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RESUMO

A Provincia Alcalina de Goias (GAP) é uma das nesgorovincias kamafugiticas no mundo. A porcadodsuGAP é
composta em sua maioria por depdsitos piroclasclavas utrapotassicas, ocorrendo carbonatit@niente, e a porcdo central
consiste principalmente de diatremas kamafugitidoqor¢cdo norte da GAP possui predominantementeplms intrusivos
alcalinos ultramaficos a méfico-intermediarios, amimeralizagédo de niquel lateritico associada.

O Complexo alcalino carbonatitico Morro Preto, lzalo na porcéo norte da GAP, é uma excecdo naoredevido a
associagao carbonatito-kamafugito e devido a mizagdio de fosfato associada. O complexo se caizgtpor duas intrusdes
subcirculares (Morro Preto Norte e Morro Preto Sdd magnetita apatita magnesiocarbonatitos evajuipdra ankerita
ferrocarbonatitos ricos em bario, e ferrocabonstitmdios contendo siderita. A série carbonatfécitiza as rochas hospedeiras do
Pré-cambriano, atingindo um halo metassoméaticqpdexanadamente 800m em superficie.

A mineralizacéo de fosfato hospeda-se nas rochgsetita apatita magnesiocarbonatitos. Essas raemasn em textura
e composicdo modal: se apresentando desde cumuled®®m apatita e magnetita, a até rochas coturgege fluxo magmatico e
com proporcdes menores de magnetita e apatitaafMa@g rara a ausente nos ferrocarbonatitos, seedinlomita e ankerita os
principais carbonatos. Siderita pode estar presergtéeicdes mais tardias, além de traco de meraz@rbonatos da série Magnesita-
siderita.

Dados geoldgicos, geoquimicos e de quimica mirefal consistentes com a evolucdo dos magnesiocéitbsnaara
ferrocarbonatitos, evidenciando processos de e&olppr cristalizagdo fracionada, imiscibilidadelideiidos, metassomatismo e
eventos hidrotermais tardios.

As rochas silicaticas do complexo sédo diques deakagito e raras ocorréncias de diques alcalingscféd e basalto
alcalino, sendo que esse Ultimo litotipo ndo apresema relagdo clara com a série carbonatiticadgplexo. Os diques alcalinos
de composicdo félsica possuem microcristais deld&pato em uma matriz afanitica, dominado por catmwe argilominerais.
Apesar de feicdes magmaticas reliquiares, esshas@stao intensamente fenitizadas, e parte dadahineral encontrada pode ser
um produto de metassomatismo potassico.

Os kamafugitos representam as rochas mais primitteaComplexo Morro Preto. Abrangem um intervalmposicional
tipico dos mafuritos descritos na GAP, indicandatreza relativamente diferenciada desses digne®mparacédo com katungitos
e com os picritos alcalinos que representam o magmental da maioria dos complexos alcalinos ulifaoos do norte da GAP. Os
kamafugitos de Morro Preto contém glébulos de aaabm corroborando a hipétese de imiscibilidadeeehitjuido silicatico e
carbonatitico durante a formacao do complexo, &amdlo que representam o magma parental tantoodasags silicaticas mais
diferenciadas quanto das rochas da série carhiomatit

O clinopiroxénio dos kamafugitos do Complexo MoRm®eto tem composi¢do quimica comparavel a do piioxée
bebedouritos de complexos alcalinos (e.g. SalitagProvincia do Alto Paranaiba (APIP) e do piroa&m xendlitos de bebedourito
em kamafugitos, tanto em Morro Preto quanto na Mat&orda, na Provincia do Alto Paranaiba (APIBja Bimilaridade fornece
evidéncias adicionais da associacdo kamafugitoscatiio na GAP, e reforgca as semelhangas petragaséntre as duas provincias
alcalinas.

Considerando que a APIP hospeda um nimero coneddald complexos intrusivos, alcalinos carbonat#jccontendo
mineralizacdo de P-Nb-REE(-Ti-Ba-Fe-U), recomergl&rabalhos exploratérios na GAP com o foco natifiesmcdo de complexos
alcalinos carbonatiticos néo aflorantes, utilizaaddinidade metalogenética do Complexo Morro Peedanineralizagdo de fosfato

associada como um guia exploratério.



ABSTRACT

The Late-Cretaceous Goias Alkaline Province (GARie of the largest kamafugite provinces in thddvdt is dominated
in its southern portion by ultrapotassic lavas pgibclastic deposits, locally containing carbomsatitand in the central portion by
kamafugitic diatremes. The northern portion of Gé&Rsists of ultramafic to mafic/intermediate, ptagase-bearing alkaline rocks
and host mostly Ni laterite mineralization.

The Morro Preto Alkaline-Carbonatite Complex inthern GAP is an exception, in that it is charazegtiby an intrusive
carbonatite-kamafugite association and containgifsignt phosphate mineralization. It comprises twiular intrusions (Morro
Preto North and Morro Preto South) of magnetitdisanagnesiocarbonatites, which host phosphatenmalization, and gradually
differentiate to barium-rich ferrocarbonatites, gorontaining carbonates of the magnesite-sideziies Both carbonatite intrusions
fenitized the Precambrian host rocks, the metadorhalo reaching up to 800m.

The phosphate-mineralized magnetite apatite magecedionatites vary in texture and modal compositiom magnetite-
apatite cumulates (pseudophoscorites) to magnebimuatites with only small amounts of magnetite apdtite. In the Ba-rich
ferrocarbonatites, apatite is rare or absent, hadlominant carbonate varies from Fe-dolomite tedte and siderite. Carbonates
of the magnesite-siderite series and traces of mitenand REE-carbonates are also present in theewobsed rocks.

Geological, geochemical and mineral chemistry dageconsistent with the evolution of the Morro Brébmplex from the
magnesiocarbonatites to ferrocarbonatites by dryttionation, liquid immiscibility, metasomatioverprinting and late
hydrothermal events.

The silicate rocks in the complex are kamafugitieedy felsic dykes and rare alkaline basalts. Dukdin minor expression
in the complex, the relation of alkaline basaltthi carbonatites remains unclear. The felsic dileee K-feldspar microphenocrysts
in an aphanitic groundmass dominated by carbomatesacondary clay minerals. Despite the remnanisagfmatic textures, these
rocks are strongly fenitized and might be the pobad the potassic fenitization overprinting thengex.

Kamafugites represent the most primitive rock typthe Morro Preto complex. They have a compositioange similar
to the GAP mafurites, indicating their relativelyobred position in the kamafugitic series, andidishing them from the regional
MgO-rich alkaline picrites that are the parentamas to most northern GAP alkaline complexes. Gaateoglobules in the Morro
Preto kamafugites are consistent with silicate-caate liquid immiscibility, suggesting that the kafngites are the parental magmas
both to the more evolved silicate rocks and toMloero Preto carbonatite series.

The chemical composition of clinopyroxene in therMoPreto kamafugites is comparable with (i) beheide xenoliths
from the Morro Preto kamafugites, (ii) bebedouxiémoliths from the Alto Paranaiba Province (API&ylafugites (Mata da Corda),
and (iii) bebedourites occurring in alkaline-caratie complexes (Salitre) from the APIP. This pd®s an additional evidence for
the carbonatite-kamafugite association in the Gaiel, an indicative of petrogenetic similarities betw both alkaline provinces.

Considering that the APIP contains a number of @aakite-bearing plutonic complexes hosting largedtPREE(-Ti-Ba-
Fe-U) deposits, additional exploration work directeward the identification of yet undiscoveredomaratite complexes in the GAP
should take into account the characteristics oMbero Preto phosphate mineralization and, consatyyeabroader metallogenetic

affinity.
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CAPITULO 1: INTRODUCAO

1.1. APRESENTAQAO E OBJETIVOS

O estudo de carbonatitos e rochas alcalinas asls@csmpre despertou o interesse académico
e industrial, devido tanto a singularidade da géreedos processos petrolégicos, como ao interesse
econdmico atrelado aos tipos de mineralizacdo érexos nesses tipos de rochas.

A Provincia alcalina de Goias (GAP) é uma das mmas alcalinas situadas na margem norte
da Bacia do Parana. Essas provincias alcalinagaurgo Cretaceo Superior, geradas por intenso
magmatismo ultrapotassico cujos produtos incluenderdos corpos intrusivos (complexos
carbonatiticos, ultramaficos silicaticos e diguesktrusivos (lavas e rochas piroclasticas).

Assim como a Provincia ignea do Alto Paranaiba PAPA GAP destaca-se pela presenca de
rochas de afinidade kamafugitica, mas ao contidai@®PIP, ndo apresentava até agora, exemplos
expressivos de depositos minerais similares a@sslaciacao carbonatito-kamafugito.

O complexo carbonatitico Morro Preto, localizadermreagem noroeste da GAP, € o tema desta
tese de doutorado, que tem como base o estudmhigyige petrologia, geoquimica e quimica mineral
dos carbonatitos do complexo e dos diques de kayihafassociados.

Esta tese divide-se em seis capitulos. O primeapitalo tem como objetivo apresentar a
localizagéo, o historico e o contexto geoldgicaoregl do Complexo Morro Preto.

O segundo capitulo objetiva realizar um estudo skad® da arte sobre a petrologia e
metalogenia dos carbonatitos e, mais especificanelos complexos alcalinos carbonatiticos das
Provincias brasileiras para subsidiar o entendiongetrologico do complexo Morro Preto. O terceiro
capitulo descreve os principais métodos utilizgatrs 0 processamento e interpretacdo dos dados
coletados durante a tese de doutorado.

Os capitulos seguintes (4 e 5) estdo estruturagiofenato de artigo para publicacdo. O
capitulo 4 detalha os controles geologicos e petréticos que contribuiram para a formacao do
Complexo Carbonatitico Morro Preto. Como objetigepecificos desse capitulo podemos enumerar:

a) apresentacdo do contexto geoldgico do complastmoatitico Morro Preto;
b) Indicadores texturais e mineraldgicos de ciisdgho fracionada, imiscibilidade de
liquidos, mistura de magmas, desgaseificacdo donaagrbonatitico, e suas implicacdes para

a formacéo do complexo e a génese do minério;

c) Determinacg&o da composicdo quimica de elememadses e tracos em rocha total,
para obtencdo de indicadores quimicos que auxih@nmcaracterizacdo petrolégica e no
entendimento de processos associados a génesddratdos;

d) Caracterizacdo quimica dos carbonatos e aplastaochas estudadas;
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e) a partir da integracdo dos dados acima, detag@iinde uma sequéncia evolutiva
preliminar destas rochas e proposta de um modélol@gico do complexo.

O capitulo 5 aprofunda o contexto petrografico mposicional dos diques de kamafugitos
associados a seérie carbonatitica do Morro Pretas @ossiveis similaridades entre a associacao
kamafugito-carbonatito na GAP e na APIP. Dentrprogcipais temas abordados, temos:

a) Petrografia e composi¢ao quimica dos fenocsigtaminerais presentes da matriz, e
comparacao das associacdes e texturas encontadasutras ocorréncias de kamafugitos na
GAP e na APIP;

b) Relacdo dos kamafugitos na génese dos carbmnpttr meio de imscibilidade de
liquidos, interpretando os globulos de carbonatesgmte nos kamafugitos como liquidos
carbonatiticos imisciveis.

c) Associacdo entre os xendlitos de clinopiroxeeitgontrados nos kamafugitos da
GAP e os bebedouritos encontrados na APIP, sudisigtia para o potencial metalogenético
do Complexo Morro Preto, e por consequéncia, daspssiveis intrusdes carbonatiticas ndo
encontradas ou ndo aflorantes na regiao.

A integracdo dos dois artigos esta resumida n@setltimo capitulo do trabalho, sintetizando

as conclusdes finais sobre a pesquisa.

1.2 LOCALIZAQAO DA AREA DE ESTUDO E VIAS DE ACESSO

O complexo Morro Preto localiza-se a aproximadamdftkm a norte da cidade de Piranhas,
e a 43km a norte da cidade de Arenopolis, em G@asomplexo é formado por duas intrusdes
carbonatiticas, Morro Preto Norte e Morro Pretg Sigtantes 5km uma da outra. O Morro Preto Sul
localiza-se na confluéncia entre o rio Caiapdie @iranhas, e o Morro Preto Norte localiza-seréeno
das margens do rio Caiapo.

O acesso a intrusdo do Morro Preto Sul se da fel@@® até a cidade de Arendpolis, seguindo
a partir da entrada da cidade pelas estradas MdB@-445 que segue até as fazendas da regiéo,
seguida da GO-188, até o vilarejo de Campos Velke#a, segue-se a oeste para a confluéncia entre
o Rio Piranhas e o Rio Caiapd, local da intrusddMdeo Preto Sul. Devido a proximidade com as
margens dos rios, 0 acesso a area da intrusdo do Meto Norte é feito pela por¢cao norte da GO-
188. A GO-060 permite a conexdo as principais @datb entorno, como Piranhas, Sao Luiz dos
Montes Belos e Goiania (Figura 1.01).

Os corpos intrusivos Norte e Sul possuem, cadacarsa de 3km de diametro por 100m de

diferenca de cota aflorante. Ambos estdo encaixadognaisses e granitos pertencentes ao Arco
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Magmatico de Goias. O intemperismo gerou uma cotzede solo e saprolito com média de 10 metros

de espessura, caracterizado por vezes por uma bapessa de silexito.
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Figura 1.01 Principais unidades geoldgicas (adaptado de Hadgitho et al., 1999) e vias de acesso ao ComNoao

Preto.

1.3. CONTEXTO GEOLOGICO REGIONAL

As provincias alcalinas brasileiras localizadamasgens da Bacia do Parana séo o resultado
de extenso magmatismo alcalino ocorrido principabmedurante o Cretaceo. Essas rochas sao
condicionadas a lineamentos com direcdo NW e Ndtiberdinadamente N-S e E-W. As estruturas
regionais NW, de subsidéncia tectbnica, sdo tambeénhecidas como “Azimute 125°", e sdo
consideradas as principais responsaveis pelo éstabhento das provincias alcalinas brasileiras
(Almeida, 1983, 1986).

Além do controle estrutural, as Provincias as nree@ia Bacia do Parana sao distribuidas de
forma geral tanto cronologicamente (Figura 1.02)@@m termos de afiliacio magmatica e potencial
metalogenético (Riccomini et al., 2005; Ribeir@let2014).

* Permo-Triassico: idade do estabelecimento dos @xglalcalinos e carbonatiticos da

Provincia Alto Paraguai (Riccomini et al., 2005¢0@em depdsitos modestos de fluorita,

ETR e mineralizagGes associadas a sienitos e mefg@knitos.

12



Cretaceo Inferior: foi o periodo de instalacdo @thas alcalinas contemporaneas com 0s
basaltos da Formacédo Serra Geral, como as da Bie@Anco de Ponta Grossa e da
Provincia Paraguai Oriental. Grande parte das soaltalinas deste evento é de afiliacdo
soédica. Também ocorrem misturas de rochas do @mt&aperior e Cretaceo Inferior
(Provincia Santa Catarina), indicando recorréncia magmatismo alcalino em
determinadas regifes ao longo do tempo. Essasnprasiconsistem de jazidas de médio
a pequeno porte de fosfato, em estagio inicialkgéoeacdo mineral ou de producéo.
Cretaceo Superior: neste periodo surgiram as p@a&ralcalinas localizadas na borda
norte da Bacia do Parana, como as de Poxoréu, (&) e Alto Paranaiba (APIP). Estas
provincias estéo fortemente alinhadas segundcegddirNW e seu magmatismo alcalino
esta restrito ao Cretaceo Superior, entre 80 e 80 Mcomposicdo desse grupo €
tipicamente ultrapotassica, dominada por kamafagilda provincia do Alto Parnaiba
(APIP) ocorrem mineralizagcbes multi-commoditiesne aior volume. Na Provincia de
Goias (GAP) predominam atualmente os depésitos ieo Ni lateritico (Ribeiro et al.,
2014).

Cretaceo Superior / Paledgeno: a Provincia Serralo(Thompson et al., 1998) e o
Lineamento Magmatico Cabo Frio (Riccomini et al)2) sdo desse periodo, compostas
por séries de composicao sédica, predominandoimefg@enitos com raras ocorréncias de

carbonatitos e lamprofiros.

13



68'W 60'W 5_2'_w 4w W
4
% Guiana
3
o+ +0
85+ / o 48
e 1. b .Angludoqolas
3 | Provincia'Alcalina de L
ooRg= ‘Goias ! .
j Provincia Alto
Planalto da Se 5 , | fl s
— :‘q:-' da Agua Brapca Paran.alba &5‘:..
4 b SantaFé | Op :}\?
“Morro Do Engnihoq,,“ i Catalfio
PO oot caiton il
Santo Anténio da Barra [ Y I.: H s."':mw
2 i i callte
. LEQEnGa' Am:. irat & l S3o Gotardo 59
Rochas Alcalinas: 2 i Rl &
.
* Depositos associados a Alcalinas '——p Serra do Mar
Alcal'ln.as sem dgposnos assomadps Pohaen. ArcodeDonta taes
® Depositos associados a Carbonatitos L Ll e TON P ‘
O Associagao Alcalinas-Carbonatitos ko fxeto D o3
p Anitépolis J
Dominios Tectonicos: & ”
Bacias Fanerozdicas 0 250 S00Km |
Faixas Moveis
Cratons i == L + +32's
60'W 52'W a“'w /W

Figura 1.02 Localizacdo das principais ocorréncias de roalw@dinas no Brasil (Berbert 1984, Gomes et al0]1 8%ondi
2005), com indicacdo das Provincias e complexaaliatecarbonatiticos e a presenca ou ndo de depositnerais
associados (Adaptado de Ribeiro et al. 2014).

A sequéncia de provincias alinhadas de noroestespdeste, na borda NE da Bacia do Parana:
Poxoréu, Goias, Alto Paranaiba e Serra do Mar aedrhento Magmatico Cabo Frio, indica que o
adelgacamento da litosfera e a fusédo parcial ddoy@omoveu essa série de provincias alcalinas, e
gue a pluma de Trindade influenciou na sua formgGabson et al. 1995, 1997; Thompson et al.,
1998; Van Decar et al., 1995). Bizzi e Araujo (20Q%r meio de estudos de assinatura isotopica,
propéem uma contribuicdo de material provenientpldiana mantélica de Tristdo da Cunha, durante
a ascensdao da pluma de Trindade, na formacéo claesralcalinas.

As provincias alcalinas brasileiras apresentam rtaptes diferencas nas associacdes
litologicas e nas afinidades geoquimicas, dentrguass podem ser destacadas a diferenca entre as
provincias na borda norte da Bacia do Parana (GAPIR), tipicamente potassicas e dominadas por
kamagufitos, e as provincias alcalinas na margeteste do Brasil (Ponta Grossa, Serra do Mar,

Linemanto Magmatico Cabo Frio), de afinidade sgdicadominando nefelinitos, basanitos e ijolitos.
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Até mesmo provincias com afinidade similar, comGAP e a APIP mostram diferencas
petrogenéticas que afetam seu potencial metaldgenébnforme descrito em Gaspar et al. (2003) e
Ribeiro et al. (2014), respectivamente. Na APIPdepositos sdo multi-commodities e de grande
extensdo e volume, predominando depoésitos de NETR, Ti, Ba e vermiculita presentes em
complexos alcalino-carbonatiticos intrusivos, cohapira, Araxa, Salitre, Serra Negra e Cataldo | e
Il. Ja na GAP, sédo conhecidos depdsitos de Nitaigrassociados as intrusdes ultramaficas sitiast
da por¢éo norte da provincia.

A Provincia Alcalina de Goias (GAP), originalmedtssignada como Grupo Ipora (Guimaraes
et al., 1968), estende-se desde as cidades deadaagLe Santa F€, a norte, até a cidade de Ri@Verd
a sul, em uma area de aproximadamente 170G0ekde direcéo preferencial N30°W (Brod et al.,
2005). Contudo, toda a regido da provincia foieafattambém por lineamentos estruturais de direcao
NE. Shobbenhaus Filho et al. (1975) associam eg#éeos a reativacdo do lineamento
Transbrasiliano durante o Cretaceo. A Figura Ira os principais controles estruturais regisnai
gue afetaram os complexos alcalinos da GAP e d® API

Segundo Junqueira-Brod et al. (2005) a GAP é suidar em extrusdes kamafugiticas
extensas na porcéo sul (Santo Antbnio da Barraposcsub-vulcanicos e diatremas na zona central
(Amorindpolis e Aguas Emendadas), e intrusGesrlifcas alcalinas no norte (Santa Fé, Morro dos
Macacos, Montes Claros, Morro do Engenho, Corr@goBbis e Fazenda Buriti). E uma das maiores
provincias kamafugiticas em volume do planeta (Jeing-Brod et al., 2002, 2005; Brod et al., 2000),
contudo carente de pesquisas, considerando o ¢ongimda limitado de estudos petrogenéticos
relacionando as séries de rochas alcalinas (Bral, &005).

A porcao sul da GAP é definida pela area de Santérdo da Barra, regido com derrames
extensos de lavas e depdésitos piroclasticos seguidtheamento tectdnico Iporad-Santo Antdnio da
Barra (N40-50W). O derrame de lava nessa regidsupasn volume calculado de 23Ri@dungueira-
Brod et al., 2002).

A zona central da GAP é caracterizada por intruséibsvulcanicas de kamafugitos, leucititos
e basanitos / trefitos na forma de diques, plugifisintrudidos na Bacia do Parana, juntamente com
sequéncias sub-vulcanicas ultrapotassicas da ratpddmorindpolis e de Aguas Emendadas
(Junqueira-Brod et al, 2002, 2005).

A porcdo norte da Provincia é dominada por compleft@amaficos alcalinos, sendo o
complexo Morro do Engenho o limite norte da GAP.domplexos méfico-ultraméficos alcalinos
dessa regiao consistem principalmente dunitosd@ios, clinopiroxenitos, gabros alcalinos, sendo
comum halos de sienito, além de diques de fonoéitamproéfiros, além de sequéncias de diques e

plugs de picritos alcalinos (Danni, 1994, Brodlet2005).
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O Complexo Morro Preto localiza-se na margem naeosés GAP (Figura 1.01). Ao contrario
do restante da regido, caracterizada por grantiesdes alcalinas, com a predominancia de rochas
silicaticas ultraméficas e carbonatitos subordisamloausentes, Morro Preto se caracteriza poreser d

menor volume e composi¢ao essencialmente carhbicaatit
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Figura 1.03. Localizacdo das Provincias Alcalina de Goias (GARJo Alto Paranaiba (APIP), com destaque para os
principais complexos alcalino-carbonatiticos, iscle o Complexo Morro Preto, e para os lineameméggonais
estruturais delineados pela magnetometria aéral (@malitico). Fonte do mosaico de imagens de niagredria aérea:
CPRM e Anglo American Brasil Ltda.

1.4. COMPLEXO MORRO PRETO: HISTORICO E CONTEXTO GEO LOGICO LOCAL

Estudos iniciais nesse complexo incluiram trabaldasCPRM de 1980, tendo a mesma
Companhia continuado o trabalho através de umiar@mto de sedimento de corrente nas drenagens
no entorno da intruséo carbonatitica.

Resultados preliminares na intruséo sul indicanaomelias substanciais para fosforo e bario.

O levantamento aerogeofisico executado pelo prdgdoa — CPRM, apresenta uma anomalia
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aeromagnética bem caracteristica e valores radimm®tcompativeis com rochas alcalinas e
carbonatitos (Pereira et al., 1980).

Em adigcéo aos estudos da CPRM, Navarro et al. jF¥etam um estudo de caracterizagao
litogeoquimica de elementos maiores, tracos esteai@s com 21 amostras de superficie de rochas
alcalinas e silexitosdo Complexo Morro Preto, com@do os trabalhos na intruséo sul. De acordo
com Navarro et al., a distribuicdo de elementosares) tracos e terras raras mostra que as amostras
analisadas séo produtos de alteracdo de rochaasigihealinas como carbonatitos, lamprofiros e
basaltos alcalinos, rochas ja enriquecidas em ele®meomo Th, U, ETR (principalmente em ETRL),
Nb e Ta, e cuja alteracdo supergénica produzig@ecimento adicional emp®s e enriquecimento
acentuado em terras raras, sugerindo a possil@lidaenineralizacdes destes componentes, similar as
observadas em outros complexos alcalinos de Galédinas Gerais, como Cataldo e Araxa.

Cada uma das intrusdes do complexo Morro Pretaupapsoximadamente 3km de diametro
por 100m de altura aflorante, e esta encaixadarensges e em intrusées graniticas anorogénicas no
dominio de Arco Magmatico de Goias. O alto grauntdemperismo gerou uma cobertura de solo e
saprolito com média de 10 metros de espessura;tedrado por vezes por uma banda espessa de
silexito.

Os resultados do trabalho de prospeccéao, realizaeldoempresa Anglo American entre 2011
e 2014, destacam rochas carbonatiticas com alem@at para mineralizacao de fosfato. Os teores
andmalos em amostras de solo e rocha em ambastrasbes (Figuras 1.04 e 1.05) foram
significativos: valores maximos de 1860 ppm Nb422 POs e 1,19% ETR em amostras de solo
coletadas no Morro Preto Sul, e valores maximo20®® ppm Nb, 5,93%:P:% e 1,19% ETRno
Morro Preto Norte.

A distribuicdo em solo das anomalias de NOFETRr-Ba-Al20s-FeOs3 se encontram
associadas a anomalias circulares de alto magretieaalto tério e uranio, ambas detectadas durante
o levantamento geofisico aéreo (magnetometria egp@ctrometria) realizado no ano de 2012 sobre
o complexo. Os resultados gamaespectrométricosétanmduxiliaram a delinear os limites (ndo
aflorantes) das duas intrusdes alcalinas (Figufase 1.05).

Para a intrusdo Morro Preto Norte, os levantameatgagoquimica de solo e de geofisica aérea
caracterizam a intrusdo como um corpo concéntcgarte central do corpo € dominada por
carbonatitos (Figura 1.04), contudo a auréola eate¥ constituida por rochas fenitizadas, de
composicdo méfica a ultraméafica, de acordo consacés;do geoquimica observada no levantamento
geoquimico de solo. Rochas ultramaficas fenitizadasafloram e ndo foram interceptadas nos furos

de sonda amostrados para este trabalho.
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Os dados gamaespectrométricos da intrusdo sulr@ig05) também exibem o padrdo de
halos carbonatiticos concéntricos de alto téricdaio, ambos associados as anomalias em superficie
de ROs e ETR, contudo a resposta superficial a espessura rdei@aprolito nessa intrusdo, e a
conseqguente cobertura de silexito, se sobrepdeciisadias positivas de torio e uranio.

A geologia local interceptada nos furos de sondd#irroou a hipétese inicial de que o
complexo seria dominantemente carbonatitico, iatedo com porcdes das rochas hospedeiras
fenitizadas.

As rochas interceptadas nos testemunhos de sohd#adss permitiram a subdivisdo das
rochas carbonatiticas em trés tipos principaisnéynetita apatita magnesiocarbonatitos, que contém
mineralizacdo de fosfato associada, (ii) ferrocadhtos ricos em bario, e (iii) ferrocarbonatitos
tardios, com o enriquecimento em carbonatos rico$eero e manganés, como siderita e magnesita.
Os furos de sonda também interceptaram diquesrdafigitos, que serdo detalhados no capitulo 5
deste trabalho, e ocorréncias menores de digussdgle basalto alcalino.

Os furos de sonda realizados sobre o complexo de&naoam a continuidade e a variabilidade
dos teores andmalos em fosfato em associacédo cdipogsde rocha, fatores importantes a serem
detalhados para um melhor entendimento da gediogizomplexo e da distribuicdo da mineralizag&o.
Uma secdao representativa N-S de parte dos furodaggis, localizados na intrusdo Morro Preto Sul,
e com as intersec¢des mineralizadas interceptadesnia-se detalhada na Figura 4.02, no capitulo 4,

assim como o detalhamento das litologias encorgrastaambos 0Ss corpos intrusivos.
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CAPITULO 2: COMPLEXOS ALCALINOS CARBONATITICOS

2.1. INTRODUCAO

Carbonatitos séao definidos como rochas igneas cstagppor mais 50% de carbonato primario
(magmatico), e contendo menos de 20% de 8iolley & Kempe, 1989). Apesar dos carbonatitos
conterem mais de 300 espécies minerais descritapjeopredomina na sua classificacdo é a
concentracdo e o tipo de carbonato presente. Esshss podem ser intrusivas, extrusivas e
hidrotermais, ou ainda ocorrer como corpos brechado

O namero de carbonatitos pluténicos conhecidositormaior do que o de seus equivalentes
vulcanicos (cerca de 10 % do total - Woolley & lsgaiard, 2008), e virtualmente todos os depdsitos
minerais associados a carbonatito ocorrem em (@tadiente associados a) complexos pluténicos
(Ribeiro et al., 2014).

Os carbonatitos podem ser classificados mineraoggote e quimicamente de acordo com a
descricéo da Tabela 2.01 e com o grafico da Figurha

Classe Sub-divisdo mineralégica Caracteristica Quimica
Calciocarbonatito® calcita carbonatito Ca0Q/(Ca0+Fe0+Mg0) > 0.8
Magnesiocarbonatito* |dolomita carbonatito MgO > (FeOT+MnO)
Ferrocarbonatito* ankerita carbonatito (FeOT+MnO) > MgO
Carbonatito rico em ETR REz0s > 1% w.t.
Natrocarbonatito (Naz0+Kz0) > (CaO+MgO+FeO)

Tabela 2.01 Nomenclatura de tipos de carbonatito simplificadiaptada de Woolley & Kempe (1989).
(*) Denominagéo a partir da caracteristica quind@aocha.

Ccao

Calciocarbonatitos

/ Magnesiocarbonatitos Ferrocarbonatitos

Mgo (Fe203+MnO)

Figura 2.01 Classificacdo quimica dos carbonatitos de acoodo o teor de CaO-MgO-(FeO++MnO) (wt. %)
(Woolley & Kempe, 1989).
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Os carbonatitos mais primarios sdo 0s mais ricosakalis, termos composicionais como
magnesiocarbonatito e calciocarbonatito provavelemnegsultam, em sua maioria, de diferenciacao
magmatica por cristalizacdo fracionada, imiscibifid de liquidos e desgaseificacdo. Os
natrocarbonatitos sédo encontrados unicamente enusé@rtmoderna de lava carbonatitica, no vulcéo
Oldoinyo Lengai, Tanzania.

Os ferrocarbonatitos sdo tardios e mais raros mosplexos carbonatiticos, ocorrendo
comumente como diques cortando as sequéncias deceabonatitos e magnesiocarbonatitos. As
texturas desse tipo de carbonatito sdo por vezescteazadas por fraturas com oxidacao,
“manchando” os gréos de calcita e dolomita originau fluido rico em ferro interpenetrando a
clivagem dos carbonatos originais, formando arkeributros carbonatos ricos em ferro na borda e

por vezes formando massas enriquecidas em heifiai2as, 1989).

2.2. OCORRENCIA

Primariamente, os carbonatitos ocorrem em areakgieamente estaveis, em contexto
tectdnico de intraplaca, normalmente associados avinmentacdo de plumas mantélicas.
Ocasionalmente, também ocorrem marginais a cindusf@enéticos ou zonas de rift. Contudo, a sua
origem mantélica profunda desfavorece a ocorrédesses tipos de rochas em outros contextos
geoldgicos, como arcos de ilha e zonas de subducc¢ao

Os carbonatitos podem ocorrer isolados ou como par&, ou uma suite, de um complexo
intrusivo alcalino, onde estdo associados com seipgde rochas alcalinas silicaticas, incluindo ai
uma variedade expressiva de rochas ultramaficaglsicds. A instalacaoeplacement dos
carbonatitos pode ocorrer na formgtlegs normalmente centrais, de complexos alcalinogsintos,
ou na forma de diques, sills, brechas ou veios.cérréncia em escala global dos carbonatitos
compilada pelo Servico Geoldgico do Canada (Wodld¢jarsgaard, 2008), encontra-se na Figura
2.02.

As idades de carbonatitos variam do Arqueano asepte. Ao dividir as ocorréncias
carbonatiticas em diferentes intervalos geologiobsgerva-se a distribuicdo de grupos e provincias
correspondentes com 0s eventos geoldgicos geradomsgmatismo alcalino-carbonatitico (Figura
2.03).
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Figura 2.03 Distribuic&o global dos principais intervalosidade dos carbonatitos (Wooley & Kjarsgaard, 2008).

2.3. ORIGEM E EVOLUCAO DOS COMPLEXOS CARBONATITICOS

A geracao de complexos carbonatiticos normalmesae@via multiplos estagios de intruséo,

podendo se originar a partir de dois processosgatéticos principais: (i) originados diretamerde d
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evolucdo de um liquido parental ultramafico carada, derivado do manto, ou (ii) como produto da
evolucdo de um magma secundario gerado por difegiade um magma parental silicatico rico em
COe. J4 a evolugdo dos complexos carbonatiticos pardexsensamente afetada por hidrotermalismo

e/ou metassomatismo (fenitizag&o).

2.3.1. Carbonatito oriundo de fusédo direta do Manto

Os magmas carbonatiticos sdo, com raras excecfieadas do manto sub-continental.
Estudos experimentais evidenciam a producao de magrbonatitico a partir da fuséo parcial de um
manto peridotitico carbonatado a profundidadegpdaexeanadamente 70km (>25 kbar), com a geracéo
de dolomita carbonatito (Dalton & Wood, 1993).

Carbonatitos calciticos, por sua vez, sdo possamtierprodutos de reacdo metassomatica entre
os carbonatitos dolomiticos e harzburgitos do maaferior, assim como 0s carbonatitos sédicos
seriam produtos de reacdo entre o carbonatito dtbane lherzolito do manto superior, conforme
dados experimentais detalhados por Dalton & Wo883Le Wyllie & Lee (1998).

2.3.2. Séries petrogenéticas silicaticas associadasomplexos carbonatiticos

Apesar das evidéncias experimentais da possibdidadgeracdo dos carbonatitos a partir do
manto, é mais comum a origem desses tipos de rarhagssociacdo com magmatismo silicatico,
alcalino de alto teor de GONesse caso, 0 magma carbonatitico pode ser geoadeparacao de um
liquido carbonatico imiscivel a partir do magmacético parental, ou como residuo final da
cristalizacao fracionada de magma silicatico. SdgiWoolley & Kjarsgaad (2008), cerca de 75% dos
carbonatitos conhecidos estdo associados com aligrde rocha silicatica alcalina, formando
complexos alcalino-carbonatiticos.

Considerando a afiliacdo geoquimica do magma sd@drimitivo, rico em CQ, que da
origem as diferentes associacfes de rochas, e @usup vez gera diferentes tipos e estilos de
mineralizacao presentes em complexos carbonatiBdogportante entender a distingdo entre os tipos
de magmas silicaticos alcalinos, pois eles se @s@DS tipos de carbonatitos, além de influenmare
na evolucéo petrologica e nos tipos de mineralzag&ontrados nesses complexos.

Ha diversas propostas para interpretar a afinig@dguimica das rochas silicaticas alcalinas
associadas a carbonatitos (e.g. Woolley e Kjardg&408). Ribeiro et al. (2014) propdem que as
provincias alcalinas que circundam a Bacia do Basajam petrogeneticamente divididas com base
na associacdo de carbonatitos com rochas silisatitzalinas de afiliacdo sodica e potassica, e

demonstram as implicacdes petroldgicas e metaltigaaélesta divisao.
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Complexos de afiliagdo sodica séo caracterizadtzs qgie ijolitica, derivados de magma
nefelinitico, cuja sequéncia de diferenciacaorogliroxenito alcalino (jacupiranguito) — melteigio
jjolito — urtito, termos petrograficos sucessivamteemais pobres em clinopiroxénio e mais ricos em
nefelina (Figura 2.04), tendo como exemplo o corgpbe Jacupiranga.

Em complexos de afiliacdo potassica as rochasasdas originam-se a partir de magmas
primarios ultrapotassicos, podendo produzir segaénbimodais (membros ultramaficos, como
dunitos, clinopiroxenitos e bebedouritos, e félsjcoomo sienitos). As rochas silicaticas desses
complexos sao representadas por cumulados cont®asianodais de diopsidio, olivina, perovskita,
magnetita, apatita e flogopita. (Figura 2.05), nidfvss genericamente como bebedouritos. Exemplos
tipicos sdo complexos da Provincia ignea do Alt@aiba (Araxa, Tapira, Salitre, Serra Negra e
Cataléo).

A série kamafugitica representa o equivalente widoada série bebedouritica (Figura 2.06),
e é caracterizada por rochas ricas em olivinar®giioxénio e kalsilita, com variacdes modais dos
feldspatodides kalsilita, melilita e leucita (Sahat@74).

Magmas kamafugiticos séo tipicos nas ProvinciaSalés e do Alto Paranaiba. Evidéncias
petrograficas e litogeoquimicas indicam que esselas sejam magmas parentais dos complexos
alcalino-carbonatiticos dessas provincias (Junatigiod et al., 2002; Brod et al., 2000).

Tanto em complexos de afinidade sédica quanto gicapodem ocorrer rochas plutdnicas
ricas em apatita, derivadas da cristalizacdo dagpartir de magma fosfatico, ou como cumulados
ricos em apatita formados a partir de magma cathimoaou silicatico. Tais rochas sdo compostas
essencialmente por olivina, apatita e magnetitgufgi 2.07) e classificadas genericamente como
foscoritos (Krasnova et al., 2004).

Quando os carbonatitos estdo associados a rockhsieamente félsicas, como sienitos,
torna-se mais dificil estabelecer uma distincdoeeas linhagens sodica e potassica. A presenca de
rochas ricas em melilita (melilititos e melilita&) também néo é distintiva destes dois grandg®gru

podendo ocorrer tanto em complexos sodicos quantooenplexos potassicos.

SERIE SODICA Clinopiroxenito
(jacupiranguito)
Félsicos urtito ijolito melteigito 1 .
(nefelina) i i } | ~Px
0% 30% 70% 90% 100%

Figura 2.04. Série petrogenética plutdnica silicatica de cosigdm sodica em complexos alcalino-carbonatitices (
Maitre, 2002).
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SERIE POTASSICA

Di + Ol Clinopiroxenito

Peridotito
dunito
. APatita ‘ Pvsk ou Mt
clinopiroxenito/ clinopiroxenito/
peridotito peridotito

. Di ou Ol
Diou P| perovskitito ou
Apatititg magnetitito

Apatitito Magnetitito

Ap

iti Ap Pvsk + Mt
Mt Apatitito Magnetitito

Figura 2.05. Graficos ilustrando a série petrogenética pladmsilicatica de composicao potassica em complexos

alcalino-carbonatiticos (Brod et al., 2004). Diisgsidio, Ol = olivina, Ap = apatita, Pvsk = perkita, Mt = Magnetita.

SERIE POTASSICA (VULCANICA) DOS KAMAFUGITOS

Kalsilita

UGANDITO

Melilita Leucita

Figura 2.06. Gréafico de Sahama (1974) ilustrando a série getrética vulcanica dos kamafugitos.
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FOSCORITOS
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Figura 2.07. Gréfico ilustrando a série petrogenética fosmariem complexos alcalino-carbonatiticos (Yegoa®93).

Ol = olivina, Mt = magnetita, Ap = apatita

2.3.3. Geracao de complexos carbonatiticos por imibilidade de liquidos:

A imiscibilidade de liquidos, reconhecida como uos gorocessos fundamentais que gera
magma carbonatitico a partir de um magma paraematurado em silica a profundidades crustais (Le
Bas, 1989; Kjarsgaard & Hamilton, 1989; Lee & Wg/JIL994; Brod, 1999; Comin-Chiaramonti et al.,
2007), ocorre quando um magma silicatico carbowatzal se tornando mais enriquecido em
carbonato devido a cristalizacdo progressiva deatils, 6xidos e fosfatos, levando a saturacéo e
separacao de um liquido carbonatico imiscivel.

Em rochas alcalinas, esse processo pode ser eidemela ocorréncia de gldbulos (ocelos)
ricos em carbonatos numa matriz de composi¢ca@sda; ou ainda por inclusées microscopicas de
liquidos silicaticos e carbonéaticos coexistindotdede cristais (Hall, 1996).

A presenca de glébulos de carbonato em diquesrdafkgitos no complexo carbonatitico de
Morro Preto sugere que um liguido carbonéatico imegossa ter se formado em estagio inicial na
sequéncia de diferenciagdo desse magma silicabortatado. Essas evidéncias também apontam para
os kamafugitos do complexo como representantes afgnra parental do complexo Morro Preto,
associacao ja documentada em complexos carboosatitac APIP e da GAP (Brod, 1999; Brod et al.,
2000; Brod et al., 2005).

A extensa associacao espacial entre carbonatitushas silicaticas alcalinas e texturas como
bandamento magmatico, segregacfes de apatitaatadice Oxidos, sugerem que os liquidos
carbonatiticos imisciveis possam ser originados reagmas que ja sdo, por si, produtos de

cristalizacao fracionada.
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Diferenciacdo, metassomatismo e hidrotermalism&Cemplexos Carbonatiticos

Apés a formagdo do magma carbonatitico, a difeagdci deste magma € normalmente
caracterizada por multiplos estagios de cristafi@atacionada e desgaseificacdo, que contribuem,
respectivamente, para o enriguecimento e empobeetinde alcalis. Também séo caracteristicos o
empobrecimento em magnésio e enriquecimento era fers fases finais de evolucdo do magma
carbonatitico.

A evolucdo de um complexo carbonatitico € influadai pela variacdo da f@urante o
resfriamento e ascensdo do magma carbonatiticogndod gerar a sequéncia progressiva de
magnesiocarbonatito, dolomitico, para ferrocarbtmaénriquecido em ankerita (Woolley, 1989;
Gittins, 1989; Le Bas, 1989).

No complexo carbonatitico de Morro Preto, existenaé@ncias petrologicas e texturais da
evolucdo de magnesiocarbonatitos para ferrocaribomat partir de estudos preliminares da série
carbonatitica, topico que sera abordado em matatigeno Capitulo 4.

O metassomatismo € um processo de alteracdo afmidrmacdo quimica de uma rocha pela
acdo de uma fase fluida reativa, que resulta madae/ou saida de componentes quimicos da rocha,
com modificacdo de seus minerais. Magmas carb@muegtipossuem quantidades consideraveis de
volateis dissolvidos. A altas pressdes, a quantidsedCQ e outros constituintes volateis dissolvida
no magma pode ser alta, mas com a ascensao do raggessdo diminui e os volateis sdo exsolvidos
(Hall, 1996), reagindo com as rochas encaixantpsoeocando alteracfes metassoméaticas, como
fenitizacao.

Alguns autores associam a ocorréncia de mineraissél@e magnesita-siderita em
ferrocarbonatitos ndo somente a diferenciagdo migpmamas também a processos de
metassomatismo/hidrotermalismo (Buckley & Wooll&990) do préprio carbonatito ja cristalizado,
por eventos tardios.

Nos complexos carbonatiticos da APIP a intrusdoccalbonatitos nas rochas silicaticas
ultramaficas gerou zonas de reacao cuja espesatieade poucos centimetros a dezenas de metros,
nas quais as rochas ultramaficas primarias foramertidas em flogopititos (Brod, 1999, Brod et al.,
2004). O complexo carbonatitico Morro Preto apriesatieracdes e fenitizacdes em escala local, em

diversos estagios.

2.4. MINERALOGIA DE COMPLEXOS ALCALINO-CARBONATITIC 0OS
Aproximadamente 280 minerais sdo descritos em ceupl carbonatiticos, dentre eles

componentes primarios e produtos de alteracdo (tlgga989). As fases mais abundantes séo
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carbonatos (principalmente calcita, dolomita e &tie apatita, magnetita, ilmenita, pirocloro,
flogopita, monazita, barita e sulfetos (piritarpiita e calcopirita).

Os carbonatos se caracterizam por calcita cometode Sr, e pela solucéo soélida dolomita-
Fe dolomita-ankerita, além da solucéo solida meonosum siderita-magnesita nos ferrocarbonatitos
(Buckley & Woolley, 1990). Em carbonatitos vulcarscnao alterados, predominam os carbonatos
alcalinos, como a gregoryita e nyerereita.

A apatita é a segunda fase mais abundante em editben Muitos substituintes podem ser
encontrados em todos os sitios cristaloquimicaspdéita. Geralmente diferentes espécies de apatita
séo classificadas por substituicdo aniénica no gdifltor: fluorapatita, hidroxiapatita e cloradipa,
sendo mais comum a fluorapatita (Toledo & Pere&fi)1). Sr, Mn e elementos terras raras sao
substitutos comuns do calcio. Nas apatitas de nathos, o carbonato é um substituinte comum do
anion fosfato. A monazita também é um fosfato coreagontrado nos carbonatitos do Brasil e pode
estar ou ndo associada a eventos de alteracaatita.ap

Produtos de substituicdo isomérfica podem ser dstgeos, como a substituicdo da flogopita
por tetra-ferriflogopita, caracterizada pela subigtéio de Al* por Fé* no sitio tetraédrico. A tetra-
ferriflogopita apresenta concentracfes muito badeasluminio, o que a torna muito comum em
carbonatitos.

A magnetita, junto com a apatita e a olivina, éda® primeiros minerais a se precipitar a partir
de magma carbonatitico. Caracteriza-se por ser lemgida em titdnio nos estagios primarios de
diferenciacdo magmatica (Le Bas, 1989).

Pirocloro pode ser um dos principais minerais awéss em carbonatitos, formando
mineralizacdo em complexos carbonatiticos comocasss de Araxa — MG e Catalao — GO, que
respondem por cerca de 85% da producdo mundialbdeNBistes casos o pirocloro pode formar
concentragfes de minério em magnesiocarbonatitelsenitos. Pirocloro pode ser ainda concentrado
durante o intemperismo, aumentando o potencialrpararalizacao de Nb.

Monazita, barita e sulfetos sdo minerais estrabégievido ao seu potencial econémico, sendo
mais comuns nos estagios tardios em complexos raibioos, associados a ferrocarbonatitos, ou a
estagios de alteragéo subsolidus, formando degasitterais de monazita (ETR), vermiculita, fluorita
e barita.

Silicatos como olivina e clinopiroxénio comumenteowem na forma de fenocristais O
piroxénio apresenta composicao variando de cécscalica. Anfibdlios, guando magmaticos, variam
de célcicos a alcalinos, sendo comum anfibdliossrem sddio (riebeckita — Hogarth, 1989), sendo

esse ultimo encontrado em carbonatitos do Compotoo Preto.
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2.5. MINERALIZACOES ASSOCIADAS A COMPLEXOS CARBONAT ITICOS

Diversos depdsitos de fosfato, Nb, REE, Cu, flagrermiculita, barita, uranio, tério, titanio,
zirconio e molibdénio estdo associados a carbosatit

A localizacdo e contexto geoldgico dos carbonatitdisienciam no potencial econémico
desses complexos. A distribuicdo das ocorrénciasadeonatitos, por substancia de interesse, esta
detalhada na Figura 2.08. Outros aspectos impedaatser considerados sdo a influéncia do
intemperismo e enriquecimento supergénico dos elEmale interesse nos depdsitos minerais em
carbonatitos, muito comum em regides de clima tapcomo o Brasil.

Embora o fosforo esteja presente em numerosos aisneapenas 0s da seérie da apatita
constituem minerais de minério para este elemeAt®. variedades fluorapatita [€BROs,
C03,0OH).(F,OH)], a hidroxiapatita [G&PDw)3.(OH,F)] e, mais raramente, a cloroapatita
[Cas(PQy)3.(CI,OH)] e a carbonato apatita [£RQs,COs)3(OH)] podem ocorrer. A apatita € um
mineral quase sempre presente nas rochas carlasatim alguns carbonatitos, os minerais da série
da apatita contém a maior parte das terras ravdS,eddo Sr (Toledo & Pereira, 2001).

Os carbonatitos ja apresentam teores elevadossttedddevido a presenca da apatita. Este
mineral, embora cristalize nas fases precoces admicatitos, pode persistir como mineralizagcéo
tardia sob a forma de fluorapatitas ou carbonatorflpatitas, ricas em ETR e Sr. Monazita é outro
fosfato importante e pode ser responsavel porgazadbstanciais de ETR em carbonatitos.

O intemperismo dos complexos carbonatiticos, aléroathcentrar a apatita, pode resultar, se
muito intenso, em formagé&o de alumino-fosfatogsiem terras raras, sendo os mais comuns 0s do
grupo da plumbogummita: crandalita [Ca®Qu)2(OH)s.H20], goyazita [SrAd(PQy)2(OH)s.H20],
gorceixita  [BaAk(PQy)2(OH)s.H2O], florencita [CeA$(PQw)2(OH)s] e  plumbogumita
[PbAI3(PQy)2(OH)s].

Em adic&o, o pirocloro, responsavel pelas prinsipaservas mundiais de niébio, pode ser
concentrado em carbonatitos e termos evoluido8réafescoritica. A barita, comum nas fases tardias
de carbonatitos, e o titanio, acumulado apds asfmamacédo de perovskita em anatasio por
intemperismo ou processos carbo-hidrotermais erhaalltraméficas, sdo também importantes
constituintes minerais associados aos complexo$ogatiticos ampliando seu potencial
metalogenético.

Woolley & Kjarsgaard (2008) compilaram as ocorrée@onhecidas de carbonatitos. Os dados
fornecidos podem ser agrupados inicialmente dedaceom a auséncia (carbonatito puro ou
amplamente dominante) ou presenca de rochas isidis&lcalinas associadas (complexos alcalino-
carbonatiticos). O segundo tipo pode ser adiciomalensubdividido de acordo com o tipo de rocha

alcalina associada ao carbonatito.
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A mesma base de dados lista 102 carbonatitos/caowplecarbonatiticos mundiais
mineralizados, incluindo recursos, minas ativas ieaminativas. A maioria das mineralizacdes
descritas estao contidas em apenas 3 categonbsneditos associados a rochas ultramaficas (24%);
a nefelinitos e série ijolitica (35%) e carbonatiteolados (17%).

Chama a atencdo que, dentre carbonatitos assocadoshas ultramaficas com ou sem
sienitos, 45% dos corpos listados por Woolley & rigmard (2008) contém algum tipo de
mineralizagdo, ante 28% na classe dos carbonasssciados a nefelinitos/ijolitos, 23% nos
carbonatitos associados a melilititos-melilitolitds/ % nos carbonatitos isolados e 12 % nos
carbonatitos associados a rochas félsicas (tragigtoto + fonolito / sienito). A base de dados nao
registra mineralizagcdes em carbonatitos associamioamente a lamprofiros, associados a kimberlitos
e associados a basanitos e gabros alcalinos.

Estes dados sugerem que associac¢des entre rdat&ias e carbonatitos tém maior potencial
para gerar mineralizacdes do que carbonatitosdss)ae que sistemas magmaticos mais primitivos
(ultraméficos) podem ter maior potencial metalogiengRibeiro et al., 2014).

O Complexo Morro Preto possui mineralizacao deitgpassociada a magnesiocarbonatitos,
fornecendo, em amostragem de solo regional, até agé Nb, 22,4% s e 1,19% REEDs total.

As campanhas de sondagem no Complexo Morro Pegtlizadas pela Anglo American Brasil Ltda.,
interceptaram intervalos mineralizados de até 2érexlenséo com teor médio de 20.699sParte

do escopo do presente projeto inclui ndo somenémder a petrogénese do complexo, como também
relacionar a distribuicdo das apatitas e o teoliondas diferentes geracdes de apatita com o palenci

econdémico do Complexo.
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CAPITULO 3: MATERIAIS E METODOS

3.1. INTRODUCAO

Os principais métodos inclusos nesse trabalho sfrografia, geoquimica de rocha total,
guimica mineral semi-quantitativa, imagens elet@sie mapeamento composicional.

As amostras foram selecionadas a partir de critdarturais e geologicos em descricdes de
testemunhos furos de sonda do projeto de explordgdAnglo American Brasil Ltda. nas duas
intrusdes (Morro Preto Norte e Morro Preto Sulcdmplexo.

As amostras foram obtidas serrando o testemunhsoddagem em duas metades iguais,
mantendo uma duplicata em campo para a necessldddaura reanalise. Os pedacos de testemunho
de sondagem foram entédo cortados com makita neipiépal de amostragem, respeitando a dire¢ao
da fabrica mineral.

Foram confeccionadas laminas delgadas polidas dora@rio comercial externo a
Universidade. As amostras analisadas por microsgoncroscopia eletrénica foram selecionadas a

partir da analise petrografica de 115 laminas.

3.2. GEOQUIMICA DE ROCHA TOTAL
Um total de 109 amostras de testemunho de sondégemm selecionadas para analise
geoquimica em laboratério comercial. Evitou-se araegjue correspondiam a contatos ou zonas de
falha, as quais foram selecionadas somente paliaeapétrografica.
As amostras foram preparadas no laboratorio deapgefio da ACME Brasil (Goiania, GO)
em 2012 seguindo a sequéncia de:
(i) Secagem da amostra em forno com temperatura <C105 °
(ii) Britagem a 90% da amostra passante a < 6 mm, ebaipggem da fracdo completa a
90% da amostra passante a < 2 mm, limpando osdbrégsa com quartzo a cada
amostra,;
(i) Quarteamento de 500g de amostra represeatatiantendo o rejeito da fragéo britada
para qualquer necessidade de repreparacéo;
(iv) Pulverizacéo da fracdo quarteada a uma granul@seti05 um em panelas de baixo
cromo, limpando com quartzo a cada amostra;
(v) Quarteamento de 100g da amostra pulverizada, ndmtenejeito da pulverizacao
para qualquer necessidade de reanalise;
(vi) Amostragem de duplicatas da britagem e do quadetme insercdo de padrdes e

amostra branca a cada 20 amostras, para o cod&gjealidade.
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As amostras foram analisadas no laboratorio coaleA(CME em Vancouver, Canada, por
meio dos seguintes critérios:

(i) Andlise dos principais 6xidos (SiAI203, FeOs, Ca0, MgO, NzO, K20, MnO TiG,,
P.Os, Cr203) por fusdo com LiB@Qusando 0,2g de amostra, analise por ICP-ES.

(i) Amostras fundidas de acordo com a mesma técwoiaanfanalisadas por ICP-MS para
determinacdo de elementos menores e tracos (B&a ${f, Nb, Sn, Sr, Ta, Sc, Th,
U, V,W,Y, Zr, La, Ce, Pr, Nd, Sm, Eu, Gd, Tm, o, Er, Tm, Yb, Lu). Digestéo
via 4 acidos (HN@ HCIO4, HF, HO) foi utilizada para analise de Ni por ICP-MS.

(iif) Elementos calcofilos e metais preciosos foranalisados via ICP-MS em amostras
digeridas por agua régia a quente utilizando 30gpodiza.

(iv) A perda ao fogo das amostras foi reportada eneptagem a partir da calcinagéo de
1g de amostra. A analise de C e S total foi reddizatilizando forno LECO IR
utilizando 0,2g de amostra.

O controle de qualidade das amostras foi realizadpeitando os parametros de amostras
passantes entre o intervalo de 2 vezes o desvia@dds padrdes analisados. Os limites de detecgéo

dos métodos supracitados estdo detalhados na Taab&labaixo. Os resultados analiticos de todas as
amostras encontram-se anexados a esse trabalho.
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Element/ | Det. Lim. || Element/ | Det. Lim. || Element/ | Det.Lim. || Element/}{ Det. Lim. || Element/ | Det. Lim.

Parameter |  Unit Parameter Unit Parameter Unit Parameter]  Unit Parameter |  Unit
Si02 0.01 % Au 0.2 ppb Hf 0.1 ppm Re 1 ppb Ir 0.1 ppm
Al203 0.01 % Au 1 ppb Hg 5 ppb Sh 0.02 ppm La 0.1 ppm
Fe:03 0.04 % Ag 2 ppb In 0.02 ppm Sc 0.1 ppm Ce 0.1 ppm
Ca0 | 0.01% As ! 0.1ppm Li* | 0.1ppm Se ! 0.1ppm Pr 0.02 ppm
Mg0 : 0.01% B - 2 ppm Mt i ppm sn 1 ppm Nd 0.3 ppm
Na;0 0.01 % Ba 1 ppm Mo 0.01 ppm Sr 0.5 ppm Sm 0.05 ppm
K:0 0.01 % Be* 0.1 ppm Nb 0.1 ppm Ta 0.1 ppm Eu 0.02 ppm
MnO 0.01 % Bi 0.02 ppm - 10 ppm Te 0.02 ppm Gd 0.05 ppm

Tio: : 0.01% cd  :0.01ppm Ni*t  : 01ppm Th : 02ppm Tb 0.01 ppm
P20s  10.001 % Co 0.1ppm Pb ©0.01ppm Tl 0.02ppm Dy | 0.05ppm
Cr:0s  10.002 % cr 0.5 ppm Pd" 10 ppb U 0.1 ppm Ho 0.02 ppm
LOI 01 % Cs 0.1 ppm Pd 05 ppb v 8 ppm Er 0.03 ppm

I 0.01 % Cu 0.01 ppm Pt 2 ppb W 0.5 ppm Tm 0.01 ppm

S : 001 % Ga : 05ppm Pt : 0Zppb Y : 01ppm Yb 0.05 ppm
Ge* - 0.1ppm Rb - 0.1ppm Zn 0.1 ppm Lu 0.01 ppm

Methods and Specifications

Group 1F-MS A 30 g subsample is digested in 180 mL of hot (35°C) modified Aqua Regia (1-1:1 HCI-HNOz-H,0)
for 1 hour, cooled and made to 600 mL volume with 5% HCI. Solution is analysed by ICP-MS
(Perkin Elmer Elan 6000 or 9000). *Some minerals of these elements may be only partly attacked.
Group 3B-MS  |A 30q sample split is custom mixed with PbO fire assay fluxes and fired for 45 minutes at 1050°C.
Molten Pb + slag is poured into an iron mold, cooled and Pb button recovered. Heating at 950°C in
Element Unmit  |a MgO cupel renders a Ag + Au, Pt, Pd dore bead. The bead is parted in hot HNO3, digested by
adding HCl and aspirated into a Perkin Elmer Elan 6000 ICP-MS to determine Au, Ptand Pd.
Group 4A-4B  |A02g sample split is fused at 1000°C with 1 bg of a 80-20 lithium metaborate/tetraborate mix. The
cooled bead is digested in 100 mL of 5% HNOs. ICP-ES analysis determines major element con-
Element Unit  |centrations reported as the common oxides. Loss on Ignition (LOI) is report as % weight loss on a
1g split is ignited at 1000°C. LECO analysis determines total C and S on a 0.2g sample split.
The same whole rock fusion solution is analysed bylCP-MS (Perkin Elmer Elan 6000) to determine
absolute concentrations of these frace elements.

Group 77D A 05g sample splitis digested in 20 mL of 4-Acid solution (HNOa:HCIO+HF -H20) at 200°C and
ﬁtaken to dryness. Residue is dissolved in 16 mL of 50% HCI at ~95°C for 1 hour then made to
volume in a 100 mL volumetric flask with 5% HCI. ICP-ES analysis determines total Ni.

Element Unit

Element Unit

Tabela 3.01 Relacdo dos limites de detec¢cdo minima (L.D.q paréxidos e elementos analisados,

e cores relacionando os tipos de métodos analitoogorme especificados acima.

3.3. ANALISE EM MICROSSONDA ELETRONICA

A composicao quimica de fases minerais de 12 aasostpresentativas, sendo 8 amostras de
carbonatito e 4 amostras de kamafugito, foi detemda quantitativamente por WDS e semi-
guantitativa por EDS utilizando a microssonda étetra JEOL JXA-8230 do Centro Regional de
Desenvolvimento e Inovacao (CRTI), na Universiddeé&oias (UFG).

A analise quimica do material € feita por meio dediia da energia e distribuicdo da
intensidade de Raios-X gerados pela excitacaoldosatos presentes, apos a incidéncia do feixe de
luz sobre a amostra. No presente trabalho foralmados detectores de Raios-X por EDS (Energy
Dispersive Spectrometer) e WDS (Wave Dispersivebpaeter).

Laminas delgadas polidas de amostras selecionadas fpreparadas por metalizacdo da

superficie, utilizando carbono, para permitir canddade e evitar variacao dos efeitos de absorcao.
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As condicbes operacionais foram de 15kV de potéack®nA de corrente, com o tempo
analitico variando de 10 a 30 segundos para asesd@le WDS, utilizando uma abertura de 1 pm de
diametro do feixe de luz para as amostras de kamafe de 5 pm para as amostras de carbonatito.
As correcdes de absorcdo e de variacdo da matam foealizadas utilizando o método do algoritmo
ZAF.

A composicao dos minerais de kamafugitos foramrdet@das de maneira semi-quantitativa
por espectrometria de dispersdo em energia (ED8gté&rminacdo da composicéo dos carbonatos e
apatitas do complexo Morro Preto foi realizada ggpectrometria de dispersdo em comprimento de
onda (WDS). Nos dois casos, as analises foramzeelds com apoio de imagens de elétrons
retroespalhados (BSE — backscattered electronapasicomposicionais de composicao colorida, para
permitir o reconhecimento de diferentes fasesfeidées texturais. Mapas composicionais adicionais,
nao utilizados nos capitulos estruturados em atigocontram-se disponiveis em anexo, assim como
as tabelas completas das analises em WDS.

Os dados brutos de quimica mineral sédo reportadqeeecentagem em peso (wt. %) de 6xidos
e as formulas estruturais sao recalculadas comnzageantidade adequada de atomos de oxigénio
(ou F, CI, OH) para cada mineral. Os carbonat@niicecalculados com base em 6 oxigénios, a apatita
com base em 25 oxigénios, o clinopiroxénio com leames oxigénios e a olivina com base em 4

oxigénios.
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CAPITULO 4

GEOLOGY, MINERALOGY AND LITHOGEOCHEMISTRY OF THE MO RRO PRETO
ALKALINE-CARBONATITIC COMPLEX, GOIAS, BRAZIL
Nascimento, E. L. C¥; Brod, J. A.; Aradjo, I. M. C. P. ¢, Machado, S. A%, Sartorato; G. B.*®
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ABSTRACT

The Morro Preto Alkaline-Carbonatite Complex isdted in the northern portion of the Goias Alkalifvevince
(GAP) and is unique in the region due to the lgygedominance of carbonatites over other alkalimdgolt comprises
two circular intrusions (Morro Preto North and MmPreto South) of magnetite apatite magnesiocathesawhich host
phosphate mineralization, and gradually differdati@ barium-rich ferrocarbonatites, some contgriarbonates of the
magnesite-siderite series.

Kamafugite dykes crosscut the carbonatites. Mimouaences of alkaline basalt are present in tha, dut their
relation to the carbonatite complex is unclear.nBmrbonatite intrusions fenitized the Precambhiast rocks.

The magnetite apatite magnesiocarbonatites variexture and modal composition from magnetite-apatit
cumulates (pseudophoscorites) to magnesiocarbesatith only small amounts of magnetite and apdtit¢he Ba-rich
ferrocarbonatites, apatite is rare or absent, hadiominant carbonate varies from Fe-dolomite teedte. Carbonates of
the magnesite-siderite series and traces of ma@naad REE-carbonates are also present in the malsied rocks.

SiO,, FeOs, MnO, BaO:SrO andREE increase from the magnesiocarbonatites todarbmnatites, whereas the
CaO, MgO and s contents decrease.

Kamafugites represent the most primitive rock tiypiae Morro Preto complex. They have a compas#ioange
similar to the GAP mafurites and ugandites, indiwptheir relatively evolved position in the kamgific series, and
distinguishing them from the regional MgO-rich dika picrites.. Carbonate globules (ocelli) in theecks corroborate
the silicate-carbonate liquid immiscibility hypotie

Geological, geochemical and mineral chemistry deg¢aconsistent with the evolution of the Morro Biébmplex
by crystal fractionation, liquid immiscibility, mesomatic overprinting and late hydrothermal evehte Morro Preto

Complex is an exception in northern GAP, sincs largely dominated by carbonatite.

Keywords:Goias Alkaline Province, carbonatite, kamafuggkpsphate mineralization.
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4.1. INTRODUCTION

The magmatism occurring in the northern part ofLthie-Cretaceous Goias Alkaline Province
(GAP), central Brazil, comprises a series of alaliltramafic plutonic complexes, a small propartio
of which contains carbonatite intrusions. The seuritportion of the Province is dominated by poorly
preserved ultrapotassic lavas and pyroclastic diespasso locally containing carbonatites. The cant
portion of the Province is characterized by kamaitgliatremes (Junqueira-Brod et al., 2004;
Junqueira-Brod et al., 2004; Brod et al., 2005).

The plutonic complexes often display an oval teuwar shape. When present, carbonatites
tend to lie in the center of the intrusion or maydistributed as an external brecciated halo. Togd
Preto Carbonatitic Complex, 40 km to the northhaf tity of Piranhas, Goias State, is exceptional in
this context, in the sense that it contains abuncmonatite intrusions.

Initial studies in the Morro Preto Complex, survéyiey the Brazilian Geological Survey
(CPRM) in the 1980's, indicated substantial anoewlof phosphorous and barium in stream
sediments, elements typically found in alkalingustons. The Ipora Airborne Geophysics Survey,
also conducted by CPRM, confirmed alkaline-type netig and radiometric signatures for two
separate intrusions in the area (Pereira et 80;1usto, 1997).

Exploration work by Anglo American Brasil Ltda. fro2011 to 2015 detected anomalous
phosphate in surface sampling and drill cores. fEalts indicated the continuity and the variapilit
of apatite-carbonatites in the weathered profiethe fresh magmatic rocks and in hydrothermal
alteration zones.

We present geological, petrographic, mineralogicel geochemical data on the Morro Preto

Complex, with an aim to investigate its origin anblution.

4.2. THE GOIAS ALKALINE PROVINCE (GAP)

The Goias Alkaline Province (GAP, Junqueira-Brodlet2002, Gaspar et al., 2003) is located
along a regional NW-SE lineament at the northemadoof the Phanerozoic Parana Basin, at the limit
between that Basin and the Precambrian Brasilia B#lt. Most alkaline rock occurrences are
scattered along a N30°W lineament, but the entgion was also affected by the Cretaceous
reactivation of a NE-trending Transbrasiliano limesmt (Shobbenhaus Filho et al., 1975; Dutra et al.,
2011).

Together with the Alto Paranaiba Igneous ProviddelP, Gibson et al. 1995), further to the
Southeast, the GAP is one of the largest areaarmakugite occurrence in the world (Junqueira-Brod
et al., 2004; Junqueira-Brod et al., 2005). Althougpth the APIP and the GAP are typically
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ultrapotassic, they may show differences in thecgemical properties of their magmas, which result
in different geological associations. Particulartteworthy is the presence, in northern GAP, oficnaf
to intermediate plagioclase-bearing alkaline rockdnown in the APIP (Brod et al, 2005).

The GAP rocks have ages between 80 and 90 Ma (Gibs@l. 1995b, 1997), a slightly
narrower range than previously assumed (75-90 Man) 1978). The alkaline magmas intrude
Neoproterozoic rocks of the Goids Magmatic Arc &ménerozoic sedimentary rocks of the Parana
Basin (Fig. 4.01), causing fenitization of the ctsymocks and contact brecciation.

Several researchers interpret the alkaline magmaifshis province, as well as that of other
alkaline provinces surrounding the Parana Basim, @disect product of mantle plume activity. Early-
and Late-Cretaceous alkaline provinces have béghbuaed respectively to the Tristdo da Cunha and
to the Trindade Plume systems (Comin-Chiaramondil.et2007; Danni, 1994; Gibson et al., 1995;
Gibson et al, 1997; Van Decar et al., 1995).

According to Danni & Gaspar (1994), Junqueira-Beb@l. (2005) and Brod et al. (2005) the
plutonic alkaline complexes are typical of the herh portion of GAP, whereas sub-volcanic to
volcanic rocks dominate the central and southertigrs of the Province. The intrusive rock types
are mainly dunite, peridotite, pyroxenite, gablmepheline syenite, carbonatite, and lamprophyres
(Danni, 1994). The volcanic units comprise brecoia flows of leucitite, olivine leucitite,
melaphelinite, nephelinite, alkali basalt, basagnégite, lamprophyres, and trachyte. Kamafuggtes
an important rock type in the lavas and pyroclastits, as well as in diatremes (Danni & Gaspar,
1994; Junqueira-Brod et al., 2005).

The weathering profiles developed on the GAP malfiamafic alkaline complexes are known
prospects for lateritic nickel. Nickel resources agported from the Santa Fé, Morro do Engenho,
Morro do Macaco, Agua Branca and Montes Claros diésscomplexes (Melfi et al., 1988; Ribeiro
et al., 2014). These complexes share featurexékéral dunites surrounded by more differentiated
rocks. Ni mineralization is contained in the felinays saprolite and in the siliceous saprolite zone
of the weathered profile (Oliveira, 1990).

Regional geophysics interpretation in the GAP byuk&o(2007) identified carbonatite and
syenite intrusive bodies, including the two intugsibodies from the Morro Preto Complex by
associating gammaspectrometric and highly magsejicatures. Navarro et al. (2014) first provided
detailed mineralogical and geochemical informatiarthe Morro Preto South Intrusion. They describe
the complex as variably weathered carbonatite angbtophyre, as well as syenite and ferruginous
alkaline basalt.
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Fig. 4.01 Northern portion of the Goias Alkaline Provin€@AP). The main alkaline intrusions are highlighteith a
dashed line contact defined by magnetic anomdiieslified fromLacerda Filho et al., 2000).

4.3. METHODS

The rocks used for the petrographic, geochemicalrameral chemistry analyses were drill
core samples from Anglo American Brazil Ltda — Br&xploration Office. The cores of 11 out of a
group of 18 drill holes were sampled for whole-rggochemistry. Petrographic analysis was carried
out on a total of 115 polished thin sections, usiagsmitted and reflected polarized light.

A total of 109 drill core samples were analyzedadbiole-rock major oxides and trace elements.
Sample preparation was carried out in the Acme gregn facility at Goiania, Brazil. Chemical
analyses were conducted by Acme Labs at Vanco@arada, on samples fused at 1000°C using a
mix of 0.2g of sample with 1.5g of 80:20 lithium takborate:tetraborate. Major element oxides ¢SiO
Al203, FeOs, CaO, MgO, NgO, KO, MnO TiQ, P.Os, CrOs) were determined by ICP-AES
analysis. Trace elements (Ba, Cs, Ga, Hf, Nb, 8i[& Sc, Th, U, V, W, Y, Zr, and the rare earths)
were determined by ICP-MS analysis. Chalcophilenelats and precious metals (Au, Ag, As, B, Be,
Bi, Cd, Co, Cr, Cu, Ge, Hg, Ir, Li, Mn, Mo, Ni, PBd, Pt, Rb, Re, Sb, Se, Te, Tl, Zn) were digested
in aqua regia using a 30g pulp, following by ICP-Bt&lysis. Loss on Ignition (LOI) is reported as a
percentage of weight loss on a 1g sample spliitadnat 1000°C. Total carbon and sulfur were
determined with LECO IR furnaces on a 0.2g sampli¢ s
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Twelve carbon-coated thin sections were analyzed wawelength-dispersive X-Ray
spectroscopy (WDS) and energy-dispersive X-ray tspeoopy (EDS) using a JEOL JXA-8230
electron probe microanalyzer (EPMA) at the Regiddahter for Technological Development and
Innovation (CRTI), Goias University (UFG). Operatioonditions were 15kV and 20nA.

4.4 MORRO PRETO CARBONATITE COMPLEX

The Morro Preto Complex comprises two well-defirgetb-circular intrusive systems, 5km
away from one another. They are located at thelwemée between the Caiap6 and Piranhas Rivers,
approximately 38 km north from the Piranhas Cityg. .02 shows the map distribution of
carbonatites in both intrusions.

The southern intrusion (Morro Preto South) is 3kraurface diameter and crops out over 100m
in height. The Morro Preto North intrusion is appnoately 1.5km in diameter per 50m outcropping
height. Both intrusions have ring-like charactérsst positive topography, and are hosted in
Neoproterozoic orthogneiss and metavolcanic roéken0Opolis Magmatic Arc) plus anorogenic
granites (Pimentel et al., 1997).

The northwestern portion of Morro Preto is in cehtaith the Devonian sandstones of the
Furnas Formation, in agreement with the intrusimdets of Junqueira-Brod et al. (2005). The deep

weathering in the region resulted in a thick safdlsoil layer on both intrusions.

4.4.1. Morro Preto North

Morro Preto North has a central intrusion rangirgnf magnesiocarbonatite to barium-rich
ferrocarbonatite, with subordinate occurrences aigmnetite apatite magnesiocarbonatite. The
carbonatite intrusions are rarely cumulates ofisgand magnetite, usually brecciated and crosscut
by dykes of kamafugite, alkali basalt and felsimpaophyre. Bebedourite, a common rock-type in
kamafugite-carbonatite complexes (e.g. Brod et24Q0; Barbosa et al., 2012) occurs only as a
xenolith in one of the studied kamafugite thintgets (Nascimento et al., 2018, in preparationj, bu
this may be a very significant link with a possiblbedouritic complex at depth.

The apatite magnesiocarbonatites host phosphateralization. The soil survey showed
anomalous areas (0.5 x 0.2 km) with 2 to 5.9 wt@sPand the phosphate grade in drill cores reached
up to 7.19 wt.%.

Mafic to intermediate basement rocks, such as glianic gneisses and
amphibolite/metagabbro, are the most common countrly in the complex. Near the contact with
carbonatites they are converted in felsic and nfafides, and sometimes occur as xenolith fragments

in carbonatite breccia.
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The regolith profile dominates Morro Preto Norththaare altered rounded outcrops in the
central and topographically high portions of theaarcomprising silicified ferruginous carbonatites
with incipient banding. The regolith profile is died from base to top in a clayish saprolite vagyin
from a whitish-cream to reddish and brownish sagallepending on the apatite and/or iron content,
respectively. The upper regolith profile is chaesizted by a silicified material (silexite) compos#d
goethite, with variable amounts of hematite, and-grained quartz filling part of the cavities.

The soil geochemistry and ground geophysics suowey Morro Preto North suggest it is a
concentric body with the center dominated by caaltitenand an outer aureole of fenitized mafic-

ultramafic rocks, although the latter does not aap

4.4.2. Morro Preto South

In the Morro Preto South, concentric carbonatimsnt broad central portion, commonly
covered by silexite. The carbonatite domain conegricumulate-textured magnetite apatite
magnesiocarbonatites, which are more common idriieores from the northwest and south-central
portions of the intrusion, and grade to crypto@alste apatite Fe-dolomite magnesiocarbonatite emor
brecciated and more common in the drill cores fthennorth-central portion and southwest area. To
the east/southeast of this carbonatite domain tlsere topographic high dominated by ankerite
ferrocarbonatite containing minor siderite.

The entire carbonatite sequence is crosscut by ke dykes. These dykes contain preserved
magmatic features such as phenocrysts orienteddgynatic flow. Rare differentiated terms show an
increase in groundmass carbonate.

The phosphate mineralization from the southerrugimn is defined by an area of 1.5 x 1km
with phosphate values ranging from 5 to 22.5 wt30sHn soil. Drill core samples reached up to
22.36 wt.% BPOs in a meter interval, and intercepts with up to 48m.1.4% BOs (Fig. 4.02).

Felsic and ultramafic fenites crop out in the exaémportion of Morro Preto South, where
basement amphibolites and granodioritic to gramjtieisses, are converted into carbonatitic breccias
or occur as carbonated xenoliths and xenocrysidanhe carbonatites. Even the earlier-formed
carbonatites are locally fenitized by late carbeantrusions or fluids, locally resulting in stated
K-feldspar or K-feldspar veins, similarly to otherbonatite complexes (Le Bas, 1981; Pirajno et al.
2014).

The average soil thickness is 10 meters, but tlegitg and saprolite layers may be tens of
meters thick each. The silexite contains goetmt rainor hematite, with fine-grained quartz filling
interstices and part of the cavities. A thick reshdcolluvial soil covers the topographic low on the

northwestern portion. Navarro et al. (2014) desctitre altered portion of Morro Preto South as
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saprolitic rocks filled with quartz and/or chalcegpapatite and crandallite, and in minor propartio

carbonate, anatase and barite. It is possibledergb incipient layering, characterized by whitadsa

grading to pinkish bands.
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4.5. PETROGRAPHY
4.5.1. Carbonatites

The carbonatite series represents the majorityeétkaline lithotypes in outcrop and drill core
intersections. Both Morro Preto South and Northtaionthe same carbonatite sequence, organized
into three main groups according to modal compasifpetrographic characteristics and geochemical

association (Table 4.01).

Magnetite apatite magnesiocarbonatite

The first group consists of banded (Fig. 4.03A) n&ge apatite magnesiocarbonatite, where
magnetite-apatite cumulates often show dynamiategtsuch as magma flow (Fig. 3B), brecciated
zones and xenoliths. Some specimens or intercegogdank banding, showing a more isotropic aspect
(Fig. 4.03C). In some cases, particularly in Mdareto South, magmatic banding may produce end-
member compositions, such as apatite-magnetiteetiohulates (pseudonelsonite — Fig. 4.03D) and
magnetitite. Boxwork texture (Fig. 4.03C) and xathasl of earlier-stage carbonatites (Fig. 4.04D) are
common and appear to be restricted to specificzone

The rocks of this group vary widely in modal comifiog, consisting mainly of dolomite (up
to 90%), Fe-dolomite (10 to 70%), apatite (2 to 45¥d magnetite (8 to 40%), with accessory
amounts of barite (up to 2% of primary poikilitiarte), phlogopite, baddeleyite, zircon and
pyrochlore. K-feldspar occur mainly as late veirgsscuting the magnesiocarbonatites (Figure 4E).

The carbonate bands comprise coarse-grained (Q.Xrtm), euhedral to anhedral carbonate,
occurring as bands of coarse-grained clear dologhiig. 4.04A), with or without coarse-grained
apatite, and as fine-grained bands of microinchusioh (Fig. 4.04B and 4.04C) gererally associated
with fine-grained to cryptocrystalline apatite (ophane).

Apatite also shows important grain size variatigkgy. 4.04A to 4.04C), grading from
subhedral and coarse-grained (50 to 500 pum), totacyystalline. Orientation of subhedral apatite
aggregates by magma flow is common. In some sanglesedral apatite contans fibrous inclusions
parallel to the “c” axis. The dominant apatite typehe northern intrusion is collophane, with very
rare occurrences of the coarse-grained varietyatite.

The iron oxide / hydroxide minerals normally formhaterogeneous mass with apatite and
carbonates, and, when subhedral, vary from 10 ® [20. They become modally important in
pseudonelsonite and magnetitite cumulates (FigdH,0forming subhedral to euhedral magnetite
aggregates, partially or totally altered to goethibhe latter reaching up to 10% in thin sectiomm8

of the magnetite contain apatite inclusions.
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Ba-rich ferrocarbonatite

The second carbonatite group (Fig. 4.03E) is aubarich ferrocarbonatite, composed mostly
of medium to coarse-grained, equigranular Fe-ddlr(il0 to 60%) and ankerite (10 to 40%).
Xenoliths of both earlier carbonatite and basenrenks may occur. This group is enriched in
secondary barite and poorer in magnetite cumultiias the previously described carbonatites.
Monazite is rare. Apatite is rare or absent. Pytitb@nd ilmenite occur as trace minerals.

Part of the iron and barium content in these rae&s originally contained in carbonates. Fe-
dolomite grains appear in “clearer’ carbonate bamdth grain size from 0.1 to 0.3 mm. Upon
weathering secondary barite and euhedral Mn-ridarge (10 to 20%) appear in or at the edges of
dissolution cavities. Ferruginous alteration is awon over the layers where ankerite and minor
siderite predominate. Iron oxide/hydroxide (8 tor80dal %) either replaces the Fe-rich carbonates

(Fig. 4.041), or is replaced by goethite, and namcurs as grain cumulates.

Late-stage Ba-rich ferrocarbonatite

The third carbonatite group represents the latgestvolution of the barium-rich ankerite
ferrocarbonatite. These rocks are porphyritic, wattkerite, siderite and lesser amounts of Fe-
dolomite, poikilitic barite, and traces of apat#ed magnetite (Fig. 4.03F). They are even richer in
barium, thorium and rare earth element (REE) misdten those of the second group (Fig. 4.041).
Sulfides, monazite and bastnaesite are common smygshases.

All the carbonatite sequences were affected byabéei degrees of silicification during
weathering, invariably followed by precipitation sécondary barite and, in some cases, of secondary
calcite, siderite, apatite and monazite. Silicifica may occur in interstices of other mineralsasr
infilling in dissolution cavities, and is charad#ad by fine-grained quartz, that can reach up5o 2
modal %. In extreme weathering conditions this eaolve to an entirely silicified rock with only a
few carbonate remains. Dissolution cavities inféreocarbonatites have some proportion of goethite
and rare calcite recrystallization at the edgeadifition to the secondary quartz and barite. Talflé
summarizes the modal composition for the main tithes of the Morro Preto carbonatite series.
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MODAL COMPOSITION (%)
Magnesite- | |, oxidel
LITHOTYPE Apatite dolomite |Fe-dolomite| Ankerite Siderite hvdroxi barite
series ydroxide
Ap Mg CBT CUMULATES 2 o = = +
Ba Ank Mg CBT + + + + +
Late Ba Ank Mg CBT 3 ik = +

20 50 80 20 50 80 20 50 80 20 50 80 20 50 80 20 50 80 20 50 80

Table 4.01 Modal composition ranges (%) for the carbonatitdé® crosses represent the average content ohaiaehnal.

4.5.2. Silicate Rocks
Dykes of alkaline silicate rocks occur in both MofPreto South and Morro Preto North

intrusions. They comprise kamafugites, with ratsifedykes and alkali basalts.

Kamafugites
Kamafugite dykes crosscut both the country-rock dhe carbonatites. They contain

phenocrysts of olivine and clinopyroxene, set ing@undmass composed of clinopyroxene,
leucite/kalsilite, apatite, phlogopite, magnetitarbonate and minor perovskite and nepheline. Most
sampled kamafugites are mafurites, some uganditas ¢ocally, and katungites were not found.

The kamafugites may contain 5% to 20% of carbomateiscible globules, up to 1mm in size
(Fig. 4.05A and 4.05B), composed of aggregatesiofario cryptocrystalline carbonate, suggesting
an immiscibility link between silicate and carbateatagma.

The least-differentiated kamafugite dykes are attared by phenocrysts of olivine (Fig.
4.05B) and minor (up to 5% of the total phenociystgopyroxene set in a cryptocrystalline to
microcrystalline groundmass, composed of serpesthiolivine, clinopyroxene, phlogopite,
magnetite and carbonates. Clinopyroxene also ocassglomeroporphyritic aggregates of
microphenocrysts. Magnetite locally contains chtemnclusions. Olivine and clinopyroxene are
variably altered to serpentine, phlogopite, anaitd.

These kamafugite magmas evolve through an increaghe amount of clinopyroxene
phenocrysts, which are often zoned and may beteddry magmatic flow. The groundmass contains
the same minerals as in the earlier kamafugitasyay become richer in carbonate.

More evolved kamafugites were intercepted in d@oltes from Morro Preto South. They lack
olivine, and contain both clinopyroxene and apagiteenocrysts, the latter with carbonate melt
inclusions, consistent with the coexistence of isuMile carbonate and silicate liquids. The most
evolved members of the kamafugite series are ugandontaining leucite phenocrysts, sampled from

Morro Preto North. They host xenoliths of clinopyeoe + perovskite + phlogopite cumulates, which
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are petrographically very similar to the bebedasrithat characterize the kamafugite-carbonatite

association in the nearby Alto Paranaiba Igneoasiftre (Brod et al., 2000).

Alkaline basalts

Mafic silicate rocks occurring in the Morro Pret@r@plex comprise rare rocks of basaltic
composition (Morro Preto South), characterized dayed plagioclase and a carbonatized groundmass
rich in Fe-dolomite. These rocks have variable am®wof vesicles filled with Mg-rich siderite, Fe-

rich magnesite and beidellite.

Felsic alkaline rocks

A felsic, globular rock (Fig. 4.05C) intercepted drmill core, is composed of rounded,
millimeter- to centimeter-sized domains of reddmsbwn color set in a greenish groundmass. The
brown “halos” consist of radial aggregates of KdBgar microphenocrysts in an aphanitic
groundmass. The dominant, greenish matrix conteacgs of tetra-ferriphlogopite, rutile, and altere
amphibole (riebeckite) in a Fe-dolomite- and bditielrich groundmass. These domains are intensely
altered, their different compositions and theirtteal relationships suggest the coexistence of
compositionally different liquids from which theyystallized.

A dyke of altered felsic (leucitite?) rock was irtepted in Morro Preto North. This rock
contains leucite megacrysts and olivine phenocrybes latter altered to talc and serpentine. The

groundmass is composed of K-feldspar, olivine, dule and traces of rutile and pyrite.

4.5.3. Fenites

The drill cores from both Morro Preto bodies ingpted fenites of ultramafic to felsic
composition, produced by carbonatite metasomas$nime contacts with the basement country rocks
(Figs. 4.05D to 4.05F). In Morro Preto South, thigioal country rocks such as amphibolite, diorite,
granodiorite and felsic mylonites developed carbethazones grading, closer to the contact, to
carbonatite breccia with some partly preserved kigrsadfrom the host-rock.

Ultramafic to mafic fenites derive from basementtagabbro and amphibolite. They are
locally characterized by the development of chéordind carbonate monomineralic bands with
plagioclase and hornblende relicts.

The felsic fenites are characterized by an argdlieration replacing the original fabric, with
rare plagioclase and K-feldspar relicts. Carboaattbarite veins crosscut the fenites and are lysual

associated with an alteration halo enriched in abgdd, epidote and phyllosilicates.
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4.5.4. Silexites

A thick silexite layer characterizes the Morro Br&omplex weathering profile. The silexite
consists of iron oxide and hydroxide minerals, nyogbethite, surrounded by fine-grained quartz.
Cavities are common, suggesting its derivatioheadt partially, from the dissolution of carboratit
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EI ferric alteration

9
CJ

Coarse-grained cb

Coarse-grained cb

Fig. 4.03: Drill core intercepts of carbonatite from the MofPreto Complex. (A) apatite magnetite magnesiagaatite cumulate, showing millimeter- to centimetack

magmatic layering of alternating apatite dolomihonatite and magnetite Fe-dolomite carbonatgn{agmatic layering in the apatite dolomite cawdittie disturbed by
magmatic flow. (C): non-banded apatite magnetitgmeaiocarbonatite. The brownish zones represamigieous alteration with boxwork fabric. (D): agatiand magnetite-
rich cumulate (pseudonelsonite). (E): silicifiedréearbonatite. (F): Late-stage barium-rich ferrbcaatite (ap = apatite; ba = barite; cb = carbenBe dol = iron-rich

dolomite; mt = magnetite; gz=quartz; sid = sidgrite
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Fig. 4.04: (A to C) Photomicrographs of magnetite apatite mesipcarbonatite cumulate, altering from dolomité-and subhedral apatite, to magnesiocarbonatite rve-

dolomite and cryptocrystalline apatite or collopbafD) Apatite magnesiocarbonatite with Fe-dolomeeocrysts whose rounded irregular shapes indieataption by the
carbonatitic magma. (E) Microprobe image of K-f@lasveins crosscutting apatite and dolomite in reagtarbonatite. (F) Oriented magnetite and apbtiteds from a
“pseudonelsonite”. (G) Ankerite in ferrocarbonatiteing replaced by iron oxide/hydroxide. (H) Latage barium-rich ferrocarbonatite, with ankeritetlyareplaced by

siderite. (1) Dissolution cavity with monazite, gah and quartz (ank= ankerite; goet= goethite kkfieldspar; mon= monazite; other mineral abbrewgiaias in Fig. 3).
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CpX + rieb +
pvsk + cb

Fig. 4.05.(A) and (B): photomicrographs of carbonate globwded carbonate inclusion in apatite from kamaésgi{C) Felsic dyke with K-feldspar microphenocsyist a
brownish groundmass surrounding lighter-colorectiped rich in carbonate. (D) Amphibolite xenolithcarbonatite. (E) and (F) distal fenitization oé thost rocks, with
carbonatization and brecciation. (amp= amphibottir{alite+hornblende); cpx= clinopyroxene; flog=Ipfopite; ol= olivine; pl= plagioclase; pvsk= peshite; rieb=

riebekite; other mineral abbreviations as in Fgjand 4).

54



4.6. LITHOGEOCHEMISTRY
4.6.1. Carbonatites

With the exceptions of carbonatite breccia, sikdfand altered rocks, the great majority of the
analyzed carbonatites have less than 10 wt.%,3idd less than 1 wt.% each of Fi@nd AbOs. The
concentrations of alkalis is lower than 0.3 wt.% R&O and for KO, consistent with the absence of
micas. The MgO and CaO contents are in good agmewith modal variations. The representative
carbonatite assays are displayed in Table 4.02.

The SiQ, FeOs and MnO contents increase from magnesiocarbogatiteferrocarbonatites.
Average A}Os is significantly low throughout the carbonatitenga. The higher iron (up to 44 wt.%
FeOz3) and lower magnesium (<1 to 18 wt.% MgO) in thedearbonatites correspond to higher ankerite
and siderite contents.

The apatite magnesiocarbonatites have, on avetagkher CaO (up to 39 wt.%) than the
ferrocarbonatites (<1 to 29 wt.%), which resultssthofrom higher apatite contents in the formerthwi
some contribution from secondary Mg-calcite in geaimd cavities. The phosphorus contents are syrong|
controlled by apatite fractionation in apatite-metige-rich cumulates, varying widely, from 0.5 o 10
24.9 wt.% BOs.

Although a few high SrO values (>2%) are foundha terrocarbonatites, there isn’'t a systematic
SrO variation among them. However, the BaO:SrOorataries from 0.02 to 3.38 in the
magnesiocarbonatites and from 0.08 to 10.87 irfehecarbonatites, and may be a better indicator of
magma differentiation.

The analytical results for the entire carbonatitege from Morro Preto show a strong increase in
Th (up to 1113 ppm), Ba (up to 13%) aBREE (up to 2.18%) as the carbonatites evolve frpatite
magnesiocarbonatites to ferrocarbonatites. Magoasdionatites are characterized by higs(up to
24.9%), with some anomalous values for Sr, Nb amd~Errocarbonatites have loweOp (0.08 to 1.26
wt.%) and Sr (less than 0.75%), although in som#heflate-stage ferrocarbonatites, phosphorus may
increase due to the presence of monazite.

LREE/HREE fractionation increases from the apatitgnesiocarbonatite (La(n)/Lu(n) from 8.9
to 194) to the ferrocarbonatites (42.3 to 2196) Badich ferrocarbonatites (41.47 to 2863). Theease

in total REE in the late-stage carbonatites indisahat REE content does not relate exclusivethéo
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apatite abundance, which is consistent with thesggree of monazite and REE carbonates, such as
bastnaesite.

The chemical compositions of Morro Preto carboeatére plotted on the Woolley and Kempe’s
(1989) classification diagram (Fig. 4.06A). An evtidn pattern is recognizable in this diagram, wita
apatite magnesiocarbonatites plotting near the @p€X, and the more evolved lithotypes showing a
progressive decrease first in CaO and then in 6ath and MgO, with increasing FeO + MnO.

Although the Ba-rich ferrocarbonatites plot mostty the magnesiocarbonatite field, the
ferrocarbonatite designation was kept for this grdue to their much greater mineralogical and textu
similarities with the late-stage ferrocarbonatitesn with the early-stage apatite magnesiocarhbtesati

The variation observed in®s, BaO and REE contents (Fig. 4.06B) are consistéhta cumulate
character for the apatite magnesiocarbonatitescémot discriminate well carbonatites from the two
more evolved groups, although it is clear that nebshese samples plot along a line of varying BaO
nearly constant #0s/REE. Fig. 4.06C compares the Morro Preto carbtesatwith the various stages of
evolution in carbonatites from the nearby Alto Paida Igneous Province (Gomide et al., 2016). The
Morro Preto samples are consistent with an evoltrergd from the apatite magnesiocarbonatites, tiirou
the Ba-rich ferrocarbonatites to the late-stageiBaferrocarbonatites.

Fig. 4.07 shows chondrite-normalized trace-elemdiggrams chondrite-normalized REE
diagrams for the different carbonatite groups. Nalired Nb/Ta in the apatite magnesiocarbonatites is
variable, but mostly <1, there are negative sp#ds’b, IO, and TiQ, and a positive spike at®s. The
Rb and kO negative spikes may be a characteristic of tlecgo(e.g. phlogopite-rich mantle) and are
widespread in the province (see Brod et al., 208Bgreas the negative spike in Ti may represenesom
degree of perovskite or ilmenite fractionation, dine positive spike in s represents accumulation of
apatite.

The ferrocarbonatites have Sr angDf negative anomalies, showing enhanced Rb asd K
negative spikes, produced by increased Ba and mtents rather than actual decrease i@ kand Rb.
The negative s anomaly indicates that they may be the residukebfpatite-rich magnesiocarbonatite
cumulates. A small Sr negative anomaly is alsogires some of the samples and may be relateceto th
incorporation of Sr in apatite or in early-stagebceates.

The REE diagrams show a progressive increase inEREEE fractionation from apatite
magnesiocarbonatites through ferrocarbonatitesitesdtage ferrocarbonatites. A feature suggesfive o

tetrad effect appears in the heavy rare-earth rahgeme of the latter.
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4.6.2. Silicate Rocks

Alkaline silicate rocks associated with the Morn@t® carbonatites occur as fine-grained dykes
and comprise kamafugites, alkali basalts and fédsigprophyres.

The kamafugites are silica-undersaturated (31.281® wt. % SiQ), enriched in CaO (up to 16.2
wt.%), carbonate-rich (CQup to 16.8 wt. %) and ultrapotassicoKvarying from 1.12 to 5.19 wt. %.
Their MgO content varies from 6.7 to 12.6 wt. %gitlaverage KO/NaO ratio >3 and they are enriched
in incompatible elements, such as Ba, Sr B3R&E, the latter reaching up to 826 ppm. All valaes
ranges (Table 4.02) are consistent with their kaign&€ character and with other kamafugite rocksrfr
the Province (Sgarbi & Gaspar, 2002, Brod et &05). All kamafugite samples studied here have <13%
MgO and MgO/(MgO+FeO) <0.7, indicating that theg anore differentiated then the alkaline picrites
described from the region by Danni (1994).

The Morro Preto kamafugites have spiderdiagrants @D8A) with a small positive Sr anomaly
and small negative anomalies for Rb an®Kin an otherwise smooth pattern. Their REE pat(Eig.
4.08B) shows a La(n)/Lu(n) range between 28.3 @8, in accordance with other GAP kamafugites
(Danni, 1985; Danni & Gaspar, 1994; Brod et alQ®20 Despite the higher Rb, Th andand a small
positive Sr anomaly, the Morro Preto kamafugiteseteacompositional range similar to other kamafagit
rocks from the GAP.

The Morro Preto basaltic rocks classify in the Téi§gram as basalt and hawaiite (Fig. 4.09).
They range in Si®from 44.9 to 48.5 wt. %. Their lower alkalis camtéNaO + K>O below 6 wt. %),
higher MgO (up to 5.4% wt. %), F@s (up to 13.5 wt. %) and a marked positive Sr angni@t up to
9180 ppm) distinguish them from the felsic dyked also from other GAP feldspar-bearing rocks. They
have relatively low REE concentration, and La(nji)u< 18 (Figs. 4.08C and 4.08D).

The globular felsic alkaline dykes, previously nanas lamprophyres, were found in the Morro
Preto North Complex and are typically alkaline,nn&iQ contents ranging from 51.5 to 52.3 wt.% and
alkalis (NaO + K>O) around 7 wt.%, classifying as trachyandesitéhm Total alkalis-silica (TAS)
diagram (Fig. 4.09). Their spiderdiagrams showstesgative anomalies for®s and TiQ, and a high
concentration of Ba (up to 0.16 wt. %), Zr (up &6 ppm) and REE (up to 519 ppm — Fig. 4.08E). The
REEs show a smooth pattern, enriched in LREE @&@BF), with La(n)/Lu(n) ranging up to 37.

57



Ap MgCBT S:g;cTh Ank E:: ::é:;h Magnetitite | Kamafugite A";;IZ:SIC Alkali Basalt
Sio; 0.47 4.55 8.82 14.19 40.02 52.30 48.50
TiO; 0.02 0.05 0.02 0.36 2.62 0.28 3.16
Al,03 0.07 0.30 0.09 0.34 10.56 19.77 15.20
Fe;0: 4.66 21.81 26.57 74.18 11.60 4.08 11.98
MnO 0.27 1.34 2.53 0.30 0.19 0.20 0.18
MgO 16.39 13.92 10.70 1.61 12.40 2.36 4.88
Cao 33.44 21.44 14.09 2.58 11.11 2.93 7.65
Na;O 0.06 0.01 0.02 0.01 3.14 0.82 3.48
K20 0.01 0.01 0.04 0.01 2.16 6.96 2.12
P,0Os 7.03 0.10 0.54 0.10 0.57 0.09 0.45
BaO 0.02 1.90 1.17 1.37 0.12 0.16 0.09
SrO 0.24 0.47 0.16 0.09 0.14 0.09 0.40
LOI 37.30 33.70 33.90 4.60 5.00 9.70 1.70
TOT 99.69 99.60 98.65 99.74 99.63 99.74 99.79
CO; 38.10 33.64 36.06 3.70 3.85 3.48 1.47
S 0.07 0.40 0.41 0.32 0.04 0.02 0.03
Ni 0.50 4.90 23.30 13.90 235.90 38.50 3.80
Sc 7.00 8.00 6.00 4.00 25.00 1.00 20.00
Rb 0.60 0.10 0.60 0.20 41.00 235.50 47.50
Zr 26.10 36.10 68.00 81.90 262.50 624.40 249.30
Hf 0.30 0.20 1.30 0.30 6.80 10.90 6.00
Nb 5.30 80.00 91.60 599.90 81.30 228.00 52.70
Ta 1.30 0.50 0.80 0.60 5.20 5.00 3.00
Th 1.40 163.50 250.30 85.60 7.70 38.60 6.10
Y 23.90 49.80 18.30 12.40 21.20 36.40 24.30
La 46.70 265.30 2672.20 21.30 74.90 174.10 51.30
Ce 117.20 513.30 4494.00 63.20 141.40 240.50 105.10
Pr 15.36 54.97 413.27 12.18 16.06 19.64 12.69
Nd 63.90 197.20 1161.70 78.30 59.40 54.70 48.00
Sm 11.81 37.94 98.72 22.66 9.74 7.35 8.20
Eu 3.59 11.12 18.81 5.20 2.70 1.99 2.44
Gd 10.72 30.62 42.38 11.55 7.55 5.98 6.75
Tb 1.33 3.07 2.57 0.93 0.97 0.87 0.95
Dy 6.11 12.96 7.49 3.70 4.65 5.86 4.93
Ho 1.00 1.71 0.38 0.41 0.81 1.07 0.88
Er 2.07 3.79 0.51 0.96 2.04 2.79 2.19
Tm 0.28 0.46 0.13 0.14 0.27 0.48 0.31
Yb 1.48 2.76 0.84 0.82 1.63 3.44 1.96
Lu 0.21 0.31 0.10 0.09 0.23 0.50 0.30

Table 4.02 Representative analysis from the Morro Preto Qermmain lithotypes. Major oxides, G@nd S displayed in %;

minor and trace elements displayed in ppm.
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Fig. 4.06.(A) Carbonate classification diagram after WoolyKempe (1989) for the Morro Preto Complex carkdra,
indicating FeOs increase with differentiation. (B) Triangular diags for the different carbonatites;(s, BaO and REE
increase with magmatic evolution. (C) Variationshia BaO/(BaO+SrO) ratio and in the degree of LREEEE fractionation

with magma evolution, compared with the trend ef &PIP carbonatites from Gomide et al. (2016).
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Fig. 4.07.From A to C: multi-element diagrams (Thompson,2)98nd D to FChondrite normalized REE patterns (McDonough
& Sun, 1995)for the carbonatits from the Morro Preto Compl€arbonatite types as described in each diagrae fithe

dashed lines represent samples from Morro PretthiNibie continuous lines represent Morro Preto ISout
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the Morro Preto kamafugites. The blue area definesange of GAP kamafugities, and the green dakhed@rea defines phlogopite
picrite samples from the APIRC) Multi-element diagrams (Thompson, 1982) &) chondrite normalized REE patterns
(McDonough & Sun, 1995) for Morro Preto alkali biésaGAP basanites and alkali basalts compositienoatlined by the orange
dashed-line aredE) Multi-element diagrams (Thompson, 1982) #Rjl chondrite normalized REE patterns (McDonough & ,Sun

1995) for the lamprophyre samples. The dashed liepgesent samples from Morro Preto North; the inaous lines represent

samples from Morro Preto South. Data source fokGA® and APIP samples: Brod et al., 2005).

61



16
14 - Phonolite
— 12 = .
(o] Phonolitic Trachyte
N r Nephelinite
f .
o 10 r Benmoreite
o~
© (4] -7 Rhyoli
Z o . .- yolite
< 8 ~ Nephelinite . Mugearite e
~ ) Trathy-
Q@ A
- s Andesite
5|awaiite e
6 r Dacite
4 r Basglr asalti Andesite
reg”” ndesife
2 — ._,’.,f./...-'
0 -
Alkaline ,* Sub-alkaline
| s L | s | \ | . | . 1 s 1 s 1 N |
35 40 45 50 55 60 65 70 75
Si02
Morro Preto GAP
A Alkaline basalt @ Basanite & alkali basalt - Amorindpolis ¢ Lamphrophyre - Fazenda Buriti
&b Alkaline felsic dyke O Basanite - Aguas Emendadas #7% Alkaline picrite field — Ipora
O Basalt — Santo Anténio da Barra

Fig. 4.09.Total alkalis-silica (TAS) classification diagrdor the felsic lamprophyre and alkaline basalt
rocks from the Morro Preto Complex, and the distiitn of other sub-volcanic rocks from GAP. Data
source for GAP samples: Junqueira-Brod (1998), Ddr@v8), Danni (1994) and Moraes (1984).

4.7. MINERAL CHEMISTRY OF CARBONATES AND APATITE
4.7.1. Carbonates

Carbonates in the Morro Preto carbonatites ard solutions between ankerite and dolomite and
between magnesite and siderite.

The main textural relationships between the diffecarbonates are detailed in Fig. 4.10. Coarse-
grained dolomite grains are invariably zoned amihfeomplex intergrowths with Fe-dolomite in the
apatite magnesiocarbonatites (Fig. 4.10A). Fe-dawaries from homogeneous coarse grains to zoned

grains with iron increase toward the rims (Fig.0D).
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Ankerite occurs in late-stage carbonatites. Ankegitains are often enveloped in siderite (Fig.
4.10C). Another siderite variety is associated withnlets and dissolution cavities and is richer in
magnesium, varying between Mg-siderite and Fe-nsie

Representative analyses of carbonate minerals tinendifferent carbonatites are listed in Table
4.03, and their compositional evolution is summedin Fig. 4.11.

Carbonate evolution in the Morro Preto Complex cosgs the following succession (from
earliest to latest): dolomite> dolomite + Fe-dolomite> Fe-dolomite + ankerite> Fe-dolomite +
ankerite + siderite> Fe-dolomite + ankerite + magnesite-siderite sefiéss trend reflects a C& Mg
- Fe+Mg—> Mn+Fe transition through the evolution of carbaesat as proposed by Hogarth (1989).

The subdivision of the dolomite types adopted is thork is arbitrary, based on the following
ranges of Mg:Ca (a.p.f.u.) and Fe+Mn (a.p.f.u.):

* 0.8-0.9 Mg:Ca and (Fe+Mn) between 0 and 0.1 foomhite;

* 0.7-0.8 Mg:Ca and (Fe+Mn) between 0.05 and 0.3%&dolomite

* 0.6-0.7 Mg:Ca and (Fe+Mn) between 0.1 and 0.4yjoe il Fe-dolomite.
* 0.4-0.6 Mg:Ca and (Fe+Mn) >0.4 for ankerites.

The magnesite-siderite series was subdivided aF&lgalues of 0.75, 0.5 and 0.25 corresponding
to magnesite, ferroan magnesite, magnesian sidartesiderite, as suggested by Buckley and Woolley
(1990).

Dolomite varies from near-stoichiometric to ironabiag (FeO up to 3.6 wt.%) the former being
more common in magnesiocarbonatite. This type tdrdide contains up to 1.6 wt.% MnO and up to 1.5
wt.% SrO.

Fe-dolomite is the dominant mineral in the ferrdcaratites and the modally dominant carbonate
in the Complex. The FeO content in this varietypgo 11.87 wt.%, and the most ferrous individwzdd®
show MnO contents up to 6.17 wt.%. SrO contenthread .31%. This Fe-dolomite gradually evolves
towards a variety even more enriched in irons (tyfe-Dolomite) in the ferrocarbonatites, as iraded
by concentric zoning patterns (Fig. 4.10 and Figj13%

Ankerite is much poorer in SrO (< 0.28 wt.%) tharodnite. It contains up to 16 wt.% FeO, CaO
is less than 27.8 wt.% and MgO less than 12.8 wt.%.

Siderite is Mg-rich, with a positive correlationtveen MgO and MnO, as FeO decreases. CaO is
less than 0.02 wt.%, FeO ranges from 33 to 53 wiig0Q from 0.6 to 14 wt.% and MnO is up to 6.5

wt.%. Siderite occurs both in equilibrium with anke and in cavities and veins, the cavity-fillingriety
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(Fig. 4.10B) showing magnesium enrichment. Basiteaad monazite are commons minerals associated
with the siderite-bearing ferrocarbonatites, sinhyléo the associations described by Sokolov (1$8)
Hogarth (1989).

Calcite is rare, associated only with quartz-filgidsolution cavities, and interpreted as a late-
stage or secondary mineral. Its composition is lggneous and limited, with less than 0.5 wt.% MgO
and less than 0.57 wt.% FeO. SrO is below deteetwhMnO can reach 1.67 wt.%.

Fe-dol >>Fe

~— Fe-dol >>Fe Fe-dol >>Fe

‘ Barite

Mg-Sid

Barite

Fig. 4.10. Backscattering electron (BSE) images obtained \EBMA, showing textural relationships between cadies. (A)

dolomite showing a Fe-dolomite rim, (B) type Il Belomite rims on Fe-dolomite, (C) ankerite and ésaof barite enveloped by Mg-

siderite and (D) Fe-magnesite inside dissolutiorities.
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Sample 1223142 - Apatite magnesiocarbonatite
[:] Sample 1223007 - Apatite magnesiocarbonatite
Sample 1234061 - Apatite magnesiocarbonatite
D Sample 1223001 - Apatite magnesiocarbonatite
Sample 1212010 — Ba-rich Ferrocarbonatite
G Sample 1212012 - Late Ba-rich Ferrocarbonatite

(Fe+Mn)

Fig. 4.11.Ca-Mg-(Fe+Mn) (a.p.f.u.) diagram with the fieldsMorro Preto carbonates, indicating

an evolution path from the magnesiocarbonatites thte ferrocarbonatites and Ba-rich

ferrocarbonatites.
Ankerite Siderite
Dolomite Fe-dolomite Fe-dolomite (Late Ba-rich (Late Ba-rich
(Apatite (Apatite (Ba-rich ankerite ankerite ankerite
Mg-carbonatite) Mg-carbonatite) Fe-carbonatite) Fe-carbonatite) Fe-carbonatite)
Oxides
(Wt.%)
SiO2 - - 0.03 0.03 0.03
Al203 0.03 0.01 0.14 0.01 0.02
FeO 0.05 7.51 10.75 15.67 47.96
MnO - 0.18 2.25 3.18 4.85
MgO 18.38 15.45 12.56 8.58 4.31
CaO 33.02 28.55 27.99 27.43 0.04
BaO 0.01 0.01 - 0.02 -
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SrO 0.10 0.18 0.07 - 0.01
La,O3 - 0.01 - - -
Cez0s3 0.06 0.05 0.05 0.04 0.07

TOTAL 51.65 51.94 53.84 54.95 57.30

CO; 46.07 43.97 42.30 40.50 34.13
SUM% 97.72 95.91 96.14 95.45 91.43
Cations
(a.p.f.u)

Si - - - 0.0017 -
Al 0.0001 - 0.0100 0.0001 -
Fe 0.0001 0.2100 0.3100 0.4700 0.6700
Mn - 0.0001 0.0700 0.1010 0.0700
Mg 0.8700 0.7700 0.6400 0.4500 0.1100
Ca 1.1200 1.0180 1.0300 1.0500 -
Ba 0.0004 0.0003 - 0.0000 -
Sr 0.0009 0.0001 - - -
La 0.0001 0.0001 0.0001 - -

Ce 0.0007 0.0013 0.0006 - -

TOTAL 2.001 2.004 2.047 2.065 2.400
C 2.00 2.00 1.97 1.97 1.55

Table 4.03.Representative carbonate analyses from the Moew Rarbonatite. Structural formulae calculatedrenbasis of 6 O.

4.7.2. Apatite

Apatite analyses are from the apatite magnesiooatiies located in the Morro Preto South
intrusion. Representative values are given in Tab0. Textural properties and relationships with
carbonates are shown in Fig. 4.12. Four apatitetas are recognized:

(i) Type 1: subhedral apatite phenocrysts, in equilforivith magnetite, dolomite and, less
frequently, with Fe-dolomite. This variety is mocemmon in apatite cumulates in
magnesiocarbonatites, and interpreted as primampcRlore and baddeleiyte inclusions
are common (Fig. 4.12A).

(i) Type 2: turbid and fractured apatite associatet #&-dolomite as an intercumulus phase
or as a rim on type 1 apatite. Occurs in magnegiocetites where the carbonate is
strongly zoned from dolomite to Fe-dolomite (FigL@A; Fig. 4.12B).

(i) Type 3: very fine-grained apatite, as inteigtigrains in a Fe-dolomite fabric (Fig. 4.12C),
associated with fine-grained magnetite. This ap#gthe has a homogeneous aspect and is
distinctively enriched in sodium. Sodium-rich agm@y minerals, such as riebeckite, are
common in the carbonatites containing type 3 apatit
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(iv) Type 4: fine-grained to cryptocrystalline apatibecurring in veinlet zones or silicified
dissolution cavities. This variety fills intersteef primary minerals or occurs as comb-
layered aggregates at the edge of cavities, indgés secondary origin (Fig. 4.12D).

These textural varieties correspond to differemhgositions, in terms of SrO, F and Ja(Fig.
13). Type 1 apatite has low SrO (< 0.4 wt. %), R2(wt. %) and Na20 (< 0.44 wt.%), and higher CaO
and BOs contents than the other apatite types (up to 5&t28 and 41.85 wt.%, respectively). It is also
slightly richer in Cl (up to 0.04 wt.%).

The intercummulus, type 2 apatites are fluorapafifefrom 2.08 to 5.6 wt.%) with SrO from 0.4
to 2.14 wt.% and N® < 0.51 wt.%.

Type 3 apatite has moderate SrO (up to 1.98 wtrtd)Fa(0.12 to 3.7 wt.%), and lower CaO and
P20s (< 53.2 wt.% and 39.5 wt.%, respectively) tharetyfh and 2, but significantly higher 2a(0.4 to
1.3 wt.%). These apatites yield lower analytic&hl® (less than 96%), indicating a probable inaaas
CQO: (carbonate hydroxyl-apatite?).

Type 4 apatite has relatively low CaO an®Df(< 53 and 39.7 wt.%, respectivelly), moderate F
values (0.3 to 4.3 wt.%), less than 0.49 wt.%®Jaand the highest SrO content (1.8 to 6.44 wtB6jh
type 3 and 4 have highBLREE (0.11 to 1.17 wt.% and from 0.05 to 1.18 wttegpectively) than types
1 and 2 (0.09 to 0.63 wt.% and 0.01 to 0.48% wtegpectively).

| Type 1 apatite | Type 2 apatite | Type 3 apatite | Type 4 apatite |

Oxides
(wt.%)
SiO; - 0.05 0.03
Al>,O3 0.01 0.05 0.03 -
FeO 0.03 0.23 0.48 0.02
MnO 0.01 0.04 0.12 0.02
MgO 0.02 - - -
CaO 55.23 53.45 51.39 51.94
BaO - - 0.02 -
SrO 0.17 0.92 1.03 4.17
Na.O 0.15 0.49 1.26 0.12
P20s 41.34 38.47 37.57 39.31
La,O3 0.04 - 0.08 -
Cez0s3 0.17 0.05 0.21 0.05
SOs 0.01 0.06 0.10 0.04
F 1.41 4.76 1.91 3.15
Cl - 0.02 - -
SUM% 98.14 96.65 93.63 97.59
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Cations

(a.p.f.u.)
Si - 0.0090 0.0060 -
Al 0.0003 0.0110 0.0060 0.0010
Fe 0.0040 0.0350 0.0700 0.0030
Mn 0.0020 0.0060 0.0190 0.0040
Mg 0.0050 - - -
Ca 10.0500 10.2200 10.0300 9.8500
Ba 0.0000 - 0.0020 0.0001
Sr 0.0200 0.1000 0.1100 0.4300
Na 0.0490 0.1690 0.4450 0.0420
P 5.9410 5.8120 5.7900 5.8870
La 0.0020 - 0.0050 0.0020
Ce 0.0110 0.0030 0.0100 0.0040
S 0.0010 0.0080 0.0100 0.0050
F 0.7300 2.4300 1.0500 1.6500
Cl 0.0004 0.0050 0.0020 -
TOTAL 16.8310 18.8010 17.5820 17.8700

Table 4.04.Representative apatite analyses from Morro Pretoylex.
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Dolomite

/
Fe-dolomite

Type 2 Ap

kn®

Fig. 4.12.(A) Primary subhedral apatites (Type 1), assodiatith altered magnetite and dolomite. (B) Interclus apatite
(Type 2) in equilibrium with Fe-dolomite and fineagned magnetite. (C) High- M@ type 3 apatite in contact with
homogeneous Fe-dolomite. (D) High-SrO type 4 apdtitming in dissolution cavities (Ap = apatite; IDodolomite; Mt =

magnetite; Qz = quartz).
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Fig. 4.13. Compositional difference between the apatite gsoirp the Morro Preto

Complex.

4.8. DISCUSSION
Carbonate composition in the Morro Preto carboesiStarts as dolomite in magnesiocarbonatites,

evolving to Fe-dolomite, type Il Fe-dolomite aneénhFe-dolomite with ankerite in ferrocarbonatite. |
late-stage, Ba-rich ferrocarbonatite the carbospezies are ankerite and siderite-magnesite witlomi
Fe-dolomite. This evolution sequence is typicatambonatite complexes and broadly described in the
literature (LeBas, 1981; Sokolov, 1985; Hogarth89;9Woolley & Kempe, 1989), but an early calcite

carbonatite stage is apparently missing in the bMé&neto Complex.
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The textural relationships in cumulates (Fig. 4.D2#d mineral chemistry indicate an evolution
starting with type 1 apatite + dolomite + Fe-doitamn the early magnesiocarbonatites, gradingype t
2 apatite + Fe-dolomite + accessory ankerite iretiiy-stage ferrocarbonatites.

Whole-rock geochemistry indicates magma evolutiwough CaO, MgO and-©s decrease, and
Th, LREE and BaO:SrO increase from magnesiocariiesab ferrocarbonatites, as also observed by
Woolley & Kempe (1989) for worldwide carbonatit@he same patterns relate the evolution of Morro
Preto carbonatites with those of the APIP carbtesmtas illustrated in Fig. 6C and described by @em
et al (2016).

Although the siderite-magnesite series is not commderrocarbonatites, it has been described
from other world occurrences (Buckley & Woolley,909 Woolley & Buckley, 1993; Zaitsev, 1996). It
is still no clear wether the Morro Preto magnesitierite occurrences are formed during primary
(magmatic) or metasomatic / hydrothermal stages, lofbrid product of both. LeBas (1981) indicates a
metasomatic association for at least part of the-iich carbonates. Other authors (Buckley & Woglle
1990; Zaitsev, 1996; Chakhmouradian et al., 20[E8) @associate iron-rich carbonates (siderite, msitge
and even ankerite) to subsolidus and to postmagreaénts.

Elliot et al. (2018) detail the influence of metasdic (fenitization) events in the evolution of
carbonatite complexes. They consider fenites asethdt of multiple pulses of alkali-rich fluid ezited
from the cooling alkaline/carbonatite melt, and,sash, fenites may bring additional insights in the
evolution of an alkaline complex evolution. Theifemation process may include other forms of lopadi
metasomatic events, such as autometasomatism ialthady crystallized intrusion border, contact
metasomatism between the intrusion and the hoksyoc near-vein metasomatism on both contexts.

Similarly, in the Morro Preto carbonatites, the efved differences in texture, mineral chemistry
and whole-rock chemistry in the magnesiocarbon#itecarbonatite transition, might be represenésti
of not only fractional crystallization, but alsometasomatic reworking:

* Metasomatic overprint in the Morro Preto Complexeigdenced by the extent of
fenitization with an aureole of over 800m wide ($&g. 4.02). Fenitized xenoliths from
the country rocks in the carbonatites and carbbodireccia are a common feature in
Morro Preto (Figs. 4.05D to 4.05F). The brittle ectpof the breccia and the clasts attests
to the explosive release of fluids and volatilesnfr multiple intrusions, leading to

hydrothermal alteration of not only the countrykobut also of the pre-existing
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carbonatites. In this sense, breccia pipes areidenesl effective pathways and possible
hosts for latter carbonatite magma injections.

» Scattered K-feldspar or even K-feldspar veins aatisg early carbonatites (Fig. 4.04F)
show a potassic alteration similar to other cartitmaomplexes with potassic fenitization
(Le Bas, 1981; LeBas, 2008; Pirajno et al., 201Hotet al., 2018). LeBas (2008) indicate
pseudotrachytes as ultimate products of potassitiZation, and this cannot be ruled out
as a possibility for the origin of the Morro Préétsic alkaline dykes.

* The conversion of dolomite to Mg-Fe carbonates@darbonatites appears to be a product
of magmatic differentiation increasingly combinedthwmetasomatic reworking. The
mineral dissolution and CQelease (degassing) during carbonatite differeatiagives
origin to the cavernous appearance in some ofdh@ooatites with ferruginous alteration
(Fig. 4.03C), similar to boxwork fabrics in hydretmal events, as also observed by
Chakhmourandian et al. (2017).

* The F and SrO increase from type 1 to type 4 apatiapparently related to compositional
changes to magmatic differentiation (Hogarth, 1988 NaO variation, however, is not
consensus: Hogarth (1989) associates higheONzontent to early-stages (primary)
apatite, but Chakhmouradian et al. (2017) inter@e(zLREE, Na)-rich hydrothermal
apatites as the result of replacement zones andmveths on igneous apatite from Kovdor
magnesiocarbonatites.

e Chakhmouradian et al. (2017) also correlate sorgd ®r and Na apatites with local
crystallization in dissolution microcavities, sianilto the type-4 apatites observed in Morro
Preto. Part of the quartz and barite-rich microwasiseen in Morro Preto might be a local
by-product of subsolidus reactions, as cited biEdt al. (2008). The same principle can
be applied for the Mg-siderite and magnesite grair@ssolution microcavities.

The occurrence of liquid immiscibility at Morro RoeComplex is suggested by the presence of
carbonate globules in the kamafugite dykes crosaguthe Complex (e.g. Morbidelli et al., 1995;
Ivanikov et al., 1998). This indicates that thegoéal magma of the Morro Preto carbonatites isuni#fic,
of kamafugite affinity, and that liquid immiscildji was probably involved in its origin and evolutio
Immiscible carbonate globules are a common featutiee kamafugite-carbonatite association from the
APIP (Brod et al., 2005; 2013), and in the kamatitivas from Santo Anténio da Barra, in the sauthe
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GAP (Junqueira-Brod et al., 2005). In both casesféature is interpreted as a strong evidencehier
coexistence of immiscible carbonate and silicajeidls.

Ligquid immiscibility might also be traceable in thmrbonatites, even after postmagmatic
processes. Brod et al. (2013) suggest geochemiaigl o investigate fingerprints of liquid immistity
in the carbonatites, such as high Ba and Sr vallexyupling of the paired trace elements Nb-Ta and
depletion of Zr-Hf in the carbonatitic magma, gexted by the partition between silicate and carleonat
liquid.

The entire Morro Preto carbonatite sequence hasep £r-Hf depletion. The ferrocarbonatites
have a higher Nb/Ta ratio (up to 578) than theitgath magnesiocarbonatites, with variable, bostty
<1 Nb/Ta. The late-stage ferrocarbonatites havamedd Sr and P205 negative anomalies, and a new Ta
anomaly appears due to Nb/Ta fractionation probdbhng a liquid immiscibility event (e.g. Brod &,
2013).

A full account of the evolution model for Morro Rweggeology is beyond the scope of this work.
However, the present results point out to a prelary understanding of its history. There are imgoairt
aspects to consider in terms of the Morro Pretolaoament level at the current erosional level: the
Complex is characterized by the absence of stromgdiersaturate silicate magma representativest othe
than the kamafugite dykes crosscutting the carlitesatt is restricted to magnesiocarbonatite stcokd
ferrocarbonatites, associated with fenitized basgémecks on its surroundings and in between the
carbonatite stocks, along with a brittle structssatem represented by brecciated carbonatite cleisiis
from the host rocks.

This lithological association is similar to whatnfas & Clayton (1995) described for shallow-
seated carbonatites, such as Mato Preto carbor@eplex in the Ponta Grossa alkaline Province,
southern Brazil. Those authors also correlate eall carbonatite complexes with an increase in the
amount of metasomatic alteration, due to higharadtion between the magmatic crystallized rockk an
the HO-CQ- rich fluids in crustal levels. Lower lithostaficessure would also be consistent with this.
The evidence presented here suggests that the Noeto complex is a sub-volcanic portion of the
alkaline-carbonatite intrusive system, accordintheaconceptual model proposed by LeBas (1977).

Despite carbonate alteration overprint, the minfedatic and textures present in the alkali basalts,
as well as their chemical classification, indidhtsir magmatic nature, but their association withi¥orro

Preto Complex is still unclear.
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4.9. CONCLUSIONS

The Morro Preto complex, similar to many other ocaddtite complexes worldwide, resulted from
the combination of multiple-stage petrogenetic peses, such as liquid immiscibility, crystal
fractionation, magma mixing and metasomatism/deggss

The compositional variations of carbonates andi@atdicate an evolution path from more
primitive magnesiocarbonatites (dolomite and Fesnule), grading towards magnesiocarbonatites with
Fe-dolomite. The increase in the Fe content reptetiee transition from magnesiocarbonaties to
ferrocarbonatites.

The ferrocarbonatites from the Morro Preto Compdeg interpreted as the end-members of
magmatic differentiation in association with suhsat subsolidus processes such as autometassomatism
and hydrothermal alteration The negatig®@fanomaly also indicates the ferrocarbonatitesesasidue
of the apatite-rich magnesiocarbonatite cumulates.

The occurrence of carbonate globules in the kani@fugcks is an evidence of silicate-carbonate
liquid immiscibility. Due to their composition, tHeamafugite rocks represent the most primitive rock
type in the Morro Preto complex. However, thereraoge primitive members of the kamafugite series in
the province (e.g. katungites), which are lackibd/larro Preto, suggesting that parental liquid$has
complex are already a product of fractional cryziation.

The Morro Preto Complex stands out in the nortl@@A®, not only due to its unusual carbonatite-
dominated geology, but also due to its potentinEfmnomic phosphate deposits in the magnetitétapat

magnesiocarbonatite cumulates.
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CAPITULO 5

THE KAMAFUGITE-CARBONATITE ASSOCIATION IN THE MORRO  PRETO COMPLEX,
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The Upper Cretaceous Goias Alkaline Province (GAR) the Alto Paranaiba Igneous Province (APIPvaoeof
the largest kamafugite provinces in the world. Hesvethey show some important petrologic and megelhetic differences:
the APIP contains a number of carbonatite-bearintppic complexes containing large P-Nb-REE(-Ti4B&U) deposits,
whereas the GAP often contain ultramafic to intediate, plagioclase-bearing alkaline rocks and mogstly Ni laterite
mineralization.

The Morro Preto Alkaline-Carbonatite Complex in thern GAP is an exception in that it is characttdiby an
intrusive carbonatite-kamafugite association anttaa significant phosphate mineralization.

This paper focus on the petrography, geochemisttlynaineral chemistry of the Morro Preto kamafugdies, their
genetic relation to the Morro Preto carbonatitéeserand the similarities observed between the MBPreto kamafugites, the
kamafugite series from other GAP intrusive andwesitre bodies, and the kamafugite series from thEPAP

The comparison between the bebedourite xenolitima the Morro Preto kamafugites and the bebedouwitesrring
in the APIP provides a link between kamafugitic aatbonatitic magmatism in the GAP. Additional exption work directed
towards the identification of yet undiscovered cawdtite complexes in the GAP should take into anttiue Morro Preto

broader metallogenetic affinity.

Keywords:Goias Alkaline Province, Alto Paranaiba Igneou®¥nce, carbonatite, kamafugite, bebedourite.
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5.1. INTRODUCTION

The Brazilian alkaline provinces located at thetimerm border of the Parana Basin are a product
of voluminous alkaline magmatism occurred in théek@retaceous. Among these are two of the largest
kamafugitic provinces, namely the Alto Paranaib@tyus Province (APIP, Gibson et al. 1995), and the
Goias Alkaline Province (GAP, Junqueira-Brod et 2002, Gaspar et al., 2003). A comparison of these
two provinces shows some petrological differenpasticularly the presence, in the GAP, of asscomiesti
of mafic to intermediate, plagioclase-bearing afi@lrocks that are unknown in the APIP (Brod et al,
2005), which probably affects their metallogengttential (e.g. Ribeiro et al., 2014).

The Morro Preto Carbonatite Complex, located inrtbehern portion of the GAP, is a product of
the kamafugite-carbonatite association in the megibis remarkable among GAP plutonic complexes
because it is dominated by carbonatite and bedaosetains important phosphate mineralizatiorthis
work, we investigate the possible links betweenMoero Preto phosphate occurrence and the phosphate
occurrences and deposits from the nearby APIP.d8esfon the petrography, geochemistry and mineral
chemistry of the Morro Preto kamafugite dykes amdbdalourite xenoliths, their relation with the

carbonatite sequence and their comparison witHaimocks from the GAP and APIP.

5.2. GEOLOGICAL SETTING

The Goias Alkaline Province (GAP) (Junqueira-Brodle 2002; Gaspar et al., 2003) and the Alto
Paranaiba Igneous Province (APIP) (Gibson et @85 consist of alkaline magmas emplaced along the
northern margin of the Parana Basin. They are tiraity controlled by regional NW suture zones, and
their magmatism is restricted to the Late-Cretasebatween 80 and 90 Ma (Gibson et al. 1995, 1997).

The magmatism of the alkaline provinces surroundiregParana Basin is often considered as a
direct product of mantle plume activity. The Trst@a Cunha and Trindade Plume systems affected the
Brazilian shield respectively in the Early and L@&etaceous age (Gibson et al., 1995; Van Decalt et
1995; Gibson et al., 1997).

The GAP and APIP are typically ultrapotassic in position, with extensive kamafugitic activity
recorded in both provinces. Alkaline provinces tedamore to the South, along the western and easter
margins of the Parana Basin tend to show sodiaisfficontaining mostly nefelinites, basanites and
jjolites (Ribeiro et al., 2014).
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5.2.1. The Alto Paranaiba Alkaline Province (APIP)

The APIP has several large carbonatite-bearingratific complexes hosting world class multi-
commoditymineralization, such as the Araxa Nb-P-REE-Ba(it~d) deposit in western Minas Gerais,
and Cataldo | and Il P-Nb-REE-Ti-Ba-vermiculite(-BaFe) deposits in southern Goias (Ribeiro et al.,
2014).

The APIP carbonatite complexes consist of plutositicate rocks (dunites, wherlites,
clinopyroxenites, bebedourites and syenites) phiasscand carbonaties. Bebedourite, a hallmarkef t
alkaline-carbonatite complexes in the Province (Bebal., 2000), is a mostly cumulate rock consgsti
mainly of diopside with variable amounts of phlogep perovskite, apatite, magnetite, melanite and
sphene. The Salitre Complex illustrates differaaids for this rock type, as compiled by Barbosal.et
(2012), and contains a P-Ti-Nb(-Fe) deposit.

Phlogopite picrites are considered the primitivguids that produced the APIP carbonatite
complexes (Brod et al., 2000). These rocks cordatarbonate-rich groundmass, evolving to carbonate
globules or “pockets” of irregular shape, suggestire separation of an immisciblecarbonate-richidiq
from the alkaline silicate magma.

The APIP kamafugites crop out mostly as the Mat&dala Formation, consisting of lavas and
pyroclastics (Sgarbi & Valenga, 1993). These raxfksn contain clasts or xenoliths of ultrabasiahic
rocks, such as dunites, clinopyroxenites and beabéde, typical rock types present in the APIP
carbonatite complexes. Seer and Moraes (1988) steghethe association of these xenoliths to

carbonatite-bearing complexes at depth.

5.2.2. The Goias Alkaline Province (GAP)

The Goias Alkaline Province (GAP) is located at lindt between the northern border of the
Phanerozoic Parand Basin and the Precambrian iBrd3ld Belt, along a regional NW-trending
lineament. Together with the APIP, the GAP is oh#he largest areas of kamafugite occurrence in the
world (Junqueira-Brod et al., 2004; Junqueira-Bebdl., 2005).

The GAP magmas intrude both Neoproterozoic Goiagimvdic Arc and in Phanerozoic
sedimentary rocks of the Paran& Basin (Fig. 5BILonic rock types dominate in the northern partio
of the province, forming a series of ultramafic nmafic intrusions comprising dunite, peridotite,
pyroxenite, gabbro, nepheline syenite, carbonaditel, lamprophyres. A representative example is the
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Ipora (Morro do Macaco) intrusion, characterizedaljunite-wehrlite-clinopyroxenite-gabbro-nepheline
syenite fractionation series (Danni, 1994).

Subvolvanic units are dominant in the central paGAP. They occur in two main areas: near the
Amorinopolis City and in the Aguas Emendadas regitdre magmas are perpotassic to sodic-potassic.
The Amorinépolis occurrence is characterized byindylcal intrusions of basanitic to tephritic
composition, with radial melanephelinite and melalgte dykes preceding the main intrusion (Brod et
al., 2005).

Volcanic units dominate the southern region of @*P. The main rocks types are breccia pipes,
leucitite flows, melaphelinite, alkali basalt, laraphyre and trachyte, distributed in the vicinitedghe
Santo Antbnio da Barra city. Kamafugites are anartgnt rock type in the lavas and pyroclastics
sequence, as well as in diatremes (Danni & Gad;98¢4).

Junqueira-Brod et al. (2005) associated the chénsitaracteristics of the GAP kamafugitic
magmas to a two-stage magma ascent, with stopdiiacentiation by fractional crystallization, ligli
immiscibility and magma mixing in both deep andlksivamagma chambers. Part of this study relate the
carbonate globules and vesicles present in thegs with the preliminary process of carbonatitéate
liquid immiscibility.

Due to the extensive weathering profiles develoipethe region, the northern GAP ultramafic
alkaline complexes are known prospects for latefitickel. Nickel resources (Santa Fé, Morro do
Engenho, Morro do Macaco, Agua Branca and MontesoSlde Goias complexes - Melfi et al., 1988;
Ribeiro et al., 2014) are reported in the ferrugmaaprolite and in the siliceous saprolite zorfebh®
weathered profile (Oliveira, 1990). Morro Pretoas exception in the region, not only due to its
carbonatite nature, but also due to the phosphateraiization present in the magnesiocarbonatite
sequences, both in fresh rock and in the weath@rofgje.
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5.2.3. The Morro Preto Carbonatite Complex

The Morro Preto Complex, located in the northwesteargin of GAP, consists of two sub-
circular intrusions 5km away from one another (Bg2), at approximately 38 km north from Piranhas
City. Both intrusions have ring-like characteristipositive topography (50 to 100m in height), anel
hosted in orthogneiss and metavolcanic rocks frbm Keoproterozoic Arendpolis Magmatic Arc
(Pimentel et al., 1997). Part of the northern isibn is also in contact with Devonian sandstonethef
Furnas Formation.

The carbonatites are dominant in the Complex amtpcise magnesiocarbonatite to barium-rich
ferrocarbonatite They vary from cumulate-textured magnetite apatiteagnesiocarbonatites, locally
grading into apatitite and magnetitite, to magnesmibonatite with Fe-dolomite and cryptocrystalline
apatite (Nascimento et al., 2018). The topograpinghs are dominated by ankerite ferrocarbonatite
containing minor siderite. The apatite magnesiomaalites host phosphate mineralization, with agrad
of up to 22.36 wt.% #s in a meter interval, and intercepts with up to 48n11.4% BOs (Fig. 5.02).

Near the contact with carbonatites, mafic to intedrate basement rocks are converted in felsic
and mafic fenites, and sometimes incorporated agnfents in a carbonatite breccia. Xenoliths of
carbonatized basement rocks may occur within thieoretites. Earlier-formed carbonatites are locally
fenitized by late carbonatite intrusions or oth&akne-related fluids.

Kamafugite dykes commonly crosscut the entire cempbut predominate in the southern
intrusion. They were observed mostly in drill coredth rare outcrop occurrences in the Morro Preto
South (Fig. 5.02). Due to the limited informatiaorh drill core data, we were not able to estabiish
distribution of these dykes in the geological map.

Magmatic features such as flow orientation of ploeysts are common. Rare differentiated terms
show an increase in groundmass carbonate, sometirokang to a silicocarbonatite. Part of theseeatyk
host carbonate globules.

Bebedourite, a common rock-type in kamafugitic cadiite complexes (e.g. Brod et al., 2000;
Barbosa et al., 2012), was found as a xenolitmatbin section of a carbonate-rich kamafugite.

The deep weathering in the region resulted in ekteaprolite / soil profile, often overlain by
silexite. Navarro et al. (2014) describe the attgvertion of the Morro Preto South as a saprolltedf
with quartz and/or chalcedony, apatite and craitdatnd in minor proportion, carbonate, anatagk an
barite.
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5.3. METHODS

The rocks used for the petrographic, geochemiahainroprobe analyses were drill core samples
from Anglo American Brazil Ltda. — Brazil Explorati Office. 19 samples out of a group of 9 drilleor
were thin-sectioned for transmitted and reflectelduzing light petrography, and crushed for whodek
geochemistry. Sample preparation was carried otlieath\cme preparation facility in Goiania, Brazil.
Chemical analyses were conducted by Acme Labs imcdaver, Canada, on samples fused at 1000°C
using a mix of 0.2g of sample and 1.5g of 80:20iditn metaborate/tetraborate. Major element oxides
were determined by ICP-AES and 29 trace element€ByMS. 27 chalcophile elements and precious
metals were determined following digestion in agegia using a 30g pulp. Loss on Ignition (LOI) is
reported as a percentage of weight loss on a 1glsasplit, ignited at 1000°C. Total carbon and wulf
were determined with LECO IR furnaces on a 0.2gmarsplit. Total errors for the reference material
were validated inside thexr2evel parameter.

Four carbon-coated thin sections were selecteccdanpositional maps and semi-quantitative
mineral chemistry analysis by energy-dispersivea)X-spectroscopy (EDS) with a JEOL JXA-8230
electron probe microanalyzer (EPMA) at the Regio@ahter for Technological Development and
Innovation (CRTI), Goias University (UFG). Operafioonditions were 15kV and 20nA.

5.4. PETROGRAPHY

The kamafugite dykes from the Morro Preto Carbe@&omplex vary from aphanitic to strongly
porphyritic. The main phenocrysts phases are @iwtinopyroxene and apatite. Three rock varietiese
recognized:

* The least differentiated samples are mafurites. @@3A and 5.03B), with olivine (10 to 25
modal %) and clinopyroxene phenocrysts (max. 5 %hef total phenocrysts), set in a
cryptocrystalline to microcrystalline groundmass sarpentinized olivine, clinopyroxene,
apatite, phlogopite, Ti-magnetite, variable amowfteldspathoids and carbonate, and minor
perovskite and melilite. Olivine and clinopyroxemee variably altered to serpentine,
phlogopite, and chlorite.

» Evolved kamafugites are mafurites to ugandites.(bi§3C), with 5 to 25 modal % of
clinopyroxene phenocrysts, sometimes oriented bgmagic flow. Olivine phenocrysts are

rare or absent. These samples also have apatit®giysts with carbonate melt inclusions.
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The groundmass is enriched in clinopyroxene, feltsgds (melilite, leucite and nepheline)
with K-feldspar and zeolite intergrowths, apatifghlogopite, Ti-magnetite and minor
carbonate.

» Carbonate-rich kamafugites are often altered, witlinopyroxene and olivine
pseudomorphosed by a mixture of clay minerals andanate (Fig. 5.03D). The groundmass
is cryptocrystalline and enriched in carbonatehwiinor amounts of chlorite, phlogopite and
serpentine.

Olivine phenocrysts and groundmass grains are dftdanedral to euhedral, with rare occurrences of
larger (up to 0.5 cm), zoned phenocrysts with aetbborders, sulphide inclusions and often alteting
serpentine.

Clinopyroxene phenocrysts are usually euhedrazaned, having variable apatite, sulphide (pyrite) a
magnetite inclusions. Part of the phenocrysts ltaveoded borders. The microcrysts in the groundmass
occur both individually, sometimes zoned, and asnglroporphyritic aggregates.

Ti-magnetite and minor perovkite occur mostly alseglral phenocrysts in the groundmass. These
euhedral Ti-magnetite grains have chromite inchision the kamafugites with higher olivine content
(mafurites). Chromite is also present as inclusiarisoth olivine and clinopyroxene phenocrysts.

Clinopyroxene microcrysts, phlogopite and intergitesvof feldspathoids-K-feldspar-zeolite are
the main intersticial phase in the groundmass,galeith minor Ti-magnetite. Phlogopite usually occur
as euhedral microcrysts or forming aggregates Wimagnetite, and more rarely in agglomerates of Ti
magnetite, leucite pseudomorphs and clinopyroxgige 5.03F). Junqueira-Brod et al (2005) also repor
“cloudy” masses of leucite and pseudoleucite (Ki$par-analcime-nepheline intergrowths) in mafurites
from GAP.

Interstitial glassy material is always present e groundmass and often shows a “cracked”
appearance and a silica-aluminous composition stiggethe presence of clay minerals in the deietlif
material.

All three types of Morro Preto kamafugites cont&imo 20 modal % of immiscible carbonate
globules (Fig. 5.03E), up to 1mm in size. The glebiconsist of aggregates of microcrystalline zoned
carbonate grains, commonly with euhedral crystagdoleucite/zeolites?) in the borders (Fig. 5)03E

Similar features were described from the APIP. Sed&foraes (1988) reported clinopyroxenite
xenoliths with euhedral nepheline and zeolite regular cavities in the Mata da Corda volcanicgl an

Sgarbi & Valenca (1993) mentioned euhedral hexaggraans as kalsilite pseudomorphs (altering to
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harmononite), also from Mata da Corda. In the Md?Preto rocks the carbonate globules are usually
surrounded by an alteration halo formed by an atoos silicatic mass, and more rarely in contach wit
phlogopite and clinopyroxenes microcrysts.

The Morro Preto kamafugites contain cm-sized xén®liof apatite magnesiocarbonatite and
xenoliths of clinopyroxene + phlogopite cumulatésy(5.03D), which are petrographically similarthe
bebedourites described from the kamafugite-carlteregsociation in the nearby Alto Paranaiba Igaeou
Province (Brod et al., 2000; Barbosa et el., 2012).

Tmn

: 3 5 R, ol S

Fig. 5.03.Thin sections from Morro Preto Complex kamafugienples. (A) Mafurite with zoned clinopyroxene pbenysts
and minor serpentinized olivine phenocrysts. (Bjurite with olivine and clinopyroxene phenocrysisth their orientation
defining a flow texture. (C) Mafurite with immisdécarbonate globules and carbonate melt inclusioapatite phenocrysts.
(D) Bebedourite xenolith in carbonated mafurite). Backscattered electron image of carbonate glowitle a halo enriched
in carbon, silica and alumina. (F) Backscatteredtebn image of aggregates of anhedral leuciteppiiroxene and phlogopite
scattered in the amorphous dark grey groundmass=gp@aite, cb=carbonate, chr=chromite, cpx=clinoggre,

Dol=dolomite, Fe-dol=Fe-dolomite ks=kalsilite, Idaacite, mel=melilite, mt=magnetite, ol=olivine).

5.5. MINERAL CHEMISTRY
5.5.1. Compositional Maps
The mineralogy of Morro Preto kamafugites was diediaiising a combination of EDS analyses

and compositional maps. The latter allowed the tstdeding of textural features such as compositiona
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variation and intergrowths in the groundmass, zgrih phenocrysts and the mineralogical variety in
possivle melt inclusions and in carbonate globules.

The primary constituent of the groundmass is comgpad anhedral masses of alumino-silicate
material with subordinate CaO, MgO and FeO. Thacked” appearance of these masses indicates that
the original material (possibly glass) was replabgd clay mineral, with associated volume changes.
Scattered throughout these masses are anhedrabkedral olivine and clinopyroxene microcrysts,
subhedral Ti-magnetite, phlogopite altering toatsrriphlogopite, apatite lamellae, feldspathoiaisd
traces of carbonate and perovskite. The origndsfethoids (melilite, leucite/kalsilite) are oftaltered
to sodic phases (nepheline+analcime) intergrowih Kifeldspar (Fig. 5.04A to 5.04F). Part of these
intergrowths are also enriched in carbonates.

The zoned clinopyroxenes consist of diopside cavéh,the augite component increasing toward
the rims (see section 5.2.2).

The carbonates from the immiscible globules haveomposition range similar to that of
carbonates in the Morro Preto carbonatites (FigsA.to 5.05C), consisting of dolomite cores and Fe-
dolomite rims, with minor strontianite. Part of sieeglobules probably underwent late-stage alteratio
forming secondary phases, such as siderite, barddraces of quartz. The glassy halo surroundiogt m
part of these globules have a bulk compositionlamio the main aphanitic matrix material, but with
higher C content (Fig. 5.05B). A carbonate roundsdusion within an apatite phenocryst shows
composition and zoning patterns similar to thosmtbin the globules. These inclusions possiblyasgnt
a crystallized carbonate melt inclusion (Figs. @5 5.05F). The fracture filling with an aluminguisase

both in the apatite and in the inclusion attest tate-stage alteration.
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Fig. 5.04 (A) Backscattered electron imaging (BSE) of arjeyst-rich domain in a mafurite sample, charao¢er by (B) Mg-rich olivine (red) and diopside
clinopyroxene phenocrysts (light blue) in an aptiannass of aluminous-silicate composition (greemd (C) Ti-magnetite grains (purple) scatteredhim
groundmass. (D) BSE image of a mafurite sample Migholivine phenocrysts, diopside phenocrysts witfiE) background enriched in Ti-magnetite (green) a
apatite lamellae (red). (F) Discrete Al and Fe éase in the clinopyroxene rims (dark green cordiggato a light green rim), and anhedral K-feldspanelilite
+ analcime + leucite/kalsilite intergrowth (lightule) altering to K-feldspar-nepheline+analcime tigtewth in the background (yellow). Ti-mt= Ti-magite;

other minerals abbreviations as in Fig. 5.03.
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Fe-dol-
‘Dol

Fe-dol + dol

Fig. 5.05 (A) Backscattered electron imaging (BSE) of aoaate globule, in a leucite mafurite-ugandite dagmwith (B) internal iron zoning patterns and
euhedral pseudoleucite/zeolite grains surroundiaggtobule. Detail of the (C) aluminous-silicatempmsition of the aphanitic matrix (light blue), reasing the
carbon content in the globule halo. (D) apatitenioeyst with carbonatite melt inclusion, showinggftl F) iron zoning in the carbonate domain (Philegopite,
TF-phl= tetraferriphlogopite, Str=strontianite; Zereolith (montessomaite); other minerals abbréwiet as in Fig. 5.03).
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5.5.2. EDS analyses

Semi-quantitative, energy-dispersive X-ray specwpy (EDS) analyses of clinopyroxenes and
olivines from the Morro Preto kamafugite dykes cade that the compositional ranges of these miseral
is comparable to the available data in kamafugitaes from both GAP and APIP. The data for GAP
kamafugites from Santo Anténio da Barra, Aguas Emadas, Amorindpolis and Fazenda Buriti were
extracted from Brod et al. (2005), and the and @tatahe APIP phlogopite picrites and Mata da Corda
kamafugites from Brod et al. (2005), Sgarbi & Vaar{1993) and Sgarbi et al. (2000).

Tables 5.01 and 5.02 display the EDS semi-quanitatsults of 4 thin sections. Two of the
samples are mafurites (1234029 and 1234053), extticholivine and minor clinopyroxene phenocrysts.
One of the samples is a carbonatized kamafugite wibebedourite (clinopyroxenite + phlogopite)
xenolith (1234039); and the forth sample is a ugandch in carbonate globules and containing
clinopyroxene phenocrysts but lacking olivine phawgsts, (1234046). This latter sample also contains

minor apatite phenocrysts with carbonate melt siolos.

Olivine

The Morro Preto olivine phenocrysts have a chrysaiomposition, ranging from Foto Fao
(Fig. 5.06A), consistent with the ultramafic chdescof the host rock. They show a composition range
similar to that observed in olivine contained infandes from Aguas Emendadas and Santo Antonio da
Barra (Brod et al., 2005). Their forsterite conteartge is wider than other GAP kamafugites (76 83&
mol% Fo — Brod et al., 2005), and higher than dfatlivines in the ultramafic silicate complexestbé
northern GAP.

The forsterite content correlates positively wittODNand CsO3z wt.%, and negatively with CaO
and MnO. The high CaO, MnO (up to 0.52 and 0.78dwtespectively) and the relatively low NiO
contents is consistent with that observed in okanafugite-carbonatite association rocks. Fig. B.06
shows the Ca variation with forsterite content étiwine, indicating a significant Ca variation far
restricted Fo content, as also observed for the @afirites (Brod et al., 2005).

The Morro Preto kamafugite olivines vary notablyime single sample. The euhedral to subhedral
olivine phenocrysts (Fig. 5.04A to C) have up ta2lwit.% FeO whereas larger corroded olivine crgstal
in the same sample an average of 12 wt.% FeO.

There is no evidence of large compositional vasiatietween the phenocrystic and groundmass

olivine. Even though zoning was not observed ofiyiaga phenocrysts, the EDS results show a subtle
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decrease in forsterite content from core to rinthaf larger and corroded phenocrysts, similar to the

olivines with normal zoning from the Aguas Emendakiamafugites (Junqueira-Brod et al., 2000).

Pyroxene
The composition of the pyroxenes from Morro Pretmkfugites plot in the range of the

guadrilateral Ca-Mg-Fe (Q) pyroxene group in the diagram (Fig. 5.07A) and in the diopside field
the quadrilateral pyroxene diagram (Morimoto et 988 - Fig. 5.07B). No systematic difference was
observed between phenocrysts and groundmass grains.

The Morro Preto diopside has variable contentslgDA(3 to 14.36 wt.%) and Ti€0.85 to 3.88
wt.%). Diopside from the most evolved (olivine-lawo) rocks has the highest alumina content (6.32 to
14.36 wt.% AbO3), which is higher than in clinopyroxene from otl@@hP kamafugites (0.55-8.5 wt.%).
NaO (0.36 to 1.36 wt.%), @Ds (0 to 0.6 wt.%) and NiO (up to 0.44 wt.%) conteats also present in
minor amounts.

As detailed in Fig. 5.04D to 5.04F, part of the kdngites contain normally-zoned phenocrysts,
i.e., diopsidic cores with increasing aegirine-&igomponent toward the rims. The iron zoning, haxe
may be oscillatory in some cases, suggesting tfieeimce of both hedenbergite and aegirine-augite
molecules.

The composition of the clinopyroxenes in the beloed® xenolith is similar to the kamafugite
clinopyroxenes, but displays a narrower range énGh-Mg-Fe and in the Na-Mg-Fe systems (Fig. 7.07C
and 7.07C). Their ADs (2.75 to 8.12 wt.%) and T#J0.98 to 2.88 wt.%) content are lower than those i
kamafugite pyroxenes.

Figure 5.07D shows a comparison of Morro Pretoogytoxenes with those of other alkaline-
carbonatite complexes (Salitre — Barbosa et all2P@nd carbonatite provinces (Reguir et al., 20ih?)
the the aegirine (Ae)-diopside (Di) -hedenberditd)(system. The Morro Preto analyses show a maelerat
Hd enrichment, as also observed in Salitre beb@&#suand in GAP kamafugites, but without the typica

aegirine enrichment of pyroxenes in carbonatites.

Img2- Img4- Img4-
SAMPLE 053_OI_EDS_6 053_OI_INC_16 053_OI_INC_34 Imgl_029_EDS_14
oi1 OI2-CORE Ol2-RIM ol2
Si02 39.21 40.22 42.92 44.01

Tio2 0.04 - 0.12 0.2
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Al203 0.14 0.16 0.58 0.63

Cr203 0 0.15 - 0.07
FeO 16.71 10.15 11.91 10.92
NiO 0.33 0.3 0.38 0.16
MnO 0.36 0.26 0.22 0.32
MgOo 42.46 48.24 43.36 43.05
Cao 0.42 0.18 0.31 0.33
Na20 0.34 0.31 0.2 0.21
K20 - 0.03 - 0.1
Total 100 100 100 100
a.p.f.u.
Si 1.989 1.966 2.240 2.331
Ti 0.002 - 0.005 0.008
Al 0.008 0.009 0.036 0.039
Cr 0.000 0.006 - 0.003
Fe 0.709 0.415 0.520 0.484
Ni 0.013 0.012 0.016 0.007
Mn 0.015 0.011 0.010 0.014
Mg 3.210 3.515 3.374 3.399
Ca 0.023 0.009 0.017 0.019
Na 0.033 0.029 0.020 0.022
K 0.000 0.002 - 0.007
Total 4.013 4.008 3.992 3.993

Table 5.01.Composition of the olivine from Morro Preto kamgites. Microprobe EDS semi-quantitative data.

Img1- Img1-
SAMPLE 053_CPX_EDS_11 053_CPX_EDS_16  Img4_046_CPXE_12 Img5_039_CPX_13
CORE RIM CPX_PHENO CPX_XEN
Si02 49.19 45.85 45.75 48.09
TiO2 1.23 2.76 2.73 2.05
Al203 5.39 7.99 6.77 5.59
Cr203 0.39 - - 0.14
FeO 5.07 7.19 9.28 5.74
NiO 0.18 0.19 0.06 0.15
MnO 0.07 0.09 0.54 0.32
MgO 15.17 11.98 10.66 13.16
Cao 22.87 23.31 23.30 23.81
Na20 0.40 0.51 0.91 0.91
K20 0.04 0.12 - 0.04
Total 100.00 100.00 100.00 100.00
a.p.f.u.
Si 1.820 1.723 1.742 1.797
Ti 0.034 0.078 0.078 0.058

Al 0.235 0.354 0.304 0.246
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Cr 0.011 - - 0.004

Fe 0.157 0.226 0.296 0.179
Ni 0.005 0.006 0.002 0.005
Mn 0.002 0.003 0.017 0.010
Mg 0.837 0.671 0.605 0.733
Ca 0.906 0.939 0.951 0.953
Na 0.014 0.019 0.034 0.033
K 0.001 0.003 - 0.001
Total 4.023 4.022 4.028 4.020

Table 5.02.Composition of the pyroxene from Morro Preto kanggtes and bebedourite xenoliths. Microprobe EDS8ise

guantitative data.
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Fig. 5.08 (A) classification and zoning patterns of olivinffom Morro Preto kamafugites, and comparison i main

kamafugite occurrences from GAP. (B) Ca (a.f.ursus Fo (mol%) in olivine from the Morro Preto kdogites compared
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with the GAP kamafugites. Data sources: Danni &aa$1994), Cerqueira & Danni (1994), JunqueiraeB(1098) and Brod

et al. (2005).
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Fig. 5.07.Morro Preto kamafugite pyroxenes plotted in thg¢ QAx J diagram quadrilateral and in the (B) wdbage (Wo)-

Enstatite (En)-Ferrosilite (Fs) diagram, compardthwhe Santo Antonio da Barra and Mata da Cordaxmnes. (C)
Wollastonite (Wo)-Enstatite (En)- Ferrosilite (Bagram and (D) Aegirine (Ae) —diopside— (Di) heblergite (Hd) diagram

showing the composition of pyroxenes in the Morret® bebedourite xenolith, in comparison with th&aRGkamafugites,

Salitre bebedourites and worldwide carbonatites.

5.6. GEOCHEMISTRY
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A total of 18 drill core samples were selectedviiole-rock chemical analysis (Table 5.03). The
Morro Preto kamafugites are ultrabasic, silica-usdtirated (Si@varying from 31.28 to 44.9 wt. %),
ultrapotassic (KO varying from 1.12 to 5.19 wt. %), enriched in Ca{ to 16.2 wt.%) and carbonate
(COz up to 16.8 wt. %), with moderate TiGontent (0.38 to 2.93 wt.%). Their MgO contentiesufrom
6.7 to 12.6 wt. % which is, on average, lower ttienMgO content from the GAP alkaline picrites (Dan
1994). All samples have <13% MgO and MgO/(MgO+Fe@)7, indicating a more differentiated
composition when comparing with the GAP alkalineripes. Their KO/N&O ratio are on average >3,
and they are enriched in incompatible elementd) ssdBa, Sr anBREE.

Figure 5.08 shows the Morro Preto kamafugite sasipl¢he classification diagrams of Foley et
al. (1987) for ultrapotassic rocks. For these diagg we constrained the Morro Preto samples to % wt
MgO, as suggested by Brod et al. (2005), in ord@xtclude evolved rocks. The fields of GAP and APIP
kamafugites are plotted for comparison. The majasitr samples plot within the field of kamafugites
(Group 1l of Foley et al., 1987), in generally goagreement with the kamafugites from GAP and from
APIP. The NaO scattering in the Morro Preto kamafugites obsimd=ig. 5.08 might be due to the sodic
metasomatism overprint, as exemplified by the kedanalcime transformation in the kamafugite rocks
from Ipora (Danni, 1990; Brod et al., 2005), ansbabbserved in the Morro Preto samples. Some of the
samples are slightly more aluminousthan the GAPAdRIEP kamafugites.

Figure 5.09 shows that the major oxides of the bl@neto samples follow the general trend shown
by the GAP kamafugites. Tids an exception, with Morro Preto rocks plottireddw the GAP kamafugite
values. Sgarbi and Gaspar (2002) compared the Pantiémio da Barra and the San Venanzo-Cupaello
(Italy) kamafugites, observing a similarly low Ti@end for the italian kamafugites.

Although the alkalis behave somewhat erraticalif)>SAl>0s, CaO, FeOs and BOs depict a
normal crystal fractionation trend, as magnesiunregses, following the removal of olivine, at firsihd
then olivine + cpx during kamafugite differentiati(Brod et al., 2005).

On average, the mineralogy and compositional rarigbe Morro Preto rocks are similar to the
GAP mafurites and leucite mafurites (Junqueira-Bxbdl., 2005), indicating their intermediate piosit
in the kamafugite series. As also observed forSA8 kamafugites, the negative correlation of MgO,
NiO, CrOs with the AbOsz and KO contents indicate the gradation from mafuritesd) im olivine, to
ugandites, rich in feldspathoids and zeolites avat i olivine (Sgarbi & Gaspar, 2002).

Figure 5.10 shows that the Morro Preto kamafugiégsswell as the other GAP and the APIP

kamafugites plot in the higher end of the enrichehtle compositions, away from subduction-related
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signatures, indicating that they derive from atreddy old, metasomatized lithospheric mantle twat
not chemically involved in the Brasiliano orogenicle.

Kamafugite spiderdiagrams (Figure 5.11-A) have albpositive Sr anomaly, and small negative
anomalies for Rb and X, in an otherwise smooth pattern. The REE diagpattern (Figure 5.11-B)
shows a Lay/Lun) range between 28.3 and 15.9, in accordance watlotirer GAP kamafugites (Danni,
1985; Danni & Gaspar, 1994; Brod et al., 2005).[diteshe higher Rb, Th and-® and a small positive
Sr anomaly, the Morro Preto kamafugites have a csitipnal range similar to other kamafugitic rocks
from GAP and from APIP (Sgarbi & Gaspar, 2002; Beb@l., 2005).

SAMPLE 1234007 1234025 1234020 1234046 1234029 1234066

(wt . %)

Sin2 35.90 37.37 40.02 39.43 41.3 39.23
Tio2 2.43 2.18 2.62 2.86 2.53 2.93
Al203 8.48 6.98 10.56 13.37 11.56 11.63
Cr203 0.20 0.23 0.11 0.07 0.11 0.08
Fe203 11.09 11.54 11.6 11.17 11.44 12.57
MnO 0.17 0.18 0.19 0.16 0.19 0.22
MgOo 12.20 12.56 12.4 8.63 11.61 8.63
Ca0o 12.59 14.43 11.11 8.97 10.83 11.17
Na20 0.77 0.42 3.14 0.17 2.46 0.84
K20 1.83 1.12 2.16 1.75 2.62 3.2
P205 0.58 0.56 0.57 1.09 0.65 0.96
BaO 0.13 0.10 0.12 0.14 0.20 0.20
Sro 0.13 0.21 0.14 0.12 0.27 0.18
Lol 13.3 11.90 5 11.7 4.00 7.8
TOT 99.56 99.54 99.54 99.4 99.33 99.28
co2 11.3 9.34 3.8 5.2 2.31 5.4
s 0.14 0.10 0.04 0.18 0.05 0.21

(ppm)
Ni 325.1 518.9 235.9 211.8 213.9 137.9
Sc 31 35.00 25 24 23 25
Rb 61.2 32.70 41 53.4 51.9 82.8
Zr 207.9 221.60 262.5 335.1 288.6 370.5
Hf 5.1 6.30 6.8 6.8 6.8 8.1
Nb 49.6 45.20 81.3 107.9 88.1 98.4
Ta 3.1 3.10 5.2 7.3 6 5.9
Th 5.3 4.00 7.7 10.5 8.5 9.6
Y 17.9 18.40 21.2 22.6 22.1 30.5
La 48.9 46.50 74.9 86.30 81.1 92
Ce 98.2 97.30 141.4 173.30 155.1 180.9
Pr 11.95 11.49 16.06 19.82 17.11 21.36
Nd 47.10 44.90 59.4 74.00 62.9 81.9
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Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu

8.08
2.43
6.99
0.86
4.26
0.65
1.54
0.21
1.14
0.18

7.70
2.34
6.73
0.89
4.40
0.75
1.86
0.21
1.28
0.17

9.74
2.7
7.55
0.97
4.65
0.81
2.04
0.27
1.63
0.23

11.01
3.17
8.74
1.09
5.36
0.87
2.04
0.27
1.63
0.22

10.05
2.88
8.08
1.02

5.1
0.91
2.11

0.3
1.76
0.23

13.11
3.87
10.51
141
7.05
1.06
2.87
0.36
1.99
0.31

Table 5.03. Representative analysis from the Morro Preto Complex kamafugite dykes.
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5.7. DISCUSSION AND CONCLUSIONS

The kamafugite dykes from Morro Preto carbonatitan@lex range from mafurite to leucite
mafurite. The mafurites are richer in olivine pherysts, with a primitive composition (F=to Fao) and
minor clinopyroxene. The chromite inclusions in thegnetites, found in the less differentiated
kamafugite (mafurite) samples, is similar to thegmetite-chromite relation observed in the SAB
mafurites (Sgarbi & Sgarbi, 2003).

The leucite mafurites have little or no olivine thvan increase in felsic (feldspathoids) minerals.
Some Fe and Na enrichment observed in diopsidegead agreement with the evolution of kamafugites
(Morbidelli, 1995).

The feldspathoids in the groundmass show textugassof alteration, such as silica-alumina-
sodium enrichment and2R depletion. This results in intergrown K-feldspaelilite-analcime-leucite(-
kalsilite) or K-feldspar-analcime-nepheline(-kate)), with traces of phlogopite and carbonate.

Comin-Chiaramonti et al. (2009) detail the compéaralcime intergrowths in the alkaline rock
suites of Iran, Brazil and Eastern Paraguay. Bgibg of intergrowths mentioned above (sometimes wit
plagioclase) are common in ultrapotassic rocks woayas lava flows or as dykes, with multiple s8g
of igneous activity and metasomatic overprint. §aeme authors argue that the intergrowths could have
formed from a pre-existing, homogeneous, solid phagth change in bulk composition, either by sub-
solidus replacement / breakdown or by reaction wifluid phase. A combination of.8-rich and C&
rich fluids is considered to be responsible fordegelopment of these mineral intergrowths.

The primitive character of the Morro Preto kamates)i along with the presence of carbonate
globules, and the compositional similarities betwearbonate globules and carbonatites, indicatdtiba
kamafugite magmas may have given origin to thecat carbonatites by liquid immiscibility.

The carbonate globules are interpreted as primariheroid immiscible droplets of carbonatite.
Trace of secondary mineralization in some of tigdsbules indicates late-stages of mineral replaceme

The occurrence of such carbonate globules (odelsjlicate alkaline rocks, such as kamafugites,
is an evidence of silicate-carbonate liquid imnbdity (e.g. Morbidelli et al., 1995; Ivanikov et a1998)
and a common feature in the kamafugite-carbonasigeciation from the APIP (Brod et al, 2013). The
kamafugitic lavas from Santo Anténio da Barra, hie southern GAP, also contain a large amount of
carbonate globules, interpreted as resulting frarb@nate-silicate liquids immiscibility (JunqueBaed
et al., 2005).
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The minerals observed in the carbonate globuleesept an interlocking mosaic of minerals,
forming a gradient of Fe-dolomite in the rim to alwite+strontianite(+barite) in the core. Semi-
guantitative EDS analyses in the carbonate glolshess zoning in CaO (from 39.49 to 46.7 wt.%), MgO
(from 21.07 to 27.13 wt.%) and FeO (3.96 to 14.1%4) grades, and also extreme variations in the
carbonate globule core, from dolomite to pure stamiite. These variations are significant in a iméter-
scale globule.

Guo et al (2014) observed the same wide variatiotarbonate composition in carbonate occeli
from the West Qinling kamafugite suite, concludihgt the zonning pattern observed (calcite-dolomite
results from a tendency towards equilibrium witk tiost kamafugitic rock, considering that suchdarg
compositional gradient would not be possible indbkd state.

In addition, for carbonate globules to be interpdeds carbonatite melts, their mineral composition
needs to be consistent with the known high-coneéptr of certain trace elements in carbonatiteti(Gi
1988). The high Sr-Ba content in Morro Preto glelsuland their textural equilibrium with typical
groundmass minerals, as observed in clinopyroxemnk pnlogopite microcrysts in contact with the
globules, are consistent with an origin of the glek as parcels of trapped carbonatite melt.

Due to their composition, the kamafugite rocks espnt the most primitive rock type in the Morro
Preto complex. However, there are more primitiventoers of the kamafugite series in the province (e.g
katungites), suggesting that the Morro Preto kagitda are already a product of fractional crystaliion.

Regionally, these kamafugite occurrences in therdMéreto Complex attest the kamafugite-
carbonatite association in the GAP, proposed bgrs¢wauthors in their study of the kamafugites from
SAB (Sgarbi et al., 2000) and Aguas Emendadas (ikiragBrod et al., 2000).

Junqueira-Brod et al (2005) also detailed the kagitd-carbonatite association in the GAP by
studying the association between density barriedsraagma ascending events. The authors associate a
carbonatite immiscibility event in the upper crumireasing the silicate magma density before reachi
the rocks near surface.

The composition of the clinopyroxene from the dissat bebedourite xenolith closely resembles
that of clinopyroxenes in the bebedourites from 8aditre complex, in APIP (Barbosa et al., 2012).
Bebedourite xenoliths in pyroclastic rocks of that&da Corda Formation, in that same province,igeov
another link between kamafugitic and carbonatitagmatism (Brod et al., 2000).

The Morro Preto carbonatite complex and its assocawith kamafugite dykes containing

bebedourite xenoliths widens the metallogenetiemm! of northern GAP magmatism to contain APIP-
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type large, multi-commodity deposits, in additianthe phosphate and Ni laterite mineralization $ype
recorded so far. Although, at the current levekmdwledge, the Morro Preto Complex is an exception
within GAP, due to its carbonatite-dominated natadgitional exploration work is required, takimga
account this broader metallogenetic affinity, pautarly where indirect methods have detected other
potential prospects at depth (Dutra et al., 201&2dvigoni & Mantovani, 2013).

ACKNOWLEDGMENTS

The authors are grateful to Anglo American Bradild. for providing the soil and drill core
samples, processed satellite images and geophgsicaine data, as well as field support. We walsad
like to thank CRTI at Universidade Federal de Gdiisaccess to analytical facilities and the Biianil
agencies CNPq, CAPES, and FAPEG for the finanaiapsrt to this research.

REFERENCES

Almeida, F.F.M. (1983)Rela¢des tectbnicas das rochas alcalinas mesozoidasregido meridional da plataforma Sul-
Americana. Revista Brasileira de Geociéncjas 13, p.139-158.

Barbosa, E.S.R., Brod, J.A., Junqueira-Brod, TD@ntas, E.L., Cordeiro, P.F.O., Gomide, C.S. (20B2bedourite from its
type area (Salitre | complex): A key petrogenetic exies in the Late-Cretaceous Alto Paranaiba kamafute—
carbonatite—phoscorite association, Central BrazilLithos 144-145, p. 56-72.

Brod, J.A., Gibson, S.A., Thompson, R.N., Junqu8irad, T.C., Seer, H.J., de Moraes, L.C., BoaventurR. (2000)The
Kamafugite-Carbonatite Association in the Alto Pararaiba Igneous Province (APIP)- Southeastern BrazRevista
Brasileira de Geociénciag0, 3, p. 408-412.

Brod, J.A., Barbosa, E.S.R., Junqueira — Brod, ,TQaspar, J.C., Diniz — Pinto, H.S., Sgarbi, P.BRetrinovic, |.A. (2005).
The Late — Cretaceous Goias Alkaline Province (GARLCentral Brazil. In: Mesozoic to Cenozoic Alkaline Magmatism
in the Brazilian Platform’ P. Comin-Chiaramonti and C.B. Gomes (editor§ae Paulo: Editora Universidade de S&o
Paulo: Fapesp (2005), p 261-316.

Brod, J.A., Junqueira-Brod, T.C., Gaspar, J.C.rifatic, I.A., Valente, S.C., Corval, A. (2013pecoupling of paired
elements, crossover REE patterns, and mirrored spi&r diagrams: Fingerprinting liquid immiscibility in the
Tapira alkaline carbonatite complex, SE Brazil Journal of South American Earth Sciencés, p. 41-56.

Cerqueira, M.R.S. & Danni, J.M.C. (199H8spectos Petrograficos e Quimicos do Complexo da #mnda Buriti, Ipora,
GO. Boletim de Geociéncias do Centro-Oestd 7, p.29-33.

Comin-Chiaramonti, P., Cundari, A., Piccirillo, EMsomes, C.B., Castorina, F., Censi, P., De MinMarzoli, A., Speziale,
S. & Velazquez, V.F. (1997Potassic and sodic igneous rocks from eastern Panaay: their origin from the
lithospheric mantle and genetic relationships witlthe associated Parana flood tholeiitegournal of Petrologyv.38,
p.495-528.

105



Comin-Chiaramonti, P., Cundari, A., Ruberti, E., Bén, A., Gittins, J., Gomes, C.B., Gwalani, L. (). Genesis of
Analcime andNepheline-PotassiumFeldspar-kalsilitentergrowths: a Review Acta Vulcanologicav. 21(1-2), p. 81-
90.

Danni, J.C.M. (1985)Rochas da série kamafugitica na regido de Amorinéjfis, Goias. Contribuicdes a Geologia e a
Petrografia - Nucleo de Minas Gerais, Belo Horizongp. 5-13.

Danni, J.C.M. (1994)0s Picritos Alcalinos da Regido de Ipora: Implicacés na Génese dos Complexos do Tipo Central
do Sul de GoiasRevista Brasileira de Geociéncjas4(2), p.112-119.

Danni, J.C.M., Gaspar, J.C. (1999Quimica do Katungito de Amorindpolis — Goias: Contibuicdo ao Estudo do
Magmatismo Kamafugitico. Geochim. Brasi| 8(2), p. 119-134.

Dutra, A. C., Maragoni, Y. R., Junqueira-Brod, T.(2012).Investigation of the Goias Alkaline Province, cental Brazil:
application of gravity and magnetic methodsJournal of South American Earth Sciences: p. 43-55.

Foley, S.F., Venturelli, G., Green, D.H. & Toscdni,(1987).The ultrapotassic rocks: characteristics, classifiation, and
constraints of petrogenetic modelsEarth-Science Reviewg4, p. 81-134.

Gaspar, J.C., Aratjo, A.L.N., Carlson, R.W., Si¢leeE., Brod, J.A., Sgarbi, P.B.A. & Danni, J.C(2003).Mantle xenoliths
and new constraints on the origin of alkaline ultrgotassic rocks from the Alto Paranaiba and Goias lgeous
Province, Brazil. 8th International Kimberlite Conference, VictqridD-ROM, FLA 0337, p. 1-5.

Gibson, S.A., Thompson, R.N., Leonardos, O.H., DiclA.P., Mitchell, J.G. (1995)The Late Cretaceous impact of the
Trindade mantle plume: evidence from large-volumemafic potassic magmatism in SE BrazilJournal of Petrology
36, p. 189-229.

Gibson, S.A., Thompson, R.N., Weska, R.K., DiclitR., Leonardos, O.H. (1997Mate Cretaceous rift-related upwelling
and melting of the Trindade starting mantle plume tead beneath western BrazilContributions to Mineralogy and
Petrology 126, p. 303-314.

Guo, P., Niu, Y., Yu, X. (2014A Synthesis and New Perspective on the Petrogenesf&amafugites from West Qinling,
China, in a Global Context Journal of Asian Earth Sciences 79, p. 86-96.

Junqueira-Brod, T.C. (1998Lretaceous alkaline igneous rocks from the Aguas Eemdadas region, Goias, Central
Brazil. M.Sc. DissertationUniversity of Durham, 161p.

Junqueira-Brod, T.C., Brod, J.A., Gibson, S.A., ipson, R.N. (2000Mineral Chemistry of Kamafugites and Related
Rocks from The Aguas Emendadas Region, Goias Stafevista Brasileira de Geociéncijas30(3), p. 403-407.
Junqueira-Brod, T.C., Roig, H.L., Gaspar, J.C.BIDbA., Meneses, P.R. (2002)Provincia Alcalina de Goias e a Extensao

do seu Vulcanismo KamafugiticoRevista Brasileira de Geociéncj32(4), p.559-566.

Junqueira-Brod, T.C., Brod, J.A., Gaspar, J.C.,dHar (2004).Kamafugitic diatremes: facies characterisation and
genesis—examples from the Goias Alkaline ProvincByazil. Lithos 76, p. 261-282.

Junqueira-Brod, T.C., Gaspar, J.C., Brod, J.A.dHar, Barbosa, E.S.R., Kafino, C.V. (200Bmplacement of kamafugite
lavas from the Goias alkaline province, Brazil: costraints from whole-rock simulations. Journal of South American
Earth Sciencesl8, p. 323-335.

106



Lacerda Filho, J. V. de. Rezende, A.. Silva, A.Rlamgrama de Levantamentos Geoldgicos Basicos do Bilx Geologia e
Recursos Minerais do Estado de Goias e Distrito Fedal. Goiania: CPRM, METAGO S.A., UnB, 1999, 2° edicao.
184p.

Marangoni, Y.R., Mantovani, M.S.M. (2013}eophysical Signatures of the Alkaline Intrusions Brdering the Parana
Basin. Journal of South American Sciences4l, p. 83-98.

Melfi, A.J.. Trescases, J.. Carvalho, A.. Olivei&aM.B. Ribeiro Filho, E.. Formoso, M.L.L. (1988)he Lateritic Ore
Deposits of Brazil Sci. Bull, 41 (1), p. 5-36.

Moraes, L.C. (1984)Petrologia, estratigrafia e potencial diamantiferoda suite vulcanica alcalina da regido de Santo
Antbnio da Barra, Goias M.Sc. DissertationUniversity of Brasilia, 133p.

Morimoto, N., Fabries, J., Ferguson, A.K., Ginzhurg., Ross, M., Seifert, F.A., Zussmann, J., Adki& Gotardi, G. (1988).

Nomenclature of PyroxenesAmerican Mineralogistv.73, p. 1123-1133.

Morbidelli, L., Gomes, C. B., Beccaluva, L., BrotzB., Conte, A. M., Ruberti, E., Traversa, G. (199ineralogical,
petrological and geochemical aspects of alkaline dralkaline-carbonatite associations from Brazil Earth Science
Reviews39, p. 135-168.

Nascimento, E.L.C., Brod, J.A., Aratjo, |.M.C.P.abdhado, S.A.M., Sartorato, G.B. (2018eology, Mineralogy and
Lithogeochemistry of the Morro Preto Alkaline-Carbonatite Complex, Goids, Brazil Lithos (unpublished).

Oliveira, S.M.B. (1990)Os Depésitos de Niquel Lateritico do BrasilConcurso para Obtencéo do Titulo de Livre-Docente.
Universidade de Sdo Paulo (USP), 89 p.

Pimentel M.M., Whitehouse M.J., Viana M.G., FuckRMachado N. 1997 he Mara Rosa Arc in the Tocantins Province:
further evidence for Neoproterozoic crustal acretio in central Brazil. Precambrian Resear¢i81:299-310.

Reguir, Reguir, E.P., Chakhmouradian, A.R., PisiakHalden, N.M., Yang, P., Xu, C., Kynicky, J.o@eslan, C.G. (2012).
Trace-element Composition and Zoning in Clinopyroxee and Amphibole-group Minerals: Implications for
Element Partitioning and Evolution of Carbonatites Lithos,v. 128-131, p. 27-45.

Ribeiro, C. C., Brod, J. A., Junqueira, T. C., Gas@ C., Palmieri, M., Cordeiro, P. F. O., Torrék,G., Grasso, C. B.,
Barbosa, E. S. R., Barbosa, P. A. R., Ferrari,. ®.JGomide, C. S. (2014Potencial e Controles Metalogenéticos de
ETR, Ti e Nb em Provincias alcalino-carbonatiticabrasileiras. Metalogénese das Provincias Tectbnicas Brasileiras.
CPRM Org.: Maria da Gléria Silva, Manoel Barreto dacRaNeto, Hardy Jost, Raul Minas Kuyumjian, 589 p.

Seer, H.J. & Moraes, L.C. (198@studo Petrogréfico das Rochas igneas Alcalinas dRegido de Lagoa Formosa, MG
Revista Brasileira de Geociéncjas18, p.134-140.

Sgarbi, P.B.A. & Valenca, J.G. (199%alsilite in Brazilian Kamafugitic Rocks. Mineralogical Magazingv.557, p.165-
171.

Sgarbi, P.B.A., Gaspar, J.C., Valencga, J.G. (200opyroxene from Brazilian Kamafugites. Lithos v. 53, p. 101-116.

Sgarbi, P.B.A. & Gaspar, J.C. (2008eochemistry of Santo Anténio da Barra kamafugitesGoias, Brazil Journal of
South America Earth Sciencédd!, p. 889-901.

Sgarbi, P.B.A. & Sgarbi, G.N.C. (2003§amafugite Volcanism in Brazil. Periodico di Mineralogiav. 72, Special issue:
Eurocab, p. 41-50.

107



Van Decar, J.C., James, D.E. & Assumpcéo, M. (L9&¥smic evidence for a fossil mantle plume beneaBiouth America

and implications for plate driving forces. Nature378, 25-31.

108



CAPITULO 6: CONCLUSOES

O complexo carbonatitico Morro Preto, localizadopoacdo noroeste da GAP, representa uma
ocorréncia Unica na provincia, devido a predomiizéthe carbonatitos nas rochas estudadas, a assmciac
entre carbonatitos-e kamafugitos, e também devidwedenca de ferrocarbonatitos no complexo,
ocorréncia até agora desconhecida nas provingaknals a norte da Bacia do Parana (GAP e APIP).

O principal objetivo do presente trabalho foi céedzar o Complexo Morro Preto, detalhando a
geologia local e a litogeoquimica do Complexo, d@ga mineral dos carbonatos e apatita dos
carbonatitos, e da olivina e piroxénio dos kamafisgia associacdo entre rochas kamafugiticas e
carbonatiticas, e a partir dos dados processadwsjnierpretacdo preliminar da evolugcdo do complexo
carbonatitico.

As duas intrusBes circulares do Complexo Morro dPr@ossuem magnetita apatita
magnesiocarbonatitos, com variacées texturais desadwuulados de apatita e/ou magnetita a
magnesiocarbonatitos com texturas heterogéneas evidéncias de fluxo magmatico. Essas rochas séao
ricas em dolomita, Fe-dolomita, apatita, magnetitam menor proporcao, barita, tetraferriflogopita,
badeleita, zircao e pirocloro.

A sequéncia de magnesiocarbonatitos grada paragsigdes mais ricas em ferro, predominando
ferrocarbonatitos com ankerita e siderita, com pregio menor em Fe-dolomita e magnetita, barita e
monazita secundaria, tracos de sulfetos ricos e (fgirrotita, pirita), e apatita rara a auseAtéeracéo
ferruginosa € muito comum, com a presenca de @xtidivoxido de ferro substituindo os carbonatosgic
em ferro. Em condic¢fes tardias, € comum a presimealerita rica em manganés, por vezes englobando
a ankerita, e por vezes preenchendo cavidadessi@wltao juntamente com magnesita, barita e manazit
Sulfetos, monazita e bastnaesita sdo minerais@a@Essomuns.

O Complexo Morro Preto possui evidéncias de tariggnado a partir de multiplos estagios de
processos petrogenéticos. As relacdes texturaisuraslados de apatita e magnetita, indicam evolucao
dos carbonatitos a partir de apatitas + dolomike-tlolomita nos magnesiocarbonatitos, evoluinda par
apatitas ricas em flior em associacdo com Fe-dtdotniankerita nos estagios transicionais entre
magnesiocarbonatito-ferrocarbonatito, seguindo eleoéarbonatito rico em ankerita + siderita *
magnesita e traco de carbonatos ricos em terras flaastnaesita).

A geoquimica de rocha total corrobora a difererdmagcima, que resultou em decréscimo em

CaO, MgO, BOs, e aumento em Th ETR, BaO e SrO na evolucdo damesacarbonatitos para
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ferrocabonatitos. Esta, também, estd de acordo adiberatura sobre a diferenciacdo de complexos
carbonatiticos (Woolley & Kempe, 1989). Os mesmasgmetros geoquimicos foram observados no
estudo geoquimico e isotopico de carbonatitos derstis complexos alcalinos carbonatiticos da APIP,
realizado por Gomide et al. (2015).

Além das evidéncias petrogréaficas e geoquimicasimiadas a cristalizacdo fracionada, levando
a evolugdo magnesiocarbonatito-ferrocarbonatitia, &se também aborda evidéncias da influéncia de
reacoes sub-solidus (metassomatismo, degaseificacdo e hidrotermalism@) geracdo dos
ferrocarbonatitos, como as destacadas abaixo:

(i) Halo extenso de fenitizagéo (~800m) nas rochasduesgas, brechacgao e clastos de rocha
hospedeira e de carbonatitos dentro da sequéndianeditica, evidenciando estagios
multi-intrusivos e influéncia ruptil de degaseifiéa e liberacao de fluidos;

(i) Fenitizacdo potassica sobre os carbonatitos esisdm pelos veios de K-feldspato
cortando os magnesiocarbonatitos (Le Bas, 1981ateB008; Pirajno et al., 2014; Elliot
et al., 2018);

(iif) Dissolucdo mineral durante a degaseificac@mgdo texturas tipo “boxwork” nas rochas
com alteracao ferruginosa, e

(iv) Variagbes composicionais relacionadas a reac@esdigus na apatita (aumento no teor
de NaO e ETR - Chakhmouradian et al., 2017).

O caréater ruptil da instalacdenijplacementdo complexo Morro Preto, evidenciado pelos stocks
de carbonatito fenitizando as rochas hospedeirast¢gturas de brechas e clastos), juntamente com a
aparente auséncia de rochas silicaticas plutbrisssciadas ao complexo (com excec¢do dos diques de
kamafugito e raras ocorréncias de basalto alcaliliques félsicos alcalinos), indicam que nivesienmal
atual do Complexo Morro Preto é relativamente ragpye a parte aflorante do complexo provavelmente
representa a por¢do sub-vulcanica de um sistemasivd carbonatitico, de acordo com o modelo
proposto por LeBas (1977).

Os diques de kamafugito representam a rocha mengtiga do Complexo. Essas rochas possuem
um intervalo composicional similar aos mafuritoeecita mafuritos da GAP, indicando que ja sdo, em
si, rochas mais evoluidas do que os katungitossopi@itos ricos em magnésio, comuns em toda a
provincia.

Os kamafugitos de Morro Preto sdo comumente pactid, com matriz afanitica e fenocristais de

olivina, clinopiroxénio e apatita. Podem se sulginem mafuritos mais primitivos, ricos em fenotais
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de olivina muito magnesiana (5@ Fao) conforme anélise semi-quantitativa em EDS, esrBgoocristais

de clinopiroxénio associados. A matriz deste |otapresenta microcristais de olivina, clinopiragén
Ti-magnetita com inclusdes de cromita, e proporgdesiveis de feldspatdides em intercrescimento com
zedlitas e feldspato (ortoclasio). A matriz tambgpnesenta, em menor proporcéo, flogopita, apatita e
carbonatos.

O outro tipo de kamafugito encontrado consiste@rhas ricas em fenocristais de clinopiroxénio,
com olivina rara a ausente, e matriz mais enriglzeem flogopita, apatita, feldspatdides e carbor@$o
feldspatoides dos kamafugitos mais diferenciadgar(ditos), originalmente leucita, estdo substitsiido
por intercrescimento de K-feldspato, analcima elived, com tracos de tetraferriflogopita e carbonat

Globulos de carbonato sdo comuns em todos os abasreomposicionais dos kamafugitos, sendo
aqui interpretados como representativos de ligeédbonatitico imiscivel. Alguns pontos favoreceseaes
interpretacao:

0] Globulos de carbonato imisciveis sdo comuns namaspem outras ocorréncias de
kamafugitos intrusivos e extrusivos da GAP, conmab@m estdo presentes em complexos
com a associacdo carbonatito-kamafugito da APIRjasgue em ambos os casos essa
feicdo é considerada como evidéncia de coexisténtia liquido carbonatitico e silicatico
durante a cristalizacdo (Junqueira-Brod et al.52800d et al., 2000).

(i) Os tipos de carbonatos encontrados nos glébulatisados por EDS, possuem a mesma
variagdo composicional dos carbonatos encontraglegne carbonatitica do Morro Preto.
Os carbonatos foram um gradiente extremo do n{mdea a borda dos glébulos, com os
seguintes intervalos composicionais: estroncianitllomita — Fe-dolomita, com tracos
de barita e ankerita. Essa variagdo composicionmallagga escala indica processos
magmaticos primarios associados a formacédo dedébslas (Guo et al., 2017). A
presenca de Ba e Sr também atesta a associac@oé&ticg entre os glébulos de carbonato
e a série carbonatitica (Gittins, 1988).

(i) Imiscibilidade entre liquido carbonatitico e liquisilicatico também pode ser verificada
por meio de razbes geoquimicas. A separacdo englementos Nb e Ta, evidenciada pela
correlacdo negativa, e a deplecdo de Zr-Hf em ammsepresentativas do magma
carbonatitico, indicam o processo de separacae diguido carbonatitico e silicatico
(Brod et al., 2013).

111



Essas evidéncias atestam o link entre os diqukardafugito e a série carbonatitica do Complexo
Morro Preto, sendo os kamafugitos considerados ampiesentativos do liquido parental do magma
carbonatitico do complexo.

A associacao carbonatito-kamafugito foi detalhamioByod et al (2000) na APIP, onde os autores
observaram similaridades petrograficas e geoquéngnére as rochas silicaticas dos complexos atezalin
carbonatiticos e entre xendlitos de mesma compmsigarochas kamafugiticas.

O mesmo exercicio foi realizado no capitulo 5 diesta, evidenciando similaridades geoquimicas
e de quimica mineral entre as rochas kamafugitiaasPIP, da GAP e do complexo Morro Preto.

A composicdo dos clinopiroxénios dos xendlitos dbdulourito presente nos kamafugitos do
complexo Moro Preto se assemelha a dos bebedolat@igzados na APIP (Complexo Salitre — Barbosa
et al., 2012), e também se assemelha aos xendditbebedouritos em rochas kamafugiticas pirochsstic
da Formacgéo Mata da Corda, promovendo o link entregmatismo alcalino e carbonatitico na APIP, e
entre a GAP e a APIP.

Essa associacdo amplia o potencial metalogen&icsAP, considerando que o mesmo tipo de
magmatismo que gerou os complexos alcalinos catibticoa da APIP e suas mineralizagbes em P-Nb-
ETR(-Ti-Ba-Fe-U), também gerou a associacdo kanitafagrbonatito no Complexo Morro Preto.

O magmatismo carbonatitico do Complexo Morro Pegtala é excecdo na GAP, contudo, as
evidéncias listadas sugerem que o aprofundamergepdaracdo mineral na regiao provera, com o tempo,
a descoberta de novas intrusdes alcalinas de ag8oatarbonatitica-kamafugitica.
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CERTIFICATE OF ANALYSIS GOI13000524.1

1of 1

Method| 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4E

Analyte Si02 AI203 Fe203 MgO Ca0 Na20 K20 TiO2 P205 MnO Cr203 Ni Sc Lol Sum Ba Be Co Cs Gal

Unit % % % % % % % % % % % ppm ppm % % ppm ppm ppm ppm ppm|

MDL 0.01 0.01 0.04 0.01 0.01 0.01 0.01 0.01 0.01 001 0.002 20 1 5.1 0.01 1 1 0.2 0.1 0.5

1223001 Drill Core 413 021 1107 1120 3257 0.08 0.07 0.08 0.66 0.39 <0.002 <20 13 208 0026 1525 2 20.9 <0.1 1.9}
1223002 Drill Core 14.05 0.18 3445 6.38 1253 0.13 0.03 0.01 5.36 240 0002 <20 3 228 0836 1661 2 21.0 0.1 2.9
1223006 Drill Core 1.09 0.11 620 1678 20.00 0.11 <0.01 0.02 231 0.77 <0.002 <20 1 424 0803 1019 <1 10.9 <0.1 0.8
1223007 Drill Core 248 0.26 7.19 1280 3246 023 <0.01 0.04 8.46 082 0.002 <20 8 340 0886 3728 <1 1.4 <0.1 2.1
1223008 Drill Core 234 0.34 4358 092 2816 0.10 0.07 055 10.04 0.14 0003 <20 8 42 0048 192 <1 37.2 <0.1 3.4
1223009 Drill Core 6.91 002 1304 1205 2526 003 <0.01 0.01 0.52 1.19 <0.002 <20 -+ 30.2 0008 2206 1 2.8 <0.1 1.3
1223010 Drill Core 8.82 009 2657 1070 1400 0.02 0.04 0.02 0.54 253 <0.002 36 6 339 96733 10519 6 483 <0.1 3.3
1223011 Drill Core 35.18 004 3507 3.08 670 <001 <0.01 0.03 0.26 348 0.003 <20 16 11.2 0504 37124 2 15.7 <0.1 4.4
1223012 Drill Core 8.11 004 2020 9.51 1486 001 <0.01 0.03 0.14 3.63 <0.002 21 12 326 0624 25072 4 15.3 <0.1 4.5|
1223014 Drill Core 25.03 0.19 4004 1.96 587 <0.01 <0.01 0.14 0.12 150 0.003 <20 5 9.1 8485 >50000 7 12.0 <0.1 3.7
1223015 Drill Core 5220 11.75 0.90 1.87 415 376 7.32 0.41 1.31 0.18 <0.002 <20 21 59 0883 5608 6 6.1 03 15.1
1223016 Drill Core 56.11 17.20 4.53 235 262 553 295 0.04 0.17 0.24 <0.002 <20 2 74 0023 3766 1 8.9 04 11.9)
1223017 Drill Core 21.65 0.15 3428 8.76 6.02 0.06 0.05 0.20 0.19 326 0.003 <20 7 208 9345 31714 3 10.5 <0.1 3.3
1223131 Drill Core 17.85 0.09 6.08 1513 2160 0.05 0.02 0.07 0.08 1.19 <0.002 <20 12 355 0779 8579 <1 72 <0.1 2.3
1223132 Drill Core 3248 0.32 921 2234 460 342 1.20 0.07 0.04 050 0318 12685 10 237 9843 7885 20 80.1 0.2 1.5
1223133 Drill Core 4777 1384 1175 3.85 4.02 3.88 250 273 0.81 0.19 <0.002 <20 19 82 0031 2761 2 27.1 09 19.7]
1223135 Drill Core 14.19 034 7418 1.61 258 0.01 0.01 0.38 0.10 030 0.004 <20 4 46 0820 12264 7 97 <0.1 2.1
1223136 Drill Core 16.05 021 4568 10.20 0.0 0.05 0.03 0.13 0.04 268 <0.002 31 5 229 0053 1180 3 20.0 <0.1 3.5
1223137 Drill Core 4.55 030 2181 1392 2144 001 <0.01 0.05 0.10 1.34 <0.002 <20 8 33.7 9720 17015 4 12.1 0.1 1.3
1223138 Drill Core 7.35 0.65 6.78 1203 31.08 0.24 0.28 0.13 11.03 0981 <0.002 <20 11 280 9840 748 4 9.2 0.1 2.0
1223142 Drill Core 1.53 0.12 8.38 820 3040 0.08 0.04 0.12 2238 020 <0.002 <20 1 186 0807 471 7 4 13.8 <0.1 0.6
1223143 Drill Core 1.00 0.17 752 1435 3260 0.08 0.08 0.08 8.34 0.33 <0.002 <20 8 345 0024 172 2 13.5 <0.1 <0.5
1223146 Drill Core 13.59 0.05 068 1454 23086 002 <0.01 0.08 0.28 0.62 <0.002 <20 13 37.3 9028 305 <1 10.2 <0.1 <0.5|
1223326 Drill Core 32.50 219 1358 8.28 1603 0.04 0.08 0.25 3.33 084 0013 140 8 20.7 9666 1321 5 38.5 <0.1 4.9
1223328 Drill Core 58.19 11091 8.90 1.77 141 0.24 7.78 0.50 0.47 007 0003 <20 14 75 0875 7719 2 10.0 0.2 18.0)
1223329 Drill Core 10.42 003 1627 1242 2027 0.04 <0.01 0.04 0.19 1.22 <0.002 <20 4 37.3 9821 8330 <1 9.3 <0.1 <0.5|
1223330 Drill Core 428 1.33 1051 1212 2800 0.08 0.03 0.07 5.25 079 0005 <20 1 355 0705 6000 2 15.1 <0.1 3.1
1223331 Drill Core 11.41 075 20.58 430 2781 0.04 0.03 0.02 8.32 0.84 <0.002 <20 19 2468 9671 19750 3 216 <0.1 1.3
1223332 Drill Core 5149 20.18 3.87 235 34 0.67 6.35 0.24 0.11 0.21 <0.002 24 <1 106 09052 1107 5 10.5 3.2 20.64
1223333 Drill Core 5230 19.77 4.08 238 293 0.82 6.96 0.28 0.09 020 0.009 38 1 97 0951 1450 1" 11.0 6.5 30.4

This raport supersedes 3l previous predminary and final r2pors With this fie number dated prior to the date on fis certficate. Signature Indicates final approval; prefiminary raports are unsigned and should be usad for referance only.
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20of 1

CERTIFICATE OF ANALYSIS G

Method| 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B|

Analyte H Nb Rb Sn sr Ta Th u v w zr Y La Ce Pr Nd  Sm Eu Gd o

Unitl ppm ppm ppm ppm ppm  ppm  ppM  ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm|

MDL 0.1 01 01 1 05 01 02 01 8 05 01 0.1 0.1 01 002 03 005 002 005 0.0

1223001 Drill Core 78 1128 1.1 2 2488 58 62 149 57 08 6345 888 2186 4412 5237 2080 3533 1040 3083 3.7
1223002 Drill Core 03 1008 08 <t 5223 82 705 177 <8 34 305 567 1938 2703 2500 6747 50.87 1300 3038 2.0
1223006 Drill Core 03 308 03 <1 4038 148 62 54 <8 13 423 867 2718 5032 7158 30490 4660 1344 3573 403
1223007 Drill Core 04 722 03 <1 4204 248 64 133 20 14 339 1182 2055 603.1 6004 2876 4442 1219 3379 401
1223008 Drill Core 67 644 11 4 1787 20 64 139 284 21 7905 457 1112 2768 3828 1488 2517 7.38 2114 249
1223000 Drill Core 02 6348 02 <t 2378 78 160 75 11 05 148 81 1410 2800 2088 1050 1320 289 686 059
1223010 Drill Core 13 916 08 <1 1330 0.8 2503 57.8 38 <05 680 183 2872 4494 4133 1162 9872 1881 4238 257
1223011 Drill Core 03 5707 <0.1 <1 1634 04 4432 1.6 35 43 244 671 3046 0213 0008 307.0 4030 1080 3087 287|
1223012 Drill Core 03 1734 <01 <1 2178 03 3814 09 28 30 211 425 4008 8020 8136 2451 3360 982 2553 212
1223014 Drill Core 07 2764 03 <t 2588 02 1288 10 40 242 1212 208 698 219 619 662 3301 374 1395 097
1223015 Drill Core 38 3388 847 4 2748 19 566 03 139 13 1944 031 862 1377 1338 422 881 338 1238 204
1223016 Drill Core 20 224 487 <1 2103 02 179 04 <8 10 1053 124 593 870 770 246 360 089 331 042
1223017 Drill Core 07 631 05 <1 19333 05 3246 30 32 237 1505 783 1003 2179 2354 738.0 7400 1621 4308  4.39
1223131 Drill Core 03 217 01 <1 6347 04 482 07 12 37 858 400 3504 6882 7808 2739 3881 1002 2640 2.9
1223132 Drill Core 08 1302 78 <t 1853 <01 131 <01 27 <05 15668 17.1 1068 1260 1033 305 300 107 420 0.5
1223133 Drill Core 58 307 504 2 1553 20 7.1 1.3 267 08 2485 317 500 1201 1456 617 1018 276 007 1.1
1223135 Drill Core 03 5608 02 <t 7263 08 856 7.7 56 384 819 124 213 632 1218 783 2266 520 1155 089
1223136 Drill Core 03 8290 089 <1 2913 <01 307 <01 13 111 845 65 84 257 426 222 691 198 478  04f
1223137 Drill Core 02 800 01 <1 3982 05 1835 31 13 75 381 408 2653 5133 5497 197.2 37.84 1112 3062  3.07
1223138 Drill Core 08 673 47 <t 8322 7.7 400 199 18 56 1102 1250 2760 5057 7251 2833 4534 1348 3865 508
1223142 Drill Core 31 1042 07 2 5819 36 121 208 38 24 3361 748 821 1850 2285 ©87 1888 502 1849 247
1223143 Drill Core 03 950 1.2 <1 3434 103 42 03 19 12 265 452 87.8 2052 26.18 1154 2033 588 17.03 200
1223148 Drill Core 12 1047 <01 <1 3181 08 58 07 11 08 508 106 355 740 016 383 542 156 377 043
1223328 Drill Core <0.1 2101 20 2 3014 16 1660 185 192 70 288 6033 7831 10004 8145 2208 2710 6832 2067 24.93
1223328 Drill Core 68 4061 006 5 1507 44 401 D) 73 28 2519 208 677 ©81 1068 403 800 234 668 083
1223320 Drill Core 01 815 <01 <1 2362 04 1088 18 177 <05 71 802 9788 1201 1089 3182 3650 819 2434 253
1223330 Drill Core 04 2048 04 <t @565 481 776 270 19 <05 306 1166 3130 6308 7070 2685 4142 1165 3408 477
1223331 Drill Core 09 1965 08 <1 5528 392 1361 134 130 07 488 0790 4847 0126 0660 3523 4585 1215 3280 363
1223332 Drill Core 109 2018 2118 1 9315 83 435 42 <8 16 7550 320 1680 2320 1889 563 739 214 831 081
1223333 Drill Core 109 2280 2355 1 7285 50 386 63 1 08 6244 364 1741 2405 1064 547 735 199 598 087

This report supersedes 3l previous preliminary and inal FEpons With this fie number dated prior 1o the date on Tis cerficate. Signature Indcates nal approval preliminary repors 3% uNsKgned and Shoud be used Tor reference only.
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Part:

CERTIFICATE OF ANALYSIS GOI113000524.

3of 1

Method| 4A4B 4A4B 4A4B 4A4B 4A4B 4A4B2Aleco2Aleco 1DX DX DX 1DX 1DX 1DX DX DX 1DX 1DX 1DX  1DX

Analyte Dy Ho Er Tm Yb Lu TOT/IC TOTIS Mo Cu Pb Zn Ni As cd Sb Bi Ag Au Hg

Unit pPPM  ppm  ppm  ppm  ppm  ppm % % ppm ppm ppm ppm ppm ppm  ppm  ppm  ppm  ppm ppb  ppm

MDL 005 002 003 001 005 001 002 002 0.1 0.1 0.1 1 01 05 [X] [X] 0.1 0.1 05  0.01

1223001 Drill Core 1931 333 804 100 617 088 827 027 18 03 111 108 <0.1 12 04 <01 <D 0.2 24 <001
1223002 Drill Core 1338 187 388 046 235 023 685 005 12 05 360 242 0.7 6.2 00 <01 <01 <01 108 <0.01
1223006 Drill Core 1918 312 708 086 483 058 1150 004 0.9 04 137 45 32 05 07 <01 <01 03 172 <001
1223007 Drill Core 2049 398 1156 179 10680 130 925 0.10 15 22 194 67 3.9 15 1.1 <01 <01 05 198 <0.01
1223008 Drill Core 1282 182 384 040 276 031 074 <002 34 23 8.3 84 25 15 02 <01 <01 03 <05 <D.O1
1223000 Drill Core 100 028 08 011 08 013 1100 008 109 02 43 123 21 1.0 04 <01 <01 0.1 22 <001
1223010 Drill Core 749 038 051 013 084 010 084 041 36 07 154 427 233 14 07 <01 <01 0.1 1.1 <0.01
1223011 Drill Core 1232 180 437 060 354 040 244 083 1.8 08 23490 1844 4.1 1.0 05 0.1 02 <01 28 002
1223012 Drill Core 804 109 224 020 177 020 938 063 0.8 08 2518 1856 37 0.9 08 <01 02 <01 45 <0.01
1223014 Drill Core 435 058 144 022 112 014 207 188 45 13 904 620 58 6.1 02 03 07 05 126 <001
1223015 Drill Core 1310 275 823 108 611 078 082 0.16 24 20 271 234 37 0.8 04 0.1 1.0 0.2 27 <0.01
1223016 Drill Core 106 037 108 012 0790 010 097 006 02 220 185 191 8.3 0.7 04 <01 0.2 0.1 2.1 <0.01
1223017 Drill Core 2125 291 504 055 280 033 6.00 076 1.0 15 1225 319 46 3.0 43 01 <01 0.2 39 <001
1223131 Drill Core 1443 185 351 043 277 042 981 021 05 13 247 355 28 25 10 <01 <01 <01 14 <001
1223132 Drill Core 343 053 144 021 121 021 805 017 0.1 27 103 234 71086 <05 01 <01 <01 <01 1.9 <0.01
1223133 Drill Core 818 122 205 042 266 040 193 014 10 193 8.3 148 137 <05 01 <01 <01 <01 <05 <0.01
1223135 Drill Core 370 041 006 014 08 009 101 032 44 18 903 331 139 42 03 03 0.9 0.6 44 <001
1223136 Drill Core 184 025 054 007 040 005 695 003 18 13 174 652 285 10 <01 01 <01 03 147 <001
1223137 Drill Core 1206 171 370 046 276 031 018 040 14 10 682 180 40 14 05 0.1 0.2 0.1 7.1 <0.01
1223138 Drill Core 2776 451 1057 125 687 007 768 <002 0.8 80 66.9 125 1.9 21 07 0.1 0.2 0.2 29 <0.01
1223142 Drill Core 1435 230 675 106 664 002 494 <002 08 06 483 70 <0.1 23 02 <01 <01 <01 115 <0.01
1223143 Drill Core 968 160 418 057 356 049 051 <002 0.2 14 178 81 <01 <05 02 <01 <01 <D1 <05 <DO1
1223146 Drill Core 227 038 084 013 08 010 1063 031 12 10 187 250 3.1 0.9 05 <01 <01 04 <05 <DO1
1223326 Drill Core 13490 2161 5100 625 3051 340 480 004 404 160 2032 273 1481 207 18 23 34 1.9 74 003
1223328 Drill Core 482 068 141 018 123 011 168 100 EX 58 1025 387 211 22 07 <01 17 0.7 8.5 <0.01
1223320 Drill Core 1332 201 462 057 322 035 1067 024 05 03 656 141 40 0.9 01 <01 <01 <01 1.8 <0.01
1223330 Drill Core 2501 419 965 122 688 080 058 023 0.9 32 363 101 183 <05 08 <01 <01 06 127 <001
1223331 Drill Core 1964 341 874 117 675 089 578 046 33 10 945 221 150 0.8 18 01 <01 06 <05 <001
1223332 Drill Core 461 101 318 054 371 061 105 003 0.2 08 134 53 148 <05 04 <01 <01 <01 29 <0.01
1223333 Drill Core 586 107 279 048 344 050 0985 <002 0.7 41 258 82 385 128 03 <01 <01 <01 20 <0.01

This raport supersades 3l previous prediminary and final reports with this fie number dated prior to the date on is cerificate. Signature Indicates fnal 3pproval; preliminary reports are UNsigned and should be used for referance only.
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Method 1DX  1DX WGHTDRY WT|

Analyte T Se Wgt Wt

Unit ppm  ppm kg ku|

MDL 0.1 05 001 001

1223001 Drill Core <01 <05 035 0.35)
1223002 Drill Core <01 <05 020 0.20)
1223006 Drill Core <01 <05 060 0.80)
1223007 Drill Core <01 <05 035  0.35]
1223008 Drill Core <01 <05 045 045
1223000 Drill Core <01 <05 030 0.30)
1223010 Drill Core <01 <05 050 050
1223011 Drill Core <01 <05 050 050
1223012 Drill Core <01 <05 030 0.30)
1223014 Drill Core <01 <05 045 045
1223015 Drill Core <01 <05 035 0.35)
1223018 Drill Core <0.1 08 020 020
1223017 Drill Core <01 <05 060  0.80)
1223131 Drill Core <01 <05 045 045
1223132 Drill Core <01 <05 030 0.30)
1223133 Drill Core <01 <05 025 025
1223135 Drill Core <01 <05 020 020
1223136 Drill Core <01 <05 0.15 o.15]
1223137 Drill Core <01 <05 045 045
1223138 Drill Core <01 <05 040 0.40)
1223142 Drill Core <01 <05 015  0.15)
1223143 Drill Core <01 <05 025 025
1223148 Drill Core <01 <05 035 0.35)
1223326 Drill Core 0.1 <05 030 0.30
1223328 Drill Core <01 <05 025 0.25
12233290 Drill Core <01 <05 040 040
1223330 Drill Core <01 <05 035 03§
1223331 Drill Core <01 <05 025 0.2
1223332 Drill Core <01 <05 025 0.2
1223333 Drill Core <0.1 <05 030 030
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CERTIFICATE OF ANALYSIS GO0I114000296

Method |F200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200|

Analyte Si02 AI203 Fe203 MgO CaO0 Na20 K20 TiO2 P205 MnO Cr203 Ba Sc¢  Sum Cs Ga Hf Nb Rb Sn|

Unit % % % % % % % % % % % Ppm pPpm % ppm PpPm ppm Ppm ppm ppm)|

MDL 0.01 0.01 0.04 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.002 1 1 0.01 01 0.5 01 0.1 0.1 1

1234001 Drill Core 56.04 1480 752 484 7.19 420 1.02 0.84 0.50 013 0017 685 16 90.72 22 16.3 1.0 85 2286 <1
1234002 Drill Core 221 0.09 952 1560 2061 0.05 0.01 0.07 2.51 0.33 <0.002 57 12 900.61 <0.1 <0.5 04 10.4 0.2 1
1234003 Drill Core 047 007 466 1639 3344 0.06 0.01 0.02 7.03 027 <0.002 148 7 9060 <01 <0.5 03 53 0.6 <1
1234004 Drill Core 7.27 0.40 927 1201 3090 0.08 0.03 0.08 7.62 0.30 <0.002 76 10 9057 <0.1 0.6 10 248 1.1 1
1234005 Drill Core 1.06 0.14 920 1670 2041 0.02 0.07 0.02 0.09 0.76 <0.002 50 7 9066 <0.1 <0.5 <0.1 36.3 1.1 <1
1234008 Drill Core 3.13 0.04 7.00 1172 34865 0.14 <0.01 0.02 11.78 0.26 <0.002 138 11 ©8.50 <0.1 <0.5 0.5 14 <0.1 <1
1234007 Drill Core 35.90 848 1100 1220 1250 077 1.83 243 0.58 017 0202 1180 31 9056 5.1 124 51 408 61.2 1
1234008 Drill Core 1.10 0.18 8.87 541 4055 0.82 0.01 005 2404 0.77 <0.002 5708 4 9779 0.1 <0.5 <0.1 10.7 0.8 <1
1234000 Drill Core 1.07 0.13 877 1856 2795 0.08 0.04 0.04 0.27 100 <0.002 1971 13 9885 <0.1 <0.5 <0.1 48.7 1.3 <1
1234011 Drill Core 679 <001 1216 1823 1851 0.05 <0.01 0.01 0.14 1.77 <0.002 5480 11 9873 <0.1 09 <0.1 8.1 <0.1 <1
1234012 Drill Core 1.65 023 1082 1453 2827 0.10 0.1 0.03 0.70 107 <0.002 1980 16 ©90.00 <0.1 0.9 <0.1 44.0 43 <1
1234013 Drill Core 75.13 10.66 203 0.40 1.25 200 425 0.13 0.21 003 <0.002 1187 2 9070 0.3 10.7 38 50.5 61.7 <1
1234014 Drill Core 4060 1720 1472 564 1148 2.60 1.36 0.79 1.17 0.21 <0.002 504 44 0066 7.1 14.8 0.1 13.9 24.0 <1
1234015 Drill Core 5045 18.15 6.82 404 544 408 241 0.98 1.07 008 0003 1542 11 9040 20 211 73 345 83.2 2
1234017 Drill Core 4.50 0.12 1351 1453 2633 004 <0.01 0.10 0.09 065 <0.002 2757 5 0026 <0.1 <0.5 04 1088 0.2 <1
1234018 Drill Core 4300 1637 13.67 8.96 8.70 3.19 147 1.79 1.08 015 0024 1924 21 9040 1.0 20.3 78 14.0 238 1
1234019 Drill Core 4034 1351 15.16 7.00 0.88 2.60 1.60 267 1.62 0.17 0028 8as5 30 9055 1.0 225 83 23.2 26.1 4
1234020 Drill Core 4002 1056 1160 1240 11.11 3.14 2.16 2.62 0.57 019 0113 1110 25 90.54 29 15.1 6.8 813 410 2
1148789 Core Pulp 36.00 1.15 33.18 1.38 974 0.05 0.05 3.53 7.30 060 0068 0085 72 96.57 0.3 75 583 2300.0 4.7 69|
1148700 Drill Core 98.80 0.01 096 <001 <001 003 <0.01 0.02 0.02 <0.01 <0.002 2 <1 9095 <01 <0.5 <0.1 04 0.1 <1
1234021 Drill Core 4120 1218 11.04 976 1071 298 283 2.68 0.69 019 0087 1360 24 0048 28 15.6 6.7 5.2 50.0 2
1234022 Drill Core 31.28 2.21 6.00 1093 1350 0.63 1.28 253 0.52 0.18 0260 1236 35 0042 1.5 12.9 6.2 609 420 1
1234023 Drill Core 2.00 0.31 7.13 1401 3165 0.21 0.10 0.03 445 086 0.003 3388 8 @802 <0.1 <0.5 03 a5 1.5 <1
1234024 Drill Core 34.85 958 1120 1113 1278 0.25 1.71 235 0.69 0.18 0.132 918 20 9053 1.8 125 56 61.9 544 1
1234025 Drill Core 37.37 698 1154 1256 1443 042 1.12 2.18 0.56 018 0234 934 35 90.54 0.8 10.0 6.3 452 32.7 2]
1234026 Drill Core 2.80 0.04 587 1175 3497 0.20 0.02 0.01 10.65 073 <0.002 2095 7 90.02 <01 <0.5 05 26 0.3 <1
1234027 Drill Core 16.72 000 3608 6.04 1505 0.10 <0.01 0.31 2.06 046 0002 1297 4 0052 <01 0.5 02 424 0.1 3
1234028 Drill Core 645 <0.01 408 1215 3415 031 <0.01 0.02 10.21 056 <0.002 2503 6 98.91 <0.1 <0.5 04 38.5 <0.1 <1
1234020 Drill Core 4130 1156 1144 1161 1083 2486 282 2.53 0.85 019 0105 1765 23 9033 34 154 6.8 88.1 51.9 1
1234030 Drill Core 471 004 561 11.08 3456 0.32 0.03 0.01 1142 079 <0.002 7890 10 98368  <0.1 <0.5 04 31 04 <1

This report supersades 3 previous prediminary and final reports with this fle number dated prior o the date on Tils cartficate. Signature Indicates fnal ApProval; preliminary raports are UNsigned and Shoud be USad Tor refarance only.
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ANEXO A — GEOQUIMICA DE ROCHA TOTAL

"AcmeLabs"‘

A Bureau Veritas Group Company

Acme Analytical Laboratories (Vancouver) Ltd.
9050 Shaughnessy St Vancouver BC V6P 6E5 CANADA

PHONE (604) 253-3158

www.acmelab.com

Client:

Project:
Report Date:

Page:

Anglo American Brasil Ltda.

Avenida Interlandia, 502
Setor Santa Genoveva

Goiania 74.672-360 BRASIL

Project None Given

June 05, 2014

20f4

Part:

0114000296.1

20of 4

CERTIFICATE OF ANALYSIS G

Method | |F200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200)

Analyte Sr Ta Th u v w zr Y La Ce Pr Nd  Sm Eu  Gd T Dy Ho Er  Tm

Unit| ppm ppm ppm ppm  ppm  ppm  ppmM  ppmM  ppM  ppm  ppmM  ppmM  ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm|

MDL 05 01 02 01 8 05 01 01 0.1 01 002 03 005 002 005 001 005 002 003 0.0

1234001 Drill Core 8275 03 08 03 188 08 401 91 107 224 277 118 280 084 251 035 194 037 084 0.3
1234002 Drill Core 22478 14 06 118 75 <05 881 307 710 1508 1934 750 1423 410 1188 153 757 128 331 0.4
1234003 Drill Core 1988.8 13 14 12 20 <05 261 230 467 1172 1536 638 1181 350 1072 133 611 100 207 0.2
1234004 Drill Core 24118 20 13 28 50 05 1013 458 007 2024 2630 1087 2023 500 1835 230 1128 183 452  0.56
1234005 Drill Core 226863 105 <02 8.1 <@ <05 51 46 548 880 828 250 210 048 145 017 087 016 050 008
1234006 Drill Core 33750 02 04 05 30 <05 874 435 504 1286 1556 640 1230 383 1162 150 854 158 432  0.68
1234007 Drill Core 11363 3.1 53 10 275 <05 2079 179 489 982 1195 471 808 243 690 088 428 065 154 021
1234008 Drill Core 0088.5 12 108 222 <8 <05 332 2278 7607 15634 10433 7455 12251 3318 0005 1250 5877 805 1885 219
1234000 Drill Core 38768 72 121 151 <8 <05 277 1400 8817 15157 17456 6494 0687 2673 7193 846 3672 544 1179 146
1234011 Drill Core 28007  <0.1 88 0.1 <8 <05 75 963 5008 10736 11508 3894 5535 1517 4115 498 2381 378 891 10§
1234012 Drill Core 37207 30 89 58 <8 <05 308 071 3420 7365 0234 3641 5810 1643 4420 533 2558 308 851 0.9
1234013 Drill Core 3462 08 113 06 12 <05 1521 52 602 1202 1126 335 419 074 268 028 131 020 051 007
1234014 Drill Core 10803  <0.1 57 09 448 07 94 105 38 52 084 28 071 043 082 017 133 034 130 0.3
1234015 Drill Core 1403.3 14 72 D4 120 <05 3310 145 958 1789 1895 671 963 223 628 072 335 050 131 0.17
1234017 Drill Core 16760 508 50 550 52 32 677 308 2312 65323 67.04 2754 4086 1048 2388 227 000 114 228  0.28
1234018 Drill Core 14827 08 13 05 248 <05 3139 227 464 1038 1391 608 1064 303 800 000 500 082 206 0.29
1234010 Drill Core 10677 08 18 08 314 06 3808 334 722 1700 2208 0934 1685 422 1240 148 748 133 303 044
1234020 Drill Core 11657 52 77 17 280 <05 2825 212 749 1414 1608 504 074 270 755 007 465 081 204 027
1148780 Core Pulp 231863 117.1 4235 1005 377 443 22351 1217 23990 48507 530.31 18732 23517 5601 131083 1241 4585 474 7.86 0.0
1148700 Drill Core 18 <01 <02 <01 <8 <05 1.1 03 05 08 007 <03 <005 <002 007 <001 <005 <002 <003 <001
1234021 Drill Core 15187 50 88 12 288 12 2038 238 840 1628 1771 653 1030 300 800 1068 534 087 230 029
1224022 Drill Core 2113 37 68 22 281 09 2347 178 838 1197 1379 5308 880 242 670 084 437 070 172 023
1234023 Drill Core 38430 48 92 41 <8 <05 383 1013 3358 7370 ©301 3887 6484 1884 5008 610 2772 400 817 0.9
1234024 Drill Core 18496 38 85 15 251 <05 2381 226 671 1271 1488 567 985 286 800 105 517 088 202 027
1234025 Drill Core 17417 31 40 08 221 08 2216 184 465 073 1140 449 770 234 673 089 440 075 188 021
1224028 Drill Core 46250 02 54 87 <8 <05 657 1117 2540 5653 7201 2088 5316 1573 4334 570 2801 443 048  1.0¢
1234027 Drill Core 9073 277 35 185 320 1.0 387 527 1721 3700 4680 1021 3289 933 2430 203 1387 214 442 058
1224028 Drill Core 38505 120 47 112 18 <05 233 658 1085 4325 5285 2174 3715 1070 2802 355 1620 258 566  0.75
1234020 Drill Core 22077 60 85 19 268 08 2886 221 811 1551 1711 629 1005 288 808 102 510 081 211 030
1224030 Drill Core 42783 068 62 7.1 <8 <05 728 1478 3121 6718 8246 3341 5670 1725 4751 638 3328 500 1438  1.7¢

This report supersedes 3 previous preliminary and final reports With this fie nuMBber dated prior 1o the date on Mis carficate. Signature Indicaes inal approval; preliminary reports are uNsigned and shoud be USad for referance only.

125



ANEXO A — GEOQUIMICA DE ROCHA TOTAL

"AcmeLabs‘“

A Bureau Veritas Group Company

Acme Analytical Laboratories (Vancouver) Ltd.

9050 Shaughnessy St Vancouver BC V6P 6E5 CANADA
PHONE (604) 253-3158

CERTIFICATE OF ANALYSIS

www.acmelab.com

Client:

Project:

Report Date:

Page:

Anglo American Brasil Ltda.

Avenida Interlandia, 502
Setor Santa Genoveva

Goiania 74.672-360 BRASIL

Project None Given
June 05, 2014

20of4

Part:

GOI114000296.

3of4

Method| LF200 LF200 MA370 TGOO1 TCO000 TCO00 AQ252 AQ252 AQ252 AQG252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQz52 AG257

Analyte Yb Lu Ni LOI TOT/IC TOTIS Mo  Cu Pb Zn  Ag Ni Co Mn As  Au cd sb Bi cr

Unit  ppm  ppm  ppm % % % ppm ppm ppm ppm  ppb ppm ppm ppm ppm  ppb ppm  ppm  ppm  ppm

MDL| 005 001 10 51 001 001 001 001 001 01 2 01 01 1 0.1 02 001 002 002 05

1234001 Drill Core 072  0.11 50 27 032 <001 027 13441 195 538 75 303 155 408 02 31 008 <002 021 639
1234002 Drill Core 287 041 43 395 1148 050 087 271 883 1325 338 377 267 2358 19 11 033 003 <002 15
1234003 Drill Core 148 021 <10 373 1040 007 018 078 155 160 1068 05 82 1919 1.0 * 019 <002 <002 1.9
1234004 Drill Core 318 044 33 318 879 047 171 152 1526 973 466 288 198 2142 20 <02 030 <002 <002 08
1234005 Drill Core 061 0.2 15 421 1276 002 028 070 321 850 67 48 08 5302 03 02 048 <002 <002 82
1234006 Drill Core 426 063 27 307 864 016 043 001 452 6842 63 230 121 1885 02 08 027 <002 <002 <05
1234007 Drill Core 114 018 386 133 300 014 101 6408 197 673 30 3251 481 918 04 07 008 <002 <002 880
1234008 Drill Core 1070 125 <10 151 401 014 740 083 4385 893 174 58 127 5523 <01 " 087 <002 003 27
1234000 Drill Core 607 083 <10 428 1219 024 185 050 2502 650 417 40 131 7658 02 <02 085 <002 002 14
1234011 Drill Core 561 0863 <10 411 1154 014 024 012 3352 048 43 40 ©1>10000 02 <02 082 <002 003 0§
1234012 Drill Core 400 056 <10 415 1196 042 078 560 1831 505 606 67 260 750 03 08 082 <002 <002 24
1234013 Drill Core 042 008 <10 16 017 003 350 284 394 515 32 20 14 222 <01 <02 011 <002 <002 51
1234014 Drill Core 140 020 <10 37 055 037 077 14002 8290 581 107 77 3080 85 21 <02 011 004 021 6.0
1234015 Drill Core 124 018 21 51 0863 023 012 2681 627 1188 79 204 172 545 06 <02 008 <002 <002 130
1234017 Drill Core 150 017 33 303 1108 023 042 005 1882 727 330 2508 185 4788 10 <02 057 <002 <0.02 13
1234018 Drill Core 170 025 73 28 015 057 013 19727 360 1068 107 586 352 432 12 08 017 002 <002 853
1234010 Drill Core 261 037 108 41 048 056 028 15527 4.12 1174 97 778 381 840 11 05 008 <002 006 072
1234020 Drill Core 163 023 277 50 105 004 103 5008 440 572 42 2350 382 848 05 <02 007 <002 <002 843
1148780 Core Pulp 475 051 358 33 012 015 10.18 10116 12844 2808 857 3355 1017 4208 167 * 055 123 055 2141
1148700 Drill Core <005 <001 <10 00 001 <001 018 033 041 13 <2 10 02 64 03 <02 <001 002 <002 28§
1234021 Drill Core 173 025 200 50 090 007 1090 6535 5903 644 45 1751 345 858 15 <02 007 008 <002 81§
1234022 Drill Core 147 021 500 230 454 005 121 8042 282 642 55 4175 430 1208 01 <02 009 <002 <002 5115
1234023 Drill Core 486 058 33 382 1083 025 105 527 4331 550 123 284 100 6077 05 150 072 <002 <002 66
1234024 Drill Core 169 024 308 146 292 018 062 5792 368 604 93 2667 543 1130 06 <02 011 <002 <002 1658
1234025 Drill Core 128 017 608 119 255 010 060 4550 220 707 25 5180 543 1075 01 <02 008 <002 <002 1502
1234026 Drill Core 580 078 21 319 882 019 213 082 1780 588 92 198 88 5277 03 <02 052 <002 <002 37
1234027 Drill Core 310 038 <10 199 488 003 151 152 060 523 813 47 215 3354 <01 * 047 <002 <002 30
1234028 Drill Core 432 058 <10 301 828 007 055 010 1480 357 118 34 63 4305 <01 * 052 <002 <002 08
1234020 Drill Core 176 023 257 40 063 005 212 6015 496 621 41 2139 352 880 08 <02 009 003 <002 100.1
1234030 Drill Core 038 1.14 25 208 841 031 123 414 2801 489 84 242 7.8 5577 <01 <02 0.80 <002 <0.02 17]

This report supersades 3l previous prediminary and final reports with this file number dated prior to the date on this certficate. SIgature Indicates inal pproval; preliminary raports are UNSKgNed and should be usad for refarence only.
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Project None Given
June 05, 2014

20f4

Method| AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252
Analyte B T Hg Se Te Ge In Re Be Li Pd Pt W

Unit ppm  ppm  ppb ppm ppm ppm ppm ppb ppm ppm  ppb  ppb ki

MDL 1 002 5 01 002 01 002 1 0.1 0.1 10 2 001
1234001 Drill Core <1 0.18 <5 <01 002 0.1 <0.02 <1 04 70 <10 <2 0.3g
1234002 Drill Core <1 0.28 17 <01 000 <01 005 45 6.0 05 <10 <2 0.1g
1234003 Drill Core <1 <0.02 <5 <01 008 <D1 <0.02 2 0.2 04 <10 <2 0.1g
1234004 Drill Core <1 0.07 <5 <01 015 <01 0.05 2 5.6 07 <10 <2 0.30
1234005 Drill Core <1 <002 5 <01 016 <01 0.06 <1 0.5 02 <10 <2 022
1234008 Drill Core <1 <002 <5 <01 000 <01 004 <1 78 04 <10 <2 022
1234007 Drill Core <1 112 <5 <01 005 <01 002 <1 22 144 <10 <2 044
1234008 Drill Core <1 <0.02 8 32 015 04 003 <1 37 08 2 <2 0.20
1234000 Drill Core <1 <002 <5 <01 020 02 005 <1 0.5 38 <10 <2 024
1234011 Drill Core <1 <002 <5 <01 018 <01 004 <1 0.4 03 <10 <2 0.30
1234012 Drill Core <1 0.18 5 <01 020 02 013 2 1.1 04 12 <2 0.30
1234013 Drill Core <1 003 <5 <01 <002 <0.1 <0.02 <1 0.5 18 <10 <2 0.1g
1234014 Drill Core 2 064 <5 02 008 <01 <0.02 <1 04 182 <10 <2 054
1234015 Drill Core 1 054 7 <01 005 <01 0.04 <1 12 220 <10 <2 0.20
1234017 Drill Core <1 0.04 <5 <01 011 <01 <0.02 <1 28 05 31 <2 052
1234018 Drill Core <1 0.68 <5 0.1 004 02 003 <1 04 208 <10 <2 0.3g
1234019 Drill Core <1 070 <5 <01 008 0.1 0.08 <1 09 143 <10 <2 0.29
1234020 Drill Core <1 023 <5 <01 <002 <D.1 <0.02 <1 10 203 18 2 046
1148780 Core Pulp <1 0.68 <5 <01 004 1.1 0.60 <t 105 14 <10 ERE:E
1148700 Drill Core <1 <002 <5 <01 <002 <0.1 <0.02 <1 <01 <01 <10 <2 0.10
1234021 Drill Core 2 032 <5 <01 0.02 0.2 <0.02 <1 12 199 <10 <2 042
1234022 Drill Core <1 025 8 <01 004 <01 004 <1 15 93 <10 <2 0.18
1234023 Drill Core <1 0.03 <5 <01 014 <01 0.04 <1 18 05 <10 <2 014
1234024 Drill Core <1 0.12 <5 <01 008 0.1 004 <1 17 147 <10 2 024
1234025 Drill Core 1 028 <5 <01 0.04 0.1 0.03 <1 07 215 <10 <2 044
1234026 Drill Core <1 0.02 <5 <01 011 <01 0.04 <1 27 05 18 <2 0.2¢
1234027 Drill Core <1 <002 <5 <01 000 0.1 0.02 <1 0.4 02 <10 <2 040
1234028 Drill Core <1 <002 8 <01 0.14 0.1 003 <1 0.8 02 <10 <2 0.8
1234029 Drill Core 1 067 7 <01 008 <01 <0.02 <1 08 305 28 <2 0.3g
1234030 Drill Core <1 <0.02 <5 <01 008 <01 0.04 <1 24 08 27 <2 0.24

This report supersedes 3l pravious preliminary and final repors with this fle number dated prior 1o the date on i carficats. Signature Indices fnal 3Dproval; preliminary reports 3 UNsigned and should be usad %of referance only.
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ANEXO A — GEOQUIMICA DE ROCHA TOTAL

Client: Anglo American Brasil Ltda.
Avenida Interlandia, 502
™ Setor Santa Genoveva
Acmel abs e IR
A Bureau Veritas Group Company www.acmelab.com Project: Project None Given
Acme Analytical Laboratories (Vancouver) Ltd. TR w0
9050 Shaughnessy St Vancouver BC V6P 6E5 CANADA
PHONE (604) 253-3158 _— - e vurs
CERTIFICATE OF ANALYSIS GOI114000296.
Method| LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200
Analyte| Si02 AI203 Fe203 MgO CaO Na20 K20 Tio2 P205 MnO Cr203 Ba Sc Sum Cs Ga Hf Nb Rb  Sn
Unit % % % % % % % % % % % ppm ppm % ppm ppm ppm ppm ppm ppm|
MDL| 001 001 004 001 001 001 001 001 001 001 0002 1 1 001 01 05 01 01 01 1
1234032 Drill Core 753 081 840 1482 2534 008 006 001 012 103 <0002 9310 13 9838 <01 10 <01 231 11 <
1234033 Drill Core 5065 2003 404 243 264 016 880 038 004 020 <0002 627 2 0051 03 414 300 4749 3217 4
1234034 Drill Core 1174 020 1312 1477 2007 007 <001 <001 010 122 <0002 4232 12 98988 <01 <05 <01 118 03  <i
1234035 Drill Core 1082 024 808 1168 2830 008 008 001 573 078 <0002 5604 12 9833 <01 <05 08 790 13 <1
1234038 Drill Core 1693 007 651 1371 2308 010 <001 <001 011 073 <0002 2379 5 9893 <01 08 02 64 02 <
1234037 Drill Core 3447 1218 1178 614 785 016 518 204 156 038 0037 2030 18 9021 10 148 110 1951 1030 B
1234038 Drill Core 3623 1173 1101 611 884 034 428 140 164 034 0020 2814 15 0012 18 168 52 2134 1013 3
1234039 Drill Core 3346 1146 1024 676 1622 080 265 182 156 020 0038 2020 12 9811 1474 145 54 1705 3958 E
1148701 Core Pulp 1834 083 4188 114 1621 008 005 2567 1230 070 0035 18277 73 0545 03 85 510 25447 44 41
1148762 Drill Core 9882 <001 005 <001 <001 002 <001 001 001 <001 <0002 5 <1 10003 <01 <05 <01 12 01 <1
1234041 Drill Core 035 007 1056 1504 2845 008 001 001 008 083 <0002 7331 12 9833 01 <05 01 151 08 <
1234042 Drill Core 460 003 3831 510 203 002 <001 <001 012 205 <0.002 >50000 8 7762 <01 50 21 98 <01 <
1234043 Drill Core 5174 1812 571 255 262 028 688 078 063 009 <0.002 0346 8 9862 28 227 1114240 1452 E
1234044 Drill Core 756 118 953 1383 2557 008 085 004 126 077 <0002 2826 25 9870 <01 16 06 809 128 1
1234045 Drill Core 1830 014 3554 722 721 004 003 002 <001 185 <0002 20483 5 o618 <01 18 11 507 13 <
1234046 Drill Core 3043 1337 1117 863 867 017 175 286 100 016 0066 1270 24 9040 15 170 68 107.0 534 P
1234047 Drill Core 722 020 088 1567 2505 008 005 003 012 106 0002 2038 20 9867 <01 13 <01 80 15 <1
1234048 Drill Core 683 014 300 1761 2721 008 008 001 012 062 <0002 2581 4 0890 <01 <05 07 1834 12 <1
1234040 Drill Core 7425 1111 240 075 084 194 650 016 001 004 <0002 456 3 o980 02 126 18 315 1068 <
1234050 Drill Core 6780 1328 335 081 127 300 760 023 021 004 <0002 825 5 080 04 142 32 413 1047 <
1234051 Drill Core 8010 1695 658 280 377 414 260 072 023 012 0007 613 12 9877 22 168 48 103 773  <i
1234052 Drill Core 5034 2095 409 212 257 045 900 040 005 020 <0002 2170 <1 9936 28 237 68 187.6 2372 <
1234053 Drill Core 3022 1002 1152 1057 1434 078 142 247 095 021 0114 1134 27 0042 407 134 60 672 2190 E
1234055 Drill Core 523 010 743 1550 2688 005 002 003 032 117 <0002 1508 12 9833 <01 08 01 922 00 <
1234050 Drill Core 4918 026 4433 003 007 002 003 006 025 179 0003 14203 9 o777 <01 20 03 537 08 <
1234057 Drill Core 4406 1608 1345 530 385 292 100 303 037 016 0012 862 23 09939 04 205 57 440 426 E
1234058 Drill Core 4518 1688 1178 378 427 305 188 203 038 012 0013 772 23 9861 08 195 57 456 415 ]
1234050 Drill Core 40081 1074 1422 128 411 223 873 058 194 022 0004 8086 28 9837 <01 08 04 14105 1034 15
1234060 Drill Core 570 012 733 1662 2723 004 002 007 008 100 <0002 1708 12 98968 <01 <05 06 909 05 <
1148783 Core Pulp 1201 067 3577 131 2384 008 003 214 1741 077 0021 5200 63 9690 01 76 465 32378 18 33
This report supersedes a previous predminary anc final reoons wih this fle number 0 the date on mis gnature Incicates fnal approval; preliminary repcrts are Unsigned and shouid be used for reference only.
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ANEXO A — GEOQUIMICA DE ROCHA TOTAL

Client: Anglo American Brasil Ltda.
Avenida Interlandia, 502
™ Setor Santa Genoveva
Acmel_a bS Goiania 74.872-360 BRASIL
A Bureau Veritas Group Company www.acmelab.com Project: Project None Given
Acme Analytical Laboratories (Vancouver) Ltd. St mnamane
9050 Shaughnessy St Vancouver BC V6P 6E5 CANADA
PHONE (604) 253-3158 Page: 3of4 Sk, Dok
CERTIFICATE OF ANALYSIS GO0I114000296.1
Method| LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF20q
Analyte st Ta Th u v w oz Y La € P Nd Sm Eu Gd Tb Dy Ho Er Tm
Unit PPM  ppm  ppm  ppm  ppm  ppM  ppMm  ppm  ppMm  ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm
MoL| 05 01 02 01 8 05 01 01 01 01 002 03 005 002 005 001 005 002 003 001
1234032 Drill Core 20688 48 107 48 <8 <05 85 775 3320 6611 7785 2055 4411 1181 3210 384 1837 300 686 079
1234033 Drill Core 2243 320 521 148 14 19 18757 225 145 342 389 139 300 088 305 060 388 084 266 047
1234034 Drill Core 206208 12 208 44 <8 <05 49 435 3614 6800 8238 3084 4085 022 2176 231 1018 157 374  04f
1234035 Drill Core 64606 310 689 119 <8 08 471 871 387.0 7674 8787 3270 5149 1441 3780 451 2157 334 742 091
1234036 Drill Core 34530 18 200 22 20 <05 71 554 2035 5831 06964 2648 3708 ©48 2382 278 1208 190 479 060
1234037 Drill Core 16032 87 352 78 201 70 5965 580 1988 3520 3757 1315 1948 563 1508 214 1102 200 518 079
1234038 Drill Core 21028 262 214 82 303 24 2494 381 1464 2657 2033 960 1358 417 1188 153 796 135 344  04g
1234030 Drill Core 24185 91 260 53 301 30 3165 478 2133 3763 3806 1350 1986 504 1531 199 004 184 417 057
1148791 Core Pulp 38748 1842 3057 1233 489 203 22112 1639 19660 42712 50200 18455 24688 6173 15123 1510 5697 606 1045 121
1148702 Drill Core 26 02 <02 <01 <8 <05 05 01 05 08 008 04 <005 <002 006 <001 <005 <002 <003 <001
1234041 Drill Core 35768 31 1221 13 44 <05 101 485 1933 3847 4680 1700 2006 687 1854 244 1175 176 388 050
1234042 Drill Core 8681 16 11134 43 45 <05 1198 724 1006 5500 10868 5307 90680 2083 5166 583 2201 267 468 0549
1234043 Drill Core 8007 20 433 38 54 25 4321 272 882 1732 1968 705 1217 249 899 120 580 100 252  0.32
1234044 Drill Core 52103 660 804 202 26 <05 367 420 1223 2507 3219 1248 2050 548 1485 180 1010 150 335 D044
1234045 Drill Core 8048 04 1600 13 57 <05 508 542 235 056 1864 961 2137 578 1648 220 1266 207 443 049
1234046 Drill Core 10182 73 105 21 325 <05 3351 226 863 1733 1082 740 1101 317 874 100 538 087 204 027
1234047 Drill Core 30075 27 78 61 <8 <05 111 1022 4851 0006 11413 4255 6020 1624 4128 520 2620 381 881 127
1234048 Drill Core 22540 77 80 82 21 <05 924 425 1837 3688 4401 1717 2737 731 1945 215 986 153 358  04f
1234048 Drill Core 1463 08 80 43 13 <05 504 35 613 1078 1020 313 404 087 251 025 088 011 025 003
1234050 Drill Core 3434 07 85 10 34 <05 1191 58 707 1144 1100 333 425 086 280 032 136 018 048 007
1234051 Drill Core 4730 04 24 06 111 <05 1842 171 110 227 280 103 213 083 258 047 292 063 199 02§
1234052 Drill Core 17788 60 228 32 48 11 4238 217 1230 1844 1818 465 578 165 432 067 386 076 226 034
1234053 Drill Core 10084 44 75 17 201 06 2631 256 687 1365 1563 504 982 201 811 110 566 082 230 032
1234055 Drill Core 45076 191 250 157 <8 <05 255 670 20005 26160 21420 5670 6447 1685 4207 439 1812 242 495 060
1234058 Drill Core 3788 02 4157 26 72 588 732 600 0126 17804 19083 06242 0185 2036 6745 687 2622 270 483 059
1234057 Drill Core 23031 28 52 11 347 <05 2202 218 421 797 955 361 671 203 583 088 479 086 227 03]
1234058 Drill Core 91784 28 53 10 334 07 2404 221 398 849 999 379 676 213 608 087 490 083 221 034
1234050 Drill Core 18035 274 915 148 155 15 3234 651 1648 2753 2015 1010 2000 603 2214 345 1642 228 408 040
1234080 Drill Core 27548 94 4170 57 12 06 610 518 1841 3865 5105 2132 4585 1345 3348 361 1426 177 354 047
1148783 Core Pulp 40645 1460 3850 2004 441 174 10024 1577 14960 30338 45012 16800 24657 0381 14082 1552 5648 581 088 107

This report supersedes 3l previous prediminary and final reports with this fie number dated prior 1o the date on tis certficate. Signature Indicates final 3pprova; preliminary raports are unsigned and should be usad for resarance only.
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ANEXO A — GEOQUIMICA DE ROCHA TOTAL

AAcmeLabs’“

A Bureau Veritas Group Company www.acmelab.com

Acme Analytical Laboratories (Vancouver) Ltd.

9050 Shaughnessy St Vancouver BC V6P 6E5 CANADA
PHONE (604) 253-3158

CERTIFICATE OF A

YSIS

Client:

Project:

Report Date:

Page:

Anglo American Brasil Ltda.

Avenida Interlandia, 502
Setor Santa Genoveva

Goiania 74.672-360 BRASIL

Project None Given

June 05, 2014

3of4

Part:

GOI114000296.1

3of4

Method| LF200 LF200 MA370 TGOO1 TCO00 TC000 AQ252 AQ252 AQ252 AQG252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AG257

Analyte Yb Lu Ni LOI TOTIC TOTIS Mo Cu Pb Zn Ag Ni Co  Mn As Au cd sb Bi =

Unit| ppm  ppm  ppm % % % ppm ppm ppm ppm ppb ppm ppm ppm ppm  ppb ppm  ppm  ppm  ppm

MDL| 005 001 10 51 001 001 001 001 001 0.1 2 0.1 0.1 1 0.1 02 001 002 002 0§

1234032 Drill Core 377 041 <10 402 1128 033 317 034 2196 625 138 6.1 80 7218 02 <02 058 005 002 45
1234033 Drill Core 330 053 <10 91 141 031 038 030 3716 364 60 102 11 2177 07 <02 010 007 014 07
1234034 Drill Core 256 027 <10 377 1078 030 027 053 780 002 384 58 1386 8502 06 05 040 <002 008 2§
1234035 Drill Core 480 055 <10 325 001 016 053 080 3043 627 343 30 84 5617 03 * D49 003 013 22
1234036 Drill Core 305 031 <10 377 1080 021 017 057 819 500 342 22 108 5625 03 <02 049 <002 <0.02 1.6|
1234037 Drill Core 470 072 104 174 448 028 1.83 4775 1541 1407 161 860 325 2885 15 <02 028 005 004 524
1234038 Drill Core 278 037 120 171 458 037 858 3266 2003 1432 245 088 420 2510 50 60 034 012 014 373
1234030 Drill Core 336 044 112 137 262 030 B840 4108 1064 1175 72 084 323 1007 10 <02 018 005 012 884
1148791 Core Pulp 614 067 197 31 011 038 7.8 31836 14053 2605 053 1715 1407 5254 126 * 070 082 060 1106
1148702 Drill Core <005 <001 <10 02 <001 <001 011 043 042 11 <2 12 01 80 03 <02 <001 002 <002 34
1234041 Drill Core 267 035 <10 4290 1240 030 061 038 4730 2600 200 35 115 6104 04 <02 040 <002 012 24§
1234042 Drill Core 263 0.26 18 244 813 341 056 002 25858 8431 320 163  28.0 >10000 24 120 054 016 013 0.8
1234043 Drill Core 173 027 <1092 154 034 140 665 4142 3442 175 85 113 741 1.1 1.1 028 004 021 39
1234044 Drill Core 235 0.31 14 380 1080 013 208 228 4191 863 380 71 105 5837 02 <02 054 004 <002 93
1234045 Drill Core 215 0.25 11 277 827 079 232 221 20880 12522 1270 114 212>10000 05 29 062 002 267 7.0
1234048 Drill Core 163 022 243 117 143 018 017 6263 578 1026 60 2118 418 040 02 03 000 <002 <002 89.
1234047 Drill Core 804 003 <10 302 1120 019 160 048 2816 678 200 46 117 7862 07 07 083 002 <002 1.9
1234048 Drill Core 238 031 <10 424 1180 007 013 088 1202 1287 112 07 40 4730 07 <02 081 <002 003 08
1234040 Drill Core 014 002 <10 18 038 010 072 1332 042 240 30 23 22 33 02 <02 <001 002 <002 6.1
1234050 Drill Core 044 0068 <10 22 030 005 599 1610 1043 057 32 30 25 32 06 <02 018 <002 <002 57|
1234051 Drill Core 180 0.32 20 15 018 020 173 8063 246 783 112 303 185 84 06 <02 002 <002 <002 4646
1234052 Drill Core 220 035 18 82 141 003 000 120 1280 879 19 97 34 1532 04 <02 046 <002 <002 06
1234053 Drill Core 182 026 310 698 107 015 214 7220 428 035 53 2513 587 1208 02 <02 0090 <002 <002 1212
1234055 Drill Core 312 037 <10 405 1180 024 058 060 3540 662 371 15 134 s8es8 02 05 116 <002 003 17]
1234056 Drill Core 240 024 23 17 004 028 341 1188 12050 4040 ©88 222 552 >10000 26 107 081 017 008 7.4
1234057 Drill Core 213 0.31 58 73 083 024 135 5037 270 1780 42 612 535 1145 09 <02 009 003 002 749
1234058 Drill Core 214  0.31 83 83 132 022 102 4704 701 2006 a7 568 508 702 07 <02 007 004 <002 659
1234050 Drill Core 188 020 <10 47 071 018 133 4902 12510 2735 227 92 140 1668 31 <02 031 011 052 177
1234080 Drill Core 212 025 <10 406 1170 004 048 228 2420 3502 536 26 107 7882 14 <02 072 004 007 22
1148703 Core Pulp 563 060 135 28 028 004 800 33865 12342 2542 * 127 1175 5215 117 * 003 0987 o048 77§

This raport supersades il previous predminary and final Epors with this fle nuMber dated prior o the date on Tis cenficate. Signature Indicates final approval; preliminary raports are WNsIgNed and should be USad for resrance only.
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PHONE (604) 253-3158

ANEXO A — GEOQUIMICA DE ROCHA TOTAL

AAcmeLabs‘“

A Bureau Veritas Group Company

Acme Analytical Laboratories (Vancouver) Ltd.
9050 Shaughnessy St Vancouver BC V6P 6E5 CANADA

www.acmelab.com

Client:

Project:

Report Date:

Page:

Anglo American Brasil Ltda.

Avenida Interlandia, 502
Setor Santa Genoveva
Goiania 74.672-360 BRASIL

Project None Given
June 05, 2014

3of4

Method| AQ252 AQ252 AQ252 AQ252 AQG252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 WGHT|

Analyte B T Hg Se Te Ge In Re Be Li Pd Pt  Wgt

Unit( ppm ppm  ppb ppm ppm ppm ppm  ppb ppm ppm  ppb  ppb kgl

MDL 1 002 5 01 002 01 002 1 0.1 0.1 10 2 001

1234032 Drill Core <1 <002 <6 <01 034 01 008 <1 08 04 <10 <2 0.1
1234033 Drill Core <1 013 <6 <01 003 <01 004 <1 13 20 <10 <2 024
1234034 Drill Core <1 <002 <5 <01 048 01 004 <1 08 04 <10 < 014
1234035 Drill Core <1 <002 <6 <01 071 <01 005 <1 13 02 11 <2 018
1234036 Drill Core <1 <002 <6 <01 056 02 004 2 12 03 <10 <2 0.1
1234037 Drill Core <1 0.04 6 <01 013 01 010 3 23 38 <10 <2 010
1234038 Drill Core <1 011 <6 <01 025 01 007 6 28 30 <10 <2 0.14
1234030 Drill Core <1 145 <6 <01 018 02 002 5 28 148 <10 <2 01§
1148791 Core Pulp <1 0786 <6 <01 034 11 043 1 121 08 54 8 0.03
1148762 Drill Core <1 <002 <6 <01 005 <01 <002 <1 <01 <01 <10 <2 0.10
1234041 Drill Core <1 <002 <6 <01 042 <01 007 <1 13 02 <10 < 020
1234042 Drill Core <1 007 14 <01 005 03 052 2 07 02 <10 <2 022
1234043 Drill Core <1 0.2 7 <01 008 <01  0.08 e 19 15 <10 <2 0.12
1234044 Drill Core <1 <002 <6 <01 088 <01 007 2 10 03 11 < 014
1234045 Drill Core <1 <002 7 <01 oM 02 034 <1 17 02 <10 < 020
1234046 Drill Core <1 <0.02 <6 <01 008 01 005 1 58 440 <10 <2 02)
1234047 Drill Core <1 <002 <5 <01 053 01 004 2 07 08 <10 <2 014
1234048 Drill Core <1 <002 <6 <01 045 <01 008 4 04 068 <10 <2 020
1234040 Drill Core <1 <002 <6 <01 <002 01 <002 <1 0.7 13 11 <2 014
1234050 Drill Core <1 <002 <6 <01 012 <01 <002 <1 0.8 17 14 <2 014
1234051 Drill Core <1 033 <6 <01 007 03 002 a3 05 218 <10 <2 0.16
1234052 Drill Core <1 0.14 <6 <01 013 <01 002 3 10 12 <10 <2 027
1234053 Drill Core <1 041 <5 <01 012 01 002 <1 14 237 <10 <2 024
1234055 Drill Core <1 <0.02 <6 <01 057 04 008 2 02 03 <10 <2 01§
1234056 Drill Core <1 211 6 <01 013 04 027 <1 38 03 <10 <2 024
1234057 Drill Core <1 0.20 9 <01 018 01 005 2 31 183 <10 <2 0.12
1234058 Drill Core <1 008 <5 <01 071 0.1 007 <1 28 153 <10 < 014
1234050 Drill Core <1 <002 <6 <01 017 02 0.10 <1 53 08 <10 <2 014
1234060 Drill Core <1 <002 <6 <01 038 <01 008 <1 12 16 23 <2 0.12
1148703 Core Pulp <1 111 18 <01 026 08 030 5 111 11 53 5 0.03

This report supersades 3 previous preliminary and final reports with this fle number dated prior to the date on fis carficate. Signature Indicates inal 3pproval; preliminary raports e UNsigned and Should be usad for referance only.

Part:

CERTIFICATE OF ANALYSIS GOI114000296.
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PHONE (604) 253-3158

ANEXO A — GEOQUIMICA DE ROCHA TOTAL

"AcmeLabs“‘

A Bureau Veritas Group Company

Acme Analytical Laboratories (Vancouver) Ltd.
9050 Shaughnessy St Vancouver BC V6P 6E5 CANADA

www.acmelab.com

Client:

Project:
Report

Page:

Date:

Anglo American Brasil Ltda.

Avenida Interlandia, 502
Setor Santa Genoveva

Goiania 74.672-360 BRASIL

Project None Given

June 05, 2014

40f4

Part:

CERTIFICATE OF ANA GOI114000296

1of 4

Method | | F200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200

Analyte Si02 AI203 Fe203 MgO Ca0 Na20 K20 Ti0O2 P205 MnO Cr203 Ba Sc¢  Sum Cs Ga Hf Nb Rb Sn|

Unit % % % % % % % % % % % ppm ppm % ppm ppm ppm ppm ppm ppm|

MDL 0.01 0.01 004 001 0.01 0.01 0.01 0.01 0.01 0.01 0.002 1 1 0.01 0.1 05 01 0.1 0.1 1

1148794 Drill Core 08.77 <0.01 1.10 <001 <0.01 0.02 <0.01 <0.01 0.01 <0.01 <0.002 4 <1 100.02 <0.1 <05 <0.1 13 0.2 <1
1234061 Drill Core 6.48 0.32 6.05 1412 3063 0.22 0.02 0.18 7.49 0.76 <0.002 1880 9 o871 <0.1 <0.5 07 1003 0.7 <1
1234062 Drill Core 4850 1520 11.68 4.88 785 348 2.12 3.16 0.45 0.18 <0.002 834 20 90.30 0.4 185 6.0 52.7 475 1
1234063 Drill Core 2.20 0.19 570 1556 3246 0.05 0.08 0.02 5.92 0.38 <0.002 373 5 0024 <0.1 <0.5 0.3 16.4 1.1 <1
1234064 Drill Core 10.38 0.09 6.15 1345 2014 0.10 0.02 <0.01 5.19 0.71 <0.002 1087 7 9004 <0.1 <05 06 124 0.1 <1
1234065 Drill Core 22.80 0.07 4.02 8.18 2740 0.18 0.01 <0.01 8.27 083 <0.002 6413 6 0823 <0.1 1.0 06 a5 0.2 <1
1234066 Drill Core 30.23 1163 1257 863 1117 0.84 3.20 283 0.96 022 0075 1824 25 ©0.28 2.0 177 8.1 o84 828 2
1234087 Drill Core 44901 1408 8.47 7.81 1179 0.97 1.40 2.12 0.75 0.13 0.101 1382 25 9025 1.0 185 6.1 89.5 3438 1
1234068 Drill Core 8.27 0.11 537 1103 33.10 0.21 0.03 <0.01 1042 0.72 <0.002 5743 6 90822 <0.1 <0.5 0.5 225 04 <1
1234080 Drill Core 21.86 0.01 4.14 8.08 3035 0.10 <001 <0.01 1228 0.56 <0.002 614 4 9864 <0.1 <0.5 08 55 0.2 <1
1234070 Drill Core 1.01 0.16 3.57 1680 3286 0.05 0.07 <0.01 4.59 0468 <0.002 =2 4 9021 <0.1 06 0.2 54 1.2 <1
1234071 Drill Core 11.62 0.11 6.60 1325 2020 0.06 <0.01 0.03 741 0.30 <0.002 1882 10 90.03 <0.1 <0.5 26 15.5 0.2 1
1234072 Drill Core 2.53 0.40 500 1540 3174 0.08 <0.01 0.03 5.81 0.35 <0.002 139 7 9921 <0.1 <0.5 1.0 12.5 0.2 <1
1234073 Drill Core 356 <0.01 273 17.19 3168 004 <001 <0.01 403 058 <0.002 352 7 9015 <01 <0.5 05 75 0.2 <1
1234074 Drill Core 340 024 612 1819 2026 003 015 002 0.13 1.15 <0.002 228 6 0007 <01 <0.5 03 19.8 1.0 <1
1234075 Drill Core 767 011 6.05 1407 3025 012 008 001 514 086 <0.002 418 7 9000 <01 06 13 266 04 1
1148705 Core Pulp 36.04 1.12 3320 130 067 005 005 353 751 060 0060 8817 75 96.60 04 <05 58.5 2398.6 45 66|
1148706 Drill Core 0870 <0.01 0.86 <0.01 0.01 003 <001 <0.01 0.02 <001 <0.002 2 <1 100.03 <0.1 <0.5 <0.1 06 0.3 <1

This report suparsades 3l previous prefiminary and final rEpors with this fle number dated prior to the date on Mis carficate. Signature Indicatas inal 3pproval; prefiminary reports are UNsigned and shoud be usad for referance only.
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ANEXO A — GEOQUIMICA DE ROCHA TOTAL

Client: Anglo American Brasil Ltda.
Avenida Interlandia, 502

"AcmeLa bs” i

A Bureau Veritas Group Company www.acmelab.com Project: Project None Given

Acme Analytical Laboratories (Vancouver) Ltd. Repiisl:  dewon20m

9050 Shaughnessy St Vancouver BC V6P 6E5 CANADA
PHONE (604) 253-3158 . - -

CERTIFICATE OF ANA GOI14000296

Method | |F200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF200 LF20Q

Analyte sr Ta Th u v w zr Y La Ce Pr Nd  Sm Eu  Gd To Dy Ho Er  Tm

Unitl ppm ppm ppm  ppm ppm  ppmM  ppm  ppm  ppM  PppM  PpmM  ppm  ppm  ppmM  ppm  ppm  ppm  ppm  ppm  ppm|

MDL 05 01 02 01 g8 05 01 0.1 0.1 01 002 03 005 002 005 001 005 002 003 001

1148704 Drill Core 23 <01 <02 <01 <@ <05 <01 <01 03 05 005 03 <005 <002 <005 <001 <005 <002 <003 <0.01
1234081 Drill Core 50008 102 187 140 23 72 1300 805 1050 2454 3146 1208 2306 776 2197 338 1821 2909 672 089
1234062 Drill Core 33805 30 6.1 15 208 08 2403 243 513 1051 1280 480 820 244 675 005 493 088 218 031
1234063 Drill Core 31475 169 15 47 21 <05 250 358 948 2221 2020 1147 1927 582 1587 195 910 135 200  0.3§
1234064 Drill Core 38824 43 30 173 9 12 477 644 2114 4657 5857 2141 3101 888 2280 311 1544 245 568 089
1234085 Drill Core 50169 07 44 129 9 06 778 1030 4317 10204 13408 5303 0132 2756 6000 855 3390 393 680 089
1234068 Drill Core 15025 50 98 21 318 12 3705 305 ©20 1809 21368 818 1311 387 1051 141 705 108 287 0.3
1234067 Drill Core 25855 42 7.7 17 250 10 2738 242 668 1326 1524 568 058 279 769 104 500 084 221 030
1234068 Drill Core 62160 126 211 448 0 <05 628 1707 2337 5222 6727 2803 5226 1704 5613 008 4458 638 1305  1.50
1234080 Drill Core 8410.1 0.1 83 113 <8 <05 812 17.0 2536 5427 6834 2708 4640 1263 2757 220 638 055 108 0.14
1234070 Drill Core 38851 13 13 15 <8 <05 117 241 ©32 2057 2507 1004 1686 474 1285 151 648 092 200 021
1234071 Drill Core 31088 40 40 131 49 <05 2450 678 1827 3206 4107 1712 2075 899 2682 333 1500 280 608 074
1234072 Drill Core 4427 17 13 48 42 <05 680 380 1230 2538 3179 1255 2218 626 1781 228 1040 157 319 042
1234073 Drill Core 3020.1 22 17 34 <@ <05 150 278 924 1960 2360 008 1411 398 1088 144 673 099 238 030
1234074 Drill Core 27620 54 63 87 33 <05 224 353 4401 0664 12100 4881 7464 1774 3510 328 1097 104 164 029
1234075 Drill Core 37621 162 6.1 420 17 <05 621 851 2200 5004 6500 2613 4386 1214 3061 374 17.37 283 1037 22§
1148705 Core Pulp 21888 1115 4120 0940 305 468 23201 1202 24814 50428 560.37 19484 24413 57.03 11863 1100 4138 428 652 0893
1148706 Drill Core 20 01 <02 <01 <8 <05 03 <01 D2 04 005 <03 <005 <002 <005 <001 <005 <002 <003 <0.01

This report suparsedes 3 previous prefiminary and final reports with this fie nuMBber dated prior to the date on Mis carficate. Signature Indicates fnal approval; preliminary raports ar UNSIgNed and Should be usad for refarance only.
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ANEXO A — GEOQUIMICA DE ROCHA TOTAL

Client: Anglo American Brasil Ltda.
Avenida Interlandia, 502

"AcmeLa bs —

A Bureau Veritas Group Company www.acmelab.com Project: Project None Given

. " Report Date: i 05. 2014
Acme Analytical Laboratories (Vancouver) Ltd. .
9050 Shaughnessy St Vancouver BC VEP 6ES CANADA

PHONE (604) 253-3158 Page: 4of4 Part: 3of4

CERTIFICATE OF ANALYSIS GOI114000296.1

Method| LF200 LF200 MA370 TGOO1 TCO000 TCO00 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AG257
Analyte Yb Lu Ni LOI TOT/IC TOT'S Mo  Cu Pb Zn  Ag Ni Co Mn As  Au cd sb Bi cr
Unit| ppm  ppm  ppm % % % ppm ppm ppm ppm ppb ppm ppm ppm ppm  ppb ppm  ppm  ppm  ppm
MDL| 005 001 10 51 001 001 001 001 001 0.1 2 01 01 1 0.1 02 001 002 002 05
1148704 Drill Core <005 <001 <10 01 <001 <001 0.18 042 042 1.0 < 12 02 80 01 <02 <001 <002 <002 39
1234061 Drill Core 495 063 <10 315 905 005 075 453 6047 802 255 21 72 6015 18 * 074 011 013 29
1234062 Drill Core 106 030 <10 17 040 003 158 078 154 575 60 38 210 582 07 00 008 005 003 54
1234063 Drill Core 201 027 <10 366 1070 008 018 012 481 270 120 <01 65 2067 <01 * 030 002 <002 06
1234084 Drill Core 385 055 <10 338 975 003 078 079 038 478 80 01 75 5555 18 * 068 005 <002 14
1234065 Drill Core 365 048 <10 245 705 017 004 018 1950 483 157 27 54 7073 <01 " 113 003 <002 11
1234088 Drill Core 100 031 180 7.8 146 021 240 5270 600 1436 50 1370 305 1266 02 <02 017 004 004 00§
1234067 Drill Core 170 025 212 67 021 012 148 6573 465 1505 57 1705 537 514 <01 <02 004 <002 <002 65§
1234088 Drill Core 1002 150 <10 310 828 016 183 188 2012 1008 %0 38 7.3 5855 <01 * 075 005 <002 15
1234060 Drill Core 121 014 <10 212 58 002 7.04 071 1547 558 81 07 47 4443 <01 12 058 003 <002 13
1234070 Drill Core 143 018 <10 305 1143 004 008 013 1901 201 40 <01 40 3541 <01 07 031 <002 <002 <0§
1234071 Drill Core 437 061 <0 303 871 005 263 007 522 753 138 08 155 2380 <01 <02 027 002 <002 07
1234072 Drill Core 251 032 <10 369 1043 015 068 025 803 844 219 18 141 2714 <01 <02 028 003 <002  <0S|
1234073 Drill Core 137 019 <10 303 1115 007 030 038 321 178 88 05 45 4505 <01 * 038 <002 <002 14
1234074 Drill Core 203 027 <10 404 1181 <001 047 303 706 428 52 57 103 7844 03 * 060 <002 <002 14
1234075 Drill Core 1924 277 <10 347 1000 001 042 061 ©91 604 410 12 107 6558 05 * 078 002 <002 24
1148705 Core Pulp 521 053 353 32 013 013 083 10268 12846 2882 @23 3215 990 4147 165 <02 061 123 060 2029
1148796 Drill Core <005 <001 <10 04 <001 <001 012 041 037 08 <2 10 01 71 <01 03 <001 <002 <002 29

This report supersedes ail previous prefiminary and final reports with this fie nuMber dated prior to the date on this cetficate. Signature Indicates inal 3pproval; preliminary raports are UNsigned and should be usad for resarance only.
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PHONE (604) 253-3158

CERTIFICATE OF ANAL GOI114000296.1

ANEXO A — GEOQUIMICA DE ROCHA TOTAL

"AcmeLabs"‘

A Bureau Veritas Group Company

Acme Analytical Laboratories (Vancouver) Ltd.
9050 Shaughnessy St Vancouver BC V6P 6E5 CANADA

www.acmelab.com

Client:

Project:

Report Date:

Page:

Anglo American Brasil Ltda.
Avenida Interlandia, 502

Setor Santa Genoveva

Goiania 74.672-360 BRASIL

Project None Given
June 05, 2014

40f4

Method | AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 AQ252 WGHT|

Analyte B T Hg Se Te Ge In Re Be Li Pd Pt  Wgt

Unit ppm  ppm ppb  ppm  ppm  ppm  ppm ppb  ppm  ppm ppb ppb kgl

MDL 1 002 5 01 002 01 002 1 0.1 0.1 10 2 0.01

1148704 Drill Core <1 <0.02 <5 <01 008 <01 <0.02 <1 <01 <01 <10 <2 0N
1234061 Drill Core 1 <002 <5 <01 063 02 0.03 <1 28 8.6 25 <2 0.1g
1234062 Drill Core <1 <0.02 <5 <01 018 <01 <0.02 <1 0.3 33 <10 <2 0.20
1234063 Drill Core <1 <0.02 <5 08 039 0.1 0.03 <1 04 0.2 18 <2 0.28
1234064 Drill Core <1 <0.02 <5 <01 039 0.1 005 1 1.1 03 27 <2  0.3¢
1234065 Drill Core <1 <0.02 <5 <01 044 0.1 004 <1 17 03 41 2 0.2
1234066 Drill Core <1 0.10 <5 <01 0.14 02 0.03 <1 39 201 <10 3 0.2
1234087 Drill Core 1 052 <5 <01 013 <01 0.02 <1 20 158 <10 <2 0.14
1234088 Drill Core <1 <0.02 8 <01 052 <01 005 2 15 0e 12 <2 0.24
1234080 Drill Core <1 <0.02 <5 <01 068 02 003 <1 45 04 30 <2 0.20
1234070 Drill Core <1 <0.02 <5 <01 040 <01 0.03 <1 0.1 02 <10 <2 0.1g
1234071 Drill Core <1 <0.02 <5 <01 030 <01 003 <1 30 02 <10 <2 0.1g
1234072 Drill Core <1 013 <5 188 044 0.1 007 <1 1.0 03 <10 <2 0.20
1234073 Drill Core <1 <0.02 <5 13 048 <01 004 <1 05 02 <10 <2 022
1234074 Drill Core <1 <0.02 <5 <01 034 0.1 0.03 <1 13 02 <10 <2 022
1234075 Drill Core <1 <0.02 <5 <01 048 0.1 0.1 <1 0.7 08 12 <2 0.34
1148705 Core Pulp <1 061 23 <01 033 1.1 050 <1 119 15 <10 <2 0093
1148706 Drill Core <1 <0.02 <5 <01 004 <01 <0.02 <1 <01 <01 <10 <2 0.10

This report supersedes 3l previous prefiminary ana final repors with this e number dated prior 1o the date on Mis cerinicate. Signature Indcates M3l 30proval; preliminary rapors 3% uNsigned and should be usad %r reference only.

Part:

40f4
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

AMOSTRA 1223142_CARBZOM_1 1225142_CARBZON_4 1223142_CARBEZON_5 12253W2_CARBZON_T 1223142 _CARBZON_S 1223142 CARBZON_3 1223W2_CARBZOMN_1 12253142 _CARBZOM_12 1223142 _CAREBZON_1G 1223142_CARBIMTER_13 1223142_CARBINTER_20 1223142_CAREINTER_22
CARBONATO Dalomita Dialamita Dalomita Dialamita Dalomita Dalamita Dalomita Dalomita Dolomita Dalomita Dialamita Dalomita
LITOLOGIA Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET
Si02(Mass%) 0.00 0.00 0.m 0.00 0.00 0.00 0.00 0.00 0.02 0.03 o.M 0.00
Al203(Mass%) 0.00 0.03 0.00 0.00 0.04 0.00 0.02 0.02 013 0.02 0.00 0.00
FeO({Mass") 1.05 0.o7 0.06 0.03 0.02 0.05 243 0.12 2.51 0.7 0.46 0.73
MnO{Massh) 0.06 0.64 0.32 0.00 0.00 0.00 0N 0.34 0.43 0.26 0.30 0.28
MgO{Mass) 19.12 20.00 2010 18.28 18.59 18.27 18.93 19.98 18.55 19.63 19.77 19.45
Ca0({Mass") 30.96 29.67 29.90 32.86 3253 3272 2927 30.00 291 30.02 29.99 30.02
BaO({Mass%) 0.01 0.02 0. 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.02
SrO{Mass%) 0.38 0.00 0.46 0.08 0.03 0.13 0.64 0.22 0.36 0.10 0.04 0.06
La203{Mass%) 0.00 0.00 0.00 0.00 0.02 0.00 0. 0.00 0.00 0.00 0.00 0.00
Ce203(Mass%) 0.04 0.03 0.02 0.03 0.06 0.03 0.05 0.03 0.02 0.02 0. 0.03
503(Mass%) 0.00 0.m 0.00 0.1 0.m 0.00 0.00 0.00 0.01 0.03 0.00 0.m
F{Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.26 0.00
TOTAL 51.63 5047 50.89 51.29 51.29 s 51.45 50.71 5115 50.82 50.84 50.59
F=0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.11 0.00
TOTAL 51.63 5047 50.89 51.29 51.29 1. 51.45 501 51.15 50.82 50.74 50.59
co2 45.99 4518 45.66 4581 45.86 4572 45.40 45.53 4480 4548 4542 4528
sum% 97.62 95.64 96.55 97.10 9715 96.93 96.85 96.24 95.95 96.30 96.16 95.87

PROPORCAD ATOMICA PARAG O

AMOSTRA 1223142_CAREZ0M_1 1223142_CAREBZ0ON_4 1223142 CAREZON_S 1223142 CARBZOM_T 1223142 CAREBZON_S 1223142 CARBZON_3 122342 CARBZOM_11 1223142 CARBZOM_12 1223142 CARBZOM_1Z 1223142_CAREIMTER_13 1223142 CARBINTER_20 1223142 _CAREBINTER_22
CARBONATO Dalamita Dalomita Dalamita Dalomita Dolamita Dalomita Dolamita Dolamita Dalomita Dalamita Dalomita Dolamita
LITOLOGIA Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET
Si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.03 0.00 0.00 0.00 0.00 0.00 0.o7 0.00 0.07 0.02 o.M 0.02
Mn 0.00 0.02 0. 0.00 0.00 0.00 0.00 0. 0.01 0.0 0.M 0.
Mg 0.91 0.96 0.96 0.87 0.g8 0.87 0. 0.96 0.90 0.94 0.94 0.94
Ca 1.06 1.03 1.03 1.13 1.1 1.12 1.01 1.03 1.02 1.03 1.03 1.04
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.01 0.00 0.m 0.00 0.00 0.00 0. 0.00 0.01 0.00 0.00 0.00
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F{N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00
TOTAL 2.00 20 2 2.00 2.00 2.00 2.00 2 2.0 2.0 2.02 2
F=0
TOTAL
CO2(N.0.) 2.00 1.99 2.00 2.00 2.00 2.00 2.00 2.00 1.99 2.00 1.99 2.00
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AMOSTRA 225142 CARBINTEF_2 225142_CARBINTER_2. 223142_CARBINTER_2 223142_CARBINTER_21225142_CARBINTER_ 2 225142_CARBINTER_2:1223142_CARBINTER_21223142_CARBINTEF_S01225142_CARBINTEF S 1225142_CARBINTER_32 1223142 CAREOXFE_1
CARBONATO Dolomita Diolomita Diolomita Diolomita Dolomita Dolomita Dolomita Dolomita
5i02({Mass%) 0.00 0.00 0.00 0.1 0.00 0.00 0.00 0.00

Al203(Mass%) 0.22 0.00 0.00 0.00 0.00 0.01 0.n 0.03
FeO({Mass%) 0.76 0.61 0.63 077 0.62 0.72 0.44 0.67
MnO({Mass®%) 0.29 0.23 0.27 0.28 0.30 0.25 0.32 0.29
MgO{Massh) 18.78 19.95 2007 19.71 19.96 19.82 19.87 19.70
Ca0{Mass") 29.60 29.76 30.06 30.44 29.74 29.81 2992 2992
BaO(Mass") 0.00 0.00 0.00 0.00 0.00 0.04 0.04 0.m
Sr0(Mass%) 0.03 0.09 0.08 0.09 0.03 0.08 0N 0.05

La203{Mass%) 0.00 0.00 0.00 0.00 0.1 0.00 0.00 0.00

Ce203(Mass®) 0.04 0.m 0.00 0.0 0.05 0.05 0.02 0.04
S503{Mass%) 0.00 o.M 0.00 0.00 0.00 0.00 0. 0.02

F(Mass'%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

TOTAL 49.72 50.66 5112 51.30 50.M 50.78 50.73 50.73
F=0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 49.72 50.66 /.12 51.30 50.M 50.78 50.73 50.73
coz 441 4555 4592 4592 4563 4583 4551 4543
sum%% 93.93 96.22 97.04 g7.22 96.24 96.30 96.24 96.16

PROPORGAD ATOMICA PARA 6 O

223142_CARBINTER_2 223142_CARBINTER_2.223142_CARBINTER_2 223142_CARBINTER_21223142_CARBINTER_2 223142_CARBINTER_2:1223142_CARBINTER_2:1223142_CARBINTER_3(1223142_CARBINTER_3 1223142_CARBINTER_32 1223142_CARBOXFE_1

AMOSTRA
CARBONATO
LITOLOGIA
Si
Al
Fe
Mn
Mg
Ca
Ba
Sr
La
Ce
S
F(N.O.)
TOTAL
F=0
TOTAL
CO2(N.0.)

ooL

Ap Colop CBT

0.00
0.01
0.02
0.01
0.92
1.05
0.00
0.00
0.00
0.00
0.00
0.00
2.0

ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

ooL

Ap Colop CET

0.00
0.00
0.02
0.01
0.96
1.02
0.00
0.00
0.00
0.00
0.00
0.00
2.00

ool

Ap Colop CBT

0.00
0.00
0.02
0.0
0.95
1.03
0.00
0.00
0.00
0.00
0.00
0.00
2.00

2.00

ooL

Ap Colop CET

0.00
0.00
0.02
0.01
0.94
1.04
0.00
0.00
0.00
0.00
0.00
0.00
20

ool

Ap Colap CBT

0.00
0.00
0.02
0.0
0.96
1.02
0.00
0.00
0.00
0.00
0.00
0.00
2.

2.00

ooL

Ap Calop CET

0.00
0.00
0.02
0.01
0.95
1.03
0.00
0.00
0.00
0.00
0.00
0.00
2.00

ooL

Ap Caolop CBT

0.00
0.00
0.01
0.01
0.95
1.03
0.00
0.00
0.00
0.00
0.00
0.00
2.01

2.00

ool

Ap Colop CBT

0.00
0.00
0.02
0.0
0.95
1.03
0.00
0.00
0.00
0.00
0.00
0.00
2.0

Dolomita

0.02
0.10
0.69
0.33
19.64
29.96
0.00
0.10
0.00
0.06
0.01
0.00
50.91
0.00
50.91
4543
96.34

ooL

&p Colop CET

0.00
0.00
0.02
0.01
0.94
1.03
0.00
0.00
0.00
0.00
0.00
0.00
2.01

Diolomita

0.00
0.01
0.66
0.29
19.57
29.88
0.00
0.07
0.00
0.03
0.01
0.00
50.51
0.00
50.51
4525
95.76

ool

Ap Calop CBT

0.00
0.00
0.02
0.01
0.94
1.03
0.00
0.00
0.00
0.00
0.00
0.00
2.0

Diolomita

0.00
0.00
0.32
0.00
18.47
32.58
0.00
0.09
0.01
0.03
0.00
0.10
51.59
-0.04
51.85
4597
97.53

ooL

Ap Colop CET

0.00
0.00
0.01
0.00
0.88
1.1
0.00
0.00
0.00
0.00
0.00
0.01
2.01

1223142 _CARBOXFE_2

Dolomita

Apativs Mg CET

0.00
0.0
0.33
0.00
18.08
33.05
0.1
0.03
0.00
0.03
0.00
0.00
51.55
0.00
51.85
4591
97.45

1223142 _CARBOXFE_2

ool

Ap Colap CBT

0.00
0.00
0.01
0.00
0.86
113
0.00
0.00
0.00
0.00
0.00
0.00
2.00
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

AMOSTRA 1223142_CARBOXFE_: 1223142_CARBOXFE_Jd 1223142_CARBOXFE_! 1223142_CARBOXFE_E 1223142_CARBOXFE_T 1223142_CARBAPAT_Z 1223142_CARBAPAT_3 1223142_CARBAPAT_IC 1223142_CARBAPTMAS 1223142_CAREAPTMAZE 12232_CARBAPTMASE 122314 2_CARBAPTMASS. 1223142_CARBAPTMATE_S
CARBONATO  Dolomita Dolomita Dolomita Dolormita Dolormita Dolormita Dolormita Dolormita Dolomita Dolomita Dolomita Dolomita Dolomita

LITOLOGIA ApatitsMgCET  ApatitsMgCET  ApatitsMgCET  ApastiaMgCET  ApstitaMaCBT  ApstitaMaCBT  ApatitaMaCBT  ApsttaMaCBT  ApattaMaCBT  ApatitaMg CBT Apatita Mg CET fipatits Mg CET Aparita Mg CET
5i02(Mass%) 0.02 0.00 0.02 0.00 0.02 0.06 0.00 0.01 0.00 0.00 0.00 0.01 0.00
Al203(Mass%) 0.48 0.00 0.07 0.00 0.02 0.98 0.06 0.00 0.01 0.00 0.1 017 0.00
FeO(Mass%) 0.78 0.85 0.95 0.35 0.23 1.33 1.68 143 0.96 0.51 1.52 1.35 0.48
MnQ(Mass®) 0.27 0.26 0.22 0.00 0.01 0.45 0.58 0.28 0.27 0.32 0.38 0.32 031
MgO(Mass) 19.10 19.64 19.61 18.56 18.48 18.45 18.32 19.61 19.40 20.01 18.98 19.29 19.94
CaO{Mass%) 30.06 29.65 29.7T7 32.85 32.86 29.38 29.93 29.48 29.85 29.87 29.63 29.89 29.85
BaO(Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.02 0.03 0.00
SrO(Mass%) 011 oM 008 013 oM 003 0.06 01 010 007 035 012 009
Laz03(Mass%) 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00
Ce203(Mass%) 0.03 0.05 0.05 0.05 0.06 0.05 0.03 0.07 0.01 0.05 0.07 0.04 0.06
SO3(Mass%) 0.02 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00
F{Mass%) 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 50.89 50.56 50.78 51.97 51.78 50.74 50.67 51.00 50.63 50.85 51.07 51.23 50.73
F=0 0.00 0.00 0.00 -0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 50.89 50.56 50.78 51.96 51.78 50.74 50.67 51.00 50.63 50.85 51.07 51.23 50.73
co2 44 98 4528 4540 46.32 4617 4403 44 56 4548 4525 4564 4507 45 41 4554
sum% 95.87 95.64 96.18 98.27 97.95 94.77 95.23 96.48 95.88 96.49 96.15 96.64 96.26

PROPORGAQ ATOMICA PARA 6 O

1223142_CARBOXFE_: 1223142_CARBOXFE_J 1223142_CARBORFE_! 1223142 _CARBOXFE_E 1223142 _CARBOXFE_T 1223142_CARBAPAT_Z 1223142_CARBAPAT_S 1223142_CARBAPAT_IC 1223142_CARBAPTMAS 1223142_CARBAPTMASS, 1223142 _CARBAFTMASS. 1223142 _CARBAPTMASS 1223142 CARBAPTMASS_S

AMOSTRA

CARBONATO

LITOLOGIA
Si

F(N.O.)
TOTAL
F-0
TOTAL
CO2(N.0.)

Dol

Ap Colop CET
0.00
0.02
0.02
0.01
0.92
1.04
0.00
0.00
0.00
0.00
0.00
0.00
2.01

1.99

ool

Ap Colop CET
0.00
0.00
0.02
0.01
0.95
1.03
0.00
0.00
0.00
0.00
0.00
0.00
2.00

2.00

ool

Ap Colop CET
0.00
0.00
0.03
0.01
0.94
1.03
0.00
0.00
0.00
0.00
0.00
0.00
201

2.00

0oL

Ap Colop CET
0.00
0.00
0.0
0.00
0.87
111
0.00
0.00
0.00
0.00
0.00
0.00
2.00

2.00

0oL

Ap Colop CET
0.00
0.00
0.01
0.00
0.87
1.12
0.00
0.00
0.00
0.00
0.00
0.00
2.00

2.00

0oL

Ap Colop CET
0.00
0.04
0.04
0.01
0.90
1.03
0.00
0.00
0.00
0.00
0.00
0.00
203

1.98

0oL

Ap Colop CET
0.00
0.00
0.05
0.02
0.90
1.05
0.00
0.00
0.00
0.00
0.00
0.00
20

1.99

0oL

Ap Colop CET
0.00
0.00
0.04
0.01
0.94
1.02
0.00
0.00
0.00
0.00
0.00
0.00
2.0

2.00

Dol

Ap Colop CBT
0.00
0.00
0.03
0.01
0.93
1.03
0.00
0.00
0.00
0.00
0.00
0.00
2.0

2.00

0oL

Ap Colop CET
0.00
0.00
0.0
0.01
0.96
1.03
0.00
0.00
0.00
0.00
0.00
0.00
2.0

2.00

DoL

Ap ColopCET
0.00
0.00
0.04
0.01
0.92
1.03
0.00
0.01
0.00
0.00
0.00
0.00
20

1.99

0oL

Ap Colop CET
0.00
0.01
0.04
0.01
0.92
1.03
0.00
0.00
0.00
0.00
0.00
0.00
201

1.99

0oL

Ap Colop CET
0.00
0.00
0.01
0.01
0.95
1.03
0.00
0.00
0.00
0.00
0.00
0.00
20

2.00

138



ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

AMOSTRA 1234061_CARE_DOLM 1234061 CARE_DOLM 1234061_CARE_DOLM 123406 1_CARE_DOLM 1234061_CARE_DOLM, 1234061_CARE_DOLM: 1234081_CARE_DOLM: 1234081_CARE_DOLME 1234061_CARE_DOLMSE 1234061_CARE_DOLMIL 123406 1_CARE_DOLMSL. 123406 _CARE_DOLMSU. 123406 1 CARE_DOLMSUJO_ 1234061 CARE_DOLMELUIO_20
CARBONATO  Dolomita Dolomita Dolomita Dolomita Dolomita Diolomita Dolomita Dolomita Dolomita Dolomita Diolomita Diolomita Diclomita Dolomita
LITOLOGIA ApatitsMgCET  ApattaMgCET  ApatitaMgCET  ApattaMgCET  ApatitaMgCET  ApatitaMgCET  ApattaMgCET  ApattaMgCBT  ApatitaMgCBT  ApatiaMg CET Apatita Mg CBT Apatita Mg CBT Apatita Mg CET Apatits Mg CET
S5i02{Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.0 0.00 0.05 0.01 0.00 0.01 0.00
Al203(Mass%) 0.00 0.02 0.00 0.02 0.07 0.00 0.02 0.01 0.02 0.10 0.07 0.03 0.02 0.10
FeO(lass?) 23 2.56 2.96 0.23 0.34 132 120 1.90 1.30 367 0.62 1.38 1.64 1.3
MnO{Mass%) 0.76 0.80 0.87 0.69 043 0.96 0.25 1.14 117 0.22 0.39 1.06 151 0.32
MgO(Mass?a) 18.75 18.42 16.09 19.55 19.06 19.00 19.09 18.43 18.56 17.69 19.11 18.99 18.13 19.24
CaO(Mass%) 27.94 28.01 27.78 2937 30.29 28.67 2910 29.10 2541 29.19 30.40 2928 2891 2853
BaO(Mass%) 0.00 0.00 0.00 0.00 0.00 0.05 0.02 0.00 0.03 0.00 0.03 0.00 0.00 0.00
SrO{Mass%) 1.32 1.27 1.02 012 0.46 0.23 0.95 o 014 0.03 0.05 0.08 0.16 0.96
La203({Mass%) 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01
Ce203{Mass%) 0.04 0.03 0.07 0.04 0.01 0.04 0.06 0.07 0.05 0.00 0.03 0.05 0.06 0.01
S03(Mass%) 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01
F{Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 5112 5111 50.79 50.05 50.64 50.28 50.71 50.77 50.68 50.97 50.73 50.88 50.45 5047
F=0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 51.12 5111 50.79 50.05 50.64 50.25 50.71 50.77 50.68 50.97 50.73 50.58 5045 5047
coz2 44.38 44.21 43.81 44.60 44.98 44.18 44.84 44.18 4422 44.49 4514 44.60 43.57 44.60
sum% 95.49 95.32 94.60 94 65 95.63 94 45 95.55 94.95 94 .90 95.46 9587 95.48 94.02 95.07

PROPORGAQ ATOMICA PARA 6 O

AMOSTRA 1234061_CARE_DOLM 1234061 CARE_DOLM 1234061_CARE_DOLM 1234081_CARE_DOLM 1234061_CARE_DOLM, 123406 1_CARE_DOLM: 1234081_CARE_DOLM: 1234081_CARE_DOLME 1234061_CARE_DOLME 1234081_CARE_DOLMIU 123406 _CARE_DOLMIU. 123406 _CARE_DOLMIU. 1234061 CARE_DOLMTUIO_ 1234061 CARE_DOLMILIO_20
CARBONATO  DOL Dol DoL ool DoL ooL ool ool DoL ool ooL ooL ooL Dol
LITOLOGIA AplolopCET  ApColopCBT  ApColopCET  #pColopCET  ApColopCBT  ApColopCBT  ApColop CET Ap Colop CBT #p Colop CAT Ap Colop CBT #p Colop CBT #p Colop CET #p Colop CET Ap Colop CBT
Si 0.00 .00 0.00 n.oo 0.00 0.00 0.00 0.00 n.oo 0.00 n.oo 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.06 0.07 0.08 0.01 0.01 0.04 0.03 0.05 0.04 0.10 0.02 0.04 0.05 0.04
Mn 0.02 0.02 0.02 0.02 0.01 0.03 0.01 0.03 0.03 0.01 0.01 0.03 0.04 0.01
Mg 0.92 0.9 0.90 0.95 0.92 0.94 0.93 0.91 0.9 0.87 0.92 0.93 0.90 0.94
Ca 0.98 0.99 0.99 1.03 1.05 1.01 1.02 1.03 1.04 1.03 1.05 1.02 1.03 1.00
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.03 0.02 0.02 0.00 0.01 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.02
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F{N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 2m 2.02 2.02 2m 2.0 2.02 2m 2.02 202 2m 2m 2.02 2.03 2m
F=0
TOTAL
CO2{N.O.) 1.99 1.99 1.99 1.99 1.99 1.99 2.00 1.99 1.99 1.99 1.99 1.99 1.98 1.99
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

1234061 CARE_D 1234061_CARE_D 1234061_CARE_D 1234061 CARE_D 1234061 CARE_D 1234061 CARE_D 1234061 CARE_D 1234051_CARE_D 1234061_CARE_D 1234061 CARE_D 1234061 CARE_D 1234061 CARE_D 1234061 CARE_D 1234061 CARE_D

AMOSTRA OLMCAY_1 OLMCAY_2 OLMCAY_3 OLMZ0ON_E& OLMZON_3 QLMZ0R_10 OLMZON_11 QLMELI0_14 OLRAZIO_1E QLMELI0_1E ALkzEWIo_1T QLMEI0_1E QLMEI0_12 QLMEWI0_20
CARBONATO Dolomita Dalomita Dolomita Dolomita Dolomita Dalomita Dolomita Dalomita Dolomita Dalomita Dolomita Dalomita Dolomita Diolomita
LITOLOGIA Apatita Mg CBT Apatita Mg CET  Apatita Mg CBT Apatita Mg CET Apatita Mg CBT Apatita Mg CET Apatita Mg CBT Apatita Mg CBT ApatitaMg CBT Apatita Mg CBT  Apatita Mg CET Apatita Mg CBT Apatita Mg CBT  Apatita Mg CBT
Si02(Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.00 0.05 0.01 0.00 0.01 0.00
Al203(Mass%) 0.00 0.02 0.00 0.02 007 0.00 0.02 0.m 0.02 0.10 o.ov 0.03 0.02 0.10
FeO{Mass?) 23 2.56 2.96 0.23 0.34 1.32 1.20 1.90 1.30 3.67 0.62 1.38 1.64 1.3
MnO{Mass%) 0.76 0.80 0.87 0.69 0.43 0.96 0.25 1.14 1.17 0.22 0.39 1.06 1.51 0.32
MgO(Mass%) 18.75 18.42 18.09 19.55 19.06 19.00 19.09 16.43 18.56 17.69 19.11 15.99 18.13 19.24
CaO(Mass%) 27.94 28.01 27.78 2937 30.29 28.67 2510 2910 2941 29.19 30.40 2928 28.1 28.53
BaO(Mass%) 0.00 0.00 0.00 0.00 0.00 0.05 0.02 0.00 0.03 0.00 0.03 0.00 0.00 0.00
SrO(Mass%) 1.32 1.27 1.02 0.12 0.46 0.23 0.95 011 0.14 0.03 0.08 0.09 0.16 0.96
La203(Mass®) 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0. 0.00 0.00 0.01
Ce203(Mass%) 0.04 0.03 0.7 0.04 0.0 0.04 0.08 o.or 0.08 0.00 0.03 0.05 0.08 0.01
S03(Mass%) 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01
F(Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F=0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 5112 511 50.79 50.05 50.64 50.28 50.7 5007 50.68 50.97 50.73 50.88 50.45 50.47
co2 44 38 44.21 43.81 44.60 44.98 4418 44 84 4418 44 22 44 .49 4514 44 60 4357 44 60
sum* 95.49 95.32 94.60 94 .65 95.63 94 .45 95.55 94.95 94.90 95.46 95.87 95.48 94.02 95.07
PROPORCAD

ATOMICA PARA 6 O

1254061 CARE_D 1234061 CARE_D 1234061 CARE_D 1234061 CARE_D 1234061 CARE_D 1254051 CARE_D 1234061 _CARE_D 1254061 CARE_D 1234061 CARE_D 1254061 CARE_D 1234061_CARELD 1254061 CARE_D 1234061_CARE_D 1234061_CARE_D

AMOSTRA OLMICAY_1 OLMCAY_2 OLMCAY_3 OLMZOR_E OLRAZON_3 OLMZOR_10 OLRAZON_11 OLMELI0_14 OLMELIO_15 OLMELI0_16 OLMELIO_1T OLMELI0_15 OLMELI0_13 OLMELI0_20
CARBONATO ooL ool ooL ool ooL ool ooL ool oo ool oo ool ool ool
LITOLOGIA Apatita Mg CET Apatica Mg CEBT Apatita Mg CET Apatita Mg CET ApatitaMg CET Apatita Mg CET ApatitaMg CET ApatitaMgCET ApatitaMg CBT ApatitaMg CET Apatita Mg CET ApatitaMgCBT Apatita Mg CBT  Apatita Mg CET
Si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.06 0.07 0.08 0.01 0.01 0.04 0.03 0.05 0.04 0.10 0.02 0.04 0.05 0.04
Mn 0.02 0.02 0.02 0.02 0.0 0.03 0.0 0.03 0.03 0.0 0.; 0.03 0.04 0.0
Mg 0.92 0n 0.90 0.95 0.92 0.94 0.93 0.a 0 0.87 0.92 0.93 0.90 0.94
Ca 0.98 0.99 0.99 1.03 1.05 1.0 1.02 1.03 1.04 1.03 1.05 1.02 1.03 1.00
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.03 0.02 0.02 0.00 0.0 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.02
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F{N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 20 2.02 2.02 2. 20 2.02 20 2.02 2.02 20 201 2.02 2.03 2.0
F=0
TOTAL
CO2(N.0.) 1.99 1.99 1.99 1.99 1.99 1.99 2.00 1.99 1.99 1.99 1.99 1.99 1.98 1.99
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

1223001_CARE_D 1223001_CARE_D 1223001 _CARE_D 1223001_CARE_D 1223001_CARE_D 1223001 CARE_D 1223001_CARE_D 1223001 _CARE_D 1223001_CARE_D 1234061_C2_DOL_ |23406L02_DOL_ 1234061 C2_DOL_ 1234061_C2_DOL_

AMOSTRA OLCENTROZIRC_2 OLCENTROZIRC_S OLCENTROZIRC_4  OLBUATZA OLGUATZ_2 OLFENO_1 OLFENO_2 OLFENO_S OLFENC_4 z 10 f
CARBONATO Dolomita Dolomita Diolomita Dolomita Dolomita Diolomita Dolomita Dolomita Diolomita Dolomita Dolomita Diolomita Dolomita
LITOLOGIA Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET  Apatita Mg CET Apatita Mg CET Apatita Mg CET  Apatita Mg CET Apatita Mg CET Apatita Mg CET  Apatita Mg CET
Si02(Mass’%) 0.02 0.00 0.02 0.00 0.01 0.00 0.00 0.00 0.00 0.02 0.01 0.06 0.00
Al203(Mass%) 0.02 0.00 0.01 0.00 0.00 0.02 0.00 0.00 0.01 0.05 0.00 0.02 0.00
FeO(Mass%) 1.38 1.59 1.30 1.70 1.65 177 1.57 1.85 1.61 2.28 0.65 1.30 1.26
MnO({Mass%) 0.28 0.31 0.30 0.32 0.30 0.28 0.30 0.31 0.32 0.66 0.61 1.07 1.21
MgO(Mass) 19.94 19.37 19.55 19.20 19.26 18.97 19.30 19.38 18.89 18.46 18.91 19.11 18.69
CaO{Mass®%) 29.36 29.53 29.51 29.58 29.52 29.69 29.50 29.38 29.57 27.35 25.48 28.60 2831
BaO{Mass®%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.03 0.02 0.02
SrO(Mass%) 0.08 0.1 0.04 0.15 0.15 017 0.18 0.18 0.20 1.08 0.67 0.42 0.44
La203(Mass%) 0.02 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.01 0.00
Ce203(Mass%) 0.07 0.05 0.01 0.05 0.05 0.03 0.02 0.05 0.04 0.10 0.01 0.01 0.00
S03(Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(Mass%) 0.09 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.15
TOTAL 51.24 50.96 50.74 51.01 51.19 50.93 50.88 50.87 50.79 50.03 49.40 50.72 49.99
F=0 -0.04 0.00 0.00 0.00 0.1 0.00 0.00 0.00 -0.06
TOTAL 51.20 50.96 50.74 51.01 51.09 50.93 50.88 50.87 50.73 50.03 49.40 50.72 49.99
coz 45.69 45.36 4533 4530 4528 4518 4527 4525 44.91 43.49 43.69 44.30 43.58
sum% 96.89 96.32 96.06 96.30 96.36 96.11 96.15 96.12 95.64 93.53 93.09 95.02 93.58
PROPORGAQ

ATOMICA PARA 6 O

1223001_CARE_D 1223001_CARE_D 1223001_CARE_D 1223001_CARE_D 1223001_CARE_D 1223001 CARE_D 122300_CARE_D 1223001_CARE_D 1223001_CARE_D I23406L02_DOL_ |23406L02_DOL_ 1234061 C2_DOL_ 1234061_C2_DOL_

AMOSTRA OLCENTROZIRC_2 OLCEMTROZIRC_3 OLCENTROZIRC_4  OLGUATZ 1 OLRUATZ 2 OLFEMO_1 OLFEMD_2 OLFEMO_3 OLFENC_4
CARBONATO ooL ooL ooL ooL ooL ooL ooL ooL ooL ooL ooL ooL ooL
LITOLOGIA Apatita Mg CBT Apatita Mg CET ApatitaMg CET ApatitaMg CET ApatitaMg CET Apatita Mg CET Apatita Mg CET  Apatita Mg CET Apatita Mg CET ApatitaMg CET ApatitaMg CET Apatita Mg CET  Apatita Mg CET
Si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.04 0.04 0.04 0.05 0.04 0.05 0.04 0.04 0.04 0.06 0.02 0.04 0.04
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.03 0.03
Mg 0.95 0.93 0.94 0.92 0.92 0.92 0.93 0.93 0.91 0.92 0.94 0.94 0.93
Ca 1.00 1.02 1.02 1.02 1.02 1.03 1.02 1.02 1.03 0.98 1.02 1.01 1.01
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.01 0.01
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(N.O.) 0.01 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
TOTAL 2.0 2.0 2.0 2.0 2.02 2.0 2.0 2.0 2.02 2.0 2.0 2.02 2.02
F=0
TOTAL
CO2(N.0.) 1.99 2.00 2.00 2.00 1.99 2.00 2.00 2.00 1.99 1.99 1.99 1.99 1.99
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

AMODSTRA 1234061.C2_D0L_12 1234061.C2_00L_13 1234061 C2_DOL_16 1234061 CLOOL_TLINET 1234061 C1_DOL_TLINE1 1234081 _C1_DOL_TLINE1 1234061 CTUDOL_TLINE 1 1234061_C1_DOL_TLINE1 1234081_C1_DOL_TLINE1 1234061 CTDOL_TLINE1 1234061_C1L_DOL_TLINE1 1234081_C1_DOL_1LINE1 1234061 CTDOL_TLINE1 1223142_C2_00L_1
CARBONATO Diolomita Dolomita Dolomita Dolomita Dolomits Diolomita Dolomita Dolomita Diolomita Dolomita Dolomita Diolomita Dolomita Dolomita
LITOLOGIA ApatitaMgCET  ApattaMgCET  ApatitaMgCET  ApatitaMgCET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET
Si02(Mass%) 0.03 0.00 012 0.02 0.00 0.03 0.03 0.00 0.05 0.01 0.00 0.00 0.00 0.00
Al203({Mass%) 0.01 003 0.03 0.02 0.00 0.00 0.00 0.02 0.25 0.16 012 0.00 0.04 0.00
FeO(Mass%) 0.36 035 0.85 0.00 012 0.06 0.09 235 010 021 034 045 0.36 0.96
MnO(Mass%) 1.38 0.47 0.64 1.12 0.99 1.64 1.18 116 1.68 117 0.64 049 121 0.24
MgO(Mass%) 19.00 19.38 19.03 19.67 18.88 18.64 19.40 18.00 18.96 19.11 19.17 19.02 19.00 19.12
CaO(Mass®) 28.26 28.67 2891 2891 28.47 27.90 28.31 28.37 2845 2845 28.89 28.54 28.60 29.10
BaO(Mass®) 0.06 0.00 0.06 0.01 0.01 0.00 0.00 0.00 0.03 0.00 0.00 0.07 0.04 0.09
SrO{Mass%) 0.64 033 0.80 045 0.52 048 0.38 0.21 043 0.41 0.27 121 0.42 0.15
La203({Mass%) 0.03 0.05 0.00 0.09 0.05 0.00 0.00 0.00 0.04 0.04 0.00 0.00 0.00 0.08
Ce203{Mass%) 0.01 011 0.00 0.01 0.01 0.00 0.03 0.00 0.07 011 0.03 0.04 0.01 0.00
503(Mass%)
F(Mass®%)
TOTAL 49.82 4951 50.45 50.24 4912 48.70 49.44 50.15 50.07 49.68 49.46 49.90 49.70 4977
F=0
TOTAL 49.82 4961 5045 50.24 4912 48.70 49.44 50.16 50.07 49.68 49.46 49.90 49.70 4977
co2 4342 44.02 4435 44.26 43.26 42.49 4362 4345 43.30 43.62 43.94 43.98 4361 44.40
sum% 93.24 9353 94.80 94 49 92.38 91.19 93.06 93.60 93.36 9320 93.40 93.89 9331 94.16

PROPORGAQ ATOMICA PARA 6 O

AMOSTRA 1234061 C2_D0OL_12 1234061_C2_DOL_13 1234061_C2_DOL_16 1234061 CLOOL_1LINE1 1234061_CI_DOL_1LINE 1 1234061_CI_DOL_1LINE1 1234061 CLDOL_1LINE 1 1234061_CI_DOL_1LINE 1 1234081_C1_DOL_1LINE1 1234061 CLDOL_TLINE 1 1234061_CILLDOL_1LINE 1 1234081_C1_DOL_1LINE1 1234061 CLDOL_1LINE1 1223142_C2_DOL_1
CARBONATO 0oL ooL noL ooL noL 0oL ooL noL 0oL ooL noL 0oL Dol noL
LITOLOGIA #pColopCET  ApCobopCBT  ApColopCBT  ApColep CET Ap Colop CBT #&p Celop CET Ap Colop CET Ap Colop CBT #p Celop CET Ap Colop CET Ap Colop CBT #p Colop CET Ap Colop CBT Ap Colop CBT
Si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00
Fe 0.0 0.01 0.02 0.00 0.00 0.00 0.00 0.07 0.00 0.0 0.0 0m 0.0 0.03
Mn 0.04 0.01 0.02 0.03 0.03 0.04 0.03 0.03 0.04 0.03 0.02 0m 0.03 0.01
Mg 0.95 0.96 0.93 0.96 0.95 0.95 0.97 0.90 0.95 0.95 0.95 0.94 0.95 0.94
Ca 1.01 1.02 1.02 1.02 1.03 1.02 1.01 1.02 1.02 1.02 1.03 1.02 1.02 1.03
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.02 0.01 0.00
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 2.03 2.01 20 2.02 2.02 2.03 2.02 2.02 2.04 2.03 2.01 2.01 2.02 2.00
F=0
TOTAL
CO2(N.O.) 1.99 1.99 1.99 1.99 1.99 1.98 1.99 1.99 1.98 1.98 1.99 2.00 1.99 2.00
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AMOSTRA
CARBONATO
LITOLOGIA
Si02(Mass%)
Al203(Mass%)
FeO{Mass%)
MnO{Mass®)
MgO{Mass)
CaO(Mass%)
BaO({Mass%)
SrO(Mass%)
La203(Mass%)
Ce203(Mass%)
503(Mass%)
F(Mass®)
TOTAL
F=0
TOTAL
coz
sum

ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

1223142_C2 DOL_2 1223142 C2_D0L_3 1223142 C2_DOL_4 1223142 _C1_DOL_1 122342 _CLD0L_2 1223142 C1LD0L_4 1223142 C1LDOL_5 1223142 _C1LDOL_6 1223142 C1LDOL_ T 1223142_C1LD0OL_& 1223142 _C1_DOL_5 1223142 _C1LDOL_10 1223142 _C1 DOL_1

Dolomita

ApatitaMgCET  ApatitaMgCET  ApatitaMgCET  ApatitaMgCET  ApatitaMgCET  ApatitaMgCET  ApatitaMg CET - ApatitaMg CET - ApatitaMg CET - Apatita Mg CET  Apatita MgCET  ApatitaMg CET

0.00
0.00
265
0.46
18.37
28.90
0.00
0.12
0.00
0.02

50.52

50.52

44.42
94.94

Dolomita

0.04
0.02
0.60
0.38
20.02
29.69
0.00
0.07
0.02
0.01

50.86

50.86

4557
96.43

PROPORGAO ATOMICA PARA 6 O

1223142_C2 DOL_2 1223142 C2_D0L_3 1223142 C2_DOL_4 1223142 _C1_DOL_1 122342 _CLD0L_2 1223142 C1LD0L_4 1223142 C1LDOL_5 1223142 _C1LDOL_6 1223142 C1LDOL_ T 1223142_C1LD0OL_& 1223142 _C1_DOL_5 1223142 _C1LDOL_10 1223142 _C1 DOL_1

AMOSTRA
CARBONATO
LITOLOGIA
Si
Al
Fe
Mn
Mg
Ca
Ba
Sr
La
Ce
S
F{N.O.)
TOTAL
F=0
TOTAL
CO2(N.0.)

ooL

Ap Colop CET
0.00
0.00
0.0v
0.01
0.90
1.02
0.00
0.00
0.00
0.00
0.00
0.00
2.0

2.00

DoL

Ap Colop CET
0.00
0.00
0.02
0.01
0.96
1.02
0.00
0.00
0.00
0.00
0.00
0.00
2

2.00

Dolomita

0.01
0.02
0.76
0.28
18.88
26.95
0.00
0.08
0.06
0.04

49.14

49.14
43.84
92.98

ooL

Ap Colop CET
0.00
0.00
0.02
0.01
0.94
1.03
0.00
0.00
0.00
0.00
0.00
0.00
2.0

2.00

Dolomita

0.03
0.05
0.98
0.27
18.68
28.89
0.00
0.09
0.02
0.04

49.12

4912
43.72
92.84

DoL

Ap Colop CET
0.00
0.00
0.03
0.01
0.93
1.03
0.00
0.00
0.00
0.00
0.00
0.00
20

2.00

Diolomita

0.00
0.04
0.53
0.39
19.75
29.23
0.05
0.18
0.08
0.00

50.28

50.28
44.92
95.20

DoL

Ap Colop CET
0.00
0.00
0.01
0.01
0.96
1.02
0.00
0.00
0.00
0.00
0.00
0.00
20

2.00

Dolomita

0.01
0.00
0.59
0.34
19.56
293
0.00
0.24
0.00
0.08

5015

50.15
4483
94.98

DoL

Ap Colop CET
0.00
0.00
0.02
0.01
0.95
1.02
0.00
0.00
0.00
0.00
0.00
0.00
2

2.00

Dclomita

0.00
0.01
0.49
0.32
19.19
29.73
0.00
0.18
0.00
0.04

50.02

50.02
44 67
94.69

DoL

Ap Colop CET
0.00
0.00
0.0
0.01
0.94
1.04
0.00
0.00
0.00
0.00
0.00
0.00
2

2.00

Dclomita

0.04
0.00
0.49
0.38
19.34
29.04
0.03
0.18
0.01
0.01

49.55

49.55
44 .30
93.85

DoL

Ap Colop CET
0.00
0.00
0m
0.01
0.95
1.03
0.00
0.00
0.00
0.00
0.00
0.00
2.

2.00

Dolomita

0.02
0.00
0.50
0.34
19.61
29.26
0.00
0.24
0.02
0.07

50,07

50.07
44.79
94.86

ooL

Ap Colop CBT
0.00
0.00
0.m
0.01
0.95
1.02
0.00
0.00
0.00
0.00
0.00
0.00
2

2.00

Dolomita

0.00
0.00
0.44
0.28
19.06
29.06
0.00
0.06
0.00
0.02

48.93

48.93
43.92
92.85

ooL

Ap Colop CET
0.00
0.00
0.01
0.01
0.95
1.04
0.00
0.00
0.00
0.00
0.00
0.00
2.0

2.00

Diolomita

0.02
0.00
1.98
0.44
18.21
28.76
0.00
0.21
0.00
0.00

49.62

49.62
43.75
93.37

DoL

Ap Colop CET
0.00
0.00
0.06
0.01
0.91
1.03
0.00
0.00
0.00
0.00
0.00
0.00
20

2.00

Dolomita

0.00
0.01
0.34
0.28
19.58
29.42
0.00
0.16
0.00
0.07

49.85

49.85
4475
94 .59

DoL

Ap Colop CET
0.00
0.00
0.0
0.01
0.95
1.03
0.00
0.00
0.00
0.00
0.00
0.00
2

2.00

Dolomita

Apatita Mg CBT

0.07
0.00
2.95
0.29
18.05
28.62
0.00
0.15
0.00
0.00

50.14
50.14

44.04
94.18

ool

Ap Colop CET

0.00
0.00
0.08
0.01
0.89
1.02
0.00
0.00
0.00
0.00
0.00
0.00
20

2.00
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

AMOSTRA 1223142_C1LDOL_13 1223142 _C1_D0OL_14 1223142 C1 DOL_15 1223142_C1_DOL_16 1223001_C5_DO0L_1 1223001_C5_DOL_2 1223001 C5_DOL_3 1223001_C5_DOL_4 1223001 C5_DOL_S 1223001_C5_DOL_6& 1223001_C5_DOL_T 1223001_C5_DOL_& 1223001 C5_DOL_3 1223001_C4_DOL_1LINET
CARBONATO Dolomita Diolomita Diolomita Dolomita Diolomita Diolomita Dolomita Diolomita Diolomita Diolomita Diolomita Diclomita Diclomita Diolomita
LITOLOGIA ApatitaMgCBT  ApatitaMg CEBT  ApatitaMg CBT  ApatitaMgCEBT - ApatitaMgCET - ApatitaMgCET - ApatitaMgCET  Apatita MgCBT  ApatitaMgCBT  ApatitaMgCBT  Apatita Mg CET - Apatita Mg CET  Apatita Mg CET Apatita Mg CET
Si02(Mass%) 0.00 0.03 0.00 0.00 0.00 0.01 0. 0.00 0.00 0.00 0.00 0m 0.03 0.00
AlI203({Mass%) 0.00 0.00 0.01 0.01 0.03 0.00 0.02 0.02 0.00 0.02 0.00 0.00 0.00 0.05
FeO(Mass%) 0.36 1.38 0.46 275 117 1.24 1.55 1.59 1.65 1.72 1.75 1.72 1.37 1.51
MnO(Mass®a) 0.31 0.44 0.32 0.47 0.31 0.37 0.30 0.33 0.33 0.29 0.27 0.27 0.27 0.25
MgO(Mass®a) 19.26 18.92 19.46 17.82 18.76 19.11 18.60 18.86 18.57 18.83 18.54 18.63 18.73 18.18
CaO{Mass'%) 2921 29.16 29.02 28.83 28.78 28.93 28.66 29.45 28.96 2917 29.46 28.64 29.01 28.93
BaO{Mass'%) 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00
SrO{Mass%) 0.16 0.10 0.10 0.09 0.30 0.26 0.25 0.29 0.24 0.22 0.3z 0.35 0.31 0.39
La203(Mass%) 0.01 0.01 0.00 0.00 0.04 0.02 0.00 0.02 0.00 0.00 0.00 0.05 0.00 0.00
Ce203(Mass%) 0.04 0.04 0.01 0.00 0.05 0.01 0.00 0.01 0.08 0.04 0.01 0.03 0.10 0.00
SO3(Mass%)
F(Mass%)
TOTAL 49.36 50.16 49.42 49.97 49.44 49.94 49.46 50.57 49.86 50.32 50.36 49.69 4982 49.40
F=0
TOTAL 49.36 50.16 49.42 49.97 49.44 49.94 49.46 50.57 49.86 50.32 50.36 49.69 4982 49.40
co2 4425 44 .45 4435 43.80 43.92 44.44 43.86 4479 4413 44 61 44 .57 44.02 4420 43.65
sum% 93.61 94.61 93.77 93.77 93.37 94.38 93.32 95.36 93.99 94.93 94.93 93.72 94.02 93.056

PROPORCAQ ATOMICA PARA 6 O

AMOSTRA 122342_C1D0L_13 1225142 CLD0L_ 14 1223142 _CLD0L 15 1223142 C1D0L_16 1223001 C5_DOL_1 1223001_C5_D0L_2 1223001 C5_D0L_3 1223001 C5_D0L_4 1223000 C5_DOLS 1223000 C5_DOL_6 1223001 C5_DOL_T 1223001 C5_D0L_E 12253001 C5_D0L_3 1223001 C4_D0L_1 LINE]
CARBONATO ooL ooL ooL ooL ooL ooL ooL ooL oaL DaL DaL ooL ooL ooL
LITOLOGIA Ap Calop CET Ap Calop CET Ap Calop CET Ap Colop CET ApColop CET  Ap Calop CET Ap Colop CET ApColop CET  ApCalop CET ApColop CET  Ap Colop CET ApColop CEBT  Ap Colop CET Ap Calop CET
Si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.01 0.04 0.01 0.08 0.03 0.03 0.04 0.04 0.05 0.05 0.05 0.05 0.04 0.04
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 0.01
Mg 0.95 0.93 0.96 0.89 0.93 0.94 0.92 0.92 0.92 0.92 0 0.92 0.92 0.9
Ca 1.03 1.03 1.03 1.03 1.03 1.02 1.02 1.03 1.03 1.02 1.04 1.02 1.03 1.04
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.01 0.01
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 2.0 2.0 2.0 2.0 2.01 2.01 2.0 2.0 2.0 20 2.0 2.0 2.0 2.0
F=0
TOTAL
CO2(N.O.) 2.00 1.99 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

144



ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

AMOSTRA 1223001_C4_DOL_1LIMEZ 1223001 C4_DOL_1LINEF 1223001_C4_DOL_1LINE4 1223001_C4_DOL_1LINES 1223001_C4_DOL_1LINES 1223001_C4_DOL_1LINES 1223001 C4_DOL_1LINEW 1223001 C4_DOL 1LINEN 1223001 C4_DOL_2LINEZ 1223001 C4_DOL_2LIME3 1223001 _C4_DOL_2 LIME4 1223001 C4_DOL_2 LINES 1223001_C4_DOL_2 LINEE 1223001_C4_DOL_2 LINET
CARBONATO Dolomita Dolomita Dolomita Dalomita Dalomita Dalomita Dolomita Dolomita Dolomita Dolomita Dolomita Dalomita Dolomita Dolomita
LITDLOGIA Apatita Mg CET Apatits Mg CET Apatits Mg CBT Apatita Mg CBT Apatita Mg CBT Apatita Mg CBT Apatita Mg CET Apatits Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatits Mg CBT Apatits Mg CBT
Si02(Mass%) 0.00 0.01 0.00 0.01 0.01 0.00 002 002 0.00 0.04 0.00 0.00 0.00 0.00
Al203(Mass%) 0.04 0.00 0.00 0.00 0.00 0.02 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.02
FeO(Mass%) 1.55 1.64 1.53 1.49 1.06 114 1.34 1.40 1.51 1.80 1.87 1.91 1.25 1.15
MnO(Mass%) 033 031 032 024 035 034 035 025 031 030 028 027 026 029
MgO(Mass%) 18.58 18.74 18.53 18.74 18.60 19.03 19.04 18.72 18.82 18.31 18.41 18.66 18.75 18.70
Ca0(Mass%) 28.68 28.43 28.67 28.98 28.92 29.03 28.94 28.71 29.08 29.29 28.91 29.11 29.15 29.09
BaO(Mass%) 0.00 0.07 0.00 0.00 0.02 0.04 0.02 0.04 0.06 0.02 0.00 0.00 0.00 0.00
SrO(Mass%) 0.18 0.29 0.13 0.27 0.29 021 0.36 0.26 0.18 0.22 0.35 0.32 043 0.38
La203{Mass%) 0.05 0.00 0.00 001 0.00 0.02 0.07 0.00 003 0.04 0.01 0.00 0.00 0.00
Ce203({Mass%) 0.02 0.05 0.06 0.03 0.00 0.06 0.04 0.00 0.01 0.00 0.02 0.00 0.04 0.02
S03(Mass%)
F{Mass®)
TOTAL 49.45 4961 4927 4984 4926 50.00 5020 49.40 5002 5017 4989 5031 4995 49 67
F=0
TOTAL 49.45 49.61 49.27 49.84 49.25 50.00 50.20 49.40 50.02 50.17 49.89 50.31 49.95 49.67
co2 43.83 43.94 4374 44.25 43.79 44.39 44.49 43.95 44.39 44.18 44.09 44.52 44.31 4.1
sum®% 93.28 9355 93.01 94.09 93.04 94.40 94 69 93.34 9441 94 35 93.99 94 83 94 26 93.78
PROPORGAQ ATOMICA PARA B O
AMOSTRA 1223001 C4_DOL_1LIMEZ 1223001 C4_DOL_1LINES 1223001 C4_DOL_1LINE4 1223001_C4_DOL_1LINES 1223001_C4_DOL_1LINES 1223001_C4_DOL_1LINES 1223001 C4_DOL_1LINEW 1223001 C4_DOL 1LINEN 1223001 C4_DOL_2LINE2 1223001 C4_DOL_2LIME3 1223001 _C4_DOL_2 LINE4 1223000 C4_DOL_2 LINES 1223001_C4_DOL_2 LINEE 1223001_C4_DOL_2 LINET
CARBONATO 0oL ooL 0oL 0oL 0oL 0oL 0oL ooL DoL DoL 0oL 0oL 0oL 0oL
LITDLOGIA Ap Colap CET Ap Colop CET Ap Colop CET Ap Colop CET Ap Colop CET Ap Colop CET Ap Colap CBT Ap Colop CBT Ap Colop CET Ap Colap CET Ap Colop CET Ap Colop CET Ap Colop CET Ap Colop CET
Si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.04 0.05 0.04 0.04 0.03 0.03 0.04 0.04 0.04 0.05 0.05 0.05 0.03 0.03
Mn 001 0.01 001 001 0.01 001 001 001 001 0.01 0.01 001 001 001
Mg 0.92 0.93 0.92 0.92 0.93 0.93 0.93 0.93 0.92 0.90 0.91 0.91 0.92 0.92
Ca 1.02 1.01 1.03 1.03 1.03 1.02 1.02 1.02 1.03 1.04 1.03 1.02 1.03 1.03
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.00 0.01 0.00 001 0.01 0.01 001 0.00 0.00 0.00 0.01 001 0.01 001
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 20 20 20m 200 201 201 20m 200 2m 2m 20 201 201 20m
F=0
TOTAL
CO2(N.0.) 200 200 200 200 200 200 200 200 200 200 200 200 200 200
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

AMOSTRA 1223001 C4_DOL_S 1223001 C4_DOL_¢ 1223001.C4_DOL_S 1223001_C4_DOL_& 1223001.C4_DOLT 1223001 C3_DOL_TLINET 1223001 O3 DOL_1LINEZ 1225001_C3_DOL_ILIMES 1223001 C3_DOL_TUNES 1223001 C3 DOL_TLINES 1225001.C3_DOL_1LIMEG 122500 C3_DOL_TLNET 1223001 C3_DOL_1LINES :3001.C5_DOL_1LIN23001_C2_DOL1_LIN
CARBONATO Dolomita Dolomits Dolomita Dalomita Dolomits Dilomita Diolomita Dilomita Dalomita Dolomits Dilomita Dolomits Diclomita Dolomita Dolomita
LITOLOGIA Apatita Mg CET Apatita Mg CET Apatita Mg CBT Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CBT Apatita Mg CET Apatita Mg CET Apatita Mg CET Apatita Mg CET ApatitaMaCBET  Apstita Mg OBT Apatita Mg CET
5i02{Mass’%) 0.05 0.00 0.01 0.00 0.00 0.00 0.03 0.06 0.00 0.01 0.00 0.00 0.02 0.01 0.00
AI203(Mass%) 0.00 0.01 0.03 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.06 0.03 0.00 0.01
FeO{Mass%) 1.56 1.56 157 157 1.82 1.20 118 113 232 1.72 1.69 1.82 1.90 1.66 1.90
MnO(Mass%) 0.32 0.30 0.37 0.28 0.26 0.32 0.30 0.32 0.29 0.39 0.38 028 0.28 0.38 0.36
MgO(Mass’) 18.63 18.77 18.49 18.02 18.69 18.80 16.50 18.83 18.17 16.84 18.69 18.57 18.38 18.75 18.70
CaQ(Mass%) 2578 2863 28.92 2542 2919 29.04 2928 28.80 2553 29.02 28.87 2937 2947 28.63 25.84
BaO(Mass%) 0.01 0.00 0.03 0.00 0.00 0.00 0.00 0.04 0.00 0.06 0.05 0.03 0.02 0.00 0.00
SrO{Mass®) 0.25 0.32 0.37 0.2 0.36 0.26 022 0.16 0.26 0 0.26 0.35 02 0.25 0.35
La203(Mass%) 0.00 0.01 0.07 0.00 0.02 0.00 0.03 0.04 0.00 0.00 0.00 0.00 0.00 0.07 0.00
Ce203(Mass%) 0.00 0.10 0.00 0.08 0.00 0.03 0.07 0.03 0.08 0.06 0.04 0.00 0.05 0.00 0.02
SO3(Mass%)
F(Mass%)
TOTAL 49.61 4973 49.86 48.63 50.37 4975 49.71 4941 49.65 50.31 4991 50.55 50.39 4975 50.18
F=0
TOTAL 4961 4973 49.86 48.63 5037 4975 4871 4941 49.68 50.31 4991 50.55 50.39 4875 5018
coz 44.00 44.06 44.01 43.04 44.53 44,16 44.00 4393 43.77 44.80 4417 44.89 44 46 44.06 44 36
sum% 93.61 93.79 93.87 91.67 94.94 9391 937 93.34 93.45 94.81 94.08 9514 94.85 93.81 94.54
AMOSTRA 1225001_C4_DOL_% 12EH00_C4_D0L_4 12E5001_C4_DOL_S 1225001_C4_DOL_6& 1225001 €4 DOLT 1223001 C3 DOL LNEY 1225001 C3 DOL {LNEZ 122500105 DOL_ALNES 1225000103 DOL 1LINES 1225001 C5 DOL_{LMES 1223001 C3_DOL1LNES 1223001 C3 DOLLNET 1223001 C3_DOL_1 LINES :3001_C3_DOL_1LIN23000_ 2 DOLL LIN
CARBONATO DoL oL DoL DoL oL DoL oL ooL DoL oL DoL oL DoL DoL ooL
LITOLOGIA #Ap Colop CET Ap Colop CET Ap Colop CET #Ap Colop CBT Ap Colop CET Ap Colop CET Ap Colop CBT Ap Colop CET #Ap Colop CBT Ap Colop CET Ap Colop CET Ap Colop CET Ap Colop CBT ApColopCET  ApColap CBT
Si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.04 0.04 0.04 0.04 0.05 0.03 0.03 0.03 0.06 0.05 0.04 0.05 0.05 0.05 0.05
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 0.01 0.01
Mg 0.92 0.93 0.92 0.91 0.91 0.93 0.92 0.93 0.91 0.92 0.92 0.91 0.90 0.93 0.92
Ca 1.02 1.02 1.03 1.03 1.03 1.03 1.04 1.03 1.02 1.02 1.02 1.03 1.04 1.02 1.02
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.00 0.01
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 20 2m 20m | 2.00 | 2m 2m | 2m | 2m 20 20m 2m
F=0
TOTAL
CO2{N.0.) 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

122500‘_04 ooL_ 122300‘_04 Dol 122300‘_04 oaL_ 122300‘_05 0oL I22300LC4 DOL_ 1223001_C3_DOL_ 1223001_C3_D0L_ 1223001_C3_D0L_ 1223001_C3_DOL_ 1223001_C3_DOL_ 1223001_C3_D0L_ 1223001_C3_DOL_ 1223001_C3_DOL_ 1223001_C3_00L_ 1223001_C2_DOLL

AMOSTRA 1LINE1 1LINEZ 1LINES 1LINE4 1LINES 1LINEE 1LINET 1LINES 1LINE1D LINES
CARBONATO Dolomita Diolomita Dolomita Diclomita Dolomita Dolomita Diolomita Dolomita Diclomita Dolomita Dolomita Diolomita Dolomita Diclomita Dolomita
LITOLOGIA Apatita Mg CBT Apatica Mg CET ApatitaMgCBT Apatita Mg CET ApatitaMgCBT Apatita Mg CET Apatita Mg CBT ApatitaMg CET Apatita Mg CBT  Apatita Mg CET  Apatita Mg CBT  Apatita Mg CBT  ApatitaMg CBT Apatita MgCBT  Apatita Mg CET
Si02(Mass%) 0.05 0.00 0.01 0.00 0.00 0.00 0.03 0.06 0.00 0.01 0.00 0.00 0.02 0.01 0.00
AI203(Mass®%) 0.00 0.01 0.03 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.06 0.03 0.00 0.01
FeO(Mass%) 1.56 1.56 157 1.57 1.82 1.20 1.18 113 232 172 1.59 1.82 1.90 1.66 1.90
MnO(Mass%) 0.32 0.30 037 0.28 0.26 0.32 0.30 0.32 0.29 0.39 0.38 0.28 0.28 0.38 0.36
MgO(Mass%) 18.63 18.77 15.49 16.02 18.69 15.80 18.50 18.83 18.17 15.84 15.69 18.57 18.38 18.75 18.70
CaO(Mass%) 28.78 28.63 28.92 2842 2919 29.04 29.28 28.80 28.53 29.02 28.87 29.37 2947 28.63 28.84
BaO(Mass%) 0.01 0.00 0.03 0.00 0.00 0.00 0.00 0.04 0.00 0.06 0.05 0.03 0.02 0.00 0.00
SrO{Mass%) 0.25 0.32 037 0. 0.36 0.26 0.22 0.16 0.26 01 0.26 0.35 021 0.25 035
La203(Mass%) 0.00 0.01 0.07 0.00 0.02 0.00 0.03 0.04 0.00 0.00 0.00 0.00 0.00 0.07 0.00
Ce203(Mass%) 0.00 0.10 0.00 0.06 0.00 0.03 0.07 0.03 0.06 0.06 0.04 0.00 0.05 0.00 0.02
F{Mass')
TOTAL 49.61 49.73 49.86 48.63 50.37 49.75 49.71 49.41 49.68 50.31 49.9 50.55 50.39 49.75 50.18
F=0
TOTAL 4961 4973 4986 48.63 50.37 4975 49711 4941 49 68 5031 4991 50.55 50.39 4975 50.18
co2 44.00 44.06 4401 43.04 4458 4416 44.00 43.93 4377 4450 4417 4459 44 46 4406 4436
sum® 93.61 93.79 93.87 91.67 94.94 939 93.mM 93.34 93.45 94.81 94.08 95.14 94.85 93.81 94.54
PROPORCAO

ATOMICA PARA 6 O

122500‘_04 ooL_ 122300‘_04 Dol 122300‘_04 oaL_ 122300‘_05 0oL I22300LC4 DOL_ 1223001_C3_DOL_ 1223001_C3_D0L_ 1223001_C3_D0L_ 1223001_C3_DOL_ 1223001_C3_DOL_ 1223001_C3_D0L_ 1223001_C3_DOL_ 1223001_C3_DOL_ 1223001_C3_00L_ 1223001_C2_DOLL

AMOSTRA 1LINE1 1LINE2 1LINEZ 1LINE4 1LINES 1LINEE 1LINET 1LINES 1LINEID LINES
CARBONATO DoL ooL ooL DoL ooL DoL ooL ooL DoL ooL DoL ooL ooL Dol ooL
LITOLOGIA fipatita Mg CET Apativa Mg CBT ApatitaMg CET Apatita Mg CET ApatitaMgCET Apatita Mg CET Apatica Mg CET ApatitaMg CET Apatita Mg CET ApatitaMg CET Apatita Mg CET Apatita Mg CET ApatitaMg CET Apatita Mg CET  Apatita Mg CET
Si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.04 0.04 0.04 0.04 0.05 0.03 0.03 0.03 0.06 0.05 0.04 0.05 0.05 0.05 0.05
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 0.01 0.01
Ca 1.02 1.02 1.03 1.03 1.03 1.03 1.04 1.03 1.02 1.02 1.02 1.03 1.04 1.02 1.02
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.00 0.01
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F{N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 2.01 201 2.0 201 2.00 2.01 201 2.0 201 2.01 2.01 201 2.0 2.0 2.0
F=0
TOTAL
CO2(N.O.) 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

AMDSTRA 1223142_CARBZON_3 1225142_CARBZOM_6 1223142_CARBZON_13 1234042_CARB_SIDGRAMDE Line 025 1254042_CARB_SIDGRAMDE Line D27 1234042_CARB_SIDGRAMDE Line 030 1234061 CARE_DOLZON_2 1254061_CARE_DOLZON_3 1234061_CARB_DOLZON_& 1254061_CARE_DOLZON_S 1254061 _CARB_DOLZON_6 1234061 _CARE_DOLZON_T 1254061 CARE_DOLZON_S
CARBONATO Fe dolomita Fe dalomita Fe dalomita Fe dolomita Fe dolomita Fe dalomita Fe dolomita Fe dalomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita
LITOLOGIA ApstitsMgCET  ApstitaMgCET  Apatita Mg CET Fe CET tardio Fe CET tardio Fe CBT tardia Apstits MgCET Apatita Mg CET Apstita Mg CET Apstits Mg CET Apstits Mg CET Apstits Mg CET Apstita Mg CET
5i02{Mass%) 0.00 0.21 0.14 0.02
Al203(Mass%) 0.31 0.10 8.84 0.82 0.13 0.02 0.05 0.01 0.09 0.08 0.09 0.01 0.14
FeO(Mass%) 3.29 210 3.14 8.85 8.03 4.63 5.04 5.01 3.65 4.06 587 3.39 338
MnO{Mass%) 0.42 0.38 oM 0.59 0.59 0.39 0.18 0.24 0.22 0.13 0.23 0.30 0.13
MgO{Mass%) 17.68 18.85 13.23 14.18 1454 16.74 17.12 17.09 1777 17.58 16.36 18.16 18.42
CaO(Mass%) 2872 2595 2678 26.38 26.84 2925 2853 2582 26.69 2543 2821 2612 25.62
BaO(Mass’%) 0.01 0.00 0.01 0.01 011 0.01 0.00 0.01 0.03 0.00 0.02 0.01 0.02
SrO(Mass%) 0.70 0.58 0.56 0.04 044 010 0.02 0.00 0.08 055 0.10 075 0.19
La203(Mass’%) 0.00 0.00 0.00 0.00 0.01 0.01 0.04 0.00 0.00 0.00 0.02 0.01 0.01
Ce203(Mass%) 0.01 0.05 0.05 0.06 0.11 0.02 0.03 0.01 0.05 0.04 0.03 0.04 0.03
S03(Mass%) 0.00 0.00 0.05 0.02 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00
F(Mass%) 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00
TOTAL 5115 51.09 53.72 53.16 52.96 a1 51.00 5119 5057 50.88 51.00 5133 50.95
F=0 0.00 -0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.02 0.00 0.00
TOTAL 5115 51.06 5372 53.16 52 96 511 51.00 5119 5057 50.88 5098 5133 5095
coz 4417 44 84 37.63 43.20 43.66 44 12 44 18 44 35 4420 4423 43.65 44 30 44.73
sum‘% 9531 95.89 9135 96.37 96.62 9534 95 18 9554 9476 9511 94 63 9563 9568
AMDSTRA 1ZEFI42_CARBZON_3 1225142_CARBZOM_6 1223142_CARBZON_13 1254042_CARE_SIDGRAMDE Line 025 1254042_CARE_SIDGRAMDE Line 027 1234042_CARE_FIDGRAMDE Line 030 1234061 CARE_DOLZON_2 1254061_CARE_DOLZON_3 1234061_CARE_DOLZON_& 1254061_CARE_DOLZON_S 1254061 _CARE_DOLZON_6 1254061 _CARE_DOLZON_T 1254061 CARE_DOLZON_§
CARBONATO Fe dolomita Fe dalomita Fe dalomita Fe dolomita Fe dolomita Fe dalomita Fi dolomita Fe dalomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita
LITOLOGIA ApstitsMgCET  ApstitaMgCET  Apatita Mg CET Fe CET tardio Fe CET tardio Fe CBT tardia Apstits MgCET Apatita Mg CET Apstita Mg CET Apstits Mg CET Apstits Mg CET Apstits Mg CET Apstita Mg CET
Si 0.00 0.00 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00
Al 0.01 0.00 0.36 0.03 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Fe 0.09 0.06 0.09 0.25 0.22 0.13 0.14 0.14 0.10 0.11 0.16 0.09 0.09
Mn 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.00
Mg 0.87 091 0.69 0.7 0.72 0.83 0.84 0.84 0.88 087 0.82 0.89 0.90
Ca 1.02 101 1.00 1.02 1.03 1.04 1.01 1.02 1.02 1.01 1.01 0.99 1.00
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(N.O.) 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 2m 20 220 203 202 20 200 2.00 201 2.00 201 201 201
F=0
TOTAL
CO2(N.0.) 198 199 1.80 197 199 2.00 2.00 2.00 2.00 2.00 199 199 2.00
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

1234042 _CARE_ 1234042 _CARE_ 1234042 CARE_
1223142 _CARBZON 1223142_CARBZON 1223142 _CARBZON ZIDGRAMNDE Line FIDGRAMDE Line  $IDGRANDE Line 1234061 _CARE_DO 1234061_CARE_DO 1234061 CARE_DO 1234061_CARE_DO 1234061_CARE_DO 1234061 _CARE_DO 1234061_CARE_DO

AMODSTRA _3 _& _1 025 vzt 030 LZon_2 L2ZON_3 LZOn_4 LZON_5 LZON_E L2Zon_T L2ZON_&
CARBONATO Fe dolomita Fe dolomita Fe dolomita Fedolomita  Fedolomita  Fedolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita
LITOLOGIA Apatita Mg CET  Apatita Mg CET  ApatitaMgCBT Fe CETtardio FeCBTtardic Fe CBTtardio ApatitaMgCET  Apatita Mg CET  ApatitaMgCET - ApatitaMg CET - ApatitaMg CBT - Apatita Mg CBT - Apatita Mg CBT
Si02{Mass®) 0.00 0.00 0.64 0 0.14 0.02 0.00 0.00 0.00 0.00 0.02 0.54 0.00
Al203{Mass%) 0.3 0.10 5.64 0.82 013 0.02 0.05 0.;m 0.09 0.08 0.09 0.0 014
FeO{Mass®) 329 210 314 8.85 8.03 4.63 504 50 3.65 4.06 5.87 3.39 3.38
MnO{Mass®) 0.42 0.38 041 0.59 0.59 0.39 0.18 0.24 022 013 0.23 0.30 013
MgO{Mass®) 17.68 18.85 13.23 14.18 14.54 16.74 1712 17.09 1777 17.58 16.36 18.16 18.42
CaO(Mass%) 28.72 28.95 26.78 28.38 28.84 2925 28.53 28.82 28.69 2843 2821 28.12 28.62
BaO(Mass%) 0.01 0.00 0.01 0. 0.1 0.01 0.00 0.; 0.03 0.00 0.02 0.01 0.02
SrO(Mass%) 0.70 0.58 0.56 0.04 0.44 0.10 0.02 0.00 0.08 0.55 0.10 0.75 0.18
La203(Mass%) 0.00 0.00 0.00 0.00 0.0 0.01 0.04 0.00 0.00 0.00 0.02 0.01 0.
Ce203(Mass%) 0.01 0.058 0.058 0.086 0.1 0.02 0.03 0.; 0.0 0.04 0.03 0.04 0.03
S03(Mass%) 0.00 0.00 0.05 0.02 0.0 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00
F{Mass%) 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00
TOTAL 5115 51.09 53.72 53.16 52.96 5121 51.00 51.19 80.57 50.88 51.00 51.33 50.95
F=0 0.00 -0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.02 0.00 0.00
TOTAL 5115 51.05 53.72 53.16 52.96 1.1 51.00 5118 50.57 50.88 50.98 51.33 50.95
co2 417 4484 37.63 4320 43.66 4412 4418 4435 4420 4423 4365 4430 44.73
sum‘e 9531 95.89 91.35 96.37 96.62 95.34 95.18 95.54 94.76 95.11 94.63 95.63 95.68
PROPORCAQ ATOMICA
PARABO

1234042 _CARE_ 1234042_CARE_ 1234042 CARE_
1223142_CAREBZ0N 1223142 CARBZ0OMN 1223142 CAREZOM SIDGRAMDE Line  ZIDGRAMDE Line  ZIDGRAMDE Line 1234061_CARE_DO 1234061 CARE_DO 1234061_CARE_DO 1234061 CARE_DO 1234061_CARE_DO 1234061 CARE_DO 1234061 CARE_DO

AMODSTRA _3 _& _13 025 0z1 030 LZON_2 LZON_3 LZON_4 LZON_5 LZON_& LZON_T LZON_&
CARBONATO Fe dalomita Fe dalomita Fe dalamita Fedaolomita  Fedolomita  Fedolamita Fe dalomita Fe dalomita Fe dalamita Fe dalamita Fe dalomita Fe dalomita Fz dalamita
LITOLOGIA Apatita Mg CBT  Apatita Mg CBT  ApatitaMgCBT Fe CETtardic FeCBTtardic FeCETtardic  ApatitaMgCBT  Apatita MgCBT  ApatitaMgCEBT  ApatitaMgCET  ApatitaMgCBT  Apatita Mg CBT  Apatita Mg CET
Si 0.00 0.00 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00
Al 0.01 0.00 0.36 0.03 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Fe 0.09 0.06 0.09 0.25 0.22 013 0.14 0.14 0.10 0.1 0.16 0.09 0.09
Mn 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.00
Mg 0.87 0.9 0.69 0.71 0.72 0.83 0.54 0.584 0.88 0.87 0.82 0.89 0.90
Ca 1.02 101 1.00 1.02 1.03 1.04 1.01 1.02 1.02 1.01 1.01 0.99 1.00
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.01 0o 0.01 0.00 0.1 0.00 0.00 0.00 0.00 0.0 0.00 0.0 0.00
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(N.O.) 0.00 0. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 2 20 220 2.03 2.02 2 2.00 2.00 2 2.00 2 2 20
F=0
TOTAL
CO2(N.0.) 1.99 1.99 1.80 1.97 1.99 2.00 2.00 2.00 2.00 2.00 1.99 1.99 2.00
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

1234063_CARE_Z 1234063 _CARE_Z 1234063_CARE_Z 1234063 _CARE_ 1234063_CARE_ 1234063 _CARE_ 1234063_CARE_M 1234063 _CARE_M 1234063 _CARE_M 1234063_CARE_M 1234063_CARE_M 1234063_CARE_M 1234063_CARE_M 1234063_1 CAF!B MASEA_T

AMOSTRA ONEORDA_T ONEORDA_IS ONEORDA_IG MAZEA_T MATEA_2 MAZEA_F AZEA_4 AZEA_G AZEA_T ATEA_S AZEA_D AZEA_IO AZEA_12
CARBONATO Fe dolomita Fe dolomita Fe dolomita Fedolomita  Fedolomita  Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita
Apatita Mg Apatita Mg Apatita Mg
LITOLOGIA Apatita Mg CET  ApatitaMgCET  Apatita Mg CET CET CET CET Apatita Mg CET  ApatitaMg CET  ApatitaMg CET  ApatitaMgCET  ApatitaMgCET  Apatita Mg CET  Apatita Mg CET Apatita Mg CET
Si02(Mass®%) 0.01 0.00 0.04 0.01 0.02 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00
Al203{Mass%) 0.02 0.01 0.08 0.1 0.25 0.01 0.08 0.09 0.00 0.00 0.01 0.1 0.02 0.05
FeO(Mass%) 773 474 6.88 517 507 4.98 422 346 0.97 599 356 525 524 599
MnO(Mass®%) 1.14 0.68 1.21 0.95 1.11 0.72 0.32 0.55 0.88 2.18 0.85 24 0.80 0.75
MgO(Mass®%) 14.71 16.77 15.14 16.13 16.11 16.23 17.43 17.27 17.83 15.15 17.42 15.54 16.76 16.50
CaO(Mass%) 28.56 28.58 26.47 28.76 29.02 29.05 279 29.57 29.14 28.22 29.14 28.07 28.28 28.39
BaO(Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.00 0.01 0.01
SrO{Mass%) 0.00 0.32 0.02 0.26 0.10 0.52 1.65 0.65 0.27 0.15 07 0.62 0.13 0.08
La203(Mass%) 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00
Ce203(Mass%) 0.04 0.08 0.04 0.04 0.00 0.04 0.04 0.07 0.05 0.03 0.02 0.03 0.04 0.02
S03(Mass%) 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00
F(Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 52.23 51.20 51.88 51.45 51.68 51.57 51.65 51.66 49.12 51.74 51.22 52.14 51.28 51.80
F=0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 52.23 51.20 51.88 51.45 51.68 51.57 51.65 51.66 49.12 51.74 51.22 52.14 51.28 51.80
coz2 43.22 43.80 43.10 43.47 43.51 43.80 44.23 4446 43.04 42.43 4415 42.48 4377 44.01
sum% 95.45 94.99 94.98 94.92 95.19 95.37 95.88 96.12 92.16 94.16 95.37 94 .62 95.05 95.81
PROPORCAD ATOMICA
PARA G O
1234063_CARE_Z 1234063 _CARE_Z 1234063_CARE_Z 1234063 _CARE_ 1234063_CARE_ 1234063 _CARE_ 1234063_CARE_M 1234063_CARE_M 1234063 _CARE_M 1234063_CARE_M 1234063_CARE_M 1234063_CARE_M 1234063_CARE_M 1234063_CARE_MASSA_1
AMOSTRA ONEORDA_T ONEORDA_IS ONEORDA_IG MAZEA_T MATEA_2 MAZEA_F AZEA_4 AZEA_G AZEA_T ATEA_S AZEA_D AZEA_IO AZEA_12 3
CARBONATO Fe dolomita Fe dolomita Fe dolomita Fedolomita  Fedolomita  Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita
Apatita Mg Apatita Mg Apatita Mg
LITOLOGIA Apatita Mg CET  Apatita Mg CBT  Apatita Mg CET CBT CBT CET ApatitaMgCET  ApatitaMgCBT  ApatitaMgCBT - ApatitaMgCEBT  ApatitaMg CBT  Apatita Mg CBT - Apatita Mg CET Apatita Mg CET
Si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00
Fe 0.22 0.13 0.19 0.14 0.14 0.14 0.12 0.09 0.03 017 0.10 0.15 0.15 017
Mn 0.03 0.02 0.03 0.03 0.03 0.02 0.01 0.02 0.03 0.06 0.02 0.07 0.02 0.02
Mg 0.74 0.83 0.76 0.81 0.80 0.81 0.86 0.85 0.90 0.77 0.86 0.79 0.83 0.82
Ca 1.03 1.02 1.03 1.03 1.04 1.04 0.99 1.04 1.06 1.03 1.03 1.02 1.01 1.01
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.00 0.01 0.00 0.01 0.00 0.01 0.03 0.01 0.01 0.00 0.00 0.01 0.00 0.00
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 2.02 2.0 2.03 2.02 2.03 2.0 2.01 2.0 2.02 2.04 2.02 2.05 2.02 2.02
F=0
TOTAL
CO2(N.O.) 1.99 1.99 1.99 1.99 1.98 1.99 2.00 1.99 1.99 1.98 1.99 1.97 1.99 1.99

150



ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

1234063_CARE_M 1234085 CARE_MASE 1223001 CARE_DO 1223001_CARE_DO 1225001 CARB_DO 122300 CARE_DO 1223001_CARE_DO 1223001_CARB_DO 1223001 CARE_DO 1223001 CARE_DO 1225001 CARE_DO 1223001 CARE_DO 1223001_CARE_DO 1223001 CARB_DOL 1223001 CARE_DOL

AMOSTRA ASTA_IE A15 LEGRDA_T LEORDA_Z LEORDA_S LEORDA_4 LEORDA_S LMAESA_L LMASSA_2 LMAESA_S LMASEA_4 LCAY_1T Loav_2 CAV_3 CAv_d
CARBONATO Fe dalomita Fe daolomita Fe dolomita Fe dalomita Fe daolomita Fe dalomita Fe dalomita Fe dalomita Fe dalomita Fe dolomita Fe dalomita Fe dolomita Fe dalomita Fe dalomita Fe dalomita
LITOLOGIA Apatita Mg CET Apatita Mg CET Apatita Mg CET  ApatitaMgCET  ApatitaMgCBT  ApatitaMgCET  ApatitaMgCET  ApatitaMgCET  ApatitaMgCET  ApatitaMgCET  ApatitaMgCET  ApatitaMgCET  ApatitaMgCBT  ApatitaMgCEBT  Apatita Mg CET
$i02(Mass%) 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al203(Mass%) 0.24 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.00 0.09 0.09 0.1 0.1 0.12 0.05
FeO{Mass%) 240 263 6.23 4.65 326 328 7.51 5.60 53 6.09 5.82 4.66 4.86 5.85 587
MnO(Mass%) 1.34 0.92 0.32 041 0.41 0.37 0.18 0.39 0.58 041 0.16 0.07 0.16 0.41 0.38
MgO(Mass%) 14.32 18.09 16.32 17.38 17.56 17.36 15.45 16.31 16.41 16.08 16.64 17.18 16.55 16.17 16.39
CaO(Mass%) 2899 29.09 29.02 28.52 29.96 3019 28585 29.24 2903 29.09 2321 29.44 2913 28.96 2917
BaO(Mass%) 0.04 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.01 0.05 0.00 0.00 0.02 0.01 0.01
SrO({Mass%) 0.00 015 0.07 028 014 01 018 012 023 019 0.01 015 0.03 015 017
La203(Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.0
Ce203(Mass%) 0.05 0.02 0.02 0.03 0.04 0.08 0.05 0.05 0.06 0.04 0.04 0.07 0.04 0.06 0.03
S$03(Mass%) 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 4743 5091 51.98 51.28 51.39 51.39 51.94 5177 51.63 52.03 5197 51.68 50.90 51.76 52.08
F=0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 4743 50.91 51.98 51.28 51.39 51.39 51.94 5177 51.63 52.03 5197 51.68 50.90 51.76 52.08
coz2 3988 44 26 44 44 44 33 4475 4472 4397 44 25 44 06 441 44 66 44 80 4393 4404 4447
sum% 87.31 9517 96.42 95.61 96.14 96.11 95.91 96.02 95.70 96.25 96.63 96.48 94 .84 95.80 96.55
PROPORGAD

ATOMICA PARA 6
0

1254063_CARE_M 1234063 CARE_MASE 1285001 CARE_DO 1223001 CARE_DO 1225001 CARE_DO 122300 CARE_DO 1223001_CARE_DO 1225001_CARE_DO 1225001 CARE_DO 122300 CAREB_DO 122300 CARE_DO 1225000 CARE_DO 1223001_CARB_DO 1223001 CARB_DOL 1223001 CARE_DOL

AMOSTRA ASTA_14 A5 LBORDA_1 LBORDA_2 LBORDA_3 LBORDA_4 LBORDA_S LAAassa | LMASEA_2 LMASEA_ 3 LMAZEA_4 LoAv_1 LCAV_2 CAY_3 CAY_4
CARBONATO Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomits Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita
LITOLOGIA ApatitaMgCBT  Apatita Mg CET Apatita Mg CBT  ApatitaMaCBT  ApatitaMaCBT  ApatitaMg CBT  ApatitaMgCET  ApatitaMgCET  Apatita Mg CBT - ApatitaMg CBT  ApatitaMaCBT  Apatita Ma CBT  ApatitaMgCBT  ApatitaMgCET  Apatita Mg CET
Si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.07 0.07 017 0.13 0.09 0.09 0.21 0.15 0.15 0.17 0.16 0.13 0.14 0.16 0.16
Wn 0.04 0.03 0.01 0.01 0.01 0.01 0.00 0.01 0.02 0.01 0.00 0.00 0.00 0.01 0.01
Mg 0.78 0.89 0.80 0.85 0.86 0.85 0.77 0.80 0.81 0.79 0.81 0.84 0.82 0.80 0.80
Ca 113 1.03 1.02 1.01 1.05 1.06 1.02 1.03 1.03 1.03 1.02 1.03 1.04 1.03 1.03
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 203 202 20 2.0 20 20 2.00 20 2 20 2.00 2.00 2.0 20 2.0
F=0
TOTAL
CO2(N.0.) 1.98 1.99 2.00 2.00 2.00 2.00 2.00 2.00 1.99 1.99 2.00 2.00 2.00 1.99 2.00
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

1223001_CARE_DO 1223001_CARE_DO 1223001_CARE_DO 1223001_CARE_ 1223001_CARE_

1223001_CARE_ 1223001 CARE_DO 1223001_CARE_DO 1223001_CARE_DO 1223001_CARE_DO 1223010_CARE_AS 1223010_CARE_DO 1223010_CARE_DO 1223010_CARE_DOLPERFI

AMOSTRA LEORDAZIRC_S LEORDAZIRC_& LEORDAZIRC_T DOLRUATZ A DOLQUATZ 2 DOLRUATZ_3 LRIATZ 4 LEORDAQUATZ 3 LEORDARUATZ 4 LEORDARUATZ_S FOCETZ_21 LPERFIL Line 001 LPERFIL Line 004 L Line 005
CARBONATO Fe dolomita Fe dolomita Fe dolomita Fedolomita  Fedolomita  Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita
Apatita Mg Apatita Mg Apatita Mg
LITOLOGIA ApatitaMgCET  Apatita Mg CET  Apatita Mg CET CET CET CET Apatita Mg CET  ApatitaMg CET  Apatita Mg CET  ApatitaMgCET  FeCBETtardio  FeCETtardio  FeCET tardio Fe CET tardio
Si02(Mass%) 0.00 0.00 0.00 0.03 0.07 0.03 0.01 0.01 0.06 0.06 0.00 0.00 0.00 0.00
Al203({Mass%) 0.02 0.01 0.00 0.02 0.01 0.16 0.05 0.01 0.01 0.01 0.01 0.00 0.01 0.01
FeOQ(Mass%) 5.67 6.57 7.47 4.66 4.94 5.50 5.14 532 8.75 7.12 9.53 9.28 9.25 7.80
MnO{Mass's) 0.33 0.36 0.37 0.37 0.41 0.04 0.31 0.72 0.60 0.57 175 1.44 1.28 1.05
MgQO(Mass') 16.48 16.01 15.587 17.36 17.39 16.60 16.77 16.52 14.49 15.65 13.52 13.79 14.04 15.24
CaO(Mass%) 29.00 26.89 2917 26.66 28.52 29.35 26.90 29.16 29.19 29.00 26.14 2811 28.09 28.36
BaO(Mass%) 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.03 0.03 0.00 0.00 0.00
SrO(Mass%) 0.04 0.05 0.05 0.37 0.39 0.12 0.21 0.00 0.00 0.00 0.20 0.00 0.18 0.44
La203({Mass%) 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce203({Mass%) 0.03 0.03 0.01 0.04 0.04 0.00 0.05 0.05 0.05 0.00 0.05 0.08 0.03 0.01
$03(Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 51.56 51.91 52.63 51.52 8177 51.83 5145 51.78 53.15 52.45 53.24 52.70 52.88 52.91
F=0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 51.56 51.91 52.63 51.52 8177 51.83 5145 51.78 53.15 52.45 53.24 52.70 52.88 52.91
coz 44.24 44.20 44.48 44.47 44.57 44 .58 44.23 4418 44.10 44.22 42.79 42.81 43.13 43.87
sumY 95.80 96.11 97.12 95.99 96.33 96.41 95.68 95.96 97.25 96.66 96.03 95.52 96.01 96.77
PROPORGAQ ATOMICA
PARAG O
1225001_CARE_DD 1223001_CARE_DO 1223001_CARE_DD 1223001 CARE. 1223001_CAREL 1223001_CAREL 122300 CARE_DN 1223001 CARE_DO 1223001 CARE_DN 1223001 CARB_DN 1225010_CARE_AS 1223010_CARE_DO 1225010_CARE_DO 1225010_CARE_DOLPERF]
AMOSTRA LEORDAZIRC_S LEORDAZIRC_& LEORDAZIRC_T DOLRUATZ_1 DOLRUATZ 2 DOLRUATZ_3 LRUATZ_4 LEORDAQUATZ_3 LEORDAQUATZ_4 LEORDARUATZ_S FOCATZ_2 LPERFIL Line 001 LPERFIL Line 004 L Line 005
CARBONATO Fe dolomita Fe dolomita Fe dolomita Fedolomita  Fedolomita  Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita
Apatita Mg Apatita Mg Apatita Mg
LITOLOGIA ApatitaMg CET  Apatita Mg CET  Apatita Mg CET CBT CET CBT Apatita Mg CBT  Apatita Mg CET  ApatitaMgCET  ApatitaMgCET  Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio
Si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.16 0.18 0.1 013 0.14 0.15 0.14 0.15 0.24 0.20 0.27 0.26 0.26 0.22
Mn 0.01 0.1 0.01 0.01 0.01 0.00 0.01 0.02 0.02 0.02 0.05 0.04 0.04 0.03
Mg 0.81 0.79 0.76 0.85 0.85 0.81 0.83 0.81 0.7 0.77 0.68 0.70 0.7 0.76
Ca 1.03 1.02 1.03 1.01 1.00 1.03 1.02 1.03 1.04 1.03 1.02 1.02 1.02 1.01
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 2.0 2Mm 2.0 2.0 2.0 2.00 2.0 2.0 2Mm 2.0 2.03 2.03 2.02 2.02
F=0
TOTAL
CO2(N.O.) 2.00 2.00 2.00 2.00 1.99 2.00 2.00 1.99 1.99 1.99 198 1.99 1.99 1.99
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

1223010_CARE_DO 1223010_CARE_DOLPE 1223010_CARE_DO 1223010_CARE_DO 1223010_CARE_DO 1223010_CARE_DO 1223010_CARE_DO 1223010_CARE_DO 1223010_CARE_DO 1223010_CARE_DO 1223010_CARE_DO 1223010_CARE_DO 1223010_CARE_DO 1223010_CARE_DOL 1223010_CARE_DOL

AMOSTRA LPERFIL Line 006 RFIL Line 015 LPERFIL Linc 016 LPERFIL Line 07 LPERFIL Line 015 LPERFIL Line 021 LPERFIL Line 022 LPERFIL Line 023 LPERFIL Line D24 LPERFIL Line 025 LPERFIL Line 026 LPERFIL Line 027 LPERFIL Line 025 PERFIL Line 023 PERFIL Line 030
CARBONATO Fe dalomita Fe dalomita Fe dalomita Fe dalomita Fe dolomita Fe daolomita Fe dolomita Fe dolamita Fe dalomita Fe dalomita Fe dolomita Fe daolomita Fe dolomita Fe dalomita Fe daolomita
LITOLOGIA Fe CBT tardio Fe CEBT tardio Fe CBT tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CBT tardio FeCBT tardio Fe CBT tardio Fe CBT tardio Fe CET tardio Fe CET tardio Fe CBT tardio Fe CBT tardio Fe CET tardio
Si02(Mass%) 0.00 0.00 0.00 0.00 0.00 0.02 0.05 0.00 0.00 0.06 0.00 0.02 0.02 0.01 0.00
Al203(Mass%) 0.16 0.18 0.00 0.00 0.05 0.m 0.25 0.08 0.00 0.13 0.01 012 0.02 0.02 0.06
FeO(Mass%) 8.11 8.17 .88 5.69 8.27 i 5.12 749 7.67 5.80 6.70 6.22 6.57 710 6.72
MnO{Mass%) 1.13 1.28 1.86 1.73 2.08 0.35 0.86 0.84 0.88 043 037 0.52 0.62 0.99 0.98
MgO(Mass%) 14.81 14.47 13.88 13.82 13.70 15.31 14.08 14.89 15.22 15.74 15.03 15.64 15.48 14.89 15.24
CaQ(Mass%) 28.26 28.36 28.28 2832 2821 28.65 28.28 28.61 28.20 2954 2841 29.38 29.08 29.22 29.06
BaQ(Mass%) 0.01 0.02 0.00 0.00 0.0 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00
SrO{Mass%) 0.22 0.15 0.02 0.22 0.25 0N 0.03 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00
La203(Mass®%) 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.0
Ce203(Mass') 0.05 0.02 0.06 0.06 0.05 0.04 0.07 0.04 0.04 0.02 0.03 0.01 0.05 0.06 0.03
S03(Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 52.75 52.66 52.98 52.84 52.63 52.29 51.74 51.95 52.09 51.75 50.56 51.90 51.87 52.29 521
F=0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 52.75 52.66 52.98 52.84 52.63 52.29 51.74 51.95 52.09 51.75 50.56 51.90 51.87 52.29 521
co2 4342 4313 42,81 4274 4228 4402 4256 433 4348 4392 4282 4394 4377 4355 4357
sum' 96.17 95.79 95.80 95.58 94.91 96.31 94.30 95.27 95.57 95.67 93.37 95.84 95.64 95.84 95.68
PROPORCAO
ATOMICA PARA 6
0
1223010_CARB_DO {225010_CARE_DOLPE 1223010_CARE_DO 1223010_CARE_DO0 1223010_CARE_D0 1223010_CARE_DO 1223010_CARE_DO 1223010_CARE_DO 1223010_CARE_D0 1223010_CARE_DD 1223010_CARE_D0 1223010 CARB_DD 1223010_CARE_DO 1223010_CARE_DOL 1223010_CARB_DOL
AMOSTRA LPERFIL Line 006 FFIL Line 015 LPERFILLine 016 LPERFILLine ™7  LPERFILLine 013  LPERFILLine021  LPERFILLine02&  LPERFILLine023  LPERFILLine 024 LPERFILLine 025  LPERFILLine 026 LPERFILLine 027  LPERFILLine028  PERFIL Line 023 FERFIL Line 030
CARBONATO Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita
LITOLOGIA Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CBT tardio FeCBT tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CBT tardio Fe CET tardio Fe CET tardio
Si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.01 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
Fe 0.23 0.23 0.25 0.25 0.24 0.22 0.23 0.2 0.22 0.16 013 07 0.18 0.20 0.19
Mn 0.03 0.04 0.05 0.05 0.06 0.0 0.02 0.02 0.03 0.01 0.01 0.01 0.02 0.03 0.03
Mg 0.74 0.73 0.70 0.70 0.70 0.76 0.72 0.75 0.76 0.78 077 077 077 0.74 0.76
Ca 1.01 1.02 1.03 1.03 1.04 1.02 1.04 1.03 1.01 1.05 1.04 1.05 1.04 1.05 1.04
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 202 203 2.04 2.03 2.04 20 202 2.02 202 2.01 20 20 20 2.02 2.02
F=0
TOTAL
CO2(N.0.) 1.99 1.98 1.98 1.98 1.98 2.00 1.99 1.99 1.99 1.99 2.00 1.99 1.99 1.99 1.99
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

AMOSTRA 1234041_CARE_DOL_1 1234041 CARE_DOL_2 1294041 CARE_DOL 3 1294047_CARE_DOL 4 1234047_CARE_DDL S 1204041 CARE_DOL_G 1204047 CARE_DODLT 1294047 CARE_DOL 12 1234047 CARB_DOL 15 1254047 CARE_DOL 15 1204047 CARE_ODL 9 1254047 CARE_DDL10 1294047_CARE_DOL 11 1204047 CARB_DOL_12 1234041 CARE_DOLTS 1238047_CARE_DOL 14
CARBONATO Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita
LITOLOGIA FeCBT FeCBT FeCBT FeCBT FeCBT FeCBT FeCBT Fe CBT FeCBT FeCBT Fe CET Fe CET Fe CBT FeCBT FeCBT FeCBT

Si02(Mass%) 0.00 0.00 0.00 0.00 0.01 0.11 0.00 0.03 0.04 0.12 0.00 0.00 0.00 0.00 0.05 0.05
AI203(Mass%) 0.84 0.09 0.09 0.18 0.26 0.07 0.01 141 0.01 1.10 0.01 0.03 0.00 0.00 0.99 089
FeO{Mass%) 482 798 811 586 513 719 560 516 479 729 512 4.98 527 549 572 524
MnO(Mass®) 0383 057 076 151 086 054 120 0388 067 050 095 1.08 148 102 102 095
MgO(Mass®) 16.38 14.56 14.01 15.66 16.71 14.88 16.42 16.30 16.62 14.74 16.92 17.05 15.81 16.58 16.16 16.53
CaO(Mass%) 26.58 28.77 28.82 28.20 27.94 29.12 2175 2172 28.28 29.00 27.89 28.00 27.62 26.16 2747 27.26
BaO(Mass%) 0.00 0.00 0.00 0.00 0.00 0.02 003 0.00 002 003 001 001 001 0.00 0.01 0.05
SrO(Mass%) 033 020 013 033 025 016 080 026 068 014 018 022 131 029 033 028
La203(Mass%) 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce203(Mass%) 0.03 0.03 0.07 0.05 0.04 0.04 0.06 0.05 0.03 0.08 0.06 0.02 0.05 0.06 0.02 0.05
503(Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 51.80 52.20 52.01 51.79 51.20 5212 51.67 51.82 51.02 52.99 51.14 51.37 51.55 51.60 51.76 51.31
F=0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 5180 5220 52.01 5179 5120 5212 5167 5182 5102 5299 5114 5137 5155 5160 5176 5131
coz 4341 4345 42.94 42.96 43.42 43.58 4341 42.83 43.46 4339 43.59 43.74 4273 4370 42.85 42.80
sum% 95.21 95.65 94.95 94.76 94.62 95.70 95.08 94.65 94.48 96.39 94.73 9511 94.28 95.30 94.61 94.10

PROPORGAQ ATOMICA PARA 6 O

AMOSTRA 1234041_CARE_DOL_1 1234041 CARE_DOL_2 1294041_CARE_DOL.3 1294041_CARE_OOL 4 1234047_CARE_DDL S 1204041 CARE_DOL_G 1254041 CARE_DOL_T 1294047 CARE_DOL 12 1234047 CARBDOL 15 1254047 CARE_DOL 15 1204041 CARE_ODLY 1254047 CARE_ODL_10 1294047_CARE_DOL_11 1204041 CARB_DOL_12 1234041 CARE_DOL_TS 1238047_CARE_DOL 14
CARBONATO Fe dalomita Fe dalomita Fe dalomita Fe dalomita Fe dalomita Fe dolomita Fe dolomita Fe dalomita Fe dolomita Fe dalomita Fe dolomita Fe dolomita Fe dalomita Fe dolomita Fe dalomita Fe dolomita
LITOLOGIA F=CET F=CBT F=CBT F=CBT F=CBT F=CET F=CET FeCBT F=CET F=CET FeCET FeCET FeCBT F=CET F=CET F=CBT

Si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 003 000 000 001 0.01 0.00 0.00 0.06 0.00 004 0.00 0.00 0.00 000 004 0.04
Fe 0.13 0.22 0.23 017 0.14 0.20 0.16 0.14 0.13 0.20 0.14 0.14 0.15 0.15 0.16 0.15
Mn 0.02 0.02 0.02 0.04 0.02 0.02 0.03 0.02 0.02 0.01 0.03 0.03 0.04 0.03 0.03 0.03
Mg 0.81 0.73 0.7 0.79 0.83 0.74 0.82 0.82 0.83 0.73 0.54 0.85 0.80 0.82 0.81 0.83
Ca 1.02 104 105 102 1.00 104 1.00 1.00 1.02 103 1.00 1.00 101 101 099 099
Ba 0.00 000 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00
Sr 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.03 0.01 0.01 0.01
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 2.03 2m 202 203 202 20 202 205 20 2.03 202 2.02 203 202 2.04 204
F=0
TOTAL
CO2(N.0.) 198 199 199 198 199 199 199 196 199 197 199 199 199 199 197 197
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

AMOSTRA 1234047_CARE_DOL_1S 1234047_CARE_DOL_16 1234047_CARE_DOL_1T 1223146_C1LOOLY Line 001 1223146_C1_D0L1 Line 002 1223146_CLOO0LY Line 003 1223146_C1_D0LT Line 004 1223146_C1LOOLT Line 005 1223146_C1_00L1 Line 014 1223146_C1_O0LT Line 015 1223146_CLOOLLT 1223146_CLOOL_2 1223146_CLO0L2_1 122316_CILD0OL2_2 1223146_CLO0L2_3 1223146_CLO0L2_4
CARBONATO Fe dolamits Fe dalamita Fe dolomits Fe dalomita Fe dolomits Fe dalamita Fe dalomita Fe daolomits Fe dalamita Fe dalomita Fe dalamita Fe dalomita Fe dolomits Fe dolomits Fe dalamita Fe dolomits
LITOLOGIA F=CET F=CBT F=CBT FeCBT F=CBT F=CBT FeCBT F=CBT F=CBT FeCBT F=CBT F=CET FeCEBT FeCEBT F=CBT FeCET
$i02(Mass%) 0.00 0.00 0.06 0.08 0.00 0.00 0.00 0.02 0.00 0.02 0.08 0.00 0.00 0.02 0.00 0.05
Al203(Mass%) 0.02 0.00 112 0.04 0.00 0.00 0.00 0.00 0.02 0.02 0.00 0.01 0.00 0.00 0.02 0.01
FeO(Mass%) 719 5.96 501 461 445 4.36 462 4.83 4.86 416 575 546 512 533 5.66 513
MnO(Masst) 1.41 128 1.07 0.44 0.47 039 0.39 0.51 0.66 0.69 0.50 0.44 0.46 0.38 043 0.52
MgO(Mass®) 1479 15.64 1577 17.33 17.21 16.97 1714 17.08 1717 17.30 16.32 16.56 16.57 16.54 16.41 16.38
Ca0(Mass%) 27.80 27.83 2520 28.50 277 28.58 28.52 2542 2761 28.29 28.34 2663 28.26 28.50 2552 28.56
BaO{Mass%) 0.01 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.05 0.00 0.00 0.00 0.01 0.00 0.02 0.03
Sr0(Mass’) 0.90 0.87 0.26 0.42 040 0.35 0.32 037 0.55 0.57 048 0.54 0.62 0.61 042 0.36
La203(Mass%) 0.00 0.00 0.00 0.04 0.05 0.00 0.00 0.04 0.00 0.00 0.01 0.00 0.00 0.00 0.04 0.04
Ce203(Mass%) 0.03 0.08 0.08 0.01 0.06 0.00 0.03 0.00 0.07 0.02 0.03 0.01 0.02 0.06 0.02 0.04
S03(Mass%) 0.00 0.00 0.00
F(Mass%) 0.00 0.00 0.00
TOTAL 5215 5173 51.58 5145 5140 50.72 51.03 51.38 51.03 5111 5154 51.66 51.09 5144 5157 5115
F=0 0.00 0.00 0.00
TOTAL 5215 8173 51.58 5145 51.40 50.72 51.03 51.36 51.03 5111 5154 51.66 51.09 5144 5167 5115
coz 4276 42 98 4254 4429 4427 4379 44.07 44.08 4365 4389 4380 4412 4368 4396 4385 4361
sum’ 94 91 9471 94 13 95.74 95 67 94.50 95.10 95.44 94 68 95.00 95.34 95.79 9477 95.40 95.52 94.76

PROPORCAQ ATOMICA PARA 6 O

AMOSTRA 123404T_CARB_DOL_IS 1234047_CARELDOL 16 1234047_CARB_DOLIT 122518 CLDOLT Line 001 1225146_CILDOLI Line 002 1223M8_CLDOLT Line 003 1223M8_CLOOLI Line 004 1223ME_CLDOLI Line 005 1225146_C1LDOLI Line 014 12&3146_CLOOLI Line 015 1223ME_CLOOLLT 1223M5_C1LDOLLE 1223148 C1_D0LE1 1225ME_CLOOLE 2 12238 CLOOLE 5 1225146 C1LDOLAY
CARBONATO Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe daolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe daolomita Fe dolomita Fe dolomita
LITOLOGIA FeCET Fe CBT Fe CBT FeCBT FeCBT FeCET FeCBT FeCBT FeCET FeCBT Fe CBT FeCET FeCBT FeCBT FeCBT FeCET
Si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.20 017 0.14 0.13 0.12 0.12 0.13 013 0.14 0.12 0.16 0.15 0.14 0.15 0.16 0.14
Mn 0.04 0.04 0.03 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01
g 0.75 0.79 0.80 0.85 0.85 0.85 0.85 0.84 0.86 0.86 0.81 0.82 0.83 0.82 0.81 0.82
Ca 1.01 1.01 1.02 1.01 1.02 1.02 1.01 1.01 0.99 1.01 1.01 1.02 1.01 1.02 1.02 1.02
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.02 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 0.01 0.01
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 203 202 204 2.01 201 201 201 201 201 201 2.01 201 2.01 201 2.01 201
F=0
TOTAL
CO2(N.0.) 1.99 1.99 1.97 1.99 2.00 2.00 2.00 1.99 1.99 1.99 1.99 2.00 2.00 2.00 2.00 1.99
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

AMOSTRA 122316_C1LD0LE_S 1223146_C1LDOLE_6 122316_CLD0LE_T 1223146_C1L00L2_8 22316_C1LD0LS _C1_00L3 Li _C1_00L3 _C1_D0L3 Li 5_C1LO0LS Line 00" 223146_C1DOL3 Line 00i223146_C1.00L4 Line 0C223186_C1_00L4 Linc 00223146_C1DOL4 Line 00223146_C1DOLE Linc 00 223146_C1DO0L4 Line 00 223136_C1_DOL4 Line 001
CARBONATO Fe dolomita Fe dolomita Fe dolomita Fe daolomita Fe dolomita Fedolomita Fe dolomita Fe daolomita Fe dolomita Fe dolomita Fedolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita
LITOLOGIA FeCET FeCBT Fe CBT FeCET FeCET FeCET FeCET FeCET FeCBT Fe CBT FeCET FeCET FeCET FeCBT Fe CBT FeCBT

5i02(Mass%) 004 003 002 042 002 0.00 0.06 0.08 0.00 0.00 0.04 003 0.00 0.00 0.00 0.00
A1203({Mass%) 0.01 0.04 0.02 0.82 0.00 0.00 0.03 0.00 0.02 0.04 0.00 0.07 0.00 0.00 0.00 0.00
FeO[Mass%) 3.31 234 228 337 6.97 7.79 873 8.27 8.37 8.39 550 9.04 777 8.16 5.00 522
MnO(Mass%) 044 031 034 033 057 047 051 064 054 055 094 091 081 083 059 048
MgO(Mass%) 1778 18 68 1843 1714 1578 15.20 1461 14.87 15.07 14 84 14.41 1422 15.03 1478 16 66 16 53
Ca0(Mass%) 28.90 28.03 2841 27.99 2845 28.43 28.06 28.31 28.34 28.17 28.12 27.98 2843 28.07 28.57 28.03
BaO(Mass*) 0.01 0.04 0.02 0.00 0.07 0.00 0.03 0.12 0.01 0.0 0.02 0.01 0.04 0.00 0.00 0.00
Sr0{Mass%) 062 061 046 036 027 039 022 048 037 037 064 056 033 031 031 078
La203({Mass%) 0.00 0.00 0.04 0.06 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce203{Mass%) 0.06 0.01 0.06 0.0 0.01 0.07 0.02 0.00 0.00 0.0 0.08 0.00 0.04 0.07 0.09 0.00
503(Mass%)
F(Mass%)
TOTAL 51.18 50.13 50.08 50.58 5219 52.37 52.32 52.82 52.73 5250 52.82 52.88 52.56 52.23 51.24 51.09
F=0
TOTAL 51.18 50.13 50.08 50.58 52.19 52.37 5232 52.82 52.73 52.50 52.82 52.88 52.56 52.23 51.24 51.09
co2 44.40 44.09 44.03 42.90 43.97 43.85 4342 4375 43.99 43.64 43.30 43.27 43.65 433 43.81 43.58
sumt 95 57 94 22 94.10 93.49 96.15 96.22 9574 96 58 96.72 96.14 96.12 96.15 96.21 95 54 95.05 94 67
PROPORCAQ ATOMICA PARA 6 O

AMOSTRA 1223146_C1LDOL2_5 1223146_C1LDOL2_6 1223146_CLDOL2_T 1223146_C1_00L2_8  223146_C1DOLS ,_C1_D0L3 Li _C1_D0L3 ,_C1_DOLZ Li 5_C1LO0L3 Line 007 223146_C1DOL3 Line 00:223146_C100LS Line 0C223146_C1_00L4 Line 00223146_C1LDOLS Line 00223146_C1DOLE Line 00 223146_C1DOL4 Line 00 223186_C1_DOLS Line 001
CARBONATO Fe dalomita Fe dolomita Fe dolomita Fe dalomita Fe dalomita Fe dalomita Fe dalomita Fe daolomita Fe dolomita Fe dolomita Fe dalomita Fe dalomita Fe dalomita Fe dolomita Fe dolomita Fe dolomita
LITOLOGIA FeCET FeCBT Fe CBT FeCET FeCET Fe CET FeCET Fe CET FeCBT Fe CBT Fe CET FeCET Fe CET FeCBT Fe CBT FeCBT

Si 0.00 0.00 0.00 001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 003 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.09 0.06 0.06 0.09 0.19 0.22 0.25 0.23 0.23 0.23 0.24 0.25 0.22 0.23 0.14 0.15
Mn 001 001 001 001 002 001 001 0.02 002 0.02 003 003 0.02 002 002 001
Mg 0387 092 091 0.86 078 076 073 074 075 074 072 071 075 074 0383 083
Ca 1.02 1.00 1.01 1.01 1.01 1.02 1.01 1.01 1.01 1.01 1.01 1.01 1.02 1.01 1.02 1.01
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 001 001 001 001 001 001 0.00 0.01 001 001 001 001 0.01 001 001 0.02
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(N.0.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 201 201 201 203 201 201 201 201 201 201 202 202 202 202 201 201
F=0
TOTAL
CO2(N.0.) 199 200 200 197 199 200 199 1.99 199 1.99 199 199 1.99 199 1.99 200
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

AMOSTRA 1225146_C1_D0L4 Line 007 1223146 C1_DOLY Line 005 1223146_C10D0L4 Line 003 1223146_C1LOO0L4 Line 00 122346_C1_DO0L4 Line 011 1223046_C1_DOL4 Line 012 1223146_C1_DOL4 Line 013 122346_CLOOL4 Line 04 1223046_CILDOLS_1 122346 CLDOLS_2 12236 _CIDOLS_3 1223146_C1DOLS_4 122346 C1OOLSS 122346 _CILLDOLS_ & 122346 CLDOLST 1223146 CLDOLS &
CARBONATO Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita
LITOLOGIA FeCBT FeCBT Fe CBT FeCBT Fe CBT FeCET Fe CBET FeCBT FeCET FeCBT FeCET FeCBT FeCBT FeCBT Fe CBET FeCET
S5i02(Mass%) 0.04 0.00 0.04 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.05 0.02 0.00
AI203(Mass%) 0.04 0.04 0.00 0.00 0.01 0.02 0.02 0.03 0.02 0.01 0.00 0.00 0.00 0.00 0.03 0.00
FeO{Mass%) 4.80 507 5.09 528 8.63 8.09 441 6.23 518 526 539 5.56 726 7.39 282 3
MnO(Mass%) 0.41 0.46 0.45 0.45 0.86 0.96 0.61 0.75 0.45 0.53 0.44 0.49 0.49 0.65 0.44 0.50
MgO(Mass%) 16.92 16.69 17.02 16.74 14.88 15.00 17.06 15.81 17.04 16.69 16.80 16.71 15.37 14.90 17.69 17.87
CaO(Mass%) 28.70 2844 28.23 28.67 28.55 2813 2823 2817 28.86 28.60 27.99 29.04 28.30 2808 2807 28.09
BaO(Mass%) 0.04 0.00 0.01 0.02 0.00 0.00 0.03 0.08 0.00 0.04 0.03 0.00 0.01 0.06 0.00 0.01
SrO{Mass%) 083 073 0.74 0.47 0.25 051 0.64 0.76 0.90 0.59 0.62 0563 045 0.16 072 0.75
La203(Mass%) 0.00 0.00 0.10 0.03 0.03 0.00 0.00 0.00 0.09 0.00 0.02 0.00 0.00 0.00 0.00 0.01
Ce203(Mass') 0.06 0.01 0.00 0.02 0.01 0.00 0.00 0.03 0.03 0.12 0.06 0.12 0.03 0.00 0.05 0.04
503(Mass%)
F(Mass%)
TOTAL 5185 5145 5171 5172 5329 5272 51.01 5185 5259 5184 51.36 5258 5193 5133 4988 51.05
F=0
TOTAL 5185 5145 5171 5172 5329 5272 51.01 5185 5259 5184 51.36 5258 5193 5133 4988 51.05
co2 4.3 43.96 4417 44.23 44.05 43.63 4377 43.53 4481 4417 43.89 4472 4364 429 4338 4420
sum% 96.16 95.41 95 88 95.95 9734 96.34 9%4.77 95.39 97.40 96.01 9525 97.30 95 57 94 25 93.26 95.24

PROPORCAO ATOMICA PARA 6 O

AMOSTRA 1223146_G_DOLS Line 007 1225146_C1LODLY Line 003 1225146_C1LO0LS Line 003 1225146_C1O0LS Line 010 1223146_GLOOLS Line 011 1225146_C1LOOLY Linc 012 1225145_CLODLS Line 013 1223746_CLOOLS Line 014 1223146_CLDOLE 1 1225146_C1DOLS_ 2 1225146_CLOOLS G 1223146_C1O0IS_4 1223146_CLOOLS_5 1223746 _CLDOLS_E 122346_GLOOIS_T 122346_G1LOOLS_§
CARBONATO Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita
LITOLOGIA FeCBT F=CBT FeCBT F=CBT FeCBT F=CBT F=CBT F=CBT FeCBT F=CBT F=CBT F=CBT F=CBT F=CBT F=CBT F=CET
Si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 013 0.14 0.14 0.15 0.24 023 0.12 017 0.14 015 0.15 015 0.20 021 0.08 0.10
Mn 0.01 0.01 0.01 0.01 0.02 0.03 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01
Mg 0.83 0.83 0.84 0.82 0.73 075 0.85 0.79 0.83 0.82 0.83 0.81 077 0.76 0.89 0.88
Ca 1.01 1.01 1.00 1.02 1.01 1.01 1.0 1.01 1.01 1.01 1.00 1.02 1.02 1.02 1.0 1.00
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.02 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.00 0.01 0.01
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 2m 20 20 20 202 2.02 20 20 20 2m 20 2m 2m 20 20 2m
F=0
TOTAL
COZ(N.O.) 1.99 1.99 1.99 2.00 1.99 1.99 1.99 1.99 1.99 1.99 2.00 1.99 2.00 199 1.99 2.00
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

AMOSTRA 1223146_C1_DOLE_1 1223ME_CLDOLE_2 1223146_C1LOOLE_3 1223148 C4_DOLT Line 001 1223146_C4_DOLT Line 002 1223146_C4_DOL1 Line 003 1223146_C4_D0OL1 Line 004 1223146_C4_DOLT Line 005 1223146_C4_DOLI Line 006 1223146_C4_DOL1 Line 00T 23146_C4_DOL1 Line C23146_C4_DOL1 Line (23146_C4_DOL1 Line 12314 6_C4_DOL1 Line C23146_C4_DOL1 Line C23146_C4_DOLI Line O
CARBONATO Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomits Fe dolomita Fe dolomits Fe dolomits Fe dolomita Fe dolomita Fe dolomits Fe dolomita Fe dolomita Fe dolomita Fe dolomita
LITOLOGIA FeCET FeCET FeCET FeCET Fe CET FeCET FeCET FeCET FeCET Fe CET FeCET FeCET FeCET FeCET FeCET FeCET

S$i02{Mass%) 0.01 0.00 0.00 0.10 0.05 0.05 0.02 0.02 0.00 0.00 0.00 0.03 0.01 0.08 0.01 0.00
Al203(Mass%) 0.00 0.03 0.07 0.01 0.00 0.22 0.00 0.18 0.01 0.00 0.02 0.10 0.00 0.13 0.02 0.03
FeO(Mass%) 5.38 4.97 5.58 1.75 847 7.76 7.28 1.74 575 5.97 3.93 8.69 8.23 8.10 7.67 8.73
MnO{Mass®) 0.46 0.52 0.51 0.55 0.37 0.82 0.94 0.92 0.79 0.80 0.68 0.84 0.80 0.78 0.60 0.75
MgO{Mass®) 16.83 16.59 16.53 15.05 14.97 1630 15.12 1474 16.63 16.10 1748 14 68 14.76 1478 15.50 14 87
CaO(Mass%) 2857 28.09 28.16 28.06 27.81 28.30 28.06 28.03 27.96 2817 27.98 2764 2845 2814 2814 2872
BaO(Mass%) 0.00 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.01 0.00 0.04 0.00 0.00
SrO(Mass®) 0.75 0.69 0.66 042 0.32 0.20 0.50 0.42 0.94 0.39 0.72 017 0.23 0.23 0.22 0.10
La203{Mass%) 0.07 0.00 0.02 0.00 0.03 0.07 0.00 0.00 0.00 0.01 0.04 0.00 0.00 0.00 0.03 0.03
Ce203(Mass%) 0.00 0.00 0.08 0.00 0.02 0.07 0.02 0.10 0.09 0.00 0.03 0.00 0.03 0.04 0.02 0.07
503(Mass)
F(Mass%)
TOTAL 52.12 51.08 5166 5198 5219 52.79 52.00 5222 5223 5145 50.90 5230 52 57 52.36 52.26 53.32
F=0
TOTAL 52.12 51.08 5166 5198 5219 52.79 52.00 5222 5223 5145 50.90 5230 52 57 52.36 52.26 53.32
coz 441 4351 43.86 4331 4349 4376 43.20 43.03 44.04 4351 43.76 4311 43.59 43.29 43.80 4418
sum% 96.53 94.55 95.52 95.35 95.68 96.55 95.20 95.25 96.27 94.96 94.66 95.42 96.16 95.65 96.06 97.50

PROPORCAQ ATOMICA PARA 6 O

AMOSTRA 1223146_CLO0L6_1 1223146_C1_00L6_2 12253146_C1LOOLE_S  1223146_C4_DOLT Line 001 1223146_C4_DOLT Line 002 1223146_C4_DOL1 Line 003 1223146_C4_DOL1 Line 004 1223146_C4_DOLT Line 005 1223146_C4_DOL Line 006 1223146_C4_DOL1 Line 007 23146_C4_DOL1 Line (23146_C4_DOL1 Line (23146_C4_DOL1 Line 123146_C4_DOLY Line £23146_C4_DOL1 Line C253146_C4_DOLI Line 0
CARBONATOD Fe dalomita Fe dolomita Fe dalomita Fe dolomita Fe dolomita Fe dolomita Fe dalomita Fe dolomita Fe dolomita Fe dalomita Fe dolomita Fe dolomita Fe dalomita Fe dolomita Fe dalomita Fe dalomita
LITOLOGIA FeCET FeCET FeCBT FeCBT FeCET FeCBT FeCBT FeCET FeCBET Fe CBT FeCBT FeCET FeCBT FeCET FeCBT FeCET

Si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00
Fe 015 0.14 0.16 022 0.24 022 021 0.22 0.16 017 0N 025 023 023 021 024
Mn 0.01 0.01 0.01 0.02 0.01 0.02 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Mg 083 0.83 0.82 075 075 0.76 0.76 0.74 082 0.80 0.87 074 0.74 074 077 073
Ca 1.01 1.01 1.00 1.01 1.00 1.01 1.01 1.02 0.99 1.01 1.00 1.00 1.02 1.01 1.00 1.02
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.02 0.01 0.01 0.00 0.00 0.00 0.00 0.00
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F{N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 20 2.0 20 2.01 20 2.02 2.02 2.02 202 2.02 20 2.02 2.02 2.02 20 2.01
F=0
TOTAL
COZ(N.O.) 199 199 199 199 199 199 199 199 199 199 199 199 199 199 199 199
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

AMOSTRA 1223146_C4_DOLT Line 015 1223146_C4_DOL1 Line 016 1223146_C4_DOL1 Line 017 1223146_C4_DOL1 Line 018 1223146_C&_DOL1 Line 013 1223146_C4_DOLT Line 020 1223007_C3_DOLI_T 1223007_C3_DO0L_2 1223007_C3_DOLI_3 1223007_C3_DOLI_4 1223007_C3_DOL2_1 1223007_C3_DOL2_2 1223007_C3_D0L2_3 1223007_C3_D0L2_4 1223007_C3_DOL3_1 1223007_C3_D0L3_2
CARBONATO Fe dalomits Fe dalamita Fe dalomita Fe dalomita Fe dolamits Fe dolomits Fe dalamita Fe dalamits Fe dalamita Fe dalomita Fe dalomita Fe dalamita Fe dalomita Fe dolomita Fe dolamits Fe dolamits
LITOLOGIA FeCET Fe CET FeCET FeCET FeCET FeCET ApstitaMgCBT  ApstitaMgCET  ApstitaMgCET  ApstitaMgCBT  ApstitsMgCBT  ApsttaMgCBT  ApatitsMgCET  ApstitaMgCET  ApstitaMaCET  Apatits Mg CET
Si02(Mass%) 0.08 0.00 0.00 0.02 0.00 0.03 0.00 0.00 0.03 0.00 0.02 0.01 0.00 0.05 0.01 0.04
Al203(Mass%) 0.00 0.00 0.02 0.01 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.01 0.02 0.00 0.00
FeO{Mass®%) 3.86 529 515 51 5.08 517 4.46 417 447 427 541 523 534 526 4.69 4.58
MnO{Mass%) 027 044 043 051 047 0.56 0.55 0.61 054 0.59 0.58 0.54 061 061 0.55 0.50
MgO{Mass%) 17.78 1718 16.66 16.66 16.90 16.95 16.89 17.03 16.79 16.88 16.83 16.73 16.38 16.60 16.99 17.01
CaO(Mass%) 23.08 28.18 28.36 2829 2814 2847 2863 28.74 2390 23.86 28.72 28.16 28.23 2822 28.68 23.62
BaO{Mass%) 0.05 0.02 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.01 0.01 011 0.02 0.00 0.04 0.03
SrO(Mass%) 0.61 0.56 0.63 0.60 063 0.82 0.62 073 0.76 0.74 0.89 0.84 0.67 0.34 0.68 0.68
La203(Mass™) 0.00 0.04 0.01 0.00 0.00 0.00 0.03 0.02 0.00 0.03 0.00 0.01 0.03 0.04 0.00 0.06
Ce203(Mass%) 0.00 0.05 0.01 0.06 0.07 0.00 0.01 0.10 0.02 0.03 0.01 0.06 0.05 0.09 0.02 0.04
S03(Mass%)

F(Mass%)

TOTAL 50.78 51.82 51.33 51.28 51.27 52.05 51.21 5148 5155 51.46 52.51 51.76 51.38 51.75 51.78 51.56
F=0

TOTAL 50.78 51.62 51.33 51.26 81.27 52.05 5.2 5148 5155 51.46 52.51 5176 51.38 8175 8176 41.56
coz 44.08 4437 43.68 4379 4390 4436 4390 44.04 44.09 44.02 44.60 4397 4361 43.86 4424 4413
sum®% 94.87 96.18 9521 95.07 95.18 96.41 9511 95.62 95.64 95.48 971 9573 94 99 95 62 96.01 95.70
AMOSTRA 1223146_C4_DOL1 Line 015 1223146_C4_DOLT Line 016 1223146_C4_DOL1 Line 017 1223146_C4_DOLI Line 015 1223146_C4_DOLT Line 013 1223146_C4_DOLT Line 020 1223007_C3_DOLLT 1223007_C3DOLL2 1223007_C3 DOLL3 1223007_C3 DOLL4 1223007_C3DOL2 1 1223007_C3 DOL2_2 1223007_C3 DOL2 3 1223007_C3_DOL2 4 1223007_C3_DOL3_1 1223007_C3_DOL3_2
CARBONATO Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita
LITOLOGIA FeCBT Fe CBT FeCBT FeCBT Fe CBT F=CBT fApatitaMaCBT  ApatiaMgCBT  ApattaMgCBT  ApatitaMgCBT  AparitaMgCBT  ApattaMgCBT  ApatitaMgCBT  ApatitaMaCET  ApattaMaCBT  Apatits Mg CET
Si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 011 0.15 0.14 0.14 0.14 0.14 012 0.12 012 012 0.15 0.15 0.15 015 013 013
Mn 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01
Mg 0.88 0.84 0.83 0.83 0.84 0.83 0.84 0.84 0.83 0.84 0.82 0.83 0.82 0.82 0.84 0.84
Ca 1.00 0.99 1.01 101 1.00 1.00 1.02 1.02 1.03 1.03 1.01 1.00 1.01 101 1.01 1.01
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.01 0.01 0.01 001 0.01 0.02 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.02 0.01 0.01
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 20 20 2m 20 2.0 201 201 201 20m 20 20 20 2m 20 201 2.0
F=0

TOTAL

CO2(N.O.) 200 2.00 2.00 199 2.00 199 1.99 199 199 1.99 1.99 1.99 199 199 199 1.99
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

AMOSTRA 1223007_C3_DOL3_3 1223007_C3_DOL4_2  1223007_C3_DOL4_3 1223007_C3_DOL4 4 1223007_C3_DOLY Line 001 1223007_C3_DOLY Line 002 1223007_C3_DO0L1 Line 003 1223007_C3_00L Line 004 1223007_C3_00L1 Line 005 1223007_C3_DOL Line 00623007_C3_DO0L1 Line 33007_C3_DOL1 Line C3007_C3_ 00U Line (23007_C3_D0L1 Line £23007_C3_0OL1 Line ©
CARBONATO Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita
LITOLOGIA Apatita Mg CET ApatitaMgCET ApatitaMgCET Apatita Mg CET ApatitaMg CET Apatita Mg CET Apatita Mg CET ApatitaMg CET Apatita Mg CET ApatitaMgCET  ApatitaMgCET  ApattaMaCBT  ApatitaMgCBT  ApattaMgCBT  ApatitaMgCET
Si02(Mass%) 0.00 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.01 0.04 0.00 0.02 0.00
AI203(Mass%) 0.01 0.00 0.06 0.00 0.03 0.01 0.00 0.02 0.00 0.65 0.00 0.00 0.00 0.02 0.04
FeO(Mass%) 4.62 5.18 491 5.66 596 6.11 6.47 473 449 429 413 458 4.54 742 793
MnO(Mass%) 048 062 0.65 0.66 0.66 0.60 063 0.71 074 077 0.76 0.60 0.61 1.06 0.98
MgO(Mass%) 16.93 17.06 16.73 16.31 16.02 15.97 16.08 16.74 1719 16.85 16.51 16.76 16.83 15.08 14.87
CaO(Mass%) 28.68 28.68 28.23 2817 27.96 28.33 28.18 28.29 28.16 28.32 2841 2848 28.66 28.45 2840
BaO{Mass'%) 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.04 0.02 0.00 0.03 0.00 0.00 0.00 0.01
SrO{Mass%) 074 0.88 067 0.62 0.80 0.74 0.60 0.68 072 0.30 0.66 098 0.80 0.31 023
La203(Mass%) 0.07 0.00 0.00 0.00 0.05 0.00 0.02 0.00 0.02 0.08 0.07 0.03 0.10 0.00 0.00
Ce203(Mass%) 0.02 0.04 0.04 0.06 0.07 0.08 0.04 0.12 0.06 0.06 0.00 0.02 0.07 0.00 0.08
S03{Mass'%)
F(Mass%)
TOTAL 51564 52 66 5132 51.44 51.64 51.81 52.02 51.34 51.40 5137 50.60 5145 51.66 52 36 52.60
F=0
TOTAL 5154 52 56 5132 5144 5164 5181 5202 5134 5140 5137 50.60 5145 5166 5236 5260
coz 4412 44.68 4372 43.60 4343 4373 43.90 4370 43.94 43.39 4314 43.85 4399 4347 4349
sum% 95.66 97.24 95.04 95.04 95.07 95.66 95.92 95.04 95.34 9475 9378 95.30 95.65 95.82 96.09

PROPORGAD ATOMICA PARA 6 O

AMOSTRA 1223007_C3_DOL3_3 1223007_C3_DOL4_2 1223007_C3_00L4_3 1223007_C3_DOL4_4 1223007_C3_DOL1 Line 001 1223007_C3_DOLT Line 002 1223007_C3_DOLI Line 003 1223007_C3_DOLY Line 004 1223007_C3_DOL1 Line 005 1223007_C3_DOLT Line 006 23007_C3_DOL1 Line (23007_C3_DOL1 Line G3007_C3_DOL Line (23007_C3_D0L1 Line £23007_C3_DOL1 Linc €
CARBONATO Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fedolomita  Fedolomita Fe dolomita Fe dolomita Fe dolomita
LITOLOGIA fpattaMgCET  ApatkaMgCET  ApatiaMgCET Apatica Mg CET ApatiaMg CBT fipatita Mg CBT Apatica Mg CET ApaticaMg CBT fipatia Mg CBT ApatitaMgCOT _ ApatitaMgCBT  ApativaMgCET  ApatitaMgCET  ApaitaMgCET  ApatiaMgCET
Si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00
Fe 0.13 0.14 0.14 0.16 017 0.7 0.18 0.13 0.12 0.12 0.12 0.13 0.13 0.1 0.22
Mn 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03
Mg 084 0.83 0.83 0.81 0.80 0.80 0.80 0.83 0.85 0.84 0.83 0.83 0.83 0.75 0.74
Ca 1.02 1.00 1.01 1.01 1.01 1.01 1.00 1.01 1.00 1.01 1.03 1.02 1.02 1.02 1.02
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.01 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.00
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(N.0.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 20 20 20 20 201 20 2m 201 20 203 202 20 201 202 202
F=0
TOTAL
CO2(N.0.) 1.99 1.99 1.99 1.99 1.99 1.99 1.99 1.99 1.99 1.98 1.99 1.99 1.99 1.99 1.99
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

1223007_C4_DOL1 1223007_C4_DOL1 1223007_C4_DOL1 1223007_C4_D0 1225007_C4_DO 1223007_C4_DO 1223007_C4_DOL1 1223007_C4_DOLY  12253007_C4_DOL1 1223007_C4_DOL1  1225007_C4_DOLI  1223007_C4_DOL1 1223007_C4_DOLt

AMOSTRA Line 003 Line 004 Line D05 L1 Line OB L1 Line 007 L1 Line 00 Line 003 Line 00 Line 011 Line 012 Line M3 Line 014 Linz 015 1223007_C4_DOLT Line 016 1223007_C4_DOL1 Line 017
CARBONATO Fe dolomita Fe dolomita Fe dolomita Fedolomita  Fedolomita  Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita
Apatita Mg Apatita Mg Apatita Mg
LITOLOGIA ApatitaMgCET  ApatitaMgCET  Apatita Mg CET CET CET CET ApatitaMgCET  ApatitaMg CET  Apatita MgCBT  ApatitaMgCET  ApatitaMgCET  ApatitaMgCET  ApatitaMgCET  Apatita Mg CET Apatita Mg CET
Si02({Mass%) 0.03 0.00 0.07 0.00 0.03 0.00 0.00 0.00 0.03 0.07 0.03 0.00 0.03 0.07 0.00
AI203(Mass%) 0.00 0.00 0.03 0.07 0.02 022 0.79 0.06 0.18 018 0.03 043 0.78 0.16 0.01
FeO{Mass%) N 4.36 4.20 417 3.85 3.73 4.49 5.04 6.01 4.63 546 4.72 3.62 4.04 4.44
MnO{Mass®) 0.78 0.54 1.06 0.86 111 0.98 0.72 0.82 111 1.04 0.88 0.88 0.72 0.77 0.77
MgO(Mass%) 17.68 16.74 17.04 17.93 18.13 17.53 17.52 17.01 1589 15.64 15.85 16.78 17.90 17.85 17.64
CaO(Mass%) 27.90 28.32 2811 27.35 27.66 27.58 26.87 27 2841 291 28.45 2813 27.34 27.85 28.08
BaO(Mass%) 0.04 0.05 0.00 0.00 0.00 0.00 0.03 0.01 0.01 0.02 0.01 0.02 0.03 0.03 0.09
SrO{Mass%) 0.28 0.27 0.32 0.38 0.30 0.46 0.48 0.26 0.24 0.05 0.23 0.29 0.43 0.52 0.35
La203(Mass%) 0.01 0.03 0.00 0.00 0.04 0.00 0.00 0.01 0.05 0.02 0.04 0.03 0.00 0.00 0.00
Ce203(Mass’) 0.06 0.07 0.02 0.07 0.02 0.02 0.10 0.01 0.00 0.04 0.05 0.08 0.00 0.04 0.03
S03{Mass%)
F{Mass%)
TOTAL 50.80 50.71 50.93 50.96 51.19 50.74 51.06 51.29 52.08 50.81 51.12 5148 51.03 5147 51.50
F=0
TOTAL 50.80 50.71 50.93 50.96 51.19 50.74 51.06 51.29 52.08 50.81 51.12 5148 51.03 5147 51.50
coz2 43.74 43.32 43.38 43.76 43.99 43.27 4318 43.68 43.43 42.80 43.09 4343 43.42 44.06 44.20
sum¥ 94.54 94.02 94.31 94.72 95.18 94.01 94.26 94.97 95.51 93.61 94.21 94.91 94.45 95.62 95.70

PROPORGAO ATOMICA

PARAG O
1223007_C4_D0L1 1225007_04_DOL1  1223007_C4_DO0L 1223007_C4_D0 1223007_C4_D0 1225007_C4_DO 1226007_C4_DOL 1223007_C4_DOL1  1225007_C4_DOL1  1223007_C4_O0L1  1223007_C4_DOL1 1225007_C4 00U 1223007_C4_DOLY
AMOSTRA Line 003 Line 004 Line 005 L1 Line D06 L1 Line 007 L1 Line 00& Line 003 Line 0100 Line 011 Line 012 Line 013 Line 014 Line 015 1223007_C4_DOL1 Line 016 1223007_C4_DOL1 Line 017
CARBONATO Fe dolomita Fe dolomita Fe dolomita Fedolomita  Fedolomita  Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita Fe dolomita
Apatita Mg Apatita Mg Apatita Mg
LITOLOGIA ApatitaMgCET  Aparita MgCET  ApatitaMg CET CET CET CET Apatita Mg CET  ApatitaMg CET  ApatitaMgCET  ApatitaMgCET  ApatitaMgCET  Apatita MgCET  Apatita Mg CET Apatita Mg CET Apatita Mg CET
Si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.00 0.01 0.01 0.00 0.02 0.03 0.01 0.00
Fe 0.1 0.12 0.12 0.12 0.1 0.10 0.13 0.14 017 0.13 0.15 0.13 0.10 0.1 0.12
Mn 0.02 0.02 0.03 0.02 0.03 0.03 0.02 0.02 0.03 0.03 0.03 0.02 0.02 0.02 0.02
Mg 0.88 0.84 0.85 0.89 0.89 0.88 0.88 0.85 0.79 0.79 0.80 0.84 0.89 0.88 0.87
Ca 1.00 1.02 1.01 0.98 0.98 0.99 0.97 1.00 1.02 1.06 1.03 1.01 0.98 0.99 0.99
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.01 0.01 0.01 0.01 0.0 0.01 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 202 202 2.02 202 202 202 203 202 203 2.02 202 203 203 2.02 20
F=0
TOTAL
CO2(N.O.) 1.99 1.99 1.99 1.99 198 1.99 1.98 1.99 1.99 1.98 1.99 1.98 1.98 1.99 1.99
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

1234042 _CARE_ 1234042 CARE_
1223001 .02 DOL2 1223001.C2_DOL2 1223001 C1_DOL2_ 1223001 G1.DOL SIDGRANDE Line SIDGRAMDE Line 1234042 CARB_S| 1234063_CARE_Z 1234063 GARE_Z 1234063_CARE_Z 1234063 CARE_Z 1204063 GARE_Z 1223010_CARE_4S |223010 DARB ASSOCET 12230101 CARB ASSOCETZE 1223010 cans ATSOCETZ
NTRO_S RDA_3 DA_I0

AMOSTRA — LINES ~ LINES 1 a2 024 023 DGRANDE Line 023 OMBORDA_E ONEORDA_T OMBORDA_S ONBORDA_12 ONBORDA_13 SOCETZCENTRO_T
Fe dolomits s Fe dolomita >
CARBONATO Fedolomita  Fedolomita  Fedolomita  Fe delomita Fe Fe Fe dolomita > Fe_Fedolomita > Fe Fe dolomita> Fe Fe dolomita Fe Fedolomita? Fe Fedalomita? Fe Fedolomita> Fe  Fedalomita> Fe Fe dalomita > Fe Fe dolomita > Fe
Fpatta g

LITOLOGIA ApatitaMgCET _ Apatita Mg CBT _ Apatita Mg CET CBT  FeCBTtadio FeCETtardic  FeCBTiadic  ApatitaMgCET  ApatiaMgCET ApattaMaCET ApatitaMgCET ApatitaMgCET  FeCET tardie Fe CET tardio Fe CET tardio Fe CET tardio
Si02(Mass%) 001 0.02 0.00 0.07 0.00 0.16 0.10 0.00 0.03 0.00 0.07 0.03 0.00 0.04 0o 0.10
AI203({Mass%) 0.03 0.11 0.07 0.09 0.05 0.66 0.08 0.00 0.00 0.00 1.69 0.03 0.01 0.01 1.04 0.00
FeO{Mass®%) 6.86 8.00 582 Tir 11.73 1143 9.96 10.16 9.19 9.09 8.70 8.50 8.94 949 10.47 10.91
MnO(Mass%) 040 0.69 040 029 0.94 0.75 0.39 1.63 1.48 142 1.22 1.30 3.20 222 141 1.74
MgO{Mass%) 15.74 14.67 16.11 15.52 1311 12.04 13.88 12.92 13.69 13.88 13.79 14.04 12.56 1320 12.22 1226
CaO{Mass®%) 2547 23.02 23.80 28.08 28.39 23.49 28.54 27.96 28.03 28.60 28.00 28.47 27107 27.84 27.82 2793
BaO(Mass) 0.00 0.00 0.05 0.02 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.01 0.08 0.03 0.01 0.02
SrO{Mass%) 019 0.04 032 0.04 0.16 0.08 0.04 0 0.10 0.00 0.00 0.00 0.30 0.12 0.12 0.19
La203{Mass%) 0.03 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce203(Mass%) 0.00 0.01 0.07 0.07 0.04 0.05 0.05 0.03 0.08 0.04 0.07 0.03 0.05 0.09 0.01 0.05
SO3(Mass%) 0.1 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F{Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 51.81 51.60 51.65 52.01 54.42 5363 5354 5292 5265 53.06 53.53 5242 52.90 53.03 531 5319
F=0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 51.81 51.60 51.65 52.01 54.42 53.63 53.54 52.92 52.65 53.06 53.53 52.42 52.90 53.03 531 53.19
coz 43.81 42.92 43.92 43.78 43.85 42.54 43.68 42.36 42,63 43.18 42.37 42.89 .14 4215 41.65 42.08
sum% 95.62 94 53 95.56 95.79 96.27 96.18 9721 95.28 9527 96.24 95.90 95.31 94.04 95.18 94.86 9527

1234042_CARE 1234042_CARE_
122300102 DOL2 1223001_C2_DOLE 1223001_1:1_9012_ 1223001_D|_Dm SIDGRANDE Line  SIDGRANDE Line 1234042_CARE_S| 1234063_CARE_Z 1234063 _CoRE_Z 1234063_CARE_Z 1234063 CARE_Z 1234063 CARB_Z 1223010_CARE_&% 1233010_CARE_ASIOCET 1223010_CARE_ASSOCHTIE I1223010_CARE_AISOCETZ

AMOSTRA — LINEF ~ LINE4 024 028 DGRANDE Line 023 ONEORDA_G ONEORDA_T OMEORDA_S ONEORDA_12 ONEORDA_13 FOCATZCENTRO_T ZCENTRO_E ORDA_S BORDA_ID
CARBONATO Fedolomita  Fedolomita  Fedolomita  Fedelomita FEdD‘Fu:“a} FEdDIFD: = Fe dolomita > Fe Fedolomita > Fe Fedolomita> Fe Fe dolomitas Fe Fedolomita> Fe Fedolomita? Fe Fedolomita> Fe  Fedalomita> Fe Fe dolomita » Fe Fe dolomita » Fe
LITOLOGIA Apstits Mg CET  Apatits MaCBT _ Apstita Mg CET ApaégaTMg FeCETtwdio FeCETtardic  FeCBTiadic  ApstitaMaCET ApstitaMaCET ApsttaMaCET ApstitsMgCET ApstitsMgCET  FeCETtardic Fe CET tardic Fa CET tardic Fi CET tardic
Si 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.04 0.00
Fe 019 023 0.16 022 0.33 0.33 0.28 0.29 0.26 0.26 0.25 0.24 0.26 027 0.30 031
Mn 0.01 0.02 0.01 0.01 0.03 0.02 0.03 0.05 0.04 0.04 0.03 0.04 0.09 0.06 0.04 0.05
Mg 0.7 0.74 0.80 077 0.65 0.61 0.69 0.66 0.70 0.70 0.69 0.71 0.66 0.68 0.63 0.63
Ca 1.02 1.02 1.03 1.00 1.01 1.04 1.02 1.03 1.02 1.03 1.01 1.03 1.04 1.02 1.03 1.03
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0. 0.00 0.00 0.00
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 2.0 202 2.0 20 2.02 2.03 2.02 2.03 2.03 2.03 2.06 2.03 2.06 2.04 2.05 2.04
F=0
TOTAL
CO2(N.0.) 2.00 1.99 1.99 1.99 1.99 1.98 199 198 1.98 1.99 1.95 1.99 1.97 1.98 1.96 1.98
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

AMODSTRA 130M0_GARE_ ASSOCATZ 20010_CARE_ ASSOCHTZ 1223010 CARB DOLT  1225010_CARB_OOL G 12850M0_CARE_DOL S 3010_CARE_DOLPERFIL Line3010_CARE_ DOLPERFIL Line3010_CGARE_DOLFERFIL Line3010_CARE_ DOLPERFIL Line 3010 CARE: DOLPERFIL Lindl_GARE_DOLPERFIL I0_CARE_DOLPERFIL 10 CARE_ DOLPERFIL I0_CARE_DOLPERFIL L1223010_CARE_DOL_ 1223010_CARE_DOL_{
CARBONATD Fedolomita > Fe Fe dolomita > Fe Fedolomita> Fe Fedolomita > Fe Fe dolomita > Fe Fe dalomita > Fe Fedolomita > Fe Fe dolomita > Fe Fe dalomita > Fe Fe dalomita > Fe Fedolomita > Fe  Fedolomita? Fe  Fedolomita> Fe  Fedolomita? Fe  Fedalomita» Fe Fe dolomita > Fe
LITOLOGIA Fe CET tardio Fe CET rardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET rardio Fe CET tardio Fe CET tardio Fe CET rardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio

Si02(Mass®%) 0.02 0.00 0.16 0.02 0.03 0.00 0.01 0.00 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.19
AlI203(Mass%) 0.16 0.00 124 0.00 0.14 0.00 0.00 0.00 0.08 021 0.01 0.03 0.00 0.00 0.03 049
FeO(Mass%) 989 943 9.08 871 10.75 10.07 9.90 965 9.82 9.69 9.96 9.01 9.03 10.09 890 9.66
MnO{Mass®%) 1.82 2.16 2.15 1.85 2.25 212 1.62 290 2.7 2.00 2.03 1.78 1.87 1.59 20 2.05
MgO(Mass®) 12.89 13.32 13.51 13.95 12.56 13.04 13.29 12.66 1271 12.86 12.56 13.65 13.58 13.25 13.66 1227
CaO(Mass%) 25.36 28.32 27.65 28.18 27.99 21N 28.17 27.68 2769 28.07 28.30 25.05 28.32 28.44 2525 2712
BaO(Mass%) 0.00 0.09 0.00 0.04 0.00 0.00 0.00 0.00 0.03 0.00 0.04 0.00 0.00 0.01 0.02 0.00
SrO{Mass%) 0.19 013 0N 0.33 0.07 013 0.06 017 019 0.12 023 0.08 0.06 0.00 0.26 0.08
La203{Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.01
Ce203(Mass%) 0.04 0.08 0.03 0.04 0.05 0.06 0.04 0.07 0.04 0.06 0.03 0.04 0.05 0.05 0.04 0.03
503({Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 5336 5353 5393 5313 5384 5313 53.09 5313 5321 53.03 5315 5264 52.91 5345 5317 519
F=0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 53.36 53.53 53.93 5313 53.84 5313 53.09 5313 5327 53.03 5315 52.64 52.91 5345 5317 5191
coz 4247 4264 4207 4285 42.30 4222 4272 4154 EANa 42.07 4214 42.48 4261 4297 4265 40.64
sum®% 95.83 96.17 96.00 95.98 96.13 95.36 95.81 94.66 94.98 95.10 9529 9512 95.62 96.42 95.82 92.55

AMOSTRA H0M0_CARB_ASSOCETZ 25010 CARB_ASSOCATZ, 1223010_CARE_DOL?  1223010_CARE_DOL_G 1223010_CARE_DOL_3  3010_CARE_DOLPERFIL Line 3010_CARE_DOLPERFIL Line 3010_CARE_DOLPERFIL Line 3010_CARE_DOLPERFIL Line 3010_CARE_DOLPERFIL Lin_CARE_DOLFERFIL 10_CARE_DOLPERFIL 10_CARE_DOLPERFIL W0_CARB_DOLPERFIL L1223010_CARE_DOL_'1223010_CARB_DOL_
CARBONATOD Fe dolomita > Fe Fe dolomita > Fe Fedolomitay Fe Fe dolomita > Fe Fe dolomita > Fe Fe dalomita Fe Fe dolomita > Fe Fe dolomita > Fe Fe dalomita > Fe Fe dolomita > Fe Fedolomits > Fe  Fedolomita? Fe Fedolomits > Fe  Fe dolomita? Fe  Fe dalomita» Fe  Fe dolomita » Fe
LITOLOGIA Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio

Si 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Al 0.01 0.00 0.05 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.02
Fe 0.28 027 0.26 0.25 0.3 029 0.28 0.28 028 0.28 0.29 0.26 0.26 0.29 0.25 0.29
Mn 0.05 0.06 0.06 0.05 0.07 0.06 0.05 0.08 0.08 0.06 0.06 0.05 0.05 0.05 0.06 0.06
Mg 0.66 0.68 0.68 0.70 064 0.67 067 0.66 (.66 0.66 0.64 0.70 0.69 0.67 0.69 0.65
Ca 1.04 1.03 1.01 1.02 1.03 1.02 1.03 1.03 1.03 1.03 1.04 1.03 1.03 1.03 1.03 1.03
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F{N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 204 2.04 20 2.04 205 204 2.03 2.06 208 2.04 2.04 2.04 204 203 2.04 2.05
F=0
TOTAL
CO2(N.0.) 1.98 1.98 1.95 1.98 1.97 198 1.98 1.97 1.97 1.98 1.98 1.98 1.98 1.98 1.98 1.96
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

AMOSTRA 1223010_CARE_OOL_4 012_CARE_DOL_12 Line 3012_CARE_DOL 12 Line 25012_CARE_DOL_12 Line 0 23012_GARE_DOL_12 L 0 23012_CARE_DOL_12 Line 0 25012_CARE_DOL_12 Line 0 20012_CARE_OOL_12 ine 0 23012_CARE_DOL 12 Line 0 1234047_CARE DOL 14 23145_C1LOOLI Line 023145_C1OOLY Line 026146_CLOOLY Line 025745_CLODLI Line 0:25145_CLOOLI Line (225146_CLOOL Line C3M6_CLOOL Line 1
CARBONATD Fe delamita > Fe Fe dolomita > Fe Fe dolomita > Fe Fe delomita > Fe Fe dolomita» Fe Fe dolomita > Fe Fe dolomita» Fe Fe delomita > Fe Fe delomita > Fe Fe dolomita » Fe Fedolomita » Fe  Fe dolomita> Fe  Fedolomita>Fe Fedolomitay Fe  Fedolomita> Fe  Fedolomita® Fe  Fe dolomita > Fe
LITOLOGIA Fe CBT tardio Fe CBT tardio Fe CBT tardio Fe CET tardio Fe CBT tardio Fe CBT tardio Fe CBT tardio Fe CBT tardio Fe CBT tardio Fe CET Fe CET Fe CBT FeCBT Fe CET Fe CBT Fe CET Fe CBT

S$i02(Masst) 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.05 0.00 0.00 0.00 0.00 0.00
AI203(Mass%) 0.19 0.68 0.03 0.02 0.02 0.01 0.00 0.01 0.02 0.01 0.00 0.02 0.06 0.00 0.05 0.00 0.05
FeO{Mass%) 10.54 783 395 381 497 491 469 524 417 11.87 9n 9.25 8.70 9.13 8.65 8.62 9.64
MnO(Mass%) 170 537 6.17 2.64 337 4.16 332 217 560 107 0.66 0.95 0.85 0.84 0.82 0.83 0.70
MgO(Mass%) 12.28 112 12.95 16.40 1512 1435 15.64 15.64 13.80 11.85 1457 14.06 1w 1415 14.64 1435 1430
CaO{Mass%) 27.98 26.89 2rm 2703 2705 2733 2747 2693 2690 2824 2191 28.06 28.05 28.02 2782 2810 2798
BaO{Mass%) 0.02 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.03 0.00 0.06 0.03 0.00
SrO{Mass'%) 0.03 029 0.67 1.06 0.66 041 072 1.18 063 0.06 059 0.44 0.36 020 017 0.19 0.45
La203({Mass%) 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.07 0.00 0.03
Ce203(Mass%) 0.03 0.07 0.03 0.02 0.07 0.04 0.03 0.01 0.03 0.02 0.05 0.05 0.06 011 0.01 0.05 0.00
503(Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 52.86 52.26 50.81 50.98 5130 51.20 51.76 5118 51.16 5314 52.94 52.96 5235 5252 52.30 52.20 5341
F=0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 52.86 52.26 50.81 50.98 5130 51.20 51.76 5118 51.16 5314 52.94 52.96 5235 5252 52.30 52.20 5341
coz2 4184 387 38.04 419 41.08 4030 4170 4192 39.00 4239 43.69 4324 43.03 4313 43.20 43.10 4379
sum% 94.70 9043 88.85 9289 9238 91.50 93.46 93.10 90.16 9563 96.63 96.21 9538 95 64 9551 95.30 97.20

AMOSTRA 1223010_CARE_DOI_4 *5012_CARE_DOL_12 Line 3012_CARE_DOL_12 Line 25012_CARE_DOL_I2 Line 0 E3012_GARE_DDL_1Z Line ) 23012_CARB_DDL_I2 Line D 25012_CARE_DOL_I2 Line 0 23018_CARE_DOL_12 Line 1 23012_CARE_DOL_12 Line0  1234047_CARE_DOL_14 25145_C1DOL1 Line 023186_C1DOL1 Line 025145_G100L1 Line DZ5145_G1 0L Line 0'25145_G1LD0L1 Line D225186_G1_DOLT Line 3186_G100L Line |
CARBONATD Fe delamita > Fe Fe dolomita> Fe Fe dolomita > Fe Fe delomita» Fe Fe dolomita» Fe Fe dolomita> Fe Fe dolomita > Fe Fe dolomita > Fe Fe delomita > Fe Fe dolomita » Fe Fedolomita > Fe  Fe dolomita> Fe Fedolomita>Fe Fedolomita? Fe  Fedolomita> Fe  Fedolomita® Fe  Fe dolomita > Fe
LITOLOGIA Fe CBT tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CBTtardio FeCBTrardio FeCBT FeCET FeCBT FeCBT FeCET FeCBT FeCET FeCBT

Si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.01 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.31 0.4 0.12 0.11 0.15 0.15 0.14 0.15 0.13 0.34 025 0.26 0.25 0.26 0.24 0.24 027
Mn 0.05 0.17 0.19 0.08 0.10 0.13 0.10 0.06 017 0.03 0.02 0.03 0.02 0.02 0.02 0.02 0.02
g 0.63 0.61 0.72 0.34 0.79 0.76 0.80 0.81 0.75 0.61 0.73 0.71 0.72 0.71 0.74 0.72 071
Ca 1.04 1.07 1.08 1.00 1.02 1.04 1.02 1.00 105 1.04 1.00 1.01 1.02 1.02 10 1.02 1.00
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.00 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.01 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.01
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
s 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 204 213 213 205 207 2.08 2.06 2.04 212 202 20 2.02 2.02 2.02 202 202 2.0
F=0
TOTAL
CO2(N.0.) 1.98 193 1.93 197 197 1.96 1.97 1.98 1.94 1.99 1.99 1.99 1.99 1.99 1.99 1.99 1.99
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AMOSTRA
CARBONATO

ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

1223146_CLDOLS Line 001 1223745_CLDOLY Line 002 1225M6_G4_DOLI Line 003 122300162 DOLL LNES 1223001 C2_DOLL LINES

1225001_52_DOLL LINES

Fe dalamita > Fe

1225001 C2_DOLL LINET
Fe dalomita? Fe

LITOLOGIA

Apatica Mg CBT

ApaticaMaCET

Si02(Mass%)
AI203{Mass%)
FeO(Mass')
MnO{Mass%)
MgO{Masst)
CaO(Mass%)
BaO(Mass%)
SrO(Mass%)
La203{Mass%)
Ce203(Mass’%)
S03(Mass%)
F(Mass')
TOTAL
F=0
TOTAL
co2
sumt

AMOSTRA
CARBONATO

3 Line 001 1223M5_CTDOLF Line 002 1225145_C4_DOLI Line 003 1223001_C2_DOLL LNES 1225001 C2_DOLL LNES

0.00
017
10.65
064
12.93

2840

0.00
0.00
0.00
0.04

5282

5282
4293
95.76

1223001 £2_DOLL LINES

Fe dalamita > Fe

0.00
0.00
1043
072
1346

29.00

0.00
0.01
0.00
0.04

5365

5365
4385
97.50

1223001_C2_DOLL LINET
Fe dalamita» Fe

LITOLOGIA

Apatita Mg CBT

Apatita Mg CBT

Si
Al
Fe
Mn
Mg
Ca
Ba
Sr
La
Ce
5
F(N.0.)
TOTAL
F=0
TOTAL
CO2(N.0.)

0.00
0.01
0.30
0.02
0.65
103
0.00
0.00
0.00
0.00
0.00
0.00
202

1.99

0.00
0.00
0.29
0.02
0.67
1.03
0.00
0.00
0.00
0.00
0.00
0.00
201

1.99
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

AMOSTRA 1223146 CL DO Line 017 1223146 C1OOLLS 1223146_C1 D04 1223146_C1_DOLLS 122i46_C1LOOL2 3 1223146_C1_OO0LS Line 00 1223146 C10OOLT Lin 002 1223M46_C4_DOLY Line 003 1223007_C5_DOLL4 1223007_C3DOLLI 23001 C3_DOL_1 LINM223001_C3_DOLL 15:23001_C2_DOL_ LINI:23001_C2 00U LINE23001_C2_DOLL LINE2300_C2_DOL1 LINE
CARBONATO FedolomitayFe  Fedolomita»Fe  Feddomita>Fe  Fedolomita Fe Fe dolomita» Fe Fe dolomita > Fe Fe dolomita> Fe Fe dolomita» Fe Fe dolomita » Fe Fe dolomita> Fe Fedolomita> Fe Fedolomita¥ Fe _Fedolomita> Fe Fedolomita¥ Fe Fe dolomita> Fe Fe dolomita Fe
LITOLOGIA FeCET FeCET FeCBT FeCBT FeCET FeCBT FeCBT FeCET Apatita Mg CET Apatita Mg CET ApatnaMgCET  ApataMgCET  ApateaMgCET  ApattaMaCET  ApattaMgCET  ApatiaMaCET

5i02(Mass%) 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00
Al203(Mass%) 0.00 0.07 0.01 0.00 0.04 0.00 0.03 0.00 0.04 0.02 0.00 0.00 0.01 0.00 017 0.00
FeO(Mass%) 8.86 9.49 953 9.88 92 955 117 9.60 9.05 9.32 11.78 13.79 10.68 10.79 10.65 1043
MnO{Mass%) 0.69 0.89 017 0.67 0.90 0.79 0.72 0.91 270 248 0.81 0.83 0.70 0.68 0.64 0.72
MgO(Mass%) 14.91 13.79 14.38 14.15 14.47 13.90 13.30 13.23 12.62 12.83 12.84 11.16 13.37 13.18 1293 13.46
CaO(Mass%) 27.86 2813 2768 27.84 2774 2834 2762 28.03 25.58 28.60 2813 2787 2827 2526 28.40 29.00
BaO(Mass%) 0.10 0.00 0.00 0.02 0.05 0.04 0.0 0.04 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00
SrO(Mass%) 047 0.41 0.39 0.31 0.22 013 0.07 0.23 0.10 025 0.02 015 0.01 0.06 0.00 0.01
La203(Mass%) 0.03 0.00 0.01 0.00 0.05 0.02 0.04 0.00 0.03 0.05 0.04 0.00 0.03 0.00 0.00 0.00
Ce203{Mass%) 0.10 0.00 0.06 0.01 0.07 0.08 0.07 0.03 0.05 0.0 0.04 0.02 0.02 0.00 0.04 0.04
S03({Mass%)
F(Mass%)
TOTAL 53.01 52 87 52.87 52.89 52.79 5287 53.15 5221 5350 53.60 5365 5352 53.12 53.03 5282 5365
F=0
TOTAL 5301 52.87 52.87 52.89 52.79 5287 5315 52.21 53.50 53.60 53.65 53.62 5312 53.03 52.82 53.65
co2 4381 4312 43.44 43.48 4333 43.34 43.09 42.44 2.0 4227 4332 4234 4333 4321 4293 43.85
sum% 96.82 95.98 96.31 96.37 96.12 96.22 96.25 94 65 9552 95.87 96.97 9585 96.46 96.24 95.76 97 50

AMOSTRA 1223146_CLDOL Line 017 1223146_C1ODOLILS 1223146_C1LDOL_4 1223146_C1_DOLLS 1223146_C1_00L2_3 1223146_C1_DOL3 Line 001 1223146_C1_0DOL3 Line 002 1223M46_C4_DOLY Line 003 1223007_C5_DOL14 1223001_CE_DOLLS 123001 C3_DOL_1 LINM223001_C3_DOLI_ 18:23001_C2_DOL1_ LINI:23001_C2_D0L1 LINE23001_C2_DOL_ LINE2300_C2_DOL_ LINE
CARBONATO Fedolomita? Fe  Fedolomita>Fe  Fedolomita>Fe  Fedolomita) Fe Fe dolomita » Fe Fe dolomita » Fe Fe dolomita Fe Fe dolomits > Fe Fe dolomita » Fe Fe dolomita Fe Fedolomita? Fe_Fedolomita? Fe_Fedolomita? FeFe dolomita? Fe_Fe dolomita Fe_Fe dolamita> Fe
LITOLOGIA FeCBT FeCBT FeCBT FeCBT FeCBT FeCBT FeCBT FeCBT Apatita Mg CBT Apatita Mg CBT ApatitabgCBT _ ApatitaMgCBT _ ApatitaMgCET  ApatitaMgCBT  ApatitaMg BT ApatitaMa CBT

Si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00
Fe 0.25 0.27 0.27 0.23 0.26 0.27 0.32 0.28 0.26 027 0.33 040 0.30 0.30 0.30 029
Mn 0.02 0.03 0.02 0.02 0.03 0.02 0.02 0.03 0.08 0.07 0.02 0.02 0.02 0.02 0.02 0.02
Mg 0.74 0.69 0.72 0.7 0.73 0.70 0.67 0.68 0.66 0.69 0.64 0.57 0.67 0.66 0.65 0.67
Ca 0.99 1.02 1.00 1.00 1.00 1.02 1.00 1.03 1.05 1.05 1.01 1.02 1.02 1.02 1.03 1.03
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F{N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 201 2.02 20 20 202 202 20 202 205 205 202 202 20 20 202 20
F=0
TOTAL
CO2(N.0.) 199 1.99 1.99 1.99 1.99 199 1.99 1.99 197 198 199 199 1.99 1.99 199 1.99
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

AMOSTRA 1223M0_CARE_AFE0CETZ_20 1223F010_CARE_DOLPERFIL Lin: 002 1223010_CARE_DOLPERFIL Lin: 013 1223012_CARE_AMK_1 1223012_CARE_ANK_2 12230M2_CARE_AMNE_F 1223012_CARE_AMK_4 1223012_CARE_AMNK_F 1223012_CARE_ANK_E

CARBONATO Arkerita Ankerita Arkerita Arkerita Arkerita Arkerita Ankerita Ankerita Ankerita

LITOLOGIA Fe CBT tardio Fe CBT tardio Fe CBT tardio Fe CBT tardio Fe CBT tardio Fe CBT tardio Fe CET rardio Fe CET tardio Fe CBT tardio
SiO2(Mass%) 0.04 0.03 0.00 0.00 0.03 0.00 0.00 0.03 0.03
AI203(Mass% 0.02 0.81 0.00 0.00 0.01 0.10 0.01 0.00 0.01
FeO(Mass%) 12.10 12.51 12.03 15.84 15.65 12.76 15.27 14.34 1567
MnO{Mass%) 1.93 1.92 202 29 3.26 2.84 276 287 3.18
MgO(Mass%) 11.04 10.50 11.28 7.98 8.06 10.24 5.53 924 5.58
Ca0({Mass%) 27.87 27.44 27.84 27.56 2743 27.60 2723 27.36 2743
BaO(Mass%) 0.00 0.01 0.00 0.01 0.00 0.02 0.00 0.02 0.02
SrO{Mass%) 0.28 0.01 0.24 0.00 0.00 0.00 0.00 0.00 0.00
_a203(Mass% 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ze203(Mass% 0.01 0.06 0.03 0.02 0.04 0.00 0.04 0.04 0.04
S03(Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 53.30 53.32 53.44 54 32 b4 A7 5367 53.85 53.90 54 95
F=0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

TOTAL 53.3034 53.3186 53.4389 54 3223 54 468 53.5655 53.852 53.9023 549485
co2 41.46035179 40.67874698 41.64251746 40.0451013%  39.91207023  40.67162116  40.04540639  40.35731015 40.4969466
sum% 94 76375179 93.99734698 95.08141746 94 36740139 94 38007023 94 23712116 93.90040639 94 25961015 95 4454466

AMOSTRA  23010_CARE_ASSOCOTE_23010_CARE_DOLPERFIL Line (23010_CARE_DOLPERFIL Line 2230M12_CARB_AMK_223012_CARE_ANK_2230MZ_CARB_ANMK_Z23012_CARE_AMK_223012_CARE_AMK_223012_CARB_AMK_

CARBONATO Arkerita Ankerita Arkerita Arkerita Arkerita Arkerita Ankerita Ankerita Ankerita
LITOLOGIA Fe CET tardia Fe CET tardia Fe CBT tardia Fe CET tardia Fe CET tardia Fe CET tardia Fe CET tardio Fe CET tardia Fe CET tardia
Si 0.001475658 0.001162746 0 0 0.000995638 0.000106407 0 0.00090107 0.001081471
Al 0.001001461 0.033776203 0.00016418 0 0.000599468 0.003971235 0.000582163 0.000130639 0.0005599559
Fe 0.35 0.37 0.35 0.48 0.47 0.38 0.46 0.43 0.47
Mn 0.06 0.06 0.06 0.09 0.10 0.09 0.08 0.09 0.10
Mg 0.58 0.55 0.59 0.43 0.43 0.54 0.46 0.49 0.45
Ca 1.04 1.04 1.04 1.06 1.06 1.05 1.05 1.05 1.05
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 2.04 2.06 2.04 2.06 2.07 2.06 2.06 2.06 2.06
F=0
TOTAL
CO2(N.0.) 1.98 1.96 1.98 1.97 1.97 1.97 1.97 1.97 1.97



ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

1225012_CARE_ANK_1 1223012_CARE_DOL_2 1223012_CARE_DOL_2 1223012_CARB_DOL_2 1223012_CARE_DOL_2
AMOSTRA 1223012_CARB_ANK_T 1223012_CARB_ANK_S 1223012_CARB_ANK_3 ] 1223012_CARB_AMK_11 1223012_CARE_3ID_15 2 3 4 5
CARBONATO Ankerita Ankerita Ankeerita Ankerita Ankerita Ankerita Ankerita Ankerita Ankerita Ankeerita
LITOLOGIA Fe CET tardia Fe CET tardia Fe CET tardia Fe CET tardia F2CET tardia F2CET tardia F= CET tardia F= CET tardia Fe= CET tardia Fe CET tardia
Si02{Mass%) 0.04 0.01 0.01 0.00 0.00 0.09 0.00 0.00 0.00 0.0138
A1203(Mass’ 0.54 0.01 0.00 0.02 0.00 2.90 0.0 0.02 0.00 0.0602
FeOQ{Mass%) 15.83 16.75 14.98 15.06 15.09 14.16 15.42 9.13 15.47 15,8668
MnO{Mass%%) 312 Kyl 2.87 2.99 i 344 2.90 4.35 3.27 3.3474
MgO{Massh) an 8.07 8.69 8.69 8.72 8.09 8.65 11.43 8.42 7.9295
CaO(Mass%) 2742 2740 27.60 27.62 27.60 26.60 27.60 27.39 27.38 27.6538
BaO(Mass%) 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0
SrO{Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0
_a203Mass% 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0
Ze203Mass% 0.01 0.06 0.05 0.06 0.05 0.05 0.07 0.06 0.08 0.0657
503(Mass’) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0
F(Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0
TOTAL 55.09 54.50 54.20 54 46 5467 55.34 54 66 52.57 54 .62 54.9373
F=0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0
TOTAL 55.0898 54 5023 5415981 54.4593 546749 55337 54.6583 52.87T13 54 6159 54.9373
coz 4007667547 39.95980028 40.3339737 4040267648 40.4334342 38.39750445 40565853584 39.65597476 4017025513 4008883467
sum‘ 9516647547 9446210028 9453201737 9486197648 95.1083342 93.73450445 95.224153584 92.22727476 94.78615513 95.02613467

1223012_CARB_AMN 1223012_CARE_AN 1223012_CARE_SID 1223012_CARE_DO 1223012_CARE_DO 12230M2_CARE_DOD 122301Z_CARE_D

AMOSTRA 122302 _CARE_ANK_T 1223012_CARE_ANK_S 1223012_CARE_AMNK_3 K_10 k_M _15 L&z L_23 L_z4 oL_zs
CARBONATO Ankerita Ankerita Ankerita Ankerita Ankerita Ankerita Ankerita Ankerita Ankerita Ankerita
LITOLOGIA F= CET tardic F=CBT tardia Fe CBT tardic Fe CET tardia FeCET tardia FeCET tardia F= CET tardic F= CET tardic F=CET tardia Fe CBT tardic
Si 0.0014 0.0004 0.0004 0.0001 0.0001 0.0033 0.0000 0.0000 0.0000 0.0005
Al 0.0227 0.0005 0.0000 0.0009 0.0001 0.1238 0.0004 0.0007 0.0000 0.0025
Fe 0.4733 0.4747 0.4482 0.4496 0.4497 0.4293 0.4588 0.2756 0.4640 0.4762
Mn 0.0944 0.0980 0.0870 0.0905 0.0968 0.1055 0.0874 01331 0.0993 01017
Mg 0.4322 0.4334 0.4637 0.4624 0.4635 0.4374 0.4530 0.6153 0.4503 0.4242
Ca 1.0504 1.0581 1.0584 1.0565 1.0538 1.0334 1.0822 1.0596 1.0518 1.0633
Ba 0.0002 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Sr 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0042 0.0000 0.0000
La 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Ce 0.0001 0.0008 0.0006 0.0008 0.0007 0.0007 0.0009 0.0008 0.0010 0.0008
5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
F(N.O.) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
TOTAL 20748 2.0659 2.0582 2.0610 2.0648 21335 2.0586 2.0892 2.0663 2.0694
F=0
TOTAL
CO2({N.0.) 1.9562 1.9665 1.9706 1.9690 1.9674 1.9005 1.9704 1.9550 1.9666 1.9642
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

1223010_CARB_A 1283010 _CARB_A 1223010_CARE_AS 1223010_CARE_A 1223010_CARB_A3 1223010_CARE_A 12230M0_CARE_

1223010_CARE_3I 1223010_CARE_S 1223010 CARB_

1223010_CARE_DO  1223010_CARB_DOL_10

SAMPLE SSOCETZ_1 SYOCHTZ_2 SOCETZ_H SE0CETZ_13 SOCETZ_15 SSOCHTZ_16 ASEOCETZ_{T DER_S DEF_6 DOL_10 Line 003 L_10 Line 004 Line 005
CARBONATO Mg siderita Mg siderita Mg siderita Mg siderita Mg siderita Mg siderita Mg siderita Mg siderita Mg siderita Mg siderita Mg siderita Mg siderita
LITOLOGIA FeCBTtardioc  FeCBTtardio  FeCBTtardio  Fe CET tardio Fe CET tardio FeCETtardio  FeCBTtardio FeCBTtardio  FeCBTtardio FeCEBTtardio  FeCETtardio Fe CET tardio
Si02(Mass%) 0.10 0.07 0.01 0.03 2.59 0.10 0.05 0.01 0.01 0.00 0.00 013
AlI203(Mass%) 0.03 0.01 0.00 01 0.03 0.01 0.01 0.04 0.02 0.00 0.01 0.96
FeO(Mass%) 40.83 4113 44 .44 40.33 40.29 41.13 41.98 43.88 41.26 40.88 41.67 41.52
MnQ(Mass%) 495 373 459 422 4.02 415 3.93 3.04 4.30 417 423 3.80
MgQ(Mass%) 9.84 10.98 7.05 11.27 10.27 10.62 10.03 9.89 10.64 11.47 10.71 1017
CaO(Mass%) 0.06 0.05 0.46 0.03 0.04 0.06 011 0.03 0.04 0.06 0.03 0.03
BaO(Mass%) 0.02 0.01 0.02 0.00 0.03 0.30 0.06 0.00 0.00 0.03 0.00 0.00
SrO{Mass%) 0.01 0.02 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.02 0.00
La203(Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce203(Mass%h) 0.05 0.02 0.03 0.04 0.1 0.17 0.07 0.05 0.03 0.05 0.02 0.01
503(Mass’) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(Mass') 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 55.89 56.01 56.58 56.03 57.38 56.55 56.25 56.94 56.31 56.66 56.69 56.62
F=0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 55.89 56.01 56.58 56.03 57.38 56.55 56.25 56.94 56.31 56.66 56.69 56.62
Cco2 35.82 37.23 3528 37.04 35.95 36.95 36.78 37T 36.93 37.63 37.26 36.57
sum% 9.7 93.24 91.86 93.07 93.33 93.50 93.02 94.66 93.24 94.29 93.95 93.19

PROPORGCAQ ATOMICA PARA 6 O

1223010_CARE_& 1223010 CARE_A 12230M0_CARE_AS 1223010_CARE_A 12230M0_CARE_AS 1223010_CARE_A 1223010_CARE_

1223010_CARE_%1 1223010_CARB_S| 1223010_CARE_

1223010_CARE_DO  1223010_CARE_DOL_10

SAMPLE S50CETZ_A S50CATZ_2 SOCETZ_N SSOCATZ_13 SOCETZ_15 SEOCHTZ_16 AZTOCETZ_IT DER_E DER_E DOL_10 Line 003 L_10 Line 004 Line 005
CARBONATO Mq siderita Mg siderita Mg siderita Mg siderits Mg siderita Mgsiderita Mg siderita Mg siderita Mg siderita Mg siderita Mg siderita Mg siderita
Fe CBT Fe CBT Fe CBT Fe CBT Fe CBT Fe CBT Fe CBT Fe CBT Fe CBT
LITOLOGIA tardio tardio tardio tardio Fe CBT tardio tardio tardio tardio tardio tardio  Fe CBT tardic Fe CBT tardio
Si 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
Fe 1.36 1.32 1.50 1.30 1.30 133 1.37 1.40 1.34 1.30 134 1.34
Mn 017 0.12 0.16 0.14 0.13 0.14 013 0.10 0.14 013 0.14 0.12
Mg 0.58 0.63 0.42 0.65 0.59 0.61 0.58 0.56 0.61 0.65 0.61 0.59
Ca 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 2.1 2.08 210 2.09 212 2.09 2.09 2.07 2.09 2.09 2.09 2N
F=0
TOTAL
CO2{N.0Q.) 1.94 1.96 1.95 1.95 1.89 195 1.95 1.97 1.95 1.95 195 193
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

1223010_CARE_D 1223010_CARE_D 1223146_C1LCARB! 1223010_CARE_SI 1223010 c»\na S0 1225010_CARE_SI 1223010_CARE_

1223012_CARE_SI 1223012_CARE_S| 1223012_CARE_S 1234042_CARE_SID

1234043_CARE 1234042 CARE 1234042_CARE 1234042 CARE 1254042_CARE 1234042 CARE 1234042 CARE 1234042 CARE

SAMPLE OL_f0Line 08 DL_10 Line 015 _ L _6 | S0 X DESCURO_20  IDESCURO_21 _ @3404E_CARB_SIO_Z SIS _sin_a _sI0_s _Si0Line 001 _SI0Line 002 _Si0Line 005 _SIDLine 004 _SID Line 005
CARBONATO Ma siderita Ma siderita Ma siderita Ma siderita Mg siderita Mg siderita Ma siderita Mg siderita Mg siderita Ma siderita Mg siderita Ma siderita Masiderta  Mgsideiita Mgsiderita  Masiderita  Mgsideiita  Mgsiderita  Masiderita Mg siderita

LITOLOGIA FeCBTtardio  Fe CET tardic FeCET FeCBTtardie  FeCBTtardio  FeCBTtardic  FeCBTtardic  FeCBTiardio  FeCBTtardio  FeCBTiardio  FeCET tardio Fe CET tardio Fe CBTtardio Fe CBT tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CBT tardio Fe CBT tardio Fe CBT tardio
Si02(Mass%) 0.03 001 013 0.04 0.04 0.02 0.01 0.01 0.01 0.03 0.02 0.00 0.02 0.00 0.00 0.01 001 0.03 0.01 0.00
Al203(Mass%) 0.01 0.00 0.00 0.00 0.01 0.01 0.02 0.03 0.00 0.01 0.03 0.04 0.03 0.00 0.04 0.00 0.01 0.00 0.00 0.01
FeO(Mass%) 42.37 41.36 4138 42,46 4146 39.79 4213 41.05 43.12 4321 5292 5322 5250 52.98 49.37 48.55 48.78 48.84 49.81 52.70
MnO{Mass%) 4.05 417 215 397 3.95 4.62 382 0.68 6.27 6.54 2.66 2.57 261 264 354 164 178 318 2.99 267
MgO{Mass®) 1026 10.55 11.27 948 10.61 10,67 9.99 10.46 6.90 6.50 218 1.89 193 1.91 415 579 562 490 3.96 213
CaO(Mass%) 0.06 0.03 0.22 0.05 015 015 0.15 249 012 0.15 017 015 017 017 0.04 0.27 0.53 0.37 0.25 0.16
BaO{Mass®%) 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 001 0.03 0.00 0.01 0.00 0.03 0.02
SrO{Mass’) 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00
La203(Mass%) 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.01 0.00 0.00 om 0.00 0.00
Ce203(Mass’) 0.06 0.05 0.05 0.04 0.03 0.02 0.04 0.02 0.04 0.05 0.04 0.04 0.05 0.07 0.08 0.06 0.04 0.07 0.08 0.06
S03(Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.01 001 0.00 0.00 0.00 om 0.00 0.00
F({Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 56.83 56.18 55238 56.03 56.25 5552 56.15 54.75 56.46 56.53 58.03 57.93 5731 57.82 57.26 56.32 56.79 5742 5713 57.75
F=0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 56.83 56.18 55238 56.03 56.25 5552 56.15 54.75 56.46 56.53 58.03 57.93 5731 57.82 57.26 56.32 56.79 5742 5713 57.75
co2 3T 36.88 37.83 36.40 3710 36.38 36.83 36853 3405 3369 3495 3478 34.40 3470 34.83 36.28 36.44 3557 35.05 3474
sum% 94.04 93.06 9311 9243 93.36 91.90 92.93 93.28 90.51 90.22 9298 92.72 9171 92.53 92.09 92.59 93.23 92.99 9218 92.49

PROPORGAQ ATOMICA PARA 6 O

1225010_CARE_D 1225010_CARE_D 122316 C1LCARE! 1223010_CARE S 1223010 CARE_SID 1223010_CARE_3I 1229010 CARE_

|223012_c».n5 S 1223012_CARE_3| 1223012 CARE_S 1234042_0»25 0
E:

1234042_CARE mwsa_cma 1234042_CARE 1234042 CARE 1234042 CARE 1234042 CARE 1234042 CARE 1234042 CARE

SAMPLE OL10Line 0l OL_10 Ling 015 _ _ Xt DESCURO_20  IDESCURD_21 1234042 CARB_SID_Z  _3IO_3 _3iDLine 001 _§IDLine 002 _$iOLine 003 _SIDLine 004 _SIDLine 005
CARBONATO Ma siderita Ma siderita Ma siderita Ma siderita Mg siderita Mg siderita Mg siderita Mg siderita Mg siderita Ma siderita Mg siderita Ma siderita Masiderta Mg siderita Mgs\d?nta Masiderita  Mgsiderita Mgsiderita  Masiderita Mg siderita
LITOLOGIA FeCBETiardic  FeCET tardic FeCET FeCETtardic  FeCBTrardio  FeCETtardic  FeCETtardio FeCETiardio  FeCBTtardioc  FeCBTtardio  FeCETrtardie Fe CET tardic Fe CETtardio Fe CET tardio Fe CBTrardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio Fe CET tardio
Si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 1.36 134 132 140 134 131 137 1.30 149 151 1.82 1.84 1.84 1.84 1.70 1.62 162 165 17 183
Mn 013 0.14 0.07 013 013 015 013 0.02 0.22 0.23 0.09 0.09 0.09 0.09 0.12 0.06 0.06 011 0.10 0.09
Mg 0.59 0.61 0.64 0.56 0.61 0.64 0.58 0.59 0.43 040 013 012 0.12 0.12 0.25 0.35 0.33 0.30 0.24 013
Ca 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.10 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.02 0.02 0.01 0.01
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 2.09 2.09 205 209 2.09 210 2.08 2.02 215 216 2.06 2.06 2.06 2.06 2.08 2.04 2.04 207 207 2.06
F=0
TOTAL
COZ(N.O.) 195 195 1.97 195 1.96 195 1.96 1.99 193 192 1.97 1.97 197 1.97 1.96 1.98 198 1.96 1.96 1.97
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

1234042_CARE_% 1234042 _CARB_%| 1234042 _CARE_Z| 1234042 _CAREB_Z| 1234042 _CARE_ZID 1234042 _CARE_S1 1234042 _CARE 1234042 _CARE_Z| 1234042_CARE_Z 1234042_CARE_ 1234042_CARE_%ID 1234042_CARE_ZID Line 1234042_CARE 1234042 _CARE 1234042 _CARE

ZAMPFPLE 1D Line 006 O Line 00T D' Line 00& DiLine 003 Line 010 DiLine 011 _ZID Line 02 DiLine 013 1D Line 014, ZI0r Line: 015 Line 016 o _EIDZON_T _EIDZON_& _EIDZON_3
CARBONATO Ig siderita Mg siderita Mg siderita Mg =iderita Ig =iderita Ig =iderita I siderita Ig =iderita Ig siderita Mg siderita Mg ziderita Mg siderita Mg ziderita  Mosiderta Mo siderita

LITOLOGIA FeCETtardic FeCETtardic  FeCBTrardio  FeCBTtardio Fe CET tardia FeCETtardic FeCBTtardic FelCBTtardic FeCBTtardio FeCETtardioc  FeCETtardio Fe CET tardio Fe CETtardio Fe CET tardic Fe CET tardio
Si02{Mass%) 0.02 0.00 0.01 0.00 0.01 0.03 0.01 0.00 0.01 0.03 0.00 0.04 0.00 0.00 0.02
Al203(Mass%) 0.01 0.02 0.00 0.01 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.03
FeO{Mass%) 52.95 52.88 52.94 52.36 50.52 52.87 52.95 52.68 53.07 50.23 49.01 43.11 39.25 43.18 45.88
MnO{Mass®) 2.54 2.36 2.50 2.34 2.30 2.48 2.53 2.57 2.61 3.06 3.23 3.93 3.70 1.93 in
MgO{Mass®) 1.89 1.99 1.98 245 41 2.10 1.90 1.93 1.70 3.65 3.93 4.25 1.97 1.03 4.67
CaO(Mass%) 0.14 0.16 0.18 021 0.25 0.18 0.19 017 0.16 0.20 0.22 0.46 0.12 0.08 0.06
BaO(Mass'%) 0.03 0.01 0.02 0.02 0.02 0.00 0.01 0.05 0.01 0.05 0.07 0.10 0.00 0.00 0.01
SrO{Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.04 0.00 0.04 0.01 0.00 0.05
La203(Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce203(Mass%) 0.06 0.08 0.08 0.06 0.10 0.05 0.08 0.05 0.05 0.12 0.07 0.10 0.04 0.03 0.06
S03(Mass®%) 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
F(Mass%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 57.63 57.50 87.72 57.45 57.30 57.74 57.68 57.46 57.61 57.36 56.52 57.04 4510 46.25 56.88
F=0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 57.63 57.50 a7.72 o745 57.30 a7.74 57.68 o746 a7.681 57.36 56.52 57.04 4510 46.25 56.88
coz2 3462 4. 3475 34.93 3565 .82 34.68 3453 34.50 34.95 4.5 3453 26.29 27.64 3512
sum% 92.25 92.21 9247 92.38 92.95 92.56 92.35 91.99 2.1 92.32 91.03 91.58 71.39 73.89 92.00

PROPORGAQ ATOMICA PARA 6 O

1234042_CARE_% 1234042 _CARB_%| 1234042 _CARE_Z| 1234042 _CAREB_Z| 1234042 _CARE_ZID 1234042 _CARE_S1 1234042 _CARE 1234042 _CARE_Z| 1234042_CARE_Z 1234042_CARE_ 1234042_CARE_%ID 1234042_CARE_ZID Line 1234042_CARE 1234042 _CARE 1234042 _CARE

SAMPLE 10 Line 006 D Line 007 D Line 003 D Line 003 Line 010 D Line 011 _ZI0 Line 012 D Line 013 10 Line 014 ZI00 Line 015 Line 016 o _EIDZON_T _FIDZON_5 _FIDZON_3
CARBONATO Mg siderita Mg siderita Mg siderita Mg siderita Mg siderita Mg siderita Ma siderita Mg siderita Mg siderita Mg siderita Mg siderita Ma siderita Mgsiderita  Masiderita Mg siderita
LITOLOGIA Fe CETtardioc  FeCETtardio  FeCETtardio  FeCETtardio Fe CET tardio FeCETtardio FeCETtardic FeCBTtardo  FeCETtardio FeCETtardic  FeCETtardio Fe CET tardio Fe CETtardio Fe CET tardio Fe CET tardio
Si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 1.84 1.84 1.84 1.81 1.7 1.83 1.84 1.84 1.86 1.73 1.7 1.67 1.78 1.89 1.67
Mn 0.09 0.08 0.09 0.08 0.08 0.09 0.09 0.09 0.09 011 01 0.14 07 0.09 0N
Mg 012 012 012 015 0.25 013 012 012 0N 0.22 0.24 0.26 0.16 0.08 0.28
Ca 0. 0. 0.0 0.01 o.M 0. 0.1 0. o.M 0.0 0. 0.02 0. 0.00 0.00
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F{N.O.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 2.06 2.06 2.06 2.06 2.0 2.06 2.06 2.06 2.06 207 2.08 209 2n 2.06 207
F=0
TOTAL
CO2(N.O.) 1.97 1.97 1.97 1.97 1.97 1.97 1.97 1.97 1.97 1.96 1.96 1.95 1.94 1.97 1.96
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ANEXO B — QUIMICA MINERAL — WDS — CARBONATOS

1234042_CARE B3UM42_CARE_S 1204092 CARE 1234042 CARE 1234042 CARE 1234042 CARE 1234042 CARE
1254042_CARE_S 1294042 CARES 1234042 CARE_SI 1234042 CARE_SI 1234042 CARB_SID 1254042 CARE_SI _SIDGRANDE 1234042 CARE_S| IDGRANDELnc  SIDGRANDE Lins 1204042_CARB_SID 1234042 CARE_SIDGR _SIDGRANDE _WIDGRANDE _SIDGRANDE _SIDGRANDE 1223012 CARE 1229012 CARE 1223012 CARE 1223012 CARE 1223012 CARE_SI
SAMPLE ID20MH_2 DzON_3 DGRANDE Line 001 Line 002 DGRANDE Line 003 04 005 GRANDE Line 006 ANDE Line 007 Line 016 Line 016 Line 013 Line 021 _sin_1a _si0_t6 _SID_ _SIOCLAROLT  OCLAROL1
CARBONATO Siderita Siderita Siderita Siderita Siderita SIDERITA SIDERITA SIDERITA SIDERITA SIDERITA SIDERITA SIDERITA SIDERITA SIDERITA SIDERITA SIDERITA SIDERITA SIDERITA SIDERITA SIDERITA SIDERITA
LITOLOGIA FeCBTtardio  FeCBTtardie  FeCBTtardio  FeCBTiadic  FeCBTtadio  FeCBTtardio  FeCBTiardioc FeCETtardio  FeCBTtardio  FeCBETiardio  Fe CBTtardio FeCET tardia Fe CET tardio Fe CET tardio Fe CBT tardio Fe CBT tardio Fe CBT tardio Fe CBTtardio Fe CBTtardio Fe CEBT tardio  Fe CBT tardic
$i02(Mass%) 0.00 0.00 0.03 0.00 0.01 0.03 0.03 0.03 0.00 0.00 0.00 0.11 272 2.0 1.52 0.56 0.00 0.04 0.03 0.01 0.00
Al203{Mass’%) 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.02 0.00 0.01 0.22 0.02 0.00 0.82 0.28 0.03 0.00 0.02 0.00 0.00
FeO(Mass%) 4346 530 4389 4328 4692 5051 5109 5032 5053 5027 5010 46.42 5555 52 68 5044 4747 4572 4481 47 96 4791 4813
MnO(Mass%) 202 247 208 1.97 245 251 2,50 246 243 247 2.36 270 234 227 268 3 5.94 5.90 485 517 4.92
MgO(Mass%) 107 212 088 091 063 388 407 415 422 4.08 438 441 248 308 372 527 484 6.17 431 412 394
CaO(Mass%) 0.10 0.15 0.07 0.09 0.08 0.25 0.33 0.37 046 0.73 0.55 207 0.55 0.42 0.30 0.31 025 0.19 0.04 0.05 0.05
BaO{Mass") 0.00 001 000 0.00 001 0.01 0.00 001 0.00 000 005 0.00 000 003 0.04 001 000 002 0.00 0.00 0.00
SrO({Mass%) 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.05 0.02 0.02 0.02 0.00 0.00 0.01 0.00 0.00
La203(Mass%) 0.00 0.00 0.01 0.00 0.02 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
Ce203(Mass%) 0.06 005 001 0.06 0.02 005 0.06 004 0.04 004 0.08 005 006 008 0.04 005 003 004 0.07 003 0.00
$03(Mass%) 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.01 0.03 1.29 0.00 0.15 0.08 0.09 0.00 0.00 0.00 0.00 0.00
F(Mass%) 0.00 0.00 000 0.00 0.00 0.00 0.00 000 0.00 000 0.00 0.00 000 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
TOTAL 46.71 57.81 46.77 46.32 5013 57.27 58.12 57.38 57.71 57.60 57.54 57.28 6377 60.71 59.67 57.78 56.81 57.18 57.30 57.32 57.04
F=0 0.00 0.00 000 0.00 0.00 0.00 0.00 000 0.00 000 0.00 0.00 000 0.00 0.00 0.00 000 000 0.00 0.00 0.00
TOTAL 4671 5781 46.77 46 32 5013 5727 5812 5738 5771 57 60 5754 5728 6377 6071 5967 5778 56.81 5718 57 30 5732 57.04
co2 27.88 349 2778 2759 2949 3539 36.01 35.65 3593 3583 3592 34.89 37.20 35.96 3523 35.09 3348 34.36 3413 339 3382
sum% 7459 9273 74 55 73N 7962 92 66 9413 9303 93 64 9343 93 46 9217 100 97 96 67 94.90 92 87 90.30 9154 9143 9123 90 86
1234042_CARE BGAME_CARB_S 1254082_CARE 1254042_CARE 1254042_CARE 1254042 CARE 1254042 CARE
1254042_CARB_S 1234042 CARB_SI 1234042 CARE_SI 1234042 CARB_SI 1254042 CARB_SID 1204042 CARE_SI _SIDGRANDE  1234042_CARE_S IDGRANDELne  SIDGRANDE Line 1254042 CARB_SID 1234042_CARE_SIDGR _SDGRANDE _SIDSRANDE _SIDGRANDE  _SIDGRANDE 1223012 CARE 1223012 GARE 1223012 GARE 1223012 GARE 1223012 CARE_SI
SAMPLE IDZ0H_2 DzoN_3 Dzon_¢ Dzon_s 2006 DGRANDE Lin 001 Line002  DGRANDE Line 005 4 005 GRANDE Line 006 ANDE Line 007 Line 016 Line 018 Line 013 Line 21 _siD_14 _sio_ _SID_f _SIDCLARO1E  OCLARO1S
CARBONATO Siderita Siderita Siderita Siderita Siderits SIDERITA SIDERITA SIDERITA SIDERITA SIDERITA SIDERITA SIDERITA SIDERITA SIDERITA SIDERITA SIDERITA SIDERITA SIDERITA SIDERITA SIDERITA SIDERITA
LITOLOGIA FeCETtardic  FeCETtardie  FeCETtardic  FeCBETtardic  FeCBTtardic  FeCETtardio  FeCBTtardic  FeCETtardio  FeCBTtardic  FeCBETtardio  FeCBTtardic F=CET tardia FeCETtardic Fe CETtardie Fe CETtardic Fe CBT tardic Fe CBTtardio Fe CBTtardio Fe CBTtardio FeCETtardio  Fe CBT tardic
Si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.08 0.06 0.02 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 000 0.00 0.00 0.00 0.00 000 0.00 000 0.00 001 000 0.00 0.04 001 000 000 0.00 0.00 0.00
Fe 1.88 1.83 1.90 1.89 1.92 1.72 1.7 1.70 1.70 1.69 1.68 1.57 1.74 1.72 167 1.60 1.61 1.54 1.67 1.68 1.69
Mn 0.09 0.08 0.09 0.09 0.10 0.09 0.08 0.08 0.08 0.08 0.08 0.09 0.07 0.08 0.09 0.13 0.21 0.21 0.17 0.18 0.18
Mg 008 013 007 007 005 024 024 025 025 025 028 027 014 018 022 032 030 038 027 026 025
Ca 0.01 0.01 0.00 0.01 0.00 0.01 0.01 0.02 0.02 0.03 0.02 0.09 0.02 0.02 0.01 0.01 0.01 0.01 0.00 0.00 0.00
Ba 0.00 0.00 000 0.00 0.00 0.00 0.00 000 0.00 000 0.00 0.00 000 0.00 0.00 0.00 000 000 0.00 0.00 0.00
Sr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 000 0.00 0.00 0.00 0.00 000 0.00 000 0.00 0.00 000 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F(N.O.) 0.00 0.00 000 0.00 0.00 0.00 0.00 000 0.00 000 0.00 0.00 000 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
TOTAL 2.06 2.06 2.06 2.06 207 2.06 2.06 2.06 2.06 2.06 2.05 207 208 2.08 210 210 214 214 212 212 212
F=0
TOTAL
CO2(N.O.) 1.97 1.97 197 1.97 1487 1.97 1.97 197 1487 197 1487 1.92 191 1.92 1.91 1.93 193 193 1.94 1.94 1.94
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AMODSTRA

1223001_AP4T_CO 1223001 4PAT_CO 1223001_APAT_CO 1223001_APAT_CO 1223001_aPAT_CO 1223001_APAT_CO 1223001 APAT_CO 1223001 APAT_CO 1223001_APAT_CO 1223000 APAT_IM 1223001_APAT_IM 1223001_APAT_IM 1225001_APAT_IM 1223001 APAT_IM 1223007 aPAT_IM

LARS_1

ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O

]

LAPS_3

LAPS_4

LAFS_S

LAPS_6

LAFS_T

LAFS_B

LAPS_3

LITOLOGIA  ApatitaMg CET  Apatita Mg CET  ApatitaMaCET  ApatitaMg CET Apatit Mg CBT  ApatitaMgCET  Apatita Mg CBT  Apatita MaCBT  ApatitaMg CBT  Apatita Mg CET  Apatita Mg CBT  Apatita Mg CBT  Apatita MaCBT Apatita Mg CBT _ Apatita Mg CBT

Si02{Mass%)
11203({Mass%
FeQ{Mass%)
MnO(Mass')
MgO{Mass®)
Ca0(Mass%)
BaO(Mass%)
SrO(Mass%)
Na20(Mass%
P205(Mass%)|
_a203(Mass%
“e203(Mass%
2r203(Mass%
1d203(Mass
im203(Mass?
LREE
Y203{Mass%,)
S503(Mass’)
F(Mass%)
Cl{Mass%)
TOTAL
F=0
Cl=0
TOTAL

AMOSTRA

0.01
n.d.
0.09
0.03
0.07
54.31
n.d.
0.14
0.25
40.76
0.05
0.18
n.d.
0.09
0.02
0.35
0.04
0.03
1.41
0.02
97.50
-0.59
0.00
96.91

1223001_APAT_CO 1223001 APAT_CO 1223001_APAT_CO 1223001 APAT_CO 1223001_AFAT_CO 1223001 APAT_CO 1223001 APAT_CO 1223001 APAT_CO 1223001_APAT_CO 122300L APAT_IM 1223001 APAT_IM 1223001 APAT_IM 1223001_APAT_IN 1223001 APAT_IM 1223001 AFAT_IM

LAPS,

0.02
0.01
013
0.04
012
54.55
0.m
0.05
0.29
40.64
0.04
013
n.d.
n.d.
0.02
0.19
0.00
0.m
1.01
0.02
97.09
-0.43
-0.01
96.66

n.d.
0.00
0.02
0.03
n.d.
4.9
0.02
0.30
0.09
41.16
0.03
0.20
nd.
0.14
n.d.
0.37
0.04
0.02
1.60
0.01
98.56
-0.67
0.00
97.88

n.d.
0.01
0.03
0.01
0.02
5523
n.d.
017
0.15
41.34
0.04
017
0.04
0.07
n.d.
0.31
0.04
0.01
1.41
n.d.
98.73
-0.59
n.d.
98.14

0.03
0.00
0.1
0.1
0.03
55.01
n.d.
0.28
0.18
40.88
0.0
0.19
nd.
0.08
0.04
0.33
0.01
0.04
1.57
0.02
98.59
-0.66
0.00
97.93

0.01
0.01
0.1
0.02
0.06
54.73
n.d.
013
029
41.05
0.02
014
0.01
013
n.d.
0.30
0.01
0.03
0.70
0.02
97.47
-0.29
0.00
9r a7

n.d.
0.00
0.03
n.d.
n.d.
54.84
n.d.
0.24
017
40.69
0.07
0.1
n.d.
0.10
n.d.
0.38
0.04
n.d.
0.92
0.01
97.32
-0.39
0.00
96.93

0.02
0.03
0.04
0.01
0.05
54.79
0.04
0.09
017
40.73
0.04
0.16
0.02
0.08
n.d.
0.3
0.04
0.02
0.43
0.01
96.78
-0.18
0.00
96.59

0.02
0.01
0.06
n.d.
0.00
5521
0.04
0.20
0.14
41.14
0.08
0.19
nd.
0.1
0.00
0.39
nd.
0.02
1.12
0.01
98.36
047
0.00
97.89

0.01
0.01
0.06
0.02
0.04
54.37
n.d.
0.08
017
40.30
0.05
0.18
0.08
0.09
n.d.
040
0.01
0.05
0.96
0.01
96.48
-0.40
0.00
96.08

0.05
0.01
0.05
0.06
017
543
n.d.
0.01
0.32
40.34
n.d.
0.09
n.d.
0.03
0.01
0.12
n.d.
0.06
1.03
0.03
96.55
-0.43
-0.01
96.12

0.04
0.02
0.10
0.07
0.15
54.60
0.02
0.08
0.31
41.06
0.01
0.09
n.d.
0.06
n.d.
0.15
0.01
0.08
0.71
0.03
97.41
-0.30
-0.01
97.10

n.d.
0.02
0.04
0.02
0.02
5507
n.d.
0.09
022
40.80
0.03
0.13
0.01
0.07
0.02
0.25
0.01
0.04
122
0.02
97.82
-0.51
0.00
97.30

0.00
0.01
0.06
0.02
0.08
5484
0.03
0.09
021
40.94
0.00
0.18
0.04
n.d.
n.d.
0.22
0.02
0.03
0.96
0.02
97.54
-0.40
-0.01
9713

n.d.
0.01
0.13
0.02
0.05
54.75
0.02
0.15
029
40.79
0.06
0.16
0.00
0.07
n.d.
0.29
0.00
n.d.
0.85
0.01
97.36
-0.36
0.00
97.00

LITOLOGIA _ ApatitaMg CET Apatita MaCBT ApatitaMaCBT ApatitaMg CET Apatits MgCBT ApatiaMgCET ApatitaMg CET Apatits Mg CET ApatiaMgCET ApattaMaCET ApatitaMaCET ApatitaMg CET ApatitaMaCBT Apatita MaCET Ap.aticaMg CET

Si
Al
Fe
Mn
Mg
Ca
Ba

Sr
Na

P
La
Ce
Pr

Nd
Sm
Y
S
F
]
TOTAL

0.001
n.d.

0.013
0.005
0.018

10.014
n.d.
0.014
0.084
5.939
0.003
0.012
n.d.

0.006
0.001
0.003
0.004
0.744
0.005
16.867

0.003
0.002

0.019
0.0086
0.030

10.062
0.001
0.005
0.096
5.924
0.002
0.008

n.d.

n.d.
0.001
0.000
0.002
0.539
0.007

16.706

n.d.
0.000

0.003
0.004
nd.

10.042
0.001
0.030
0.031
5.947
0.002
0.013

n.d.

0.008
n.d.
0.003
0.002
0.833
0.002
16.921

n.d.
0.003

0.004
0.002
0.005

10.050
n.d.
0.016
0.049
5.944
0.002
0.011
0.002

0.004
n.d.
0.004
0.001
0.735
n.d.
16.831

0.005
0.001

0.029
0.002
0.008

10.068
n.d.
0.028
0.058
5.912
0.001
0.012
n.d.

0.005
0.003
0.001
0.006
0.818
0.005
16.959

0.002
0.001

0.016
0.003
0.016

10.019
n.d.
0.013
0.096
5.937
0.002
0.009
0.001

0.008
n.d.
0.001
0.005
0.372
0.004
16.502

n.d.
0.000

0.004
n.d.
n.d.

10,107
n.d.
0.024
0.057
5.925
0.005
0.013
n.d.

0.006
n.d.
0.003
n.d.
0.491
0.003
16.639

0.003
0.006

0.006
0.001
0.013

10.083
0.003
0.009
0.058
5.923
0.003
0.010
0.002

0.005
n.d.
0.004
0.002
0.231
0.004
16.364

0.003
0.002

0.009
n.d.
nd.

10.074
0.003
0.020
0.047
5.932
0.005
0.012

n.d.

0.007
0.000
n.d.
0.002
0.589
0.003
16.707

0.002
0.003

0.009
0.003
0.010

10.096
n.d.
0.008
0.056
5.913
0.003
0.011
0.005

0.006
n.d.
0.001
0.006
0.514
0.003
16.649

0.008
0.003

0.008
0.009
0.043

10.067
n.d.
0.001
0.108
5.908
n.d.
0.006
n.d.

0.002
0.000
n.d.
0.007
0.550
0.008
16.728

0.007
0.004

0.014
0.010
0.037

9.987
0.001
0.008
0.103
5.934
0.001
0.006
n.d.

0.004
n.d.
0.001
0.010
0.375
0.008
16.508

n.d.
0.005

0.005
0.003
0.005

10107
n.d.
0.009
0.073
5.917
0.002
0.008
0.000

0.004
0.001
0.001
0.005
0.645
0.004
16.794

0.001
0.002

0.009
0.002
0.020

10.054
0.002
0.009
0.070
5931
0.000
0.011
0.003

n.d.
n.d.
0.002
0.004
0.508
0.007
16.636

n.d.
0.003

0.018
0.003
0.013

10.066
0.001
0.015
0.095
5.925
0.004
0.010

n.d.

0.004
n.d.
0.000
n.d.
0.452
0.001
16.612
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1223001 ARAT_IN 1223001_APAT_IM 1225001 APAT_IM 1225001 APAT_IM {223001_APAT_IM 1225001 APAT_IM 1223001 APAT_ZI 1225001 APAT_Z1 1223001_4PAT_ZI 1223001 APAT_ZI 1223001_APAT_Z| 1205001 APAT_ZI 1223001 APAT_ZI 1225001 APATAGE 1223001 APAT2GE

ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O

AMOSTRA P i i i RC_5 ;! i F_IMIG5_1 F_IMGS_2
LITOLOGIA ApatitaMgCET  ApatitaMgCEBT  ApatitaMgCET  ApatitaMgCET  ApatitaMgCET  ApatitaMgCET  Apatita Mg CET  Apatita Mg CET  Apatita Mg CET  Apatita Mg CET  Apatita Mg CET  Apatita Mg CET  ApatitaMg CET  Apatita Mg CET  Apatita Mg CET
Si02(Mass®%) 0.03 n.d. 0.06 0.02 n.d. n.d. 0.02 0.05 n.d. 0.00 0.01 0.00 n.d. n.d. 0.00
A1203(Mass%) 0.01 nd. 0.00 0.01 nd. 0.01 0.00 n.d. 0.02 0.02 0.01 nd. 0.01 nd. nd.
FeO{Mass®%) 0.03 0.04 0.1 0.04 0.06 0.13 0.08 0.08 0.07 0.07 0.03 0.05 0.04 0.07 0.05
MnO{Mass%) 0.01 0.01 0.05 0.01 0.03 0.05 0.01 0.04 0.03 n.d. 0.02 0.01 0.01 0.02 0.03
MgQO{Mass%) 0.02 0.01 0.24 0.03 0.01 0.04 0.06 0.16 0.07 n.d. 0.09 n.d. 0.02 0.03 0.02
CaQ(Mass%) 5513 55.00 54.04 54.55 5517 54.87 55.04 5479 54 62 5499 5475 5519 5481 54.98 54.91
BaO(Mass%) 0.01 nd. nd. 0.02 0.02 nd. nd. 0.00 n.d. nd. 0.01 0.00 0.00 nd. nd.
SrO(Mass%) 0.07 0. 0.06 0.1 0.09 0.32 0.14 0.09 0.06 0.14 0.10 0.19 0.10 0.1 0.09
Na20{Mass%) 0.19 0.16 041 0.28 0.17 0.21 0.17 0.3 0.22 0.15 0.23 0.12 0.15 0.19 0.21
P205(Mass%) 40.80 41.23 40.02 40.94 41.30 41.03 41.26 40.78 40.96 4119 40.88 4111 41.04 40.99 4139
La203(Mass%) 0.03 0.04 0.02 0.06 0.01 0.07 n.d. 0.02 0.02 0.08 0.01 0.07 0.05 0.03 0.10
Ce203(Mass’) 0.22 0.16 0.07 0.18 0.14 0.12 0.14 012 07 0.14 0.14 0.26 0.22 0.15 0.22
Pr203(Mass%) 0.01 n.d. n.d. n.d. 0.05 0.03 n.d. 0.00 0.04 n.d. n.d. 0.07 n.d. 0.03 n.d.
Nd203(Mass%) 0.02 0.05 n.d. 0.00 n.d. 0.03 0.03 0.01 0.09 0.14 0.09 0.02 0.03 0.06 0.08
Sm203(Mass%) n.d. n.d. 0.01 0.1 0.02 0.00 0.04 0.01 n.d. 0.02 n.d. 0.09 n.d. 0.07 0.04
LREE 0.27 0.25 0.1 0.35 0.22 0.26 0.22 0.16 032 0.37 0.24 0.51 0.30 0.34 0.44
Y203(Mass%) 0.03 nd. 0.00 0.01 0.05 0.00 0.01 0.02 0.02 0.03 0.02 0.01 0.02 0.03 nd.
SO3(Mass%) 0.02 0.01 0.02 0.03 0.03 nd. 0.02 0.02 0.02 0.03 0.05 nd. 0.01 0.01 0.02
F(Mass%) 0.60 0.08 0.45 0.45 0.76 0.49 1.08 0.62 1.07 1.26 123 113 0.45 1.51 0.80
Cl{Mass%) 0.01 0.01 0.04 0.02 0.01 0.00 0.02 0.03 0.03 0.01 0.02 0.00 0.02 0.02 0.01
TOTAL 97.23 96.90 95.62 96.88 97.93 97.39 98.14 9717 97.51 98.26 97.68 98.34 96.98 98.29 97.97
F=0 -0.25 -0.03 -0.19 -0.19 032 021 -0.46 -0.26 045 0.53 -0.52 -0.48 -0.19 -0.63 -0.34
Cl=0 0.00 0.00 -0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.0 0.00 0.00 0.00 0.00
TOTAL 96.97 96.87 9542 96.68 97.61 97.18 97.68 96.90 97.06 97.73 97.16 97.86 96.78 97.65 97.63

122I001AFAT_IM 1223001_APAT_IM 1223001 APAT_IM 1225001 APAT_IM 1223001_APAT_IM 1223001 APAT_IM 1223001 APAT_Z| 1223001 APAT_ZI 1223001_APAT_ZI 1223001 APAT_ZI 1223001_APAT_Z| 1223001_APAT_ZI 1223001 AFAT_ZI 1225001 APATZGE 1225001 APAT2GE

AMOSTRA i i . i ;! ;| i IMIGS_1 P_IMGE_2
LITOLOGIA  ApstitaMgCBT  ApatitaMa CBT ApatitaMgCBT ApatitaMgCET ApatiaMaCET ApatiiaMgCBT Apatits Mg CET ApatitaMaCET ApattaMgCET ApatitaMa CET ApatitaMaCET Apatita Mg CBT _Apatita Mg CBT  Apatita Mg CBT _Apatita Mg CBT
Si 0.005 n.d. 0.011 0.004 n.d. n.d. 0.004 0.009 n.d. 0.000 0.001 0.000 n.d. n.d. 0.001
Al 0.003 n.d. 0.001 0.002 n.d. 0.001 n.d. n.d. 0.005 0.003 0.002 n.d. 0.001 n.d. n.d.
Fe 0.004 0.005 0.016 0.006 0.008 0.018 0.012 0.012 0.010 0.010 0.004 0.008 0.006 0.010 0.007
Mn 0.002 0.001 0.007 0.002 0.005 0.007 0.002 0.006 0.004 n.d. 0.003 0.002 0.001 0.002 0.005
Mg 0.005 0.003 0.062 0.008 0.003 0.010 0.015 0.041 0.018 n.d. 0.023 n.d. 0.004 0.008 0.006
Ca 10.114 10.054 10.070 10.019 10.049 10.041 10.035 10.054 10.027 10.043 10.056 10.077 10.053 10.075 10.004
Ba 0.001 nd nd. 0.002 0.001 nd nd 0.000 nd. nd. 0.001 nd. nd. nd nd
Sr 0.007 0.011 0.006 0.011 0.009 0.031 0.014 0.009 0.006 0.013 0.010 0.019 0.010 0.011 0.009
Na 0.062 0.053 0.140 0.093 0.056 0.071 0.057 0.104 0.074 0.049 0.078 0.041 0.049 0.062 0.069
P 5916 5985 5893 £.941 5943 5934 5944 5913 5942 5945 5932 5932 5.948 5936 5958
La 0.002 0.003 0.001 0.004 0.001 0.004 n.d. 0.001 0.001 0.005 0.001 0.004 0.003 0.002 0.006
Ce 0.014 0.010 0.005 0.011 0.009 0.008 0.009 0.008 0.011 0.009 0.009 0.016 0.014 0.009 0.014
Pr 0.001 n.d. n.d. n.d. 0.003 0.002 n.d. n.d. 0.003 n.d. n.d. 0.004 n.d. 0.002 n.d.
Nd 0.001 0.003 n.d. 0.000 n.d. 0.002 0.002 0.001 0.005 0.008 0.006 0.001 0.002 0.004 0.005
Sm n.d. n.d. 0.001 0.006 0.001 0.000 0.003 0.000 n.d. 0.001 n.d. 0.005 n.d. 0.004 0.002
Y 0.003 nd 0.000 0.001 0.005 nd 0.001 0.002 0.002 0.003 0.002 0.001 0.002 0.003 nd

S 0.002 0.002 0.003 0.004 0.004 n.d. 0.003 0.002 0.002 0.004 0.006 n.d. 0.001 0.002 0.002
F 0322 0.044 0.247 0.242 0.401 0.263 0.570 0.334 0.567 0.662 0.650 0.594 0.243 0.789 0.421
Cl 0.003 0.004 0.010 0.005 0.004 0.001 0.007 0.008 0.009 0.003 0.007 0.001 0.005 0.005 0.003
TOTAL 16.464 16.147 16.472 16.361 16.502 16.393 16.676 16.504 16.686 16.758 16.788 16.706 16.343 16.924 16.510
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ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O

1223001 APATFIN 1223001 APATFIN 1223001 APATFIN 1223001 APATFIN
1223001 APAT2GE 1223001 APAT2GE 1223001_APAT2GE 1223001 APAT2GE 1223001 APAT2GE ABDXWORK_IMES ABDXWORK_IMG4 ABOXWORK_IMGS ABOXWORK_IMGS 1223001_GLAPAT1 1223001 C1LAPAT] 1223001 C1_APATT 1223001 CLAPAT! 1223001 CILAPAT 1223001 GILAPAT
FIMG FIMG FIMG! FIMG! RN

AMOSTRA = = - = 3 3 - i |
LITOLOGIA ApatitaMgCET  Apatita Mg CET  Apatita Mg CET  Apatita Mg CET _Apatita Mg CET  Apatita Mg CET _ApatitaMaCET  Apatita Mg CET  ApattaMgCET  ApatitaMgCET ApatitaMgCET  ApatitaMgCET  ApatitaMgCET  Apatita Mg CET  Apatita Mg CET
5i02(Mass%) 0.01 0.01 013 0.01 0.01 0.01 0.02 0.03 n.d. 0.05 0.02 0.03 0.05 0.01 0.04
Al203(Mass%) 0.00 n.d. 047 0.02 0.01 0.05 n.d. n.d. 0.01 n.d. n.d. n.d. n.d. n.d. 0.02
FeO{Mass®) 0.02 0.05 0.07 0.03 0.01 0.05 0.03 0.03 0.0 0.09 0.12 0.03 0.02 on 0.24
MnO{Mass%) 0.01 0.02 0.02 0.01 0.04 0.02 0.02 0.06 0.03 0.04 0.02 0.02 0.01 0.02 0.06
MgO({Mass®) 0.05 0.04 0.07 nd. 0.01 nd. 0.00 016 0.01 nd. nd. nd. nd. nd. nd.
CaO(Mass%) 541 5458 53.67 5482 5448 54.89 5492 54 67 5498 5452 54.00 53.98 54.60 5425 5377
BaO(Mass%) 0.02 n.d. n.d. 0.01 0.05 0.01 0.02 n.d. 0.04 0.01 n.d. 0.02 n.d. n.d. 0.02
SrO{Mass’) 0.1 0.03 0.06 0.03 0.20 0.21 0.20 0.08 0.18 0.24 0.25 0.20 0.22 0.31 0.22
Na20(Mass%) 0.16 0.15 0.19 0.14 018 017 011 0.30 07 023 0.24 0.15 0.15 0.30 0.44
P20%5(Mass%) 40.78 40.90 40.25 40.44 40.84 4122 411 40.96 41.85 40.92 40.51 40.91 40.79 41.01 40.43
La203(Mass%) 0.02 0.02 0.03 0.06 0.05 0.07 0.03 nd 0.03 0.03 0.02 nd 0.02 nd. 0.04
Ce203(Mass%) 014 017 016 023 012 0.22 023 0.09 017 01 0.09 0.16 0.08 0.10 0.11
Pr203(Mass%) n.d. 0.06 n.d. 0.03 0.02 n.d. 013 0.01 0.04 0.02 0.02 0.06 n.d. n.d. n.d.
Nd203(Mass%) 0.04 0.10 0.08 012 0.09 0.06 n.d. n.d. 0.04 n.d. n.d. n.d. n.d. 0.04 0.04
5Sm203({Mass%) n.d. 0.03 0.09 0.01 0.03 0.01 n.d. 0.02 n.d. n.d. 0.07 0.03 n.d. n.d. n.d.
LREE 0.20 0.38 0.36 0.45 0.31 0.36 0.39 012 0.28 0.16 0.20 0.26 0.10 0.14 0.19
Y203(Mass%) 0.00 0.04 0.02 0.07 0.00 0.03 0.02 0.02 0.04 0.0 nd. 0.01 nd. 0.04 n.d.
S03(Mass%) 0.00 0.09 0.04 0.01 0.01 0.01 0.01 0.05 0.03 nd. 0.05 0.02 0.04 0.01 0.03
F(Mass%) 023 084 064 084 110 1.00 118 0.85 0.95 073 0.52 165 1.05 0.90 0.46
Cl{Mass%) 0.02 0.00 0.02 0.02 0.01 n.d. 0.01 0.03 0.01 0.02 n.d. 0.01 0.01 0.01 0.02
TOTAL 96.32 9713 96.01 96.91 97.27 95.03 95.04 97.37 98.59 97.01 95.92 97.30 97.04 97.14 95.93
F=0 -0.10 -0.36 -0.27 -0.36 -0.46 -0.42 -0.50 -0.36 -0.40 0.3 -0.22 -0.69 -0.44 -0.38 018
Cl=0 0.00 0.00 0.00 0.00 0.00 nd. 0.00 -0.01 0.00 0.00 n.d. 0.00 0.00 0.00 0.00
TOTAL 96.22 96.77 9574 96.55 96.81 97.61 97.55 97.00 98.19 96.69 95.70 96.60 96.60 96.76 9574
1223001_APATFIN  1223001_APATFIN 1223001 APATFIN 1223001 APATFIN
1223001_APAT2GE 1223001_APAT2GE 1223001_APAT2GE 1223001_APAT2GE 1223001 APAT2GE ABDXWORK_IMGL ABOXWORK_IMGE ABOXWORK_IMGE ABOXWORK_IMGE 1223001 CLAPATT 1223001 C1LAPATI 1223001_C1_APATI 1223001_CLAPATI 1223001 CILAPAT 1223001_CI_APAT
AMOSTRA F_IMGE_3 IRAGS_4 F_IMGE_S IRGE_6 F_IMGE_T 1 _2 _3 4 3 X " - ] |
LITOLOGIA ApatitaMgCET  Apatita Mg CET  Apatita Mg CET  Apatita Mg CET _Apatita Mg CET  Apatita Mg CET _ApatitaMaCET  Apatita Mg CET  ApattaMgCET  ApatitaMgCET ApatitaMgCET  ApatitaMgCET  ApatitaMgCET  Apatita Mg CET  Apatita Mg CET
Si 0.001 0.001 0.023 0.002 0.002 0.001 0.003 0.005 n.d. 0.008 0.004 0.005 0.009 0.003 0.006
Al 0.001 n.d. 0.096 0.005 0.002 0.010 n.d. n.d. 0.002 n.d. 0.001 n.d. 0.001 0.001 0.004
Fe 0.003 0.007 0.011 0.005 0.001 0.007 0.004 0.004 0.001 0.013 0.017 0.005 0.003 0.016 0.034
Mn 0.001 0.002 0.003 0.002 0.006 0.003 0.003 0.008 0.004 0.006 0.003 0.004 0.001 0.003 0.009
Mg 0.012 0.011 0.017 n.d. 0.003 nd. 0.000 0.042 0.003 n.d. nd. nd. nd. nd. n.d.
Ca 10.080 10.031 9.950 10133 10.033 10.022 10.0581 10.022 9.947 10.044 10.027 9.987 10.075 9.982 9.989
Ba 0.001 n.d. n.d. 0.000 0.004 0.000 0.001 n.d. 0.002 0.001 n.d. 0.001 n.d. n.d. 0.001
Sr 0.011 0.003 0.006 0.003 0.020 0.021 0.020 0.008 0.017 0.024 0.025 0.020 0.022 0.031 0.022
Na 0.055 0.052 0.065 0.047 0.060 0.057 0.038 0.099 0.055 0.076 0.079 0.049 0.050 0.099 0.148
P 5938 5939 5.897 5.907 5.944 5.946 5.946 5933 5.984 5.957 5.944 5.980 5.947 5.963 5.935
La 0.001 0.002 0.002 0.004 0.003 0.005 0.002 nd 0.002 0.002 0.001 nd. 0.001 nd. 0.002
Ce 0.009 0.011 0.010 0.014 0.008 0.014 0.014 0.006 0.011 0.007 0.006 0.010 0.005 0.006 0.007
Pr n.d. 0.004 n.d. 0.002 0.001 n.d. 0.008 0.001 0.003 0.001 0.002 0.004 n.d. n.d. n.d.
Nd 0.002 0.006 0.005 0.008 0.006 0.004 nd nd 0.002 nd. nd. nd. 0.000 0.003 0.002
Sm n.d. 0.002 0.005 0.000 0.002 0.000 n.d. 0.001 n.d. n.d. 0.004 0.002 n.d. n.d. n.d.
Y 0.000 0.004 0.002 0.006 0.000 0.003 0.002 0.002 0.004 0.001 n.d. 0.001 n.d. 0.003 0.000
S 0.000 0.012 0.005 0.002 0.002 0.001 0.002 0.007 0.004 0.000 0.006 0.003 0.005 0.001 0.004
F 0125 0.450 0.345 0.452 0.583 0.529 0.620 0.454 0.499 0.392 0.284 0.866 0.557 0.481 0.251
Cl 0.008 0.001 0.006 0.006 0.002 nd. 0.003 0.008 0.003 0.005 0.002 0.003 0.003 0.003 0.005
TOTAL 16.247 16.535 16.448 16.597 16.682 16.623 16.716 16.699 16.543 16.635 16.404 16.942 16.679 16.596 16.421
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122300 C1LAPAT 1223001 CLAPAT 1223001 CLAPAT 1223001 CLLAPAT 1223001 CLAPAT 1223001 CLLAPAT 1223001 CILLAPAT 1223001_CLAPAT 1223001CLAPAT 1223001LCLAPAT 122300LC1LAPAT 1223001 CLAPAT 1223001 CLAPAT 1223001 CILLAPAT 1223001 CLAPAT 1223001 CILLAPAT

ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O

AMOSTRA ;! | i i P i 4 Line 001 4 Line 002 4 Line 003 4 Line 004 4 Line 005 4 Line 005 4 Line 007 4 Line 005 4 Line 003 4 Line 010
LITOLOGIA  ApsiitaMgCET ApatitaMgCET ApstitaMgCET Apstta MaCET ApatitaMgCET ApatitaMg CET ApatitaMgCET ApatitaMaCET ApstitsMgCET ApstitaMaCET ApatitaMgCET ApatitaMaCET Apatita MgCET ApatitaMaCET ApatitaMg CET  Apatita Mg CET
Si02({Mass%) 0.02 0.01 0.07 0.04 0.08 0.09 0.05 0.03 0.03 0.03 0.05 0.03 0.02 0.04 n.d. 0.04

Al203(Mass®%) nd. n.d. 0.02 nd. n.d. nd. n.d. n.d. n.d. nd. n.d. n.d. n.d. n.d. 0.03 0.01
FeO{Mass%) 0.05 0.02 0.0 0.05 0.07 0.06 0.12 0.09 0.05 0.08 0.05 0.05 0.04 0.05 0.08 0.06
MnO{Mass%) 0.02 0.03 0.03 0.03 0.04 0.07 0.03 0.0 0.03 0.04 0.02 0.03 0.03 0.02 0.03 0.03
MgO(Masst) n.d. n.d. n.d. n.d. 011 0.058 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
CaO(Mass%) 54.91 54 81 54 51 54.35 5373 5427 54 64 5462 54 57 54.42 54.44 54.42 54 64 5434 54 58 5443
BaO(Mass%) n.d. n.d. n.d. n.d. n.d. n.d. 0.01 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
SrO{Mass%) 0.23 0.24 0.23 0.21 0.1 0.21 0.3 0.45 0.31 0.24 0.25 027 0.2 0.20 0.23 0.24
Na20({Mass%) 0.23 0.14 0.20 0.20 0.35 0.33 0.19 0.16 0.15 0.23 0.24 0.26 0.22 0.27 0.23 0.13
P205(Mass%) 4111 41.70 40.69 4125 4037 40.33 41.30 4125 4128 40.95 41.20 40.73 40.88 4142 4112 41.02
La203{Mass%) 0.05 0.03 0.02 0.07 0.06 0.01 0.02 0.08 0.03 0.04 0.04 0.05 0.01 0.06 n.d. 0.05
Ce203(Mass%) 0.16 0.1 0.16 0.14 0.10 0.10 0.18 0.19 0.14 0.10 0.08 0.14 0.14 0.13 0.14 017
Pr203({Mass%) 0.06 0.06 n.d. 0.03 n.d. n.d. 0.03 n.d. 0.06 n.d. 0.06 n.d. 0.02 0.01 0.02 0.02
Nd203(Mass%) 0.03 0.01 0.07 0.02 0.06 nd. 015 0.05 013 0.04 013 012 0.08 0.08 0.04 0.06
Sm203{Mass%) n.d. 0.02 n.d. n.d. n.d. n.d. n.d. n.d. 0.04 0.07 0.1 n.d. 0.01 0.03 0.1 n.d.

LREE 0.30 0.32 0.26 0.26 0.22 0 0.38 0.32 0.40 0.25 041 0.30 0.27 0.32 0.30 0.30
Y203(Mass%) n.d. n.d. n.d. n.d. n.d. n.d. 0.05 0.02 0.04 n.d. n.d. 0.01 0.03 n.d. 0.02 0.01
S03(Mass%) nd. nd. 0.02 nd. 0.05 0.04 0.03 nd 0.01 0.05 0.02 0.02 0.02 0.02 0.04 0.03

F(Mass%) 0.22 1.19 1.02 1.01 0.25 0.78 120 2.06 1.31 1.62 1.08 1.05 1.07 0.79 13 1.36
Cl{Mass%) 0.01 n.d. 0.02 0.02 0.04 0.04 n.d. n.d. n.d. 0.02 n.d. n.d. 0.01 0.02 0.01 n.d.

TOTAL 97.12 98.46 97.10 97.45 95.49 96.38 98.30 99.04 98.16 97.84 97.76 9717 97.46 97.50 98.00 97.66

F=0 -0.09 -0.50 -0.43 -0.43 -0.10 -0.33 -0.51 -0.87 -0.55 -0.64 -0.46 -0.44 -0.45 -0.33 -0.55 057
Cl=0 0.00 n.d. 0.00 0.00 -0.01 -0.01 n.d. n.d. n.d. 0.00 n.d. n.d. 0.00 0.00 0.00 n.d.

TOTAL 97.03 97.96 96.66 97.02 95.38 96.06 97.79 98.17 97.61 97.19 97.30 96.73 97.01 97.16 97.44 97.08

122I00L_CILAPAT 122300 CILAPAT 1223001 CLAPAT 1223001 CILAPAT 122300_CLAPAT 122300_CLAPAT 1223001 CILAPAT 1223001 CLAPAT 1223001 CI_APAT 122300_C1LAPAT 122300_CLAPAT 122300 CILLAPAT 1223001 CLAPAT 122300 CI_APAT 122300_CLAFAT 122300_CLAPAT

AMOSTRA ;! ! i i P i 4 Linc 001 4 Line 002 4 Line 003 4 Line 004 4 Line 005 4 Lins 006 4 Lins 007 4 Line 005 4 Line 003 4 Line 010
LITOLOGIA ApatitaMg CET  ApatitaMg CBT  Apatita Mg CBT  Apatita MgCET  ApatitaMg CBT  Apatita Mg CBT  ApatitaMg CBT  Apatita Mg CBT  Apatita MgCBT  Apatita Mg CBT  ApatitaMg CBT  Apatita Mg CBT  Apatita Mg CET  Apatita Mg CBT  Apatita Mg CET  Apatita Mg CBT

Si 0.003 0.002 0.011 0.007 0.013 0.016 0.009 0.006 0.005 0.006 0.009 0.005 0.003 0.007 0.001 0.007
Al n.d. n.d. 0.004 0.000 n.d. n.d. 0.002 0.001 0.001 n.d. n.d. n.d. n.d. n.d. 0.006 0.003
Fe 0.008 0.004 0.007 0.007 0.010 0.008 0.018 0.013 0.007 0.012 0.007 0.008 0.005 0.007 0.012 0.008
In 0.004 0.004 0.004 0.005 0.006 0.011 0.004 0.007 0.004 0.005 0.004 0.004 0.004 0.004 0.005 0.004
g n.d. n.d. n.d. n.d. 0.030 0.014 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Ca 10.059 9.980 10.069 9.977 9.994 10.065 9.976 9.991 9.986 10.008 9.974 10.047 10.081 9.940 10.002 10.019
Ba n.d. n.d. n.d. n.d. n.d. n.d. 0.001 0.000 0.000 n.d. n.d. 0.000 n.d. n.d. 0.001 n.d.
Sr 0.023 0.024 0.023 0.021 0.018 0.021 0.030 0.044 0.031 0.024 0.024 0.027 0.025 0.020 0.022 0.024
Na 0.076 0.046 0.063 0.067 0.118 0111 0.061 0.054 0.050 0.076 0.073 0.086 0.073 0.090 0.077 0.042
P 5.952 6.000 5.939 5.984 5.933 5.911 5.958 5.962 5.969 5.951 5.965 5.941 5.942 5.988 5.954 5.967
La 0.003 0.002 0.002 0.005 0.004 0.001 0.002 0.005 0.002 0.003 0.002 0.003 0.001 0.004 nd. 0.003
Ce 0.010 0.013 0.010 0.009 0.006 0.006 0.011 0.012 0.009 0.006 0.005 0.009 0.009 0.008 0.009 0.011
Pr 0.004 0.004 n.d. 0.002 n.d. n.d. 0.002 n.d. 0.004 n.d. 0.004 n.d. 0.001 0.001 0.001 0.001
Nd 0.002 0.001 0.005 0.001 0.004 nd. 0.009 0.003 0.008 0.003 0.008 0.007 0.005 0.005 0.003 0.004
Sm n.d. 0.001 n.d. n.d. n.d. n.d. n.d. n.d. 0.002 0.004 0.006 n.d. 0.001 0.002 0.006 n.d.
Y n.d. n.d. 0.000 n.d. n.d. n.d. 0.005 0.002 0.004 0.001 0.001 0.001 0.003 n.d. 0.002 0.001
S 0.001 0.001 0.002 n.d. 0.007 0.006 0.004 0.001 0.001 0.006 0.003 0.003 0.003 0.003 0.006 0.003
F 0.116 0.622 0.542 0.537 0.136 0422 0.631 1.065 0.687 0.798 0.573 0.561 0.566 0.422 0.691 0.720
Cl 0.003 n.d. 0.005 0.005 0.011 0.011 0.001 0.002 0.000 0.004 0.000 0.002 0.003 0.005 0.004 n.d.
TOTAL 16.263 16.703 16.690 16.627 16.289 16.601 16.722 17.169 16.769 16.908 16.662 16.703 16.694 16.505 16.800 16.817
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ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O

122300101 APAT 122300 CLAPAT 1223001 C1LAPAT 1223001_CLAPAT 1223001 CLAPAT 1223001 CLAPAT 1223001 CLAPAT 1223001 CILLAPAT 1223001_CILAPAT 1223001_C1LAPAT 1225001 C2_APAT 1223001_C2_APAT 1223001 C2_APAT 1223001 C2_APAT 1223001 C2_APAT 1223001 C2_APAT

AMOSTRA 5 Lins 001 5 Line 002 5 Line 003 5 Line 004 5 Line 005 5 Line 006 5 Line 007 5 Lin: 005 5 Line 003 5 Line 010 1Line 12 1Line 13 1Line 14 1Line 15 1Lins 16 1Line 17

LITOLOGIA ApatitaMg CET  Apatita Mg CET  Apatita Mg CET  Apatita Mg CBT  Apatits Mg CET  Apatita Mg CET  Apatita Mg CBT  Apatita Mg CBT  Apatita Mg CET  ApatitalMg CET  Apatita Mg CET  ApatitaMg CET  Apatita Mg CET  Apatita Mg CBT  Apatita Mg CET - Apatita Mg CET
5i02(Mass?) 0.03 0.03 0.02 0.04 0.02 0.05 0.02 0.058 0.058 0.05 0.058 0.04 0.04 0.04 0.02 0.02
Al203(Mass%) 0.01 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.03 0.02 0.02 n.d. 0.01 n.d. n.d.
FeO(Mass%) 0.7 0.06 0.06 0.01 0.04 0.06 0.06 0.06 0.06 0.10 0.04 0.01 0.09 0.05 0.06 0.03
MnQ(Mass?) 0.04 0.03 0.02 0.06 n.d. 0.01 0.03 0.02 0.02 0.03 0.04 0.02 0.03 0.04 0.01 0.058
MgO(Mass) n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
CaO(Mass%) 54.43 54.73 54.69 54.40 54.52 54 67 54.48 54.34 54.51 5477 54.23 54.63 54.73 5422 55.01 54.66
BaO(Mass%) n.d. 0.01 0.02 n.d. n.d. n.d. n.d. 0.02 0.02 0.02 n.d. n.d. 0.02 n.d. 0.03 n.d.
SrQ(Mass%) 0.28 0.23 0.22 0.36 0.37 0.37 0.32 0.42 0.24 0.26 0.34 0.41 0.26 0.26 0.21 0.20
Na20{Mass%) 0.20 0.18 022 017 0.18 0.15 011 0.18 0.22 0.16 017 017 0.29 0.33 0.18 0.19
P205{Mass%) 4110 41.05 4125 40.88 41.07 4113 40.84 M4 41.14 40.94 4137 41.01 40.79 40.63 40.79 41.26
La203(Mass%) 003 0.02 n.d. 0.07 0.10 0.05 0.04 0.05 0.03 0.04 0.05 0.07 0.02 n.d. 0.07 0.05
Ce203(Masst) 012 0.18 020 0.20 0.22 0.20 0.18 0.23 0.15 0.18 0.18 0.22 0.12 0.06 0.16 0.16
Pr203(Mass%) 0.02 n.d. 0.04 0.04 0.07 n.d. 0.07 0.04 0.04 0.03 0.05 0.02 0.02 n.d. n.d. n.d.
Nd203(Mass%) 0.05 0.10 0.02 0.13 021 0.05 0.12 0.13 0.18 0.13 0.08 0.05 0.0 n.d. 0.07 n.d.
Sm203(Mass%) n.d. n.d. n.d. n.d. 0.02 n.d. 0.03 0.03 0.09 0.05 0.04 0.07 n.d. 0.03 0.05 0.03
LREE 0.22 0.30 0.26 0.44 0.63 0.30 0.44 0.48 0.50 0.42 0.40 0.43 0.21 0.09 0.35 0.24
Y203(Mass%) 0.03 0.02 n.d. 0.01 0.04 0.02 0.03 n.d. n.d. 0.02 n.d. 0.01 0.03 0.03 0.03 n.d.
S03{Mass%) 0.01 0.01 n.d. 0.03 n.d. 0.02 0.02 n.d. n.d. n.d. 0.02 n.d. n.d. n.d. n.d. 0.04
F(Mass%) 167 126 1.1 0.77 118 0.86 129 1.30 115 1.85 161 185 0.96 051 0.57 124
Cl{Mass%) n.d. 0.02 0.01 n.d. n.d. n.d. n.d. n.d. 0.01 0.01 n.d. 0.01 0.01 0.01 0.03 0.01
TOTAL 98.13 97.94 97.88 97.18 98.05 97.65 97.65 98.27 97.89 98.65 98.28 98.62 97.45 96.24 97.27 97.94
F=0 0.70 -0.53 047 -0.32 -0.50 -0.36 -0.54 -0.55 -0.48 .78 -0.68 0.78 -0.40 021 -0.24 -0.52
Cl=0 n.d. 0.00 0.00 n.d. n.d. n.d. n.d. n.d. 0.00 0.00 n.d. 0.00 0.00 0.00 -0.01 0.00
TOTAL 97.42 97.40 9741 96.85 97.55 97.28 9711 97.72 97.40 97.87 97.61 97.84 97.04 96.02 97.03 97.42

1223001LC1LARAT 122300 CILAPAT 1223001_CLAPAT 1223001_CLAPAT 1223001 CLAPAT 1223001 CLAPAT 122300LCLAPAT 1223001 CILAPAT 1223001_CILAPAT 1223001_C1LAFAT 1223001_CZ_APAT 1223001_C2_APAT 1223001 C2_APAT 1223001_C2_APAT 1223001 C2_APAT 1223001 C2_APAT

AMOSTRA 5 Line 001 5 Line 002 5 Line 003 5 Line 004 5 Line 005 5 Line 006 5 Line 007 5 Line 005 5 Line 003 5 Line 010 1Line 12 1Line 13 1Line 14 1Line 15 1Line 16 1Line 1T
LITOLOGIA ApatitaMg CET  Apatita Mg CET  Apatita Mg CET  Apatita Mg CBT  Apatits Mg CET  Apatita Mg CET  Apatita Mg CBT  Apatita Mg CBT  Apatita Mg CET  ApatitalMg CET  Apatita Mg CET  ApatitaMg CET  Apatita Mg CET  Apatita Mg CBT  Apatita Mg CET - Apatita Mg CET

Si 0.006 0.005 0.004 0.007 0.003 0.009 0.004 0.008 0.008 0.008 0.008 0.007 0.006 0.006 0.003 0.004
Al 0.002 n.d. 0.002 n.d. 0.000 n.d. 0.002 n.d. 0.002 0.006 0.003 0.004 n.d. 0.002 n.d. n.d.
Fe 0.011 0.008 0.008 0.002 0.006 0.008 0.008 0.008 0.008 0.014 0.006 0.002 0.012 0.007 0.008 0.004
Mn 0.006 0.004 0.003 0.009 0.001 0.001 0.004 0.003 0.002 0.005 0.006 0.004 0.004 0.007 0.002 0.008
Mg n.d. n.d. n.d. n.d. n.d. n.d. n.d. nd. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Ca 9.995 10.043 10.007 10.018 10.004 10.016 10.038 9.938 9.992 10.052 9.932 10.030 10.069 10.032 10.112 10.005
Ba n.d. 0.001 0.001 n.d. n.d. 0.000 n.d. 0.001 0.001 0.001 n.d. n.d. 0.001 n.d. 0.002 n.d.
Sr 0.027 0.023 0.022 0.036 0.036 0.037 0.032 0.042 0.024 0.026 0.034 0.041 0.026 0.026 0.021 0.020
Na 0.066 0.061 0.073 0.056 0.061 0.049 0.038 0.061 0.072 0.054 0.056 0.057 0.097 0.109 0.059 0.062
P 5.965 5.952 5.965 5.949 5.954 5.955 5.947 5.984 5959 5.938 5987 5.948 5.929 5.940 5.924 5.968
La 0.002 0.001 n.d. 0.005 0.006 0.003 0.003 0.003 0.002 0.002 0.003 0.005 0.001 n.d. 0.005 0.003
Ce 0.008 0.011 0.013 0.013 0.014 0.013 0.011 0.015 0.010 0.011 0.011 0.014 0.008 0.004 0.010 0.010
Pr 0.002 n.d. 0.002 0.002 0.004 0.001 0.004 0.003 0.002 0.002 0.003 0.002 0.001 n.d. n.d. n.d.
Nd 0.003 0.006 0.001 0.008 0.013 0.003 0.008 0.008 0.011 0.008 0.005 0.003 0.003 0.001 0.004 n.d.
Sm n.d. n.d. n.d. n.d. 0.001 n.d. 0.002 0.002 0.006 0.003 0.002 0.004 n.d. 0.002 0.003 0.002
Y 0.002 0.001 0.000 0.001 0.004 0.002 0.003 0.000 n.d. 0.002 0.000 0.001 0.003 0.003 0.002 n.d.
S 0.002 0.002 0.000 0.003 n.d. 0.002 0.003 n.d. 0.001 n.d. 0.003 0.001 0.001 0.000 0.001 0.005
F 0.872 0.667 0.583 0.410 0.623 0.457 0.681 0.681 0.606 0.965 0.839 0.962 0.511 0.275 0.305 0.654
Cl 0.001 0.005 0.003 0.002 0.001 nd n.d. 0.001 0.003 0.004 0.000 0.003 0.003 0.003 0.008 0.003

TOTAL 16.970 16.790 16.688 16.521 16.732 16.556 16.768 16.756 16.708 17.098 16.898 17.086 16.675 16.417 16.467 16.746
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ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O

1223001_C2_APAT 1223001 CI_aPAT 1223001 CI_4PAT 1223001 C3_APAT 1223001_C3_APAT 1223001_C3_APAT 1223001 C3_APAT 1223001_C3_APAT 1223001_C3_APST 1223001_C3_APAT 1223000 C3_APAT 122300LCI_APAT 1225001_C3_APAT 1223001_CA_APAT 1223001_CA_APAT 1223001 C4_sPAT 1223001_C4_aPAT
1 2 1 2 3 4

AMOITRA 1Linz 15 1LINE 1 1LINE 2 1LINE 3 1LINE 4 _ = S = 1 =

LITOLOGIA Apatita Mg CBT _ ApatitaMg CBT  ApatitaMg CBT  ApatitaMg CBT  ApatitaMg CBT  ApatitaMg CET  ApatitaMg CET  Apatita Mg CBT  Apatita Mg CET  Apatita Mg CBT  Apatita Mg CBT  ApatitaMg CBT  ApatitaMg CET  ApatitaMg CET  ApatitaMa CBT  ApatitaMg CET  Apatita Mg CET

Si02(Mass%) 0.04 0.04 0.02 0.04 0.05 0.05 0.04 0.03 0.03 017 0.10 0.06 0.04 0.04 0.01 0.01 0.07

Al203(Mass%) n.d. n.d. 0.01 010 n.d. n.d. n.d. n.d. 0.02 n.d. n.d. n.d. 0.01 0.01 n.d. n.d. n.d.

FeO(Mass%) 0.01 0.04 0.05 0.04 0.02 0.03 0.03 013 0.06 0.04 0.07 0.09 0.07 0.06 0.04 0.01 0.03

MnO(Mass%) n.d. 0.02 0.02 0.03 n.d. 0.01 0.02 0.02 0.03 0.03 0.03 0.04 0.03 0.03 0.04 0.04 0.03

MgO{Masst) n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

CaO{Mass%) 54.43 54.57 54.65 54.18 54.44 54.79 54.49 54.27 54.52 54.00 53.92 53.49 53.58 54.15 54.94 54.33 54.70

BaO(Mass%) n.d. n.d. n.d. n.d. n.d. n.d. 0.01 0.02 n.d. n.d. n.d. 0.02 n.d. n.d. n.d. n.d. n.d.

SrO{Mass%) 021 023 025 024 0.36 035 0.36 0.36 033 0.37 033 024 023 0.41 033 0.40 0.38

Na20{Mass%) 0.18 0.25 0.24 0.23 0 0.18 0.15 0.25 0.14 0.18 0.18 0.28 0.28 0.27 018 0.16 0.12

P205(Mass%) 4114 40.86 4042 41.02 41.24 409 4143 4111 409 40.62 40.69 4033 40.56 41.36 41.60 41.29 411

La203({Mass%) 0.07 n.d. 0.05 0.04 0.04 0.02 0.07 0.02 n.d. 0.04 0.02 0.02 0.04 0.04 0.03 0.07 0.02

Ce203(Mass%) 0.19 0.1 0.14 018 015 0.16 0.19 0.1 0.17 0.21 0.14 0.18 015 013 018 015 013

Pr203(Mass%) n.d. 0.07 0.01 0.05 n.d. 0.04 n.d. n.d. n.d. 0.01 0.02 n.d. n.d. 0 n.d. n.d. n.d.

Nd203(Mass%) n.d. 0.04 0.03 015 0.05 0.10 0.04 0.08 0.04 0.11 0.09 n.d. n.d. 0.02 0 0.05 0.03

Sm203(Mass%) 0.09 0.02 0.03 nd. 0.04 0.05 0.03 0.03 nd. nd. 0.07 nd. nd. 0.05 0.06 0.03 nd.

LREE 0.35 0.24 0.26 0.43 0.28 0.37 0.32 0.25 0.21 0.36 0.33 0.20 0.19 0.36 0.37 0.30 0.18

Y203({Mass%) n.d. 0.02 0.02 0.01 n.d. n.d. 0.04 n.d. 0.03 n.d. n.d. 0.03 0.05 n.d. n.d. n.d. n.d.

S03(Mass’) n.d. 0.02 017 0.01 0.01 n.d. n.d. 0.02 n.d. n.d. n.d. 0.02 n.d. n.d. 0.05 n.d. n.d.

F(Mass%) 119 0.82 118 1.04 0.97 0.72 1.62 0.66 1.39 0.79 143 117 0.58 132 132 1.38 1.55

Cl{Mass%) 0.01 nd. nd. 0.02 0.01 nd. 0.01 nd. nd. nd. nd. 0.02 0.02 0.01 nd. nd. nd.

TOTAL 97.56 97.12 97.32 97.39 97.50 97.41 98.53 97.12 97.69 96.56 97.08 95.98 95.63 98.04 98.90 97.91 98.18

F=0 -0.50 -0.35 -0.50 -0.44 041 -0.30 -0.68 -0.28 -0.59 -0.33 -0.60 -0.49 -0.24 -0.55 -0.56 -0.58 -0.65

Cl=0 0.00 n.d. n.d. 0.00 0.00 n.d. 0.00 n.d. n.d. n.d. n.d. 0.00 0.00 0.00 n.d. n.d. n.d.

TOTAL 97.06 96.77 96.82 96.95 97.08 97.11 97.85 96.84 97.10 96.23 96.47 95.48 95.38 97.48 98.34 97.33 97.63
122300_C2_APAT 1223001 CI_APAT 1223001 CI_APAT 1223001_CI_AFAT 1223001 CI_APAT 1223001C3_APAT 1223001 C3_APAT 1223001 _CI_APAT 1223001_CI_APAT 1223001_CI_APAT 1223001_C3_APAT 1223001 CI_APAT 1223001 CI_APAT 1223001_C4_APAT 1223001_C4_APAT 1223001_C4_APAT 1223001_C4_APAT

AMOITRA 1Line 15 _ = i = _| I

LITOLOGIA  fpatita Mg CET ApatitaMg CBT ApatitaMg CET ApatitaMgCET ApatitaMgCET ApatitaMgCET ApatitaMgCET Apatita MaCET Apatita Mg CET Apatita Mg CET  Apatita Mg CET  ApatitaMg CET  ApatitaMg CET ApatitaMgCET ApatitaMgCET  ApattaMgCET Apatita Mg CET

Si 0.008 0.007 0.004 0.008 0.008 0.008 0.007 0.006 0.005 0.029 0.017 0.011 0.007 0.007 0.002 0.002 0.012

Al 0.001 n.d. 0.002 0.020 0.000 n.d. n.d. n.d. 0.004 n.d. 0.002 n.d. 0.003 0.003 n.d. n.d. n.d.

Fe 0.002 0.006 0.007 0.006 0.004 0.005 0.005 0.018 0.008 0.005 0.010 0.012 0.010 0.009 0.006 0.001 0.005

Mn 0.000 0.004 0.003 0.004 0.001 0.002 0.003 0.004 0.005 0.005 0.004 0.006 0.004 0.005 0.005 0.006 0.004

Mg n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. nd. n.d.

Ca 9.999 10.050 10.097 9.961 9.991 10.071 9.960 9.972 10.047 10.004 9.990 9.993 9.974 9.926 9.989 10.000 10.056

Ba n.d. n.d. n.d. n.d. n.d. 0.000 0.001 0.001 0.000 n.d. n.d. 0.001 n.d. 0.001 0.000 n.d. n.d.

Sr 0.021 0.023 0.025 0.024 0.036 0.035 0.036 0.035 0.033 0.037 0.033 0.024 0.023 0.041 0.033 0.040 0.038

Na 0.059 0.084 0.080 0.076 0.036 0.060 0.050 0.084 0.048 0.059 0.062 0.094 0.093 0.090 0.061 0.052 0.041

P 5973 5.946 5.902 5961 5.980 5942 5.983 5.968 5.957 5.946 5.958 5.953 5.965 5.991 5977 6.005 5972

La 0.004 n.d. 0.003 0.002 0.003 0.001 0.005 0.001 n.d. 0.002 0.001 0.001 0.002 0.003 0.002 0.005 0.001

Ce 0.012 0.007 0.009 0.012 0.010 0.010 0.012 0.007 0.011 0.013 0.009 0.012 0.010 0.008 0.011 0.008 0.008

Pr nd. 0.005 0.001 0.003 nd. 0.003 nd. nd. nd. 0.001 0.001 0.000 nd. 0.007 nd. nd. nd.

Nd n.d. 0.003 0.002 0.010 0.003 0.006 0.002 0.005 0.002 0.007 0.006 0.000 n.d. 0.001 0.007 0.003 0.002

Sm 0.005 0.001 0.002 n.d. 0.002 0.003 0.002 0.002 n.d. n.d. 0.004 n.d. n.d. 0.003 0.003 0.002 n.d.

Y n.d. 0.001 0.001 0.001 0.000 0.001 0.004 n.d. 0.003 0.001 0.001 0.003 0.004 n.d. n.d. n.d. n.d.

S 0.000 0.002 0.022 0.002 0.002 0.001 n.d. 0.002 n.d. n.d. 0.001 0.002 0.001 n.d. 0.006 n.d. n.d.

F 0.629 0.440 0.629 0.552 0.517 0.383 0.843 0.352 0.735 0.422 0.759 0.629 0.313 0.693 0.689 0.730 0.816

Cl 0.003 0.002 0.000 0.006 0.003 0.002 0.003 0.003 n.d. n.d. n.d. 0.004 0.006 0.004 0.002 0.002 0.000

TOTAL 16.716 16.579 16.789 16.647 16.594 16.533 16.914 16.460 16.558 16.531 16.856 16.746 16.415 16.792 16.792 16.856 16.956
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ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O

1225001 C4_APAT 1223001_CA_APAT 1225001 C4_APAT 1223001 C4_APAT 1223001 C4_APAT 1225001 C4_APAT 1223001 CA_APAT 1223001_C5_APAT 1223001 C5_APAT 1223001 C5_APAT 1223001 C5_APAT 1223001 C5_APAT 1223001 CE_APAT 1223001_C5_APAT 1223001 CE_APAT 1223000 CE_APAT 1223001 CE_APAT 1223000 APAT2GE
5 2 1 2 5 ] 1 2 3

AMOSTRA i i | s s . P_IMGS_10
LITOLOGIA  ApatitaMaCBT ApatitaMgCBT _ApatitaMgCET fApatitaMaCET Apatita Mg CBT ApatitaMg CBT ApatitaMgCBT _Apatita Mg CBT ApatitaMa CBT _Apatita Mg CBT _Apatita Mg CBT _Apatits MaCBT _Apatits Mg CET ApatitaMa CBT _fipatita Mg CBT _Apatita Mg CBT _Apatits MaCBT _Apatits Mg CET
Si02(Mass%) 0.02 0.04 0.05 0.04 0.03 0.03 0.02 0.02 0.02 0.02 0.04 0.08 0.03 0.05 0.05 0.07 0.02 0.06

Al203{Mass%) n.d. n.d. n.d. n.d. 0.02 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.0 n.d. 0.04
FeO(Mass%) 0.06 0.12 0.10 0.07 0.06 0.05 0.04 0.12 0.12 0.06 0.05 0.15 0.24 0.06 0.06 0.10 0.14 1.65
MnO{lMass%) 0.03 0.07 0.03 0.02 0.02 0.03 0.02 0.03 0.02 0.03 0.02 0.03 0.03 0.03 0.03 0.02 0.02 0.02
MgO{Mass%) n.d. 0.01 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.31
CaO(Mass%) 5483 53.66 54.44 54.95 5489 54 64 54.91 54.30 5463 54.40 5472 54.21 54.08 54.78 5478 54.44 54.49 53.00
BaO({Mass%) n.d. n.d. 0.01 n.d. n.d. n.d. 0.03 n.d. n.d. 0.02 0.01 n.d. 0.01 n.d. n.d. n.d. n.d. n.d.
SrO{Mass%) 0.36 0.37 0.34 0.36 0.40 0.36 0.37 0.36 0.38 0.34 0.25 0.22 0.35 0.38 0.38 0.27 0.25 0.59
Na20(Mass®) 0147 0.44 0.18 017 0.16 017 0.16 0.26 0.10 0.27 0.14 0.18 0.24 0.12 0.15 0.26 0.28 0.04
P205(Mass®) 4“2 40.72 4142 41.29 4041 41.02 4113 40.79 41.01 40.64 41.62 40.70 40.36 40.97 4115 40.89 40.70 39.22
La203(Mass%) n.d. n.d. 0.06 0.02 0.04 0.02 0.03 0.04 0.05 0.01 0.05 0.08 0.03 0.03 0.02 n.d. 0.05 0.02
Ce203(Mass%) 0.20 0.17 0.19 017 0.16 017 0.13 0.15 0.17 0.11 0.20 0.14 0.14 0.15 0.15 0.1 0.09 0.08
Pr203{Mass%) n.d. 0.09 0.03 n.d. n.d. 0.03 n.d. 0.04 0.08 0.08 n.d. 0.04 n.d. n.d. 0.06 0.09 n.d. n.d.
Nd203(Mass%) 0.14 0.06 0.07 0.14 0.04 0.03 0.12 0.14 0.03 0.07 0.06 0.04 0.02 0.04 0.01 0.12 0.1 n.d.
Sm203({Mass%) n.d. n.d. 0.07 0.04 n.d. 0.04 0.01 n.d. 0.03 n.d. 0.05 0.09 0.05 0.07 0.04 n.d. n.d. n.d.

LREE 0.34 0.32 042 0.37 0.23 0.29 0.29 037 0.35 0.28 0.35 0.37 0.23 0.29 0.29 0.31 0.25 0.10
Y203(Mass®) n.d. 0.01 n.d. 0.03 n.d. n.d. 0.02 n.d. n.d. n.d. n.d. 0.03 n.d. 0.03 0.02 0.02 n.d. 0.03
S0O3(Mass%) 0.01 n.d. 0.02 n.d. 0.02 0.01 n.d. 0.05 0.03 0.04 n.d. 0.03 n.d. 0.04 n.d. n.d. n.d. 0.01

F(Mass%) 1.21 1.44 1.05 1.36 1.3 1.60 1.27 133 1.61 1.01 0.66 1.41 114 1.05 117 0.77 1.25 332
Cl{Mass%) n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.01 n.d. 0.01 0.01 0.01 0.01 n.d. n.d. 0.02 0.01 n.d.

TOTAL 98.23 97.20 98.06 98.65 98.05 98.21 98.25 97.65 98.27 97.10 97.76 97.39 96.74 97.80 98.06 97.19 97.39 98.39

F=0 -0.51 -0.61 -0.44 -0.57 -0.55 -0.68 0.53 -0.56 -0.68 -0.43 -0.28 -0.59 -0.48 -0.44 -0.49 -0.32 0.52 -1.40
Cl=0 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.00 n.d. 0.00 0.00 0.00 0.00 n.d. n.d. 0.00 0.00 n.d.

TOTAL 97.72 96.59 97.62 98.07 97.50 97.53 97.72 97.08 97.59 96.67 97.48 96.79 96.26 97.35 97.57 96.86 96.87 96.99

1223001_C4_APAT 1223001_C4_APAT 1223001_CA_APAT 1223001 _C4_APAT 1223001 C4_APAT 1223001 _CA_APAT 1223001_C4_APAT 1223001_C5_APAT 1223001 C5_APAT 1223001_C5_APAT 1223001_CE_APAT 1223001 C5_aAPAT 1223001_CE_APAT 1223001 C5_aPAT 1223001_C5_APAT 1223001 CE_APAT 1223001_C5_aAPAT 1223001_APAT2GE

AMOSTRA 15 4E_ 4B_. 4 4C_ 11 110 12 13 13 19 2.1 2.2 23 24 F_IMGE_10
LITOLOGIA  ApatitaMaCBT ApatitaMgCBT  ApatitaMgCET ApatitaMaCET ApatitaMg CBT ApatitaMgCBT ApatitaMgCBT ApatitaMgCBT ApatitaMaCBT  Apatita Mg CBT  ApatitaMgCBT Apatits MaCBT  Apatita Mg CET ApatitaMaCBT ApatitaMgCBT  ApatitaMgCBT  Apatits MaCBT  Apatits Mg CET

Si 0.003 0.006 0.008 0.007 0.005 0.004 0.004 0.003 0.003 0.004 0.006 0.010 0.006 0.008 0.008 0.012 0.003 0.010
Al 0.001 0.002 n.d. n.d. 0.004 0.002 n.d. 0.002 0.000 n.d. n.d. n.d. 0.001 n.d. 0.001 0.003 0.001 0.008
Fe 0.009 0.017 0.015 0.010 0.008 0.008 0.006 0.017 0.017 0.009 0.007 0.021 0.035 0.009 0.008 0.015 0.020 0.243
Mn 0.005 0.011 0.004 0.003 0.004 0.005 0.003 0.005 0.003 0.004 0.003 0.004 0.004 0.005 0.004 0.003 0.003 0.003
Mg n.d. 0.003 n.d. nd n.d. n.d. nd. n.d. nd n.d. nd. nd. n.d. nd n.d. nd. n.d. 0.082
Ca 10.048 9.929 9.947 10.026 10.077 10.034 10.052 10.014 10.036 10.063 9.990 10.016 10.057 10.057 10.038 10.016 10.057 9.977
Ba n.d. n.d. 0.001 n.d. n.d. n.d. 0.002 n.d. n.d. 0.001 0.001 n.d. 0.001 n.d. 0.001 n.d. n.d. n.d.
Sr 0.036 0.037 0.033 0.035 0.040 0.036 0.036 0.036 0.038 0.034 0.025 0.022 0.0358 0.037 0.038 0.027 0.025 0.060
Na 0.056 0.146 0.061 0.055 0.052 0.057 0.053 0.088 0.034 0.089 0.047 0.065 0.080 0.040 0.049 0.087 0.092 0.014
p 5.967 5.954 5.980 5.953 5934 5.952 5.949 5.944 5.954 5.939 5.989 5.942 5929 5.944 5.958 5.946 5.935 5834
La n.d. 0.000 0.004 0.001 0.003 0.001 0.002 0.002 0.003 0.001 0.003 0.004 0.002 0.002 0.001 0.001 0.003 0.001
Ce 0.013 0.011 0.012 0.011 0.010 0.011 0.008 0.009 0.010 0.007 0.012 0.009 0.009 0.010 0.010 0.007 0.006 0.005
Pr n.d. 0.006 0.002 n.d. n.d. 0.002 nd. 0.003 0.005 0.005 nd. 0.002 0.000 n.d. 0.004 0.005 n.d. n.d.
Nd 0.008 0.004 0.004 0.009 0.002 0.002 0.007 0.009 0.002 0.005 0.004 0.002 0.001 0.003 0.001 0.007 0.007 n.d.
Sm n.d. n.d. 0.004 0.002 n.d. 0.002 0.001 n.d. 0.002 n.d. 0.003 0.005 0.003 0.004 0.003 n.d. n.d. n.d.
Y n.d. 0.001 n.d. 0.003 0.001 n.d. 0.002 n.d. n.d. n.d. n.d. 0.002 n.d. 0.002 0.002 0.002 n.d. 0.003
S 0.001 0.001 0.003 nd. 0.003 0.002 nd. 0.007 0.003 0.005 nd. 0.004 n.d. 0.005 nd. nd. n.d. 0.001
F 0.638 0.765 0.556 0.713 0.691 0.840 0.666 0.702 0.843 0.539 0.350 0.744 0.610 0.556 0.615 0.412 0.660 1.719
cl 0.001 0.001 0.001 0.002 n.d. 0.000 0.001 0.003 n.d. 0.003 0.003 0.004 0.003 0.001 0.000 0.005 0.003 n.d.
TOTAL 16.784 16.893 16.635 16.829 16.832 16.957 16.790 16.842 16.952 16.707 16.443 16.856 16.776 16.682 16.739 16.547 16.815 17.961
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ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O

1223001 APATFIN 1223001 APATFIN  1225001_APATFIN  1223001_APATFIN 1223001 APATFIN
12EF001_APAT2GE 1223001 AFAT2GE 1223001_APATZGE 1223001_APATZGE 1223001 APATZGE 12ZI00UAPATES 12Z3001_APATEA 1223001_APATEA 1ZE300UAPATEA 1Z25001_APATEA 1223001_APATEA ABOXWORK_IMGE ABOXWORK_IMGE ABDXNWORK_IMGE ABDXWORK_IMGE AB0XWORK_IMGL

AMOSTRA FIMGS_11 F_IMG5_12 F_IMGS_13 F_IMIGS_5 F_IMGE_3 NOALT_IMGS_1 NOALT_IMGS_2 NOALT_IMGS_ 5 NOALT_IMGS 4 NOALT_IMGS_S HNDALT_IMGS_ & ) -5 & T &
LITOLOGIA  ApatitaMgCET ApstitaMgCET ApatitaMg CET  ApatitaMgCET ApatitaMgCET ApatitaMgCET ApatitaMgCET ApatitaMg CBT  Apaita Mg CET ApatitaMgCET ApatiaMgCET ApatitaMgCET ApatitaMgCET ApaiitaMgCET Apatita MgCET  Apatita Mg CET
Si02(Mass%) 0.01 n.d. n.d. n.d. 0.16 n.d. 0.00 n.d. 0.00 0.01 0.08 n.d. n.d. n.d. n.d. n.d.

Al203({Mass%) 0.25 0.03 n.d. 0.04 0.09 0.07 0.34 n.d. 0.1 0.01 0.05 0.02 0.17 0.46 0.04 0.03
FeO(Mass%) 0.04 0.04 0.07 n.d. 0.16 0.09 0.1 0.15 0.16 0.10 1.58 0.02 0.04 0.03 0.02 0.04
MnO(Mass%) 0.00 n.d. n.d. n.d. 0.01 n.d. n.d. 0.01 n.d. n.d. n.d. 0.01 0.02 0.01 n.d. 0.00
MgO(Mass) n.d. n.d. n.d. n.d. 0.01 n.d. 0.01 n.d. n.d. 0.01 0.00 n.d. n.d. n.d. n.d. n.d.
CaO(Mass%) 54.82 54.18 54.41 54.23 53.28 5437 54.21 54.43 53.92 54.62 53.53 54.00 54.10 53.35 8512 54.57
BaO(Mass%) n.d. 0.03 0.01 0.01 0.01 n.d. n.d. n.d. 0.02 0.01 0.02 0.01 0.01 0.04 n.d. n.d.
SrO(Mass%) 0.44 147 1.61 1.1 0.94 0.81 0.64 0.82 1.18 0.81 1.03 1.78 1.53 1.97 0.70 0.59
Na20(Mass%) 0.04 0.04 0.07 0.03 0.07 0.19 0.30 0.20 0.18 0.20 0.14 0.07 0.10 0.07 0.05 0.1
P205(Mass%) 40.96 40.31 40.13 40.41 39.86 40.27 39.92 40.31 39.92 40.18 39.54 40.14 40.30 39.60 41.06 40.68
La203(Mass%) nd. 0.01 nd. 0.02 0.02 0.01 0.01 0.03 0.02 nd. 0.00 nd. 0.03 0.03 0.01 0.03
Ce203(Mass%) 0.06 0.07 0.06 0.03 0.05 0.09 0.10 0.08 0.13 0.09 0.06 0.10 0.09 0.14 0.10 013
Pr203(Mass%) n.d. n.d. 0.04 n.d. 0.00 n.d. n.d. n.d. 0.05 0.00 n.d. n.d. n.d. n.d. 0.04 n.d.
Nd203(Mass%) 0.01 n.d. n.d. n.d. n.d. 0.08 0.07 n.d. 0.03 n.d. n.d. 0.07 0.02 0.03 0.08 0.07
Sm203(Mass%) n.d. 0.02 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.02 n.d. 0.08 0.05 0.04

LREE 0.07 0.10 010 0.05 0.07 0.18 017 0.10 0.24 0.10 0.07 0.18 0.13 0.28 0.27 0.27
Y203({Mass%) 0.01 0.00 n.d. 0.02 0.00 0.06 0.08 0.08 0.05 0.09 0.10 n.d. 0.05 0.05 0.07 0.03
S503(Mass%) 0.02 0.00 0.03 0.04 0.04 0.02 0.05 0.05 0.03 0.02 0.06 0.03 n.d. 0.03 0.03 0.03

F(Mass%) 331 413 367 414 330 382 333 301 in 318 349 382 379 410 368 349
Cl{Mass®) 0.00 n.d. 0.00 0.00 n.d. n.d. n.d. 0.00 n.d. 0.00 0.01 n.d. n.d. 0.00 0.00 0.01

TOTAL 99.97 100.34 100.00 100.09 98.01 99.87 99.18 99.15 98.92 99.35 99.67 100.09 100.24 99.97 101.04 99.83

F=0 -1.39 -1.74 -1.50 -1.74 1.39 -1.61 -1.40 -1.27 131 -1.34 -1.47 -1.61 -1.59 -1.73 -1.55 -1.47
ClI=0 0.00 n.d. 0.00 0.00 n.d. n.d. n.d. 0.00 n.d. 0.00 0.00 n.d. n.d. 0.00 0.00 0.00
TOTAL 98.58 98.60 98.50 98.34 96.62 98.26 97.77 97.89 97.60 98.02 98.20 98.49 98.64 98.26 99.49 98.36

1223001 APATFIN 1223001 APATFIN  1223001_APATFIN 1223001_APATFIN 1223001 AFATFIN
12E3001_APATRGE 122300 AFAT2GE 1223001 APATZGE 122300I_APATRGE 122300 APATZGE 1ZZI00LAPATES 12Z3001_APATEA 1223001_APATEA 122300UAFATES 1223001_APATES 1223001_APATEA ABOXWORK_IMGE ABOXWORK_IMGE ABDXWORK_IMGY ABOXWORK_IMGE sB0xwORK_IMGL

AMOSTRA RIMGS_Tt R_IMGE_12 RIMGS_13 F_IMGS_& FLIMGS_3 MDALT_IMG3_1  NDALT_IMG3_Z  NOALT_IMG33  NDALT_IMG3 4 NDALT_IMG3_S  NDALT_IMG3_6 _1o _s & _t s
LITOLOGIA ApatitaMg CET  Apatita Mg CET  Apatita Mg CET  Apatita Mg CBT  Apatits Mg CET  Apatita Mg CET  Apatita Mg CBT  Apatita Mg CBT  Apatita Mg CET  ApatitalMg CET  Apatita Mg CET  ApatitaMg CET  Apatita Mg CET  Apatita Mg CBT  Apatita Mg CET - Apatita Mg CET

Si 0.002 n.d. n.d. n.d. 0.029 n.d. 0.001 n.d. 0.001 0.002 0.014 n.d. n.d. n.d. n.d. n.d.
Al 0.050 0.006 n.d. 0.009 0.019 0.014 0.069 n.d. 0.022 0.003 0.009 0.004 0.035 0.094 0.008 0.006
Fe 0.006 0.006 0.010 n.d. 0.023 0.013 0.016 0.022 0.023 0.014 0.230 0.003 0.006 0.004 0.003 0.005
Mn 0.000 n.d. n.d. n.d. 0.002 n.d. n.d. 0.002 n.d. n.d. n.d. 0.002 0.003 0.001 n.d. n.d.
Mg n.d. n.d. n.d. n.d. 0.002 n.d. 0.002 nd. n.d. 0.003 0.001 n.d. n.d. n.d. n.d. n.d.

Ca 10.041 10.0587 10107 10.058 9.994 10.085 10.072 10.086 10.053 10127 9.991 10.040 10.025 9.977 10.067 10.062
Ba n.d. 0.002 0.001 0.001 0.001 n.d. n.d. n.d. 0.001 0.001 0.001 0.001 0.001 0.003 n.d. n.d.
Sr 0.043 0.148 0.162 0.112 0.095 0.081 0.065 0.082 0.119 0.082 0.104 0.180 0.154 0.199 0.070 0.059
Na 0.012 0.015 0.024 0.010 0.022 0.065 0.101 0.068 0.061 0.068 0.046 0.022 0.035 0.024 0.018 0.036

P 5.929 5913 5.89: 5.922 5.908 5.902 5.861 5.903 5.881 5.887 5831 5.898 5901 5.852 5.926 5.927
La n.d. 0.001 n.d. 0.001 0.001 0.000 0.001 0.002 0.002 n.d. 0.000 n.d. 0.002 0.002 0.001 0.002
Ce 0.004 0.004 0.004 0.002 0.003 0.006 0.006 0.005 0.008 0.006 0.004 0.006 0.006 0.009 0.006 0.008
Pr n.d. n.d. 0.003 n.d. n.d. n.d. n.d. n.d. 0.003 0.000 n.d. n.d. n.d. n.d. 0.002 n.d.
Nd 0.001 n.d. n.d. n.d. n.d. 0.005 0.004 n.d. 0.002 n.d. n.d. 0.004 0.001 0.002 0.005 0.004
Sm n.d. 0.001 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.001 n.d. 0.005 0.003 0.002
Y 0.001 0.000 n.d. 0.002 0.000 0.006 0.008 0.007 0.004 0.008 0.009 n.d. 0.005 0.005 0.007 0.003

S 0.003 0.000 0.005 0.005 0.006 0.002 0.007 0.006 0.005 0.003 0.008 0.005 n.d. 0.004 0.004 0.003

F 1.670 2073 1.614 2.080 1.704 1.930 1.701 1.544 1.604 1.625 1.763 1.932 1.913 2.075 1.838 1.766

Cl 0.001 nd 0.001 0.001 n.d. nd n.d. 0.001 n.d. 0.000 0.002 n.d. nd 0.000 0.001 0.002

TOTAL 17.762 18.226 18.019 18.202 17.808 18.109 17.913 17.727 17.789 17.629 18.033 18.098 18.084 18.254 17.956 17.885

180



ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O
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1223001_APATFIN

ABOXWORK_IMGE 1223001_C2_APAT 1225000 CE_APAT 1223001 C2_APAT 122500LC2_APAT 1225001 C2_APAT 1225000LC2_APAT 1223001_C2_APAT 1225001 C2_APAT 1223001_C2_APAT 122300102 APAT 1223001_C2_ARAT 122300102 APAT 1223001t

CE_APAT 1223001 C2_APAT 122500C2_APAT 1225001 CE_APAT
2 23 X a8

AMOSTRA = 1line 1 1Line 100 1Line 11 1Lline 2 1line 3 1Lline 4 1Lline 5 1Line & 1Line T 1Line & 1line 3 21 2
LITOLOGIA Apatita Mg CET  ApatitaMgCET  ApatitaMaCET  ApatitaMaCET  ApatitaMaCET  ApatitaMg CET  ApatitaMg CET  ApatitaMgCET  ApatitaMaCET  Apatita Mg CET  Apatita Mg CET  ApatitaMg CET  ApatitaMaCET  Apatita Mg CET  Apatita MaCET  Apatita Mg CET _ Apatita Mg CET
5i02(Mass%) n.d. 0.05 0.06 0.06 0.03 0.04 0.05 0.25 0.05 0.08 0.05 0.05 0.04 0.04 0.04 0.05 0.05
Al203(Mass%) 0.01 n.d. 1.03 143 0.04 0.20 0.03 117 0.05 0.32 n.d. 0.02 0.04 n.d. n.d. 0.03 0.07
FeO{Mass%) 0.05 0.13 0.08 0.03 0.11 0.04 0.09 1.65 0.02 0.10 0.05 0.08 0.23 0.24 0.21 0.21 0.19
MnO(Mass%) 0.00 0.02 0.01 0.05 0.02 n.d. n.d. 0.01 n.d. n.d. n.d. n.d. 0.01 0.03 0.02 n.d. 0.04
MgO(Mass%) n.d. nd. nd. n.d. n.d. n.d. n.d. n.d. nd n.d. nd. n.d. n.d. nd. n.d. n.d. n.d.
CaO(Mass'%) 54.27 54.34 53.05 53.23 53.48 53.73 53.73 52.40 53.89 53.23 53.99 53.59 53.89 54.08 5415 53.81 5415
BaO(Mass®%) n.d. 0.03 0.01 n.d. n.d. 0.04 n.d. n.d. 0.04 0.02 0.01 n.d. n.d. 0.04 0.05 0.03 n.d.
SrO{Mass%) 1.98 1.25 1.55 1.38 1.53 127 1.19 0.94 1.72 1.76 1.54 1.62 0.71 0.80 0.85 0.79 0.70
Na20(Mass%) 0.05 0.08 0.11 0.08 0.08 0.07 0.10 0.08 0.04 0.08 0.06 n.d. 0.23 0.34 0.34 0.28 0.26
P205(Mass’%) 39.94 40.57 39.20 39.43 39.69 40.55 40.04 38.85 39.60 39.51 39.58 40.18 40.31 39.94 40.20 40.06 40.07
La203{Mass%) nd. 0.03 0.03 nd. nd. nd. nd. nd. 0.04 0.04 0.01 nd. nd. 0.03 0.02 0.04 0.03
Ce203(Mass%) 0.07 0.08 0.12 0.1 0.04 0.11 0.05 0.10 0.06 0.07 0.07 0.09 0.13 0.10 0.14 0.08 0.11
Pr203(Mass%) 0.01 0.07 0.05 n.d. 0.03 0.04 0.04 n.d. 0.03 n.d. n.d. 0.06 n.d. n.d. 0.04 0.02 n.d.
Nd203(Mass%) n.d. 0.03 0.06 0.14 n.d. n.d. 0.05 0.01 0.02 0.06 n.d. n.d. 0.03 n.d. n.d. n.d. 0.03
Sm203(Mass%) nd. 0.01 0.10 0.01 0.05 0.01 nd. n.d. n.d. n.d. nd. 0.08 0.02 0.02 0.06 nd. n.d.
LREE 0.08 0.21 0.36 0.26 0.13 0.16 0.14 011 0.14 0.18 0.09 024 0.18 0.14 0.25 0.13 0.16
Y203(Mass%) 0.02 0.02 0.08 0.05 0.08 0.02 0.08 0.04 0.05 0.04 0.08 0.02 0.02 n.d. 0.03 0.05 n.d.
S03(Mass%) 0.06 0.02 0.04 0.06 0.06 0.04 0.04 0.05 0.05 0.06 0.04 0.04 0.02 0.04 0.06 0.08 0.03
F({Mass%) 43 4.48 4.03 3.09 4.45 474 449 341 4.73 4.09 4.38 381 4.78 3.35 3.30 414 3.80
Cl{Mass%) n.d. 0.01 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
TOTAL 100.78 101.22 99.60 99.15 99.70 100.91 99.98 98.97 100.37 99.47 99.87 99.64 100.48 99.06 99.52 99.66 99.54
F=0 -1.81 -1.89 -1.70 -1.30 -1.88 -2.00 -1.89 144 -1.99 -1.72 -1.84 -1.60 2.0 -1.41 -1.39 -1.74 -1.60
Cl=0 nd. 0.00 nd. nd nd. nd nd. nd. nd. nd. nd nd. nd nd. nd nd. nd.
TOTAL 98.96 99.33 97.90 97.85 97.82 98.91 95.09 97.63 96.38 97.75 98.03 98.04 98.46 97.65 98.13 97.92 97.94
1223001 APATFIN
ABOXWORK_IMGS 1223001 C2_APAT 1223001_C2_APAT 1223001 C2_APAT 1223001 C2_APAT 1223001 C2_APAT 1223001 _C2_APAT 1223001 C2_APAT 1223001 C2_APAT 1223001 C2 APAT 1223001 C2_APAT 1223001 C2_APAT 1223001 C2 APAT 1223001 C2_APAT 1223001 C2 APAT 1223001 C2_APAT 1223001 C2_APAT
AMOSTRA _ ine i ine i ine ine ine ine ine i 21 22 23 24 25
LITOLOGIA  fpatitaMgCBT  ApatitaMgCBT  ApatitaMgCBT ApstitsMaCBT ApatitaMaCBT  ApatitaMg CBT ApatitaMgCBT ApatitaMgCBT  ApatitaMaCBT Apatita Mg CBT Apatits Ma CBT ApatitaMa CBT  ApatitaMgCBT  ApatitaMgCBT ApatitsMaCBT  ApatitaMaCBT _ Apatits Mg CET
Si n.d. 0.008 0.010 0.011 0.008 0.007 0.008 0.044 0.009 0.014 0.008 0.008 0.007 0.007 0.008 0.009 0.008
Al 0.002 n.d. 0.211 0.292 0.008 0.041 0.006 0.242 0.009 0.067 n.d. 0.005 0.008 n.d. 0.001 0.006 0.014
Fe 0.007 0.018 0.011 0.004 0.016 0.005 0.013 0.241 0.003 0.015 0.007 0.011 0.034 0.035 0.030 0.030 0.028
Mn 0.000 0.003 0.001 0.008 0.003 nd. nd. 0.002 0.001 0.000 0.000 0.001 0.002 0.004 0.002 nd. 0.006
Mg n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Ca 10.094 10.030 9.940 9.891 10.050 9.950 10.040 9.817 10.108 10.000 10.139 9.999 10.027 10.091 10.052 10.040 10.080
Ba nd. 0.002 0.001 0.000 n.d. 0.003 nd. 0.000 0.002 0.002 0.001 0.000 0.001 0.003 0.003 0.002 n.d.
Sr 0.200 0.125 0.157 0.139 0.158 0.128 0.121 0.096 0.175 0.179 0.156 0.163 0.072 0.081 0.086 0.080 0.070
Na 0.016 0.028 0.037 0.026 0.029 0.022 0.034 0.027 0.013 0.028 0.022 n.d. 0.078 0.115 0.114 0.095 0.088
P 5.870 5.916 5.803 5.790 5.895 5.933 5.912 5.750 5.868 5.865 5.873 5.924 5.926 5.890 5.897 5.907 5.894
La nd. 0.002 0.002 nd. n.d. nd. nd. 0.000 0.003 0.003 0.001 nd. nd. 0.002 0.001 0.003 0.002
Ce 0.004 0.005 0.007 0.007 0.003 0.007 0.003 0.007 0.004 0.005 0.005 0.006 0.008 0.006 0.009 0.005 0.007
Pr 0.001 0.004 0.003 nd. 0.002 0.002 0.003 n.d. 0.002 n.d. nd. 0.004 nd. 0.000 0.002 0.001 0.000
Nd n.d. 0.002 0.004 0.009 n.d. n.d. 0.003 0.001 0.001 0.004 n.d. n.d. 0.002 0.000 n.d. n.d. 0.002
Sm n.d. 0.001 0.006 0.001 0.003 0.001 n.d. 0.000 n.d. 0.000 n.d. 0.005 0.001 0.001 0.004 n.d. n.d.
Y 0.002 0.002 0.007 0.005 0.007 0.002 0.007 0.004 0.005 0.004 0.006 0.002 0.002 n.d. 0.003 0.004 0.001
S 0.008 0.003 0.005 0.007 0.008 0.006 0.005 0.007 0.006 0.008 0.005 0.005 0.003 0.006 0.008 0.011 0.004
F 2161 2223 2.045 1.586 2.243 2.349 2.25% 1.785 2.368 2.081 2213 1.934 2.376 1.718 1.688 2.088 1.929
cl n.d. 0.003 n.d. n.d. n.d. n.d. 0.001 n.d. 0.002 n.d. 0.000 n.d. n.d. 0.000 0.002 n.d. n.d.
TOTAL 18.365 18.375 18.251 17.776 18.432 18.455 18.412 17.990 18.580 18.273 18.437 18.068 18.547 17.961 17.911 18.282 18.132
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ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O
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1223001_C2_APAT 1223001_C2_aPeT 122300102 APAT 122500
26 a1 ]

MLC3_APAT 1223001_C3_APAT 1223001 C3_APAT 1223001_C3_APAT 1223000 CI_APAT 1223001_C3_APAT 1223001 C3_APAT 1223000 C3_APAT 1223001 C3_APAT 1223001 C3_APAT 1223001_C3_APAT 1223000 CI_APAT 1223001_CA_APAT 1223001 C4_APAT
£

AMOSTRA 1LINE 5 1LINE & 1LINET 1LINE & a1
LITOLOGIA ApatitaMg CET _Apatita Mg CET  ApatitaMgCET ApatitaMg CET  Apatita Mg CET  ApatitaMgCET  ApatitaMg CET  ApatitaMg CET  Apatita Mg CET  Apatita MgCET  ApatitaMg CET  ApatitaMg CET  Apatita Mg CET  ApatitaMgCET  ApatitaMg CET _Apatita Mg CET _Apatita Mg CET
Si02({Mass%) 0.05 0.04 0.02 0.05 0.03 0.08 0.08 0.03 0.06 0.09 0.09 0.04 0.03 0.01 0.06 0.02 0.04
AI203(Mass%) 0.02 n.d. n.d. 0.01 n.d. 0.05 0.09 0.03 n.d. n.d. 0.09 n.d. 0.02 n.d. 1.22 0 0.13
FeO(Mass®) 0.1 0.20 0.14 0.05 0.03 0.09 0.03 0.04 0.16 0.15 0.04 0.23 0.31 0.15 0.20 0.18 0.19
MnO{Mass%) 0.03 0.04 n.d. 0.01 0.01 n.d. n.d. n.d. 0.03 n.d. n.d. 0.02 0.01 n.d. n.d. 0.03 0.03
MgO(Masst) n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
CaO(Mass%) 54.48 54.05 53.90 54 59 54.04 53.92 54.80 54.82 54.41 53.97 5459 53.66 53.15 53.90 5365 53.67 5373
BaO(Mass%) n.d. 0.02 0.03 n.d. n.d. n.d. n.d. n.d. 0.01 0.02 n.d. 0.03 0.02 0.01 n.d. n.d. 0.03
SrO{Mass%%) 0.99 1.26 1.86 0.51 0.68 0.83 0.57 0.66 0.66 0.75 0.61 1.07 1.08 0.80 0.89 0.97 0.86
Na20{Mass%) 0.04 0.10 0.07 0.14 0.16 0.18 0.14 0.08 0.1 0.06 0.10 0.29 0.48 0.16 0.10 0.51 0.51
P205(Mass%) 40.05 39.57 39.55 40.76 40.54 40.24 40.26 40.88 40.60 4045 40.88 39.61 39.79 40.44 39.86 38.95 39.01
La203(Mass%) n.d. 0.02 n.d. 0.05 0.04 0.01 n.d. 0.03 0.08 0.02 0.06 0.03 n.d. n.d. n.d. n.d. n.d.
Ce203(Mass') 0.10 0.14 0.06 0.23 012 0.13 0.12 0.1 012 0.15 0.09 0.14 0.13 0.10 0.09 0.08 0.10
Pr203(Mass%) 0.04 0.02 0.03 0.02 0.08 n.d. 0.02 n.d. n.d. n.d. n.d. 0.02 0.05 n.d. 0.01 nd. 0.03
Nd203(Mass%) 0.07 0.02 n.d. 0.09 0.13 n.d. 0.02 0.07 n.d. 0.08 n.d. 0.05 n.d. 0.25 0.07 n.d. n.d.
Sm203(Mass%) n.d. n.d. 0.06 n.d. 0.1 0.07 n.d. n.d. 0.04 0.05 0.01 0.04 n.d. 0.03 n.d. 0. 0.06
LREE 0.22 0.20 0.14 0.39 0.48 0.22 0.16 0.1 0.23 0.3 0.16 0.28 0.18 0.38 0.17 0.09 0.19
Y203(Mass') n.d. 0.04 n.d. 0.03 0.06 0.07 0.04 0.08 0.04 0.06 0.03 0.07 0.04 0.06 0.08 n.d. 0.06
S03(Mass%) 0.06 0.02 0.05 0.03 0.06 0.03 0.08 0.04 0.03 0.02 0.05 0.08 0.11 0.03 0.02 0.02 0.05
F(Mass®) 4.40 4.68 4.48 218 3.76 3.62 453 4.44 373 4.38 4.36 364 218 294 347 4.68 4.39
Cl{Mass%) nd. n.d. n.d. nd nd. n.d. n.d. nd nd. nd. 0.01 nd. n.d. n.d. nd nd. 0.02
TOTAL 100.47 100.23 100.22 98.76 99.87 99.24 100.80 101.31 100.08 100.26 101.00 99.23 97.40 95.91 99.73 99.22 99.23
F=0 -1.85 -1.97 -1.88 -0.92 -1.58 -1.48 -1.91 -1.87 -1.57 -1.85 -1.84 -1.62 -0.92 -1.24 -1.46 -1.97 -1.85
Cl=0 nd. n.d. n.d. nd nd. n.d. n.d. nd nd. nd. 0.00 nd. n.d. n.d. nd nd. 0.00
TOTAL 98.62 98.26 98.35 97.84 98.28 97.76 98.89 99.44 98.51 95.41 9817 97.61 96.48 97.68 98.27 97.25 97.38
1223001_C2_APAT 1223001 C2_APAT 1223001 C2_APAT 1223001 C3_APAT 1223001 CI_APAT 1223001 CI_APAT 1223001 C3_APAT 1223001 C3_APAT 1223001 CI_APAT 1225001 CI_APAT 1223001 C3_APAT 1223000 CI_APAT 1223001 CI_APAT 1223001 C3_APAT 1223001 _CI_APAT 1223001 C4_APAT 1223001 C4_APAT
AMOSTRA 2_6 an 28 1LINE § TLIME & 1LINET 1LINE 5 1 2
LITOLOGIA ApatitaMg CEBT  Apatita Mo CBT  ApatitaMg CET  ApatitaMa CBT  Apatita Mg CBT - Apatita Ma CBT  Apatita Mg CBT  Apatita Mg CET  Apatita Mo CBT  ApatitaMa CBT  Apatita Mg CBT  Apatita Mg CET  Apatits MaCET  ApatitaMaCET  ApatitaMa CBT  Apatita Mg CET  Apatita Mg CET
Si 0.009 0.006 0.004 0.009 0.006 0.013 0.014 0.006 0.010 0.015 0.016 0.007 0.006 0.003 0.011 0.003 0.007
Al 0.005 0.000 0.000 0.002 n.d. 0.009 0.019 0.005 0.001 0.000 0.018 0.001 0.003 0.001 0.249 0.022 0.027
Fe 0.016 0.030 0.021 0.007 0.005 0.014 0.005 0.005 0.023 0.022 0.006 0.034 0.045 0.022 0.028 0.026 0.029
Mn 0.004 0.006 n.d. 0.001 0.002 n.d. n.d. n.d. 0.004 n.d. n.d. 0.003 0.001 n.d. 0.000 0.005 0.004
Mg n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Ca 10.129 10.145 10.118 10.063 10.013 10.038 10,141 10.067 10.051 10.021 10.027 10.073 9.968 10.011 9.918 10177 10.151
Ba n.d. 0.002 0.002 n.d. n.d. 0.000 n.d. n.d. 0.001 0.001 n.d. 0.002 0.002 0.001 n.d. 0.000 0.002
Sr 0.100 0.128 0.189 0.051 0.068 0.084 0.058 0.065 0.066 0.076 0.081 0.109 0.110 0.081 0.090 0.100 0.088
Na 0.014 0.035 0.023 0.048 0.054 0.062 0.049 0.028 0.038 0.020 0.033 0.097 0.164 0.052 0.032 0.173 0.175
P 5.864 5.868 5.867 5.932 5.936 5.920 5.888 5.933 5.925 5.936 5.933 5.874 5.897 5.935 5.822 5.836 5.824
La 0.000 0.001 n.d. 0.003 0.003 0.001 n.d. 0.002 0.005 0.001 0.004 0.002 0.001 n.d. n.d. 0.000 n.d.
Ce 0.007 0.009 0.004 0.014 0.008 0.008 0.008 0.007 0.008 0.010 0.006 0.009 0.008 0.008 0.006 0.005 0.006
Pr 0.003 0.002 0.002 0.001 0.005 n.d. 0.001 n.d. n.d. n.d. n.d. 0.001 0.003 0.000 0.001 n.d. 0.002
Nd 0.005 0.002 n.d. 0.006 0.008 n.d. 0.002 0.004 n.d. 0.005 0.000 0.003 n.d. 0.015 0.004 0.001 n.d.
Sm n.d. n.d. 0.003 0.000 0.006 0.005 n.d. n.d. 0.002 0.003 0.001 0.002 n.d. 0.002 n.d. 0.001 0.004
Y 0.000 0.004 n.d. 0.003 0.006 0.006 0.004 0.008 0.003 0.006 0.002 0.007 0.003 0.005 0.007 n.d. 0.005
S 0.008 0.003 0.006 0.004 0.008 0.004 0.010 0.005 0.004 0.002 0.006 0.010 0.015 0.004 0.003 0.003 0.007
F 2200 2.349 2249 1133 1.900 1.797 2252 2195 1.881 2192 2160 1.963 1.153 1514 1.761 2.369 2227
Cl nd. nd. n.d. 0.001 0.001 n.d. n.d. n.d. 0.002 n.d. 0.002 0.000 nd. 0.001 0.001 0.002 0.005
TOTAL 18.385 18.588 18.487 17.269 18.028 17.961 18.449 18.330 18.024 18.309 18.275 18.197 17.378 17.655 17.933 18.722 18.563
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ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O

1223001_CA_APAT 1223001 CA_APAT 1225001 C4_APAT 1223001_C4_APAT 1225001_CA_APAT 122300LCS_APAT 1223001 CE_APAT 122300LCS_APAT 1223001CS_APAT 1223007_C2_APAT 1233007_C2_APAT 1225007 C2_APAT 1223007 C2_APAT 1223007_C2_APAT 1225007 C2_APAT 1225001 C2_APAT 1223001_C2_APAT 1223007_C5_APAT 1223007_C5_APAT 1225001_C3_APAT
) ) a5 a8 a1 [ s e (K]

AMOSTRA ~ E E = - ~ _ R _ E
LITOLOGIA  ApatitaMgCET Apatitag CBT Apatits Mg CET ApatitaMaCET ApatitaMgCET ApatitaMaCBT Apatits Mg CET  ApatitaMaCET ApatitaMgCET ApatitaMgCBT Apatits Mg CET  ApatitaMaCET ApatitaMg CET Apatita Mg CBT Apatits Mg CET ApatitaMaCBT ApatitaMg CBT Apatita Mg CBT Apatits Mg CET  Apatita Ma CET
5i02{Mass%) 0.05 .01 03 nd. .05 .04 .04 10 0.08 .03 11 .03 .02 .05 .06 05 .04 01 .02

Al203(Mass%) 0.05 nd. n.d. nd. 0.12 017 0.1 0.09 0.02 0.07 0.36 0.12 0.01 0.16 0.02 0.03 0.10 0.01 0.05 0.03
FeO{Mass%) 0.23 0.08 0.07 0.09 0.10 0.22 0.39 0.19 033 0.64 0.79 0.37 040 0.29 0.44 0.40 047 0.42 0.37 0.62
MnO{Mass%) 0.04 nd. 0.03 0.01 0.03 nd. 0.03 nd 0.01 0.07 0.08 0.07 0.09 0.06 0.09 0.10 011 0.08 0.08 0.08
MgO{Mass%) n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
CaO{Mass%) 53.45 54 .48 54.24 5372 53.61 53.50 53.35 5417 5357 50.50 50.73 50.91 50.74 5148 50.70 51.20 50.93 51.62 51.76 5169
BaQ(Mass%) n.d. 0.02 0.08 n.d. 0.03 n.d. n.d. 0.04 n.d. 0.02 n.d. 0.04 n.d. 0.03 0.04 0.06 0.02 0.04 0.04 0.01
SrO(Mass%) 092 1.16 195 170 214 0.99 097 099 1.10 1.05 115 087 1.07 0.92 11 112 1.09 0.81 0.86 084
Na20(Mass%) 049 0.06 0.06 0.05 0.05 018 0.49 0.13 0.39 1.03 1.30 0.97 1.18 0.89 1.27 1.12 1.20 1.01 0.96 1.00
P205(Mass%) 38.47 4046 39.38 4013 39.49 4015 39.23 4023 39.81 3rer 37| 38.26 37.99 |2 3742 3788 37.96 3840 38.20 38.12

La203({Mass%) nd nd. n.d. 0.01 nd nd. n.d. 0.05 nd. 0.05 0.06 018 015 012 012 012 0.09 017 011 013

Ce203(Mass) 0.05 0.07 0.08 0.08 0.06 0.08 0.09 0.08 0.02 0.31 028 041 038 041 032 037 024 0.50 034 045

Pr203(Mass%) 0.06 0.02 n.d. 0.04 0.01 nd. n.d. 0.01 0.06 nd. 0.05 nd. 0.04 nd. n.d. 0.01 0.03 0.06 n.d. 0.14

Nd203(Mass%) 0.02 nd. 0.04 n.d. 0.02 0.04 n.d. nd. n.d. 0.16 0.15 0.07 017 0.18 0.14 0.13 0.26 0.20 0.1 0.19

Sm203(Mass%) nd nd. 0.03 nd. nd nd. 0.01 nd nd. 0.04 0.04 0.08 0.03 0.06 0.02 0.07 nd. 0.02 0.06 014

LREE 012 0.09 015 012 0.09 012 0.10 014 0.08 0.56 057 073 077 0.76 0.59 0.70 062 0.95 063 1.05

Y203{Mass%) nd. 0.03 0.01 0.02 0.03 0.05 0.05 0.04 0.02 0.06 0.04 0.04 0.02 0.06 0.04 0.05 0.04 0.04 0.02 0.03
SO3(Mass%) 0.06 0.03 0.02 0.03 0.04 0.07 0.28 0.07 0.07 0.07 0.03 0.07 0.05 0.05 0.08 0.05 0.05 0.08 0.06 0.03
F(Mass%) 476 4.90 425 503 484 515 445 559 420 195 083 21 2m 214 128 153 1.04 251 246 250
Cl{Mass%) 0.02 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.01 n.d. n.d. n.d. n.d. n.d. 0.0 n.d. n.d. n.d.

TOTAL 98.66 101.33 100.26 100.92 100.62 100.64 99.50 101.79 99.70 93 93.81 94.59 9437 9511 9311 94.28 9370 96.00 95.50 96.04
F=0 -2.00 -2.06 -1.79 212 -2.04 217 -1.87 -2.35 177 -0.82 -0.35 -0.89 -0.85 -0.80 -0.54 -0.64 -0.44 -1.06 -1.03 -1.058
Cl=0 0.00 nd. n.d. nd. nd nd. n.d. nd nd. nd. 0.00 nd nd. n.d. n.d. nd 0.00 n.d. n.d. nd

TOTAL 96.65 99.27 98.47 98.80 98.58 9547 97.62 99.44 97.93 92.59 93.46 93.70 93.52 9421 92.57 93.63 93.26 94.94 94.46 94.98

122F001CA_APAT 122300 C4_aPAT 1223001 C4_APAT 1223001_CA_APAT 1223001 C4_APAT 1223001 CE_APAT 1223001 C5_APAT 1223001 C5_APAT 1223001 CEAPAT 1223007_C2_APAT 1223007T_C2_aPAT 1225007_C2_APAT 1223007_C2_APAT 1223007_C2_APAT 122500T_C2_aPAT 122300T_C2_APAT 1223007_C2_APAT 1223007T_C3_APAT 122300T_C3_APAT 1223007_C3_APAT

AMOSTRA 3 4 25 £ T 4 s B T 1 = 3 _ -5 _t _T _ _1 i 2

LITOLOGIA  ApatitaMgCET Apatitatg CBT Apatita Mg CET Apatis MaCET ApatitaMgCET ApatitaMaCBT Apatits Mg CET ApatitaMaCET ApatitaMgCBET ApatitaMgCBT Apatits Mg CET  Apatita MaCET Apatita Mg CET  Apatita Mg CBT Apatits Mg CET Apatita MaCBT ApatitaMg CBT  Apatita Mg CBT _Apatits Mg CET Apatita Ma CET
Si 0.009 0.003 0.005 0.001 0.009 0.007 0.007 0.017 0.014 0.005 0.019 0.006 0.004 0.009 0.011 0.010 0.007 0.002 0.003 0.009
Al 0.011 0.001 n.d. nd. 0.025 0.036 0.023 0.018 0.004 0.015 0.076 0.025 0.002 0.033 0.005 0.006 0.022 0.003 0.010 0.007
Fe 0.035 0.012 0011 0.013 0.015 0.032 0.057 0.027 0.048 0.098 0120 0.0587 0.061 0.044 0.067 0.061 0.071 0.063 0.056 0.093
Mn 0.006 nd. 0.004 0.002 0.005 nd. 0.005 0.001 0.002 0.011 0.013 001 0.013 0.009 0.014 0.015 0.017 0.013 0.012 0.012
Mg n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Ca 10.220 10.086 10.178 10.030 10.063 9.978 10.042 10.045 10.028 9.907 9.839 9.880 9.894 9.960 9.969 9.964 9.904 9.942 10.008 9.982
Ba nd 0.001 0.004 0.001 0.002 nd. 0.000 0.003 0.000 0.002 n.d. 0.003 0.001 0.002 0.003 0.004 0.002 0.003 0.003 0.001
Sr 0.095 0.116 0.198 0.172 0.218 0.100 0.099 0.100 0.112 0111 0121 0.091 0.113 0.096 0.118 0.118 0.115 0.085 0.090 0.088
Na 0.169 0.018 0.020 0.018 0.018 0.061 0.167 0.045 0.131 0.365 0455 0.341 0.420 0.311 0450 0.395 0.423 0.351 0.335 0.351
P 5812 5917 5840 5921 5.857 5916 5835 5895 5.888 5840 5795 5.868 5863 5841 5814 5826 5834 5845 5.836 5817
La nd. nd. n.d. 0.001 0.000 nd. n.d. 0.004 nd. 0.003 0.004 0.012 0.010 0.008 0.008 0.008 0.006 0.011 0.007 0.008
Ce 0.003 0.004 0.005 0.005 0.004 0.005 0.006 0.005 0.001 0.021 0.018 0.027 0.025 0.027 0.021 0.025 0.016 0.033 0.023 0.030
Pr 0.004 0.001 n.d. 0.002 0.001 nd. n.d. 0.001 0.004 nd. 0.003 nd 0.003 n.d. n.d. 0.001 0.002 0.004 0.000 0.009
Nd 0.001 nd. 0.003 nd. 0.001 0.003 n.d. nd nd. 0.011 0.010 0.005 0.011 0.012 0.009 0.008 0.017 0.013 0.007 0.012
Sm nd. nd. 0.002 nd. nd. nd. 0.001 nd. nd. 0.003 0.002 0.005 0.002 0.004 0.001 0.005 nd. 0.002 0.004 0.009
Y nd 0.003 0.001 0.002 0.003 0.005 0.004 0.004 0.002 0.005 0.004 0.004 0.002 0.006 0.004 0.008 0.004 0.004 0.002 0.003
S 0.008 0.004 0.002 0.004 0.005 0.009 0.037 0.009 0.009 0.010 0.004 0.009 0.007 0.007 0.007 0.006 0.007 0.011 0.008 0.004
F 2425 247 2152 2495 2422 2544 2250 2727 2124 1.080 0465 1.158 1.107 1.165 0.724 0.846 0.584 1.352 1.328 1.347
(o] 0.005 n.d. n.d. 0.001 0.001 n.d. 0.000 0.001 n.d. 0.002 0.004 n.d. 0.002 0.001 n.d. 0.002 0.003 n.d. 0.001 0.001
TOTAL 18.801 18.583 18.425 18.666 18.649 18.696 18.534 18.900 18.366 17.488 16.951 17.496 175631 17.534 17.225 17.304 17.034 17.736 17.733 17.781
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ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O

1223007_C3_APAT 122300T_CI_APAT 1223007_C3_APAT 1223007_CI_APAT 1223007_CI_APAT 122300T_CI_APAT 1223001_CI_APAT 12Z300T_C4_APAT 1223007T_C4_APAT 1223007_CA_APAT 1223007_C4_APAT 1223007_C4_PAT 1223007_CA_APAT 1223007_CA_APAT 1223007_C4_APAT 1223007_CA_APAT 122300T_C4_APAT 1223007_C4_APAT 1223007_CA_APAT
o 1 2 4 5 3

AMOSTRA _ _ ! ! _ _ _ _ _ _ _ _ _ _ _ _ _ ! _
LITOLOGIA  Apstits Mg CET Apstita Ma CET ApstitaMa CET ApatitaMgCET ApatitaMaCET ApstitaMg CBT ApastitaMgCET Apatits Mg CET ApstitaMaCET ApstitaMa CET ApatitaMgCET ApatitaMaCET ApatitaMaCET ApstitsMgCBT ApstitsMgCET ApsttaMaCBT ApstitaMaCET ApattaMgCET Apatita Mg CBT
5i02(Mass%) 0.03 04 05 01 n.d. 02 04 05 01 03 09 01 nd. 06 02 02 07 05

AI203(Mass%) nd. 0.04 043 0.03 0.02 0.02 0.02 nd. 0.02 0.03 189 nd. 0.08 0.07 nd. 0.01 0.05 nd. 0.04
FeO{Mass%) 0.32 0.36 0.29 0.30 0.39 041 0.33 0.33 0.34 048 0.3 0.23 0.24 0.34 0.42 035 0.34 0.3 0.50
MnO(Mass%) 0.06 0.08 007 0.10 0.10 0.09 0.08 0.09 0.08 012 0.08 0.06 0.08 0.08 012 0.10 0.09 0.07 0.12
MgO(Mass%) n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
CaO(Mass%) 5197 5117 5196 5176 5162 5173 5135 51.86 52.33 5139 50.88 5249 5264 5214 5137 51.82 52.38 5195 5127
BaO(Mass%) 0.03 0.05 0.03 nd. 0.03 0.05 0.04 0.03 0.03 0.02 0.01 nd. 0.04 0.06 0.05 0.01 0.02 0.04 nd.
SrO{Mass®) 0.83 0.83 0.84 0.94 0.6 0.64 0.96 0.93 0.86 1.03 0.84 0.89 0.83 0.68 117 1.16 0.84 0.95 1.28
Na20{Mass%) 0.98 1.01 0.87 0.98 0.96 0.96 111 1.09 0.92 1.26 0.89 0.80 0.83 0.86 1.20 0.96 0.86 0.88 1.18
P205{Mass%) 3837 38.39 38.50 38.22 38.57 37.93 38.16 38.10 35.62 3757 37.48 38.77 38.90 38.36 37.82 38.32 38.66 38.42 3814
La203(Mass%) 014 013 012 017 0.19 0.12 0.08 010 0.05 0.08 oM 0.05 0.02 0.04 0.06 0.02 0.05 015 0.03
Ce203(Mass%) 0.40 0.29 0.40 048 045 042 041 0.30 0.16 021 0.30 0.22 0.22 013 017 0.19 017 033 0.15
Pr203(Mass%) 0.06 0.03 0.06 nd. 0.07 0.07 0.02 0.05 0.02 nd. nd. nd. nd. nd. nd. 0.04 0.03 0.07 0.04
Nd203(Mass%) 018 0.23 0.24 0.26 017 0.13 0.22 0.06 0.15 0.20 0.07 0.13 0.09 0.04 n.d. 0.14 0.08 0.16 0.07
Sm203(Mass%) nd. 0.04 0.01 nd. nd. 0.03 nd. 0.03 nd. nd. nd. 0.06 0.02 0.04 0.02 nd. 0.04 0.03 0.08

LREE 0.79 0.71 0.82 0.90 0.89 0.78 0.72 0.54 037 0.49 048 0.45 0.35 0.26 0.25 0.39 037 0.75 0.36
Y203 (Mass%) 0.04 0.03 0.05 0.05 0.02 0.04 nd. 0.05 0.03 n.d. 0.02 0.05 nd. 0.01 n.d. 0.05 0.04 0.03 nd.
SO3(Mass%) 0.08 0.06 0.05 0.05 0.05 0.03 0.07 0.08 0.06 0.10 0.06 0.06 0.06 0.08 0.07 0.04 0.08 0.06 0.07

F(Mass%) 1.90 229 343 284 191 3.06 1.81 235 3.08 191 225 297 314 358 241 155 3.06 277 1.81
Cl{Mass%) nd. 0.01 nd. nd. n.d. n.d. nd nd. 0.01 nd. nd. n.d. n.d. nd nd. n.d. nd. 0.02 n.d.

TOTAL 95.42 95.08 97.37 96.19 9542 95.98 94.69 95.53 96.77 94.43 95.28 96.78 97.19 96.76 9491 W77 96.85 96.29 94.82

F=0 -0.80 -0.96 -1.44 119 0.81 -1.29 -0.76 -0.99 -1.30 -0.80 095 125 -1.32 -1.51 -1.01 -0.65 -1.29 A7 076

Cl=0 n.d. 0.00 nd. nd. n.d. nd. n.d. n.d. 0.00 nd. nd. n.d. n.d. n.d. n.d. n.d. nd. 0.00 n.d.

TOTAL 94.62 941 95.93 94.99 9462 9469 93.92 94.54 95.47 93.63 94.33 95.53 95.86 9525 93.88 94.12 95.56 9512 94.06
TR2F00T_CI_APAT 122300T_C3_APAT 122300T_CI_APAT 1223007_CI_APAT 1223007_CI_aPAT 1223007T_C3_APAT 1223001_C3_APAT 122300T_C4_APAT 122300T_C4_APAT 1223007_C4_APAT 1223007_C4_APAT 1223007_C4_aPAT 1223007_C4_APAT 122300T_C4_APAT 122300T_C4_APAT 122300T_C4_APAT 1223007_C4_APAT 122300T_C4_APAT 122300T_C4_aPAT

AMOSTRA _ _ ! _t _ _ = _1 _1n _n _12 _14 _15 _IE _ = _ S _

LITOLOGIA  Apatita Mg CBT  Apatita Mg CBT ApstitaMa CBT Apatita Mg CET Apatita MaCET  ApatitaMg CBT ApatitaMg CET Apatits Mg CET  ApatitaMa CET ApatitaMa CET ApatitaMg CET ApatitaMaCET ApatiaMgCET ApatitaMg CBT Apatits Mg CHT ApatitaMaCBT ApatitaMg CET ApattaMg CET  Apatita Mg CBT
Si 0.006 0.007 0.009 0.003 nd. 0.004 0.007 0.008 0.002 0.006 0.016 0.002 0.001 0.011 0.003 0.004 0.013 0.009 0.006
Al 0.001 0.010 0.090 0.007 0.005 0.004 0.004 n.d. 0.004 0.006 0.399 0.001 0.017 0.014 0.000 0.002 0.010 nd. 0.008
Fe 0.048 0.055 0.043 0.045 0.059 0.062 0.049 0.050 0.052 0.073 0.047 0.035 0.036 0.050 0.065 0.052 0.051 0.047 0.075
Mn 0.008 0.012 0.010 0.015 0.015 0.013 0.012 0.014 0.012 0.019 0.012 0.010 0.012 0.012 0.018 0.015 0.013 0.010 0.019
Mg n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Ca 10.002 9.904 9937 9.993 9.930 10.044 9.955 10.025 10.030 10.029 9.786 10.037 10.038 10.037 10.020 10.000 10.015 9.997 9.919
Ba 0.002 0.004 0.002 nd. 0.002 0.003 0.003 0.002 0.002 0.002 0.001 0.000 0.003 0.004 0.003 0.001 0.001 0.003 0.001
Sr 0.087 0.087 0.087 0.099 0.089 0.088 0.101 0.098 0.090 0.109 0.087 0.092 0.086 0.091 0.124 0121 0.087 0.099 0.135
Na 0.341 0.352 0.301 0.344 0.333 0.338 0.389 0.382 0.318 0.445 0.309 0.275 0.286 0.299 0.424 0.334 0297 0.308 0415
P 5.835 587 5.819 5831 5.863 5.820 5.846 5.819 5.849 5.794 5.696 5.859 5.863 5.836 5.829 5.844 5.841 5.843 5.831
La 0.010 0.008 0.008 0.011 0.013 0.006 0.005 0.008 0.003 0.005 0.007 0.003 0.001 0.003 0.004 0.002 0.003 0.010 0.002
Ce 0.026 0.019 0.026 0.032 0.030 0.028 0.027 0.020 0.010 0.014 0.020 0.014 0.014 0.009 0.011 0.012 0.01 0.022 0.010
Pr 0.004 0.002 0.004 0.001 0.005 0.005 0.001 0.004 0.001 0.000 n.d. nd. 0.000 nd. n.d. 0.003 0.002 0.005 0.003
Nd 0.012 0.015 0.015 0.017 0.011 0.009 0.014 0.004 0.010 0.013 0.004 0.008 0.006 0.003 0.000 0.008 0.005 0.011 0.004
Sm n.d. 0.002 0.001 0.000 nd. 0.002 nd. 0.002 n.d. n.d. 0.000 0.004 0.001 0.002 0.001 n.d. 0.002 0.002 0.005
Y 0.004 0.003 0.004 0.005 0.002 0.004 nd. 0.005 0.003 n.d. 0.002 0.005 nd. 0.001 n.d. 0.005 0.004 0.003 0.000
S 0.011 0.008 0.007 0.006 0.006 0.005 0.009 0.010 0.008 0.014 0.008 0.009 0.008 0.011 0.010 0.005 0.010 0.008 0.010
F 1.037 1.243 1.795 1518 1.041 1.641 0.997 1.270 1631 1.052 1.213 1.570 1.650 1.880 1313 0.855 1614 1.481 0.991
cl 0.000 0.003 nd. 0.000 nd. 0.001 0.001 0.001 0.003 0.002 0.001 0.002 0.001 nd. 0.000 nd. 0.000 0.004 0.002

TOTAL 17.435 17.605 18.158 17.926 17.404 18.079 17.421 17.722 18.027 17.582 17.609 17.924 18.023 18.264 17.827 17.263 17.980 17.860 17.434

186



ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O

1223007_C4_APAT 1223001 C4_APAT 1223007 CA_APAT 1223007_C6_APAT 1225007_CE_APAT 1229007_CE_APAT 1223007_Ch_APAT 1223007_CE_APAT 1223007_C6_APAT 1223007_CE_APAT 1229007_C6_APAT 1223007_Co_APAT 12231M2 CZ_APA 12231M2_CLAPA 12291M2_CZ_APA 1229142 C2_APA 122312 CZ_APA 12231MZ_C2_APA 1229142 _CZ_APA 12231M2_C2_APA 1229142 CZ_APA
[N Lo L [y X 16 L ] L TSUNE 1 TSLNE 10 TEUNEH TSLINE 12 TSLNE 13 S LINE 14 TSLINE 15 TSLINE 18 TELNE 1

AMOSTRA K E -

LITOLOGIA _ Apatita MgCBT ApatiaMgCBT ApatiralMg CET ApsttaMaCET ApatitaMgCBT ApatitaMaCBT Apatis Mg CET ApatitaMg CET Apatitalg CBT ApatitaMaCET ApatitaMaCHT Apatita MaCET ApatiaMgCET ApatiralMg CET ApsttaMaCET ApatatgCBT ApaitaMaCBT Apatis MgCET ApatitaMg CET Apatitabig CBT ApatitaMaCET
Si02(Mass%) 0.05 nd. 03 06 .01 .09 A7 .05 .0 n.d. 06 .02 .04 0.03 08 05 0 .03 15 14
Al203{Mass%) 0.03 0.01 0.02 0.01 0.02 213 0.14 0.06 nd. 0.03 0.03 0.01 0.05 0.03 0.03 0.03 0.05 0.04 1.24 0.04 0.14
FeO{Mass%) 0.24 041 0.46 0.86 0.42 0.95 1.04 0.54 0.46 0.79 0.99 0.55 1.79 0.24 1.37 1.87 1.02 0.50 1.92 1.92 017
MnO{Mass%) 0.06 01 0.15 0.07 0.05 0.06 0.07 0.09 0.06 0.04 0.03 0.05 nd. nd. n.d. n.d. 0.01 0.02 0.01 0.03 0.02
MgO{Mass%) nd. nd. n.d. n.d. n.d. nd nd. nd. n.d. n.d. n.d. nd. nd. n.d. n.d. n.d. n.d. nd. nd. n.d. n.d.
CaO(Mass%) 5184 51.63 51.36 5243 5159 49 57 52.70 5225 51.93 53.07 52.19 51.70 5228 5270 5218 5225 52.84 52.92 5150 5218 5314
BaO(Mass%) 0.05 0.03 0.07 0.02 0.04 0.08 nd. nd. 0.03 0.02 n.d. 0.07 nd. nd. n.d. n.d. 0.02 nd. nd. nd. 0.01
SrO{Mass%) 0.96 096 127 065 091 075 0.69 085 07T 081 0.82 0.68 0384 083 0.86 084 1.02 109 082 073 1.01
Na20{Mass%) 0.86 122 i 1.06 0.97 0.88 094 1.18 1.08 078 0.97 1.10 017 027 024 017 015 013 020 022 017
P205(Mass%) 38.67 3761 38.18 38.37 36.88 3693 3863 3540 37.58 38.65 36.57 36589 3913 39.19 39.40 38.83 39.51 3873 3836 3944 4003
La203(Mass%) 0.08 0.04 0.01 0.09 0.10 0.04 0.04 0.08 0.08 0.02 0.12 0.07 nd. nd. 0.01 n.d. n.d. 0.02 nd. 0.01 n.d.
Ce203({Mass%) 0.26 0.29 0.15 0.30 0.23 0.23 0.20 021 027 0.22 0.33 0.29 0.07 0.05 0.02 0.01 0.05 0.03 0.08 0.06 0.03
Pr203{Mass%) 0.05 nd. nd. n.d. n.d. n.d. nd. 0.05 0.05 n.d. 0.03 0.02 nd. nd. n.d. n.d. n.d. nd. 0.04 0.02 n.d.
Nd203{Mass%) 0.1 nd. 021 017 0.08 0.09 0.08 0.10 0.08 0.05 0.13 0.14 0.02 nd. 0.06 n.d. n.d. nd. 0.05 nd. 0.01
S$m203(Mass%) 0.05 nd. nd. 0.05 0.06 0.10 0.04 nd. nd. 0.06 n.d. 0.08 nd. nd. n.d. n.d. n.d. 0.01 nd. 0.05 0.10

LREE 0.55 033 0.37 0.61 048 047 0.36 0.44 049 0.35 0.62 0.61 0.09 0.05 0.09 0.01 0.05 0.06 017 014 0.14
Y203(Mass%) 0.06 nd. nd. n.d. 0.02 0.04 0.04 0.03 0.05 0.05 0.04 nd. nd. 0.01 n.d. 0.03 0.01 nd. nd. nd. n.d.

503(Mass%) 0.04 0.09 0.03 0.07 0.10 0.06 0.04 0.07 0.05 0.08 0.04 0.05 0.04 0.04 0.07 0.05 0.07 0.04 0.07 0.07 0.01

F(Mass%) 2.01 218 208 370 318 2065 279 262 253 351 290 351 328 455 380 373 363 397 293 3.30 390

Cl{Mass%,) nd. nd. nd. nd. nd. nd 001 001 nd. nd. n.d. 00 nd. nd. nd. 0.01 nd nd. 001 nd. nd.

TOTAL 9542 94 60 95615 97.99 94.70 94 64 97.60 9358 95.06 98.19 9527 94 96 97.72 97.93 9811 97.89 98.48 98 54 97.38 98.22 98.81
F=0 -0.85 092 -0.88 -1.56 -1.34 -1.12 1.7 -1.10 -1.06 -148 -1.22 -1.48 -1.38 -1.92 -1.60 -1.57 -1.53 -1.67 -1.23 -1.39 -1.64
Cl=0 nd. nd. n.d. n.d. n.d. n.d. 0.00 0.00 n.d. n.d. n.d. 0.00 nd. n.d. n.d. 0.00 n.d. nd. 0.00 n.d. n.d.

TOTAL 94.58 93.68 94.27 96.43 93.36 93.53 96.43 92.48 94.00 96.71 94.05 93.48 96.34 96.02 96.52 96.32 96.95 96.86 96.16 96.83 977

1223001_C4_APAT 1223001_C4_APAT 1223001_Gé_APAT 1223001_G6_APAT 1225007 C6_APAT 1223007_CA_APAT 1223001_C6_APAT 1223001_C6_APAT 1225001_GA_APAT 1223007_G6_APAT 1223007_G6_APAT 1223007_C6_APAT 1221M2_C2_APA 122312 C_APA 1223142 C2_APH 1220142 C2_APA 12201142 C2_APA 12231042 C2_APA 1223142 G2_APA 12231M2_C2_APA 12231142 C2_APA

AMOSTRA K E R ] Lo L Le s s [ Le Ls TS UE 1 TS UNE 10 TSURET TS LE 12 TS UNE 15 TSURE 1 TS LNE & TSUNE 16 TSURET

LITOLOGIA  ApatitaMgCBT ApatitaMa CBT ApatitaMg CBT ApatitaMa CBT Apatita Mg CBT Apatita Mg CET Apatica Mg CBT ApatitaMg CBT Apatita Mg CET ApatitaMgCBT Apatita Mg CBT Apatita MaCBT ApatitaMa CBT ApatitaMg CET ApatitaMa CBT Apatitag CBT Apatita MaCET Apatits M BT ApatitaMg CBT Apatita g CBT _Apatita Mg CBT

Si 0.010 n.d. 0.006 0.009 0.008
Al 0.008 0.002 0.003 0.003 0.005 0455 0.030 0.014 nd. 0.007 0.007 0.003 0.010 0.005 0.005 0.006 0.010 0.007 0.259 0.008 0028
Fe 0.036 0.063 0.069 0129 0.065 0144 0154 0.084 0.071 0117 0152 0.086 0.265 0.035 0203 0278 0.151 0.074 0.285 0.282 0025
Mn 0.009 0.016 0.023 0.010 0.008 0.010 0.010 0.015 0.010 0.006 0.005 0.008 nd. 0.001 n.d. 0.001 0.002 0.003 0.002 0.004 0.003
Mg n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Ca 9.956 10.112 9.963 10.038 10.195 9.638 9.999 10.485 10.122 10.096 10.275 10.248 9.922 10.058 9.889 9.970 9.965 9.985 9.768 9.840 9.968
Ba 0.003 0.002 0.005 0.002 0.003 0.006 0.001 nd. 0.002 0.001 n.d. 0.005 0.000 0.000 n.d. n.d. 0.001 0.000 0.001 nd. 0.001
Sr 0.100 0.102 0.133 0.068 0.098 0.079 0.070 0.092 0.081 0.083 0.087 0.073 0.087 0.086 0.089 0.087 0.104 0.112 0.085 0.075 0.102
Na 0.300 0434 0.390 0.368 0.347 0.308 0.324 0.428 0.381 0.267 0.346 0.394 0.058 0.094 0.082 0.059 0.053 0.045 0.070 0.076 0.058
P 5.869 5821 5851 5799 5759 5674 5792 5613 5.788 5810 5690 5731 5.869 5910 5901 5855 5889 5923 5749 5878 5933
La 0.006 0.003 0.001 0.006 0.007 0.003 0.002 0.006 0.005 0.002 0.008 0.005 nd. nd. 0.001 nd. nd 0.001 nd. 0.001 nd.
Ce 0.017 0.020 0.010 0.020 0.015 0.015 0.013 0.014 0.018 0.014 0.022 0.020 0.005 0.003 0.001 0.001 0.003 0.002 0.005 0.004 0.002
Pr 0.003 nd. nd. n.d. n.d. n.d. 0.000 0.004 0.004 n.d. 0.002 0.002 nd. 0.000 n.d. n.d. n.d. nd. 0.003 0.001 n.d.
Nd 0.007 nd. 0.014 0.011 0.006 0.006 0.005 0.007 0.005 0.003 0.009 0.009 0.002 nd. 0.004 n.d. n.d. nd. 0.003 0.000 0.001
Sm 0.003 nd. nd. 0.003 0.004 0.006 0.002 nd. nd. 0.004 n.d. 0.005 nd. nd. n.d. n.d. n.d. 0.001 nd. 0.003 0.006
Y 0.005 nd. nd. 0.000 0.002 0.004 0.004 0.003 0.005 0.005 0.004 nd. nd. 0.001 n.d. 0.003 0.001 nd. nd. 0.001 0.001
S 0.006 0.012 0.004 0.009 0.014 0.008 0.005 0.010 0.007 0.010 0.005 0.007 0.005 0.005 0.009 0.007 0.009 0.005 0.009 0.010 0.001
F 1.089 1.198 1.138 1930 1724 1433 1468 1.460 1374 1826 1578 1.897 17 2327 1957 1.936 1.871 2031 1837 1712 1988
cl nd. nd. 0.001 0.001 0.001 0.001 0.003 0.003 0.001 0.002 0.002 0.003 0.002 0.001 0.002 0.003 0.001 0.002 0.003 nd. 0.001
TOTAL 17.425 17.787 17.613 18.405 18.266 17.806 17.912 18.247 17.880 18.263 18.203 18.499 17.943 18.533 18.157 18.215 18.073 18.197 17.804 17.919 18.126
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ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O

1223142 C2_APA 12231142 C2_APA 12231142 C2_APA 1223142 C2_APA 1223142 C2_APA 12231142_C2_APA 1223142 C2_APA 12231142 C2_APA 1225M42_C2_APA 1223142 C2_APA 1223142 C2_APA 12251142 C2_APA 1223142 CLAPAT 12251M2_CLAPAT 12231142 C1APAT 1223142 C1LLAPAT

AMOSTRA T5LINE1S TS LIME 13 TSLME 2 TS LIME 20 T3 LIME 21 T5LINE S TS LIME 4 T5LIMES TS LIMNE & TSLMET TS5 LIMNE & T3LIME 3
LITOLOGIA ApatitaMg CET  Apatita Mg CET  Apatita Mg CET  Apatita Mg CBT  Apatits Mg CET  Apatita Mg CET  Apatita Mg CBT  Apatita Mg CBT  Apatita Mg CET  ApatitalMg CET  Apatita Mg CET  ApatitaMg CET  Apatita Mg CET  Apatita Mg CBT  Apatita Mg CET - Apatita Mg CET
5i02(Mass?) 0.058 0.058 0.04 0.1 0.058 0.02 0.07 0.06 0.03 0.05 0.058 0.08 0.04 0.058 0.04 0.03
Al203(Mass%) n.d. 0.01 0.09 0.03 0.10 0.02 0.48 0.03 n.d. 0.02 0.01 0.04 n.d. n.d. n.d. n.d.
FeO(Mass%) 1.25 0.12 077 2.00 0.58 0.56 0.40 0.21 0.38 0.12 0.15 0.26 0.0 0.10 0.03 0.0
MnQ(Mass?) n.d. n.d. 0.02 n.d. n.d. n.d. 0.02 0.01 0.06 n.d. n.d. 0.02 0.01 0.06 n.d. 0.03
MgO(Mass) n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.02 n.d. n.d.
CaO(Mass%) 52.61 53.56 54.33 52.56 53.97 53.96 53.61 54.02 53.99 53.46 53.67 52.87 53.87 5415 54.60 54.05
BaO(Mass%) 0.03 n.d. 0.03 0.03 n.d. 0.01 n.d. 0.02 0.02 0.01 n.d. n.d. 0.03 0.03 n.d. n.d.
SrQ(Mass%) 113 128 0.90 0.96 0.90 0.91 0.91 1.30 0.69 1.35 129 1.01 0.26 0.26 0.24 0.26
Na20{Mass%) 07 0.12 0.19 0.18 017 017 0.19 0.10 0.34 n.d. 0.09 0.27 0.16 0.28 0.08 0.14
P205{Mass%) 39.54 40.28 40.26 39.54 40.28 4016 40.16 40.82 39.88 40.30 40.13 39.77 40.72 40.84 4118 40.51
La203(Mass%) 0.02 nd n.d. nd n.d. nd 0.01 0.01 n.d. nd. n.d 0.03 0.01 n.d. 0.05 0.05
Ce203(Masst) 0.06 0.058 0.04 0.05 0.058 0.05 0.07 0.06 0.06 0.05 0.07 0.06 0.15 0.10 0.16 0.07
Pr203(Mass%) n.d. n.d. n.d. 0.06 n.d. 0.01 n.d. 0.05 0.05 0.06 0.04 n.d. n.d. 0.02 0.03 n.d.
Nd203(Mass%) n.d. 0.14 n.d. n.d. 0.10 n.d. n.d. n.d. 0.03 n.d. 0.03 0.03 0.03 n.d. n.d. n.d.
Sm203(Mass%) 0.04 n.d. n.d. n.d. 0.04 n.d. 0.04 0.10 n.d. 0.08 n.d. n.d. 0.05 n.d. n.d. n.d.
LREE 011 0.19 0.04 0.1 0.19 0.06 0.12 0.22 0.14 0.20 0.14 011 0.24 013 0.23 0.12
Y203(Mass%) n.d. n.d. n.d. n.d. n.d. n.d. 0.02 0.01 0.02 0.04 0.02 0.03 0.01 n.d. n.d. n.d.
S03{Mass%) 0.01 n.d. 0.06 0.07 0.06 0.03 0.04 0.03 0.08 0.03 n.d. 0.03 0.03 n.d. n.d. 0.01
F(Mass%) 427 4.00 348 338 326 418 29 319 360 448 4.44 411 1.08 1.60 144 122
Cl{Mass%) n.d. n.d. nd. n.d. n.d. n.d. n.d. n.d. n.d. 0.01 n.d. n.d. n.d. 0.02 n.d. 0.02
TOTAL 99.17 99.65 100.21 98.98 99.56 100.09 98.98 100.05 99.25 100.08 100.01 98.61 96.51 97.51 97.84 96.38
F=0 -1.80 -1.69 -1.46 -1.42 -1.37 -1.76 -1.24 -1.34 -1.52 -1.89 -1.87 -1.73 -0.45 -0.67 -0.60 0.51
Cl=0 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.00 n.d. n.d. n.d. 0.00 n.d. 0.00
TOTAL 97.37 97.96 98.75 97.55 98.18 98.33 97.74 98.71 97.73 98.19 98.14 96.87 96.06 96.84 97.24 95.87

1223142 C2_APA 12231142 C2_APA 12231142 C2_APA 1223142 CZ_APA 12231142 C2_APA 12231142_C2_APA 12231142 C2_AFA 12231142 C2_APA 1223142 C2_APA 1223142 C2_APA 12231142 C2_APA 12231142 C2_APA 1223142 CLAPAT 12251M2_CLAPAT 12231142 CILAPAT 1223142 CILLAPAT

AMOSTRA TS LINE 15 TS LINE 13 TS LNE 2 TS LINE 20 TS LINE 21 TSLINE 3 TS LINE 4 TSLINES TS LINE § TSLINET T5 LINE T5LINE 3
LITOLOGIA ApatitaMg CET  Apatita Mg CET  Apatita Mg CET  Apatita Mg CBT  Apatits Mg CET  Apatita Mg CET  Apatita Mg CBT  Apatita Mg CBT  Apatita Mg CET  ApatitalMg CET  Apatita Mg CET  ApatitaMg CET  Apatita Mg CET  Apatita Mg CBT  Apatita Mg CET - Apatita Mg CET

Si 0.009 0.008 0.007 0.020 0.008 0.004 0.013 0.010 0.006 0.009 0.010 0.014 0.007 0.009 0.007 0.005
Al 0.001 0.003 0.019 0.006 0.021 0.005 0.098 0.007 n.d. 0.004 0.003 0.008 0.001 0.002 0.000 n.d.
Fe 0.185 0.018 0.112 0.293 0.084 0.081 0.059 0.030 0.056 0017 0.023 0.038 0.008 0.014 0.005 0.002
Mn 0.001 n.d. 0.002 0.001 0.001 0.001 0.003 0.002 0.008 0.001 0.001 0.004 0.002 0.009 0.000 0.004
Mg n.d. n.d. n.d. n.d. n.d. n.d. n.d. nd. n.d. n.d. n.d. n.d. n.d. 0.004 n.d. n.d.

Ca 9.935 9.998 10.040 9.865 10.000 10.049 9.947 9.950 10.077 9.973 10.029 9.969 9.992 9.992 10.023 10.065
Ba 0.002 0.000 0.002 0.002 0.000 0.001 n.d. 0.001 0.001 0.001 n.d. n.d. 0.002 0.002 0.000 n.d.
Sr 0.116 0.130 0.090 0.098 0.090 0.092 0.091 0.130 0.070 0.137 0.130 0.103 0.027 0.026 0.024 0.026
Na 0.057 0.039 0.064 0.060 0.058 0.058 0.063 0.034 0.116 0.002 0.031 0.0¢ 0.054 0.094 0.028 0.048

P 5.900 5.942 5.879 5.864 5.897 5910 5.888 5.940 5.882 5941 5926 5.926 5.968 5.955 5974 5.960
La 0.001 n.d. n.d. n.d. n.d. n.d. 0.001 0.001 n.d. n.d. n.d. 0.002 0.001 0.000 0.003 0.003
Ce 0.004 0.003 0.002 0.003 0.003 0.003 0.005 0.004 0.004 0.004 0.005 0.004 0.009 0.007 0.010 0.004
Pr n.d. n.d. 0.000 0.004 n.d. 0.001 n.d. 0.003 0.003 0.004 0.003 n.d. n.d. 0.001 0.002 n.d.
Nd n.d. 0.009 n.d. 0.000 0.006 n.d. n.d. n.d. 0.002 n.d. 0.002 0.002 0.002 n.d. n.d. n.d.
Sm 0.002 n.d. n.d. n.d. 0.002 n.d. 0.002 0.006 n.d. 0.006 n.d. 0.000 0.003 n.d. 0.000 n.d.
Y 0.000 n.d. n.d. n.d. 0.001 0.000 0.002 0.001 0.002 0.004 0.002 0.003 0.001 n.d. 0.000 0.000

S 0.002 n.d. 0.008 0.009 0.008 0.004 0.005 0.004 0.011 0.005 0.000 0.005 0.004 n.d. n.d. 0.001

F 2175 2027 1.762 1.743 1.666 2103 1.512 1.621 1.837 2245 2232 2.097 0.577 0.844 0.755 0.650

Cl n.d. 0.000 n.d. 0.001 0.002 0.002 0.002 nd. n.d. 0.003 0.001 n.d. nd 0.004 nd 0.004

TOTAL 18.389 18.177 17.988 17.970 17.847 18.313 17.690 17.744 18.076 18.354 18.397 18.263 16.657 16.960 16.631 16.774
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ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O

12231142 _CI_APAT 1223142 CILAPAT 1225142 CI_APAT 1225142 CILAPAT 1225142 CILAPAT 1223142 CLAPAT 1225142 CILAPAT 1223142 G2 APA 1225142 C2_APA 12251142 C2_APA 1223142_CE_APA 1223143 C2_APA 1223142 C2_APA 12231142 C2_APA 1223142 C2_APA 1223NM42_C2_APA 1223M42_C2_APA 12231142 C2_APA 1223142 C2_APA 1223142 G2 APA
] [x] s 16 ] [x] L3 T T2 T Tat To2

AMOSTRA
LITOLOGIA  ApatitaMaCET ApatitaMgCET fpatia Mg CET ApatitaMgCBET AparitaMgCET ApatitaMg CBT ApatitaMa CBT Apatita MaCET ApatitaMaCBT ApatitaMg CET _Apatita Mg CET _ ApatitaMgCET ApatitaMg CET Apatita Mg CBT _Apativa Mg CET_Apatita Mg CBT ApatitaMg CBT Apatita Mg CET _ApatitaMa CET _Apatita MaCET
5i02{Mass%) 0.02 .03 .04 .03 .07 .08 .07 05 .05 .03 .03 05 .08 .03 .06 .03 0. n.d. .06

Al203(Mass%) nd. 0.02 nd. nd. nd. 0.02 nd. nd. nd. nd. nd. 0.02 nd. 0.01 nd. nd. 0.01 n.d. 0.02 nd.
FeO{Mass%) 0.07 0.08 0.07 0.10 0.1 0.05 0.06 0.10 0.05 0.09 012 0.12 0.07 0.08 0.07 n.d. 0.02 0.02 0.02 0.10
MnO{Mass%) 0.01 0.03 0.04 0.05 0.05 0.03 n.d. 0.05 0.01 0.02 0.04 0.03 0.05 n.d. 0.03 0.03 nd. 0.01 0.02 0.04
MgO{Mass%) n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.07 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Ca0(Mass%) 53.60 53.83 54.30 £3.69 54.02 5445 54.38 £3.96 53.38 54 60 54.09 54.67 5420 5448 54.61 54.64 54.39 5441 54.77 54.30
BaQ(Mass%) n.d. n.d. n.d. n.d. n.d. 0.01 n.d. 0.03 n.d. n.d. n.d. 0.01 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
SrO(Mass%) 023 0.24 022 024 023 0.25 023 020 022 019 0.26 024 025 0.27 018 029 022 0.22 019 020
Na20(Mass%) 021 017 0.14 0.26 022 0.14 0.19 0.30 0.25 011 0.30 017 017 0.28 0.12 0.13 0.09 0.15 0.09 0.24
P205(Mass%) 4033 40.59 40.99 40.65 40.53 4115 40.85 40.06 40.78 40.97 41.01 40.99 4045 40.46 40.77 4135 40.99 41.00 4129 40.57

La203({Mass%) 0.01 0.04 0.01 nd. 0.01 0.01 n.d. nd 0.04 nd. n.d. nd 0.04 0.02 0.03 0.02 001 n.d. 0.01 0.01

Ce203(Mass) 0.08 014 013 0.08 012 010 012 011 0.07 015 015 0.09 015 012 0.16 018 017 017 017 0.09

Pr203(Mass%) nd. nd. nd. 0.08 0.07 0.03 nd. 0.04 nd. 0.01 0.01 nd. 0.04 nd. nd. 0.04 0.05 0.04 0.05 nd.

Nd203({Mass%) 0.16 0.07 0.07 0.04 nd. nd. 0.02 0.03 0.02 0.14 nd. 0.10 0.05 0.02 0.06 0.058 0.08 n.d. 0.12 0.07

Sm203(Mass%) nd nd. n.d. 0.07 nd nd. n.d. 0.05 0.01 0.02 n.d. 0.03 001 n.d. n.d. nd nd. n.d. 0.03 0.02

LREE 025 0.24 022 027 020 014 013 022 015 0.31 0.16 021 029 0.16 025 028 0.30 021 0.39 020

Y203(Mass%) nd. 0.03 nd. 0.01 nd. 0.01 0.04 0.02 0.02 0.03 0.04 0.01 nd. 0.03 0.03 0.01 0.02 0.01 0.02 nd.
SO3(Mass%) 0.07 0.03 0.03 0.05 0.03 0.01 0.08 0.04 0.07 0.02 0.01 n.d. 0.08 0.08 0.02 n.d. n.d. 0.01 0.02 0.04
F(Mass%) 043 153 0.64 1.00 1.39 0.98 0.70 091 076 124 0.76 112 1.39 113 163 112 0.60 135 052 101
Cl{Mass%) 0.01 nd. nd. 0.01 0.02 nd. nd. 0.03 0.02 nd. 0.02 nd. 0.01 nd. 0.01 nd. nd. n.d. n.d. nd.

TOTAL 95.23 96.83 96.69 96.35 96.87 97.33 96.72 96.03 96.26 97.63 96.85 97.64 97.05 97.02 97.77 97.87 96.68 97.39 97.42 96.74
F=0 -0.18 -0.64 027 -0.42 -0.59 041 -0.30 -0.38 -0.32 -0.62 -0.32 -0.47 -0.58 -047 -0.69 -0.47 -0.25 -0.57 -0.22 -0.43
Cl=0 0.00 nd. n.d. 0.00 0.00 nd. n.d. -0.01 0.00 nd. 0.00 nd 0.00 n.d. 0.00 nd nd. n.d. n.d. nd

TOTAL 95.05 96.19 96.42 95.92 96.28 96.92 96.43 95.65 95.94 7.1 96.52 97.17 96.46 96.54 97.08 97.40 96.43 96.83 97.20 96.31

12EFIME_CI_APAT 1223142 CLLAPAT 1223142 CLAPAT 1223142 _CLAPAT 1223142_CILLAPAT 1223142 CLAPAT 12231142 _CLLAPAT 1223142 C2_APA 1223142 C2_aPh 12231142 C2_aP4 12231M2_C2_APA 1223M42_C2_APA 1223142 C2_APA 1223142_C2_aPa 1223142 C2_APA 12231M2_C2_APA 1223142 C2_APA 12231142_C2_aPA 12231M2_C2_APA 12231142_C2_APA

AMOSTRA 13 4 s e T ] s T T T T EA) 52 53 34 55 5_E 5T 5

LITOLOGIA _ ApatitaMaCET ApatitaMgCET Apatia Mg CET ApatitaMgCET ApatitaMgCET ApatitaMg CBT ApatitaMa CBT _Apatita MaCET _ApatitaMaCET  ApatitaMg CET Apatita Mg CET _ApatitaMgCET ApstitaMg CET _Apatita Mg CET _Apatita Mg CET_Apatita Mg CBT ApatitaMg CBT _Apatita Mg CET _ApatitaMa CET _Apatita MaCET
Si 0.004 0.006 0.008 0.005 0.012 0.013 0.013 0.009 0.009 0.005 0.006 0.008 0.013 0.005 0.011 0.004 0.006 n.d. 0.011 0.003
Al 0.001 0.004 nd. nd. 0.001 0.004 0.002 0.001 0.001 nd. nd. 0.003 0.001 0.002 nd. nd. 0.002 n.d. 0.003 nd.
Fe 0.010 0.012 0.010 0.014 0.016 0.007 0.009 0.014 0.007 0.013 0.017 0.018 0.010 0.011 0.010 0.001 0.003 0.003 0.004 0.014
Mn 0.002 0.004 0.008 0.007 0.007 0.004 0.000 0.007 0.002 0.003 0.005 0.004 0.007 0.001 0.004 0.004 0.001 0.002 0.002 0.005
Mg n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.017 0.001 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Ca 10.014 10.004 10.012 9.968 10.028 9.995 10.025 10.066 9.966 10.046 9.959 10.041 10.046 10.081 10.068 10.001 10.026 10.030 10.010 10.059
Ba nd nd. n.d. nd. 0.000 0.001 n.d. 0.002 nd. nd. 0.000 0.001 0.001 n.d. n.d. 0.000 nd. 0.000 n.d. nd
Sr 0.024 0.025 0.022 0.024 0.023 0.025 0.023 0.020 0.022 0.019 0.026 0.024 0.025 0.027 0.018 0.029 0.022 0.022 0.019 0.020
Na 0.071 0.057 0.048 0.087 0.075 0.046 0.065 0.101 0.085 0.036 0.099 0.055 0.058 0.093 0.040 0.045 0.030 0.050 0.031 0.079
P 5954 5962 5973 5.963 5945 5.968 5.950 5908 5.961 5957 5967 5949 5925 5916 5.940 5.980 5970 5972 5.963 5938
La 0.001 0.002 0.001 0.000 0.001 0.001 0.000 0.000 0.003 nd. nd. nd. 0.003 0.002 0.002 0.001 0.001 0.001 0.001 0.001
Ce 0.005 0.009 0.008 0.005 0.007 0.007 0.008 0.007 0.005 0.009 0.009 0.005 0.009 0.008 0.010 0.011 0.011 0.011 0.011 0.006
Pr nd 0.000 n.d. 0.008 0.005 0.002 n.d. 0.002 nd. 0.001 0.001 nd 0.003 n.d. n.d. 0.002 0.003 0.003 0.003 nd
Nd 0.010 0.004 0.004 0.003 nd nd. 0.001 0.002 0.001 0.008 0.000 0.006 0.003 0.001 0.004 0.003 0.005 n.d. 0.008 0.004
Sm nd. nd. nd. 0.004 0.000 nd. nd. 0.003 0.001 0.001 nd. 0.002 0.001 nd. nd. nd. nd. 0.000 0.002 0.002
Y nd 0.003 n.d. 0.001 nd 0.001 0.004 0.002 0.002 0.003 0.003 0.001 0.001 0.003 0.002 0.001 0.001 0.001 0.002 0.001
S 0.009 0.004 0.004 0.007 0.004 0.001 0.007 0.005 0.009 0.003 0.001 0.001 0.010 0.010 0.002 0.001 0.001 0.002 0.002 0.005
F 0.233 0.312 0.346 0.537 0.740 0.520 0.376 0.4%0 0.410 0.654 0.408 0.592 0.739 0.600 0.858 0.590 0.323 0712 0.277 0.542
(o] 0.003 0.001 n.d. 0.004 0.006 0.002 0.002 0.008 0.006 0.000 0.005 0.001 0.003 0.001 0.004 n.d. n.d. 0.001 0.000 0.002
TOTAL 16.340 16.909 16.441 16.633 16.869 16.596 16.483 16.662 16.489 16.759 16.507 16.710 16.857 16.761 16.972 16.673 16.405 16.809 16.349 16.682
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ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O

1225142 APAT_AS 1223M42_APAT_AT 1223142 APAT_AS 1223M2_APAT_AT 1223142 APAT_DE 1225142 APAT_DE 1223142 APAT_FE 1223M2_APAT_FE 1223142 APAT_FE 1203M2_APAT_FE 1223142 APAT_FE 1223042 APAT_FE 122342 APAT_FE 1223142 APAT_FE 1223M2 APAT_M 1223142 APAT_M 1223M2_APAT M 1223142 APAT_M

AMOSTRA SOCMAG_1 SOCMAG_2 SOCMAG_4 SOCMAG_E MTROMAG_1 MTROMAG_2 ) _; . ) 1_! | ) ) ASSA_ID AZEACENTRO_1 ASEACENTRO_2 ASSACENTRO_S
LITOLOGIA _ ApatitaMgCBT ApatitaMgCET ApatkaMgCET ApatitaMgCET pattaMgCET ApatitaMgCET ApatiaMgCBT ApaitaMgCET ApatitaMgCBT ApatitaMgCET ApatitaMgCET ApatiaMgCET ApaitaMgCET ApatitaMgCET ApatiaMgCET ApattaMgCET Apatics Mg CBT Apatia Mg CET
Si02(Mass%) 0.12 n.d. 0.00 0.05 0.01 0.00 0.02 n.d. n.d. n.d. 0.02 0.01 0.00 0.01 0.28 n.d. n.d. n.d.

Al203{Mass%) 0.50 0.02 n.d. 0.00 0.09 n.d. 0.13 n.d. 0.00 n.d. n.d. n.d. 0.01 0.01 0.02 0.01 n.d. 0.00
FeO(Mass%) 0.52 0.03 0.28 0.23 0.94 0.93 0.09 0.23 0.15 0.06 0.06 0.02 0.05 0.01 0.18 0.02 0.09 0.09
MnO(Mass%) 0.02 0.04 0.03 0.07 n.d. 0.02 0.04 0.04 0.04 0.03 0.01 0.00 0.03 0.02 0.00 0.02 0.03 0.01
MgO(Masst) 0.09 0.04 0.07 0.19 0.08 0.02 n.d. 011 0.07 0.04 0.04 n.d. 0.06 n.d. 0.09 0.01 0.05 0.08
CaO{Mass%) 53.86 54.82 54.57 54.06 54.74 54.54 54.57 54.30 54.96 54.61 54.86 55.12 54.83 54.05 54.75 54.90 54.83 54.54
BaO{Mass%) 0.00 n.d. 0.02 0.01 n.d. n.d. 0.03 0.03 0.00 n.d. 0.01 n.d. n.d. n.d. 0.02 n.d. 0.03 n.d.
SrO(Mass%) 0.13 0.11 015 011 0.06 0.07 0.13 0.09 0.10 0.14 0.15 011 0.10 021 0.15 0.08 0.08 017
Na20(Mass%) 0.16 0.15 0.24 0.39 0.18 0.13 0.08 0.19 0.25 0.14 0.16 0.08 0.23 0.19 0.12 0.10 017 0.22
P205(Mass%) 389 40.79 40.91 4043 40.61 40.97 40.67 40.80 40.94 40.54 4077 41.02 40.57 40.88 40.41 41.12 40.91 40.60
La203(Mass%) 0.03 n.d. 0.00 0.05 0.04 0.07 0.05 0.1 0.03 0.05 0.02 0.01 0.03 0.08 0.01 0.03 0.02 0.01
Ce203(Mass%) 013 0.12 0.16 0.09 0.12 0.15 0.14 011 017 0.15 0.10 0.16 013 0.18 0.16 0.20 0.15 0.11
Pr203({Mass%) 0.04 0.02 0.07 n.d. 0.08 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.03 n.d. n.d. n.d. 0.10
Nd203(Mass%) 0.14 0.05 n.d. n.d. 0.05 0.01 0.10 0.00 0.07 0.02 0.09 0.07 0.15 0.10 0.01 0.06 0.06 0.04
Sm203(Mass') 0.06 0.05 n.d. n.d. 0.02 0.03 n.d. 0.05 n.d. n.d. n.d. n.d. 0.07 n.d. 0.03 0.07 0.02 n.d.

LREE 0.40 0.24 0.24 0.14 0.3 0.26 0.29 017 0.27 0.22 0.22 0.23 0.39 0.38 0.21 0.35 0.24 0.25
Y203{Mass®) n.d. n.d. 0.02 0.05 n.d. 0.01 0.05 n.d. 0.04 0.05 0.04 0.00 n.d. 0.00 0.06 0.06 0.01 0.01
S503(Mass%) 0.02 n.d. 0.05 0.04 0.00 0.03 0.04 0.03 0.04 0.02 0.04 0.02 0.04 0.04 0.02 0.00 0.01 0.04

F{Mass%) 0.56 0.64 0.58 0.12 0.86 043 0.75 0.69 0.62 0.73 0.76 0.77 0.86 1.45 0.58 1.30 0.85 1.02
Cl{Mass%) 0.01 0.01 0.1 0.03 0.02 0.01 0.00 0.1 0.01 0.00 0.01 n.d. 0.01 0.01 0.00 0.00 0.01 0.01

TOTAL 95.32 96.87 97.16 95.93 97.87 97.43 96.89 96.68 97.49 96.58 9715 97.39 9718 97.25 96.88 97.98 97.32 97.05

F=0 -0.24 -0.27 -0.24 -0.05 -0.36 -0.18 031 -0.29 -0.26 -0.31 -0.32 -0.32 -0.36 -0.61 -0.25 -0.55 -0.36 -0.43

Cl=0 0.00 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n.d. 0.00 0.00 0.00 0.00 0.00 0.00

TOTAL 95.08 96.60 96.91 95.88 97 .51 97.25 96.58 96.39 97.22 96.27 96.83 97.06 96.81 96.64 96.64 9743 96.96 96.62
122342 _APAT_AS 1223142_APAT_AT 1223142 APAT_AS 1223142_APAT_AT 122F3M2_APAT_DE 122342 _APAT_DE 122342 _APAT_FE 122342_APAT_FE 1223142_APAT_FE 1223142_APAT_FE 1223M2_APAT_FE 122342_APAT_FE 1223142_aPAT_FE 1223142_APAT_FE 1223M2_APAT_M 1223142 APAT_M 1223142_APAT_M 1223142 APAT_M

AMOSTRA FOCMAG_T SOCMAG_2 SOCMAG_4 SOCMAG_E MTROMAG_1 MNTROMAG_2 L, L 1 1 ! ! ) ) AEEA_10 ASSACENTRO_1 ATEACENTRO_2 ASSACENTRO_Z

LITOLOGIA _ ApattaMaCBT ApatitaMaCET ApatitaMgCET ApatitaMaCET ApattaMgCET ApattaMaCBT ApatitaMaCBT ApatitaMgCET ApatitaMgCET ApatitaMgCET ApattaMaCET Apatita MaCET ApattaMaCET ApattaMaCBT ApatitaMaCET ApatitaMgCET Apatits Mg CET Apatia Mg CET
Si 0.021 n.d. 0.001 0.009 0.002 0.001 0.003 n.d. n.d. n.d. 0.004 0.001 0.000 0.001 0.049 n.d. n.d. n.d.
Al 0.104 0.003 n.d. 0.000 0.018 n.d. 0.027 n.d. 0.000 n.d. n.d. n.d. 0.002 0.001 0.004 0.003 n.d. 0.000
Fe 0.077 0.004 0.041 0.034 0.135 0.133 0.013 0.034 0.022 0.008 0.008 0.003 0.008 0.001 0.025 0.003 0.012 0.013
Mn 0.004 0.006 0.004 0.010 n.d. 0.004 0.005 0.006 0.006 0.004 0.002 0.001 0.004 0.003 0.001 0.003 0.004 0.001
Mg 0.023 0.009 0.018 0.050 0.020 0.005 n.d. 0.028 0.018 0.011 0.009 n.d. 0.015 n.d. 0.024 0.002 0.013 0.020
Ca 10.139 10.091 10.013 10.005 10.041 9.984 10.060 10.012 10.068 10.104 10.087 10.105 10.103 9.983 10.083 10.0587 10.070 10.072
Ba 0.000 n.d. 0.001 0.000 n.d. n.d. 0.002 0.002 0.000 n.d. 0.001 n.d. n.d. n.d. 0.001 n.d. 0.002 n.d.
Sr 0.013 0.011 0.015 0.011 0.006 0.007 0.013 0.009 0.010 0.014 0.015 0.011 0.010 0.021 0.015 0.008 0.008 0.017
Na 0.055 0.050 0.079 0.132 0.059 0.043 0.026 0.063 0.082 0.047 0.055 0.028 0.076 0.064 0.039 0.033 0.055 0.074
P 5.788 5.933 5.932 5.912 5.886 5.927 5.923 5.944 5.927 5.926 5.925 5.941 5.908 5.966 5.880 5.952 5.937 5.924
La 0.002 n.d. 0.000 0.003 0.003 0.004 0.003 0.001 0.002 0.003 0.002 0.001 0.002 0.005 0.000 0.002 0.001 0.001
Ce 0.008 0.008 0.010 0.006 0.007 0.010 0.009 0.007 0.011 0.009 0.007 0.010 0.008 0.011 0.010 0.012 0.009 0.007
Pr 0.003 0.001 0.004 nd 0.005 n.d. nd. n.d. nd n.d. nd. nd. n.d. 0.002 n.d. nd. n.d. 0.006
Nd 0.009 0.003 n.d. nd 0.003 0.001 0.006 0.000 0.004 0.001 0.006 0.004 0.009 0.006 0.000 0.003 0.004 0.002
Sm 0.004 0.003 n.d. nd 0.001 0.002 nd. 0.003 nd n.d. nd. nd. 0.004 nd 0.002 0.004 0.001 n.d.
Y n.d. nd. 0.002 0.004 nd. 0.001 0.005 n.d. 0.004 0.004 0.004 0.000 n.d. 0.000 0.005 0.005 0.001 0.001
S 0.003 n.d. 0.007 0.006 0.000 0.004 0.006 0.003 0.005 0.003 0.005 0.003 0.006 0.006 0.002 0.000 0.001 0.006
F 0.308 0.341 0.310 0.063 0.456 0.228 0.400 0.370 0.331 0.393 0.406 0.410 0.459 0.764 0.314 0.654 0.455 0.544
Cl 0.003 0.002 0.003 0.009 0.004 0.003 0.001 0.002 0.003 0.001 0.002 n.d. 0.003 0.003 0.001 0.001 0.002 0.003

TOTAL 16.564 16.465 16.440 16.254 16.645 16.354 16.502 16.484 16.492 16.529 16.535 16.517 16.616 16.536 16.456 16.773 16.577 16.6390

190



ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O

1223142_APAT_IM  1223142_APAT_M 1225142 APAT_M
225142 APAT_M 1223142 APAT_M 1223142 APAT_M 1223142_APAT_M 1223142 APAT_M ASSASSOGCARE. ASSASSOCCARE. ASSHSSOCCARBL 1223M143_C2_aPh 12251142 C2_aPh 1225142 C2_APA 12231M3_CE_APA 120542 C2_APh 1225142 C2_APA 12231142 C_APA 1223142 APAT_AS 1223142 aPAT_AS 1223142 PAT_Ca 1225142 APAT_CA 1225142 APAT_CA

AMOSTRA ASSACEMTRO_4  ASSACENTRO_S  ASSACENTRO_E  ASSAGCENTRO_T  AISACEMTRO_S 1 2 4 T4 T4 2 T4_3 T4_4 T4_5 T4_E T4_T SOCMAG_S SOCMAG_S
LITOLOGIA  ApatitaMaCET ApatitaMgCET fpatia Mg CET ApatitaMgCBET AparitaMgCET ApatitaMg CBT ApatitaMa CBT Apatita MaCET ApatitaMaCBT ApatitaMg CET _Apatita Mg CET _ ApatitaMgCET ApatitaMg CET Apatita Mg CBT _Apativa Mg CET_Apatita Mg CBT ApatitaMg CBT Apatita Mg CET _ApatitaMa CET _Apatita MaCET
5i02{Mass%) 0.02 0.01 0.00 0.00 0.02 0.02 0.02 0.07 0.04 0.02 0.06 0.02 0.05 0.01 0.06 nd 0.00 n.d. n.d. 0.01
Al203(Mass%) 0.02 0.00 nd. 0.01 0.00 0.01 0.05 1.92 0.06 0.03 0.61 0.03 0.05 0.03 0.03 0.06 0.09 0.03 0.01 0.09
FeO{Mass%) 0.09 0.07 0.04 0.03 0.03 0.04 0.06 0.10 01 0.24 0.14 017 0.18 0.30 0.26 017 041 1.01 0.16 253
MnO{Mass%) 0.02 0.03 0.03 0.03 0.02 0.03 0.03 0.03 0.02 0.02 n.d. 0.01 0.02 n.d. 0.03 0.00 nd. 0.02 0.03 nd
MgO{Mass%) 0.08 0.01 n.d. 0.02 n.d. 0.06 0.05 0.13 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Ca0(Mass%) 5478 5473 54.97 £4.93 5477 5448 54.43 £3.03 53.81 53.88 53.61 £3.80 53.82 53.86 53.94 £4.35 54.16 53.28 54.55 52.65
BaQ(Mass%) 0.04 0.02 0.01 n.d. n.d. 0.01 n.d. n.d. 0.01 0.04 0.03 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
SrO(Mass%) 014 013 013 012 013 012 0.10 031 134 124 11 123 127 1.05 110 122 1.31 0.86 092 1.06
Na20(Mass%) 021 0.09 0.11 0.10 01 0.23 0.18 0.12 0.10 0.24 0.07 0.14 0.07 017 0.12 0.03 0.07 0.18 0.22 0.06
P205(Mass%) 40.74 40.96 40.89 41.06 4132 40.64 40.50 39.42 40.23 40.06 39.98 4037 40.65 39.89 40.10 39.80 401 38.99 40.01 38.84
La203({Mass%) 0.03 0.07 0.00 0.03 0.05 0.04 n.d. 0.00 nd. 0.01 n.d. nd nd. 0.01 n.d. nd 0.02 n.d. 0.03 nd
Ce203(Mass) 010 014 017 0.16 0.16 014 014 012 0.06 0.04 0.05 0.08 0.02 0.08 0.08 0.10 012 0.09 0.06 0.05
Pr203(Mass%) nd. nd. nd. 0.05 0.02 0.02 0.02 nd. 0.03 nd. 0.03 nd. nd. 0.05 nd. nd. 0.04 n.d. nd. nd.
Nd203({Mass%) nd. 0.04 0.01 nd. 0.01 nd. 0.10 0.06 0.01 0.02 0.02 0.02 nd. 0.02 0.03 nd. nd. 0.09 0.01 nd.
Sm203(Mass%) nd 0.08 n.d. 013 nd 0.02 0.06 0.10 nd. nd. n.d. nd 0.08 0.05 n.d. nd 0.00 n.d. 0.00 nd
LREE 013 0.33 019 0.38 024 0.22 032 029 011 0.07 011 0.10 010 0.21 0.10 0.10 018 0.18 0.10 0.05
Y203(Mass%) nd. 0.01 0.02 0.04 0.01 0.05 0.02 0.01 nd. nd. nd. 0.02 0.03 0.02 nd. nd. 0.00 n.d. 0.00 0.03
SO3(Mass%) 0.05 0.04 0.02 0.00 0.02 0.03 0.04 0.06 0.02 0.03 0.03 n.d. n.d. 0.05 0.01 0.01 0.02 0.02 0.02 0.01
F(Mass%) 1.14 0.73 0.50 052 1.16 0.81 044 11 4N 373 410 350 336 416 381 4.05 246 223 29 319
Cl{Mass%) 0.01 0.00 0.01 0.00 nd. 0.01 0.01 0.01 nd. nd. nd. nd. nd. nd. nd. nd. nd. 0.00 0.03 0.00
TOTAL 97.46 97.16 96.91 97.24 97.83 96.77 96.25 96.62 100.07 99.60 99.84 99.38 99.63 99.76 99.57 99.79 98.81 96.81 98.95 98.53
F=0 -0.48 -0.31 021 -0.22 -0.49 -0.34 019 -0.47 177 -1.67 -1.73 -1.47 -1.41 -1.75 -1.61 -1.70 -1.04 -0.94 -1.22 -1.34
Cl=0 0.00 0.00 0.00 0.00 nd 0.00 0.00 0.00 nd. nd. n.d. nd nd. n.d. n.d. nd nd. 0.00 -0.01 0.00
TOTAL 96.98 96.85 96.70 97.02 97.34 96.42 96.06 96.16 95.30 98.03 98.11 97.91 95.21 98.01 97.97 95.08 9777 95.87 97.72 97.18

1223142_APAT_IM  1223142_APAT_M 1225142 APAT_M
225142 APAT_M 1223142 APAT_M 1223142 APAT_M 1223142_APAT_M 1223142 APAT_M ASSASSOGCARE. ASSASSOCCARE. ASSHSSOCCARBL 1223M143_C2_aPh 12251142 C2_aPh 1225142 C2_APA 12231M3_CE_APA 120542 C2_APh 1225142 C2_APA 12231142 C_APA 1223142 APAT_AS 1223142 aPAT_AS 1223142 PAT_Ca 1225142 APAT_CA 1225142 APAT_CA

AMOSTRA ASSACENTRO_4  ASSACENTRO_S  ASSACENTRO_E  ASSAGENTRO_T  ASSACENTRO_E 1 2 4 T4 Ti 2 T4_5 T4_4 T4_S T4_E T4_T SOCMAG_S SOCMAG_S

LITOLOGIA _ ApatitaMgCBT ApatitaMgCET ApatitaMgCET ApatitaMgCBT _ApatitaMaCBT ApatitaMg CBT ApatitaMg CET ApatitaMaCBT ApattaMgCET ApatitaMg CET ApatitaMa CET ApatitaMgCET ApatitaMa CBT ApatitaMg CBT _ApatitaMaCET ApatitaMgCBT ApatitaMgCET Apatita Mg CET _ApatitaMg CBT _Apatita Ma CBT
Si 0.003 0.001 0.001 0.001 0.003 0.003 0.003 0.012 0.008 0.003 0.010 0.004 0.008 0.002 0.011 n.d. 0.001 nd. n.d. 0.002
Al 0.003 0.000 n.d. 0.002 0.001 0.002 0.009 0.391 0.013 0.006 0.124 0.005 0.011 0.006 0.007 0.013 0.018 0.007 0.002 0.019
Fe 0.014 0.010 0.008 0.005 0.004 0.006 0.008 0.015 0.016 0.035 0.021 0.024 0.026 0.044 0.038 0.025 0.059 0.150 0.024 0.374
Mn 0.003 0.004 0.004 0.004 0.002 0.005 0.005 0.004 0.003 0.003 n.d. 0.002 0.004 0.001 0.004 0.000 nd. 0.003 0.004 n.d.
Mg 0.021 0.002 n.d. 0.004 n.d. 0.016 0.014 0.033 n.d. nd. n.d. n.d. nd. nd. n.d. n.d. nd. nd. n.d. n.d.
Ca 10.079 10.050 10.100 10.061 10.009 10.056 10.067 9819 10.020 10.045 9.973 10.008 9.968 10.074 10.062 10.158 10.051 10.104 10143 9.961
Ba 0.003 0.001 0.001 n.d. nd. 0.000 n.d. n.d. 0.001 0.003 0.002 n.d. 0.001 0.000 n.d. n.d. nd. nd. n.d. n.d.
Sr 0.014 0.013 0.013 0.012 0.012 0.012 0.010 0.032 0.135 0.125 0111 0.124 0.128 0.107 0111 0.124 0131 0.088 0.092 0.109
Na 0.071 0.030 0.035 0.033 0.037 0.076 0.061 0.041 0.034 0.082 0.024 0.043 0.024 0.057 0.042 0.012 0.023 0.062 0.075 0.022
P 5.923 5.944 5.936 5.943 5.967 5.927 5.919 5.767 5.920 5.902 5.877 5.933 5.948 5.895 5.910 5.878 5.883 5.843 5.878 5.806
La 0.002 0.004 0.000 0.002 0.003 0.003 n.d. 0.000 0.000 0.001 n.d. 0.000 nd. 0.001 n.d. n.d. 0.001 nd. 0.002 n.d.
Ce 0.006 0.009 001 0.010 0.010 0.009 0.008 0.008 0.004 0.003 0.003 0.008 0.001 0.005 0.005 0.006 0.008 0.006 0.004 0.004
Pr nd. nd. n.d. 0.003 0.001 0.001 0.001 n.d. 0.002 0.000 0.002 n.d. nd. 0.003 n.d. n.d. 0.002 nd. n.d. n.d.
Nd n.d. 0.003 0.001 n.d. 0.001 nd. 0.006 0.004 0.001 0.001 0.002 0.001 0.000 0.002 0.002 n.d. nd. 0.006 0.000 n.d.
Sm nd 0.005 n.d. 0.008 nd 0.001 0.004 0.006 0.001 0.000 n.d. nd 0.005 0.003 n.d. nd nd. n.d. 0.000 nd
Y nd 0.001 0.002 0.004 0.001 0.005 0.002 0.001 0.000 nd. 0.001 0.001 0.002 0.002 0.000 nd 0.000 n.d. 0.000 0.003
S 0.006 0.005 0.002 0.001 0.003 0.005 0.006 0.008 0.003 0.004 0.004 0.001 nd. 0.006 0.002 0.001 0.003 0.003 0.002 0.001
F 0.602 0392 0.267 0.277 0.608 0432 0.238 0.591 2120 1.896 2.065 1.783 1710 2101 1.937 2051 1279 1.189 1.500 1.664
cl 0.003 0.001 0.001 0.000 nd 0.004 0.003 0.004 0.001 nd. 0.002 nd 0.001 n.d. n.d. nd nd. 0.000 0.008 0.001

TOTAL 16.752 16.475 16.381 16.369 16.663 16.563 16.364 16.736 18.280 18.107 18.220 17.940 17.836 18.309 18.131 18.266 17.459 17.460 17.734 17.964
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ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O

1223142_APAT_M 1Z23142_APAT_M  1225142_APAT_M
12231M2_APAT_CA 1223M2_APAT_CA 1223142_APAT_CA 1223142_APAT_CA 122F3M42_APAT_CA 1223M2_APAT_M 1223142 APAT_M 1223142 _APAT_M 1223142 _APAT_M 122342 _APAT_M 1223M2_APAT_M 1223142_APAT_M ASEABORDAPORO ASIABORDAPORO ASSABORDAPORO
SCA_Y SCA_S FCA_E sCa_T SCA_E ASTA_E ASTA_T

AMOSTRA ASSA_2 ASSA_S ATTA_L ASSA_S ATEA_E 10 " I_15
LITOLOGIA  ApatitaMgCET ApatitaMgCET ApatitaMgCET ApatitaMgCET ApatitaMg CET Apatita Mg CET ApatitaMgCET ApattaMgCET ApatitaMgCET Apatita Mg CET Apatita Mg CET Apatita MgCET ApatitaMgCET Apatita Mg CET  Apatita Mg CET
Si02(Mass%) n.d. 0.01 0.01 n.d. n.d. 0.02 043 0.03 0.28 0.00 0.05 0.04 0.07 0.87 n.d.
Al203(Mass') 0.01 0.09 0.30 0.01 0.10 0.20 4.92 0.56 145 0.43 1.53 1.07 0.04 0.09 0.09
FeO(Mass%) 0.1 240 045 0.02 0.1 0.25 0.28 0.20 0.75 0.15 0.23 0.22 3.69 0.32 0.15
MnO(Mass%) 0.02 n.d. 0.00 n.d. n.d. 0.04 0.01 0.04 0.03 0.03 0.01 0.03 0.02 0.04 0.00
MgO(Mass%) 027 nd 0.00 0.00 nd. 0.07 0.06 0.03 0.02 nd. 0.05 nd. 0.01 nd. nd
CaQ(Mass%) 5358 5271 53.76 5416 54 76 5354 5105 5347 5260 5375 51.36 5332 5195 5249 5445
BaO(Mass%) n.d. 0.01 n.d. 0.04 0.00 n.d. n.d. 0.01 0.00 n.d. 0.02 0.01 0.01 0.00 0.04
SrO(Mass%) 1.30 0.79 0.66 1.33 1.35 0.41 0.65 0.83 0.67 0.44 0.72 0.59 113 1.06 0.72
Na20({Mass%) 0.07 0.13 0.19 0.02 0.02 0.34 0.25 0.16 0.18 0.21 0.28 0.18 0.08 0.13 0.18
P205(Mass%) 39.54 38.73 39.61 40.28 40.43 393 37.26 39.27 38.59 39.68 37.89 39.22 37.95 39.07 40.25

La203({Mass%) n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.01 n.d. n.d. 0.02 n.d. n.d. n.d.
Ce203(Mass%) 0.08 0.06 0.06 0.05 0.06 0.08 0.03 0.04 0.08 0.09 0.08 0.07 0.09 0.08 0.03
Pr203(Mass%) n.d. n.d. 0.02 n.d. 0.04 n.d. 0.03 0.00 n.d. n.d. n.d. n.d. n.d. 0.08 n.d.
Nd203(Mass%) nd. nd 0.02 nd 0.02 0.01 003 nd 0.00 0.07 nd 0.04 nd. 0.07 nd
Sm203(Mass%) nd. nd 012 0.07 0.03 nd. 0.00 nd 0.02 0.04 nd nd. 0.02 0.07 0.01

LREE 0.08 0.06 0.22 0.12 0.14 0.09 0.10 0.04 0.12 0.20 0.08 0.13 0.1 0.30 0.04
Y203(Mass%) n.d. 0.03 0.00 0.01 0.01 0.01 0.05 0.00 0.00 0.02 0.01 n.d. 0.01 n.d. n.d.
S03(Mass%) 0.02 0.01 0.03 n.d. n.d. 0.10 0.04 0.03 0.05 0.06 0.14 0.05 0.00 0.03 0.02

F{Mass%) 313 2.3 257 373 362 3.03 217 3.02 2.08 276 262 288 2. 252 3.23
Cl{Mass%) n.d. 0.01 n.d. 0.01 n.d. 0.01 0.01 0.01 0.01 0.01 0.08 n.d. 0.01 0.01 n.d.

TOTAL 98.13 97.32 97.81 99.73 100.56 97.44 97.27 97.81 96.84 97.77 95.06 97.74 97.42 96.94 99.17

F=0 -1.32 -0.98 -1.08 -1.57 -1.52 -1.27 0.9 -1.27 -0.88 -1.16 -1.10 -1.21 -0.99 -1.06 -1.36
Cl=0 nd. 0.00 nd 0.00 nd. 0.00 0.00 0.00 0.00 0.00 -0.02 nd. 0.00 0.00 nd
TOTAL 96.81 96.34 96.72 98.15 99 04 96.16 96.35 96.54 95 96 96.60 93.94 96.53 96.43 95 87 97 81
12EFME_APAT_M  1223142_APAT_M  1223142_APAT_M
1223142_APAT_CA 122312_APAT_CA 1223142_APAT_CA 1223142_APAT_CA 1223142_APAT_CA 1223W2_APAT_M 1223U42_APAT_M 1223142_APAT_M 1223142_APAT_M 1223M2_APAT_M 1223M2_APAT_M 1223142_APAT_M AZSABORDAPORD AZZABORDAPORO ASZABORDAPORO

AMOSTRA ICA_L ASSA_2 ASSA_S ATTA_L ASSA_S AISA_E ASSA_T AZEA_SE 310 1 I_15

LITOLOGIA  ApatitaMgCET ApatitaMgCET ApatitaMgCET ApatitaMgCET ApatitaMg CET Apatita Mg CET ApatitaMgCET ApatiaMgCET ApatitaMgCET Apatita Mg CET Apatita Mg CET Apatia MgCET ApatitaMgCET Apatita Mg CET  Apatita Mg CET
Si n.d. 0.001 0.002 n.d. n.d. 0.004 0.074 0.005 0.049 0.001 0.008 0.007 0.013 0.152 n.d.
Al 0.003 0.019 0.063 0.001 0.021 0.042 1.004 0.115 0.299 0.089 0.324 0.220 0.009 0.018 0.018
Fe 0.017 0.385 0.065 0.003 0.016 0.037 0.041 0.030 0.110 0.022 0.035 0.032 0.550 0.047 0.022
Mn 0.003 n.d. 0.001 n.d. n.d. 0.007 0.001 0.005 0.004 0.005 0.001 0.005 0.003 0.006 n.d.
Mg 0.071 n.d. 0.000 0.000 n.d. 0.020 0.016 0.009 0.006 n.d. 0.014 n.d. 0.003 n.d. n.d.
Ca 10.084 9.996 10.063 10.075 10.094 10.089 9.481 10.070 9.883 10.055 9.877 9.993 9.933 9.895 10.105
Ba n.d. 0.001 n.d. 0.003 0.000 n.d. n.d. 0.001 n.d. n.d. 0.001 0.001 0.001 0.000 0.003
Sr 0.132 0.081 0.066 0.133 0.134 0.042 0.065 0.085 0.068 0.045 0.075 0.060 0.117 0.108 0.072
Na 0.022 0.044 0.065 0.0086 0.008 0.116 0.084 0.055 0.063 0.072 0.097 0.060 0.027 0.045 0.060
P 5.881 5.803 5.858 5.921 5.888 5.854 5.469 5.833 5.729 5.866 5.758 5.809 5734 5821 5.903
La nd. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.001 n.d. n.d. 0.001 n.d. n.d. n.d.
Ce 0.005 0.004 0.004 0.003 0.004 0.005 0.002 0.003 0.005 0.006 0.005 0.005 0.006 0.005 0.002
Pr n.d. n.d. 0.001 n.d. 0.002 n.d. 0.002 0.000 n.d. n.d. n.d. n.d. n.d. 0.005 n.d.
Nd n.d. n.d. 0.002 n.d. 0.002 0.000 0.002 n.d. 0.000 0.004 n.d. 0.003 n.d. 0.005 n.d.
Sm n.d. n.d. 0.007 0.004 0.002 n.d. 0.000 n.d. 0.001 0.003 n.d. n.d. 0.001 0.004 0.000
Y n.d. 0.003 0.000 0.001 0.001 0.001 0.005 0.000 0.000 0.002 0.001 n.d. 0.001 n.d. n.d.
S 0.003 0.002 0.004 n.d. n.d. 0.013 0.005 0.004 0.007 0.008 0.019 0.008 0.000 0.005 0.002
F 1.626 1.243 1.345 1.892 1.825 1.576 1.136 1.570 1.104 1438 1.400 1.498 1.256 1.328 1.652
cl n.d. 0.001 n.d. 0.002 n.d. 0.003 0.002 0.002 0.002 0.002 0.023 n.d. 0.002 0.003 n.d.
TOTAL 17.846 17 555 17 546 18.045 17.997 17.810 17.389 17787 17.333 17617 17638 17699 17 656 17.447 17.839
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225142 APAT_IM 1223142 APAT_M  1223142_APAT_M

ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O

ASSABORDAPORD ASSABORDAPORD ASSABORDAPORD 1254081 APAT_CA 1234001 APAT_CA 1234061 APAT_CA 1234061 APAT_CA 1254061_APAT_GA 1234061 APAT_CA 1234061 APAT_CA 1234061 APAT_GA 1234061_APAT_CO 1234061 APAT_CO 1234D61_APAT_CO 1234061_APAT_GO 1234061 APAT_CO 1234061 APAT_CO 1234061 APAT_CO 1234061 APAT_CO 123408 APAT_CO

AMOSTRA 16 BT 518 VIDADE_1 WIDADE_2 VIDADE_3 VIDADE_4 VIDADE_S IDADE_E WIDADE_T VIDADE_5 "_1 _| _| _1 "_1 T | F_1T
LITOLOGIA  ApattaMgCBT ApatitaMgCET ApattaMoCET ApatitaMaCBT ApatitaMaCBT ApatitaMgCET ApatitaMgCET ApatitaMaCBT ApattaMgCET ApatitaMaCET ApatitaMaCET ApatitaMaCET ApattaMaCBT ApatitaMgCBT ApatitaMaCET ApatitaMgCBT ApatitaMaCET ApatitaMoCET ApatitaMa CBT _Apatita MaCBT
5i02{Mass%) 0.00 0.01 0.02 0.03 0.08 nd. n.d. nd nd. nd. n.d. nd nd. n.d. n.d. nd 0.01 0.01 n.d. nd

Al203(Mass%) 043 0.33 0.15 1.64 49 11 0.62 0.04 0.04 013 0.04 0.35 0.02 0.20 0.03 0.20 1.85 367 1.02 0.00
FeO{Mass%) 0.48 0.20 0.08 0.45 0.39 0.39 0.42 134 0.12 0.42 0.14 0.40 017 0.64 0.12 0.41 045 0.31 0.15 047
MnO{Mass%) 0.01 0.02 0.02 0.16 013 0.09 0.16 011 013 013 014 0.10 010 012 014 015 021 0.09 0.08 015
MgO(Mass%) 0.00 0.01 0.00 0.02 0.02 0.00 0.04 0.01 0.05 0.00 0.04 n.d. 0.01 nd. 0.05 0.03 0.10 0.05 n.d. 0.05
Ca0(Mass%) 5337 5423 54.31 50.63 49.13 5144 50.53 50.92 50.37 50.54 50.59 51.36 5115 5135 51.03 50.98 50.35 50.60 51.04 51.69
BaQ(Mass%) 0.01 n.d. n.d. 0.05 n.d. n.d. n.d. 0.01 0.04 0.04 0.03 0.00 0.06 0.05 0.08 0.02 0.05 0.06 n.d. n.d.
SrO(Mass%) 074 0.66 0.82 156 1.60 157 173 157 1.76 168 174 162 172 172 1.66 164 156 1.56 169 160
Na20(Mass%) 0.20 021 0.12 0.73 0.80 0.75 0.93 0.86 0.94 0.97 0.97 0.99 0.95 0.83 0.90 0.86 0.54 0.76 0.87 0.584
P205(Mass%) 39.48 39.39 40.04 379 36.71 3829 37.87 3r.a2 37.92 T4 38.04 3842 38.09 38.53 3813 3823 3T 3735 37.98 38.25
La203({Mass%) nd 0.01 0.03 0.10 0.07 010 0.16 017 018 0.23 0.16 0.10 0.06 0.09 0.09 012 0.04 0.05 013 012
Ce203(Mass) 0.05 0.08 0.08 0.30 029 0.31 045 038 051 0.60 043 034 031 0.26 034 029 024 0.18 027 0.31
Pr203{Mass%) 0.02 0.04 0.01 n.d. nd. nd. n.d. 0.10 0.00 0.01 n.d. n.d. nd. nd. 0.04 n.d. nd. nd. 0.00 0.01
Nd203(Mass%) n.d. 0.01 n.d. 0.05 0.06 013 0.28 0.15 041 0.26 0.18 0.06 0.03 0.08 0.07 0.16 0.06 0.06 0.04 0.09
Sm203(Mass%) nd 0.09 n.d. nd. 0.02 nd. 0.10 0.01 0.07 0.05 n.d. nd nd. 0.00 n.d. nd 0.02 0.08 n.d. 0.06
LREE 0.08 0.23 013 045 043 0.54 0.99 0.81 1147 115 077 049 040 043 0.54 0.58 035 0.38 044 0.59
Y203(Mass%) 0.01 0.03 n.d. 0.03 0.02 0.06 0.04 0.05 0.02 0.03 0.04 0.03 0.02 0.04 0.02 0.04 nd. 0.02 0.06 0.06
SO3(Mass%) 0.05 0.07 0.03 0.03 0.04 0.07 0.06 0.03 0.06 0.06 0.04 0.09 0.07 0.05 0.03 0.07 0.05 0.13 0.09 0.07

F(Mass%) 268 355 337 147 1.36 1.90 132 167 154 1.05 222 134 164 126 170 191 2.06 119 170 198
Cl{Mass%) 0.00 nd. 0.00 n.d. nd. nd. 0.01 0.00 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.01 0.01 0.01 0.00 0.00

TOTAL 97.54 98.93 99.08 95.18 95.64 96.22 94.73 95.24 94.17 93.63 94.81 95.20 94.43 9521 94.40 95.14 95.60 96.17 9512 95.76

F=0 -1.13 -148 -142 -0.62 -0.67 -0.80 -0.56 -0.70 -0.65 -0.44 -0.94 -0.56 -0.69 -0.53 -0.71 -0.81 -0.87 -0.50 -0.72 -0.83
Cl=0 0.00 nd. 0.00 nd. nd nd. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 96.41 97.44 97.66 94.56 95.06 9542 9417 94.53 93.52 93.18 93.87 94.63 9373 9469 93.68 94.33 94.72 95.67 94.40 94.93
12EFAZ_APAT_M  1223142_APAT_M 1223142_APAT_M
ASSABORDAPORO ASSABORDAPORD ASSABORDAPORO 1234081_APAT_CA 1234061 APAT_CA 1234061 APAT_CA 123406 1_APAT_CA 1234061_APAT_CA 1234061 APAT_CA 1234081_APAT_CA 123406 1_APAT_CA 1234061_APAT_CO 1234061 APAT_CO 1234061_APAT_CO 1234061_APAT_CO 1234061 APAT_CO 1254061 APAT_CO 1234061 APAT_CO 1234061 APAT_CO 1234081 APAT_CO

AMOSTRA 16 BT 518 VIDADE_1 WIDADE_2 VIDADE_3 VIDADE_4 VIDADE_S IDADE_E WIDADE_T VIDADE_5 "_1 _| _| _1 "_1 T | F_1T

LITOLOGIA _ ApatitaMgCBT ApatitaMgCET ApatitaMgCET ApatitaMgCBT _ApatitaMaCBT ApatitaMg CBT ApatitaMg CET ApatitaMaCBT ApattaMgCET ApatitaMg CET ApatitaMa CET ApatitaMgCET ApatitaMa CBT ApatitaMg CBT _ApatitaMaCET ApatitaMgCBT ApatitaMgCET Apatita Mg CET _ApatitaMg CBT _Apatita Ma CBT
Si 0.000 0.002 0.003 0.006 0.015 nd. n.d. n.d. n.d. nd. n.d. n.d. nd. nd. n.d. n.d. 0.001 0.002 n.d. n.d.
Al 0.088 0.069 0.030 0.346 1.021 0.234 0.133 0.008 0.009 0.029 0.008 0.074 0.005 0.042 0.007 0.044 0.389 0.759 0.215 0.001
Fe 0.070 0.029 0.012 0.068 0.057 0.058 0.064 0.202 0.018 0.064 0.021 0.060 0.026 0.096 0.018 0.062 0.068 0.045 0.023 0.071
Mn 0.002 0.003 0.002 0.025 0.020 0.014 0.024 0.017 0.020 0.020 0.022 0.015 0.016 0.019 0.021 0.023 0.032 0.013 0.012 0.023
Mg 0.000 0.002 0.000 0.006 0.006 nd. 0.012 0.002 0.013 0.001 0.011 n.d. 0.002 nd. 0.015 0.008 0.025 0.012 n.d. 0.012
Ca 10.021 10,146 10110 9.690 9.288 9.803 9.776 9.872 9.829 9.905 9.858 9.845 9.932 9.847 9.911 9.857 9.650 9.624 9.814 9949
Ba 0.000 nd. n.d. 0.003 nd. nd. n.d. 0.001 0.003 0.003 0.002 0.000 0.004 0.004 0.004 0.002 0.004 0.004 n.d. n.d.
Sr 0.075 0.067 0.082 0.162 0.164 0.162 0.181 0.165 0.186 0.178 0.184 0.169 0.181 0.179 0.175 0.172 0.162 0.159 0.176 0.167
Na 0.069 0.070 0.040 0.252 0.275 0.260 0.325 0.302 0.331 0.343 0.341 0.342 0.332 0.288 0.315 0.302 0.292 0.258 0.303 0.294
P 5.858 5.823 5.889 5.733 5.4584 5.766 5.790 5794 5.848 5.793 5.858 5.820 5.843 5.839 5.852 5.840 5711 5.556 571 5.818
La n.d. 0.001 0.002 0.006 0.004 0.007 0.011 0.011 0.012 0.015 0.011 0.006 0.004 0.006 0.006 0.008 0.003 0.004 0.009 0.008
Ce 0.004 0.005 0.005 0.020 0.019 0.020 0.030 0.025 0.034 0.040 0.029 0.022 0.020 0.017 0.023 0.013 0.015 0.012 0.017 0.020
Pr 0.002 0.002 0.001 n.d. nd. nd. n.d. 0.007 n.d. 0.001 n.d. n.d. nd. nd. 0.003 n.d. nd. nd. 0.000 0.000
Nd n.d. 0.001 n.d. 0.004 0.004 0.008 0.018 0.010 0.027 0.017 0.012 0.004 0.002 0.005 0.005 0.011 0.004 0.004 0.003 0.006
Sm nd 0.006 n.d. nd. 0.001 nd. 0.006 0.001 0.004 0.003 n.d. nd nd. 0.000 n.d. nd 0.001 0.005 n.d. 0.004
Y 0.001 0.003 n.d. 0.003 0.002 0.005 0.004 0.005 0.002 0.003 0.004 0.003 0.002 0.004 0.002 0.004 nd. 0.002 0.006 0.006
S 0.006 0.010 0.004 0.004 0.005 0.010 0.008 0.004 0.009 0.008 0.006 0.013 0.010 0.007 0.004 0.010 0.007 0.018 0.012 0.010
F 1.402 1816 1725 0.808 0.739 1.023 0.734 0.920 0.854 0.595 1.216 0.734 0.907 0.691 0.936 1.046 1.116 0.644 0.931 1.076
cl 0.001 nd. n.d. nd. nd nd. 0.002 0.001 0.003 0.004 0.002 0.001 0.003 0.001 0.001 0.003 0.003 0.002 0.001 nd

TOTAL 17.599 16.054 17.905 17.132 17.102 17.369 17117 17.345 17.203 17.021 17.583 17.106 17.291 17.043 17.296 17.409 17.483 17.023 17.291 17.465
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ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O

1234061_APAT_CO 1234061 APAT_CO 123406 L APAT_CO 1254081_APAT_CO 1234061_APAT_CO 1234061 APAT_CO 1234061 APAT_CO 1254061_APAT_GO 1234061_APAT_CO 1234061_APAT_CO 1234061_APAT_GO 1234061_APAT_CO 1234061 APAT_CO 1234D61_APAT_CO 1234061_APAT_GO 1234061 APAT_CO 1234061 APAT_CO 1234061 APAT_CO 1234061 APAT_CO 123408 APAT_CO
L L [t L L U L L U U L L U U L U U L L [t

AMOSTRA
LITOLOGIA  ApattaMgCBT ApatitaMgCET ApattaMoCET ApatitaMaCBT ApatitaMaCBT ApatitaMgCET ApatitaMgCET ApatitaMaCBT ApattaMgCET ApatitaMaCET ApatitaMaCET ApatitaMaCET ApattaMaCBT ApatitaMgCBT ApatitaMaCET ApatitaMgCBT ApatitaMaCET ApatitaMoCET ApatitaMa CBT _Apatita MaCBT
5i02{Mass%) nd .05 11 nd. 0 nd. 06 .01 .00 .04 n.d. nd nd. n.d. n.d. 04 0 n.d. n.d. nd

Al203(Mass%) 0.74 250 5.97 0.03 4.99 nd. 0.06 0.03 0.09 0.04 0.23 0.01 0.68 0.17 0.04 0.03 0.03 0.03 0.04 0.27
FeO{Mass%) 0.85 0.62 043 017 0.59 0.15 019 0.06 0.53 0.72 0.18 0.36 0.04 0.48 0.18 0.08 0.32 0.28 023 033
MnO{Mass%) 017 019 011 013 01 0.06 0.09 0.09 0.07 0.09 0.10 024 011 012 015 0.08 0.08 0.08 0.06 0.10
MgO(Mass%) 0.04 0.08 0.27 0.02 0.05 0.02 0.05 n.d. 0.00 nd. 0.01 0.13 0.01 0.03 0.02 0.02 nd. 0.02 n.d. 0.01
Ca0(Mass%) 50.21 49.68 48.14 51.66 45.41 52.78 52.20 52.05 5252 5223 51.93 51.46 5228 50.77 5191 5249 5237 52.01 5212 5113
BaQ(Mass%) 0.04 0.09 0.03 0.03 0.02 0.06 012 0.06 0.05 0.05 n.d. 0.08 0.03 0.00 0.08 0.03 0.05 0.10 0.09 0.04
SrO(Mass%) 1.68 187 161 155 1.38 135 137 136 138 125 171 197 1.90 170 1.80 145 140 148 153 179
Na20(Mass%) 1.02 0.87 0.68 0.83 0.83 0.39 0.50 0.51 0.44 043 0.50 0.73 043 0.7 0.66 0.57 046 0.51 0.55 0.80
P205(Mass%) 37.69 37.60 36.04 38.38 36.34 38.92 3877 39.01 39.08 3857 39.14 38.90 38.60 38.08 38.84 3877 35.88 /4 38.40 3827

La203({Mass%) 015 0.07 0.06 0.06 0.06 nd. n.d. nd 0.00 nd. 0.01 0.03 0.02 0.05 0.01 0.02 nd. 0.02 0.01 0.07

Ce203(Mass) 039 0.31 029 025 019 0.06 0.09 012 012 0.09 011 017 020 0.19 0.09 0.09 013 012 011 024

Pr203{Mass%) 0.07 nd. 0.02 n.d. nd. 0.01 n.d. 0.00 n.d. nd. 0.04 0.01 nd. 0.01 0.02 0.03 nd. nd. 0.03 n.d.

Nd203(Mass%) 0.26 0.06 011 0.01 0.04 0.03 0.01 0.06 n.d. 0.01 0.15 0.04 0.18 0.22 0.04 0.10 0.10 0.06 0.08 0.08

Sm203(Mass%) 0.05 0.02 0.05 nd. 0.02 0.04 0.02 0.03 nd. 0.01 n.d. nd 001 n.d. 0.04 nd 0.04 n.d. 0.09 0.07

LREE 091 046 053 0.31 032 014 012 021 012 011 032 0.26 040 047 0.19 024 027 0.20 0.31 047

Y203(Mass%) 0.01 0.03 0.02 0.04 0.02 0.01 0.03 0.04 0.02 nd. 0.01 0.06 0.05 0.02 0.04 0.04 0.00 0.03 0.03 0.04
SO3(Mass%) 0.06 0.04 0.04 0.03 0.04 0.10 015 0.07 0.15 0.09 0.08 0.02 0.06 0.07 011 0.11 0.08 0.14 0.10 0.07
F(Mass%) 2n 170 162 256 203 143 213 164 0.58 121 0.55 194 121 184 0.64 133 122 123 144 118
Cl{Mass%) 0.01 0.00 n.d. 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.00 n.d. 0.01 nd. 0.01 0.00 n.d.

TOTAL 95.65 95.79 95.58 95.76 95.19 9540 95.85 95.14 95.04 94.83 94.78 96.16 95.81 94.47 94.64 95.30 95.18 9454 94.89 94.50
F=0 -0.93 072 -0.68 -1.08 -0.86 -0.60 -0.30 -0.69 -0.24 -0.51 -0.23 -0.82 -0.51 -0.77 027 -0.56 -0.51 -0.52 -0.61 -0.49
Cl=0 0.00 0.00 n.d. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n.d. 0.00 nd. 0.00 0.00 nd

TOTAL 94.71 95.07 94.90 94.68 94.34 94.80 94.95 94.45 9450 94.32 94.55 95.34 95.30 93.69 94.37 94.74 94.66 94.02 94.28 94.01

1234081 APAT_CO 1234061 APAT_CO 123408 1_APAT_CO 1234081_APAT_CO 1234081 APAT_CO 1234061_APAT_CO 123406 1_APAT_CO 1234061_APAT_CO 1234061 APAT_CO 1234081_APAT_CO 123406 1_APAT_CO 1234061_APAT_CO 1234061 APAT_CO 1234061_APAT_CO 1234061_APAT_CO 1234061 APAT_CO 1254061 APAT_CO 1234061 APAT_CO 1234061 APAT_CO 1254081 APAT_CO
AMOSTRA Lor_i s Lor_2 r_2n oF_21 r_2s F_ot oF_25 ot F_26 Lor_za LoF_s r_30 Lor_sz 54 LoF_s
LITOLOGIA _ ApatitaMgCBT ApatitaMgCET ApatitaMoCET ApatitaMaCBT ApatitaMaCBT ApatitaMgCET Apatita Mg CET ApatitaMaCBT ApattaMgCET ApatitaMaCET ApatitaMa CET ApatitaMaCET ApatitaMaCBT ApatitaMgCBT _ApatitsMaCET ApatitaMgCBT ApatitaMaCET Apatita MoCET Apatita Mg CBT _Apatita MaCBT
Si nd 0.009 0.019 nd. 0.009 nd. 0.010 0.001 0.001 0.007 n.d. nd nd. n.d. n.d. 0.008 0.002 n.d. n.d. nd
Al 0.157 0.525 1.242 0.006 1.049 nd. 0.013 0.006 0.018 0.009 0.049 0.002 0.141 0.037 0.009 0.006 0.006 0.007 0.008 0.057
Fe 0.128 0.092 0.064 0.025 0.088 0.022 0.028 0.009 0.078 0.108 0.027 0.054 0.006 0.073 0.027 0.012 0.048 0.042 0.035 0.050
Mn 0.026 0.029 0.016 0.020 0.017 0.009 0.014 0.014 0.011 0.013 0.016 0.036 0.017 0.018 0.023 0.012 0.013 0.012 0.010 0.015
Mg 0.011 0.022 0.07 0.006 0.014 0.004 0.013 n.d. 0.001 nd. 0.003 0.034 0.003 0.007 0.006 0.006 nd. 0.005 n.d. 0.004
Ca 9717 9.476 9.115 9.970 9.244 10.056 9.968 9.950 9.963 10.008 9.874 9.833 9.941 9.860 9.918 10.015 9.993 10.011 10.027 9.864
Ba 0.003 0.006 0.002 0.002 0.001 0.004 0.009 0.004 0.004 0.003 n.d. 0.006 0.002 0.000 0.004 0.002 0.003 0.007 0.006 0.003
Sr 0.176 0.193 0.165 0.162 0.143 0.139 0.142 0.141 0.141 0.130 0.176 0.203 0.195 0.179 0.187 0.150 0.145 0.154 0.159 0.187
Na 0.359 0.300 0.232 0.291 0.287 0.133 0171 0.176 0.151 0.149 0.173 0.254 0.147 0.250 0.230 0.196 0.159 0477 0.190 0.279
P 5764 5.667 5391 5.854 5484 5.860 5862 5892 5.858 5840 5881 5874 5799 5.844 5.864 5845 5.863 5843 5.836 5838
La 0.010 0.005 0.004 0.004 0.004 nd. n.d. n.d. 0.000 nd. 0.001 0.002 0.001 0.003 0.001 0.001 nd. 0.001 0.001 0.005
Ce 0.026 0.020 0.019 0.016 0.013 0.004 0.006 0.008 0.008 0.006 0.007 0.011 0.013 0.013 0.006 0.006 0.009 0.008 0.007 0.016
Pr 0.004 nd. 0.002 nd. nd 0.001 n.d. 0.000 nd. nd. 0.003 0.001 nd. 0.001 0.001 0.002 nd. n.d. 0.002 nd
Nd 0.017 0.004 0.007 0.001 0.003 0.002 0.000 0.004 nd. 0.000 0.010 0.003 0.011 0.014 0.003 0.007 0.006 0.004 0.005 0.005
Sm 0.003 0.001 0.003 n.d. 0.001 0.002 0.001 0.002 n.d. 0.001 n.d. n.d. 0.001 nd. 0.002 n.d. 0.002 nd. 0.006 0.005
Y 0.001 0.003 0.002 0.004 0.002 0.001 0.003 0.003 0.002 nd. 0.001 0.008 0.005 0.002 0.004 0.004 nd. 0.003 0.003 0.004
S 0.008 0.005 0.008 0.005 0.006 0.013 0.021 0.009 0.020 0.012 0.010 0.003 0.009 0.010 0.015 0.015 0.011 0.019 0.014 0.010
F 1.200 0.923 0.872 1.379 1.095 0.779 1.144 0.89%4 0.321 0.665 0.306 1.048 0.661 1.010 0.353 0.727 0.669 0.682 0.793 0.652
(o] 0.004 0.001 n.d. 0.002 0.002 0.004 0.004 0.003 0.002 0.003 0.001 0.002 0.002 0.001 n.d. 0.002 n.d. 0.002 0.000 n.d.
TOTAL 17614 17.281 17.231 17.744 17 461 17.033 17.399 17116 16.578 16.954 16.537 17.369 16.955 17.321 16.650 17.015 16.928 16.977 17100 16.988
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1234061_APAT_CO 1234061 APAT_CO 123406 L APAT_CO 1254081_APAT_CO
L [t [t LoF_3

ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O

2540B1_C2_APAT 1234061 C2_APAT 1234061 C2_APAT 1234081_C2_APAT 1234051LC2_APAT
[} 2 [E] [ s

AMOSTRA 12SA0BI_C_APAT] 1234061 CI_APATI 123408 _CILAPATY 123408 1_CAPAT] 1234061_C1LAPATI 123406_CLAPAT! 123408 _CLAPATT 1234081_C1L_APATI 1234081 CLAPATI 1234061_CLAPAT! 1234061_C1LAPAT
LITOLOGIA  ApatitaMaCET ApatitaMgCET fpatia Mg CET ApatitaMgCBET AparitaMgCET ApatitaMg CBT ApatitaMa CBT Apatita MaCET ApatitaMaCBT ApatitaMg CET _Apatita Mg CET _ ApatitaMgCET ApatitaMg CET Apatita Mg CBT _Apativa Mg CET_Apatita Mg CBT ApatitaMg CBT Apatita Mg CET _ApatitaMa CET _Apatita MaCET
5i02{Mass%) 0.07 nd. 25 .01 .02 .04 .07 04 .06 .02 .07 .03 15 .03 .04 04 .03 .04 .09
Al203(Mass%) 0.35 0.08 229 1.40 0.02 0.02 0.76 0.11 0.02 0.03 0.07 0.10 0.02 0.02 0.06 nd. nd. 0.03 1.88 019
FeO{Mass%) 037 0.28 0.42 0.45 0.56 0.36 0.50 0.11 01 0.51 0.18 0.10 0.39 0.15 0.34 0.46 047 0.68 0.59 149
MnO{Mass%) 012 0.08 012 0.10 013 015 0.16 013 013 015 0.09 0.10 0.09 0.08 011 015 023 0.34 012 0.07
MgO{Mass%) 0.04 0.03 0.02 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Ca0(Mass%) 51.03 51.51 50.27 50.72 50.92 50.34 51.02 £2.36 52.08 51.37 52.51 £1.98 49.73 52.33 51.93 50.59 52.04 50.76 49.28 50.89
BaQ(Mass%) 0.01 0.04 0.03 0.04 n.d. 0.02 0.04 0.01 n.d. n.d. 0.08 0.03 0.06 n.d. 0.02 n.d. 0.02 0.13 0.05 0.05
SrO(Mass%) 1.78 155 164 17 146 187 181 198 164 181 165 160 155 151 178 172 151 158 173 173
Na20(Mass%) 0.75 0.74 0.88 0.93 121 0.68 0.58 0.52 0.56 0.79 0.49 0.49 0.45 0.48 0.67 0.99 0.79 0.74 0.92 0.92
P205(Mass%) 37.95 38.05 37.78 37.99 37.68 3779 38.40 39.25 38.90 3887 39.50 39.52 37.50 39.18 38.99 3841 3873 38.52 3737 38.32
La203({Mass%) 0.06 010 0.07 0.08 nd 0.03 0.08 0.01 0.01 0.05 0.01 0.03 0.03 0.02 n.d. 0.10 007 0.08 0.10 011
Ce203(Mass) 028 0.34 025 027 0.09 012 023 014 012 021 0.07 013 0.09 0.06 013 032 027 043 043 033
Pr203(Mass%) 0.08 nd. nd. nd. nd. 0.01 0.03 nd. nd. 0.07 nd. nd. nd. 0.09 nd. 0.05 nd. 0.09 nd. 0.02
Nd203({Mass%) 0.14 0.07 0.09 0.10 0.03 nd. 0.06 0.10 0.02 0.01 0.04 nd. nd. nd. 0.05 0.10 012 0.22 015 0.21
Sm203(Mass%) 0.06 nd. 0.06 0.03 nd 0.04 n.d. 0.02 nd. 0.07 0.02 0.02 nd. 0.07 n.d. 0.01 nd. 0.02 0.09 nd
LREE 062 0.51 047 048 012 0.20 0.39 027 015 041 014 0.18 012 0.24 0.18 0.59 046 0.83 0.76 067
Y203(Mass%) 0.03 0.03 0.02 0.04 nd. 0.03 0.02 0.03 nd. 0.04 0.04 0.03 0.02 0.01 0.07 0.05 0.06 0.04 0.05 0.06
SO3(Mass%) 0.05 0.06 0.04 0.07 0.03 0.03 0.09 0.03 0.06 0.05 013 0.08 0.07 0.05 0.07 0.09 0.05 0.07 0.06 0.05
F(Mass%) 2n 0.72 195 214 1.5 0.37 097 133 012 172 052 067 129 0.31 202 188 247 138 260 3058
Cl{Mass%) 0.01 0.01 0.00 0.01 0.01 nd. nd. nd. nd. nd. 0.01 0.01 0.01 nd. nd. nd. nd. n.d. 0.03 0.01
TOTAL 95.40 9370 96.18 96.08 93.93 91.88 94.80 96.18 93.52 9578 95.45 94.93 96.47 941 96.30 94.97 96.84 95.18 95.55 97.55
F=0 -0.93 -0.30 -0.82 -0.30 -0.74 -0.15 -0.41 -0.56 -0.05 072 -0.22 -0.28 -0.54 -013 -0.85 -0.79 -1.04 -0.58 -1.09 -1.29
Cl=0 0.00 0.00 0.00 0.00 0.00 nd. n.d. nd nd. nd. 0.00 0.00 0.00 n.d. n.d. nd nd. n.d. -0.01 0.00
TOTAL 94 46 9340 95.35 95.18 93.18 9173 94.39 95.62 93.77 95.06 95.23 94.65 95.92 94.28 95.45 94.18 95.30 94 .60 94.45 96.26
1234081_APAT_CO 1234081 APAT_CO 123408 LAPAT_CO 1234081_APAT_CO 123A0B1_C2_APAT 1234061 C2_APAT 1234061 C2_APAT 1234081_C2_APAT 1234081 C2_aPAT
AMOSTRA LOF_S F_T LOF_& LOF_3 12SA0B1LC_APAT] 123406 CI_APAT] 123408 _CILLAPATI 123408 1_CLAPAT] 1234061_CLAPATI 123406 CLAPAT! 123408 _CLAPAT! 1234081_C1LAPATI 1234081 CLAPATI 1234061_CLAPAT! 1234061_C1LAPAT 11 12 13 ) s
LITOLOGIA _ ApatitaMaCET ApatitaMgCET Apatia Mg CET ApatitaMgCET ApatitaMgCET ApatitaMg CBT ApatitaMa CBT _Apatita MaCET _ApatitaMaCET  ApatitaMg CET Apatita Mg CET _ApatitaMgCET ApstitaMg CET _Apatita Mg CET _Apatita Mg CET_Apatita Mg CBT ApatitaMg CBT _Apatita Mg CET _ApatitaMa CET _Apatita MaCET
Si 0.013 nd. 0.044 0.002 0.003 0.007 0.012 0.007 0.011 0.003 0.012 0.005 0.890 0.006 0.007 0.008 0.005 0.008 0.016 0.008
Al 0.074 0.018 0478 0.296 0.005 0.004 0.160 0.023 0.004 0.006 0.015 0.021 0.003 0.004 0.012 nd. nd. 0.007 0.401 0.040
Fe 0.056 0.043 0.062 0.067 0.085 0.056 0.074 0.016 0.016 0.076 0.027 0.018 0.056 0.023 0.051 0.070 0.069 0.102 0.088 0223
Mn 0.019 0.012 0.018 0.015 0.021 0.023 0.024 0.019 0.020 0.023 0.013 0.015 0.013 0.013 0.017 0.022 0.034 0.052 0.018 0.011
Mg 0.012 0.009 0.004 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Ca 9.870 9.984 9.549 9.703 9.963 9.897 9.769 9.927 9.967 9.834 9.905 9.856 9.202 9.966 9.896 9.785 9.934 9.765 9.539 9.767
Ba 0.001 0.003 0.002 0.003 0.001 0.001 0.003 0.001 0.000 0.000 0.003 0.002 0.004 0.001 0.001 nd 0.001 0.009 0.004 0.003
Sr 0.187 0.162 0.169 0177 0.154 0.139 0.187 0.204 0.169 0.187 0.169 0.164 0.156 0.156 0.184 0.130 0.156 0.165 0.182 0.130
Na 0.261 0.259 0.303 0.321 0.430 0.241 0.200 0177 0.194 0.273 0.168 0.168 0.151 0.166 0.230 0.347 0.273 0.259 0.322 0.320
P 5.802 5828 5671 5743 5.825 5871 5811 5879 5.882 5879 5887 5921 5483 5.896 5.872 5871 5843 5.855 5717 5811
La 0.004 0.007 0.005 0.006 nd. 0.002 0.005 0.001 0.001 0.004 0.001 0.002 0.002 0.001 nd. 0.007 0.005 0.005 0.006 0.007
Ce 0.018 0.022 0.016 0.018 0.006 0.008 0.015 0.009 0.008 0.013 0.004 0.009 0.006 0.004 0.009 0.021 0.018 0.029 0.028 0.022
Pr 0.005 nd. n.d. nd. 0.000 0.001 0.002 0.001 nd. 0.005 n.d. 0.001 nd. 0.006 0.000 0.003 0.000 0.006 n.d. 0.001
Nd 0.009 0.005 0.006 0.006 0.002 nd. 0.004 0.006 0.001 0.001 0.002 nd nd. n.d. 0.003 0.007 0.007 0.014 0.010 0.014
Sm 0.004 nd. 0.004 0.002 nd. 0.002 0.000 0.001 nd. 0.004 0.001 0.001 nd. 0.004 nd. 0.001 nd. 0.001 0.006 nd.
Y 0.003 0.003 0.002 0.004 0.001 0.003 0.002 0.003 nd. 0.004 0.004 0.003 0.002 0.001 0.006 0.008 0.006 0.004 0.005 0.008
S 0.007 0.009 0.005 0.009 0.004 0.004 0.012 0.004 0.008 0.006 0.017 0.010 0.009 0.006 0.009 0.012 0.006 0.009 0.008 0.007
F 1.199 0.406 1.049 1.153 0.974 0211 0.538 0.724 0.068 0.934 0.286 0.369 0.687 0.174 1.089 1.030 1.320 0.759 1401 1.617
(o] 0.004 0.002 0.001 0.002 0.003 0.003 0.002 0.002 0.002 n.d. 0.004 0.004 0.004 0.001 0.002 0.002 n.d. 0.000 0.009 0.003
TOTAL 17.547 16.771 17.387 17.626 17476 16.532 16.819 17.003 16.352 17.252 16.517 16.564 16.667 16.427 17.388 17.370 17678 17.050 17.760 18.038
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ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O

1234069_APAT_C 1234063 APAT_C 1234083 _APAT_C 1234063 APAT_C 1234063 _APAT_C 12340B3_APAT_C 1234063_APAT_C 1234063_APAT_C 1234083 APAT_C 1234D63_APAT_C 1Z34053_APAT_C 1234085_APAT_C 12B4D63_APAT_C 1234083 APAT_C 1234063_APAT_C 1234063 APAT_C
1234061 C2_aPAT 1234061 C2_APAT 1234061 C2_APAT OLOFBORDW Line OLOFEORDA Line OLOFBORDA Line OLOFEORDA Line OLOFBORDA Line OLOFEORDA Line OLOFBORDA Line OLOFEORDA Line OLOFEORDA Line OLOFBORDA Line OLOFEORDA Line OLOFEORDA Line OLOFEORDA Live OLOFBORDA Line OLOFEORDW Line  OLOFBORDA Line

AMOSTRA 004 005 oot 00F 003 o ol 012 013 014 o5 016 o7 01 013 020
LITOLOGIA  ApatitaMgCET ApatitaMgCET ApatitaMgCET ApatitaMgCET ApatitaMgCET ApatitaMgCET  ApatitsMg CBT  ApatitsMgCET  Apstita Mg CBT  ApatitaMg CBT ApatitaMgCBT ApatitaMgCET  ApatitaMg CBT ApatitaMg CBT Apatita Mg CBT ApatitaMg CET ApattaMgCET ApattaMgCET  ApatitaMg CET
Si02(Mass%) 010 22 0 3 27 nd. nd nd. nd. nd. nd. n.d. n.d. 01 nd. nd. nd. 03

Al203(Mass%) 012 0.15 on 0.01 017 0.25 0.06 0.06 0.46 0.12 0.14 0.10 0.76 1.08 0.01 013 0.29 0.28 0.81
FeO{Mass') 047 0.39 0.82 oM 0.10 0.19 013 0.06 0.1 0.24 0.23 1.76 0.07 0.25 0.06 013 0 132 0.19
MnO(Mass%) 0.11 011 013 0.02 0.04 0.04 0.05 0.03 0.06 0.06 0.09 0.06 0.04 0.08 0.07 0.04 0.06 0.03 0.05
MgO(Mass%) n.d. n.d. n.d. n.d. 0.03 0.04 0.02 0.02 0.01 0.01 0.00 0.03 0.03 0.05 0.01 0.01 0.02 0.01 0.10
CaO{Mass%) 50.35 50.85 50.94 5131 5037 5257 5227 5249 5257 52.04 5227 5115 5165 5068 51.78 5243 5214 £2.02 5218
BaO(Mass%) 0.02 0.06 0.04 0.03 0.01 0.00 0.04 n.d. 0.02 0.01 0.05 0.00 0.04 nd. 0.03 0.03 0.05 0.04 nd.
SrO{Mass%) 1.86 166 165 219 250 1.93 212 224 239 237 197 259 266 305 280 226 243 215 260
Na20{Mass%) 0.95 0.34 1.01 033 0.24 0.49 0.35 0.28 0.19 0.31 045 0.38 0.28 0.45 037 0.25 033 0.26 0.13
P205{Mass®) 37.98 36.74 3877 3615 37.46 38.30 38.34 3855 36.43 36.36 36.66 36.23 36.46 38.32 38.86 3917 3871 37.98 38.71
La203(Mass%) 018 0.06 014 0.08 0.09 0.06 0.05 0.01 0.02 0.05 nd. nd. 0.05 nd. 0.02 0.04 0.03 nd. 0.00
Ce203(Mass%) 0.47 0.31 0.39 0.30 0.34 0.24 0.14 011 0.1 0.16 0.06 0.08 0.13 013 013 0.16 0o 0.13 0.12
Pr203(Mass%) 0.06 0.03 0.01 nd. 0.05 0.08 nd. 0.02 nd. nd. nd. nd. nd. 0.03 0.05 nd. nd. nd. nd.
Nd203(Mass%) 015 0.07 0.19 0.15 0.24 0.08 nd. 0.07 0.01 0.09 nd. 0.05 0.05 0.09 n.d. 0.04 0.08 0.09 0.01
Sm203(Mass%) nd. 0.05 0.02 013 0.02 nd. nd. nd. 0.01 nd. 007 nd. 0.01 0.02 nd. 0.02 0.02 0.05 0.04

LREE 0.85 0.52 0.75 0.66 0.75 0.46 019 0.22 0.15 0.30 0.12 0.13 0.23 0.27 0.20 0.26 0.34 027 0.18
Y203 (Mass%) 0.03 0.06 0.04 0.05 0.00 nd. nd. 0.03 n.d. n.d. n.d. n.d. nd. nd. n.d. 0.02 0.03 n.d. n.d.
SO3(Mass%) 0.03 0.06 0.05 0.01 0.06 0.01 0.02 0.06 0.06 0.06 0.04 0.04 0.03 0.02 0.02 0.04 0.03 0.03 0.02

F(Mass%) 274 319 315 262 274 248 2,65 304 33 216 140 1.43 1.7 0.30 0.92 239 234 2.36 337
Cl{Mass%) nd. 0.01 0.01 0.00 0.02 0.01 0.00 nd. 0.01 0.00 0.00 0.02 0.02 0.00 0.01 0.00 0.00 0.01 0.00

TOTAL 95.66 96.87 97.49 95.89 94.77 96.77 96.25 97.09 97.76 96.03 9545 9591 96.00 94.57 95.16 97.16 97.00 96.77 98.49

F=0 -1.16 -1.35 -133 -1.10 115 -1.04 -1.12 -1.28 -1.39 -0.91 059 -0.60 072 -0.13 -0.39 -1.01 -0.99 099 142
CI=0 n.d. 0.00 0.00 0.00 0.00 0.00 0.00 n.d. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 94.50 95.53 96.16 94.79 93.61 95.73 9513 95.80 96.37 9513 94 86 95.30 9526 94 .44 9477 96.15 96.01 95.78 97.07
1234063_APAT_C 1234063 APAT_C 1234063 APAT_C 1234083 _APAT_C 1234063 APAT_C 1234063 APAT_C 1234063 APAT_C 1234063 mPAT_C 1234063 aPAT_C 1234063 _APAT_C 1234083 _APAT_C 1234068 APAT_C 1234063 APAT_C 1234063 APAT_C  1234063_sPaT_C  1234063_aPAT_C
12F4061_C2_aPAT 1234061 C2_APAT 1234061 C2_APAT OLOFBORDA Line OLOFBORDA Line OLOFEORDA Line OLOFEORDA Line  OLOFBORDA Line  OLOFBORDA Line  OLOFBORDA Line OLOFBORDA Line OLOFBORDA Line OLOFBORODA Line OLOFEORDA Line  OLOFBORDA Line  OLOFEORDA Line  OLOFBORDA Line OLOFBORDA Line  OLOFEORDA Linc
AMOSTRA 16 r 18 oo,
LITOLOGIA  ApatitaMgCBT ApatitaMaCBT ApatitaMgCBT ApatitaMgCET  ApatitaMgCBT  ApatitaMg GET  ApatitaMg GET  Apatita Mg CET  ApatitaMa CBT  ApatitaMa CBT  ApatitaMgCBT  ApatitaMaCET  ApatitaMg CBT  ApatitaMg CBT  Apatita Mg CBT  ApatitaMg CET ApatitaMg CET  ApatitaMg CET  Apatita Mg CET
Si 0.017 0.039 0.004 0.071 0.050 nd. nd. nd. nd. nd. nd. nd. nd. 0.002 nd. nd. nd. 0.005 0.026
Al 0.025 0.032 0.022 0.002 0.036 0.053 0.012 0.014 0.096 0.026 0.030 0.021 0.159 0227 0.002 0.027 0.062 0.058 0.168
Fe 0.072 0.058 0122 0.017 0.015 0.026 0.018 0.008 0.016 0.036 0.035 0.264 0.011 0.038 0.012 0.018 0.032 0.198 0.029
Mn 0.017 0.016 0.019 0.003 0.007 0.006 0.008 0.004 0.008 0.009 0.013 0.008 0.006 0.012 0.010 0.006 0.009 0.005 0.008
Mg n.d. n.d. n.d. n.d. 0.008 0.01 0.008 0.005 0.003 0.003 0.001 0.009 0.009 0.012 0.003 0.002 0.006 0.002 0.026
Ca 9.796 9.752 9.750 9.913 9.884 10.064 10.073 10.056 10.032 10.006 9.999 9.836 9.870 9.693 9.917 9.950 9.936 9.991 9.867
Ba 0.002 0.005 0.003 0.002 0.001 0.000 0.003 n.d. 0.002 0.001 0.004 0.000 0.003 nd. 0.002 0.002 0.004 0.003 nd.
Sr 0.196 0173 0171 0.229 0.266 0.201 0.222 0.233 0.246 0.246 0.204 0.270 0.275 0.316 0.291 0.232 0.251 0.223 0.266
Na 0.336 0.292 0.350 0.116 0.086 0.169 0.122 0.098 0.066 0.106 0.157 0.131 0.098 0.157 0127 0.086 0.115 0.090 0.043
P 5.841 587 5.863 5.824 5.808 5.795 5.838 5.836 5.795 5.828 5.845 5.809 5.810 5.792 5.881 5.874 5.830 5.764 5.783
La 0.012 0.004 0.009 0.005 0.006 0.004 0.003 0.001 0.001 0.004 nd. nd. 0.003 nd. 0.001 0.003 0.002 nd. 0.000
Ce 0.031 0.020 0.026 0.020 0.023 0.016 0.009 0.008 0.007 0.010 0.004 0.005 0.008 0.009 0.009 0.010 0.014 0.009 0.008
Pr 0.004 0.002 0.001 n.d. 0.003 0.005 nd. 0.001 n.d. n.d. n.d. nd. nd. 0.002 0.003 n.d. n.d. n.d. nd.
Nd 0.010 0.004 0.012 0.010 0.016 0.005 nd. 0.005 0.001 0.006 nd. 0.003 0.003 0.006 nd. 0.002 0.005 0.006 0.001
Sm n.d. 0.003 0.001 0.008 0.001 nd. nd. n.d. 0.001 n.d. 0.004 nd. 0.001 0.001 n.d. 0.001 0.001 0.003 0.003
Y 0.003 0.005 0.004 0.004 0.000 nd. nd. 0.003 n.d. n.d. n.d. n.d. nd. nd. n.d. 0.002 0.003 n.d. n.d.
S 0.004 0.008 0.006 0.001 0.009 0.001 0.003 0.008 0.008 0.008 0.006 0.006 0.004 0.003 0.003 0.005 0.004 0.004 0.003
F 1482 1.686 1.663 1.410 1492 1324 1.423 1610 1.736 1.167 0.767 0.785 0.926 0170 0.510 1.272 1.253 1.268 1.752
cl 0.001 0.003 0.003 0.001 0.005 0.002 0.001 nd. 0.002 0.000 0.001 0.005 0.005 0.001 0.002 0.000 0.001 0.002 0.001
TOTAL 17.849 17.974 18.029 17.637 17717 17.684 17.741 17.890 18.020 17.457 17.070 17.152 17.189 16.440 16.771 17.495 17.525 17.629 17.982
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ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O

12340BS_APAT_C  1234063_APAT_C 1234083 APAT_C 1234063 APAT_C 1234063_APAT_C 1234063_APAT_C 12340B5_APAT_C 1234063 APAT_C 1Z34063_APAT_C 1234063_APAT_C 1234063 PAT_C 1234083 APAT_C 1234083 APAT_C 1234089 _APAT_C 1Z340B3_APAT_C 1234083_APAT_C 1234063 APAT_C 1234063 APAT_C 1234063 APAT_C

AMOSTRA OLOFEORDA 10 OLOFEORDA_12  OLOFEORDA_2 OLOFEORDM _4 OLOFEORDA S OLOFEORDA _6 OLOFEORDA _T OLOFEORDA _& OLOFEORDA _3 OLOFETZ_1 OLOFETZ_10 OLOFGETZ_11 OLOFETZ_12 OLOFGETZ_13 OLOFGTZ _14 OLOFETZ_15 OLOFETZ_1E OLOFETZ_17 OLOFETZ _15
LITOLOGIA  Apstits Mg CET Apstita Ma CET ApstitaMa CET ApatitaMgCET ApatitaMaCET ApstitaMg CBT ApastitaMgCET Apatits Mg CET ApstitaMaCET ApstitaMa CET ApatitaMgCET ApatitaMaCET ApatitaMaCET ApstitsMgCBT ApstitsMgCET ApsttaMaCBT ApstitaMaCET ApattaMgCET Apatita Mg CBT
S5i02{Mass%) n.d. n.d. n.d. n.d. n.d. n.d. nd. o7 0 n.d. n.d. 04 n.d. nd. 1 n.d. n.d. n.d. n.d.

AI203(Mass%) 013 0.04 0.03 nd. 011 0.07 0.01 0.33 048 0.05 025 0.14 0.01 0.04 247 0.00 0.02 0.03 0.02
FeO{Mass%) 0.04 0.08 0.05 0.16 0.16 011 018 013 0.01 0.02 0.05 0.04 045 0.02 0.02 0.03 0.01 0.03 0.02
MnO(Mass%) 0.04 0.03 0.04 0.07 0.03 0.05 0.04 0.05 nd. 0.00 nd. 0.12 0.03 0.05 0.03 007 0.04 0.06 0.01
MgO(Mass%) n.d. n.d. 0.02 n.d. 0.03 0.02 0.01 0.04 0.02 n.d. n.d. 0.02 0.00 nd. 0.03 0.01 n.d. 0.01 n.d.
CaO(Mass%) 52.18 5227 5223 £2.35 5161 5179 5172 51.98 5259 5267 £2.33 52.86 5268 5313 50.94 5272 5207 5241 53.08
BaO(Mass%) 0.03 0.04 0.00 nd. 0.01 nd. nd. 0.03 0.01 0.03 nd. 0.03 0.03 0.01 n.d. 0.06 0.00 0.06 nd.
SrO{Mass®) 262 226 283 230 335 347 2.66 1.96 256 244 263 258 177 in 2499 287 3.76 257 275
Na20{Mass%) 0.20 0.19 0.25 045 0.26 021 0.38 0.30 0.09 0.16 0.15 0.08 0.15 0.09 015 0.04 0.05 0.32 011
P205{Mass%) 38.61 35.60 39.23 38.50 38.50 38.30 38.55 38.07 3543 3877 38.72 38.92 37.70 3913 38.28 35.86 3913 38.96 38.92
La203(Mass%) 0.01 0.05 0.02 nd. 0.01 nd. 0.04 0.01 0.04 014 0.06 0.04 0.01 nd. 0.00 0.01 0.02 0.00 nd.
Ce203(Mass%) 0.05 0.22 0.10 0.08 0.10 0.09 0.11 0.14 0.15 0.24 0.20 0.13 0.08 0.01 0.07 0.08 0.05 0.10 0.09
Pr203(Mass%) nd. nd. 0.03 nd. nd. 0.10 nd. 0.01 0.01 nd. nd. 0.01 0.01 0.03 nd. 0.02 nd. 0.03 nd.
Nd203(Mass%) n.d. 0.10 0.08 0.03 0.05 0.02 nd. 010 n.d. 0.10 0.19 0.06 0.03 nd. n.d. 0.01 n.d. 0.07 nd.
Sm203(Mass%) 0.03 0.01 0.08 nd. nd. nd. 0.07 nd. 0.06 0.05 nd. nd. nd. 0.01 0.03 nd. nd. 0.07 nd.

LREE 0.08 037 0.31 0.12 0.15 021 0.23 0.25 0.25 0.54 045 0.24 0.14 0.05 0.11 0.12 0.07 027 0.09
Y203 (Mass%) n.d. 0.03 n.d. n.d. 0.01 nd. 0.00 n.d. n.d. 0.01 n.d. nd. nd. nd. 0.01 n.d. n.d. 0.00 nd.
SO3(Mass%) 0.03 0.02 0.00 nd. nd. 0.08 0.03 0.03 0.04 0.01 0.06 0.01 0.05 0.01 0.04 0.03 0.05 nd. 0.02

F(Mass%) 325 299 201 1.07 256 288 142 3.03 376 369 343 3.26 3.19 314 355 397 430 162 424
Cl{Mass%) 0.00 0.00 0.00 0.00 0.01 0.00 nd. 0.01 0.01 0.00 0.00 0.01 0.00 nd. 0.01 nd. 0.00 0.00 0.00

TOTAL 97.22 96.96 97.12 95.03 96.80 97.20 9525 96.30 98.30 98.40 98.07 98.35 96.20 98.79 98.73 93.89 99.50 96.34 99.26

F=0 -1.37 -1.26 -0.85 045 -1.08 121 -0.60 127 -1.58 -155 -1.44 137 -1.34 -1.32 -1.49 -1.67 -1.81 068 -1.78
CI=0 0.00 0.00 0.00 0.00 0.00 0.00 nd. 0.00 0.00 0.00 0.00 0.00 0.00 nd. 0.00 n.d. 0.00 0.00 0.00

TOTAL 95.85 95.70 96.27 94 .58 9572 95.99 94 .65 95.02 96.72 96.64 96.63 96.96 94.86 9747 97.24 a7 97.69 95.66 9747

1234063_APAT_C 1234063 APAT_C 1234063 APAT_C  1234063_sPAT_C  1234063_aPAT_C 1234063 _APAT_C 1234068 APAT_C 1234065 APAT_C 1234063 APAT_C 1234063_APAT_C 1234063_sPAT_C  1234063_aPAT_C  1234063_APAT_C 1234063 APAT_C 1234063_APAT_C 1234063 _APAT_C 1234063_APAT_C 1234063_APAT_C  1234063_APAT_C

AMOSTRA OLOFEORDA 10 OLOFEORDA_12  OLOFEORDA_2 OLOFBORD: _4 OLOFEDRDA _S OLOFEORDA _& OLOFEORDA _T OLOFEORDA _8 OLOFEORDA _3 OLOFETZ_1 OLOFETZ_10 OLOFETZ_1 OLOFETEZ_12 OLOFGTZ _13 OLOFGTZ _14 OLOFETZ _15 OLOFGTZ 16 OLOFETZ_17 OLOFETZ _15
LITOLOGIA  Apatita Mg CBT  Apatita Mg CBT ApstitaMa CBT Apatita Mg CET Apatita MaCET  ApatitaMg CBT ApatitaMg CET Apatits Mg CET  ApatitaMa CET ApatitaMa CET ApatitaMg CET ApatitaMaCET ApatiaMgCET ApatitaMg CBT Apatits Mg CHT ApatitaMaCBT ApatitaMg CET ApattaMg CET  Apatita Mg CBT

Si nd. nd. nd. nd. nd. nd. nd. 0.013 0.005 nd. nd. 0.007 nd. nd. 0.024 nd. nd. nd. nd.
Al 0.028 0.008 0.007 nd. 0.024 0.014 0.001 0.070 0.102 0.010 0.053 0.030 0.003 0.008 0511 0.001 0.004 0.006 0.004
Fe 0.008 0.012 0.007 0.025 0.024 0.016 0.027 0.020 0.001 0.003 0.008 0.005 0.069 0.003 0.003 0.005 0.002 0.005 0.004
Mn 0.007 0.005 0.007 0.010 0.005 0.008 0.007 0.007 nd. 0.001 nd. 0.017 0.005 0.008 0.005 0.011 0.005 0.010 0.002
Mg n.d. n.d. 0.007 n.d. 0.008 0.006 0.003 0.011 0.005 n.d. n.d. 0.006 0.000 nd. 0.007 0.002 n.d. 0.002 n.d.
Ca 10.008 10.033 9.912 10.065 9.933 9.968 9.958 10.030 10.032 10.050 9.987 10.027 10227 10.048 9.588 10.041 9.904 9.986 10.096
Ba 0.002 0.003 0.000 nd. 0.001 nd. nd. 0.002 0.001 0.002 nd. 0.002 0.002 0.001 n.d. 0.004 0.000 0.004 nd.
Sr 0.272 0.237 0.301 0.240 0.349 0.361 0.280 0.207 0.266 0.252 0.271 0.265 0.186 0.318 0.304 0.306 0.387 0.265 0.283
Na 0.070 0.067 0.087 0.156 0.092 0.074 0.134 0.103 0.030 0.056 0.052 0.027 0.054 0.032 0.050 0.015 0.017 0112 0.036
P 5.852 5.855 5.884 5.849 5.856 5.824 5.865 5.804 5793 5.845 5.838 5.834 5.783 5.848 5.693 5.847 £.882 5.866 5.849
La 0.000 0.003 0.001 n.d. 0.000 nd. 0.003 0.001 0.002 0.009 0.004 0.003 0.001 nd. 0.000 0.001 0.001 0.000 n.d.
Ce 0.003 0.014 0.007 0.006 0.007 0.006 0.008 0.008 0.010 0.016 0.013 0.008 0.006 0.001 0.005 0.005 0.004 0.007 0.006
Pr n.d. n.d. 0.002 n.d. nd. 0.007 nd. 0.001 0.001 n.d. n.d. 0.001 0.001 0.002 n.d. 0.001 n.d. 0.002 nd.
Nd nd. 0.006 0.005 0.002 0.003 0.001 nd. 0.006 nd. 0.006 0.012 0.004 0.002 nd. nd. 0.001 nd. 0.005 nd.
Sm 0.002 0.000 0.005 nd. nd. nd. 0.005 n.d. 0.004 0.003 nd. nd. nd. 0.001 0.002 n.d. n.d. 0.004 nd.
Y n.d. 0.003 n.d. n.d. 0.001 nd. 0.000 n.d. n.d. 0.001 n.d. n.d. nd. nd. 0.001 n.d. n.d. 0.000 n.d.
S 0.004 0.003 0.000 nd. nd. 0.011 0.003 0.004 0.006 0.001 0.008 0.001 0.006 0.002 0.008 0.004 0.006 nd. 0.003
F 1715 1.585 1.079 0.592 1.374 1.537 0.780 1613 1.953 1.918 1.794 1.700 1.703 1.640 1.827 2049 2.203 0.877 2172
cl 0.001 0.001 0.001 0.001 0.003 0.001 nd. 0.002 0.003 0.001 0.001 0.003 0.000 nd. 0.002 nd. 0.001 0.001 0.001

TOTAL 17.969 17.836 17.309 16.946 17.679 17.836 17.073 17.903 18.212 18.174 18.041 17.941 18.048 17.912 18.025 18.292 18.415 17.149 18.455
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ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O

1234069 APAT_C 1234063 APAT_C 1234069 APAT_C 1234068 APAT_C 1234069 APAT_C 1234068 APAT_C 1234063 APAT_C 1234068 APAT_C 1234063 APAT_C 12340B8_APAT_C 1234053 APAT_C 1234063 APAT_C 1234063 APAT_C 1234063 APAT_C 1234063 APAT_C 1254063 APAT_C 1234063 APAT_C 1254063 APAT_C

AMOSTRA OLOFETZ _13 OLOFETZ _2 OLOFGTZ _20 OLOFETZ _21 OLOFGTZ _22 OLOFRTZ _235 OLOFETZ_24 OLOFGTZ _25 OLOFRTZ _26 OLOFGT2 _27 OLOFGTZ _23 OLOFGTZ _3 OLOFGTZ _30 OLOFGTZ _4 OLOFETZ_5 OLOFETZ _6 OLOFETZ_7 OLOFETZ _&
LITOLOGIA  ApatitaMg CET ApatiaMgCET ApatitaMgCET ApatitaMaCET ApatitaMg CET ApatitaMgCET ApatitaMgCET ApattaMgCET ApatitaMgCBT ApatiaMgCET ApatitaMgCET ApatiiaMgCBT ApaticaMgCET ApatitaMgCET ApatiaMgCET ApatitaMgCET ApatitaMgCET Apatita Mg CET
Si02(Mass%) n.d. 0.06 0.01 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 017 0.02 0.05 n.d. n.d. n.d.

A1203{Mass%) 0.10 0.03 0.60 0.00 0.01 n.d. 0.00 0.01 0.02 0.03 0.06 n.d. 383 0.46 0.30 0.05 0.02 n.d.
FeO(Mass%) 0.01 0.04 0.02 0.02 0.06 0.01 0.05 0.06 0.09 0.02 0.05 0.02 0.03 0.01 0.01 0.03 0.08 0.01
MnO{Mass%) n.d. 0.03 0.01 0.02 0.04 0.02 0.01 0.02 0.03 0.02 0.01 0.03 0.02 0.05 0.01 0.02 0.03 0.00
MgO{Mass%) n.d. 0.03 0.02 n.d. n.d. 0.00 n.d. n.d. n.d. n.d. n.d. 0.02 0.04 0.00 0.06 0.00 0.02 n.d.
CaO(Mass%) 52.50 52.64 52.70 51.94 52.06 5217 53.04 52.96 52.31 52.58 52.63 53.26 50.41 51.49 52.45 53.18 52.20 51.94
BaO(Mass%) n.d. 0.03 n.d. n.d. 0.03 0.02 0.00 n.d. n.d. 0.05 0.02 0.02 0.02 n.d. 0.04 0.03 0.03 n.d.
SrO{Mass%) 240 258 224 417 3.98 346 243 255 362 2.09 232 M 228 377 1.98 222 348 4.06
Na20(Mass%) 0.20 0.16 0.16 0.12 0.11 0.09 0.13 0.16 0.1 0.17 0.19 0.14 0.10 0.09 0.13 0.13 0.10 0.09
P205(Mass%) 38.37 38.61 38.65 39.3 39.64 38.93 38.98 38.97 39.74 3817 38.57 39.05 36.94 38.75 38.60 38.85 38.64 39.21
La203({Mass%) 0.08 0.04 0.06 n.d. n.d. 0.02 0.06 0.02 0.01 0.09 0.08 0.02 n.d. n.d. 0.12 0.03 0.03 n.d.
Ce203(Mass%) 0.19 0.14 0.14 0.05 0.08 0.10 0.12 0.07 0.07 0.21 0.30 0.04 0.20 0.09 0.33 0.24 0.10 0.10
Pr203{Mass%) 0.07 n.d. 0.08 n.d. 0.01 0.02 n.d. n.d. 0.03 0.05 n.d. n.d. 0.01 0.05 n.d. n.d. 0.01 0.03
Nd203(Mass%) 0.1 0.06 0.02 0.08 0.02 n.d. 0.00 0.07 0.03 0.18 0.13 0.02 0.01 0.06 n.d. n.d. n.d. n.d.
Sm203(Mass%) n.d. n.d. 0.02 0.03 0.03 0.00 n.d. 0.09 n.d. n.d. 0.04 0.01 n.d. n.d. 0.09 0.05 0.04 n.d.

LREE 0.45 0.23 0.32 0.15 0.13 0.14 0.18 0.24 0.13 0.52 0.54 0.10 0.23 0.21 0.53 0.32 0.18 0.13
Y203{Mass®) n.d. n.d. n.d. n.d. n.d. 0.00 n.d. n.d. n.d. 0.01 n.d. n.d. n.d. n.d. n.d. 0.01 n.d. n.d.
S0O3(Mass%) 0.01 0.04 n.d. 0.04 0.08 n.d. 0.01 0.01 0.05 0.01 0.01 n.d. 0.04 0.04 0.01 0.02 0.00 0.06

F(Mass%) 3.19 3.09 265 3.15 337 3.91 3.65 3.61 3.23 3.09 3.19 289 346 3.61 297 289 3.82 383
Cl{Mass%) 0.00 0.01 n.d. n.d. 0.00 n.d. 0.01 n.d. n.d. 0.00 0.00 0.01 0.00 0.00 0.00 0.01 n.d. n.d.

TOTAL 97.23 97.58 97.38 98.92 99.49 98.76 98.50 98.58 99.33 96.77 97.58 97.94 97.58 98.49 97.14 97.73 98.60 99.33

F=0 -1.34 -1.30 -1.12 -1.33 -1.42 -1.65 -1.54 -1.52 -1.36 -1.30 -1.34 -1.22 -1.46 -1.52 -1.25 -1.21 -1.61 -1.61
Cl=0 0.00 0.00 n.d. n.d. 0.00 n.d. 0.00 n.d. n.d. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n.d. n.d.

TOTAL 95.89 96.27 96.27 97.59 98.07 97.11 96.96 97.06 97.97 95.47 96.24 96.72 96.12 96.98 95.89 96.51 97.00 97.71

12F4063_APAT_C 1234063_APAT_C  1234053_APAT_C 1234063_APAT_C 1234053_APAT_C 1234063 _APAT_C 1234063_APAT_C 1234083 APAT_C 1234063 APAT_C 1234063 _APAT_C 1234063_APAT_C 1234063 _APAT_C 1234053_APAT_C 1234063_APAT_C 1234063_APAT_C 1234063_APAT_C 1234063_APAT_C 1234083 _APAT_C

AMOETRA OLOFETZ _19 OLOFeTZ _2 OLOFETZ _20 OLOFETZ _21 OLOFGTE _22 OLOFETZ_2% OLOFETZ_24 OLOFGTZ _25 OLOFETZ _26 OLOFGTZ _27 OLOFGTZ _23 OLOFETZ _3 OLOFGETZ _30 OLOFGTE _4 OLOFETZ_S OLOFETZ _& OLOFETZ_7 OLOFETZ _%
LITOLOGIA ApatitaMg CET _ApatitaMaCET  ApatitaMgCET  ApatitaMaCET  Apatita Mg CET  ApatitaMgCET ApatitaMa CET  Apatita Mg CET  ApatitaMg CET _ ApatitaMg CET  ApatitaMaCET  Apatita Mg CET  ApatitaMgCET  ApatitaMa CET  Apatita Ma CET  Apatita Mg CET  Apatita Ma CET _Apatita Mg CET

Si n.d. 0.012 0.002 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.031 0.004 0.008 n.d. n.d. n.d.
Al 0.021 0.007 0.125 0.001 0.001 n.d. 0.001 0.002 0.003 0.007 0.012 n.d. 0.799 0.097 0.062 0.010 0.004 n.d.
Fe 0.002 0.006 0.004 0.003 0.008 0.002 0.007 0.008 0.013 0.003 0.007 0.002 0.004 0.001 0.002 0.004 0.012 0.001
Mn n.d. 0.005 0.002 0.003 0.006 0.003 0.002 0.002 0.004 0.003 0.001 0.004 0.003 0.008 0.001 0.003 0.005 0.001
Mg n.d. 0.007 0.005 n.d. n.d. 0.001 n.d. n.d. n.d. n.d. n.d. 0.004 0.011 0.001 0.015 0.001 0.005 n.d.
Ca 10.095 10.054 10.011 9.845 9.805 9.959 10.090 10.072 9.838 10.150 10.074 10.097 9.575 9.814 10.021 10.116 9.992 9.866
Ba n.d. 0.002 n.d. n.d. 0.002 0.001 0.000 n.d. n.d. 0.003 0.002 0.002 0.002 n.d. 0.003 0.002 0.002 n.d.
Sr 0.249 0.266 0.21 0.428 0.405 0.358 0.250 0.263 0.368 0.218 0.240 0.247 0.235 0.389 0.205 0.228 0.361 0417
Na 0.069 0.055 0.056 0.042 0.036 0.033 0.046 0.055 0.036 0.061 0.066 0.047 0.035 0.030 0.045 0.044 0.036 0.030
p 5.830 5.827 5.801 5.887 5.899 5.872 5.859 5.856 5.906 5.823 5.833 5.849 5.543 5.836 5.828 5.840 5.844 5.884
La 0.006 0.003 0.004 n.d. n.d. 0.001 0.004 0.001 0.001 0.006 0.005 0.002 n.d. n.d. 0.008 0.002 0.002 n.d.
Ce 0.013 0.009 0.009 0.003 0.004 0.006 0.008 0.005 0.004 0.014 0.020 0.003 0.013 0.006 0.021 0.016 0.007 0.007
Pr 0.004 nd. 0.005 n.d. 0.001 0.001 nd. nd. 0.002 0.003 nd. nd. 0.001 0.003 nd. nd. 0.001 0.002
Nd 0.007 0.004 0.001 0.005 0.001 nd. 0.000 0.004 0.002 0.011 0.008 0.002 0.001 0.004 nd. nd. n.d. n.d.
Sm nd. nd. 0.002 0.002 0.002 0.000 nd. 0.005 nd. nd. 0.002 0.001 n.d. nd. 0.005 0.003 0.002 n.d.
Y n.d. nd. n.d. nd nd. 0.000 nd. n.d. nd 0.001 nd. nd. n.d. nd n.d. 0.001 n.d. n.d.
S 0.001 0.005 n.d. 0.005 0.010 n.d. 0.002 0.001 0.006 0.001 0.002 n.d. 0.005 0.008 0.002 0.002 0.000 0.008
F 1.690 1.629 1404 1.648 1.743 2.024 1.895 1.874 1.675 1.643 1.6682 1.521 1.801 1.876 1.568 1.521 1.988 1.979
Cl 0.001 0.003 n.d. n.d. 0.001 n.d. 0.002 n.d. n.d. 0.001 0.001 0.002 0.001 0.000 0.000 0.001 n.d. n.d.
TOTAL 17.988 17.893 17.659 17.870 17.925 18.261 18.165 18.147 17.859 17.950 17.954 17.781 18.060 18.074 17.795 17.794 18.260 18.193

198



ANEXO C — QUIMICA MINERAL — WDS — APATITA

PROPORCAO ATOMICA PARA 25 O

234069 APAT_C  1234063_APAT_G 1204069 APAT_G 1234050 APAT_G 1204063 APAT_G 124060 APAT_G 1204063 APAT_G 1234069 APAT_G 1204083 APAT_G 1204063 APAT_G 1204085 APAT_G 1208063 APAT_G 1204083 APAT_G 1204063 APAT_G 12M0SI_APAT G 1234083 APAT_G 124053 APAT_G 1204083 APAT_G IZ340R3_APAT_G 1254053 APAT_G 1234063 APAT_G 1204053 APAT_G 1234063 APAT G

AMOSTRA OLOFGTZ_5  RADSEORDA| _RAGSEQRDA_1 _RADSEORDA_Il RACSECRDA_12 RAGSEORDA_2 RAOSEGRDA_S _RASEOROA_S RASEGRDA_S RAQSEGRDA_S RAQSEQRDA_T RADSECRDA S RADSEGRDA D  RADIOTZ1  RADSOTZ_ID  RAGSOTZ W _ RAGSGTZ_2 2.5 24 orz_s SUTZ_1 RAQSOTZ3  RAGSTZ_S
LITOLOGIA __ ApattaMgCET ApattaMgCET ApattaMgCET ApattaMaCET ApattaMgCET ApatitsMaCET ApattaMgCET ApatitaMgCET ApattsMgCET ApattaMgCET ApatitaMaCET ApantsMgCET ApsttaMaCET ApattaMgCET ApattaMgCET ApsttaMgCET ApattaMgCET ApsttaMaCET ApatitaMgCET ApatiaMaCBT ApsttaMaCET ApatiaMgCET ApattsMgCET
Si02(Mass%) nd 005 nd 039 nd 0.01 nd 0.06 013 nd 0.03 002 nd. nd 027 nd 092 nd. nd 027 nd 011 nd
AI203(Mass%) 012 103 023 0.06 021 129 022 022 07 nd 039 192 021 003 045 nd 147 0.00 001 0.39 022 007 0.30
FeO(Mass®%) 0.02 013 018 029 009 0.18 024 014 0.03 015 012 009 0.18 010 0.08 0.08 023 0.02 0o 0.16 004 0.04 0.04
MnO{Mass%) 0.03 007 006 0.06 004 0.08 008 0.06 0.03 001 0.08 003 0.06 001 0.08 0.07 008 0.02 004 0.73 004 007 0.06
MgO({Mass%) nd 003 007 0.00 002 0.05 003 0.06 0.03 003 0.04 009 0.03 002 0.16 0.04 007 0.04 003 012 002 0.03 00
CaO(Mass%) 5291 5137 5045 5148 5163 4968 5165 5123 51.01 43.70 5144 48.47 5218 5163 4957 5129 4965 50 67 5123 4939 5141 5130 5159
BaO(Mass%) nd 004 007 oor nd 0.01 nd nd 0.00 nd 0.06 nd 0.01 001 0.05 0.03 003 0.01 nd 0.10 nd 0.02 0.04
SrO{Mass%) 229 339 4.08 3.02 324 465 375 296 308 564 in 644 340 439 414 436 392 508 429 378 410 437 409
Na20(Mass%) 021 015 014 020 021 0n 013 012 013 011 on 01 0.02 007 014 0.03 005 0.03 008 0.38 006 003 0.03
P205(Mass%) 3852 3788 3740 3846 3871 3647 3839 3742 3839 3812 3759 36.89 3778 3820 37.06 3801 36.40 3793 38.00 3785 3827 3827 3882
La203(Mass%) 010 008 010 025 020 nd. 003 0.04 0.02 nd 0.02 0.00 0.03 001 nd 00 001 nd. nd 0.01 nd nd 0.05
Ce203(Mass%) 019 031 024 061 048 0.09 014 019 018 013 013 010 015 005 0.09 0.07 007 0.08 006 0.08 008 011 0.03
Pr203(Mass%) nd nd nd 0.04 nd 0.02 nd nd nd 002 nd. nd nd nd nd 0.08 000 nd. nd nd nd 0.06 nd
Nd203(Mass%) 015 oo 003 029 025 0.01 000 nd nd 000 nd. 003 0.08 005 0.04 nd 003 nd. 001 nd nd nd nd
Sm203(Mass%) nd nd 005 nd. 005 0.02 002 0.05 0.04 007 0.08 001 0.05 nd nd nd nd nd. 004 nd 002 nd 00
LREE 043 039 043 119 099 0.14 019 028 025 022 01 014 031 011 013 014 011 0.08 01 0.09 008 017 010
Y203(Mass%) nd nd nd nd. 0.00 0.02 nd 0.00 nd nd nd. nd nd 001 nd nd nd nd. 001 0.00 001 nd nd
S03(Mass%) nd 004 008 0.04 005 0.08 008 0.06 0.07 014 on 01 0.08 005 0.07 0.04 002 0.02 001 0.03 003 0.06 0.03
F(Mass%) 308 292 3.89 3.02 253 3 3.35 34 3.58 276 377 3.93 3.95 4.19 393 3.58 283 320 3.06 287 340 4.08 3.66
Cl(Mass%) n.d. 0.00 nd. 0.00 0.01 nd. nd. 0.00 0.01 nd. 0.00 0.00 0.00 nd. 0.01 0.00 nd. nd. 0.01 0.01 nd. n.d. 0.01
TOTAL 97.58 97.49 97.05 98.31 97.73 96.54 98.09 95.77 97 44 96.89 77 98.24 98.18 98.82 96.14 97.68 95.59 97.09 97.00 95.87 97.68 98.62 9877
F=0 -1.28 -1.23 -1.64 127 -1.07 -1.59 141 -1.32 -1.51 -1.16 -1.59 -1.65 -1.66 -1.76 -1.65 -1.51 -1 -1.35 -1.29 .21 -1.43 -1.72 -1.54
Cl=0 n.d. 0.00 nd. 0.00 0.00 nd. nd. 0.00 0.00 nd. 0.00 0.00 0.00 nd. 0.00 0.00 nd. nd. 0.00 0.00 nd. n.d. 0.00
TOTAL 96.30 96.26 9541 97.04 96.66 94.95 96.68 94.44 95.94 95.73 95.59 96.58 96.52 97.05 94.49 9617 94.48 95.75 957 94.66 96.25 96.90 97.23
TRIOEIAPAT_C 123405_APAT_G TZSADEIAPAT_G 124065_APAT_G 12340S_APAT_G IZOBSAPAT_G I2S4DSS_APAT_G 1234081 APAT_G I2MUSS_APAT G 204063 APATG 1234083 APAT_G I20406S_APAT_G 1254053 APATG 1200083 APAT G 1204063 APAT_G 1234050 APAT G 1204083 APAT_G 1204069 APAT_G 1234059 APAT_G 124055 APAT_G 1204063 APATG 1Z0EI_APAT_G 124055 APAT_G
AMOSTRA OLOFGTZ_3  RADSEORCA | RAOSEQRDA_W0 RADSEORDA_If RAOSEORDA_f2 RAGSEORDA 2 RADSEGRDA S RAGSEORDA4 RAQSEQRDA S RADSEGRDA G RAQSEQRDA_T RAOSEORDA S RADSEGRDA D arz_1 Tz 10 RaosaTZ_i or: 7.5 24 Tz s 621 aT2 4 2.5
LITOLOGIA __ ApatitaMgCBT _ApattaMgCET ApatitaMgCET ApattaMaCBT Apatita MgCET ApatitsMaCET ApatitaMgCET _ApatitaMg CBT ApatitsMgCBT ApatitaMgCBT ApatitaMaCBT Apatita Mg CET ApattaMaCBT Apatita MgCET ApatitaMg CET ApatkaMgCBT ApatitaMaCBT ApatitaMaCET Apatita MgCBT _ApatitaMaCBT _ApattaMgCET Apatica Mg CET _Apatita Mg CET
Si nd nd 0 nd nd. nd 0.006 nd. nd. 0.051 nd. nd. nd nd. 0.020 nd.
Al 0.026 0.218 0.050 0.013 0045 0.279 0.046 0.048 0.150 nd 0.084 041 0.044 0.007 0.097 nd 0315 0.001 0.003 0.084 0.046 0015 0.063
Fe 0.003 0.019 0028 0.043 0014 0.028 0.037 0.022 0.005 0022 0.018 0013 0.027 0015 0.013 0.014 0035 0.004 0017 0.025 0.007 0.006 0.006
Mn 0.005 0.011 0010 0.009 0.006 0.012 0012 0.008 0.004 0.001 0.012 0005 0.009 0.002 0.013 0.010 0013 0.003 0.006 0.113 0.006 0010 0.010
Mg nd 0.007 0019 nd. 0.006 0.015 0.007 0.015 0.009 0.009 0.012 0024 0.007 0.007 0.044 0.011 0019 0.011 0.008 0.032 0.006 0.009 0.003
Ca 10.120 9.850 9884 9817 9853 9.779 9.902 10.021 9779 9656 9.987 9424 10.087 9952 9.766 9.942 9676 9872 9935 9.641 9.910 9874 9.837
Ba nd 0.003 0005 0.005 nd 0.001 nd nd 0.000 nd 0.004 nd 0.000 0.001 0.004 0.002 0.002 0.001 nd 0.007 nd 0.001 0.003
Sr 0237 0.351 0432 0312 0334 0.436 0339 0313 0.320 0593 0337 0677 0.356 0458 0441 0458 0414 0.536 0451 0.400 0428 0455 0422
Na 0.074 0.051 0.050 0.071 0074 0.039 0.046 0.042 0.043 0.040 0.040 0038 0.008 0024 0.049 0.011 0019 0.012 0029 0.134 0022 0012 0.011
P 5822 5.740 5.789 5.796 5.837 5.673 5.815 5.783 5.816 5.853 5.766 5.667 51 5.818 5.768 5.823 5.606 5.839 5.823 5.793 5.829 5821 5.848
La 0.007 0.005 0.007 0.018 0.013 nd. 0.002 0.003 0.002 nd. 0.002 0.000 0.002 0.001 n.d. 0.001 0.001 nd. nd. 0.001 nd. n.d. 0.004
Ce 0.012 0.020 0.016 0.040 0.031 0.006 0.010 0.013 0.012 0.009 0.009 0.007 0.010 0.004 0.006 0.005 0.005 0.004 0.004 0.006 0.004 0.008 0.002
Pr n.d. n.d. nd. 0.003 n.d. 0.002 n.d. n.d. n.d. 0.001 n.d. n.d. nd. n.d. n.d. 0.004 0.000 n.d. n.d. nd. n.d. 0.004 n.d.
Nd 0.009 0.001 0.002 0.019 0.016 0.000 0.000 n.d. n.d. 0.000 n.d. 0.002 0.005 0.004 0.002 n.d. 0.002 n.d. 0.001 n.d. n.d. n.d. n.d.
Sm n.d. nd. 0.003 n.d. 0.003 0.001 0.001 0.003 0.003 0.004 0.004 0.001 0.003 n.d. n.d. n.d. nd. n.d. 0.002 n.d. 0.001 n.d. 0.001
Y nd nd. nd nd. 0.000 0.002 nd. 0.000 nd. nd nd. nd nd. 0.001 nd nd. nd nd. 0.001 0.000 0.001 nd nd.
S nd 0.005 0.008 0.005 0.006 0.011 0.003 0.009 0.010 0.019 0.016 0.015 0.009 0.007 0.010 0.005 0.003 0.003 0.002 0.004 0.003 0.008 0.003
F 1610 1549 2062 1592 1348 2013 1762 1682 1873 1487 1.990 2068 2069 2175 2092 1893 1426 1716 1636 1549 1795 2122 1901
cl nd nd. nd 0.000 0.003 nd. nd. 0.001 0.002 nd 0.001 0.001 0.001 nd. 0.004 nd. nd nd. 0.004 0.002 nd. nd 0.002
TOTAL 17925 17.839 18 364 17,8611 17680 16.356 18.037 17985 18.050 17694 16286 18.365 18 406 18473 18.359 18.178 17.702 16.002 17921 17.840 18.058 18.362 18116
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