rare, it can form
economic sulfide deposits as illustrated by the Santa Rita Ni-Cu deposit hosted in the Fazenda
Mirabela intrusion (Barnes et al., 2011; Lazarin, 2011, Ferreira Filho et al., 2013) with resources
of ~ 236Mt@0.60%Ni and 0.16%Cu (Mirabela Nickel Ltd, 2012, Annual Report).
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The amount of sulfides in the Caboclo dos Mangueiros deposit, together with the
structure and composition of the host ultramafic rocks, suggest an open dynamic flow system
with constant passage of magma containing sulfides. This scenario is consistent with sulfide
contents above the cotectic proportion in the deposit. Conduits provide a physical environment
where sulfide collection and upgrading may occur, related in part to the passage of multiple
pulses of magma (Ripley and Li, 2013), then providing accumulating of Ni-Cu sulfides well
above the cotectic proportion. Although no evidences of the direction of magma flow, the
structure of the intrusion that hosts the Caboclo dos Mangueiros deposit, thicker in the central
portion and progressively thinner toward the extremities, probably was a favorable physical
environment that provided changes in the flow dynamics of the magma leading to sulfide
mechanical deposition. This process is similar to that proposed for several Ni-Cu sulfide
deposits (Barnes and Lightfoot, 2005; Barnes et al., 1016), as illustrated by the Limoeiro Ni-Cu
deposit (Mota-e-Silva et al., 2013) and Ni-Cu deposits in the Voisey’s Bay area (Li and Naldrett,
1999).

Sulfur source

In several world-class Ni-Cu sulfide deposits the sulfur isotopic compositions indicate
the importance of assimilated crustal sulfur for their origin (e.g., Ripley and Li, 2003, 2013;
Keays and Lightfoot, 2010). However, isotopic results have also indicated that Ni-Cu deposits
may originate without an external source of sulfur (e.g., Seat et al., 2009; Ferreira Filho et al.,
2013).

The sulfides of the Caboclo dos Mangueiros deposit show homogeneous isotopic
compositions with short range of values, from -2.19 to -1.38 §%'S %o (Fig. 14). These
homogeneous results correspond to analyses of sulfide fractions with variable proportions of
sulfide minerals (i.e., pyrrhotite, pentlandite, chalcopyrite and pyrite). The sulfur isotopic
compositions of sulfides from the Caboclo dos Mangueiros deposit are consistent with mantle-
derived sulfides (Fig. 14). Isotopic compositions of Ni-Cu sulfide deposits have highly variable
compositions (Fig. 15). These results are consistent with the existence of deposit with
significant contribution of crustal-derived sulfur (e.g., Noril'sk-Talnakh), as well as deposits
where sulfur is mainly mantle-derived (e.g., Santa Rita). Therefore the sulfur isotopic
compositional characteristics of the Caboclo dos Mangueiros deposit reflect the mantle source

of sulfides with no significant addition of crustal-derived sulfur.
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Fig. 15: Sulfur isotope. Histogram for representative 3**S values of magmatic Ni-Cu deposits worldwide.
The dashed lines indicate the mantle-deriver sulfur interval. References - Noril’sk, Duluth, Voisey’s Bay,

Jinchuan and Nebo-Babel: Seat et al. (2009) and references therein; Santa Rita: Lazarin (2011). Partially
modified from Seat et al. (2009) and Lazarin (2011).

Tectonic setting

The intrusion that hosts the Caboclo dos Mangueiros Ni-Cu sulfide deposit consist of an
ultramafic body located in the northwestern edge of the S&o Francisco Craton (Fig. 1). Several
world-class Ni-Cu-PGE sulfide deposits are located close to cratonic borders, such as Noril’'sk
(e.g., Naldrett, 1992, 1999b) located on the northwest margin of the Siberia craton, Voisey's
Bay (e.g., Li and Naldrett, 1999) located on the Nain craton margin, and Jinchuan located on
the margin of North China craton (e.g, Song et al., 2012). The common association of Ni-Cu
sulfide deposits and cratonic margins support geodynamic models connecting the origin of Ni-
Cu-PGE fertile mafic magmas in the mantle and their final emplacement in the crust (Begg et al.
2010; Barnes et al., 2016). This association is thought to be related to deflection of the heads of
mantle plumes, or melts from the plume, towards zones of thin lithosphere at craton margins
(Barnes et al., 2016). The transport of these upwelling magmas to the crust is interpreted to
occur through large systems of translithospheric faults in craton margins (Begg et al., 2010).

The architecture of the crust controls the development of variable conduit systems and
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favorable or unfavorable environments for mineralization, as illustrated by Barnes et al. (2016).
In addition, these favorable environments may develop small structures (e.g., small conduits)
through which large volumes of magma may pass and deposit large amounts of sulfide. Such
conduits may facilitate the reaction of transported sulfide with large volumes of magma giving
rise to high volume ratio of sulfide to silicate and hence high ore tenors in intrusions with
relatively small size (Barnes et al., 2016). These small structures or conduits are recognized in
several deposits, as exemplified by the intrusions hosting the Ni-Cu-PGE Yangliuping deposit
(Song et al., 2003) located on the margin of the South China craton.

Significant importance has been given to this tectonic setting, associated to a magmatic
system through which large volume of magma passed, as promising mineral exploration target
for Ni-Cu-PGE sulfide deposits. In fact, the Caboclo dos Mangueiros deposit is located in a
promising tectonic setting for the development of these base metals sulfide deposits. Despite
the lack of integrated studies, it is suggestive that this magmatic system may be represented by
other mineralized intrusions occurring in that region, suggesting a cluster of mafic-ultramafic
complexes (Fig. 2A).

The lack of an absolute age for the ultramafic rocks that host the Caboclo dos
Mangueiros deposit is a limiting factor to positioning this one in the tectonic evolution of the S&o
Francisco Craton. Robust geochronological results in the regional setting of the deposit is
available only to the Angico dos Dias carbonatite complex (Silva et al., 1987). U-Pb zircon and
baddeleyite 2010+6 Ma age was obtained for the Angico dos Dias carbonatite complex (Silva et
al., 1987). This complex is intruded within deep faults NE-SW trending of the Archean
Sobradinho-Remanso complex located in northern edge of the Sao Francisco Craton, close to
the contact with the Riacho do Pontal fold belt (Uhlein et al., 2011) (Fig. 1). Geochronological
studies of the Caboclo dos Mangueiros intrusion and country-rocks are currently being
developed. These results will better constraint the geotectonic setting of the Caboclo dos

Mangueiros deposit.

Descriptive Model

The proposed descriptive model for the evolution and emplacement of the intrusive
ultramafic body that host the Caboclo dos Mangueiros deposit is presented on Figures 16 and
17. This model is based on geological features, whole-rock and mineral compositions and sulfur
isotopic results.

The cratonic margin setting which the Caboclo dos Mangueiros deposit is located,
coupled with the presence of several mafic-ultramafic intrusions in that region, leads to suggest
a similar model proposed by Begg et al. (2010) and Barnes et al. (2016) for the origin of the
parental magma. A plume originated by mantle melting that impinged beneath thick lithosphere
and was deflected to a thinner lithosphere zone adjacent to the Sdo Francisco Craton margin
(Fig. 16A), where the plume undergone decompression-related medium-to high degree partial
melting at shallower depths (Fig. 16B). Due to the lack of the absolute age of the intrusion the

positioning of this one in the tectonic evolution of the S&o Francisco Craton remains uncertain.
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The moderate to primitive composition of the parental magma suggests that the degree
of partial melting was sufficient to originate a fertile mafic magma. Decrease in temperature may
have been the main mechanism to the attainment of sulfide saturation throughout the upward
migration of the mafic parental magma and hence to the segregation of an immiscible sulfide
liquid with no significant addition of crustal-derived sulfur. The depleted composition of the
sulfide liquid in the Caboclo dos Mangueiros deposit suggests that a prior segregation of
immiscible sulfide liquid occurred, thus leading to low PGE contents and high Cu/Pd ratios in
the deposit.

The migration of the mafic parental magma upward within the crust carrying sulfide
droplets probably was favored by the buoyancy of the magma column (Barnes et al., 2016).
This migration probably was also favored by active, steeply-dipping, translithospheric faults.
Such faults are likely to be a feature of craton margins, particularly during periods of
transcurrent movement, and are likely to have good vertical connectivity (Begg et al., 2010).
These faults would have formed wide range conduit systems, where large volumes of magma
have passed and precipitated or not significant contents of Ni-Cu sulfides within favorable sites
of the crust.
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Fig. 16: Schematic model for parental magma origin. (A) Deflection of the head mantle plume toward
zones of thin lithosphere adjacent to craton margins. Partially modified from Begg et al. (2010); (B)
Decompression-related partial melting of the plume heads and migration of magma upward within the crust
through traslithopheric faults. The two black dashed lines indicate predominating of faults, where conduit
systems are formed. The black square suggests the formation of the Caboclo dos Mangueiros deposit.
Partially modified from Barnes et al. (2016).

The architecture of the crust, locally comprising stratified pelitic sediments, probably
provided the favorable environment for the emplacement of the primary structure of the Caboclo
dos Mangueiros deposit (Fig. 17A). Linear weaknesses in the country rocks such as
sedimentary layers probably facilitated the flowing of the mafic parental magma. The
enlargement in the central portions of the conduit structure that host the Caboclo dos
Mangueiros deposit may have provided changes in the flow dynamics of the magma, leading to
precipitation of the sulfide droplets. When the magma that flows through a narrow chamber
reaches a more enlarged space it will slow down and will be less capable of carrying the sulfide
blebs (Maier et al., 2001; Mota-e-Silva et al., 2013).

The actual basculated disposition of the rocks that hosts this Ni-Cu sulfide deposit (Fig.

17B), as well as the metamorphic parageneses in greenschist facies affecting cumulate
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ultramafic rocks and sedimentary country rocks, indicate that the intrusion and country rocks
were submitted to tectonism and associated metamorphism. Due to the lack of the absolute age
of the intrusion and detailed studies of the country rocks, the correlation of these events to the

evolution of the northern portion of the Sao Francisco Craton remains uncertain.
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A. Emplacement of the intrusion
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B. Fractionation
SW NE

C. Metamorphism
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Fig. 17: Schematic model for the Caboclo dos Mangueiros deposit. (A) Longitudinal section showing the
emplacement of the intrusion through pre-existing weak layers of the sedimentary rocks. Emplacement of
magma carrying sulfide droplets through the conduit structure that later solidified as an elongated sill boat-
shaped; (B) Perpendicular central SW-NE section showing the fractionation of the mafic parental magma;
(C) Perpendicular central SW-NE section after the tectonics and regional metamorphism. Rock codes in
accordance with Table 1.
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Implication for exploration

The extreme northwestern portion of the S&o Francisco Craton has significant potential
to host magmatic deposits, as illustrated by the presence of different types of mineralization.
These can be exemplified by the Fe-Ti-V magmatic deposit of the Campo Alegre de Lourdes
mafic-ultramafic Complex (Sampaio et al., 1986), the P,0s deposit of the Angico dos Dias
Carbonatite Complex (Silva et al., 1988; 1997; Antonini et al., 2003), as well as by the Ni-Cu
magmatic sulfide deposit here studied. In addition, several magnetic anomalies (Fig. 2B) that
are widely covered by tertiary-quaternary sediments remain unexplained and provide additional
targets.

The Ni-Cu sulfide mineralization in the Caboclo dos Mangueiros deposit implies that a
large volume of sulfide droplets have been transported and concentrated in the ultramafic
intrusion in proportion above the cotectic proportions. Therefore, in the proposed model the
Caboclo dos Mangueiros deposit represents a small part of a large magmatic system (Fig. 16),
suggesting a scenario with high potential for new discoveries. The results presented in this
study indicate that the northwestern margin of the S&o Francisco Craton should be looked as a

potential new metallogenetic province.

Conclusions
The conclusions of this study are as follow:

1. The Caboclo dos Mangueiros magmatic Ni-Cu sulfide deposit is a recent discovery
situated in the northwestern edge of the S&o Francisco craton, a tectonic setting broadly
recognized for Ni-Cu-PGE deposits worldwide;

2. The orebody is hosted in a relatively small-sized intrusion consisting an elongated boat-
shaped sill WNW-ESE trending, with cross sections a few hundreds of meters depth, ~2
km long and ~500 m wide;

3. The ultramafic intrusion that hosts the Caboclo dos Mangueiros deposit is fractionated
from the northern portion, where dunite and wehrlite prevail, to the southern portion
where clinopyroxenite is abundant;

4. The major element compositions of the ultramafic rocks are controlled by the ratios of
olivine to clinopyroxene, which follows a crystallization sequence consisting of Ol => Ol
+ Cpx => Cpx;

5. The abundance of ultramafic rocks and the compositional range of cationic Mg# of
cumulus clinopyroxene, from 0.78 to 0.94, support a moderate to primitive composition
for the parental magma,;

6. The crystallization sequence of the intrusion indicates a silica undersaturated
composition for the parental magma and the absence of cumulus orthopyroxene
suggests that the parental magma remained with this compositional characteristic, with
no significant assimilation of siliceous crustal rocks during ascent and emplacement;

7. Primitive mantle-normalized alteration-resistant trace elements profile estimated for the

parental magma indicates an enriched composition in LREE, which is reflected on
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primitive mantle-normalized alteration-resistant trace element profiles for ultramafic
cumulate rocks coupled with significant negative Nb and Ta anomalies;

8. The distribution of primitive mantle-normalized LREE in cumulate ultramafic rocks is
partially controlled by the modal proportion of clinopyroxene;

9. The textures and the amounts of sulfide, well above the cotectic proportion, in the
Caboclo dos Mangueiros magmatic sulfide Ni-Cu deposit suggest emplacement of
sulfide droplets-charged magma through a conduit structure that later solidified as an
elongated boat-shaped sill;

10. The contents of sulfides above the cotectic proportion also suggest that large volumes
of sulfide droplets have been transported by the magmatic system;

11. The depletion of PGE in the composition of sulfide from a parental magma with
moderate to primitive composition is suggestive that has been occurred previous sulfide
segregation at depth;

12. Sulfur isotope compositional characteristics of the deposit reflect the mantle source of
sulfides with no significant addition of crustal-derived sulfur;

13. Metamorphic assemblages described for country rocks, ultramafic cumulates and rocks
from the border zone suggest that the ultramafic intrusion and country rocks were
subjected to the same event of tectonism and associated greenschist facies
metamorphism. Nevertheless the primary magmatic structure of the intrusion remained
preserved;

14. Although similar trace element distribution for rocks from the border zone and ultramafic
cumulates suggests that they originated from compositionally similar parental magmas,
additional data are required to feature this zone of the intrusion;

15. The positioning of the Caboclo dos Mangueiros deposit in the tectonic evolution of the
S&o Francisco craton is not even constrained because the lack of an absolute age for
the ultramafic intrusion; and

16. The abundance of unexplained magnetic anomalies in the regional setting of the
Caboclo dos Mangueiros deposit, coupled with the tectonic setting that the deposit is

situated indicate a high potential for Ni-Cu-PGE deposits in this region.
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Appendix 1: Clinopyroxene compositions.

Sample BM-016 BM-016 BM-016 BM-016 BM-042 BM-042 BM-042 BM-042 BM-042 BM-013 BM-013 BM-013 BM-013 BM-013 BM-013
Drill Hole FD-9 FD-9 FD-9 FD-9 FD-5 FD-5 FD-5 FD-5 FD-5 FD-9 FD-9 FD-9 FD-9 FD-9 FD-9
Rock Code Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt

Sio2 wt.% 53.24 53.63 5216 5218 51.07 5158 50.20 54.17 5135 5142 5199 5161 51.60 53.02 53.20
Tio2 w.% 054 0.58 1.05 0.83 0.92 1.16 0.79 0.40 1.08 1.25 0.97 1.05 0.99 0.60 0.51
Al203  wt.% 1.40 1.87 2.25 2.18 2.75 2.15 3.06 0.42 2.26 2.77 2.52 2.60 2.69 1.79 1.29
FeO wt.% 5.77 7.14 6.13 6.45 5.76 6.12 6.85 4.49 8.24 6.68 6.65 6.21 7.26 7.03 6.73
MnO wt.%  0.09 0.23 0.15 0.23 0.21 0.26 0.18 0.16 0.25 0.11 0.08 0.13 0.08 0.15 0.10
MgO wt.% 1555 16.21 1468 1446 1539 1502 1597 16.15 1553 1515 1490 1466 1445 1490 14.92
CaO Wwt.% 2252 18.85 2150 22.02 21.95 2223 1996 2366 19.89 2137 2214 2169 21.11 21.63 22.13
Na20  wt.% 0.29 0.40 0.46 0.37 0.36 0.34 0.33 0.04 0.28 0.38 0.38 0.45 0.41 0.46 0.27
Cr203 wt.% 0.34 0.42 0.43 0.31 0.44 0.38 0.55 0.22 0.47 0.62 0.44 0.60 0.25 0.32 0.31
V203  wt.% 0.05 0.03 0.09 0.06 0.08 0.12 0.06 0.03 0.06 0.06 0.02 0.13 <0.01  <0.01 0.02
NiO wt.% 0.07 0.03 <0.01 0.13 0.04 0.05 0.14 <0.01 0.01 <0.01 0.03 <0.01 <0.01 <0.01 <0.01
Total w.% 99.87 99.38 9890 99.21 9895 99.41 9810 99.74 9942 99.80 100.11 99.14 98.84 99.90  99.49

Na ppm  0.02 0.03 0.03 0.03 0.03 0.02 0.02 <0.01 0.02 0.03 0.03 0.03 0.03 0.03 0.02

Al ppm  0.06 0.08 0.10 0.10 0.12 0.09 0.14 0.02 0.10 0.12 0.11 0.11 0.12 0.08 0.06
Mg ppm  0.86 0.90 0.82 0.80 0.85 0.83 0.89 0.89 0.86 0.84 0.82 0.81 0.81 0.82 0.83
Si ppm  1.96 1.99 1.95 1.95 1.90 1.92 1.88 2.00 1.91 1.90 1.92 1.92 1.93 1.96 1.98

Ca ppm  0.89 0.75 0.86 0.88 0.87 0.89 0.80 0.93 0.79 0.85 0.88 0.87 0.85 0.86 0.88
Mn ppm <0.01 0.01 <0.01 0.01 0.01 0.01 0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Ti ppm  0.01 0.02 0.03 0.02 0.03 0.03 0.02 0.01 0.03 0.03 0.03 0.03 0.03 0.02 0.01
Fe2+ ppm 0.18 0.22 0.19 0.20 0.14 0.17 0.15 0.14 0.24 0.20 0.19 0.19 0.23 0.22 0.21
Fe3+ ppm <0.01 <0.01 <0.01 <0.01 0.04 0.02 0.06 <0.01 0.02 0.01 0.01 <0.01 <0.01 <0.01 <0.01

Ni ppm <0.01 <0.01 <0.01 <0.01 <0.01 <001 <001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr ppm  0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.02 0.01 0.02 0.01 0.01 0.01
Li ppm <0.01 <0.01 <0.01 <0.01 <0.01 <001 <001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001
S ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

\ ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zr ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Mg# 0.83 0.80 0.81 0.80 0.86 0.83 0.85 0.87 0.78 0.81 0.81 0.81 0.78 0.79 0.80
Sample BM-027 BM-027 BM-027 BM-027 BM-011 BM-011 BM-011 BM-011 BM-011 BM-011 BM-011 BM-011 BM-011 BM-011 BM-011

Drill Hole FD-6 FD-6 FD-6 FD-6 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3

Rock Code Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt

Sio2 wt.% 5248 5289 5206 51.87 52.03 52.34 5224 4950 5232 5240 5170 5271 5185 51.61 52.09
Tio2 wt.% 0.87 1.12 1.21 0.99 1.03 0.97 0.80 1.05 0.84 0.96 0.96 0.95 0.59 0.78 0.84
Al203  wt.% 220 2.35 2.27 2.32 2.56 2.90 2.32 6.37 215 2.70 2.93 2.67 2.17 2.64 1.91
FeO w.% 5.70 5.81 6.13 6.09 6.31 6.30 6.08 6.22 5.92 5.79 5.89 5.56 6.32 6.23 6.12
MnO w.% 021 0.13 0.19 0.04 0.16 0.17 0.14 0.24 0.10 0.19 0.17 0.20 0.20 0.24 0.22
MgO wt.% 1564 1556 1523 16.85 15.84 1581 16.74 1542 16.00 1577 16.15 1546 16.61 16.47 15.35
CaO W% 2211 2227 22,67 2090 21.89 2199 2095 2013 2226 21.71 21.81 2221 2090 2142 21.96
Na20  wt.% 0.28 0.29 0.35 0.27 0.34 0.30 0.32 0.33 0.36 0.39 0.36 0.44 0.36 0.37 0.38
Cr203 wt.% 0.38 0.33 0.22 0.31 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
V203  wt.% 0.08 0.05 0.05 0.01 0.09 0.07 0.04 0.13 0.05 <0.01 0.09 0.05 0.07 0.06 0.07
NiO wt.% <0.01 <0.01 0.10 0.10 <0.01 <0.01 <0.01 0.04 0.06 <0.01 0.05 <0.01 0.05 <0.01 0.04
Total wt.% 99.93 100.80 100.47 99.75 100.25 100.86 99.63 99.43 100.05 9991 100.11 100.25 99.12 99.83  98.96

Na ppm  0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03

Al ppm  0.10 0.10 0.10 0.10 0.11 0.12 0.10 0.28 0.09 0.12 0.13 0.12 0.09 0.11 0.08
Mg ppm  0.86 0.85 0.83 0.92 0.87 0.86 0.92 0.85 0.88 0.86 0.88 0.84 0.91 0.90 0.85
Si ppm 193 1.93 1.91 1.91 1.91 1.91 1.92 1.82 1.92 1.93 1.89 1.93 1.92 1.89 1.94

Ca ppm  0.87 0.87 0.89 0.82 0.86 0.86 0.83 0.79 0.88 0.85 0.86 0.87 0.83 0.84 0.88
Mn ppm 001 <0.01 0.01 <0.01 <0.01 0.01 <0.01 0.01 <0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ti ppm  0.02 0.03 0.03 0.03 0.03 0.03 0.02 0.03 0.02 0.03 0.03 0.03 0.02 0.02 0.02
Fe2+ ppm 0.18 0.18 0.16 0.14 0.16 0.17 0.15 0.16 0.14 0.17 0.12 0.17 0.13 0.11 0.17
Fe3+ ppm <0.01  <0.01 0.03 0.04 0.04 0.02 0.04 0.04 0.05 0.01 0.06 <0.01 0.06 0.08 0.02

Ni ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr ppm  0.01 0.01 0.01 0.01 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Li ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

S ppm <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
\Y ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn ppm <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zr ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Mg# 0.83 0.83 0.84 0.86 0.85 0.84 0.86 0.84 0.87 0.83 0.88 0.83 0.88 0.89 0.83




Sample BM-011 BM-011 BM-013 BM-013 BM-013 BM-013 BM-013 BM-013 BM-013 BM-013 BM-013 BM-013 BM-013 BM-013 BM-013
Drill Hole FD-3 FD-3 FD-9 FD-9 FD-9 FD-9 FD-9 FD-9 FD-9 FD-9 FD-9 FD-9 FD-9 FD-9 FD-9
Rock Code Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt

Sio2 wt.% 5234 51.23 5293 5274 5220 5227 5218 51.83 5183 5159 5132 51.38 5056 5237 51.89
Tio2 wt.% 0.62 0.97 1.05 0.84 0.92 0.34 0.94 1.05 1.43 0.99 1.16 0.84 0.70 0.97 1.20
Al203  wt.% 1.85 2.35 2.52 2.17 2.39 1.95 2.30 271 2.52 2.68 2.87 2.46 159 2.05 2.56
FeO wt.% 5.90 6.09 6.27 6.26 6.70 7.07 6.60 7.15 6.89 7.13 7.38 6.48 9.30 6.16 6.91
MnO w.% 0.25 0.24 0.13 0.15 0.09 0.16 0.17 0.14 0.20 0.15 0.18 0.15 0.17 0.25 0.17
MgO wt.% 16.53 16.22 1493 1532 1476 15.03 1480 1537 1511 1555 1578 1536 14.80 1548 15.02
CaO wt.% 2191 2146 2258 2235 2225 2223 2250 2096 2125 2098 20.60 21.83 21.82 2126 21.05
Na20  wt.% 0.31 0.41 0.34 0.38 0.37 0.19 0.29 0.46 0.36 0.39 0.31 0.32 0.43 0.40 0.33
Cr203  wt.% N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
V203 wt.% 0.10 0.02 0.03 0.01 0.06 0.05 <0.01 0.04 0.11 0.03 0.05 0.08 0.07 0.01 0.05
NiO wt.% 0.04 0.06 <0.01 0.14 0.01 <0.01 0.09 0.01 0.11 0.12 <0.01 <0.01 <0.01 <0.01 <0.01
Total w.% 99.85 99.04 100.78 100.35 99.75 99.30 99.85 99.72 99.80 9959 99.64 98.91 99.44 9893 99.19

Na ppm  0.02 0.03 0.02 0.03 0.03 0.01 0.02 0.03 0.03 0.03 0.02 0.02 0.03 0.03 0.02

Al ppm  0.08 0.10 0.11 0.09 0.10 0.09 0.10 0.12 0.11 0.12 0.13 0.11 0.07 0.09 0.11
Mg ppm  0.90 0.90 0.82 0.84 0.82 0.83 0.82 0.85 0.83 0.86 0.87 0.85 0.82 0.86 0.83
Si ppm  1.92 1.90 1.94 1.94 1.93 1.94 1.93 1.92 1.92 191 1.90 1.91 1.89 1.95 1.93

Ca ppm  0.86 0.85 0.89 0.88 0.88 0.89 0.89 0.83 0.84 0.83 0.82 0.87 0.87 0.85 0.84
Mn ppm  0.01 0.01 <0.01 <0.01 <0.01 0.01 0.01 <0.01 0.01 <0.01 0.01 <0.01 0.01 0.01 0.01
Ti ppm  0.02 0.03 0.03 0.02 0.03 0.01 0.03 0.03 0.04 0.03 0.03 0.02 0.02 0.03 0.03
Fe2+ ppm  0.12 0.11 0.19 0.18 0.21 0.20 0.20 0.20 0.21 0.18 0.19 0.16 0.14 0.19 0.22
Fe3+ ppm  0.06 0.08 <0.01 0.01 <0.01 0.02 <0.01 0.02 <0.01 0.04 0.03 0.04 0.15 <0.01 <0.01

Ni ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr ppm  N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Li ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

S ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01
\ ppm <001 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01
Zn ppm <001 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01
Zr ppm <001 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01

Mg# 0.88 0.89 0.81 0.82 0.80 0.80 0.80 0.81 0.80 0.82 0.82 0.84 0.85 0.82 0.79
Sample BM-013 BM-013 BM-013 BM-013 BM-016 BM-016 BM-016 BM-016 BM-016 BM-016 BM-016 BM-016 BM-016 BM-016 BM-016

Drill Hole FD-9 FD-9 FD-9 FD-9 FD-9 FD-9 FD-9 FD-9 FD-9 FD-9 FD-9 FD-9 FD-9 FD-9 FD-9

Rock Code Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt

Si0o2 w.% 5169 5275 51.93 5189 5269 5274 5312 53.56 5265 5210 51.85 5249 5216 5155 51.60
Tio2 wt.% 1.00 0.70 0.87 1.13 1.04 1.07 0.92 0.84 1.09 1.10 1.13 0.90 0.80 0.94 0.91
Al203  wt.% 2.60 2.00 2.14 2.53 2.45 211 2.06 2.20 2.28 2.49 2.44 2.59 2.53 3.00 2.54
FeO wt.% 6.07 6.01 6.93 6.45 6.98 5.95 6.50 5.92 592 6.18 6.93 6.79 6.95 7.02 7.33
MnO wt.% 0.25 0.11 0.15 0.20 0.15 0.27 0.08 0.13 0.09 0.14 0.17 0.21 0.18 0.15 0.19
MgO wt.% 1539 1538 1517 1559 16.24 1451 1520 1520 1537 16.02 1579 1552 16.36 1489 1531
CaO wt.% 21.63 2210 21.95 2092 1952 2276 22,65 21.94 2162 2052 2059 21.98 20.10 2159 2152
Na20  wt.% 0.33 0.34 0.32 0.45 0.32 0.50 0.50 0.40 0.66 0.51 0.64 0.36 0.32 0.46 0.33
Cr203 wt.% N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
V203  wt.% 0.10 0.04 0.05 0.03 <0.01 0.03 <0.01 0.08 0.06 0.01 0.04 0.07 0.05 0.04 0.10
NiO wt.% <0.01 <0.01 0.04 <0.01 <0.01 0.03 <0.01 <0.01 0.02 <0.01 0.01 0.02 0.02 <0.01 0.02
Total wt.% 99.06 99.44 99.53 99.18 99.39 99.97 101.03 100.28 99.75 99.06 99.56 100.92 99.46 99.63 99.85

Na ppm  0.02 0.02 0.02 0.03 0.02 0.04 0.04 0.03 0.05 0.04 0.05 0.03 0.02 0.03 0.02
Al ppm  0.11 0.09 0.09 0.11 0.11 0.09 0.09 0.10 0.10 0.11 0.11 0.11 0.11 0.13 0.11
Mg ppm  0.85 0.85 0.84 0.86 0.90 0.80 0.83 0.83 0.84 0.88 0.87 0.84 0.90 0.82 0.84
Si ppm  1.92 1.95 1.93 1.92 1.95 1.95 1.94 1.97 1.94 1.93 1.91 1.92 1.93 1.91 1.91
Ca ppm  0.86 0.88 0.87 0.83 0.77 0.90 0.89 0.86 0.85 0.81 0.81 0.86 0.80 0.86 0.85
Mn ppm  0.01 <0.01 <0.01 0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.01 0.01 <0.01 0.01
Ti ppm  0.03 0.02 0.02 0.03 0.03 0.03 0.03 0.02 0.03 0.03 0.03 0.02 0.02 0.03 0.03
Fe2+ ppm  0.18 0.19 0.19 0.19 0.22 0.18 0.18 0.18 0.17 0.18 0.17 0.18 0.20 0.19 0.18
Fe3+ ppm  0.01 <0.01 0.03 0.01 <0.01 <0.01 0.02 <0.01 0.01 0.01 0.05 0.03 0.01 0.03 0.04

Ni ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr ppm  N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Li ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

59 ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
\% ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zr ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Mg# 0.83 0.82 0.82 0.82 0.81 0.81 0.82 0.82 0.83 0.83 0.84 0.83 0.82 0.82 0.82




Sample BM-016 BM-016 BM-016 BM-016 BM-027 BM-027 BM-027 BM-027 BM-027 BM-027 BM-027 BM-027 BM-027 BM-027 BM-027
Drill Hole FD-9 FD-9 FD-9 FD-9 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6
Rock Code Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt

Sio2 w.% 52.70 52.76 52.58 52.50 52.55 51.06 51.94 52.33 51.46 51.81 52.25 52.46 51.07 53.17 53.88
Tio2 wt.% 0.87 1.00 1.00 0.82 0.80 0.87 1.08 0.75 1.05 1.26 0.79 0.84 0.70 0.82 0.81
Al203 W% 2.36 2.37 2.67 2.54 2.00 291 2.34 221 2.45 2.22 1.65 191 2.59 1.71 1.77
FeO wt.% 6.95 6.68 6.81 6.37 5.02 5.63 5.52 5.92 7.89 6.68 6.30 5.40 5.62 5.53 5.70
MnO wt.% 0.29 0.18 0.19 0.24 0.14 0.15 0.08 0.28 0.20 0.20 0.20 0.20 0.16 0.17 0.15
MgO wt.% 15.51 15.16 15.30 15.55 16.00 16.14 15.28 14.35 15.51 15.53 15.62 15.20 15.32 15.44 15.86
Ca0 wt.% 21.57 21.40 21.43 21.95 22.87 21.49 22.71 22.99 19.78 21.19 21.60 23.17 21.25 22.86 21.78
Na20 wt.% 0.50 0.43 0.41 0.38 0.30 0.38 0.29 0.33 0.27 0.27 0.31 0.30 0.32 0.25 0.34
Cr203 wt.% N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
V203 wt.% 0.04 0.10 0.07 0.12 <0.01 0.05 0.01 0.06 0.08 0.05 0.07 0.10 0.03 0.08 0.01
NiO wt.% 0.00 0.03 0.03 <0.01 0.01 0.06 0.05 <0.01 <0.01 <0.01 0.10 0.04 0.08 <0.01 0.09
Total wt.% 100.78 100.10 100.47 100.46 99.68 98.75 99.28 99.22 98.70 99.20 98.88 99.61 97.12 100.02 100.39
Na ppm  0.04 0.03 0.03 0.03 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Al ppm 0.10 0.10 0.12 0.11 0.09 0.13 0.10 0.10 0.11 0.10 0.07 0.08 0.12 0.07 0.08
Mg ppm  0.85 0.83 0.84 0.85 0.88 0.89 0.84 0.80 0.87 0.86 0.87 0.84 0.86 0.85 0.87
Si ppm  1.93 1.95 1.93 1.92 1.93 1.89 1.93 1.95 1.93 1.93 1.95 1.94 1.93 1.96 1.97
Ca ppm  0.85 0.85 0.84 0.86 0.90 0.85 0.90 0.92 0.79 0.84 0.86 0.92 0.86 0.90 0.85
Mn ppm  0.01 0.01 0.01 0.01 <0.01 <0.01 <0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 <0.01
Ti ppm  0.02 0.03 0.03 0.02 0.02 0.02 0.03 0.02 0.03 0.04 0.02 0.02 0.02 0.02 0.02
Fe2+ ppm 0.18 0.21 0.21 0.17 0.13 0.11 0.16 0.18 0.25 0.21 0.19 0.16 0.17 0.17 0.17
Fe3+ ppm  0.03 <0.01 <0.01 0.02 0.02 0.06 0.01 <0.01 <0.01 <0.01 0.01 0.01 0.01 <0.01 <0.01
Ni ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr ppm  N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Li ppm <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <001 <0.01 <0.01 <0.01
S ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
\Y ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zr ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mg# 0.82 0.80 0.80 0.83 0.87 0.89 0.84 0.81 0.78 0.81 0.82 0.84 0.83 0.83 0.83

Sample BM-027 BM-029 BM-029 BM-029 BM-029 BM-029 BM-029 BM-029 BM-029 BM-029 BM-029 BM-029 BM-034 BM-034 BM-042
Drill Hole FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-12 FD-12 FD-5
Rock Code Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt

Sio2 wt.% 53.47 52.48 51.69 51.03 51.37 51.64 52.16 52.38 53.79 50.56 52.49 51.51 53.31 51.94 50.32
Tio2 wt.% 0.96 0.88 0.80 0.71 0.84 0.80 0.80 0.79 0.82 0.70 0.78 0.79 0.79 0.52 0.66
AI203 wt.% 1.98 2.01 1.54 1.70 1.77 1.78 1.45 1.73 1.67 2.15 1.83 1.68 211 1.94 3.81
FeO wt.% 5.52 3.55 6.89 6.15 4.88 5.09 6.11 6.31 5.33 4.70 4.84 4.46 5.46 5.75 6.96
MnO wt.% 0.16 0.16 0.35 0.06 0.16 0.10 0.11 0.24 0.11 0.17 0.10 0.18 0.14 0.15 0.15
MgO wt.% 15.43 16.15 16.22 16.76 15.21 15.62 16.68 16.51 16.29 16.78 15.22 14.89 16.59 17.89 17.04
Ca0 wt.% 22.50 20.76 18.89 20.03 22.76 21.54 20.67 20.07 21.50 20.10 22.81 22.64 22.40 20.93 19.49
Na20 wt.% 0.28 0.45 0.27 0.28 0.30 0.28 0.29 0.26 0.30 0.35 0.21 0.28 0.42 0.36 0.36
Cr203 w.% N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
V203 wt.% 0.05 0.04 0.10 0.09 0.01 <0.01 0.01 0.08 0.01 0.06 0.05 0.03 0.04 0.01 0.07
NiO wt.% 0.02 0.03 0.08 <0.01 <0.01 <0.01 0.03 0.05 0.08 0.01 0.03 <0.01 0.07 0.07 0.02

Total wt.%

100.35 96.50 96.82 96.80 97.28 96.86 98.30 9842 9990 9559 9836 96.46 101.32 99.55 98.88

Na ppm  0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.03 0.03 0.03
Al ppm  0.09 0.09 0.07 0.08 0.08 0.08 0.06 0.08 0.07 0.10 0.08 0.08 0.09 0.08 0.17
Mg ppm  0.84 0.91 0.92 0.94 0.86 0.88 0.93 0.92 0.89 0.95 0.85 0.85 0.89 0.97 0.94
Si ppm  1.96 1.98 1.96 1.93 1.94 1.96 1.95 1.95 1.98 1.93 1.96 1.96 1.93 1.90 1.86
Ca ppm  0.88 0.84 0.77 0.81 0.92 0.87 0.83 0.80 0.85 0.82 0.91 0.92 0.87 0.82 0.77
Mn ppm  <0.01 0.01 0.01 <0.01 0.01 <0.01 <0.01 0.01 <0.01 0.01 <0.01 0.01 <0.01 <0.01 <0.01
Ti ppm  0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02
Fe2+ ppm  0.17 0.11 0.22 0.15 0.14 0.16 0.17 0.20 0.16 0.12 0.15 0.14 0.12 0.06 0.11
Fe3+ ppm  <0.01 <0.01 <0.01 0.04 0.02 <0.01 0.02 <0.01 <0.01 0.03 <0.01 <0.01 0.04 0.11 0.10
Ni ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr ppm  N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Li ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
S ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
\Y ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zr ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mg# 0.83 0.89 0.81 0.86 0.86 0.85 0.85 0.82 0.84 0.89 0.85 0.86 0.88 0.94 0.89
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Sample

BM-042 BM-042 BM-042 BM-042 BM-042 BM-042 BM-042 BM-042 BM-042 BM-042 BM-042 BM-042 BM-042 BM-042 XX-R-10

Drill Hole FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-3
Rock Code Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt
Sio2 wt.% 51.36 55.06 5517 49.89 50.83 50.86 52.08 5465 5361 5276 52.03 5276 52.16 5248 51.59
Tio2 w.% 1.12 0.12 0.10 0.76 0.92 0.95 0.95 0.06 0.17 0.92 1.05 0.88 0.99 0.11 0.62
Al203  wt.% 3.17 0.81 0.51 3.33 2.95 2.68 2.06 0.72 0.86 2.28 2.52 1.88 2.39 0.80 2.48
FeO w.% 6.57 3.42 3.00 6.52 6.06 6.80 7.87 3.48 4.45 6.05 6.21 5.48 6.37 5.99 6.66
MnO wt.% 0.13 0.21 0.19 0.18 0.11 0.25 0.16 0.21 0.16 0.16 0.20 0.21 0.13 0.29 0.22
MgO wt.% 15.66 17.08 1758 1557 1519 1491 1621 16.88 16.11 1519 1552 1551 1541 16.35 15.82
Ca0o wt.% 20.95 24.37 2447 19.61 21.32 2148 19.69 2427 2390 2254 2156 2241 22.06 2297 19.20
Na20  wt.% 0.30 0.07 0.05 0.25 0.31 0.34 0.26 0.06 0.08 0.34 0.30 0.36 0.43 0.05 0.26
Cr203 wt.% N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
V203 wt.% 0.07 0.03 0.04 0.09 0.06 0.05 0.14 0.06 0.05 0.05 0.08 0.14 0.08 0.05 0.06
NiO wt.% 0.06 <0.01  <0.01 0.04 0.01 0.03 0.02 0.02 <0.01 <0.01 <0.01 0.01 <0.01  <0.01 0.10
Total wt.% 99.38 101.16 101.09 96.23 97.77 98.34 99.43 100.41 99.39 100.28 99.48 99.64 100.02 99.07 97.01
Na ppm  0.02 0.01 <0.01 0.02 0.02 0.02 0.02 <0.01 0.01 0.02 0.02 0.03 0.03 <0.01 0.02
Al ppm 0.14 0.03 0.02 0.15 0.13 0.12 0.09 0.03 0.04 0.10 0.11 0.08 0.10 0.03 0.11
Mg ppm  0.86 0.92 0.94 0.89 0.85 0.83 0.90 0.92 0.89 0.83 0.86 0.85 0.85 0.90 0.89
Si ppm  1.90 1.99 1.99 1.90 1.91 1.91 1.93 1.99 1.98 1.94 1.93 1.95 1.92 1.95 1.96
Ca ppm  0.83 0.94 0.94 0.80 0.86 0.86 0.78 0.95 0.94 0.89 0.86 0.89 0.87 0.91 0.78
Mn ppm  <0.01 0.01 0.01 0.01 <0.01 0.01 <0.01 0.01 <0.01 <0.01 0.01 0.01 <0.01 0.01 0.01
Ti ppm  0.03 <0.01  <0.01 0.02 0.03 0.03 0.03 <0.01  <0.01 0.03 0.03 0.02 0.03 <0.01 0.02
Fe2+ ppm  0.19 0.10 0.09 0.19 0.18 0.18 0.24 0.11 0.14 0.19 0.19 0.17 0.17 0.12 0.21
Fe3+ ppm  0.01 <0.01 <0.01 0.01 0.01 0.03 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.07 <0.01
Ni ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01
Cr ppm  N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Li ppm <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <001 <0.01 <0.01 <0.01
Sc ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01
\% ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn ppm <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <001 <0.01 <0.01 <0.01
Zr ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01
Mg# 0.82 0.90 0.91 0.82 0.83 0.82 0.79 0.90 0.87 0.82 0.82 0.83 0.84 0.89 0.81
Sample XX-R-10 XX-R-10 XX-R-10 XX-R-10 XX-R-10 XX-R-10 XX-R-10 XX-R-10 XX-R-10 XX-R-10 XX-R-10 XX-R-13 XX-R-13 XX-R-13 XX-R-13
Drill Hole FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-5 FD-5 FD-5 FD-5
Rock Code Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt
Sio2 wt.% 51.56 52.72 51.25 52.64 52.22 52.76 52.00 51.87 51.43 52.64 52.67 53.48 51.92 53.07 54.58
Tio2 wt.%  0.65 0.60 0.82 0.82 0.84 0.92 0.68 0.74 0.58 0.87 0.84 0.68 0.78 0.93 0.12
Al203  wt.% 2.60 2.15 3.31 2.46 2.32 2.23 2.12 2.57 3.00 2.34 2.58 1.81 1.91 2.18 0.80
FeO wt.% 6.11 5.50 6.25 5.94 6.20 6.12 6.10 6.09 5.65 7.56 5.76 6.68 9.13 6.14 5.14
MnO w.% 0.14 0.16 0.21 0.18 0.25 0.29 0.16 0.15 0.08 0.29 0.15 0.23 0.10 0.23 0.16
MgO wt.% 16.94 17.15 16.88 15.60 15.83 15.90 16.45 16.69 17.06 16.08 16.06 15.73 15.59 15.71 16.39
CaO wt.% 20.36 21.62 20.28 21.78 21.88 21.56 21.24 20.53 19.48 20.33 21.10 21.14 20.00 22.36 22.94
Na20 wt.% 0.28 0.35 0.34 0.33 0.41 0.42 0.33 0.32 0.33 0.29 0.38 0.27 0.29 0.31 0.11
Cr203  wt.% N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
V203 wt.%  0.09 0.12 0.06 0.06 0.08 <0.01 0.05 0.07 0.09 0.07 0.12 0.04 0.03 0.12 <0.01
NiO wt.%  0.00 0.00 0.03 0.03 0.06 0.01 0.11 0.14 0.06 <0.01 <0.01 0.03 0.02 0.02 <0.01
Total w.% 98.72 100.36 99.43 99.84 100.10  100.20 99.23 99.18 97.78 100.46 99.65 100.08 99.76 101.07 100.21
Na ppm  0.02 0.02 0.02 0.02 0.03 0.03 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.01
Al ppm  0.11 0.09 0.14 0.11 0.10 0.10 0.09 0.11 0.13 0.10 0.11 0.08 0.08 0.09 0.03
Mg ppm  0.94 0.93 0.93 0.86 0.87 0.87 0.91 0.92 0.95 0.88 0.88 0.86 0.86 0.85 0.89
Si ppm 1.91 1.92 1.88 1.94 1.92 1.94 1.92 191 1.92 1.93 1.94 1.97 1.93 1.93 2.00
Ca ppm  0.81 0.84 0.80 0.86 0.86 0.85 0.84 0.81 0.78 0.80 0.83 0.83 0.80 0.87 0.90
Mn ppm  <0.01 <0.01 0.01 0.01 0.01 0.01 <0.01 <0.01 <0.01 0.01 <0.01 0.01 <0.01 0.01 <0.01
Ti ppm  0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 <0.01
Fe2+ ppm 0.14 0.11 0.13 0.18 0.14 0.18 0.14 0.15 0.16 0.23 0.18 0.21 0.25 0.18 0.16
Fe3+ ppm  0.05 0.06 0.06 <0.01 0.05 0.01 0.05 0.04 0.02 <0.01 <0.01 <0.01 0.04 <0.01 <0.01
Ni ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr ppm N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Li ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Sc ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
\% ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
zn ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zr ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mg# 0.87 0.90 0.88 0.82 0.86 0.83 0.87 0.86 0.86 0.79 0.83 0.81 0.78 0.82 0.85

50



Sample XX-R-13 XX-R-13 XX-R-13 XX-R-13 XX-R-13 XX-R-13 XX-R-13 XX-R-13 XX-R-14 XX-R-14 XX-R-14 XX-R-14 XX-R-14 XX-R-14 XX-R-14
Drill Hole FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5
Rock Code Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt

Sio2 wt.% 52.89 51.01 51.93 52.84 52.38 54.81 52.39 51.68 52.22 53.59 52.85 53.10 52.66 53.43 53.80
Tio2 wt.% 0.71 0.81 0.98 0.95 1.07 0.04 0.97 1.07 0.51 0.87 0.92 0.77 0.85 0.78 0.57
Al203  wt.% 1.35 2.79 2.32 2.09 2.28 0.73 2.35 2.25 2.45 1.96 2.02 2.04 1.89 1.74 1.78
FeO wt.% 5.81 6.29 7.08 6.20 5.81 4.71 6.04 6.76 5.63 7.16 6.06 5.90 5.72 5.28 5.99
MnO wt.%  0.11 0.15 0.26 0.13 0.20 0.13 0.27 0.21 0.11 0.22 0.28 0.26 0.15 0.18 0.23
MgO wt.% 14.93 15.79 15.02 15.23 14.73 16.08 15.13 15.10 16.97 17.64 16.89 16.00 15.56 16.65 17.20
CaO wt.% 2351 21.10 21.79 22.20 22.23 24.51 22.18 22.02 20.15 19.77 21.09 21.85 21.96 20.67 19.96
Na20 wt.% 0.33 0.27 0.41 0.38 0.38 0.07 0.31 0.37 0.24 0.30 0.33 0.32 0.29 0.31 0.29
Cr203  wt.% N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
V203 wt.%  0.05 <0.01 0.08 0.01 0.08 0.05 <0.01 0.06 0.06 0.08 0.11 0.09 0.02 0.04 <0.01
NiO wt.% <0.01 0.02 <0.01 <0.01 0.10 0.07 <0.01 0.05 0.05 <0.01 <0.01 0.04 <0.01 <0.01 <0.01
Total w.% 99.69 98.23 99.87 100.01 99.24 101.20 99.64 99.55 98.39 101.58 100.55 100.36 99.09 99.07 99.82
Na ppm  0.02 0.02 0.03 0.03 0.03 <0.01 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Al ppm  0.06 0.12 0.10 0.09 0.10 0.03 0.10 0.10 0.11 0.08 0.09 0.09 0.08 0.08 0.08
Mg ppm  0.82 0.88 0.83 0.84 0.82 0.87 0.83 0.83 0.94 0.95 0.92 0.87 0.86 0.92 0.94
Si ppm 1.96 1.91 1.92 1.95 1.95 1.99 1.94 1.92 1.94 1.93 1.93 1.94 1.96 1.97 1.97
Ca ppm  0.93 0.85 0.86 0.88 0.89 0.95 0.88 0.87 0.80 0.76 0.82 0.86 0.87 0.82 0.78
Mn ppm  <0.01 <0.01 0.01 <0.01 0.01 <0.01 0.01 0.01 <0.01 0.01 0.01 0.01 <0.01 0.01 0.01
Ti ppm  0.02 0.02 0.03 0.03 0.03 <0.01 0.03 0.03 0.01 0.02 0.03 0.02 0.02 0.02 0.02
Fe2+ ppm  0.17 0.16 0.19 0.19 0.18 0.14 0.19 0.18 0.17 0.20 0.15 0.18 0.18 0.16 0.18
Fe3+ ppm  0.01 0.04 0.03 <0.01 <0.01 <0.01 <0.01 0.03 <0.01 0.02 0.03 <0.01 <0.01 <0.01 <0.01
Ni ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr ppm N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Li ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
S ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
\Y ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zr ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mg# 0.83 0.85 0.81 0.81 0.82 0.86 0.82 0.83 0.85 0.83 0.86 0.83 0.83 0.85 0.84

Sample XX-R-14 XX-R-14 XX-R-14 XX-R-14 XX-R-14 XX-R-14 XX-R-14 XX-R-14 XX-R-14 XX-R-14 BM-009 BM-009 BM-009 BM-009 BM-009
Drill Hole FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-3 FD-3 FD-3 FD-3 FD-3
Rock Code Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Ol-Cpxt Ol-Cpxt OI-Cpxt OI-Cpxt OI-Cpxt

Sio2 wt.% 52.68 52.61 53.43 52.51 52.88 52.75 52.45 52.82 51.36 52.31 51.44 54.63 52.97 53.01 50.58
Tio2 wt.%  1.04 1.07 0.86 0.84 0.89 0.87 0.88 0.91 0.91 0.86 0.69 0.40 0.97 0.76 0.90
Al203 w.% 2.19 2.01 1.92 217 2.01 1.97 1.92 213 1.78 2.14 3.56 1.64 2.40 161 3.03
FeO wt.%  6.61 7.14 5.50 6.53 7.36 6.44 6.64 6.03 9.06 6.53 5.80 5.12 5.92 6.40 5.90
MnO wt.% 0.10 0.14 0.18 0.18 0.21 0.16 0.24 0.16 0.13 0.27 0.03 0.17 0.11 0.10 0.07
MgO wt.% 16.51 17.31 16.41 16.70 16.89 16.53 16.04 16.45 16.27 16.32 17.20 18.89 15.18 15.23 15.01
Ca0 wt.% 20.44 19.18 21.62 20.03 19.32 20.95 20.99 21.01 19.63 19.66 17.91 17.64 21.26 22.47 22.02
Na20 wt.%  0.28 0.26 0.27 0.33 0.29 0.32 0.26 0.30 0.22 0.31 0.63 0.39 0.43 0.32 0.34
Cr203 wt.% N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. 0.64 0.42 N.A. N.A. N.A.
V203 wt.% <0.01 0.01 0.06 0.02 0.04 0.10 0.03 0.07 0.05 0.06 0.03 0.09 <0.01 0.12 0.01
NiO wt.% <0.01 0.08 0.04 <0.01 0.07 <0.01 <0.01 <0.01 <0.01 0.05 0.02 <0.01 0.05 0.03 0.07
Total w.% 99.85 99.82 100.29 99.31 99.95 100.10 99.43 99.87 99.42 98.52 97.97 99.38 99.29 100.05 97.94
Na ppm 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.05 0.03 0.03 0.02 0.03
Al ppm 0.10 0.09 0.08 0.09 0.09 0.09 0.08 0.09 0.08 0.09 0.16 0.07 0.10 0.07 0.13
Mg ppm 0.91 0.95 0.90 0.92 0.93 0.90 0.89 0.90 0.90 0.91 0.95 1.03 0.84 0.84 0.84
Si ppm 1.94 1.93 1.95 1.94 1.94 1.93 1.94 1.94 191 1.95 191 2.00 1.96 1.96 1.90
Ca ppm 0.81 0.76 0.85 0.79 0.76 0.82 0.83 0.83 0.78 0.79 0.71 0.69 0.84 0.89 0.89
Mn ppm  <0.01 <0.01 0.01 0.01 0.01 0.01 0.01 0.01 <0.01 0.01 <0.01 0.01 <0.01 <0.01 <0.01
Ti ppm 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.02 0.02 0.01 0.03 0.02 0.03
Fe2+ ppm 0.20 0.22 0.17 0.20 0.23 0.18 0.20 0.19 0.21 0.20 0.17 0.16 0.18 0.20 0.14
Fe3+ ppm  <0.01 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 <0.01 0.07 <0.01 0.01 <0.01 <0.01 <0.01 0.04
Ni ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr ppm N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. 0.02 0.01 N.A. N.A. N.A.
Li ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
S ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
\% ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zr ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mg# 0.82 0.82 0.84 0.82 0.80 0.83 0.81 0.83 0.81 0.82 0.85 0.87 0.82 0.81 0.85
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Sample BM-009 BM-009 BM-009 BM-009 BM-009 BM-009 BM-009 BM-009 BM-009 BM-009 BM-031 BM-031 BM-008 BM-008 BM-030
Drill Hole FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-6 FD-6 FD-3 FD-3 FD-6
Rock Code OI-Cpxt OI-Cpxt OI-Cpxt OI-Cpxt OI-Cpxt OI-Cpxt OI-Cpxt OI-Cpxt OI-Cpxt OI-Cpxt  Wrlt Wrlt Wrlt Wrlt Wrlt
Sio2 wt.% 51.33 50.76 49.97 53.71 52.80 52.63 52.83 49.96 49.96 53.19 52.95 51.97 51.61 52.37 52.90
Tio2 wt.% 0.92 1.27 0.77 1.00 0.93 0.93 0.85 0.83 0.90 0.97 0.73 0.91 0.91 1.03 0.68
Al203  wt.% 1.73 2.47 2.59 2.33 2.39 1.98 2.15 2.39 2.08 1.96 1.46 1.38 2.27 2.30 1.69
FeO wt.% 5.44 6.11 5.22 6.24 7.09 5.90 6.09 6.13 6.75 7.15 5.00 4.79 6.31 6.22 5.64
MnO wt.% 0.25 0.22 0.17 0.16 0.22 0.27 0.20 0.17 0.22 0.23 0.23 0.20 0.28 0.14 0.13
MgO wt.% 14.78 14.78 15.70 15.03 16.01 15.34 16.14 14.56 14.88 16.29 16.11 16.26 15.76 15.39 16.24
CaO wt.% 22.11 21.89 21.45 22.33 21.63 22.13 21.53 20.54 20.77 21.03 22.22 22.02 21.39 21.97 22.21
Na20 wt.% 0.23 0.24 0.33 0.33 0.39 0.36 0.34 0.30 0.28 0.41 0.31 0.30 0.37 0.36 0.39
Cr203  wt.% N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. 0.48 0.28 0.40 0.40 0.33
V203 wt.% 0.04 0.08 <0.01 0.05 0.12 0.11 0.05 0.03 0.05 0.09 0.06 0.10 0.04 0.06 0.05
NiO wt.% <0.01 0.02 0.02 <0.01 0.04 0.02 <0.01 0.06 0.05 0.03 <0.01 <0.01 <0.01 0.05 0.01
Total wt.% 96.83 97.83 96.21 101.18 101.61 99.66 100.17 94.98 95.93 101.35 99.55 98.21 99.33 100.29 100.26
Na ppm  0.02 0.02 0.02 0.02 0.03 0.03 0.02 0.02 0.02 0.03 0.02 0.02 0.03 0.03 0.03
Al ppm  0.08 0.11 0.12 0.10 0.10 0.09 0.09 0.11 0.09 0.08 0.06 0.06 0.10 0.10 0.07
Mg ppm  0.84 0.83 0.89 0.82 0.86 0.85 0.88 0.84 0.85 0.88 0.89 0.90 0.87 0.84 0.89
Si ppm  1.96 1.92 1.90 1.96 191 1.95 1.94 1.94 1.92 1.93 1.95 1.94 191 1.93 1.94
Ca ppm  0.90 0.89 0.87 0.87 0.84 0.88 0.85 0.85 0.86 0.82 0.88 0.88 0.85 0.87 0.87
Mn ppm  0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 <0.01 <0.01
Ti ppm  0.03 0.04 0.02 0.03 0.03 0.03 0.02 0.02 0.03 0.03 0.02 0.03 0.03 0.03 0.02
Fe2+ ppm  0.17 0.19 0.10 0.19 0.17 0.18 0.18 0.20 0.19 0.19 0.15 0.13 0.16 0.19 0.14
Fe3+ ppm <0.01 <0.01 0.06 <0.01 0.04 <0.01 0.01 <0.01 0.03 0.03 <0.01 0.02 0.04 <0.01 0.03
Ni ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr ppm  N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. 0.01 0.01 0.01 0.01 0.01
Li ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
£ ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
\% ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zr ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mg# 0.83 0.81 0.90 0.81 0.83 0.82 0.83 0.81 0.82 0.82 0.85 0.87 0.85 0.82 0.86
Sample BM-030 BM-030 BM-030 BM-038 BM-038 BM-038 BM-038 BM-007 BM-007 BM-007 BM-007 BM-007 BM-007 BM-010 BM-010
Drill Hole FD-6 FD-6 FD-6 FD-12 FD-12 FD-12 FD-12 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3
Rock Code Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt
Sio2 wt.% 52.32 52.88 52.91 52.41 53.29 53.90 52.81 53.07 53.77 52.68 53.06 52.65 52.48 53.16 54.01
Tio2 wt.% 0.48 0.61 0.85 0.89 0.63 0.46 0.45 0.63 0.78 0.57 0.60 1.16 0.91 0.62 0.47
Al203 wt.% 1.74 1.71 1.62 2.57 1.59 0.75 1.84 1.67 1.51 1.49 1.65 1.99 1.97 1.50 1.25
FeO wt.% 5.48 5.46 5.22 5.48 5.18 3.99 4.88 5.83 5.86 5.97 5.24 6.17 5.51 5.43 4.96
MnO wt.% 0.11 0.14 0.23 0.04 0.13 0.29 0.16 0.26 0.16 0.23 0.12 0.22 0.24 0.18 0.11
MgO wt.% 15.85 15.80 16.32 15.94 16.17 16.55 15.82 16.02 16.53 15.77 15.60 16.79 15.48 16.15 15.90
Ca0 wt.% 21.82 21.97 21.69 22.02 22.74 23.70 22.57 21.29 20.60 21.59 22.51 20.34 22.11 21.98 22.80
Na20 wt.% 0.32 0.30 0.28 0.37 0.31 0.17 0.43 0.24 0.24 0.29 0.21 0.36 0.39 0.33 0.34
Cr203 wt.% 0.46 0.34 0.42 0.43 0.62 0.42 0.51 0.50 0.40 0.43 0.54 0.32 0.58 0.33 0.38
V203 wt.% 0.12 <0.01 0.07 0.08 0.01 0.01 0.06 0.06 0.01 0.07 0.05 0.03 0.12 0.07 0.01
NiO wt.% 0.05 <0.01 0.02 <0.01 0.04 0.03 0.06 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 0.03
Total wt.% 98.76 99.21 99.62 100.22 100.70 100.26  99.59 99.55 99.86 99.08 99.57 100.06 99.78 99.75 100.24
Na ppm  0.02 0.02 0.02 0.03 0.02 0.01 0.03 0.02 0.02 0.02 0.02 0.03 0.03 0.02 0.02
Al ppm  0.08 0.07 0.07 0.11 0.07 0.03 0.08 0.07 0.07 0.07 0.07 0.09 0.09 0.07 0.05
Mg ppm  0.88 0.87 0.90 0.87 0.88 0.90 0.87 0.88 0.91 0.87 0.86 0.92 0.85 0.89 0.87
Si ppm  1.95 1.96 1.95 1.92 1.94 1.97 1.94 1.96 1.98 1.96 1.96 1.93 1.94 1.96 1.98
Ca ppm  0.87 0.87 0.86 0.86 0.89 0.93 0.89 0.84 0.81 0.86 0.89 0.80 0.87 0.87 0.89
Mn ppm  <0.01 <0.01 0.01 <0.01 <0.01 0.01 <0.01 0.01 <0.01 0.01 <0.01 0.01 0.01 0.01 <0.01
Ti ppm  0.01 0.02 0.02 0.02 0.02 0.01 0.01 0.02 0.02 0.02 0.02 0.03 0.03 0.02 0.01
Fe2+ ppm  0.16 0.17 0.16 0.16 0.14 0.12 0.13 0.18 0.18 0.19 0.16 0.19 0.17 0.17 0.15
Fe3+ ppm  0.01 <0.01 <0.01 0.01 0.01 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Ni ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr ppm  0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.02 0.01 0.01
Li ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
S ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
\Y ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zr ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mg# 0.85 0.84 0.85 0.85 0.86 0.88 0.87 0.83 0.83 0.82 0.84 0.83 0.83 0.84 0.85
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Sample BM-010 BM-010 BM-010 BM-007 BM-007 BM-007 BM-007 BM-007 BM-007 BM-007 BM-007 BM-007 BM-007 BM-007 BM-007
Drill Hole FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3
Rock Code Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt

Sio2 wt.% 53.92 50.69 51.96 53.54 52.59 52.67 52.32 53.20 52.52 51.30 52.35 51.51 52.24 52.84 52.39
Tio2 wt.% 0.74 0.76 0.96 0.75 0.87 0.90 0.78 0.76 0.58 0.68 0.96 1.32 1.46 0.78 0.77
Al203 w.% 1.62 3.18 2.47 1.74 2.13 2.33 241 2.01 1.58 2.23 2.08 1.94 1.93 1.90 1.88
FeO wt.% 5.52 6.52 5.76 5.88 6.16 6.24 5.97 5.85 5.87 6.64 6.39 6.46 6.71 5.95 6.00
MnO wt.% 0.05 0.07 0.16 0.21 0.19 0.15 0.13 0.21 0.22 0.22 0.20 0.21 0.17 0.18 0.17
MgO wt.% 16.18 16.99 16.04 15.73 16.42 15.90 16.74 15.61 15.89 16.26 15.79 15.98 15.15 15.84 15.67
Ca0 wt.% 21.33 20.02 21.84 22.42 20.96 22.23 21.32 22.32 22.41 20.50 21.88 20.43 21.21 21.91 21.86
Na20 wt.% 0.28 0.26 0.32 0.28 0.32 0.31 0.32 0.37 0.22 0.29 0.33 0.27 0.35 0.30 0.37
Cr203 wt.% 0.38 0.46 0.41 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
V203 wt.% 0.07 0.04 0.06 0.01 <0.01 0.08 0.06 <0.01 <0.01 0.08 0.11 0.03 0.06 0.08 0.06
NiO wt.% 0.03 <0.01 0.01 <0.01 0.05 <0.01 0.13 <0.01 <0.01 0.04 0.04 0.06 <0.01 0.09 0.09
Total wt.% 100.11 98.99 99.99 100.56 99.70 100.81 100.17 100.33 99.29 98.24 100.11 98.20 99.27 99.86 99.25
Na ppm  0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.03 0.02 0.03
Al ppm  0.07 0.14 0.11 0.07 0.09 0.10 0.10 0.09 0.07 0.10 0.09 0.09 0.08 0.08 0.08
Mg ppm  0.89 0.94 0.88 0.86 0.90 0.86 0.91 0.85 0.88 0.91 0.87 0.89 0.84 0.87 0.87
Si ppm  1.98 1.87 191 1.96 1.94 1.92 191 1.95 1.94 1.92 1.93 1.93 1.95 1.95 1.94
Ca ppm  0.84 0.79 0.86 0.88 0.83 0.87 0.84 0.88 0.89 0.82 0.86 0.82 0.85 0.86 0.87
Mn ppm <0.01 <0.01 <0.01 0.01 0.01 <0.01 <0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ti ppm  0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.04 0.04 0.02 0.02
Fe2+ ppm  0.17 0.13 0.15 0.18 0.18 0.16 0.13 0.18 0.16 0.16 0.17 0.20 0.21 0.18 0.17
Fe3+ ppm <0.01 0.08 0.03 <0.01 0.01 0.03 0.05 <0.01 0.03 0.05 0.03 <0.01 <0.01 <0.01 0.02
Ni ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr ppm  0.01 0.01 0.01 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Li ppm <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <001 <0.01 <0.01 <0.01
S ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
\Y ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zr ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mg# 0.84 0.88 0.86 0.83 0.83 0.84 0.87 0.83 0.85 0.85 0.84 0.82 0.80 0.83 0.84

Sample BM-007 BM-007 BM-008 BM-008 BM-008 BM-008 BM-008 BM-008 BM-008 BM-008 BM-008 BM-010 BM-010 BM-010 BM-010
Drill Hole FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3
Rock Code Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt

Sio2 wt.% 51.99 52.95 51.63 51.94 51.77 51.00 52.62 53.46 51.75 49.85 51.70 54.46 52.80 52.01 53.28
Tio2 wt.% 0.58 0.68 2.29 0.99 0.89 1.18 1.01 1.03 1.10 0.94 0.92 0.63 0.94 1.05 0.78
Al203 W% 1.76 1.92 2.06 2.56 2.53 2.43 2.46 2.06 2.37 2.35 2.43 1.41 2.13 2.23 1.69
FeO wt.% 6.01 6.01 7.19 6.92 6.99 8.48 6.45 6.29 6.32 6.72 7.17 4.63 5.60 6.16 5.38
MnO wt.% 0.23 0.11 0.26 0.07 0.18 0.10 0.28 0.22 0.19 0.12 0.12 0.17 0.18 0.15 0.15
MgO wt.% 16.43 15.81 15.84 16.92 17.14 15.16 15.65 16.59 16.21 15.82 17.11 17.09 15.60 15.48 16.08
Ca0 wt.% 21.19 22.24 21.46 20.23 19.46 21.23 21.30 21.59 20.60 19.64 20.07 21.23 21.77 21.75 22.48
Na20 wt.% 0.39 0.34 0.29 0.30 0.38 0.38 0.40 0.31 0.37 0.26 0.39 0.24 0.32 0.33 0.29
Cr203 w.% N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
V203 wt.% 0.04 0.03 0.06 0.02 0.04 <0.01 0.06 0.07 0.09 0.03 0.02 0.02 0.08 0.06 0.08
NiO wt.% 0.02 0.02 0.07 0.02 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 0.04 <0.01 0.01 <0.01 <0.01

Total wt.%

98.62 100.11 101.15 99.95 99.37 99.95 100.25 101.61 99.00 9572 99.97 99.89 99.41 99.22 100.21

0.03 0.02 0.02 0.02 0.03 0.03 0.03 0.02 0.03 0.02 0.03 0.02 0.02 0.02 0.02
0.08 0.08 0.09 0.11 0.11 0.11 0.11 0.09 0.10 0.11 0.10 0.06 0.09 0.10 0.07
0.91 0.87 0.86 0.93 0.94 0.84 0.86 0.89 0.90 0.91 0.93 0.93 0.86 0.86 0.88
1.93 1.94 1.89 191 191 1.89 1.93 1.93 1.92 191 1.89 1.99 1.95 1.93 1.95
0.84 0.87 0.84 0.80 0.77 0.84 0.84 0.84 0.82 0.81 0.79 0.83 0.86 0.86 0.88
0.01 <0.01 0.01 <0.01 0.01 <0.01 0.01 0.01 0.01 <0.01 <0.01 0.01 0.01 <0.01 <0.01
0.02 0.02 0.06 0.03 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.03 0.03 0.02
0.13 0.17 0.20 0.17 0.16 0.18 0.20 0.18 0.18 0.19 0.14 0.14 0.17 0.19 0.16
0.06 0.01 0.02 0.04 0.05 0.08 <0.01 0.01 0.02 0.03 0.08 <0.01 <0.01 0.01 0.00
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001
N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <001 <0.01 <0.01 <0.01 <0.01 <0.01 <001
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01 <001

Na ppm
Al ppm
Mg ppm
Si ppm
Ca ppm
Mn ppm
Ti ppm
Fe2+ ppm
Fe3+ ppm
Ni ppm
Cr ppm
Li ppm
S ppm
\Y ppm
Zn ppm
Zr ppm
Mg#

0.87 0.84 0.82 0.85 0.85 0.82 0.81 0.83 0.84 0.83 0.87 0.87 0.83 0.82 0.84
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Sample BM-010 BM-010 BM-010 BM-010 BM-010 BM-010 BM-030 BM-030 BM-030 BM-030 BM-030 BM-030 BM-030 BM-030 BM-030
Drill Hole FD-3 FD-3 FD-3 FD-3 FD-3 FD-3 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6
Rock Code Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt

Sio2 wt.% 53.85 54.27 53.31 52.34 53.29 52.23 51.27 52.22 51.26 50.87 51.98 51.09 50.94 51.21 52.06
Tio2 wt.% 0.67 0.66 0.79 1.06 0.98 1.08 0.71 0.85 0.95 0.96 0.96 0.91 0.72 0.86 0.79
Al203 wt.% 1.39 1.47 2.02 2.59 2.58 2.63 1.86 1.73 1.83 2.01 2.20 211 1.95 1.58 1.82
FeO wt.% 5.50 5.62 6.08 5.49 5.96 5.59 5.29 5.36 5.71 5.75 5.70 5.39 5.48 5.24 5.51
MnO wt.% 0.18 0.12 0.18 0.22 0.13 0.22 0.16 0.13 0.15 0.16 0.21 0.18 0.15 0.11 0.17
MgO wt.% 16.81 16.62 15.62 15.89 16.08 16.26 15.15 15.46 15.06 15.03 15.38 14.76 16.48 15.38 15.13
Ca0 wt.% 21.16 21.15 21.45 22.27 22.08 22.14 22.10 21.88 22.66 21.59 22.07 22.15 20.17 22.20 21.89
Na20 wt.% 0.34 0.32 0.27 0.40 0.28 0.35 0.33 0.37 0.35 0.33 0.29 0.36 0.26 0.23 0.34
Cr203 wt.% N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
V203 wt.% 0.08 0.03 0.02 0.06 0.01 0.02 0.05 0.02 0.02 0.02 0.11 0.07 <0.01 0.07 0.03
NiO wt.% <0.01 <0.01 <0.01 <0.01 <0.01 0.10 <0.01 0.07 0.04 <0.01 <0.01 <0.01 <0.01 0.01 <0.01
Total wt.% 99.99 100.24 99.74 100.32 101.39 100.61 96.92 98.11 98.02 96.73 98.88 97.00 96.15 96.90 97.73
Na ppm  0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.03 0.03 0.02 0.02 0.03 0.02 0.02 0.02
Al ppm  0.06 0.06 0.09 0.11 0.11 0.11 0.08 0.08 0.08 0.09 0.10 0.09 0.09 0.07 0.08
Mg ppm  0.92 0.91 0.86 0.87 0.87 0.88 0.86 0.86 0.84 0.85 0.85 0.83 0.93 0.87 0.85
Si ppm  1.97 1.98 1.97 191 1.93 1.90 1.94 1.96 1.93 1.94 1.94 1.94 1.94 1.94 1.96
Ca ppm 0.83 0.83 0.85 0.87 0.86 0.86 0.90 0.88 0.91 0.88 0.88 0.90 0.82 0.90 0.88
Mn ppm  0.01 <0.01 0.01 0.01 <0.01 0.01 0.01 <0.01 <0.01 0.01 0.01 0.01 <0.01 <0.01 0.01
Ti ppm  0.02 0.02 0.02 0.03 0.03 0.03 0.02 0.02 0.03 0.03 0.03 0.03 0.02 0.02 0.02
Fe2+ ppm  0.17 0.17 0.19 0.14 0.18 0.13 0.16 0.17 0.14 0.18 0.18 0.17 0.16 0.16 0.17
Fe3+ ppm <0.01 <0.01 <0.01 0.03 <0.01 0.04 0.01 <0.01 0.04 0.01 <0.01 <0.01 0.02 0.01 <0.01
Ni ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr ppm  N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Li ppm <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <001 <0.01 <0.01 <0.01
S ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
\Y ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zr ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mg# 0.84 0.84 0.82 0.86 0.83 0.87 0.85 0.84 0.86 0.83 0.83 0.83 0.86 0.85 0.83

Sample BM-030 BM-030 BM-030 BM-030 BM-030 BM-030 BM-030 BM-030 BM-031 BM-031 BM-031 BM-031 BM-031 BM-031 BM-031
Drill Hole FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6
Rock Code Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt

Sio2 wt.% 50.84 53.40 51.85 52.02 53.22 53.25 52.21 52.99 51.43 48.87 50.97 52.96 52.25 52.18 52.76
Tio2 wt.% 0.67 0.75 0.95 0.62 0.66 0.69 0.80 0.80 1.00 0.79 0.92 0.31 0.61 0.70 0.75
AI203 wt.% 1.78 1.59 2.17 1.51 1.52 1.62 1.88 1.81 2.14 1.92 1.91 0.76 1.50 1.68 1.55
FeO wt.% 5.57 5.77 6.74 7.81 5.74 6.18 7.32 6.21 6.72 6.00 5.13 4.01 4.87 4.96 4.55
MnO wt.% 0.11 0.18 0.07 0.26 0.23 0.20 0.21 0.17 0.30 0.16 0.13 0.15 0.20 0.17 0.22
MgO wt.% 16.34 16.31 15.82 15.21 16.16 15.97 15.77 16.10 15.24 15.80 14.90 16.06 16.01 15.81 15.74
Ca0 wt.% 21.16 22.36 21.75 22.23 21.36 22.17 21.81 21.86 20.45 21.42 22.40 22.82 20.24 21.66 21.70
Na20 wt.% 0.31 0.34 0.38 0.20 0.36 0.31 0.33 0.33 0.38 0.26 0.33 0.18 0.20 0.28 0.29
Cr203 w.% N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
V203 wt.% 0.07 <0.01 0.15 0.06 0.03 0.08 0.10 0.05 0.01 <0.01 <0.01 0.02 0.02 0.13 0.06
NiO wt.% 0.03 <0.01 0.11 <0.01 0.03 <0.01 <0.01 0.04 <0.01 0.05 <0.01 0.07 0.09 <0.01 <0.01
Total wt.% 96.88 100.70 99.97 99.91 99.31 100.45 100.42 100.36 97.67 95.27 96.71 97.32 95.99 97.56 97.62
Na ppm  0.02 0.02 0.03 0.01 0.03 0.02 0.02 0.02 0.03 0.02 0.02 0.01 0.01 0.02 0.02
Al ppm  0.08 0.07 0.09 0.07 0.07 0.07 0.08 0.08 0.10 0.09 0.09 0.03 0.07 0.07 0.07
Mg ppm  0.92 0.89 0.87 0.84 0.89 0.87 0.86 0.88 0.86 0.91 0.84 0.90 0.91 0.89 0.88
Si ppm  1.92 1.95 191 1.93 1.97 1.95 1.92 1.94 1.94 1.88 1.94 1.99 2.00 1.96 1.98
Ca ppm  0.86 0.87 0.86 0.88 0.85 0.87 0.86 0.86 0.83 0.88 0.91 0.92 0.83 0.87 0.87
Mn ppm  <0.01 0.01 <0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 <0.01 <0.01 0.01 0.01 0.01
Ti ppm  0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.03 0.01 0.02 0.02 0.02
Fe2+ ppm  0.11 0.15 0.15 0.19 0.18 0.18 0.16 0.17 0.21 0.07 0.15 0.13 0.16 0.16 0.14
Fe3+ ppm  0.06 0.02 0.06 0.06 <0.01 0.01 0.06 0.02 <0.01 0.13 0.01 <0.01 <0.01 <0.01 <0.01
Ni ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr ppm  N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Li ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
S ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
\Y ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zr ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mg# 0.89 0.85 0.85 0.82 0.83 0.83 0.84 0.84 0.80 0.93 0.85 0.88 0.85 0.85 0.86
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Sample BM-031 BM-031 BM-031 BM-031 BM-031 BM-031 BM-031 BM-031 BM-031 BM-031 BM-031 BM-038 BM-038 BM-038 BM-038
Drill Hole FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-6 FD-12 FD-12 FD-12 FD-12
Rock Code Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt

Sio2 wt.% 52.10 52.14 52.31 52.39 51.37 52.10 51.97 52.37 52.81 52.21 53.69 53.28 50.52 52.14 51.00
Tio2 wt.% 0.64 0.97 1.16 1.00 0.88 0.43 0.49 0.61 0.83 0.79 0.57 0.47 1.23 0.80 0.87
Al203  wt.% 1.30 1.97 2.13 2.01 1.93 1.39 1.58 1.57 1.59 212 1.59 171 1.85 2.20 2.63
FeO wt.% 4.80 6.44 6.03 6.46 5.51 5.14 6.22 5.39 6.23 5.98 5.43 4.19 5.66 4.97 4.83
MnO wt.% 0.22 0.30 0.18 0.13 0.19 0.19 0.08 0.16 0.20 0.14 0.11 0.16 0.18 0.08 0.16
MgO wt.% 16.49 15.88 15.51 15.71 15.71 17.28 16.88 16.47 16.08 16.12 17.50 16.13 16.20 15.66 15.28
Ca0 wt.% 21.52 21.45 22.47 21.90 21.34 21.32 20.27 20.87 21.50 21.63 20.39 22.82 21.36 21.85 21.52
Na20 wt.% 0.22 0.26 0.33 0.32 0.24 0.20 0.35 0.30 0.39 0.35 0.26 0.28 0.27 0.34 0.39
Cr203 wt.% N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
V203 wt.% 0.01 0.03 0.06 0.09 0.09 0.03 0.04 0.01 0.06 0.03 0.03 <0.01 <0.01 <0.01 0.10
NiO wt.% 0.08 <0.01 0.06 0.07 <0.01 0.03 0.02 0.03 0.05 <0.01 <0.01 <0.01 <0.01 0.06 0.13
Total wt.% 97.38 99.44 100.25 100.06 97.26 98.10 97.89 97.77 99.73 99.36 99.57 99.04 97.26 98.09 96.89
Na ppm  0.02 0.02 0.02 0.02 0.02 0.01 0.03 0.02 0.03 0.03 0.02 0.02 0.02 0.02 0.03
Al ppm  0.06 0.09 0.09 0.09 0.09 0.06 0.07 0.07 0.07 0.09 0.07 0.07 0.08 0.10 0.12
Mg ppm  0.92 0.88 0.85 0.86 0.88 0.96 0.94 0.92 0.88 0.89 0.96 0.89 0.91 0.87 0.86
Si ppm  1.96 1.93 1.92 1.93 1.94 1.94 1.94 1.96 1.95 1.93 1.97 1.97 1.91 1.95 1.93
Ca ppm  0.87 0.85 0.88 0.86 0.86 0.85 0.81 0.84 0.85 0.86 0.80 0.90 0.86 0.87 0.87
Mn ppm  0.01 0.01 0.01 <0.01 0.01 0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 0.01 <0.01 0.01
Ti ppm  0.02 0.03 0.03 0.03 0.03 0.01 0.01 0.02 0.02 0.02 0.02 0.01 0.03 0.02 0.02
Fe2+ ppm 0.14 0.18 0.17 0.18 0.17 0.11 0.15 0.17 0.17 0.15 0.17 0.13 0.12 0.16 0.15
Fe3+ ppm  0.01 0.02 0.02 0.02 <0.01 0.05 0.04 <0.01 0.02 0.03 <0.01 <0.01 0.06 <0.01 <0.01
Ni ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr ppm  N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Li ppm <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <001 <0.01 <0.01 <0.01
S ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
\Y ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zr ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mg# 0.87 0.83 0.84 0.83 0.84 0.90 0.86 0.84 0.84 0.85 0.85 0.87 0.88 0.85 0.85
Sample BM-038 BM-038 BM-038 BM-038 BM-038 BM-038 XX-R-29 XX-R-29 XX-R-29 XX-R-29 XX-R-29 XX-R-29 XX-R-29
Drill Hole FD-12 FD-12 FD-12 FD-12 FD-12 FD-12 FD-12 FD-12 FD-12 FD-12 FD-12 FD-12 FD-12
Rock Code Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt
Sio2 wt.% 53.15 53.67 53.13 5301 5325 52.13 52.58 51.94 54.38 53.58 53.66 52.44 51.05
Ti02  wt.% 0.61 0.51 0.71 0.55 0.81 0.65 0.55 0.55 0.66 0.67 0.67 1.00 0.80
Al203  wt.% 1.60 1.30 1.97 1.89 1.93 1.61 1.64 211 1.10 1.78 1.60 2.86 1.82
FeO wt.% 4.54 4.53 5.16 4.32 4.55 4.64 5.26 4.82 3.84 4.28 4.76 5.02 6.70
MnO wt.% 0.07 0.14 0.16 0.14 0.10 0.16 0.13 0.07 0.19 0.07 0.17 0.16 0.19
MgO wt.% 16.58 16.52 16.19 16.56 16.54 16.69 15.73 17.07 16.34 15.93 15.91 15.06 15.36
CaO wt.% 23.24 23.41 22.98 22.66 23.32 23.12 22.57 21.22 23.63 23.04 23.16 22.40 22.30
Na20 wt.% 0.34 0.27 0.33 0.34 0.34 0.32 0.36 0.27 0.27 0.27 0.34 0.36 0.27
Cr203  wt.% N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
V203  wt.% 0.03 0.04 0.04 0.04 <0.01 0.06 0.04 <0.01 0.05 <0.01 0.06 0.02 0.04
NiO wt.% 0.03 <0.01 <0.01 0.05 0.07 <0.01 0.01 <0.01 <0.01 <0.01 0.05 0.10 0.02
Total wt.% 100.19 100.39 100.66 99.56 100.89 99.37 98.90 98.05  100.45 99.62  100.40  99.42 98.55
Na * 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.03 0.02
Al * 0.07 0.06 0.08 0.08 0.08 0.07 0.07 0.09 0.05 0.08 0.07 0.12 0.08
Mg * 0.90 0.90 0.88 0.91 0.89 0.91 0.87 0.95 0.89 0.87 0.87 0.83 0.86
Si * 1.94 1.96 1.93 1.94 1.93 1.92 1.95 1.93 1.98 1.97 1.96 1.94 191
Ca * 0.91 0.91 0.90 0.89 0.91 0.91 0.90 0.84 0.92 0.91 0.91 0.89 0.89
Mn * <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 0.01 <0.01 0.01
Ti * 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02
Fe2+ * 0.09 0.12 0.13 0.11 0.10 0.06 0.14 0.11 0.12 0.13 0.15 0.16 0.14
Fe3+ * 0.04 0.02 0.03 0.02 0.04 0.08 0.02 0.04 <0.01 <0.01 <0.01 <0.01 0.07
Ni * <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr * N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Li * <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Sc * <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
\% * <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn * <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zr * <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mg# * 0.90 0.89 0.87 0.89 0.90 0.94 0.86 0.89 0.88 0.87 0.86 0.84 0.86
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Appendix 2: Amphibole compositions.

Sample BM-013 BM-013 BM-016 BM-016 BM-016 XX-R-16 XX-R-16 XX-R-16 XX-R-16 BM-011 BM-011 BM-011 BM-011
Drill Hole FD-9 FD-9 FD-9 FD-9 FD-9 FD-5 FD-5 FD-5 FD-5 FD-3 FD-3 FD-3 FD-3
Rock Code Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt

Sio2 wt.% 58.20 5844 5651 56.42  55.87 59.07 57.97 58.27 5859  57.28 56.44 57.28 57.43
Tio2 wt.% 0.04 0.07 0.10 0.04 0.02 <0.01 <0.01 <0.01 0.03 <0.01 0.01 0.02 <0.01
Al203  wt.% 0.16 0.09 1.56 1.34 1.06 0.02 0.05 0.02 0.07 0.21 0.25 0.27 0.05
FeO wt.% 651 6.62 8.65 8.87 8.91 6.63 7.68 7.03 7.74 5.67 7.50 6.42 5.70
MnO wt.% 0.15 0.13 0.19 0.23 0.21 0.16 0.18 0.13 0.30 0.11 0.08 0.12 0.15
MgO wt.% 20.70 20.12 1835 17.79 18.01 20.57 20.43 20.19 20.33 20.88 19.85 20.39 21.18
Ca0 wt.% 12.80 12.71 1185 12.27 1256 12.82 12.38 12.17 12.15 1291 1247 1278 12.86
Na20  wt.% 0.09 0.12 0.54 0.32 0.22 0.00 0.08 0.06 0.05 0.05 0.05 0.12 0.07
K20 wt.% 0.09 0.04 0.08 0.10 0.07 0.03 <0.01 0.05 <0.01 0.05 0.09 0.06 0.06
F wt.% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
cl wt.% 0.01 0.02 <0.01 <0.01 0.05 <0.01 <0.01 0.01 0.02 0.01 <0.01 <0.01 <0.01
V203  wt.% <0.01 0.04 0.05 0.03 0.04 0.04 <0.01 <0.01 0.04 <0.01 0.03 <0.01  <0.01
NiO wt.% 0.06 <0.01 <0.01 0.01 0.01 0.01 0.04 <0.01 0.02 <0.01 <0.01 0.07 <0.01
Total wt.% 98.81 9840 97.87 9742 97.03 99.35 98.80 97.94 99.35 97.17 9675 97.50 97.49
OH ppm  2.00 2.00 2.00 2.00 1.99 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Cl ppm <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
F ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Si ppm  8.01 8.07 7.93 7.96 7.94 8.07 8.01 8.08 8.04 7.99 7.98 7.99 7.99
Al ppm  0.03 0.02 0.26 0.22 0.18 <0.01 0.01 <0.01 0.01 0.03 0.04 0.04 0.01
Ti ppm <0.01 0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
\% ppm <0.01  <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Sc ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01  <0.01 <0.01 <0.01 <0.01
Mn3+ ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zr ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mg ppm  4.25 4.14 3.84 3.74 3.82 4.19 4.21 4.18 4.16 4.35 4.18 4.24 4.39
Zn ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Ni ppm  0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01  <0.01 <0.01 0.01 <0.01
Co ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Fe2+ ppm 0.75 0.76 1.01 1.05 1.06 0.76 0.89 0.82 0.89 0.66 0.89 0.75 0.66
Mn2+ ppm  0.02 0.02 0.02 0.03 0.03 0.02 0.02 0.01 0.04 0.01 0.01 0.01 0.02
Li ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Ca ppm  1.89 1.88 1.78 1.86 1.91 1.88 1.83 1.81 1.79 1.93 1.89 1.91 1.92
Sr ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Ba ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Na ppm  0.03 0.03 0.15 0.09 0.06 <0.01 0.02 0.02 0.01 0.01 0.01 0.03 0.02
K ppm  0.02 0.01 0.02 0.02 0.01 <0.01 <0.01 0.01 <0.01 0.01 0.02 0.01 0.01
Rb ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cs ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mg# 0.85 0.84 0.79 0.78 0.78 0.85 0.83 0.84 0.82 0.87 0.83 0.85 0.87
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Sample BM-019 BM-019 BM-042 BM-042 BM-042 BM-042 BM-042 BM-027 BM-027 BM-027 BM-009 BM-009 BM-010
Drill Hole FD-9 FD-9 FD-5 FD-5 FD-5 FD-5 FD-5 FD-6 FD-6 FD-6 FD-3 FD-3 FD-3
Rock Code Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt  OI-Cpxt OI-Cpxt  Wrlt

Sio2 wt.% 57.95 58.42 57.54 57.67 56.20 58.45 57.65 58.06 57.66 56.98 55.60 56.62 58.30
Tio2 wt.% 0.04 <0.01 <0.01 <0.01 0.09 0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.03 <0.01
AI203  wt.% 0.09 0.07 0.18 0.13 1.84 0.04 0.06 0.12 0.14 0.09 0.50 0.10 0.11
FeO wt.% 5.93 5.39 7.71 6.63 6.57 6.43 7.51 6.46 5.81 5.72 5.61 5.40 5.94
MnO wt.% 0.01 0.20 0.17 0.14 0.21 0.13 0.13 0.19 0.19 0.09 0.17 0.18 0.17
MgO wt.% 21.21 21.70 19.84 20.12 20.25 20.57 20.02 19.98 19.88 19.96 20.32 19.91 20.88
CaO wt.% 12.70 12.80 12.66 12.77 12.54 13.13 12.71 12.97 12.88 13.12 12.66 12.80 12.50
Na20 wt.% 0.08 0.11 0.03 0.15 0.35 0.02 0.23 0.05 0.12 0.06 0.06 0.14 0.02
K20 wt.% 0.09 0.05 0.05 0.03 <0.01 0.03 0.03 0.06 0.06 0.03 0.05 0.06 0.07
F wt.% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cl wt.% 0.01 <0.01 <0.01 0.07 0.01 0.01 0.01 0.01 <0.01 0.02 <0.01 <0.01 <0.01
V203 wt.% 0.01 <0.01 0.04 0.02 0.09 0.03 <0.01 0.03 <0.01 0.05 0.02 <0.01 0.01
NiO wt.% <0.01 <0.01 <0.01 <0.01 0.04 0.07 0.03 <0.01 0.09 0.01 <0.01 0.04 0.01
Total wt.% 98.11 98.73 98.22 97.73  98.19 98.91 98.37 97.89 96.82  96.12 9502 95.28 97.98
OH ppm  2.00 2.00 2.00 1.98 2.00 2.00 2.00 2.00 2.00 1.99 2.00 2.00 2.00
Cl ppm <0.01 <0.01 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01
F ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Si ppm  8.01 8.01 8.01 8.04 7.81 8.03 8.01 8.06 8.07 8.04 7.95 8.05 8.05
Al ppm  0.01 0.01 0.03 0.02 0.30 0.01 0.01 0.02 0.02 0.01 0.08 0.02 0.02
Ti ppm  <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
\Y% ppm <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01
S ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mn3+ ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zr ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mg ppm  4.37 4.43 4.12 4.18 4.19 4.22 4.15 4.13 4.15 4.20 4.33 4.22 4.30
Zn ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Ni ppm <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01
Co ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Fe2+ ppm  0.69 0.62 0.90 0.77 0.76 0.74 0.87 0.75 0.68 0.67 0.67 0.64 0.69
Mn2+  ppm <0.01 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.01 0.02 0.02 0.02
Li ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Ca ppm 1.88 1.88 1.89 191 1.87 1.93 1.89 1.93 1.93 1.99 1.94 1.95 1.85
Sr ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Ba ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Na ppm  0.02 0.03 0.01 0.04 0.10 0.01 0.06 0.01 0.03 0.02 0.02 0.04 0.01
K ppm  0.02 0.01 0.01 0.01 <0.01 0.01 <0.01 0.01 0.01 0.01 0.01 0.01 0.01
Rb ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cs ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mg# 0.86 0.88 0.82 0.84 0.85 0.85 0.83 0.85 0.86 0.86 0.87 0.87 0.86
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Sample BM-010 BM-010 BM-010 BM-010 BM-010 XX-R-029 XX-R-029 BM-007 BM-007 BM-007 BM-007 BM-007 BM-008
Drill Hole FD-3 FD-3 FD-3 FD-3 FD-3 FD-12 FD-12 FD-3 FD-3 FD-3 FD-3 FD-3 FD-3
Rock Code Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt

Sio2 wt.% 57.85 58.77 58.12 57.53 57.39 58.71 58.92 58.06 58.64 56.47 58.57 58.00 58.15
Tio2 wt.% 0.03 <0.01 0.04 0.13 0.06 0.04 <0.01 0.05 <0.01 0.09 <0.01 0.01 0.04
AI203  wt.% 0.06 0.10 0.13 0.27 0.17 0.08 0.04 0.15 0.04 0.08 0.08 0.11 0.06
FeO wt.% 5.44 5.38 5.85 5.86 6.27 4.65 4.08 5.60 4.30 7.69 4.48 571 4.48
MnO wt.% 0.09 0.18 0.29 0.24 0.21 0.07 0.19 0.10 0.15 0.17 0.12 0.14 0.20
MgO wt.% 20.93 21.08 20.71 20.62 20.60 22.08 21.95 21.20 21.84 20.60 21.99 21.74 21.37
CaO wt.% 13.06 12.84 12.77 12.71 12.65 13.35 13.50 12.95 13.44 12.59 13.20 13.11 13.38
Na20 wt.% 0.07 0.12 0.09 0.14 0.12 0.02 0.00 0.01 0.05 0.00 0.04 0.00 0.04
K20 wt.% 0.01 0.04 0.05 0.05 0.08 0.01 0.01 0.02 <0.01 0.01 0.03 <0.01 <0.01
F wt.% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cl wt.% <0.01 0.02 0.00 <0.01 0.02 <0.01 <0.01 <0.01 0.02 0.02 <0.01 0.01 <0.01
V203 wt.% 0.02 0.03 <0.01 <0.01 0.06 0.02 0.01 0.02 0.01 <0.01 0.02 <0.01 0.06
NiO wt.% 0.16 <0.01 <0.01 0.09 <0.01 <0.01 0.02 0.02 <0.01 0.02 0.03 0.03 0.02
Total wt.% 97.71 98.55 98.04 97.62 97.62 99.03 98.73 98.17 98.48 97.71 98.54 98.87 97.79
OH ppm  2.00 2.00 2.00 2.00 1.99 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Cl ppm <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
F ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Si ppm  8.02 8.06 8.04 8.00 8.00 8.00 8.03 8.01 8.02 7.92 8.01 7.96 8.02
Al ppm  0.01 0.02 0.02 0.04 0.03 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.01
Ti ppm  <0.01 <0.01 <0.01 0.01 0.01 <0.01 <0.01 0.01 <0.01 0.01 <0.01 <0.01 <0.01
\Y% ppm <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01
S ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mn3+ ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zr ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mg ppm  4.33 431 4.27 4.27 4.28 4.49 4.46 4.36 4.46 431 4.48 4.45 4.40
Zn ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Ni ppm  0.02 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Co ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Fe2+ ppm  0.63 0.62 0.68 0.68 0.73 0.53 0.47 0.65 0.49 0.90 0.51 0.65 0.52
Mn2+  ppm  0.01 0.02 0.03 0.03 0.03 0.01 0.02 0.01 0.02 0.02 0.01 0.02 0.02
Li ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Ca ppm  1.94 1.89 1.89 1.89 1.89 1.95 1.97 1.91 1.97 1.89 1.93 1.93 1.98
Sr ppm  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Ba ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Na ppm  0.02 0.03 0.02 0.04 0.03 0.01 <0.01 <0.01 0.01 <0.01 0.01 <0.01 0.01
K ppm <0.01 0.01 0.01 0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Rb ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cs ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mg# 0.87 0.87 0.86 0.86 0.85 0.89 0.91 0.87 0.90 0.83 0.90 0.87 0.89
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Appendix 3: Sulfide compositions.

e Pyrrhotite:

Sample BM-038 BM-038 BM-038 BM-038 BM-013 BM-013 XX-R-16 XX-R-16 BM-042 BM-042 BM-042 BM-042 BM-041
Drill Hole FD-12 FD-12 FD-12 FD-12 FD-9 FD-9 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5
Rock Code Wrlt Wrlt Wrlt Wrlt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Wrlt

Mineral Po Po Po Po Po Po Po Po Po Po Po Po Po

As wt.% <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn wt.% 0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 <0.01
S wt.% 39.85 40.22 38.36 40.02 40.51 4058  40.73 38.36 39.56 39.33 39.66 39.36 38.94
Pb wt.% 0.21 0.11 0.11 0.10 0.14 0.06 0.17 0.11 0.15 0.23 0.07 0.14 0.07
Fe wt.% 52.39 50.83 52.27 54.35 55.67 55.30 56.40 54.65 58.32 58.16 58.62 57.65 58.26
Cu wt.% <0.01 <0.01 0.12 0.21 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Pt wt.% <0.01 <0.01 <0.01 0.01 <0.01 <0.01  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr wt.% 0.02 0.05 0.62 0.04 0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 0.03
Co wt.% 0.04 0.13 0.06 0.10 0.05 0.10 0.08 0.03 0.08 0.11 0.09 0.09 0.12
Ni w.% 2.27 2.94 2.20 2.78 1.56 2.31 0.57 1.13 0.66 0.36 0.38 0.40 0.51
Total wt.% 94.78 94.28 93.74 97.61 97.95 98.34 97.94 94.27 98.77 98.19 98.83 97.66 97.93

Sample BM-041 BM-041 BM-041 BM-027 BM-027 BM-027 BM-027 BM-009 BM-009 BM-030 BM-030 BM-010 BM-010
Drill Hole FD-5 FD-5 FD-5 FD-6 FD-6 FD-6 FD-6 FD-3 FD-3 FD-6 FD-6 FD-3 FD-3
Rock Code Wrlt Wrlt Wrlt Cpxt Cpxt Cpxt Cpxt OIl-Cpxt OI-Cpxt ~ Wrlt Wrlt Wrlt Wrlt

Mineral Po Po Po Po Po Po Po Po Po Po Po Po Po

As wt.% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn wt.% 0.02 0.01 0.01 <0.01 <0.01 <0.01 <0.01 0.05 0.09 <0.01 <0.01 <0.01 <0.01
S wt.% 39.08 38.88 39.17 37.66 38.17 38.32 38.88 40.48 39.66 37.67 37.67 38.98 39.17
Pb wt.% 0.18 0.14 0.19 0.07 0.17 0.06 0.16 0.13 0.11 0.12 0.12 0.13 0.20
Fe wt.% 57.81 58.47 57.36 58.71 59.21 59.62 58.87 56.05 56.81 58.91 58.91 58.74 58.26
Cu wt.% 0.29 0.04 0.02 <0.01 <0.01 0.03 <0.01 0.02 <0.01 0.05 0.05 <0.01 <0.01
Pt wt.% <0.01 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr wt.% <0.01 <0.01 0.02 0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01  <0.01 0.01
Co wt.% 0.13 0.07 0.08 0.06 0.07 0.09 0.08 0.07 0.06 0.09 0.09 0.06 0.07
Ni wt.% 0.54 0.38 0.48 0.63 0.64 0.16 0.32 0.86 0.48 0.39 0.39 0.47 0.51
Total wt.% 98.04 9797 97.34 97.13 98.26 98.28  98.31 97.65 97.22 97.22 9722  98.38  98.22

Sample BM-010 BM-010 BM-041 BM-041 BM-042 BM-042 BM-042 BM-042 BM-013 BM-013 BM-013 XX-R-30 BM-033
Drill Hole FD-3 FD-3 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-9 FD-9 FD-9 FD-12 FD-12
Rock Code Wrlt Wrlt Wrlt Wrlt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Dun OI-Cpxt

Mineral Po Po Po Po Po Po Po Po Po Po Po Po Po

As wt.% <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn wt.% <0.01 <0.01 0.01 0.01 0.05 <0.01 <0.01 0.03 0.01 <0.01 <0.01 0.06 0.08
S wt.% 39.19 39.07 3838 3825 39.10 39.21  38.86 38.97 3892 3811 39.85 48.24  34.83
Pb wt.% 0.14 0.03 0.20 0.03 0.09 0.15 0.16 0.15 0.16 0.14 0.05 0.08 0.16
Fe wt.% 57.90 58.20 57.80 58.16 58.77 58.76 58.80 58.56 57.75 62.41 61.17 50.43 60.71
Cu wt.% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.08 0.02
Pt wt.% <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01
Cr wt.% 0.02 <0.01 0.02 <0.01 <0.01 0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 0.03
Co wt.% 0.12 0.08 0.09 0.05 0.06 0.07 0.09 0.06 0.10 0.14 0.06 0.06 0.07
Ni wt.% 0.65 0.64 0.46 0.49 0.57 0.44 0.29 0.32 0.70 0.75 0.51 0.38 0.45
Total wt.% 98.01 98.01 96.95 97.00 98.63 98.64 98.20 98.08 97.63 101.55 101.64 99.33 96.36
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Sample BM-033 XX-R-03 XX-R-03 XX-R-03 XX-R-03 XX-R-03 XX-R-03 XX-R-03 XX-R-03 XX-R-03 XX-R-03 XX-R-03 XX-R-03
Drill Hole FD-12 FD-2 FD-2 FD-2 FD-2 FD-2 FD-2 FD-2 FD-2 FD-2 FD-2 FD-2 FD-2
Rock Code Ol-Cpxt  Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt

Mineral Po Po Po Po Po Po Po Po Po Po Po Po Po

As wt.% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn wt.% <0.01 <0.01 <0.01 0.09 0.13 <0.01 <0.01 <0.01 <0.01 0.09 0.13 <0.01 <0.01
S wt.% 39.87 38.75 39.21 38.11 39.88 38.37 38.52 38.75 39.21 38.11 39.88 38.37 38.52
Pb wt.% 0.14 0.08 0.13 0.15 0.19 0.17 0.07 0.08 0.13 0.15 0.19 0.17 0.07
Fe wt.% 60.77 57.22 57.22 58.76 56.34 56.87 58.64 57.22 57.22 58.76 56.34 56.87 58.64
Cu wt.% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Pt wt.% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr wt.% <0.01 <0.01 0.03 <0.01 <0.01 0.01 0.01 <0.01 0.03 <0.01 <0.01 0.01 0.01
Co wt.% 0.05 0.07 0.04 0.07 0.09 0.08 0.04 0.07 0.04 0.07 0.09 0.08 0.04
Ni wt.% 0.51 0.79 0.46 0.70 0.50 1.10 0.38 0.79 0.46 0.70 0.50 1.10 0.38
Total wt.% 101.35 96.92 97.09 97.87 97.13 96.60 97.67 96.92 97.09 97.87 97.13 96.60 97.67

e Pentlandite:

Sample BM-042 BM-042 BM-027 BM-027 BM-027 BM-027 BM-034 BM-010 BM-010 BM-042 BM-042 BM-042 BM-013
Drill Hole FD-5 FD-5 FD-6 FD-6 FD-6 FD-6 FD-12 FD-3 FD-3 FD-5 FD-5 FD-5 FD-9
Rock Code Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Wrlt Wrlt Cpxt Cpxt Cpxt Cpxt

Mineral Pn Pn Pn Pn Pn Pn Pn Pn Pn Pn Pn Pn Pn

As wt.% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn Wwt.% <001 <001 <0.01 <0.01 002 007 006 <00l <001 003 <001 <0.01 0.05
S wt.% 33.77 33.36 3199 32,14 3226 3246  39.92 32.61 3278 3275 33.77 35.00 32.98
Pb wt.% 0.04 0.17 0.10 0.02 0.11 0.01 0.22 0.19 0.06 0.02 0.13 0.03 0.18
Fe wt.% 30.03 26.74 27.72 27.81 27.79  27.71 2454  27.58 27.60 2743 2731 29.12 24.73
Cu wt.% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Pt wt.% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
cr w% 002 00l <001 <001 002 003 001 <00l <00l 003 <001 <0.01 001
Co wt.% 2.02 1.87 1.60 1.90 2.04 1.77 1.23 2.68 2.69 2.08 2.25 2.63 1.58
Ni wt.% 28.80 34.34 3458 3548 3473 3479  29.99 3486 34.65 40.13 3830 3445 35.07
Total wt.% 94.67 96.49 96.00 97.34 96.96 96.84 95.97 97.91 97.79 102.46 101.77 101.23 94.60

Sample BM-013 BM-013 BM-013 BM-013 BM-013 BM-013 BM-013 BM-013 BM-033 BM-010 BM-010
Drill Hole FD-9 FD-9 FD-9 FD-9 FD-9 FD-9 FD-9 FD-9 FD-12  FD-3 FD-3
Rock Code Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt  OI-Cpxt  Wrlt Wrlt

Mineral Pn Pn Pn Pn Pn Pn Pn Pn Pn Pn

As wt.% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn wt.% <0.01 <0.01 <0.01 <0.01 0.01 0.03 <0.01 <0.01 0.01 <0.01 0.06
S wt.% 32.42 32,62 33.60 33.64 34.15 33,57 3321 34.62 3453 33.28 31.47
Pb wt.% 0.06 0.07 0.20 0.12 0.04 0.08 0.17 0.20 0.09 0.15 0.07
Fe wt.% 26.89 27.09 25.74 26.69 26.39 2842 2890 27.38 28.75 28.98 31.23
Cu wt.% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Pt wt.% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01
Cr wt.% 0.01 <0.01 0.01 <0.01 <0.01 0.01 <0.01 <0.01 0.01 0.01 <0.01
Co wt.% 0.72 1.39 1.15 0.52 0.79 0.78 0.91 0.96 2.35 2.75 2.37
Ni wt.% 38.46 39.57 3851 3959 3651 3838 3755 36.31 3445 36.14 33.80
Total wt.% 98.56 100.74 99.20 100.56 97.89 101.26 100.75 99.46 100.19 101.32 99.01
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e Chalcopyrite:

Sample XX-R-13 XX-R-13 BM-007 XX-R-16 XX-R-16 XX-R-16 XX-R-16 XX-R-28 XX-R-28 XX-R-28 XX-R-28 BM-038 BM-042
Drill Hole FD-5 FD-5 FD-3 FD-5 FD-5 FD-5 FD-5 FD-7 FD-7 FD-7 FD-7 FD-12 FD-5
Rock Code Cpxt Cpxt Wrlt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Wrlt Cpxt

Mineral Ccp Cecp Ccp Cecp Cecp Cecp Ccp Ccp Ccp Ccp Ccp Ccp Ccp

As wt.% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn wt.% <0.01 <0.01 <0.01 0.12 0.05 0.14 <0.01 0.07 0.08 0.14 0.06 <0.01 <0.01
S wt.% 34.77 34.15 34.31 34.26 34.28 33.90 34.24 34.11 33.94 34.14 34.23 33.69  34.20
Pb wt.% 0.11 0.11 0.20 0.03 0.20 0.13 0.14 0.05 0.05 0.19 0.08 0.15 0.07
Fe wt.% 29.60 29.28 29.41 29.44 29.87 29.57 29.19 29.60 29.73 29.27 29.40 28.70  29.42
Cu wt.% 34.32 34.00 34.32 34.56 34.84 33.93 34.35 34.24 34.65 34.63 34.48 32.99 34.68
Pt wt.% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr wt.% <0.01 0.01 <0.01 0.02 <0.01 0.01 <0.01 <0.01 0.01 <0.01 <0.01 0.18 <0.01
Co wt.% <0.01 0.05 0.05 0.03 0.03 0.04 0.01 0.06 0.03 0.05 0.02 0.04 0.05
Ni wt.% <0.01 0.10 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 <0.01 <0.01
Total wt.% 98.80 97.70 98.28 98.45 99.26 97.73 97.93 98.13 98.48 98.44 98.27 95.75  98.43

Sample BM-042 BM-042 BM-034 BM-041 BM-041 BM-041 BM-041 BM-038 BM-038 BM-038 BM-034 BM-010 BM-010
Drill Hole FD-5 FD-5 FD-12 FD-5 FD-5 FD-5 FD-5 FD-12 FD-12 FD-12 FD-12 FD-3 FD-3
Rock Code Cpxt Cpxt Cpxt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Wrlt Cpxt Wrlt Wrlt

Mineral Ccp Ccp Cecp Cecp Ccp Ccp Ccp Ccp Ccp Ccp Ccp Ccp Cep

As wt.% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn wt.%  0.07 0.10 0.08 0.11 0.03 <0.01 0.09 0.05 0.10 0.05 0.18 0.01 <0.01
S wt.% 34.23 34.34 34.80 33.95 34.11 34.12 34.25 34.20 34.16 33.68 34.49 3415 34.13
Pb wt.%  0.05 0.13 0.06 <0.01 0.13 0.15 0.13 0.14 0.08 0.10 0.07 0.12 0.19
Fe wt.% 29.85 29.75 29.81 29.51 29.74 29.45 30.02 29.47 29.76 29.41 29.75 29.49  29.87
Cu wt.% 34.57 3451 34.67 34.53 34.42 34.43 3431 34.15 34.07 33.88 34.63 3435 34.61
Pt wt.% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr wt.%  0.01 <0.01 0.01 0.02 <0.01 0.01 <0.01 <0.01 0.03 0.01 <0.01 0.02 <0.01
Co wt.%  0.04 0.05 0.04 0.01 0.03 0.04 0.03 0.04 0.04 0.06 0.03 0.04 0.06
Ni wt.%  0.08 <0.01 0.03 <0.01 0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01
Total wt.% 98.90 98.88 99.50 98.12 98.46 98.19 98.82 98.05 98.25 97.19 99.16 98.18  98.87

Sample BM-041 BM-041 BM-041 BM-042 BM-042 BM-013 BM-013 BM-013 BM-013 BM-013 BM-013 XX-R-30 XX-R-30 XX-R-30 BM-033 BM-010 BM-010
Drill Hole FD-5 FD-5 FD-5 FD-5 FD-5 FD-9 FD-9 FD-9 FD-9 FD-9 FD-9 FD-12 FD-12 FD-12 FD-12 FD-3 FD-3
Rock Code Wrlt Wrlt Wrlt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Dun Dun Dun Ol-Cpxt ~ Wrlt Wrlt

Mineral Ccp Ccp Ccp Ccp Ccp Ccp Ccp Ccp Ccp Ccp Ccp Ccp Ccp Ccp Ccp Ccp Ccp

As wt.% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn wt.% 0.09 0.11 0.12 <0.01 0.13 0.18 0.19 0.06 0.16 0.10 0.61 0.08 <0.01 0.10 0.08 0.03 <0.01
S wt.% 34.16 3424 3433 3388 3425 3234 3187 3240 3290 34.67 34.38 34.31 33.38 34.22 3413 3479 3443
Pb wt.% 0.11 0.09 0.17 0.01 0.16 0.12 0.12 0.13 0.08 0.08 0.16 0.09 0.13 0.17 0.17 0.16 0.13
Fe wt.% 29.64 29.17 29.71 29.22 29.21 28.96 28.46 28.95 29.29 32.64 31.80 32.40 32.41 31.85 29.84 32.32 32.60
Cu wt.% 34.43 34.14 34.32 34.38 34.18 34.14 33.66 33.75 34.39 35.21 33.94 33.94 32.94 32.88 31.01 33.67 34.61
Pt wt.% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr wt.% 0.03 0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.02 <0.01 <0.01 0.02 <0.01 <0.01 <0.01 0.01
Co wt.% 0.02 0.03 0.02 0.01 0.06 0.02 0.02 0.03 0.02 0.05 0.08 0.03 0.06 0.04 0.06 0.05 0.05
Ni wt.% 0.02 <0.01 <0.01 0.02 0.10 0.01 <0.01 <0.01 0.02 <0.01 <0.01 0.04 <0.01 0.01 0.04 <0.01 0.04
Total wt.% 98.49 97.79 9867 9752 98.08 9576 9433 9532 96.87 102.76 100.98 100.89 98.95 99.28 95.32 101.02 101.87
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e Pyrite:

Sample XX-R-013 XX-R-013 XX-R-013 XX-R-013 XX-R-013 XX-R-016 XX-R-016 XX-R-016 XX-R-016 XX-R-028 XX-R-028 XX-R-028 XX-R-028
Drill Hole FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-7 FD-7 FD-7 FD-7
Rock Code Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt

Mineral Py Py Py Py Py Py Py Py Py Py Py Py Py

As wt.%  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn wt.% 0.05 0.01 <0.01 0.03 0.06 0.02 <0.01 <0.01 0.04 <0.01 <0.01 <0.01 0.04
S wt.%  52.60 51.11 51.00 52.92 50.39 51.76 50.45 52.75 51.95 51.94 52.50 52.24 52.07
Pb wt.% 0.15 0.06 0.18 0.23 0.10 0.16 0.10 0.15 0.12 0.19 0.14 0.21 <0.01
Fe wt.%  45.49 44 .51 44.95 44.89 44.35 44 .97 44.41 46.18 44.61 44.69 43.73 45.26 45.30
Cu wt.% 0.11 0.03 0.02 0.04 0.06 <0.01 <0.01 0.10 0.18 <0.01 <0.01 <0.01 0.03
Pt wt.%  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr wt.%  <0.01 <0.01 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.03 0.01
Co wt.% 0.07 0.05 0.06 0.04 0.04 0.07 0.03 0.07 0.04 0.06 0.11 0.08 0.03
Ni wt.% 0.45 0.47 0.64 0.20 0.44 0.35 0.60 0.03 0.30 0.66 1.93 0.54 0.57
Total wt.%  98.92 96.23 96.84 98.37 95.43 97.34 95.59 99.28 97.23 97.54 98.41 98.37 98.04

Sample XX-R-028 XX-R-028 XX-R-028 BM-034 BM-034 XX-R-013 XX-R-013 XX-R-013 XX-R-013 XX-R-013 XX-R-013 XX-R-007 XX-R-007
Drill Hole FD-7 FD-7 FD-7 FD-12 FD-12 FD-5 FD-5 FD-5 FD-5 FD-5 FD-5 FD-2 FD-2
Rock Code Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt

Mineral Py Py Py Py Py Py Py Py Py Py Py Py Py

As wt.%  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn wt.%  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.05 0.04 <0.01 <0.01 <0.01 0.01
S wt.% 52.38 52.23 52.43 52.38 52.34 50.88 51.63 51.26 52.60 50.37 51.27 49.67 50.72
Pb wt.% 0.15 0.17 0.18 0.35 0.09 0.13 0.17 0.19 0.07 0.11 0.20 0.16 0.15
Fe wt.% 45.74 45.41 44.21 45.01 45.35 45.75 45.35 45.87 46.12 45.85 45.38 44.59 44.90
Cu wt.%  <0.01 0.03 <0.01 0.10 0.19 0.12 0.10 0.16 0.05 0.08 0.03 <0.01 <0.01
Pt wt.% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr wt.%  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 0.01 <0.01 <0.01 0.02
Co wt.% 0.08 0.05 0.02 0.05 0.09 0.07 0.04 0.05 0.09 0.07 0.05 0.03 0.05
Ni wt.% 0.29 0.45 1.52 0.17 0.12 0.54 0.40 0.32 0.16 0.21 0.81 0.99 1.50
Total wt.%  98.64 98.34 98.36 98.05 98.18 97.48 97.70 97.92 99.12 96.70 97.75 95.44 97.35

Sample XX-R-007 XX-R-007 XX-R-003 XX-R-003 XX-R-003 XX-R-003 XX-R-003 XX-R-003 XX-R-007 XX-R-007 XX-R-007 XX-R-003 XX-R-003
Drill Hole FD-2 FD-2 FD-2 FD-2 FD-2 FD-2 FD-2 FD-2 FD-2 FD-2 FD-2 FD-2 FD-2
Rock Code Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt Cpxt

Mineral Py Py Py Py Py Py Py Py Py Py Py Py Py

As wt.% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn wt.% <0.01 <0.01 <0.01 <0.01 0.10 <0.01 <0.01 0.03 <0.01 0.01 <0.01 <0.01 <0.01
S wt.%  48.55 50.97 51.28 51.47 51.69 51.51 51.88 51.25 49.67 50.72 50.97 51.28 51.47
Pb wt.% 0.12 0.11 0.16 0.11 0.10 0.05 0.12 0.16 0.16 0.15 0.11 0.16 0.11
Fe wt.%  44.82 44.69 44.72 44.79 45.49 45.23 45.60 46.01 44.59 44.90 44.69 44.72 44.79
Cu wt.%  <0.01 0.16 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.16 <0.01 <0.01
Pt wt.%  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr wt.%  <0.01 <0.01 <0.01 0.01 0.01 0.01 <0.01 <0.01 <0.01 0.02 <0.01 <0.01 0.01
Co wt.% 0.06 0.08 0.09 0.05 0.06 0.06 0.05 0.07 0.03 0.05 0.08 0.09 0.05
Ni wt.% 0.91 1.14 1.11 1.63 0.55 0.47 0.51 0.40 0.99 1.50 1.14 111 1.63
Total wt.%  94.46 97.14 97.36 98.05 98.00 97.32 98.16 97.91 95.44 97.35 97.14 97.36 98.05

Sample XX-R-003 XX-R-003 XX-R-003 XX-R-003 XX-R-030 XX-R-007 XX-R-007 XX-R-007 XX-R-007 XX-R-007 BM-031
Drill Hole FD-2 FD-2 FD-2 FD-2 FD-12 FD-2 FD-2 FD-2 FD-2 FD-2 FD-6
Rock Code Cpxt Cpxt Cpxt Cpxt Dun Cpxt Cpxt Cpxt Cpxt Cpxt Wrlt

Mineral Py Py Py Py Py Py Py Py Py Py Py

As wt.%  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn wt.% 0.10 <0.01 <0.01 0.03 0.02 <0.01 0.04 <0.01 0.06 0.02 <0.01
S wt.%  51.69 51.51 51.88 51.25 53.32 49.05 51.13 50.33 51.83 52.29 51.57
Pb wt.% 0.10 0.05 0.12 0.16 0.16 0.17 0.23 0.12 0.14 0.13 0.12
Fe wt.%  45.49 45.23 45.60 46.01 46.66 44.69 45.42 45.51 45.46 46.34 45.39
Cu wt.%  <0.01 <0.01 <0.01 <0.01 0.19 0.52 0.54 0.25 0.08 0.11 0.01
Pt wt.%  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cr wt.% 0.01 0.01 <0.01 <0.01 0.02 <0.01 <0.01 0.01 <0.01 <0.01 0.03
Co wt.% 0.06 0.06 0.05 0.07 0.03 0.09 0.07 0.07 0.06 0.06 0.07
Ni wt.% 0.55 0.47 0.51 0.40 0.20 0.40 0.08 0.45 0.85 <0.01 0.16
Total wt.%  98.00 97.32 98.16 97.91 100.60 94.91 97.52 96.74 98.48 98.95 97.35
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CONCLUSOES

As conclusdes deste estudo sdo as seguintes:

1.

10.

11.

12.

O depdsito magmatico de sulfetos de Ni-Cu Caboclo dos Mangueiros representa
recente descoberta situada na borda noroeste do craton do Sdo Francisco, um cenério
amplamente reconhecido em depésitos de Ni-Cu-EGP pelo mundo;

O corpo de minério estd hospedado em uma intrusdo relativamente pequena,
consistindo de um sill (soleira) alongado em forma de barco (boat-shape) na direcédo
WNW-ESE, com secdes transversais de poucas centenas de metros de profundidade,
aproximadamente 2 km de comprimento e 500 m de largura;

A intrusdo ultramafica que hospeda o depésito Caboclo dos Mangueiros esta
fracionada da porcdo norte, onde prevalece dunito e wehrlito, para a porcdo sul onde
clinopiroxenito é abundante;

ComposicBes de elementos maiores nas rochas ultraméficas sdo controladas pelas
propor¢cdes de olivina e clinopiroxénio, que seguem sequéncia de cristalizacdo
consistindo de Ol => Ol + Cpx => Cpx;

A abundancia de rochas ultraméficas e a variagcdo composicional de #Mg em
clinopiroxénio cumulus, de 0.78 a 0.94, suportam composicdo moderada a primitiva
para 0 magma parental;

A sequéncia de cristalizacao indica composicao insaturada em silica para 0 magma
parental e a inexisténcia de cristais cimulus de ortopiroxénio sugere que o magma
parental se manteve com esta caracteristica composicional, sem assimilacdo
significativa de rochas crustais silicosas durante ascenc¢éo e alojamento na crosta;
Perfis normalizados ao manto primitivo, de elementos tragco resistentes a alteracao
estimados para 0 magma parental, indicam composi¢éo enriquecida em ETRL, o que é
refletido em perfis normalizados ao manto primitivo de elementos traco resistentes a
alteragdo, para as rochas cumulaticas ultraméficas juntamente com anomalias
negativas de Nb e Ta;

A distribuicdo dos ETRL normalizados ao manto primitivo nas rochas cumulaticas
ultraméficas é parcialmente controlada pela propor¢cdo modal de clinopiroxénio;

As texturas e as quantidades de sulfeto, acima da proporcdo cotética, no depdsito
magmaético de sulfetos de Ni-Cu Caboclo dos Mangueiros sugerem alojamento de
magma carreando goticulas imisciveis de sulfeto através de estrutura de conduto que
posteriormente solidificou-se como um sill alongado em forma de barco;

Os contetdos de sulfeto acima da proporgéo cotética também sugerem que grandes
volumes de sulfetos tenham sido transportados pelo sistema magmatico;

A composicdo dos sulfetos depletada em EGP, proveniente de um magma parental
com composicdo moderada a primitiva, € sugestiva que tenha ocorrido segregacao
prévia de sulfetos em profundidade;

Caracteristicas composicionais dos is6topos de enxofre do depésito refletem fonte

mantélica para os sulfetos sem adigdo significativa de enxofre derivado da crosta;

63



13.

14.

15.

16.

Assembleias metamérficas descritas para as rochas crustais, cumulados ultramaficos e
para as rochas da zona de borda sugerem que a intrusdo ultramafica e as rochas
crustais foram submetidas ao mesmo evento de tectonismo e metamorfismo de facies
xisto verde associado. Ainda assim a estrutura magmatica primaria da intrusdo se
manteve preservada,

Embora a similaridade na distribuicdo dos elementos tracos entre as rochas da zona de
borda e os cumulados ultramaficos sugiram que séo originarios de magmas parentais
composicionalmente similares, dados adicionais sdo necessarios para a caracterizagéo
robusta desta zona da intruséo;

O posicionamento do depdsito Caboclo dos Mangueiros na evolucao tectdnica do
craton do S&o Francisco ainda ndo € definido devido a falta de uma idade absoluta
para a intrusao ultraméfica; e

A abundéncia de anomalias magnéticas inexplicadas no cenério regional do depésito
Caboclo dos Mangueiros, juntamente com o cenério tectbnico o qual esta situado

indicam alto potencial para depésitos de Ni-Cu-EGP nesta regiéo.
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