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RESUMO

As intrusdes acamadadas mafica-ultramaficas endestatdo contidas na Provincia
Tocantins, entre as faixas de dobramentos Brasili@raguaia, localizadas entre as
coordenadas 10°35'S/49°W e 11°15'S/48°W. A exisdéde dois conjuntos distintos de
intrusbes acamadadas, foi originalmente reconhelidante programa de exploragéo mineral
que incluiu levantamento aerogeofisico e sondageativa. As intrusdes compreendem dois
grupos com caracteristicas geolégicas marcadantistiatas. O Grupo 1, formado pelas
intrusbes Carreira Comprida (CCIl), Rio Crixds (R@l)Morro da Mata (MMI), todas
localizadas a oeste do rio Tocantins, é caractiipmr cumulados maficos com abundante
plagioclasio (PI) e ilmeno-magnetita camulus. A GXilbra em area com cerca de 18 x 07
km, é constituida dominantemente por anortositgrde médio a grosso, consistindo de Pl e
iimeno-magnetita camulus em rochas nas quais quartpiroxénio (Opx e Cpx) ocorrem
frequentemente como minerais intercamulus. Apreseeformacdo localizada e
metamorfismo heterogéneo em condicdes da facies wesde. A MMI possui dimensdes da
ordem de 28 x 9 km, é constituida por olivina (@d&pronorito (Ol, Pl, Cpx cumulado) e
gabronorito (Pl, Cpx, Opx cumulado) com anfibolfm() intercdmulus. A recristalizacao
metamorfica, desenvolvida principalmente nas bod3astruséo, indica condi¢des da facies
anfibolito. A RCI possui dimensdes da ordem de 28)>m,-eé constituida principalmente
por anortosito (Pl cumulado), troctolito (OIl, Plneulado), gabronorito (Pl, Cpx, Opx
cumulado) e olivina gabronorito (PI, Cpx, Opx, @hwlado), com textura que varia de meso
a adcumulatica. Apatita (Ap) e zircao (Zrn) ocorreomo fases cumulus nos litotipos mais
fracionados. Ocorre recristalizacdo metamorfica edordhacdo ductil restritas a zonas
discretas, com assembléia indicativa de condic@esadies granulito. Dados de quimica
mineral dos cumulados do RCI indicam que a oliérmaoderadamente primitiva (§spNiO
760-1020 ppm) nos troctolitos e altamente fracian@ehs o7, NiO <400 ppm) nos olivina
gabronoritos, o que condiz com o hiato de cristghip de olivina verificado na seqiéncia de
cumulados. As composicdes de Opx, Cpx e Pl formamtrend continuo de fracionamento
desde termos moderadamente primitivos,4Ero troctolito mais primitivo) até altamente
fracionados (Eqy e En4 respectivamente em Ol gabronorito e anortositcs fraicionado).
Cristais de zircdo de Ol gabronorito e granulitdiosdda RCI, datados pelo método U-Pb,
apontaram idades de 526+5,6 e 533+4,2 Ma, respectnte. Esta idade Cambriana é
interpretada como de cristalizagdo magmética éelstee a RCI como a intrusdo acamadada
mais jovem reconhecida na Provincia Tocantinsofsi® de Nd dosados em Ol gabronorito
da RCI revelam idade isocronica (rocha — Pl — ApBd4+89 Ma conangm = -9. Em outras
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rochas cumulaticas da RCI foram obtidos valoresygeso)também fortemente negativos (-7
a-12) e bwu entre 1687 to 2161 Ma. Os dados isotopicos sad@ativeis com a cristalizacao
de rocha cumulatica em 530 Ma a partir de magm@dattamente contaminado por rochas
crustais mais antigas. O Grupo 2, constituido pekassées VE3, Monte do Carmo (MCI) e
Sao Domingos (SDI), a leste do rio Tocantins, éatarizado pela grande propor¢do de
rochas ultramaficas e pela auséncia de Opx. MCIE3 onsistem essencialmente em
wehrlito (Ol, Cpx cumulado) e clinopiroxenito (Cgximulado), localmente com anfibolio
intercimulus e textura entre ad- e ortocumulaffeamos gabroicos séo significativamente
menos abundantes. O acamamento primario, evidengmeda transicdo gradual entre
wehrlito, clinopiroxenito e gabro, € marcado potessivas unidades ciclicas com espessura
variavel desde poucos metros até dezenas de mBteomaneira localizada a assembléia
magmatica esta variavelmente substituida por aséenrhetamorfica de minerais hidratados
(tremolita, serpentina, talco, magnetita, cloritaagnesita, epidoto e fengita). Dados de
quimica mineral séo restritos a Intrusdo VE3 e maaostlivina (F@s.s4 NiO 0,07-0,14%) e
clinopiroxénio (Emg.4) com composicdoes homogéneas nessas rochas, iddican
fracionamento restrito no intervalo amostrado. Aedl isotopicas Sm-Nd dessas rochas nao
produziram alinhamento isocrénico que permitisseutar a idade de cristalizagdo. Contudo,
as idades modelo altamente variaveis e 0s val@gatinos denqsso) (-2,56 a -3,10) sugerem
que o magma parental foi heterogeneamente contdmipar material crustal. Os dados
combinados de petrografia e quimica mineral indica® 0s grupos 1 e 2 tém sequéncias de
cristalizacdo distintas, sugerindo que pertencatifeaentes suites magmaticas. A sequéncia
de cristalizacdo do Grupo 1 é Pl + OIPI + Ol + Cpx— Pl + Opx ou pigeonita invertida +
Cpx - Pl + pigeonita invertida + Cpx + Qb PI + pigeonita invertida + Cpx + Ol + Zrn +
Ap, que é tipica de magmas toleiticos (ex: Skaedyaanquanto a do Grupo 2 é Cpx + Ol
Cpx — Cpx + PI, que constitui uma sequiéncia de cristefiv livre de piroxénio pobre em Ca
(ex: Pechenga). Esses novos dados petrologicotépisos sugerem também que as
intrusdes acamadadas dos Grupos 1 e 2 ndo pertemapralquer dos tipos de intrusdes
acamadadas descritos na Provincia Tocantins. B&ig dcrescido da capacidade de ambas
para cristalizar rochas ricas em olivina e as eMi@s de contaminacdo por material crustal,
tornam-nas atrativas como novos alvos para a eagidorde depodsitos de Ni-EGP (Elementos
do Grupo da Platina) no Brasil central. Esses noaos demandam também uma revisao do
modelo tectbnico dessa regido da Provincia Tocgnpisra que o significado dessas intrusées

seja avaliado no contexto evolutivo regional.
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ABSTRACT

The layered mafic-ultramafic intrusions of Porto ciamal are located between
10°35'S/49°W and 11°15’'S/48°W in the Tocantins P, between the Brasilia and
Araguaia fold belts. The existence of two geolokycdifferent groups of layered intrusions
was originally recognized during a regional mineedploration programme, including
airborne geophysics and drilling. The Group 1 idels the Carreira Comprida (CCl), Rio
Crixas (RCI) and Morro da Mata (MMI) intrusions] af them located to the west of the
Tocantins River. This group consists of mafic cumtes with abundant cumulus plagioclase
and ilmeno-magnetite. The CCI has about 18 x 07dansists mainly of coarse- to medium-
grained anorthosite and has cumulus plagioclaseijpheno-magnetite, frequently associated
with intercumulus pyroxenes and quartz. The CClheterogeneous and localized tectonism
and recrystallization to assemblages of the grdwsistacies metamorphism. The MMI has
about 28 x 09 km, consists of olivine gabbronof@® PI, Cpx cumulate) and gabbronorite
(Pl, Cpx, Opx cumulate) with intercumulus amphiboMetamorphic recristalization to
amphibole facies assemblages occurs mainly atahdels of the RCI. The RCI has about 26
x 10 km, consists mainly of anortosite (Pl cumglat&octolite (OI, Pl cumulate),
gabbronorite (Pl, Cpx, Opx cumulate) and olivinblwanorite (Pl, Cpx, Opx, Ol cumulate)
with ad- to mesocumulate textures. Apatite andornirare additional cumulus minerals in the
more differentiated rocks of the MMI. Metamorphacristalization and associated ductile
deformation is restricted to shear zones whereuljtarfacies assemblages were developed.
The composition of cumulus olivine in the RCI chasgrom moderately primitive (kg
NiO 760-1020 ppm) in troctolites to highly fractated (F@s.o7 NiO <400 ppm) in olivine
gabbronorites. These compositional changes arastenswith the crystallization gap in the
crystallization of olivine indicated by the sequenof cumulate rocks of the RCI. The
compositional variation of Opx from the RCI, on tl¢her hand, forms a continuous
fractionation trend from moderately primitive consfions (En; in the less differentiated
troctolite) up to highly fractionated (ke Eng in the most differentiated olivine
gabbronorite and anorthosite, respectively). U-BKIMS dating of zircons from a olivine
gabbronorite and a mafic granulite from the RCIlded concordia ages of 526+5.6 and
533+4.2 Ma respectively. These Cambrian ages degpireted to be the age of magmatic
crystallization of the RCI, thus representing thmurygest layered intrusion known in the
Tocantins Province. Nd isotopes from an olivine lgahorite yielded an isochron (whole
rock - plagioclase - apatite) 874+89 Ma aagh of -9. Nd isotopic compositions of several

samples of the RCI yield strongly negates@sso ma)(between -7 and -12) and variable model
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ages (1687 to 2161 Ma). These results are consisidnthe crystallization of the cumulate
rocks at ca 530 Ma from a magma highly contaminatild old crustal rocks. The Group 2
includes the VE3, Monte do Carmo (MCI) and Sao Dauos (SDI) layered intrusions, all of
them located to the east of the Tocantins Rivers Tdgroup of layered intrusions are
charecterized by abundant ultramafics and the @esehOpx in the cumulates. The MCI and
VE3 intrusions consist mainly of wehrlite (Ol, Cmumulate) and clinopyroxenite (Cpx
cumulate), occasionally with intercumulus amphibaled ad- to orthocumulate texture.
Gabbroic rocks are significantly less abundante nrweempared to ultramafics in both
intrusions. Magmatic layering is indicated by gramlzal transitions from webhrlite to
clinopyroxenite and gabbro, consisting of sevesallic units with thickness variable from
few meters up to dozens of meters-thick. The maignasisemblages of the VE3 intrusions
are locally transformed into metamorhpic assemldagmnsisting of hydrous metamorphic
minerals (tremolite, serpentine, talc, magnetitdpiite, magnesite, epidote and phengite).
The composition of olivine (Fe.s4 NiO 0,07-0,14%) and clinopyroxene (i, of samples
collected from drill cores intercepting VE3 cumelstare highly homogeneous suggesting
moderately primitive compositions and very limité@ctionation within the stratigraphic
interval intercepted by drilling. Sm-Nd isotopictadafor samples from the VE3 intrusion
didn't produce a crystallization age for Group ¥ér@d Intrusions. Highly variableyf; ages
and negativeengsao) values (-2.56 a -3.10) suggest that the parentadnma of the VE3
intrusion was heterogeneously contaminated with @igstal material. Petrographic and
mineral chemistry data indicate that each grougagéred intrusions follows a different
crystallization sequence, thus belonging to distinagmatic suites. The sequence of
crystallization for cumulate rocks of the Groupnfriisions is characterized by Pl + OIPI +

Ol + Cpx — Pl + Opx or inverted pigeonite + Cpx PI + inverted pigeonite + Cpx + O}

Pl + inverted pigeonite + Cpx + Ol + Zrn + Ap, whics typical for tholeiitic magmas (e.qg.
Skaergaard). The sequence of crystallization fonudate rocks of the Group 2 intrusions is
characterized by Cpx + Ob Cpx - Cpx + PI, which indicates the absence of Ca-poor
pyroxenes (e.g. Pechenga). Petrological charamtsrief both groups are favorable for
hosting PGE-Ni mineralizations. Both magmatic siteere able to crystallize abundant
olivine-bearing rocks, represented by troctoliteshie Group 1 intrusions and wehrlites in the
Group 2 intrusions. Sm-Nd isotope systematic suggest both magmas were contaminated
with older crustal material, indicating that thefrnanagma reacted with crustal host rocks.
The latter is a feature frequently associated wite onset of sulfide saturation and
segregation as immiscible sulfide liquid, the generocess common to all nickel sulfide

deposits. The new geological, petrological andogiat data presented in this study suggest
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that the layered intrusions of the Porto Naciomabhado not belong to any of the previously
studied clusters of layered intrusions of the TéioanProvince. This suggestion implies that
the tectonic setting were these layered intrusfonsied does not correspond to what has
been proposed for layered intrusions describedhargarts of the Tocantins Province. These
new data demand a revision of previous tectonicetsofbr the region in order to assess the
tectonic significance of these large layered intns. It also opens new opportunities for

exploration for Ni-PGE deposits in central Brazil.
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CONSIDERACOES GERAIS

Introducao

Em 2001 tivemos conhecimento da existéncia, e dpodibilidade para estudo, de
testemunhos de sondagem de uma intrusdo ultramdéiseoberta pela Verena Minerals
Corporation nas proximidades de Monte do Carmo,amtics. Além desse corpo, foram
identificados, na regido, por meio de levantamestoogeofisico, outros com resposta
analitica semelhante. Na época, o conhecimentoogieol da area estava restrito aos
trabalhos de cartografia basica regional efetupets Projeto RadamBrasil (Cunha, 1980) e
CPRM (Frasca & Araujo, 2001), e a Tese de DoutotsdGorayeb (1996) sobre as rochas de
alto grau do Complexo Porto Nacional. Assim, comsiddo a disponibilidade desses
testemunhos de sondagem; o desconhecimento per gearcomunidade cientifica sobre a
existéncia de parte desses corpos e de sua natorgmdencial geolégico destas intrusées
para conter mineralizacdes magmaticas de Ni-Cu-EG#® escassez de estudos especificos
sobre as rochas méafica-ultramaficas da regidoguheos desenvolver no decorrer do curso de
mestrado um trabalho cientifico que objetivassaatarizar as intrusdes basicas da regido
centro-sul do Estado de Tocantins.

Para a realizacdo do trabalho dispusemos do adervtestemunhos de sondagem da
Verena Minerals Corporation e também de imagersgaefisicas da regido, de maneira que
foi possivel aperfeicoar a escolha dos alvos paitaatalhos de campo e estudos posteriores
(Anexo 01).

Localizacao e fisiografia

Foram selecionados cinco corpos intrusivos partadestsistematicos. Eles ocorrem em
um poligono de cerca de 8.800 km? situado na reggdro-sul do Estado do Tocantins,
delimitada pelos meridianos 48°W e 49°W e peloalplms 10°35’S e 11°15’S. As intrusdes
Monte do Carmo (19 x 3 km) e VE3 (13 x 1,5 km) edtixalizadas, respectivamente, 10 km
a noroeste e 5 km a norte da cidade de Monte dm&ak Intrusdo Carreira Comprida (7 X
18 km), aflorante principalmente nas corredeirand@mas no rio Tocantins, esta localizada
cerca de 10 km ao sul de Porto Nacional. A IntruR&m Crixas (26 x 10 km), exposta
principalmente no leito do rio Crixas, esté locatia a cerca de 15 km & sudoeste de Brejinho
de Nazaré. A Intrusdo Morro da Mata (28 x 9 kmjlérante imediatamente a oeste da BR-
153 e a norte do rio Crixas, nas proximidades domado de mesmo nome.

Fisiograficamente a area de estudo esta contidBepeiessdo do Tocantins onde se
desenvolve a calha do rio Tocantins. O relevo é&ilanid, possui dissecacdo suave e altitude
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entre 200 e 300 metros, interceptada por relewwduais, como a Serra do Carmo. Os corpos
Monte do Carmo e VE3 encontram-se proximo ao limiéssa unidade, ao pé da serra

formada pela Bacia do Parnaiba. A fitofisionomiendwante € o cerrado.

Justificativa e objetivos

O reconhecimento e descricdo recente dessas iesgruséfica-ultraméficas na regiao
centro-sul do Estado do Tocantins (Ferreira Fdihal., 2002), levantou questdes importantes
guanto a sua natureza e potencial para depositpsatieos (Ni-Cu sulfetado, EGP, Fe-Ti-V,
cromita). Neste trabalho serdo apresentados okawssi de estudos sistematicos que foram
desenvolvidos em areas selecionadas das intrus@emdadas, com a finalidade de realizar a
caracterizacdo geoldgica, petrolégica e geocroimdogas mesmas, enfocando os seguintes
aspectos:

- Revisao da geologia e estratigrafia no limite NWFdixa de Dobramentos Brasilia
e SE da Faixa de Dobramentos Araguaia;

- Estudo da geologia, petrologia e geocronologiaintagsées acamadadas, com uso
de petrografia sistematica, analise quimica de maiseanalise isotopica de Sm-Nd
em minerais e rocha, e analise isotépica de U-Pbiedo;

- Comparagao com os demais grupos de intrusdes aadasdo Brasil central;

- Implicacbes metalogenéticas.

Atividades e Métodos

Para atingir estes objetivos foi efetuada revisBhlografica, inclusive com a andlise de
mapas e relatorios da Verena Minerals Corporattvocedeu-se a descricdo e amostragem
sisteméatica dos testemunhos de sondagem de ses dar Intrusdo VE3 (Anexo 02), o
reconhecimento da regido, visita e amostragem dgms selecionados (Intrusdes Carreira
Comprida, Rio Crixas e Monte do Carmo). A Intrud&mro da Mata foi visitada e amostrada
posteriormente quando o autor integrava equipeatbatho do Servigo Geologico do Brasil.

Foram efetuadas analises petrogréficas de 84 amasttecionadas, o que permitiu o
reconhecimento dos diversos litotipos identificadas intrusdes estudadas, assim como a
selecdo de amostras para analise por microssoetténeta (aproximadamente 560 analises
em 80 amostras).

As andlises quimicas de minerais via microssoné&oglica foram realizadas no
Laboratério de Microssonda Eletrénica da Univerd@de Brasilia, em equipamento Cameca
SX-50, durante o ano de 2002. Foram analisadodaisrisie olivina, ortopiroxénio,

clinopiroxénio, plagioclasio e anfibdlio de rochaa Intrusdo Rio Crixds e olivina,
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clinopiroxénio e anfibdlio da Intrusdo VE3. O traento dos dados foi feito por meio de
planilha eletrénica Excel e os resultados analtemcontram-se no Anexo 03.

As andlises is6topicas Sm-Nd, minerais e rochaas enalises isotopicas U-Pb em
zircdo foram realizadas no Laboratério de Geocamial da Universidade de Brasilia. Os
concentrados minerais (zircao, plagioclasio, ortog@inio e apatita da Intrusdo Rio Crixas, e
plagioclasio e piroxénio da Intrusdo VE3) foramiddsé pelo uso de técnicas simples que
incluem cominuicdo, sele¢cédo pelo uso de peneiratifdeentes fragdes, separador magnético
(Frantz), separacao por liquidos densos (bromoférmio eteoode metileno), separacao por
rampa vibratéria com fluxo de ar associado (DENSITH e selecdo manual com lupa
binocular. As analises isotopicas Sm-Nd seguiramétodo descrito por Gioia & Pimentel
(2000) e as analises de is6topos de U-Pb o proeedimmodificado de Krogh (1973), tendo
sido executadas em espectrometro de massa tipm&MMAT 262. Os dados obtidos foram
calculados usando macro Isoplot/Ex (Ludwig, 20@13. dados isotépicos estdo listados no

Anexo 4.

Escopo do estudo

Conforme previsto no regulamento do Curso de Pademcdo em Geologia da
Universidade de Brasilia e por sugestdo do Orientadsta dissertacdo de mestrado
apresenta-se estruturada na forma de artigo aubenesido para publicacdo em periddico
com corpo editorial. O artigo é apresentado na dogue sera submetido, mantendo o estilo e
o formato previstos no periodico.

O artigo, intitulado Geology, petrology and geochronology of the layered mafic-
ultramafic intrusions in the Porto Nacional area, central Brazl” foi elaborado durante o ano
de 2006 e serd submetido a revikiarnal of South American Earth Sciences. O artigo tem
como objetivo principal apresentar a caracterizaggmogica, petrologica e geocronoldgica
das intrusdes acamadadas mafica-ultramaficas daorelg Porto Nacional e suas relacdes
tectdnicas e geocronolégicas com as unidades heisped Sdo apresentados estudos
sistematicos de petrografia e quimica mineral deeima a definir as tendéncias de
cristalizacdo das intrusbes, definindo grupos pmgicamente distintos, além de dados
isotopicos que evidenciam algumas dessas rochas eoundas do magmatismo basico mais

jovem reconhecido na Provincia Tocantins.
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Abstract

Large layered intrusions of the Porto Nacional anedude two distinctively different
groups. Mafic intrusions located west of the TomenRiver (Group 1) follow a tholeiitic
fractionation trend characterized by olivine composs from moderately primitive (kg to
highly fractionated (Fg). Zircon fractions of an olivine gabbronorite fromm Group 1
intrusion yield a U-Pb concordia age of 526 £ 5 Maghly variable By ages and negative
End(s30) Values of samples from this Group 1 intrusion ¢atk crystallization in ca 530 Ma
from a magma highly contaminated with older crustaeks. The layered intrusions located
east of the Tocantins River (Group 2) have a lgrgeortion of ultramafics (mainly wehrlite)
and follow an Opx-free crystallization sequencee Tmposional variation of olivine (k0
g4) and Cpx (Em.45 of cumulates from Group 2 intrusions indicate eradely primitive
compositions and very limited fractionation. Sm-Ndtopic data for Group 2 intrusions are
highly scattered and do not yield a crystallizataye. Highly variable gy ages and negative
End(o) Values suggest that the parental magma of Grougrsions were heterogeneously
contaminated with old crustal material. These twougs of layered intrusions open new

opportunities for exploration for Ni-PGE depositscentral Brazil.

Keywords: Layered intrusion, mafic-ultramafic, geochronolp@ambrian, Porto Nacional,
Sm-Nd, U-Pb.



1. Introduction

The discovery of several large layered mafic-ulafimintrusions in Porto Nacional,
Tocantins State, has been used to suggest thatrdpessent attractive targets for PGE and
nickel-sulfide deposits (Ferreira Filna al., 2002). Following this suggestion, systematic
geological, petrological and geochronological stsdivere developed to better constrain the
nature of these intrusions and their tectonic-chlmgical relationship with host rocks. Our
results indicate the existence of two petrologycdiktinct groups of layered intrusions. They
also indicate that significant basic magmatism aezliduring the Cambrian period (530 Ma)
in the Tocantins Province, between the BrasiliadédBelt and the Araguaia Folded Belt.
This is the first Cambrian age (Lim& al., 2003) to be reported for extensive basic
magmatism in the Tocantins Province, thus providiegy geological insights and exploration
opportunities for the region.

2. Regional Setting

The layered intrusions of Porto Nacional are logate the Tocantins Province
(Pimentelet al., 2000), a Neoproterozoic (Brasiliano) orogen fednbetween the Amazonian
and S&o Francisco cratons (Figure 1). In this regdeoproterozoic rocks and remnants of
older basement rocks are partially covered by Poao& sediments of the Parnaiba Basin
(Fucket al., 2001). The region is located close to the bound&two major Neoproterozoic
folded belts, the Brasilia belt to the southeast #e Araguaia belt to the northwest. These
folded belts are known for hosting different tymésnafic-ultramafic bodies, including large
Ni-PGE mineralized layered intrusions within theasitia Belt (Ferreira Filho, 1998;
Pimentelet al., 2004; Lauxet al., 2004) and Ni-laterite mineralized ophiolitic cplexes
within the Araguaia Belt (Kotschoubeyal., 2005).

The basement rocks of the Porto Nacional area (€igy are Paleoproterozoic (2.05-
2.15 Ga) gneiss-granulite terrains, including tharté® Nacional Complex and Rio dos
Mangues Complex (Gorayeb, 1996). The Ipueiras @&q@086 + 2 Ma; Chaves, 2003) and
Carmo Granite (2025 + 26 Ma; Sachett, 198@) large plutons intrusive into basement rocks.
Both high-grade terrains and Paleoproterozoic tgarare partially covered by a continental
rift-type volcanic-sedimentary sequence (Arai Gloognsisting mainly of clastic sediments
and ca 1.77 Ga bimodal volcanics (Pimewrtadl., 1991; Dardenne, 2000). Paleoproterozoic
terrains are intruded by large Neoproterozoic pistof granitic and tonalitic compositions.



These plutons include the 545 + 5 Ma Matanca Geafibtschoubeyet al., 2000) and the

571 £ 2 Ma Aroeira Granite (Quaresma & Kostchoul#§01). Additional Neoproterozoic

bodies include tonalites and granodiorites of tHemga Suite (Frasca & Lima, 2005).
Neoproterozoic sedimentary covers, consisting ngaofl phyllite and garnet schist, are
restricted to the Pequizeiro Formation (Frasca &, 2001; Souza & Moreton, 1995) in
the western portion of the area. Paleo-MesozoicTaertlary-Quaternary sedimentary covers
are widespread and unconformably overly large postiof the Precambrian geology. The
Transbrasiliano Lineament (TBL), a continental-sci@ctonic zone (Schobbenhaus Fidto

al., 1975) is a prominent tectonic feature of the igticirea. The TBL in the Porto Nacional
region is mainly covered by younger sedimentaryec@and the location indicated in Figure 2

is based upon regional structures and few outasbpleared rocks.
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Figure 1. Main geotectonic units of central BrazilModified from Delgado et al., (2003) and Pimentekt al.,
(2006).

Layered mafic rocks in the area were first desdriipethe Tocantins rapids located few

kilometers south of Porto Nacional (Coslaal., 1975). Most of the investigations that



followed were mainly concerned with this anorthiositody known as the Carreira Comprida
Anorthosite (Gorayeb, 1996; Frasca & Arauljo, 20@3ased on preliminary zircon Pb-Pb
dating (2071 + 4 Ma), Gorayeb & Moura (2001) coesatl that these anorthositic rocks were
emplaced during the Paleoproterozoic Transamazopate. The existence of several large
layered intrusions of different compositions wasognized during an exploration program
developed by Verena Minerals Corporation (Ferr&ilao et al., 2002). This exploration
program, including airborne geophysics and drillimgdicated the existence of large and
poorly exposed elongated bodies oriented parall¢hé NE regional trend (Ferreira Filleb
al., 2002). The layered mafic and mafic-ultramaficusions were assigned by the authors to
two distinct groups, on the basis of rock typeseathlage of cumulus minerals, geophysical
anomalies and field association (Table 1 and Figdr&'he layered intrusions located to the
west of the Tocantins River (Group 1), including tBarreira Comprida and Rio Crixas
intrusions, consist mainly of mafic cumulates anel eharacterized by abundant plagioclase
and magnetite-ilmenite cumulates. The Morro da Mataision (Lima & Frasca, 2005) is
characterized by olivine gabbronorite and gabbnteaand is also included in Group 1
intrusions. The layered intrusions located to tlasteof the Tocantins River (Group 2),
including the VE3, Sdo Domingos and Monte do Camtrmisions, have a large proportion of
ultramafics (olivine cumulates) and are recognibgydstrong magnetic anomalies in the
airborne geophysical survey carried on by Verenaevéls Corporation. The broad division
of layered intrusions presented in Table 1 willused to organize the following descriptions

and discussions.

Table 1. Mafic and mafic-ultramafic intrusions b&tPorto Nacional.

Intrusion Areal Extent Main Rock Types

Group 1

Carreira Comprida 7 x 18 km (116 km?) Anorthosite

Rio Crixas 26 x 10 km (196 km2)  Anorthosite, Trod®liGabbronorite, Ol Gabbronorite
Morro da Mata 28 x 9 km (202 kmg?) Gabbronorite, Qlavigabbronorite.

Group 2

VE3 13x 1.5km (19 kA  Wehrlite, Clinopyroxenite, Gabbro

Monte do Carmo 19 x 3 km (52 Kn Wehrlite, Clinopyroxenite, Gabbro

S&o Domingos 21 x 1.5 km (39 km Rare outcrops (delineated by geophysics)
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Figure 2. Simplified geological map showing the lation of the layered mafic-ultramafic intrusions of the
Porto Nacional. Modified from Lima & Frasca (2005).

3. Analytical Procedures

3.1 Mineral analyses

All mineral analyses were performed on polished #@ctions using a fully automated
Cameca SX-50 Electron Microprobe at the Geosciernosstute, University of Brasilia
(Brazil). Wavelength dispersive (WDS) analyses wesdormed at an accelerating voltage of
15 kV and a beam current of 25 nA. Background dogntime was set to half of the peak
counting time. Both synthetic and natural minetahdards were used for the analyses and
the same standards and procedure were retainedgtivot. F&" contents were estimated

using site and charge balance calculations onrcatbomalised analyses. Systematic analyses
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of olivine (32 analyses), orthopyroxene (121 aresys clinopyroxene (102 analyses) and
plagioclase (117 analyses) were obtained from gesentative samples from outcrops of the
Rio Crixas Intrusion. Systematic analyses of okvif20 analyses) and clinopyroxene (106
analyses) were obtained from 44 representative leagnfimm drill core of the VE3 Intrusion
and 06 samples from outcrops of the Monte do Cdnirasion. Qualitative energy dispersive
(EDS) analyses were performed on specific mindcassipport the petrographic studies.

3.2 U-Pb and Sm-Nd isotopic analyses

Fourteen new Sm-Nd isotopic results and 02 new IS ages (11 isotopic results)
were obtained for samples from the Porto Naciamgied intrusions in this study.

Mineral concentrates (zircon, plagioclase, orthoggne, clinopyroxene and apatite)
were extracted from ca. 10 kg rock samples usimyeational gravimetric (DENSITESY)
and magnetic (Frantz isodynamic separator) teclesiq the Geochronology Laboratory of
the University of Brasilia. Final purification waachieved by hand picking through a
binocular microscope.

For U-Pb analyses, fractions were dissolved in eotrated HF and HNSHF:HNO; =
4:1) using microcapsules in Parr-type bombs. A nhiXe&Pb**U spike was used. Chemical
extraction followed a standard anion exchange tecen with Teflon microcolumns and
following procedures modified from Krogh (1973). Rbd U were loaded together onto
single Re filaments with PO, and silica gel, and isotopic analyses were camigdat the
Geochronology Laboratory of the University of Blasion a Finnigan MAT-262
multicollector mass spectrometer equipped with sdaoy electron multiplier ion counting.
Procedure blanks for Pb, at the time of analysesewetter than 20 pg. For data reduction
and age calculation, PBDAT (Ludwig, 1993) and ISQHALEX (Ludwig, 2001) were used.
Errors for isotopic ratios weres2

Sm—Nd isotopic analyses followed the method deedriby Gioia & Pimentel (2000)
and were also carried out at the Geochronology taaboy of the University of Brasiilia.
Whole-rock powders (~ 50 mg) were mixed witfSm->Nd spike solution and dissolved in
Savillex capsules. Sm and Nd extraction of wholekreamples followed conventional cation
exchange techniques, with Teflon columns contaithiNgSpec resin (HDEHP - diethylhexil
phosphoric acid supported on PTFE powder). Sm addséimples were loaded on Re
evaporation filaments of double filament assemblasd the isotopic measurements were
carried out on a multicollector Finnigan MAT 262 ssaspectrometer in static mode.
Uncertainties of Sm/Nd ant#®Nd/**Nd ratios were better than + 0,1%ofland + 0,0015%

(10), respectively, according to repeated analysemtefnational rock standards BHVO-1

11



and BCR-1*3Nd/*Nd ratios were normalized t6°Nd/**Nd 0.7219, and the decay constant

used wasX) 6,54 x 10*2. The Tom values were calculated using DePaolo’s (198ajlel.

4. Group 1 Layered Intrusions

4.1 Geology and Petrography

Group 1 includes the layered intrusions locatedt wethe Tocantins River (Figure 2).
Geological mapping delineates three main bodiesevh®fic cumulates from Group 1 crop
out. Poor outcropping due to younger sedimentavgisdoes not allow to precise the size of

these bodies and geological contacts with coumtris.

The Carreira Comprida Intrusion

The Carreira Comprida Intrusion (CCl), located ot Porto Nacional Town, includes
the former 10 km-long outcrops along the Tocanftiger rapids. These outcrops, now
covered by the Lageado hydroelectric damn, reptedetine best expositions of the CCI.
Coarse to medium-grained anorthosite is the predamtirock type in the CCI (Figure 3A).
Anorthosite consists mainly of tabular plagioclasgstals, accessory ilmeno-magnetite and
variable amounts of interstitial pyroxene and quafthe rock is a plagioclase and ilmeno-
magnetite cumulate with intercumulus pyroxene amartz. Anorthosites are mainly massive
rocks excepting for rare outcrops where discretgmadic layering is shown by variable
amounts of interstitial pyroxene. Even though maipr&ructures and textures are generally
well preserved, anorthosites of the CCIl are usuplytially deformed and replaced by
metamorphic minerals.

Metamorphic recrystallization and ductile deforroatiare heterogeneous and both
pristine and completely sheared and recrystalleseokthosites occur. The metamorphism is
characterized by an assemblage consisting of epidatinolite, titanite, rutile, chlorite and
fengite, suggesting mainly greenschist facies dmri of metamorphism. Garnet forms
coronas between plagioclase and pyroxene in fewplesmThe coronitic garnet is partially

replaced by chlorite, suggesting that it was oveted by greenschist facies metamorphism.
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Figure 3. A) Anorthosite from the Carreira Comprida Intrusion. Large cumulus plagioclase (light gray)
and interstitial pyroxenes (dark gray). Outcrop in the Tocantins River. B) Photomicrograph of
leucotroctolite (sample RC15) from the Rio Crixas mtrusion. Mesocumulate texture consisting of cumulsi
olivine (OIl) and plagioclase (PI) with minor interamulus Opx. C) Photomicrograph of olivine
gabbronorite (sample RC17) from the Rio Crixas Intusion. Cumulus olivine (Ol), plagioclase (Pl), Opx,
Cpx, ilmenite (Ilm) and apatite (Ap). D) Photomicragraph of olivine gabbronorite (sample RC19). Simila
to sample RC17. The field of view shows abundant kadral apatite (Ap) and zircon (Zrn). E)
Photomicrograph of anorthosite (sample RC08) fromhe Rio Crixas Intrusion. Cumulus plagioclase and
interstitial inverted pigeonite (Pgt). F) Photomiciograph of mafic granulite (sample RC09) from the Rb
Crixas Intrusion. The fine-grained granoblastic asemblage consists of plagioclase, Opx, Cpx, amphileol
(Am) and biotite (Bt). Mineral abbreviations as desribed by Kretz (1983).

The Rio Crixas Intrusion
The Rio Crixas Intrusion (RCI), located to the WestBrejinho de Nazaré, is best
exposed along the Crixas River (Figure 2). In #iisa the RCI consists mainly of interlayered

anorthosites and different types of mafic cumutateks, including troctolite, leucotroctolite,
gabbronorite and olivine gabbronorite. The varigbidf rock types is a distinctive feature of
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the RCI, contrasting with the homogeneous anorteée®f the CCIl. Rocks are coarse- to
medium-grained with magmatic textures and minenraldgygely preserved. The mafic
cumulates have mainly mesocumulate to adcumulaterss.

Troctolites and leucotroctolites are olivine andgibclase cumulates (Figure 3B) with
variable amounts of intercumulus Opx and highlyopleoic brownish amphibole. Olivine in
troctolites is colorless while Opx has weak colssl¢o light pink pleochroism, suggesting a
composition with high Mg/Fe ratio.

Gabbronorites are plagioclase, Opx and Cpx cunmilatgh variable amounts of
intercumulus brownish amphibole, phlogopite, quaamad minor sulfides (pyrrhotite,
chalcopyrite and pyrite). Pyroxenes have moderiecproism from light green to pink and
show acicular exsolutions of rutile. Apatite anchéhite are relatively abundant in few
samples. The modal abundance of ilmenite and agatitps from very low to about 5 vol. %
and 2 vol. % respectively, indicating that they dree cumulus minerals in the more
fractionated gabbronorites.

Olivine gabbronorites are olivine, plagioclase, Cpwerted pigeonite, ilmenite, Ti-
magnetite and apatite cumulates (Figure 3C). Isaghecks the mafic silicates are dark
colored and pleochroic indicating compositions witigh Fe/Mg ratios. Olivine and
pyroxenes have brownish color and the latter hduendant acicular exsolutions of rutile.
Apatite consists of abundant (usually about 2 vab@bup to 5 vol %) fine-grained euhedral
crystals, usually included in larger olivine, pyemes, plagioclase and ilmeno-magnetite.
Interstitial minerals are highly variable and cehsif quartz, brownish amphibole, phlogopite
and minor sulfides (pyrrhotite, chalcopyrite andifgy. Zircon is an accessory mineral (up to
1 vol %) in few samples. In these samples zircotux enclosed in large minerals and is
interpreted to be a cumulus mineral (Figure 3D).

Anorthositic and leucocratic varieties are usualbarse- to medium-grained rocks
consisting mainly of tabular plagioclase cryst&g(re 3E). These plagioclase-rich varieties
are highly fractionated rocks consisting of var@aldmounts of dark-colored pyroxenes
(inverted pigeonite) together with ilmenite and magnetite, as well as interstitial quartz,
amphibole, phlogopite and minor sulfides (pyrrhetithalcopyrite and pyrite).

Metamorphic recrystallization and ductile deforroatin the Rio Crixas Intrusion are
restricted to discrete zones. In these zones tmeapy igneous mineralogy is partially to
completely recrystallized into fine-grained graradtic assemblages (Figure 3F).
Recrystallized rocks consist of variable proporsiaf plagioclase, Opx, Cpx, dark-brown
amphibole and quartz, indicating recrystallizatiemder granulite facies conditions.
Metamorphic recrystallization is associated withctda deformation. Highly deformed
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primary pyroxenes and plagioclase consist of eltetjaand bended crystals, showing

undulose extinction and partial recrystallization.

Morro da Mata Intrusion

The Morro da Mata Intrusion (Figure 2) occurs iscdintinuous outcrops in a region
with a thick lateritic cover. The geological ou#irof the intrusion is mainly based on
combined magnetometric and radiometric data frorgior&l aerogeophysical survey.
Outcrops of mafic cumulates with preserved primigryeous mineralogy are restricted to
specific zones of the intrusion. They consist maofl gabbronorite (Figure 4A and 4B) and
minor olivine gabbronorite (Figure 4C and 4D). Tokvine gabbronorite is an olivine,
plagioclase and Cpx cumulate with intercumulus @pa brownish amphibole. Gabbronorite
is a plagioclase, Cpx and Opx cumulate with intaralus brownish amphibole and lesser
amounts of interstitial quartz and magnetite. Reactcoronas between olivine and
plagioclase occur in olivine gabbronorites. Theooar consists of a layer of lamellar Opx
adjacent to olivine and a second layer consistfrgympletictic intergrowth of Cpx and green
spinel adjacent to plagioclase (Figure 4C and 4D).

Metamorphic recrystallization and ductile deforroatiof the primary cumulates are
frequently observed in the Morro da Mata Intrusioeing pervasive in the border zone of the
intrusion. Into these zones the primary igneou&sare partially to completely transformed
into foliated medium-grained nematoblastic amphibsl (Figure 4E and 4F). These rocks
consist mainly of green amphibole and plagioclagl accessory epidote and titanite. This
assemblage indicates recrystallization under angtitelfacies conditions.

4.2 Mineral Compositions

Systematic studies of mineral composition of rofiken Group 1 Layered Intrusions
were restricted to the Rio Crixas Intrusion. Abumdanweathered samples with primary
igneous minerals representing distinct types ofdate rocks were just found in outcrops of
the Crixas River. Most samples from the Carreirmm@oda and Morro da Mata intrusions are
either weathered or partially/completely replacgdrietamorphic assemblages. Olivine, Opx,
Cpx and plagioclase were analysed on different rygles of the Rio Crixas Intrusion.

Representative analyses are reported in Table$2 to
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Figure 4. Photomicrographs (observation under planepolarized light and crossed polarized light)
illustrating the lithotypes of the Morro da Mata Intrusion. A-B) Gabbronorite consisting of cumulus
plagioclase (PI), Cpx, Opx and accessory magnetit€-D) Olivine gabbronorite consisting of cumulus
olivine (Ol), plagioclase (Pl) and Cpx, with interstial Opx and amphibole (Am). Reaction coronas oaar
between olivine and plagioclase. E-F) Amphibolite ansisting of green amphibole and plagioclase with
minor titanite (Ttn) and epidote (Ep). Mineral abbreviations as described by Kretz (1983).

Olivine compositions form two separate clustersg@if/é 5). Troctolites and
leucotroctolite (olivine and plagioclase cumulatésye olivine with moderately primitive
compositions (Feg; 760-1020 ppm NiO) while olivine gabbronorites aadlivine with highly
fractionated compositions (k7 NiO content below 400 ppm). These data are ctergis
with the gap of olivine crystallization observed the cumulate sequence. Olivine
compositions are also consistent with the veryirtistoptical characteristics described in
olivines from these two groups. Fe-rich olivinesnfr olivine gabbronorites have brownish

color thus contrasting with colorless Mg-rich ofies from troctolites and leucotroctolites.

16



Extremely Fe-rich olivines (k.07 occur together with cumulus apatite and zircadjdating
that these rocks crystallized from highly fractitethbasic magmas.

Compositions of cumulus Opx and Cpx in gabbronsréied olivine gabbronorites form
a continuous trend from moderately primitive tohtgfractionated compositions. Cumulus
Opx compositions change from &nn the most primitive gabbronorites up to;Em the
most fractionated olivine gabbronorite and,B5n Opx-bearing anorthositic rocks (Figure 6).
Intercumulus Opx in leucotroctolites have the mu#nhitive Opx compositions (Ep) in the
Rio Crixas Intrusion (Figure 6). Cumulus Cpx composs vary from Eggz in the most
primitive gabbronorites up to Efin the most fractionated olivine gabbronoritegy(ffe 7).
The highly fractionated compositions of olivine apgroxenes in olivine gabbronorites are
consistent with the abundance of apatite (up tol®4) and zircon (up to 1 vol. %), which are
interpreted to be cumulus minerals in these rodkempositions of plagioclase from
leucotroctolite, anorthosites, gabbronorites andir@ gabbronorites also form a continuous
trend. An (anorthite) content of plagioclase chandgem Ang to Ang, following the
fractionation indicated by the compositions of psgoes (Figure 8).

Poor outcropping does not allow a systematic stoidgryptic variations in the Rio
Crixas Intrusion. Nevertheless, compositional \tayia of orthopyroxene and olivine from
samples in a section throughout the Rio Crixasuffeig9) suggests the predominance of
fractionated mafic cumulates. This section doessmmw a continuous fractionation trend

suggesting the presence of compositional reveirsalgs EW section.
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Table 2. Representative analyses of olivine from ®iixas Intrusion.

Sample RC01 RC01 RC02 RC02 RC06 RC06 RC15 RC15 RC17 RC17 RC19 RC19
Lithology 1 1 1 1 1 1 2 2 1 1 1 1
Sio, 30.35 30.43 31.30 31.48 3099 31.04 38.02 38.05 30.86 30.50.743 30.04
Al;05 < 0.01 < < < < < 0.02 0.01 < < <
Cr03 < < < < 0.01 < < < < < < <
MgO 291 278 741 7.47 552 5.48 34.26 34.35 4.66 4.63 3.72 3.71
MnO 096 095 074 074 0.94 0.90 0.27 0.29 0.89 0.79 1.00 0.95
FeO 65.21 65.34 60.31 60.24 62.42 62.63 27.55 2742 64.05 63.76.016 64.68
NiO < 0.03 0.02 < < < 0.03 0.08 < < < 0.02
Total 99.43 9955 99.78 99.93 99.88 100.04 100.13 100.21 100.48.7599100.47 99.40

Si 1.008 1.010 1.004 1.007 1.006 1.006 1.011 1.011 1.004 1.0020061 0.997

Al < 0.001 < < < < < 0.001 < < < <
Cr < < < < < < < < < < < <

Mg 0.144 0.138 0.354 0.356 0.267 0.265 1.358 1.360 0.226 0.2261810 0.184
Mn 0.027 0.027 0.020 0.020 0.026 0.025 0.006 0.006 0.024 0.0220280 0.027

Fe 1.812 1.814 1.617 1.611 1.695 1.698 0.613 0.609 1.742 1.7477791 1.795

Ni < 0.001 0.001 < < < 0.001 0.002 < < < 0.001
Total 2991 2991 2996 2994 2994 2994 2.989 2989 2996 2.9979942 3.004

Fo 726 6.96 17.78 17.91 13.44 13.33 68.70 68.84 11.35 11.34 3 9.19.15

(1) Ol gabbronorite and (2) troctolite.

Analytical results are reported in weight % oxid@sl cations per 4 oxigen ions.

Fo (Forsterite) = [100 x Mg/(Mg+Fe)] ratio. (<) Be¥ detection limit.
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Table 3. Representative analyses of orthopyroxem Rio Crixas Intrusion.

Sample RCO5 RC09 RC09 RC01 RC02 RC02 RC17 RCO08 RC10 RC20 RC13 RC132RRKC03 RC03 RC04 RC15 RC15
Lithology 1 1 1 2 2 2 2 3 3 3 4 4 4 4 4 4 5 5
Sio, 51.06 5255 52.63 48.20 48.97 49.26 48.07 49.88 49.86 47.@0315 50.12 52.81 50.38 50.67 49.70 54.11 54.01
TiO, 0.08 0.07 0.05 0.11 011 O0.16 0.13 0.14 0.18 0.07 0.13 0.15 8 0.@.14 0.14 0.14 0.36 0.33
Al,O3 0.56 0.91 0.82 062 1.08 1.03 0.77 0.91 0.96 0.40 095 0.96 8 0.8@.87 0.78 1.03 2.45 2.47
Cr,0Og < 0.03 < 0.04 < 0.01 < < 0.03 0.02 0.02 < < 0.01 0.03 0.01 0.05 0.10
MgO 15,95 20.05 20.19 6.81 10.98 11.03 8.02 13.25 13.56 5.6R291 14.10 20.88 15.07 14.96 12.39 25.80 26.06
CaO 0.73 0.53 043 0.84 096 0.92 0.88 0.90 1.00 0.85 082 0.8®44 1.40 0.85 0.80 1.10 1.01
MnO 1.02 1.01 0.93 0.84 061 0.59 0.69 0.68 0.63 0.70 0.67 0.8859 0.55 0.52 0.60 0.28 0.30
FeO 30.43 2447 2466 4243 37.10 36.90 41.29 33.86 33.69474432.76 33.01 24.35 31.11 32.09 35.37 16.00 16.10
NiO < < < 0.04 < 0.02 0.04 0.02 < < 0.04 0.03 < 0.02 < < 0.01 <
Na,O < < < < < < < < < < < < < 0.01 < < 0.03 0.03
K>0O < < < 0.02 0.01 o0.02 0.02 0.02 < < < 0.02 0.02 < < 0.02 0.02 <
Total 99.83 99.61 99.71 99.94 099.82 99.92 9990 99.65 100.8®.75 99.98 99.89 99.85 99.84 100.04 100.05 100.20 100.42
Si 1.988 1988 1989 1995 1.973 1978 1.979 1.979 1.971 51.99977 1.975 1.988 1.972 1.981 1.977 1.951 1.944
Ti 0.002 0.002 0.001 0.003 0.003 0.005 0.004 0.004 0.005 20.0m004 0.004 0.002 0.004 0.004 0.004 0.010 0.009
Al 0.026 0.040 0.037 0.030 0.051 0.049 0.037 0.042 0.045 (0.02.044 0.045 0.030 0.040 0.036 0.048 0.104 0.105
Cr < 0.001 < 0.001 < < < < 0.001 0.001 0.001 < < < 0.001 < 0.001 3.00
Mg 0.926 1.131 1.137 0.420 0.659 0.660 0.492 0.784 0.799 10.3%837 0.828 1.171 0.879 0.872 0.734 1.386 1.398
Ca 0.030 0.021 0.018 0.037 0.042 0.039 0.039 0.038 0.042 80.03035 0.035 0.018 0.059 0.035 0.034 0.042 0.039
Mn 0.034 0.032 0.030 0.029 0.021 0.020 0.024 0.023 0.021 50.02022 0.022 0.019 0.018 0.017 0.020 0.009 0.009
Fe* 0.991 0.774 0.779 1.469 1.250 1.239 1422 1.124 1.114 1.559771 1.088 0.767 1.018 1.049 1.176 0.482 0.485
Ni < < < 0.001 < 0.001 0.001 0.001 < < 0.001 0.001 < 0.001 < < < <
Na < < < < < < < < < < < < < < < < 0.002 0.002

K < < < 0.001 < 0.001 0.0010 0.001 < < < 0.001 0.001 < < 0.001 0.001 <
Total 3.997 3989 3,991 3986 3.999 3.992 3.999 3.996 4.0019913 3.998 3.999 3.996 3.999 3.995 3.994 3.988 3.994
En 46.74 57.74 5792 21.47 33.44 33.70 24.89 39.82 40.44 91742.49 4197 59.33 44,51 44.18 37.36 72.21 72.41

(1) mafic granulite / gabbronorite, (2) Ol gabbratey (3) anorthosite, (4) gabbronorite and (5rtodite.
Analytical results are reported in weight % oxidesl cations per 6 oxigen ions.

En (enstatite) = [100 x Mg/(Mg+Fe)] ratio. (<) Balaletection limit.
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Table 4. Representative analyses of clinopyroxesra Rio Crixas Intrusion.

Sample RC05 RCO7 RC09 RC14 RCO1 RC02 RC0O6 RC17 RC08 RC08 RC10 RC20 3 RCRC13 RC13 RC16
Lithology 1 1 1 1 2 2 2 2 3 3 3 3 4 4 4 4
Sio, 52.18 51.31 5241 5250 49.71 49.98 50.26 49.64 50.77 50.8D.905 4894 5111 51.05 50.88 50.62
TiO, 0.24 0.25 0.21 0.20 023 033 0.21 0.13 0.32 0.17 0.28 0.12 9 0.10.31 0.22 0.18
Al,O; 1.15 1.39 1.75 1.58 137 185 1.65 1.28 1.88 1.63 1.74 090 1 1.71.98 1.84 1.35
Cr,03 0.05 0.02 0.02 < < < 0.02 < < 0.04 < 0.02 0.03 0.02 0.03 0.01
MgO 11.85 10.90 13.42 13.15 520 8.89 9.8 6.76 10.31 10.20.1210 490 10.50 10.38 10.51 7.64
CaO 2166 2146 2235 2194 20.06 20.48 1797 2031 21.453421.21.53 21.00 2191 2030 21.29 20.21
MnO 045 0.34 0.39 044 044 030 0.34 0.33 0.30 0.27 0.27 0.3D.24 0.27 0.26 0.23
FeO 11.81 12.75 741 850 2267 16.33 19.29 20.18 13.76 13.89.11 2140 12.66 1487 13.30 19.15
NiO < < 0.03 0.01 0.03 < 0.01 < 0.01 0.01 0.01 0.05 < < 0.05 <
Na&a,0 0.32 0.34 0.50 0.53 0.30 0.28 0.27 0.20 0.23 0.26 0.24 0.26 35 0. 0.35 0.30 0.20
K20 < < 0.04 < 0.02 0.01 o0.01 < < < < < < 0.01 < 0.01
Fe,0; 045 1.10 1.26 0.90 < 141 0.67 0.53 1.12 1.08 1.01 1.66 1.37 47 0. 1.42 <
Total 100.14 99.86 99.80 99.73 100.03 99.87 99.87 99.34 12400.99.71 100.20 99.57 100.06 100.03 100.10 99.59
Si 1972 1958 1957 1966 1974 1938 1956 1.966 1.941 21.93.947 1960 1949 1953 1943 1981
Ti 0.007 0.007 0.006 0.006 0.007 0.010 0.006 0.004 0.009 50.00.008 0.004 0.005 0.009 0.006 0.005
Al 0.051 0.062 0.077 0.070 0.064 0.085 0.076 0.060 0.085 40.0/0.078 0.043 0.077 0.089 0.083 0.062
Cr 0.002 0.001 0.001 < < < < < < 0.001 < 0.001 0.001 0.001 0.001 <
Mg 0.667 0.620 0.747 0.734 0.308 0.514 0.532 0.399 0.587 40.58.577 0.292 0.597 0.592 0.598 0.445
Ca 0.877 0.878 0.894 0.880 0.853 0.851 0.749 0.862 0.879 80.8D.882 0.901 0.895 0.832 0.871 0.847
Mn 0.014 0.011 0.012 0.014 0.015 0.010 0.0112 0.011 0.010 90.0@.009 0.011 0.008 0.009 0.008 0.008
Fe'* 0.373 0.407 0.231 0.266 0.753 0.530 0.628 0.668 0.440 0.4464510 0.717 0.404 0476 0425 0.627
Ni < < 0.001 < 0.001 < < < < < < 0.002 < < 0.001 <
Na 0.023 0.025 0.037 0.038 0.023 0.021 0.020 0.015 0.017 90.0D.018 0.020 0.026 0.026 0.023 0.015
K < < 0.002 < 0.001 o0.001 < < < < < < < 0.001 < <
Fe* 0.013 0.032 0.035 0.025 < 0.041 0.020 0.016 0.032 0.031 0.02950 0.039 0.013 0.041 <
Total 3.999 4.001 4.000 3.999 3.999 4.001 3.998 4.001 4.000993 3.999 4.001 4.001 4.001 4.000 3.990
En 34.55 32.36 39.64 38.75 1595 26.98 27.72 20.56 30.66 730.40.06 15.22 31.36 31.02 3144 23.12

(1) mafic granulite / gabbronorite, (2) Ol gabbrdtey (3) anorthosite and (4) gabbronorite.
Analytical results are reported in weight % oxid@sl cations per 6 oxigen ions.
En (enstatite) = [100 x Mg/(Mg+Fe)] ratio. (<) Balaletection limit.
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Table 5. Representative analyses of plagioclase R Crixas Intrusion.

Sample RC14 RC09 RC02 RCO06 RC17 RC10 RC08 RC13 RC03 RC04 RC15 RCI15
Lithology 1 1 2 2 2 3 3 4 4 4 5 5
NaO0 7.93 7.21 6.25 7.53 6.05 6.09 5.58 5.65 3.25 5.73 4.50 4.42
K20 0.41 0.40 0.48 0.31 0.38 0.27 0.33 0.33 0.17 0.42 0.16 0.14
Sio, 5995 58.10 57.32 59.14 56.86 5545 5578 5581 50.76 55.72.925 52.85
AlL,O3 2481 26.00 26.84 2543 2753 2749 2755 2776 31.84 27.549.053 30.32
FeO 0.12 0.06 0.12 0.09 0.12 0.17 0.14 0.17 0.09 0.17 0.11 0.09
CaO 6.78 8.30 9.18 7.78 9.54 10.42 1045 10.28 14.04 10.35 6712.12.76
BaO 0.08 0.07 0.12 < 0.15 < < < 0.04 0.03 < 0.04
Total 100.17 100.23 100.39 100.32 100.63 99.89 100.01 100100.18 99.95 100.44 100.63
Na 0.686 0.626 0543 0.652 0.525 0.534 0.488 0.493 0.286 20.5@.394 0.386

K 0.023 0.023 0.028 0.017 0.022 0.015 0.019 0.019 0.010 0.021009 0.008

Si 2677 2605 2569 2.641 2543 2508 2517 2514 2.30552.5P2.390 2.383

Al 1.306 1374 1418 1.338 1451 1465 1465 1474 1.704 61.461.600 1.611

Fe 0.005 0.002 0.005 0.003 0.005 0.007 0.005 0.006 0.00360.00.004 0.004

Ca 0325 0.399 0.441 0372 0457 0505 0505 0.49 0.68310.50.613 0.617

Ba 0.001 0.001 0.002 0.000 0.003 0.000 0.000 0.000 0.00110.0@0.000 0.001
Total 5.025 5.033 5.008 5.024 5.006 5.034 5.004 5.005 4.99@155 5.011 5.010

An 31.37 38.06 4356 35.73 4554 4791 49.89 49.22 69.76 548./60.39 61.00

(1) mafic granulite / gabbronorite, (2) Ol gabbrdtey (3) anorthosite, (4) gabbronorite and (5rtotite.
Analytical results are reported in weight % oxidesl cations per 8 oxigen ions.
An (anorthite) = [100 x Ca/(Ca+Na)] ratio. (<) Beldetection limit.
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4.3 U-Pb and Sm-Nd systematics

Zircon crystals from two samples (RC09 and RC17)hef Rio Crixas Intrusion were
dated by U-Pb systematics (Table 6; Figure 10A &8B). Sample RC17 is a medium-
grained olivine gabbronorite with primary igneoesture and mineralogy (Figure 3C). This
olivine gabbronorite has olivine with highly faytai composition (Fg) and abundant apatite
and zircon. All these minerals are interpreted éocbhmulus phases of a highly fractionated
mafic cumulate. Zircon crystals from RC17 are dekss to light yellowish prismatic crystals,
and four zircon fractions yielded a concordia a§®26 + 5.6 Ma (Figure 10A). This Late
Cambrian age is interpreted to be the crystallimatige of the Rio Crixas Intrusion. Sample
RCO09 consists of a fine-grained granoblastic aggeegf plagioclase, Cpx, Opx, amphibole
and biotite, with accessory apatite and zircon.sTéample is interpreted to be a mafic
granulite resulting from metamorphic recrystalliaatof a highly fractionated gabbronorite.
Zircon crystals from RC09 are similar to those fr&®@17 excepting for slightly rounded
crystal edges and smaller sizes. Four zircon fyastirom RCOQ09 yielded a concordia age of
533.1 £ 4.2 Ma (Figure 10B). This age is identie@thin analytical error, to the 526 + 5.6
Ma age of sample RC17, suggesting that zircon alysfrom sample RC09 are relict
magmatic crystals within a highly recrystallizedgeonorite.

Sm-Nd isotopic analyses were determined for fivengas and three mineral
concentrates of the Rio Crixas Intrusion (TableFigure 10C). The samples selected are
different types of mafic cumulates with well presst igneous textures and mineralogy,
including one leucotroctolite (sample RC15), twdlga@norites (samples RC13 and RC16),
one anorthosite (sample RC08) and one olivine gatubite (RC17). Apatite, plagioclase and
pyroxene concentrates were obtained from sample7RSin-Nd isotopic analysis of the
RC17 sample yields a strongly negatév@sso may(-12) and a 2161 Ma model age (Table 7).
A whole-rock-plagioclase-apatite isochron for sagnRIC17 indicates an age of 874 + 89 Ma
(Table 7, Figure 10C). This age is older than &80 Ma crystallization age yielded by U-
Pb zircon dating, suggesting that Sm-Nd isotopmmpasition of sample RC17 was affected
by contamination with older crustal rocks. Nd ig@tocompositions for samples RC08, RC13
and RC15 (Table 7) yield highly negatisigsso may (between -7 and -12) and variable model
ages (1687 to 2161 Ma), also suggesting contarnimatith older crustal rocks.

U-Pb and Sm-Nd results are consistent with thetalization of cumulate rocks from

the RCI at ca 530 Ma from a magma highly contaneidatith old crustal rocks.

4.4 Deformation and metamorphic recrystallization

Even though most outcrops of Group 1 layered iming have primary magmatic

25



textures and mineralogy, ductile deformation arsbeisited metamorphic recrystallization are
locally observed in these intrusions. This recligtgion is restricted to discrete shear zone,
being pervasive only in the border zone of the Mata Mata intrusion. Into these zones the
primary igneous rocks are partially to completehansformed. Distinct metamorphic
assemblages result from this process for eachddyertrusion. Metamorphic assemblages
vary from granulite facies (Opx + Cpx + Hbl + Pf) the Rio Crixas Intrusion, amphibolite
facies in the Morro da Mata Intrusion (Hbl + Pl p E Ttn) and greenschist facies in the
Carreira Comprida Intrusion (Act + Ep + Ttn + Chljhese recrystallizations are not
considered to be part of a regional tectonic-metaimo event. They may represent localized
tectonism occurring after igneous crystallizatiart possibly before the final cooling of these
mafic intrusions. Deformation and recrystallizatimincoronotic assemblages in the Morro da
Mata Intrusion indicates that metamorphism post dab-solidus processes occurring during
cooling of this intrusion. This is also indicatey tecrystallization of large inverted pigeonite
crystals with abundant exsolution lamellae inteefgrained cpx and opx assemblages in the

Rio Crixas Intrusion.

26



Table 6. Zircon U-Pb isotopic data — Rio Crixasuston.

Sample/ Size U (ppm) Pb Th 2065p,2%4p Radiogenic Ratios Ages (Ma)

Fraction  (mg) (ppm)  (ppm) TPhPEU % Pb'U % C.Coef. (tho) “"Pb”°Pb % Pty TP U "PbFPh
Granulite / gabbronorite

RC09-1 0.021 49917 5.3074 51.82 453.7992 0.6885221( 0.086126 2.050 0.937755 0.057981b76¢ 532.58 531.92 529.06
RC09-2 * 0.016 215.560 20.7930 68.01 359.5965 0.76412164C 0.093618 2.280 0.913416 0.059197003( *576.90 *576.38 *574.35
RC09-3 * 0.025 210.550 23.4070 43.53 526.7155 0.8182162(C 0.099658 1.420 0.889240 0.05954@174: *612.40 *607.05 *587.13
RC09-4 0.036 98.045 9.7067 30.23 1038.403 0.69080.88¢ 0.086809 0.689 0.889470 0.05771&136( 536.64 533.29 519.00
RCO09-5 0.030 144.070 14.5400 36.27 1141.148 0.6900@B65  0.086529 0.540 0.831800 0.057842136¢ 534.98 532.86 523.80
RC09-6 0.010 189.110 19.5210 108.80 672.6259 0.676@960( 0.085060 1.160 0.850980 0.057194973¢ 530.69 524.76 499.06
Olivine gabbronorite

RC17-1* 0.034 63.706 6.3832 32.01 190.3879 0.5801B89( 0.8358780 4.330 0.641710 0.050338077( *517.50 * 464.55 *210.58
RC17-2 0.022 49.028 5.6824 49.46 158.5755 0.6821423( 0.0866954 3.760 0.918649 0.057068563( 535.96 528.09 494.18
RC17-3 0.024 47.737 5.7870 45.34 166.9521 0.6629898( 0.0858268 3.580 0.896270 0.056028081( 530.81 516.44 453.36
RC17-4 0.026 41.938 4.8024 41.85 171.9692 0.6809991( 0.0864434 3.760 0.923040 0.057138458( 534.47 527.38 496.80
RC17-5 0.024 127.68 12.8170 45.34 450.7342 0.67971.66( 0.0859194 1.440 0.885200 0.05737@®677: 531.36 526.60 506.04
* Zircon fraction not used for age calculation.

Table 7. Sm-Nd isotopic data.

Sample Rock / Mineral concentrate Sm (ppm) Nd (ppm) **'SmA*Nd  Nd/A*Nd £ (o) €@3oma  Tom (Ma)

Rio Crixas Intrusion

RCO08 Anorthosite 0.511 3.676 0.0841 0.511656 -20.29 -11.55 1687

RC13 Gabbronorite 17.289 91.030 0.1148 0.511813 -16.09 .5710 1881

RC15 Leucotroctolite 0.159 0.793 0.1211 0.512001 -12.42 .327 1701

RC16 Gabbronorite and pyroxenite 7.600 28.960 0.1586 11@50 -13.41 -10.86 * 3061

RC17 Olivine gabbronorite 13.514 66.110 0.1236 0.5117587.17 -12.24 2161

RC17 PI Plagioclase / Ol. Gabbronorite 1.050 7.049 @09 0.511564 - - -

RC17 px Pyroxene / Ol. Gabbronorite 22.769 124.990 @11 0.511704 - - -

RC17 apt Apatite / Ol. Gabbronorite 259.390 1319.000 1189 0.511726 - - -

VE3 Intrusion

FVE3-169 Clinopyroxenite 2.124 7.930 0.1619 0.512380 35.0 **-2.69 * 1929

FVE3-173 Clinopyroxenite 1.170 4.312 0.1640 0.512366 15.3 **-3.10 * 2056

FVE3-188 Wehrlite 0.711 2.710 0.1585 0.512394 -4.75 Q. * 1770

FVE3-147 Gabbro 1.329 4.646 0.1730 0.512425 -4.15 **.2.56 *2303

FVE3-147pl Plagioclase / Gabbro 2.173 9.718 0.1351 [®322 - -

FVE3-147px Clinopyroxene / Gabbro 1.007 2.727 0.2232 12632 - - -

* Tpwm geologically meaningless due to higfsm/4Nd (> 0.14).
** end(s30 mayincluded for comparison with data presented fonglas of the RCI.
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Figure 10. U-Pb concordia diagrams and Sm-Nd isocbn; data from Tables 6 and 7: A) U-Pb data for the
olivine gabbronorite; B) U-Pb data for the mafic gmanulite; and C) Sm-Nd data for the olivine
gabbronorite, whole-rock and mineral concentrates.
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5. Group 2 Layered Intrusions

5.1 Geology and Petrography

Group 2 includes the layered intrusions located ethe Tocantins River (Figure 2).
Based on geological mapping, drilling and airbogeephysics three mafic-ultramafic bodies
were delineated. The VE3, Monte do Carmo and Samibgos intrusions (Table 1) are
poorly exposed but show strong magnetic anomaléated to abundant serpentinized
ultramafic rocks. These rock types occur in outsropthe Monte do Carmo Intrusion and in
drill cores (6 bore holes) of the VE3 Intrusion. tlmese intrusions ultramafic cumulates,
mainly wehrlite and clinopyroxenites, largely predoate over mafic cumulates.

Wehrlites are medium- to coarse-grained olivine ahdopyroxene cumulates with
variable amounts of intercumulus amphibole. Texdwary from adcumulate (Figure 11A) to
orthocumulate depending on the amount of inteastmphibole. The latter occurs in highly
pleochroic (light green to dark green) interstit@lystals or large oikocrysts enclosing
cumulus Cpx and olivine. Cpx is usually partialyplaced by interstitial amphibole indicating
reaction of cumulus minerals with trapped interclumauiquid. Chromite is an accessory
mineral (< 1 vol. %) in some wehrlites.

Clinopyroxenites are medium-grained Cpx cumulateish wariable amounts of
intercumulus amphibole and plagioclase. Texturay yieom adcumulate (Figure 11B) to
orthocumulate (Figure 11C). Interstitial amphibolxurs in large oikocrysts enclosing and
partially replacing Cpx (Figure 11D). Gabbros aredmm-grained rocks consisting of
cumulus Cpx and plagioclase and variable amounisatefstitial amphibole. In the studied
drill cores gabbros are significantly less abundhaanh wehrlites and clinopyroxenites. Strong
magnetic anomalies associated with these bodiegoree the abundance of ultramafic
cumulates in Group 2 layered intrusions.

Primary layering is indicated by gradational tréinsis from wehrlite to clinopyroxenite
and gabbro, developing few to several meters-thiaic units (Figure 12A and 12B). Each
cyclic unit shows the transition from olivine antinopyroxene cumulate (wehrlite), to
clinopyroxene cumulate (clinopyroxenite) and clipapxene and plagioclase (gabbro)
cumulate. The transition from clinopyroxenite tdgeo is usually marked by an intermediate
zone where plagioclase occurs as an interstitiércumulus) mineral. Green amphibole is a
ubiquitous intercumulus mineral in all rock typ@snphibole usually represents less than 15
vol % of these rock types excepting for few amplhiibes consisting of large (up to 2 cm)
oikocrysts of amphiboles enclosing highly replaobdine and Cpx. In such rocks the amount

of amphibole may be up to 60 vol %.
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The primary igneous mineralogy of these rocks isady replaced by hydrous low-
temperature minerals. Partially replaced rocks lhsyaeserve the igneous texture while
highly replaced rocks have prominent tectonic faia due to shearing. In partially replaced
rocks olivine is usually extensively altered topssitine and magnetite while Cpx is just
partially altered to tremolite (Figure 11E and 11Edmpletely replaced ultramafic rocks are
tremolite serpentinites consisting of variable mmjons of serpentine, tremolite, talc and

magnetite, with lesser amounts of chlorite and reage. Highly replaced gabbroic rocks

have abundant epidote, chlorite, fengite and caataon

2 M, aie r \':
= o’ A o 0.5 mm
Figure 11. Photomicrographs illustrating the lithotypes of the VE3 Intrusion. A) Wehrlite (FVE3-03-179
consisting of cumulus olivine (Ol) and clinopyroxea (Cpx). Adcumulate texture; B) Clinopyroxenites
(FVE3-03-108) consisting of cumulus clinopyroxenéddcumulate texture; C) Amphibole clinopyroxenite
(FVE3-03-130) consisting of cumulus Cpx and interaaulus amphibole (Am); D) Amphibole
clinopyroxenite (FVE3-03-122) consisting of cumulusCpx and intercumulus amphibole (Am).
Orthocumulate texture with Am oikocryst enclosing Gx; E) Wehrlite (FVE3-03-188) similar to FVE3-03-
179. Olivine is mainly altered to serpentine (Srp)and magnetite while Cpx is just slightly altered to
tremolite (Tr); F) Amphibole wehrlite (FVE3-03-143) consisting of cumulus olivine and Cpx with
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intercumulus Am. Orthocumulate texture. Olivine isextensively altered to serpentine and magnetite Wi
Cpx and Am are altered to tremolite. Mineral abbrevations as described by Kretz (1983).
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Figure 12. Modal and mineral compositions through tsatigrafic sections for drill holes of the VE3
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5.2 Mineral compositions

Systematic data on mineral compositions are résttito samples collected from bore
holes drilled in the southern part of the VE3 Istam. Analyses of cumulus olivine and Cpx
were performed on samples from two bore holes @aBIlto 10). The composition of olivine
crystals from bore hole FVE3-03 are highly homogerse Fo contents of olivine vary
between 84 and 85 while NiO contents vary betwe@i 8nd 0.14 wt. %. The composition of
clinopyroxene crystals from wehrlites, olivine wiglels and clinopyroxenites are also highly
homogeneous. En contents of Cpx vary betweegy &Bmd Ens in borehole FVE3-03 and
between Egy and En, in borehole FVE3-02. Clinopyroxene crystals frorahwlite samples
have higher En content when compared to Cpx cg/dtam clinopyroxenites. These data
indicate moderately primitive compositions and vdmited fractionation within the

stratigraphic interval drilled in the southern pamtof the intrusion.

5.3 Sm-Nd systematics

Sm-Nd isotopic analyses were determined for foummas and two mineral
concentrates collected from bore hole FVE3-03 (@aHl The selected samples are different
types of ultramafic and mafic cumulates includimg tclinopyroxenites (samples FVE3-03-
173 and FVE3-03-169), one wehrlite (FVE3-03-188)d amne gabbro (FVE3-03-147).
Plagioclase and clinopyroxene concentrates weiradd from sample FVE3-03-147.

Sample FVE3-03-188 (wehrlite) has adcumulate texteonsisting of partially
serpentinized olivine (kg and clinopyroxene (&g partially replaced by tremolite. The Sm-
Nd isotopic composition yield apf; value of ca 1770 Ma&*’Sm*Nd value of 0.1585 and
End(s30) vValue of -2.18.

Samples FVE3-03-173 and FVE3-03-169 are partialaced clinopyroxenites with
adcumulate texture. Sm-Nd isotopic compositionsashigh values for*’SmA*Nd ratios
and calculated gy values are not geologically significant. Isotopanpositions also indicate
negativeenysao) values (-2.69 and -3.10).

Sample FVE3-03-147 is a partially replaced amplalgdbbro. It consists of cumulus
Cpx and plagioclase (saussuritized) and intercusmgheen amphibole. Plagioclase and Cpx
concentrates were separed from this sample. Snsdtdgic composition for the whole-rock,
plagioclase and Cpx are scattered and do not dafmegression line indicating an acceptable
age. The Sm-Nd isotopic composition yield a ne@eis3o) (-2.56).

Sm-Nd isotopic data for samples from the VE3 intmsdo not produce a
crystallization age for Group 2 Layered Intrusioksghly variable Hyv ages and negative
End(s30) Values suggest that the parental magma was hetezogsly contaminated with old
crustal material.
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Table 8. Representative analyses of clinopyroxesa firill hole FVE3-02 — VE3 Intrusion.

Depth 43 43 50 50 85 85 91 91 130 13C 138 138 143 143
Lithology 1 1 2 2 3 3 4 4 1 1 1 1 1 1

Sio, 53.48 53.5¢ 50.81 52.04 51.76 51.6¢ 5250 5159 52.89 52.8¢ 52.49 53.21 52.79 52.63
TiO, 0.14 0.1: 0.46 0.37 0.44 0.5C 0.36 0.47 0.30 0.3¢ 0.39 0.23 0.38 0.40
Al,0O4 1.37 1.2¢ 4.75 3.03 3.14 3.3C 2.38 3.56 1.97 2.2¢ 2.40 1.57 2.27 2.80
Cr,04 0.01 < 0.02 < 0.01 0.01 0.04 0.02 0.20 0.0¢ 0.14 0.22 0.12 0.08
MgO 1594 15.8: 13.87 15.26 14.94 15.2¢ 1495 14.76 16.05 16.8: 16.37 16.46 16.41 16.31
CaO 2254 22.8: 23.05 22.66 23.46 23.3¢ 24.19 23.34 24.11 22.9C 23.29 24.07 23.05 23.12
MnO 0.13 0.1z 0.12 0.14 0.10 0.0¢ 0.08 0.11 0.04 0.0¢ 0.05 0.04 0.08 0.06
FeO 495 5.0¢ 4,78 4.53 3.66 3.3t 3.63 3.86 3.19 252 2.47 2.98 3.11 3.13
NiO < < 0.01 < < < 0.03 < < < 0.02 < < <

Na,O 0.37 0.3¢ 0.43 0.35 0.39 0.3¢ 0.36 0.42 0.17 0.31 0.33 0.14 0.32 0.30
K,O < < < < 0.02 < 0.02 < < 0.0/ < < < <

Fe,0O3 0.52 0.3¢ 1.47 1.50 1.79 1.9 1.23 1.73 0.97 1.7¢ 1.78 0.88 1.07 1.22
Total 99.44 99.4¢ 99.77 99.90 99.70 99.8¢ 99.76 99.85 99.88 99.9¢ 99.74 99.81 99.60 100.04
Si 1972 1.97¢ 1.879 1916 1.909 1.90C 1.934 1.900 1.939 1.92¢ 1.923 1.949 1.935 1.922
Ti 0.004 0.00: 0.013 0.010 0.012 0.01¢ 0.010 0.013 0.008 0.00¢ 0.0117 0.006 0.010 0.011
Al 0.059 0.05¢ 0.207 0.131 0.136 0.14: 0.103 0.154 0.085 0.09¢ 0.104 0.068 0.098 0.120
Cr < < < < < < 0.001 0.001 0.006 0.002 0.004 0.006 0.003 0.002
Mg 0.876 0.87C 0.764 0.838 0.821 0.83t 0.821 0.810 0.877 0.91¢ 0.894 0.899 0.897 0.888
Ca 0.890 0.90z 0.913 0.894 0.927 0.921 0.955 0.921 0.947 0.89t 0.914 0.945 0.905 0.904
Mn 0.004 0.00¢ 0.004 0.004 0.003 0.00¢ 0.002 0.003 0.001 0.00z 0.002 0.001 0.002 0.002
Fe* 0.153 0.15¢ 0.148 0.140 0.113 0.10¢ 0.112 0.119 0.098 0.07; 0.076 0.091 0.095 0.096
Ni < < < < < < 0.001 < < < 0.001 < < <

Na 0.026 0.02¢ 0.031 0.025 0.028 0.02¢ 0.026 0.030 0.012 0.02z 0.024 0.010 0.023 0.022
K < < < < 0.001 < 0.001 < < 0.00z < < < <

Fe* 0.014 0.0117 0.041 0.041 0.050 0.05¢ 0.034 0.048 0.027 0.04¢ 0.049 0.024 0.029 0.034
Total 3.998 4.001 4.000 3.999 4.000 4.00C 4.000 3.999 4.000 4.00C 4.002 3.999 3.997 4.001
En 4556 45.0¢ 41.79 4466 44.05 44.8: 43.44 43.71 45.61 48.4¢ 47.42 46.43 47.20 46.98

(1) wehrlite, (2) gabbro, (3) amphibolitite and @) Cpx amphibolitite.

Analytical results are reported in weight % oxidasl cations per 6 oxigen ions. Depth is expregsedeters along the drill core.
En (enstatite) = [100 x Mg/(Mg+Fe)] ratio. (<) Balaletection limit.



Table 9. Representative analyses of clinopyroxema firill hole FVE3-03 — VE3 Intrusion.

Depth 108 108 118 118 122 122 144 144 179 179 188 188 201 201 208 208
Lithology 1 1 1 1 2 2 1 1 3 3 3 3 3 3 1 1
SiO, 5255 52.32 52.65 53.09 52.87 5194 5257 51.75 52.49 52.80085 52.85 52.46 5256 52.46 52.47
TiO, 0.34 0.35 0.28 0.26 0.23 0.34 0.28 0.37 0.37 0.33 0.21 0.20 2 0.30.32 0.27 0.28
Al,O3 2.71 2.73 2.59 2.32 2.22 3.32 2.56 3.07 2.96 2.45 1.92 2.11 6 2.62.58 2.60 2.57
Cr,0Oq 0.16 0.12 0.22 0.31 0.43 0.72 0.35 0.11 0.22 0.19 0.60 0.42 7 0.40.15 0.28 0.53
MgO 16.04 15.97 16.18 16.39 16.24 1550 16.32 15.02 16.19 4516.16.99 16.85 16.23 16.36 16.21 16.24
CaO 23.07 22.96 22.98 22.96 2291 2277 2299 2258 23.25 142322.89 23.10 23.26 23.16 23.15 23.12
MnO 0.06 0.08 0.04 0.06 0.07 0.09 0.06 0.08 0.05 0.06 0.09 0.08.03 0.06 0.06 0.06
FeO 3.31 3.10 3.16 3.36 3.17 3.52 2.89 4.45 2.89 2.97 2.47 2.0775 2.64 2.74 2.68
NiO < 0.02 < 0.03 < < 0.01 0.03 < < 0.02 0.01 0.01 < 0.03 0.01
Na,O 0.34 0.37 0.34 0.35 0.39 0.42 0.35 0.42 0.33 0.29 0.31 0.3532 0. 0.35 0.33 0.36
K,0 0.02 0.02 0.05 < 0.02 0.02 < < < 0.03 0.01 < < < 0.02 <
Fe0, 1.25 1.59 1.33 0.88 1.42 1.32 1.45 1.90 1.12 1.58 1.30 1.76 2 1.41.68 1.71 1.65
Total 99.86 99.62 99.81 100.01 99.99 99.97 99.82 99.80 99.8D00.29 99.88 99.77 99.93 99.85 99.85 99.99
Si 1.925 1.921 1.928 1.939 1934 1905 1924 1910 1919 5192938 1931 1.919 1.923 1.921 1.919
Ti 0.009 0.010 0.008 0.007 0.006 0.009 0.008 0.010 0.010 90.00.006 0.006 0.009 0.009 0.007 o0.008
Al 0.117 0.118 0.112 0.100 0.096 0.144 0.110 0.134 0.128 5.10.083 0.091 0.115 0.111 0.112 0.111
Cr 0.005 0.003 0.006 0.009 0.013 0.021 0.010 0.003 0.006 50.00.017 0.012 0.013 0.004 0.008 0.015
Mg 0.876 0.874 0.883 0.892 0.886 0.847 0.891 0.826 0.882 40.89.924 0.918 0.885 0.892 0.885 0.886
Ca 0.905 0.904 0.902 0.898 0.898 0.895 0.902 0.893 0.911 40.9D895 0.904 0.912 0.908 0.909 0.906
Mn 0.002 0.002 0.001 0.002 0.002 0.003 0.002 0.002 0.002 20.00.003 0.001 0.001 0.002 0.002 0.002
Fe* 0.101 0.095 0.097 0.103 0.097 0.108 0.088 0.137 0.088 0.090750 0.063 0.084 0.081 0.084 0.082
Ni < 0.001 < 0.001 < < < 0.001 < < 0.001 < < < 0.001 <
Na 0.024 0.027 0.024 0.025 0.028 0.030 0.024 0.030 0.023 10.02022 0.025 0.022 0.024 0.023 0.026
K 0.001 0.001 0.002 < 0.001 0.001 < < < 0.001 0.001 < < < 0.001 <
Fe* 0.034 0.044 0.037 0.024 0.039 0.037 0.040 0.053 0.031 0.04B360 0.048 0.039 0.046 0.047 0.045
Total 3.999 4.000 4.000 4,000 4.000 4.000 3.999 3.999 4.000.0004 4.001 3.999 3.999 4.000 4.000 4.000
En 46.48 46.62 46.91 47.08 47.03 45.73 47.31 4445 46.85 94748.70 48.65 47.03 47.39 47.08 47.22

(1) Ol clinopyroxenite, (2) Am clinopyroxenite af@) wehrlite.
Analytical results are reported in weight % oxid@sl cations per 6 oxigen ions. Depth is expregsedkiters along the drill core.

En (enstatite) = [100 x Mg/(Mg+Fe)] ratio. (<) Belaletection limit.
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Table 10. Representative analyses of olivine frda3 Vhtrusion.

ngt?]o'e - 03-179 03-179 03-188 03-188 03-201 03-201 03-208 03-208 20E-
SO, 39.94  40.09 4035 4039 4003 4006 4019 4021  40.08
Al,04 < < 0.02 < < 0.03 0.02 < <
Cr,0O5 < < 0.01 0.02 < < < < <
MgO 4467 4506 4508 4497 4470 4500 4507 4472  44.88
MnO 0.16 0.18 0.19 0.18 0.16 0.16 0.18 0.20 0.18
FeO 1476 1459 1485 1502 1505 1479 1448 1480 1471
NiO 0.13 0.10 0.12 0.13 0.13 0.11 0.09 0.07 0.11
Total 99.65 100.02 100.62 100.70 100.07 100.14 100.02  000.0 99.95

Si 1.005  1.004  1.005 1.006  1.004 1.003  1.005 1.007  1.005
Al < < 0.001 < < 0.001 0.001 < <

Cr < < < < < < < < <

Mg 1675 1681  1.673 1669 1.671 1679 1.680 1670  1.677
Mn 0.003  0.004 0004 0.004 0003 0.003 0004 0004  0.004
Fe 0310 0305 0309 0313 0316 0310 0303 0310 0.308
Ni 0.003  0.002 0002 0003 0003 0002 0002 0001  0.002
Total 2.996 2996 2994 2995 2997 2998 2995 2992  2.996
Fo 8422 8446 8422 8406 8396 8429 8457 8416  84.30

Analytical results are reported in weight % oxid@sl cations per 4 oxigen ions for olivine. Deptlxipressed in
meters along the drill core.

Fo (forsterite) = [100 x Mg/(Mg+Fe)] ratio. (<) Bel detection limit.
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6. Crystallization trends for Group 1 and Group 2 hyered intrusions

Crystallization trends are deduced from the criigilon succession in the
stratigraphic section of a layered intrusion. Distitrends reflect different compositions of
the parental magma and/or physical conditions gstatlization. The crystallization trend
thus represents a fundamental characteristic cdréaly intrusions originated from similar
parental magmas on specific tectonic settings.

Group 1 layered intrusions are characterized byndémot cumulus Opx (usually
occurring as inverted pigeonite) and a gap in ttystallization of olivine. Even though a
complete stratigraphic section throughout the lageintrusion is not available, combined
petrographic and mineral chemistry data suggestdhewing crystallization order for the

silicate minerals and apatite:

plagioclase + olivine
plagioclase + olivine + Cpx
plagioclase + Opx or inverted pigeonite + Cpx
plagioclase + inverted pigeonite + Cpx + olivine

plagioclase + inverted pigeonite + Cpx + olivingifcon + apatite

This trend of crystallization is typical for thokee magmas and resembles what is
described in the Skaergaard intrusion (McBirney96)9 The tholeiitic nature of Group 1
layered intrusions is reinforced by the extremeniemrichment of the most fractionated
pyroxenes and olivine. The tholeiitic nature isoalkuggested by Fo-An relationship of
coexisting cumulus olivine and plagioclase in totites (Figure 13).

Group 2 layered intrusions are characterized byatnendance of wehrlite (olivine +
Cpx cumulate) and the absence of Ca-poor pyrox&edic units of the VE3 intrusion show
the transition from olivine plus clinopyroxene cuate (wehrlite), to clinopyroxene cumulate
(clinopyroxenite) and to clinopyroxene plus plaggse cumulate (gabbro). These data
suggest the following crystallization order for sikcate minerals:

clinopyroxene + olivine
clinopyroxene

clinopyroxene + plagioclase

This trend of crystallization is similar to whatdescribed for Paleoproterozoic gabbro-
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wehrlite intrusions in the Pechenga Ore Field is$ta (Latypowet al., 2001; Naldrett, 2004).
The indicated crystallization order implies theagigearance of liquidus olivine from the

more fractionated rocks.

Fo (%)
40 —
60 |
i
80 | * o
® Rio Crixas Intrusion
M Stillwater Complex
7 % Voisey's Bay
+ Longwoods Complex
100 —
100 80 60 40

An (%)

Figure 13. Plot of Fo content of olivine versus Arcontent of coexisting plagioclase of troctolites &ém the
Rio Crixas Intrusion. Analyses of coexisting plagiclase and olivine of troctolites and olivine gabbre from
Voisey's Bay Complex, Stillwater Complex and Longwods Complex are also represented. Partially
modified from Naldrett (2004).

Crystallization trends for Group 1 and Group 2 fageintrusions are distinct thus
suggesting that they belong to different magmaiites. Considering the tetrahedron OI-PI-
Qtz-Cpx (Figure 14), the significant compositioddferences between Group 1 and Group 2
layered intrusions may be represented with the liag close to the silica saturate plane
Opx-Cpx-PI and the second lying close to the Ol-@pylane. It is worth noticing that the
type of parental magma that formed the Group 2r&y@trusions belongs to a more specific
Opx-free crystallization sequence. Examples of hageintrusions following an Opx-free
crystallization sequence include, besides the smins in Pechenga (Naldrett, 1994), the
Kiglapait intrusion (Morse, 1979) and layered istons of the Duluth Complex (Miller &
Ripley, 1996). In contrast, Opx-bearing crystali@a sequences such as described for Group
1 layered intrusions are very common. Examplesaydéred intrusions of this type include, the
Skaergaard intrusion (McBirney, 1996), the Bushv€limplex (Cameron, 1978) and the
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Lower Series of the Niquelandia Layered Intrusiber(eira Filhcet al., 1998).

Cpx

Cpx

PILE

suaxolAdoutO

Olivine

Opx

ol

Figure 14. A) Simplified version of the tholeiitic part of the basalt tetrahedron. B) The sides of the
tetrahedron have been unfolded to highlight phasealations in the Cpx-plagioclase-olivine side and ithe
Cpx-Opx-plagioclase (dashed line) plane. Modifieddém Presnall et al., 1979

7. Petrological and geochronological constraints fothe tectonic setting of the Porto
Nacional layered intrusions.

Several groups of large to medium-size layeredusndns occur in the Tocantins
Province in central Brazil. The main charactersstaf the main groups of mafic and
ultramafic layered intrusions in central Brazildire 1), as well as the layered intrusions of
Porto Nacional, are provided in Table 11. The add data indicate that these groups have
different magmatic ages and comprise distinct gatemagmas emplaced on different
tectonic settings.

The oldest group of large layered intrusions isttbetolitic-anorthositic portion of the
Niquelandia and Barro Alto complexes. This grouppwn as the Upper Layered Series
(Ferreira Filho, 1998; Ferreira Filhet al., 1998), is ca. 1.25 Ga old (Ferreira Filho &
Pimentel, 2000, Pimente# al., 2004) and was formed in a rift setting. Theseetag
intrusions were coeval with volcanic equivalentpresented by the ocean-floor volcano-

sedimentary sequences of Palmeirépolis, Jusceléaniia Indaianopolis (Pimentek al.,
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2000).

Continental-type layered intrusions are representgd the dunitic-pyroxenitic-
gabbronoritic portion of the Niquelandia, Barro &lind Canabrava complexes. This group,
known as the Lower Layered Series (Ferreira Fill898, Ferreira Filhat al., 1998), is ca
0.80 Ga old and was emplaced in a continental(FRérreira Filho, 1998; Pimentet al.,
2004, 2006). This group of intrusions is known favsting PGE-Ni and PGE-chromite
mineralizations (Whitet al., 1971; Medeiros & Ferreira Filho, 2001).

Synorogenic layered intrusions include the gabbooiet suite of the Anicuns-Santa
Bérbara region and the Americano do Brasil suitdvgS& Nilson, 1990) located in the
southern portion of the Goids State. These areatdate Neoproterozoic (ca. 620 Ma)
intrusions emplaced during the main tectonic-metpmo episode of the Brasilia Belt
(Pimentelet al., 2000; Lauxet al., 2004). The Americano do Brasil and Mangabal cexgs
are calc-alkaline synorogenic intrusions hostinglsmickel sulfide deposits (Pimentet al .,
2000).

U-Pb zircon results of this study indicate that @r&xas River Intrusion was emplaced
during the Cambrian period (ca 530 Ma), thus regrsg the youngest layered intrusion in
the Tocantins Province. This emplacement age aadhbleiitic nature of Group 1 layered
intrusions, the latter indicated by the extremeniemrichment of cumulus mafic silicates,
indicate that this magmatic suite has yet no edeimia in the Tocantins Province. The
tectonic setting for this group of layered intrusois poorly constrained due to unknown
geochronological relation with hosting country raokd regional metamorphism. Sm-Nd data
indicate strongly negativengsso) (-12) and a 2161 Ma model age, consistent with
crystallization of the layered intrusion at ca 938 from a magma highly contaminated with
old crustal rocks. The 2071 + 4 Ma zircon Pb-Pb a@lgtained for one anorthosite sample of
the Carreira Comprida Intrusion (Gorayeb & Mour@02), is now considered to be the age
of inherited zircons from assimilated country radksen though these features are consistent
with the emplacement of tholeiitic magma in a coatital rift environment, alternative
tectonic settings such as a continental arc shalstwibe considered.

The age of emplacement of Group 2 Layered Intrssemwell as field relations with
host rocks are poorly constrained. Highly varialbley ages and negativengsso) values
suggest that the parental magma was heterogenemrgigminated with old crustal material.
Crystallization trends for Group 1 and Group 2 tageintrusions are distinct and indicate that
they belong to different magmatic suites.

These two distinctively different groups of layeredrusions are separated by the

Transbrasiliano Lineament (TBL), a continental-scictonic zone (Schobbenhaus Fidto
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al., 1975). The TBL in the Porto Nacional area is rnyacovered by younger sedimentary
cover (Figure 2) and the location indicated in Fggd5 is partially based upon regional
structures. In the studied area this lineamentrotsboth the distribution of different types of
layered intrusions and granitic rocks of differewges (Figure 15). Neoproterozoic granitic
plutons and Group 1 layered intrusions are restlico the western side of the lineament,
whereas Paleoproterozoic granites and Group 2ddytrusions occur in the eastern side
(Figure 15). This suggests that the TBL separatas different crustal segments, thus
implying that the two groups of layered intrusia@re distinct magmatic suites with different

age and tectonic setting.

Table 11. Main layered intrusions of the TocanBnsvince.

Layered Intrusion Age Rock Type Tectonic Setting Ref

Upper Layered Series 1250 Ma  Troctolite, gabbro and Oceanic Rifting 1

Niquelandia anorthosite

Barro Alto

Lower Layered Series 800 Ma Dunite, websterite and Continental 1

Niquelandia gabbronorite Rifting

Barro Alto

Canabrava

Anicuns-Santa Barbara Suite 620 Ma Gabbro, diorite and anorthosite Synorogenic 2

Americano do Brasil Suite 620 Ma Dunite, peridotite, pyroxeniteSynorogenic 2
and gabbro

Porto Nacional — Group 1 530 Ma Leucotroctolite, gabbro, ? 3
gabbronorite, anorthosite

Porto Nacional — Group 2 Unknown  Wehrlite, clinopyroxenite and?
Gabbro

(1) Pimentekt al., 2004; (2) Lawset al., 2004; (3) Limaet al., 2003.
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Figure 15. Sketch map of the Porto Nacional regiorshowing the position of the Transbrasiliano
Lineament and the distribution of layered intrusions and granites. All ages are Pb-Pb zircon data. (1)
Kotschoubeyet al., 2000; (2) Gorayebet al., 2000; (3) Quaresma & Kotschoubey, 2001; (4) Sadhel996;
(5) Chaves, 2003.

The new geological, petrological and isotopic datasented in this study suggest that
the layered intrusions of the Porto Nacional areandt belong to any of the previously
studied clusters of layered intrusions of the TdéioanProvince. This suggestion implies that
the tectonic setting where these layered intrusfonmed does not correspond to what has
been proposed for layered intrusions describedhargarts of the Tocantins Province. These
new data demand a revision of previous tectonicetsofbr the region in order to assess the

tectonic significance of these large layered intmis

8. Metallogenetic Implications

Mafic-ultramafic layered intrusions are known farsting world-class PGE and nickel-

sulfide deposits. The geological setting of know8HENi deposits indicates that most
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deposits appear to be related to crustal riftind eontaminated primitive magmas (Naldrett,
2004). The tectonic setting of the two petrolodicaistinct groups of layered intrusions is
poorly constrained. Nevertheless, petrological ati@ristics of both groups are favorable for
hosting PGE-Ni mineralizations. Both magmatic suiteere able to crystallize abundant
olivine-bearing rocks, represented by troctolite$sroup 1 intrusions and webhrlites in Group
2 intrusions. Sm-Nd isotope systematic suggestshibdn magmas were contaminated with
older crustal material, indicating that the mafiagma reacted with crustal host rocks. The
latter is a feature frequently associated withdhset of sulfide saturation and segregation as
immiscible sulfide liquid, the genetic process coomto all nickel sulfide deposits (Naldrett,
2004). The magmatic suites described in this papernot correlated to any magmatism
described in the Tocantins Province and thus omewn apportunities for exploration for Ni-

PGE deposits in central Brazil.
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CONCLUSOES

Um sumario das principais conclusdes obtidas neepte estudo é apresentado a
seqguir.

1) As intrusbes acamadadas mafica-ultramaficagladas na regido central do Estado
de Tocantins constituem dois grupos com caradtasst geoldgicas e petroldgicas
marcadamente distintas;

2) O Grupo 1 reune as intrusbes Carreira Compiia, Crixas e Morro da Mata
localizadas a leste do rio Tocantins. Os litotipaacipais sao troctolito, gabronorito, olivina
gabronorito e anortosito, representando difereijfes de cumulados maficos.

3) As composicoes de olivina (Ol), plagioclasio )(Pbrtopiroxénio (Opx) e
clinopiroxénio (Cpx) das rochas do Grupo 1 séo isteistes com umrend continuo de
fracionamento desde termos moderadamente primitftrostolito - F@s, Eny,, Anzosg),
passando por termos intermediarios (gabronorito ngo.d5 Ans7.4g, até composicoes
altamente fracionadas (olivina gabronorito -1g03 Emss.2o Amngsss ). NOs termos mais
fracionados ocorrem apatita e zircdo como mine@isulus;

4) Cristais de zircdo da Intrusdo Rio Crixas aadlis pelo método U-Pb indicaram
idade Cambriana (530 Ma) que foi interpretada canidade de cristalizacdo magmética do
corpo, o0 que o estabelece como a intrusao acamatkidgaovem da Provincia Tocantins;

5) Andlise Sm-Nd de separados minerais e roch detaim olivina gabronorito da
Intrusdo Rio Crixas (530 Ma) resultou idade isowé@mde 874+89 Ma comgngr) de -9.
Outras analises apresentaram idades modelo variénee 1687 e 2161 Magy(s3o) entre -7
e -12. Esses dados sdo consistentes com a ceasfizie rocha cumulatica em 530 Ma a
partir de magma fortemente contaminado por rochasgais mais antigas.

6) Estudos sistematicos de petrografia e quimiceeral indicaram para o Grupo 1 a
seguinte sequéncia de cristalizacdo Pl +-OIPl + Ol + Cpx - PI + Opx ou pigeonita
invertida + Cpx— Pl + pigeonita invertida + Cpx + Gl Pl + pigeonita invertida + Cpx + Ol
+ Zrn + Ap;

7) O Grupo 2, constituido pelas intrusdes VE3, Mahd Carmo e Sao Domingos, €
caracterizado pela abundancia de rochas ultransatma texturas de ad- a ortocumuléticas e
pela auséncia de ortopiroxénio. Os litotipos ppa sao wehrlito, clinopiroxenito, e gabro,
representando diferentes tipos de cumulados ulfremsé&e méaficos;

8) Dados de quimica mineral de olivina {&) e clinopiroxénio (Efy.42 da Intruséo
VE3 mostraram composi¢cdes homogéneas, indicatieasird fracionamento restrito no

intervalo estratigrafico amostrado;
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9) Analise Sm-Nd de rochas e concentrados mindeisitrusdo VE3 ndo produziram
um alinhamento isocrbnico que permitisse definiridade de cristalizagdo. Contudo,
retornaram valores deyq) negativos entre -4,15 e -5,31. Uma amostra de lielwom
14"SmA“Nd de 0,1585 apresentou idade modelo de 1,77 GaalOes negativos dgq e as
idades Fu altamente variaveis sugerem que 0 magma pareaiahdterogeneamente
contaminado com material crustal mais antigo;

10) A descrigdo dos testemunhos de sondagem dsdiotVE3, associada a petrografia
e quimica mineral, indicam para o Grupo 2 a segusatjiéncia de cristalizacdo: Cp®| -

Cpx —» Cpx + PI;

11) A diferenca entre as sequéncias de cristalizdg8 Grupos 1 e 2 sugerem que eles
pertencam a suites magmaticas distintas. A seqllédei cristalizacdo das intrusdes
acamadadas do Grupo 1 é tipica de magmas toleitieoslhante ao da Intrusdo Skaergaard
na Groelandia, enquanto a sequéncia do Grupo 2ie ma, livre de ortopiroxénio, e
semelhante ao das intrusdes de Pechenga na RUssia;

12) Quando considerados a luz das intrusfes acaasmdaafica-ultramaficas ja
estudadas na Provincia Tocantins, os dados doo&up 2 indicam que elas sao resultantes
de magmatismo com origem em diferentes magmas tpgem com idades distintas. Em
sintese, elas ndo pertencem a nenhum dos grupastrdsbes acamadadas previamente
conhecidos na Provincia Tocantins;

13) Os dados levantados para o Grupo 1 sugeremnorgpartir de uma colocacao de
magma toleitico em um ambiente de rifte continemtiadle arco continental;

14) A capacidade de ambos o0s grupos em cristatzaras ricas em olivina e a
indicacdo de que os magmas basicos foram contaocsnaat material crustal mais antigo,
sugerem que 0s mesmos sao favoraveis para hospeuaalizacbes de EGP-Ni.

15) As intrusdes acamadadas de Tocantins devewoasiderados como alvos para a

prospeccao de depositos de Ni-PGE.
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ANEXOS



ANEXO 1

Localizacao das amostras estudadas



Localizacado das amostras estudadas.

Amostra E

Intrusdo Acamadada Rio Crixas

RCO01 746693 8767728
RCO02 746870 8767390
RCO03 747132 8766955
RCO04 747446 8766864
RCO05 747428 8767240
RCO06 748045 8767612
RCO07 748071 8767669
RCO08 748333 8767963
RCO09 748433 8768062
RC10 748384 8768028
RC11 748477 8768196
RC12 748525 8768309
RC13 748795 8768649
RC14 748820 8768693
RC15 749176 8769236
RC16 751505 8769111
RC17 752061 8769055
RC18 752386 8768949
RC19 752605 8769315
RC20 753701 8769320
RC21 753868 8768503
Intrusdo Acamadada Carreira Comprida
CCo7 781697 8803328
CCO08A 784578 8805944
CC08B 784578 8805944

Sistema UTM. Zona 22. Datum SAD/69.

Amostra

N

Intrusdo Acamadada VE3

FURO FVES3-01
FURO FVE3-08
FURO FVES-10
FURO FVE3-09
FURO FVE3-05
FURO FVE3-03
FURO FVE3-02

810000 8815232
810200 8815333
810225 8815525
810250 8815275
810350 8815710
810432 8815522
810440 8815585

Intrusdo Acamadada Monte do Carmo

MCO05

MCO4A
MCO04B
MCO3A
MCO03B

815536 8813189
815584 8813170
815584 8813170
815631 8813162
815631 8813162

Intrusdo Acamadada Morro da Mata

MMO1A
MMO1B
MMO1C
MMO1D
MMO02
MMO3A
MMO3B
MMO3C
MMO4
MMO5
MMO6

727183 8772582
727183 8772582
727183 8772582
727183 8772582
722264 8781411
725582 8778739
725582 8778739
725582 B398
722554 8777215
726612 8773719
720992 8772582




ANEXO 2

Tabela 1 — Analises quimicas de olivina da IntrUR&oCrixas
Tabela 2 — Analises quimicas de Opx da Intrusaddrixas
Tabela 3 — Anélises quimicas de Cpx da Intrusaddrixas

Tabela 4 — Analises quimicas de plagioclasio da$ab Rio Crixas
Tabela 5 — Analises quimicas de anfibdlio da ldtouRio Crixas
Tabela 6 — Analises quimicas de olivina da Intru¢&8
Tabela 7 — Analises quimicas de Cpx da Intrusdo VE3

Tabela 8 — Analises quimicas de anfibolio da IrdiougE3



Tabela 1 - Composi¢cdo quimica e formula estrutdeadlivina da Intruséo Rio Crixas.

Amostra RC01 RC0O1 RCO1 RC0O1 RCO1 RC0O1 RC02 RC02 RC02 RC02 RC02 RC0O2 6R@®C06 RCO6 RC0O6 RC0O6 RC15
Litologia 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2
Sio, 30,58 30,35 29,90 30,43 30,04 3062 31,21 31,30 31,48 31,30,303 31,28 30,99 31,10 31,12 31,12 31,04 38,02
Al,O4 < < < 0,01 0,02 < < < < < < < < < < < < <
Cr,0; < < < < < < 0,02 < < < < < 001 003 003 0,02 < <
MgO 3,01 2,91 2,72 2,78 2,86 2,83 7,41 7,41 7,47 7,01 7,12 7,13 2 5,55,63 5,84 5,79 5,48 34,26
MnO 0,93 0,96 0,93 0,95 0,96 0,92 0,73 0,74 0,74 0,76 0,72 0,78 4 0,90,95 0,86 0,93 0,90 0,27
FeO 64,62 65,21 6500 6534 64,80 64,75 6040 60,31 60,24 61,202,526 60,32 62,42 62,04 62,89 62,46 62,63 27,55
NiO < < 0,02 0,03 0,03 0,03 < 0,02 < < < 0,02 < < 0,02 0,04 < 0,03
Total 99,14 99,43 98,57 9955 98,69 99,15 99,76 99,78 99,93 100,80,66 99,53 99,88 99,74 100,76 100,35 100,04 100,13
Normalizado a 4 oxigénios

Si 1,015 1,008 1,005 1,010 1,006 1,017 1,002 1,004 1,007 1,00L0061 1,007 1,006 1,009 1,001 1,004 1,006 1,011
Al 0,000 0,000 0,000 0,001 0,000 0,000 0,000 0,000 0,000 o0,00m0O00 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Cr 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,00mMO000 0,000 0,000 0,001 0,001 0,001 0,000 0,000
Mg 0,149 0,144 0,136 0,138 0,143 0,140 0,354 0,354 0,356 0,33m410 0,342 0,267 0,272 0,280 0,279 0,265 1,358
Mn 0,026 0,027 0,027 0,027 0,027 0,026 0,020 0,020 0,020 0,02pP190 0,021 0,026 0,026 0,024 0,025 0,025 0,006
Fe 1,794 1812 1,827 1,814 1,815 1,799 1621 1617 1,611 1,63%261 1,623 1695 1683 1,692 1,686 1,698 0,613
Ni 0,000 0,000 0,000 0,001 0,000 0,000 0,000 0,001 0,000 o0,00m0O00 0,000 0,000 0,000 0,006 0,001 0,000 0,001
Total 2,984 2991 2,995 2,991 2,993 2,983 2,997 2,996 2,994 2,990922 2,993 2,994 2991 2,999 2,99 2,994 2,989
Fo 7,57 7,26 6,85 6,96 7,19 713 17,76 17,78 17,91 16,78 17,17,2217 13,44 13,74 14,04 14,00 13,33 68,70

(1) Ol. gabronorito e (2) troctolito.
Resultados analiticos apresentados em porcentaggues de Oxisdos. Fo (forsterita) = razéo [100g¢(Mg+Fe)]. (<) abaixo do limite de deteccgéo.



Tabela 1 - Composigdo quimica e formula estrutieadlivina da Intrusdo Rio Crixas. Continuagéo.

Amostra RC15 RC15 RC15 RC15 RC17 RC17 RC17 RC17 RC17 RC19 RC19 RC19 9R@AC19
Litologia 2 2 2 2 1 1 1 1 1 1 1 1 1 1
Sio, 38,02 38,22 38,05 3805 30,77 30,86 3089 3057 30,73 30,868,743 30,91 30,63 30,04
Al;05 < < 0,02 0,02 < 0,01 < < 0,02 < < < < <
Cr0s < < < < < < < < < < < < 0,03 <
MgO 3454 34,49 34,14 34,35 4,52 4,66 4,69 4,63 4,66 3,71 3,72 5 3,63,63 3,71
MnO 0,29 0,27 0,31 0,29 0,84 0,89 0,85 0,79 0,82 1,00 1,00 1,03 4 1,00,95
FeO 2766 2752 2752 27,42 64,06 64,05 6442 63,76 64,00 65,359,016 65,17 6511 64,68
NiO 0,10 0,09 0,08 0,08 < < < < 0,03 < < < < 0,02
Total 100,61 100,60 100,12 100,21 100,19 100,48 100,85 99,752@00,00,99 100,47 100,76 100,44 99,40
Normalizado a 4 oxigénios

Si 1,007 1,011 1,012 1,011 1,004 1,004 1,002 1,002 1,002 1,00H061 1,008 1,004 0,997
Al 0,000 0,000 0,001 0,001 0,000 0,000 0,000 0,000 0,001 0,000O000 0,000 0,000 0,000
Cr 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000000 0,000 0,001 0,000
Mg 1,364 1,360 1,354 1,360 0,220 0,226 0,227 0,226 0,227 0,18(810 0,177 0,177 0,184
Mn 0,006 0,006 0,007 0,006 0,023 0,024 0,023 0,022 0,023 0,02€280 0,028 0,029 0,027
Fe 0,613 0,609 0,612 0,609 1,748 1,742 1,747 1,747 1,745 1,78T7791 1,778 1,785 1,795
Ni 0,002 0,002 0,002 0,002 0,000 0,000 0,000 0,000 0,001 0,000000 0,000 0,000 0,001
Total 2,992 29838 2,988 2989 2995 2996 2,999 2,997 2,999 2999942 2991 2,996 3,004
Fo 68,78 68,87 6861 6884 1105 1135 1134 1134 11,36 9,0713 9, 8,94 8,90 9,15

(1) Ol. gabronorito e (2) troctolito. Resultadosléticos apresentados em porcentagem em peso si#oéxiFo (forsterita) = razdo [100 x
Mg/(Mg+Fe)]. (<) abaixo do limite de deteccao.
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Tabela 2 - Composigdo quimica e féormula estruleabrtopiroxénio da Intruséo Rio Crixas.

Amostra RCO01 RCO1 RC01 RCO01 RC0O1 RCO1 RC02 RCO02 RC02 RC02 3 RGRCO03 RC03 RC03 RCO03
Litologia 2 2 2 2 2 2 4 4 4 4 4
Sio, 47,66 47,81 48,20 48,01 47,24 49,668,664 48,93 50,38 50,74 51,44 50,97 51,18
TiO, 0,08 0,11 0,11 023 0,11 0,12 0,11 4 0,10,12 0,09 0,12 0,11
Al,O; 0,57 0,72 062 057 0,67 1,04 1,01 7 0,80,74 0,76 0,79 0,74
Cr,03 < 0,02 0,04 < < < 0,01 0,01 0,01 0,06 0,03
MgO 6,54 6,21 681 6,37 6,12 11,70 511,80,72 15,07 15,25 15,18 15,11 15,27
CaO 0,89 083 0,84 0,76 0,92 0,93 1,05,40 0,87 0,75 0,82 1,19
MnO 0,79 0,75 084 075 0,75 0,63 0,62,55 0,57 0,53 0,48 0,55
FeO 42,21 43,93 42,43 4295 43,24 36,900936,36,66 37,04 31,11 31,89 32,10 32,13 31,68
NiO 0,03 < 004 001 0,04 0,03 0,02 0,02 0,01 0,03 0,04
Na,O < < < < < < 0,01 < < 0,01 <
K20 < < 002 0,03 0,02 0,01 0,01 < 0,01
Fe,0Os < < < < < < 0,28 0,44 < < <
Total 98,79 100,38 99,94 99,67 99,11 299]90,13 100,71 99,53 99,84 100,64 100,88 100,51 8000,
Normalizado a 6 oxigénios

Si 1,998 1,984 1,995 1,997 1,985 1,978 1,972 1,973 1,990 1,982 1,982
Ti 0,003 0,003 0,003 0,007 0,003 0,003 0,004 0,003 0,002 0,003 0,003
Al 0,028 0,035 0,030 0,028 0,033 0,048 0,040 0,034 0,035 0,036 0,034
Cr < 0,001 0,001 < < < < < < 0,002 0,001
Mg 0,409 0,384 0,420 0,395 0,383 0,646 0,879 0,884 0,875 0,876 0,881
Ca 0,040 0,037 0,037 0,034 0,041 0,046 0,059 0,036 0,031 0,034 0,049
Mn 0,028 0,026 0,029 0,026 0,027 0,021 0,018 0,019 0,017 0,016 0,018
Fett 1,479 1525 1,469 1,494 1,520 1,252 1,018 1,037 1,038 1,045 1,026
Ni 0,001 < 0,001 < 0,001 0,001 0,001 0,001 <00D 0,001
Na < < < < < < < < < 0,001 <

K < < 0,001 0,001 0,001 0,001 < < <
Fe** < < < < < < 0,008 0,013 < < <
Total 3,986 3,995 3,986 3,982 3,994 3,9920933 3,998 3,996 3,999 4,000 3,988 3,996 3,995
Wo 2,05 1,86 191 1,73 2,10 2,02 2,32,98 2 1,83 1,59 1,73 2,51
En 20,89 19,48 21,47 20,27 19,45 20,97 33,70 735,85,04 32,88 44,51 44,74 44,60 44,43 44,63
Fs 77,06 78,66 76,61 78,00 78,45 77,00 64,29 062,62,95 64,80 5250 53,44 53,81 53,84 52,87

(1) granulito méafico / gabronorito, (2) Ol. gabreoito, (3) anortosito, (4) gabronorito e (5) trodtml
Resultados analiticos apresentados em porcentaggues de 6xisdos. En (enstatita) = razéo [100 XNgrFe)]. (<) abaixo do limite de deteccao.
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Tabela 2 - Composigdo quimica e formula estrutleadrtopiroxénio da Intrusdo Rio Crixas. Continwaca

Amostra RC03 RC04 RC04 RC04 RC04 RC04 RC04 RC0O4 RCO5 RC0O5 RC0O5 RC05 6R@C06 RC06 RC06 RC06 RCO06
Litologia 4 4 4 4 4 4 4 4 1 1 1 1 2 2 2 2 2 2
Sio, 50,44 49,70 49,90 49,59 49,75 50,10 49,43 50,16 51,19 51,45,445 51,06 49,43 49,45 4895 4859 49,46 49,28
TiO, 0,11 0,14 0,15 0,14 0,13 0,10 0,08 0,10 0,15 0,13 0,10 0,08 0 0,10,04 0,09 0,11 0,11 0,09
Al,O; 0,77 1,03 1,08 1,04 0,97 0,93 1,00 0,92 0,74 0,74 0,58 0,56 8 0,90,88 0,92 0,89 0,88 0,84
Cr,03 0,01 0,01 0,02 0,03 0,01 < < 0,02 < < 0,02 < < < 0,01 0,01 < <
MgO 14,77 12,39 12,36 11,98 12,19 1253 12,09 12,43 15,88 9915,16,11 15,95 11,30 11,52 10,76 10,99 11,18 11,10
CaO 0,89 0,80 0,92 0,84 1,34 0,63 0,85 0,71 0,95 0,93 0,77 0,76,81 0,77 0,86 0,99 0,92 0,81
MnO 0,51 0,60 0,60 0,66 0,57 0,64 0,66 0,59 1,09 1,03 1,03 1,09,70 0,70 0,76 0,68 0,69 0,71
FeO 32,40 3537 3537 36,17 3555 3582 3584 3633 300417303052 30,43 36,76 36,92 3754 36,62 36,61 36,54
NiO 0,02 < 0,04 < < < 0,04 < 0,01 0,02 0,04 < 0,01 0,01 0,02 0,03 <,010
Na,O < < < < < < < < < < < < < < < < < <
K20 0,01 0,02 < < < 0,01 < 0,01 0,01 0,01 < < < 0,01 < 0,01 0,01 <
Fe,.0s3 0,36 < < < < < 0,12 < < < < < < 0,43 0,34 0,11 < <
Total 100,28 100,05 100,43 100,45 100,53 100,75 100,12 2601100,06 100,46 100,60 99,83 100,09 100,72 100,24 99,02 8499,99,39
Normalizado a 6 oxigénios

Si 1,974 1977 1,977 1973 1,973 1980 1972 1976 1,986 71,98,987 1,988 1,980 1,972 1970 1,974 1,985 1,987
Ti 0,003 0,004 0,004 0,004 0,004 0,003 0,002 0,003 0,004 40,00,003 0,002 0,003 0,001 0,003 0,003 0,003 0,003
Al 0,035 0,048 0,050 0,049 0,045 0,043 0,047 0,043 0,034 40,0®,026 0,026 0,046 0,041 0,044 0,043 0,042 0,040
Cr < < 0,001 0,001 < < < 0,001 < < 0,001 < < < < < < <
Mg 0,861 0,734 0,730 0,710 0,721 0,738 0,719 0,730 0,918 10,92¢,927 0,926 0,674 0,684 0,646 0,665 0,669 0,668
Ca 0,037 0,034 0,039 0,036 0,057 0,027 0,036 0,030 0,039 80,08032 0,030 0,035 0,033 0,037 0,043 0,039 0,035
Mn 0,017 0,020 0,020 0,022 0,019 0,021 0,022 0,020 0,036 40,08,034 0,034 0,024 0,023 0,026 0,023 0,023 0,024
Fett 1,060 1,176 1,172 1,203 1,179 1,184 1,196 1,197 0,975 0,974€860 0,991 1,231 1,231 1,264 1,244 1,229 1,232
Ni 0,001 < 0,001 < < < 0,001 < < 0,001 0,001 < < < < 0,001 < <
Na < < < < < < < < < < < < < < < < < <

K < 0,001 < < < < < 0,001 < 0,001 < < < < < < < <
Fe' 0,011 < < < < < 0,004 < < < < < < 0,013 0,010 0,003 < <
Total 3,999 3,994 3,994 3,998 3,998 3,996 3,999 4,001 3,9920943 3,997 3,997 3,993 3,998 4,000 3,999 3,990 3,989
Wo 1,89 1,74 1,99 1,82 2,88 1,35 1,84 1,51 2,00 1,95 1,61 153,76 1 1,67 1,88 2,19 2,01 1,78
En 43,60 37,36 37,22 36,02 36,47 37,46 36,44 36,93 46,66 046,86,86 46,74 34,34 34,71 32,73 33,67 34,12 34,07
Fs 54,52 60,90 60,79 62,16 60,64 61,19 61,72 6156 51,34 5512154 51,73 63,90 63,62 6539 64,15 63,87 64,15

(1) granulito mafico / gabronorito, (2) Ol. gabreoito, (3) anortosito, (4) gabronorito e (5) trodtml
Resultados analiticos apresentados em porcentaggues de 6xisdos. En (enstatita) = razéo [100 ANg-Fe)]. (<) abaixo do limite de deteccao.
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Tabela 2 - Composigdo quimica e formula estrutleadrtopiroxénio da Intrusdo Rio Crixas. Continwaca

Amostra RC06 RC07 RC07 RCO7 RC07 RCO7 RC08 RC08 RC08 RC08 RC08 RC08 9RAOC09 RC09 RC09 RC09 RCO09
Litologia 2 1 1 1 1 1 3 3 3 3 3 3 1 1 1 1 1 1
SIiG, 49,27 50,51 50,90 50,61 50,67 49,95 49,85 49,88 50,40 49,408,095 49,75 52,41 5255 5236 52,63 5245 5256
TiO, 0,09 0,08 0,13 0,07 0,10 0,11 0,12 0,14 0,13 0,13 0,17 0,15 7 0,00,07 0,07 0,05 0,07 0,07
Al,O3 0,84 0,70 0,72 0,57 0,73 0,74 0,94 0,91 0,99 0,99 1,13 0,99 7 0,80,91 0,92 0,82 0,92 0,94
Cr,0s 0,03 < 0,01 0,02 0,01 < 0,04 < < 0,01 0,02 0,02 0,02 0,03 0,04 < <,06 0
MgO 11,34 14,48 14,79 14,77 14,51 1450 13,27 13,25 13,96 7013,13,13 13,59 20,01 20,05 20,27 20,19 20,13 20,54
CaO 0,87 0,83 0,82 0,75 0,83 0,90 0,96 0,90 0,81 0,73 1,03 0,86,56 0,53 0,60 0,43 0,54 0,53
MnO 0,73 0,97 0,95 1,00 0,98 0,87 0,70 0,68 0,64 0,65 0,58 0,59,02 1,01 0,95 0,93 0,98 0,90
FeO 36,65 3245 32,14 32,28 32,23 31,95 33,61 33,86 33,49223333,22 3335 2459 24,47 2450 24,66 2511 24,69
NiO 0,01 0,01 < < < 0,01 0,02 0,02 < < < 0,05 < < < < 0,01 0,01
Na,O < < < < < < < < < < < < < < < < < <
K0 < 0,01 < < < < < 0,02 < < < < 0,01 < < < 0,01 0,01
Fe,0s < < < 0,15 < 0,74 < < < 0,64 < < < < < < < 0,21
Total 99,83 100,05 100,46 100,23 100,05 99,77 99,51 99,69,420 99,52 99,38 99,36 99,57 99,61 99,60 99,71 100,20 100,50
Normalizado a 6 oxigénios

Si 1,980 1,983 1985 1,982 198 1,968 1,979 1,979 1,977 31,964,985 1975 1,986 1,988 1,982 1989 1979 1,974
Ti 0,003 0,002 0,004 0,002 0,003 0,003 0,004 0,004 0,004 40,00,0056 0,004 0,002 0,002 0,002 0,001 0,002 0,002
Al 0,040 0,032 0,033 0,026 0,034 0,034 0,044 0,042 0,046 &,00,053 0,046 0,039 0,040 0,041 0,037 0,041 0,042
Cr 0,001 < < 0,001 < < 0,001 < < < < 0,001 0,001 0,001 0,001 < < 2,00
Mg 0,679 0,847 0859 0,862 0,848 0,852 0,785 0,784 0,816 10,80,775 0,804 1,130 1,131 1,138 1,137 1,132 1,149
Ca 0,038 0,035 0,034 0,031 0,035 0,038 0,041 0,038 0,034 10,08044 0,037 0,023 0,021 0,024 0,018 0,022 0,021
Mn 0,025 0,032 0,031 0,033 0,032 0,029 0,024 0,023 0,021 20,0p,020 0,020 0,033 0,032 0,030 0,030 0,031 0,029
Fett 1,232 1,065 1,048 1,057 1,056 1,053 1,116 1,124 1,099 1,103011 1,108 0,779 0,774 0,776 0,779 0,792 0,775
Ni < < < < < < 0,001 0,001 < < < 0,002 < < < < < <
Na < < < < < < < < < < < < < < < < < <

K < < < < < < < 0,001 < < < < 0,001 < < < 0,001 <
Fe' < < < 0,004 < 0,022 < < < 0,019 < < < < < < < 0,006
Total 3,998 3,996 3,994 3,998 3,994 3,999 3,995 3,996 3,99/0993 3,983 3,997 3,994 3,989 3,994 3,991 4,000 4,000
Wo 1,91 1,77 1,73 1,58 1,76 1,92 2,08 1,95 1,72 1,59 2,26 1,86,16 1 1,09 1,24 0,89 1,10 1,08
En 34,43 4280 4356 43,46 43,01 43,20 39,95 39,82 41,42 241,29,98 40,85 57,52 57,74 57,82 57,92 57,25 58,21
Fs 63,67 5543 54,71 5496 55,23 5488 57,97 58,23 56,86 95787,77 57,29 41,32 41,17 4094 41,19 41,65 40,71

(1) granulito mafico / gabronorito, (2) Ol. gabreoito, (3) anortosito, (4) gabronorito e (5) trodtml
Resultados analiticos apresentados em porcentaggues de 6xisdos. En (enstatita) = razéo [100 ANgrFe)]. (<) abaixo do limite de deteccao.



Tabela 2 - Composigdo quimica e formula estrutleadrtopiroxénio da Intrusdo Rio Crixas. Continwaca

Amostra RC10 RC10 RC10 RC10 RC10 RC10 RC10 RC11 RC11 RC11 RC11 RC11 2RARC12 RC12 RC12 RC12 RC13
Litologia 3 3 3 3 3 3 3 1 1 1 1 1 4 4 4 4 4 4
SIiG, 49,71 49,48 50,08 49,39 50,21 50,08 49,86 52,77 53,08 5255855 52,77 52,80 53,63 52,81 53,65 5346 49,51
TiO, 0,09 0,15 0,11 0,08 0,13 0,12 0,18 0,06 0,06 0,07 0,06 0,05 7 0,00,07 0,08 0,07 0,07 0,15
Al,O3 0,78 0,88 0,83 0,86 1,05 1,07 0,96 0,94 0,97 0,98 0,83 1,10 6 0,80,88 0,68 0,82 1,00 1,07
Cr,0s < < < 0,01 0,04 0,04 0,03 < 0,05 0,03 < < < < < 0,04 0,10 0,02
MgO 12,88 12,83 13,31 13,16 13,50 13,65 13,56 20,55 20,61 3420,20,03 20,65 20,97 21,57 20,88 21,60 21,23 13,76
CaO 0,65 0,94 0,75 0,77 0,87 0,81 1,00 1,43 1,24 0,55 0,56 1,2@,50 0,41 0,44 0,47 0,76 1,02
MnO 0,75 0,71 0,66 0,64 0,67 0,60 0,63 1,23 1,16 1,24 1,25 1,18,59 0,60 0,59 0,58 0,54 0,58
FeO 3495 34,50 33,69 34,03 33,66 33,96 33,69 2343 2353372424,31 23,14 24,36 24,18 24,35 23,74 23,68 32,90
NiO < 0,01 < 0,01 0,04 0,04 < 0,04 < 0,01 0,01 0,01 0,03 0,01 < 10,0 < <
Na,O < < < < < < < < < < < 0,04 < < < < < <
K0 0,01 < 0,01 < < 0,01 < < < 0,01 0,02 < < 0,01 0,02 0,01 0,01 <
FeO; 0,48 0,36 < 0,52 < 0,04 0,10 0,45 < < 0,03 < < < < < < 0,27
Total 100,30 99,86 99,44 99,48 100,16 100,41 100,00 100,890,692 100,15 98,95 100,17 100,19 101,36 99,85 100,99 100,89,28
Normalizado a 6 oxigénios

Si 1972 1970 1988 1969 1978 1971 1971 1971 1982 91,971,980 1,978 1,981 1983 1,988 1,988 1,984 1,966
Ti 0,003 0,004 0,003 0,003 0,004 0,003 0,005 0,002 0,002 20,00,002 0,001 0,002 0,002 0,002 0,002 0,002 0,005
Al 0,036 0,041 0,039 0,040 0,049 0,050 0,045 0,042 0,042 40,000,037 0,049 0,038 0,038 0,030 0,036 0,044 0,050
Cr < < < < 0,001 0,001 0,001 < 0,001 0,001 < < < < < 0,001 0,003 D,00
Mg 0,762 0,761 0,788 0,782 0,793 0,801 0,799 1,244 1,147 21,124,240 1,154 1,273 1,189 1,171 1,193 1,174 0,815
Ca 0,028 0,040 0,032 0,033 0,037 0,034 0,042 0,057 0,050 20,002,023 0,050 0,020 0,016 0,018 0,019 0,030 0,044
Mn 0,025 0,024 0,022 0,022 0,022 0,020 0,022 0,039 0,037 00,009,040 0,037 0,019 0,019 0,019 0,018 0,017 0,019
Fett 1,160 1,148 1,118 1,135 1,109 1,117 1,114 0,732 0,734 0,764/760 0,725 0,764 0,748 0,767 0,735 0,735 1,093
Ni < < < < 0,001 0,001 < 0,001 < < < < 0,001 < < < < <
Na < < < < < < < < < < < 0,003 < < < < < <

K < < < < < 0,001 < < < < 0,001 < < < 0,001 < 0,001 <
Fe' 0,014 0,011 < 0,016 < 0,001 0,003 0,013 < < 0,001 < < < < < < 0,008
Total 4,000 3,999 3,990 4,000 3,994 4,000 4,001 4,001 3,99%0973 4,000 3,997 3,998 3,995 3,996 3,992 3,990 4,001
Wo 1,41 2,03 1,63 1,67 1,86 1,73 2,14 2,90 2,52 1,12 1,16 2,53,02 1 0,82 0,90 0,95 1,55 2,21
En 38,59 3858 40,19 39,68 40,43 40,60 40,44 58,02 58,29 357,97,59 58,68 59,35 60,30 59,33 60,70 60,02 41,35
Fs 60,01 59,40 58,18 58,66 57,70 57,68 57,42 39,08 39,19 54041,25 38,79 39,63 38,88 39,77 38,35 38,44 56,44

(1) granulito mafico / gabronorito, (2) Ol. gabreoito, (3) anortosito, (4) gabronorito e (5) trodtml
Resultados analiticos apresentados em porcentaggues de 6xisdos. En (enstatita) = razéo [100 ANg-Fe)]. (<) abaixo do limite de deteccao.



Tabela 2 - Composigdo quimica e formula estrutleadrtopiroxénio da Intrusdo Rio Crixas. Continwaca

RC13
4

RC13
4

RC15 5 RARC15

RC16

4

Amostra RC13 RC13
Litologia 4 4
Sio, 49,67 49,86
TiO, 0,12 0,14
Al,Os 1,04 0,99
Cr,04 < <
MgO 13,95 13,99
CaO 0,93 1,15
MnO 0,61 0,65
FeO 32,84 32,69
NiO < <
Na,O < <
K50 < <
Fe,0Os 0,65 0,01
Total 99,81 99,46
Normalizado a 6 oxigénios

Si 1,962 1,973
Ti 0,004 0,004
Al 0,048 0,046
Cr < <
Mg 0,821 0,825
Ca 0,039 0,049
Mn 0,020 0,022
Fet* 1,085 1,082
Ni < <
Na < <
K < <
Fe' 0,019 <
Total 3,998 4,001
Wo 2,00 2,46
En 41,78 41,72
Fs 56,22 55,82

50,12
0,15
0,96

<

14,10
0,84
0,66
33,01

0,03

<

0,02

<
99,89

1,975
0,004
0,045
<
0,828
0,035
0,022

1,088

0,001

<

0,001

<
3,999

1,80
41,97
56,24

50,11
0,14
0,99

<

14,23

1,13
0,57
32,62

0,02

<

<
0,23
100,05

1,970
0,004
0,046
<
0,834
0,048
0,019

1,072

0,001

<
<

0,007

4,001

2,41
42,26
55,32

51,68,345 54,75
0,32 9 0,20,25
2,20 7 2,22,44

19,64 8719,19,94

24,53 1224,24,87

99,89 100,30 898,98,42 100,79 101,21 100,91 100,20 100,42

1,974 11,98,937
0,009 20,00,033
0,037 30,094,038

1,124 51,13,121
0,022 40,02,022
0,042 60,08,042

0,777850 0,484

3,9989973 3,999

56,89 857,66,91
41,99 04141,95

49,79
0,18
0,66

<

10,99
0,73
0,61

37,56

<

<
<
<

99,93 5300,

1,990
0,006
0,031
<

0,655
0,031
0,021

1,255

1,60
33,37
65,03

(1) granulito mafico / gabronorito, (2) Ol. gabreoito, (3) anortosito, (4) gabronorito e (5) trodtml
Resultados analiticos apresentados em porcentaggues de 6xisdos. En (enstatita) = razéo [100 ANg-Fe)]. (<) abaixo do limite de deteccao.
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Tabela 2 - Composigdo quimica e formula estrutleadrtopiroxénio da Intrusdo Rio Crixas. Continwaca

Amostra RC16 RC16 RC16 RC16 RC16 RC16 RC16 RC16 RC16 RC17 RC17 RC17 8RARC18 RC18 RC18 RC18 RCI19
Litologia 4 4 4 4 4 4 4 4 4 2 2 2 3 3 3 3 3 2
Sio, 49,52 49,54 49,20 51,10 49,34 49,04 4891 48,80 48,86 48,68,074 48,20 49,30 49,61 4955 49,67 49,36 48,30
TiO, 0,11 0,09 0,11 0,10 0,05 0,09 0,08 0,09 0,10 0,09 0,13 0,09 7 0,10,12 0,09 0,14 0,15 0,07
Al,O 0,67 0,56 0,76 0,75 0,54 0,63 0,72 0,68 0,63 0,73 0,77 0,74 7 0,70,70 0,71 0,62 0,72 0,65
Cr,03 < < < 0,05 < < < 0,01 0,02 < < 0,03 < 0,03 < < 0,01 <
MgO 10,41 10,39 10,94 10,35 10,82 9,69 9,55 9,29 9,38 7,82 28,0819 10,52 10,53 10,81 10,48 10,28 7,56
CaO 0,89 0,80 1,77 1,87 0,59 0,86 0,76 0,80 0,77 0,80 0,88 0,86,00 0,80 0,70 1,04 1,98 0,88
MnO 0,65 0,63 0,63 0,51 0,63 0,65 0,65 0,65 0,68 0,71 0,69 0,69,50 0,53 0,55 0,54 0,56 0,81
FeO 3783 3788 3642 37,15 37,48 39,17 39,01 3991 39,66514141,29 4132 38,26 3859 38,62 38,21 37,20 42,06
NiO < 0,03 < 0,02 < < < < < < 0,04 0,01 0,01 < < 0,01 0,06 <
Na,O < < < < < < < < < < < < < < < < < <
K20 < < 0,03 < < 0,02 < 0,01 0,02 0,01 0,02 < < 0,01 < < < 0,01
Fe,0s < < 0,16 < < < < < < < < 0,16 < < 0,09 < < <
Total 100,07 99,93 100,02 101,89 99,45 100,13 99,67 100,89,11 100,30 99,90 100,27 100,51 100,90 101,11 100,70 100,860,34
Normalizado a 6 oxigénios

Si 1,994 1,998 1,977 2,008 199 1,988 1,991 1,984 1,987 2199979 1977 1980 1985 1979 1990 1,984 1,986
Ti 0,003 0,003 0,003 0,003 0,002 0,003 0,002 0,003 0,003 30,00004 0,003 0005 0,003 0,003 0,004 0,004 0,002
Al 0,032 0,026 0,036 0,035 0,026 0,030 0,034 0,033 0,030 9,0®,037 0,036 0,036 0,033 0,033 0,029 0,034 0,032
Cr < < < 0,002 < < < < 0,001 < < 0,001 < 0,001 < < < <
Mg 0,625 0,625 0,656 0,606 0,652 0,586 0,579 0,563 0,568 70,490,492 0,500 0,630 0,628 0,643 0,626 0,616 0,463
Ca 0,038 0,035 0,076 0,079 0,025 0,037 0,033 0,035 0,033 50,083039 0,038 0,043 0,034 0,030 0,044 0,085 0,039
Mn 0,022 0,022 0,021 0,017 0,021 0,022 0,022 0,022 0,023 50,0,024 0,024 0,017 0,018 0,019 0,018 0,019 0,028
Fe* 1,274 1,277 1,224 1,221 1,268 1,328 1,328 1,357 1,349 1422221 1,417 1,285 1,291 1,290 1,280 1,250 1,446
Ni < 0,001 < 0,001 < < < < < < 0,001 < < < < < 0,002 <
Na < < < < < < < < < < < < < < < < < <

K < < 0,002 < < 0,001 < < 0,001 0,001 0,001 < < < < < < <
Fe < < 0,005 < < < < < < < < 0,005 < < 0,003 < < <
Total 3,988 3,987 4,000 3,972 3,990 3,995 3,989 3,997 3,9950903 3,999 4,001 3,996 3,993 4,000 3,991 3,994 3,996
Wo 1,95 1,77 3,85 4,10 1,29 1,88 1,68 1,77 1,69 1,80 1,97 190,19 2 1,73 1,50 2,26 4,32 1,97
En 31,89 31,90 33,16 31,53 33,17 29,68 29,52 2847 28,80 624,34,89 25,28 31,89 31,86 3247 31,78 31,24 23,44
Fs 66,16 66,34 6299 64,38 6554 6844 6880 69,76 6951 573,83,14 72,82 6593 66,41 66,03 6596 64,43 74,60

(1) granulito méafico / gabronorito, (2) Ol. gabreoito, (3) anortosito, (4) gabronorito e (5) trodtml
Resultados analiticos apresentados em porcentaggues de 6xisdos. En (enstatita) = razéo [100 KNgrFe)]. (<) abaixo do limite de deteccao.

Xl



Tabela 2 - Composigdo quimica e formula estrutleadrtopiroxénio da Intrusdo Rio Crixas. Continwaca

Amostra RC19 RC19 RC19 RC19 RC19 RC20 RC20 RC20 RC20 RC20 RC21 RC21 1RC2
Litologia 2 2 2 2 2 3 3 3 3 3 3 3 3
Sio, 48,32 48,41 48,43 48,00 47,69 47,60 47,33 47,74 48,06 48,333,224 47,29 47,49
TiO, 0,12 0,08 0,10 0,13 0,08 0,07 0,07 0,15 0,11 0,08 0,09 0,09 6 0,0
Al,Os 0,69 0,65 0,56 0,60 0,67 0,40 0,40 0,42 0,40 0,39 0,43 0,33 70,3
Cr,03 0,02 0,01 0,01 0,01 0,02 0,02 0,01 0,03 < 0,01 0,01 0,01 0,03
MgO 7,22 8,28 7,14 7,31 6,72 5,62 5,63 5,78 5,77 5,92 4,61 4,44,53
CaO 0,83 0,74 0,92 0,92 0,81 0,85 0,73 0,95 1,01 1,31 0,93 0,98,92
MnO 0,77 0,87 0,90 0,84 0,85 0,70 0,73 0,75 0,75 0,68 0,78 0,80,76
FeO 42,86 41,32 4290 42,17 43,23 44,47 44,63 4451 44,46444446,33 46,30 46,40
NiO < 0,05 0,03 < < < 0,03 < 0,02 < < < 0,01
NSQO < < < < < < < < < < < < <
K,0 < < < < < < < < 0,01 0,01 0,00 0,01 <
FeO; < 0,13 < < 0,21 < < < < < 0,34 < <
Total 100,81 100,54 100,98 99,97 100,27 99,75 99,56 100,8®»,58 101,18 100,75 100,25 100,58
Normalizado a 6 oxigénios

Si 1,983 1980 1,986 1,985 1,978 1,995 1,991 1,990 1,996 31,99,981 1,993 1,993
Ti 0,004 0,002 0,003 0,004 0,002 0,002 0,002 0,006 0,003 30,00,003 0,003 0,002
Al 0,033 0,031 0,027 0,029 0,033 0,020 0,020 0,020 0,020 9,0D,021 0,016 0,018
Cr 0,001 < < < 0,001 0,001 < 0,001 < < < < 0,001
Mg 0,442 0505 0436 0,450 0415 0,351 0,353 0,359 0,357 40,36,288 0,280 0,284
Ca 0,036 0,032 0,040 0,041 0,036 0,038 0,033 0,042 0,045 80,068,042 0,043 0,041
Mn 0,027 0,030 0,031 0,029 0,030 0,025 0,026 0,026 0,026 40,0,028 0,029 0,027
Fe* 1471 1413 1471 1458 1,499 1559 1570 1,551 1,544 1,53%261 1,631 1,628
Ni < 0,002 0,001 < < < 0,001 < < < < < <
Na < < < < < < < < < < < < <

K < < < < < < < < < < < < <
Fe < 0,004 < < 0,006 < < < < < 0,011 < <
Total 3,997 3,999 3,995 3,996 4,000 3,991 3,996 3,994 3,9919943 4,000 3,995 3,994
Wo 1,84 1,64 2,03 2,06 1,82 1,94 1,65 2,14 2,28 2,93 2,11 2,16,08 2
En 22,36 25,49 22,05 22,76 2097 17,79 17,82 18,15 18,10 018,44,53 14,14 14,32
Fs 75,80 72,88 7592 75,18 77,21 80,27 80,53 79,71 79,62 778,83,36 83,71 83,60

(1) granulito méfico / gabronorito, (2) Ol. gabreito, (3) anortosito, (4) gabronorito e (5) trodm! Resultados analiticos
apresentados em porcentagem em peso de Oxisdéengfatita) = razao [100 x Mg/(Mg+Fe)]. (<) abadmlimite de deteccao.
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Tabela 3 - Composigdo quimica e formula estrutleatlinopiroxénio da Intrusédo Rio Crixas.

Amostra RCO1 RC01 RC01 RCO1 RCO1 RC0O1 RC02 RC02 RC02 RC02 RC02 RC02 5RQC05 RC0O5 RC05 RCO05 RCO05
Litologia 2 2 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1
Sio, 49,17 49,79 49,86 49,71 48,84 48,79 49,98 50,26 50,34 50,580,685 50,66 52,30 52,48 52,47 52,72 52,18 52,21
TiO, 0,18 0,18 0,21 0,23 0,17 021 0,33 0,25 0,28 0,32 0,30 0,24 9 0,10,16 0,21 0,15 0,24 0,21
Al,0O3 1,32 1,30 1,31 1,37 129 136 185 1,68 1,87 1,96 1,94 1,75 8 1,01,10 1,19 0,95 1,15 1,07
Cr0s < 0,04 < < < < < 0,01 < < < < 0,07 0,08 0,02 0,04 0,05 0,03
MgO 5,28 5,36 5,24 520 519 517 889 8,98 8,83 8,73 8,81 9,21,89 12,18 11,98 12,13 11,85 11,98
CaO 19,93 19,27 19,78 20,06 19,32 20,64 20,48 17,51 20,471520,21,13 18,16 21,67 19,30 21,44 21,66 21,66 22,03
MnO 0,34 0,35 0,41 044 041 032 030 041 0,33 0,30 0,35 0,39,43 0,49 0,40 0,42 0,45 0,44
FeO 22,18 23,76 23,09 22,67 22,79 2095 16,33 20,36 16,917417,16,19 19,49 1186 1450 11,96 12,05 11,81 11,21
NiO 0,02 0,03 0,03 0,03 0,01 < < < < < 0,04 < 0,02 0,02 < 0,01 < 0,01
Na,O 0,30 0,27 0,33 0,30 0,27 0,33 0,28 0,23 0,27 0,28 0,32 0,26 31 0, 0,31 0,37 0,29 0,32 0,29
K,0 0,03 0,01 0,02 0,02 002 0,02 0,01 0,01 < < 0,01 0,01 0,01 < 100 < < 0,01
Fe0, 1,44 0,03 < < 081 139 141 0,04 0,44 0,49 0,74 < 0,53 0,65 0,58,26 0,45 0,96
Total 100,18 100,39 100,26 100,03 99,11 99,17 99,87 99,74,7299100,51 100,50 100,14 100,33 101,28 100,57 100,66 10Q,00,44
Normalizado a 6 oxigénios

Si 1,955 1974 1,977 1,974 1963 1954 1938 1,962 1,953 01,9%,949 1,963 1,974 1,972 1974 1,981 1,972 1,967
Ti 0,005 0,005 0,006 0,007 0,005 0,006 0,010 0,007 0,008 9,00,009 0,007 0,005 0,004 0,006 0,004 0,007 0,006
Al 0,062 0,061 0,061 0,064 0,061 0,064 0,085 0,077 0,085 9,089,088 0,080 0,048 0,049 0,063 0,042 0,051 0,048
Cr < 0,001 < < < < < < < < < < 0,002 0,002 0,001 0,000 0,002 0,001
Mg 0,313 0,317 0,310 0,308 0,311 0,308 0,514 0,523 0,510 20,50,505 0,532 0,668 0,682 0,672 0,679 0,667 0,673
Ca 0,849 0819 0840 0,853 0,832 0,886 0,851 0,733 0,851 3088871 0,754 0,876 0,777 0,864 0,872 0,877 0,889
Mn 0,011 0,012 0,014 0,015 0,014 0,011 0,010 0,014 0,011 00,00,012 0,012 0,014 0,016 0,013 0,013 0,014 0,014
Fett 0,737 0,788 0,766 0,753 0,766 0,702 0,530 0,665 0,549 0575210 0,632 0,374 0,456 0,376 0,379 0,373 0,353
Ni 0,001 0,001 0,000 0,001 < < < < < < 0,001 < 0,000 0,001 < < < <
Na 0,023 0,021 0,025 0,023 0,021 0,026 0,021 0,018 0,020 10,0Q,024 0,020 0,023 0,023 0,027 0,021 0,023 0,021
K 0,001 0,001 0,001 0,001 0,001 0,001 0,001 < < < < < < < < < < <
Fe' 0,043 0,001 < < 0,024 0,042 0,041 0,001 0,013 0,014 0,021 < 150,00,018 0,015 0,007 0,013 0,027
Total 4,000 4,001 4,000 3,999 3,998 4,000 4,001 4,000 4,0000004 4,001 4,000 4,000 4,000 4,001 3,999 3,999 3,999
Wo 44,43 42,30 43,55 44,25 43,27 46,45 44,68 37,89 44,30 543,4564 39,08 4533 40,26 44,90 44,87 4540 46,09
En 16,38 16,37 16,05 1595 16,18 16,18 26,98 27,04 26,58 826,26,47 27,58 3459 3534 34,89 34,95 34,55 34,88
Fs 39,20 41,33 40,40 39,80 40,56 37,37 28,34 3508 29,12 73037,89 33,34 20,07 24,41 20,21 20,18 20,05 19,03

(1) granulito méfico / gabronorito, (2) Ol. gabroito, (3) anortosito e (4) gabronorito.
Resultados analiticos apresentados em porcentaggues de 6xisdos. En (enstatita) = razéo [100 XNgrFe)]. (<) abaixo do limite de deteccao.
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Tabela 3 - Composigdo quimica e formula estrutileatlinopiroxénio da Intrusédo Rio Crixas. Contirfim¢

Amostra RC06 RCO06 RCO06 RC0O7 RCO7 RCO07 RC0O7 RC0O7 RC08 RCO08 8RORC08 RC08 RC08 RC09
Litologia 2 2 2 1 1 1 1 1 3 3 3 3 3 3 1
Sio, 50,35 50,14 50,56 52,48 51,87 5243 51,92 51,320,775 50,92 50,61 49,79 51,71 50,81 53,10
TiO, 0,30 0,30 0,27 0,11 0,27 0,07 0,20 0,25 0,32 0,29 7 0,20,23 0,18 0,17 0,14
Al,O; 1,79 1,62 1,84 0,73 1,48 0,71 1,30 1,39 1,88 1,80 5 1,71,51 1,26 1,63 1,51
Cr,03 < < < < 0,04 < < 0,02 < < < < 0,04 0,03
MgO 8,79 9,28 9,10 11,50 10,90 11,45 11,10 10,90 3110,10,51 10,59 10,17 10,85 10,20 13,54
CaO 19,77 17,26 19,02 22,44 21,49 22,10 22,24462121,45 2154 20,10 21,35 22,53 21,34 22,28
MnO 0,35 0,36 0,35 0,37 0,37 0,34 0,29 0,34 0,30 0,2D,23 0,24 0,22 0,27 0,36
FeO 17,93 20,03 18,42 12,12 13,27 12,63 12,127512,13,76 13,22 14,60 12,86 12,43 13,89 8,38
NiO 0,02 0,03 0,01 < < 0,01 0,04 < 0,01 < 0,01 <
N&aO 0,25 0,25 0,29 0,24 0,35 0,23 0,33 0,34 0,23 0,30 25 0, 0,25 0,25 0,26 0,48
K20 < < < 0,01 0,01 0,01 0,01 < 0,05 < < < <
Fe0; 0,73 1,10 0,53 0,93 0,65 0,53 1,12 1,10 1,12 1,56 9 0,61,77 1,25 1,08 0,44
Total 100,27 100,37 100,37 100,91 100,69 @00100,66 99,86 100,14 100,37 99,14 98,16 100,67 99,71 10Q,06,25
Normalizado a 6 oxigénios

Si 1,949 1,948 1,953 1,977 1,963 1,983 1,961 81,9%,941 1,940 1,953 1,942 1,958 1,952 1,974
Ti 0,009 0,009 0,008 0,003 0,008 0,002 0,006 70,00,009 0,008 0,008 0,007 0,005 0,005 0,004
Al 0,082 0,074 0,084 0,032 0,066 0,031 0,058 20,060,085 0,081 0,080 0,070 0,056 0,074 0,066
Cr < < < < 0,001 < < 0,001 < < < < 0,001 0,001
Mg 0,507 0,537 0,524 0,645 0,615 0,645 0,625 006,587 0,597 0,609 0,592 0,612 0,584 0,750
Ca 0,820 0,718 0,787 0,905 0,871 0,896 0,900 80,80,879 0,879 0,831 0,892 0,914 0,878 0,887
Mn 0,012 0,012 0,012 0,012 0,012 0,011 0,009 10,00,010 0,007 0,008 0,008 0,007 0,009 0,011
Fett 0,581 0,651 0,595 0,382 0,420 0,399 0,383 0,404400 0,421 0,471 0,420 0,394 0,446 0,260
Ni < 0,001 < < < < 0,001 < < < < < < <
Na 0,019 0,019 0,021 0,017 0,026 0,016 0,024 50,08,017 0,022 0,019 0,019 0,018 0,019 0,034
K < < < 0,001 0,001 < < < < 0,002 < < < <
Fe' 0,021 0,032 0,015 0,026 0,018 0,015 0,032 0,03D320 0,045 0,020 0,052 0,036 0,031 0,012
Total 4,000 4,001 3,999 4,000 4,001 3,998 3,9990014 4,000 4,000 4,001 4,002 4,000 3,999 3,999
Wo 42,73 37,45 41,04 46,57 45,43 4590 46,96 245,8587 46,17 43,31 46,68 47,43 45,80 46,49
En 26,42 28,01 27,33 33,19 32,05 3307 32,60 632,30,66 31,34 31,74 30,95 31,78 30,47 39,28
Fs 30,85 34,54 31,63 20,24 22,52 21,03 20,45 2218347 22,49 2495 2236 20,80 23,73 14,23

(1) granulito méfico / gabronorito, (2) Ol. gabroito, (3) anortosito e (4) gabronorito.
Resultados analiticos apresentados em porcentaggues de 6xisdos. En (enstatita) = razéo [100 ANgrFe)]. (<) abaixo do limite de deteccao.
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Tabela 3 - Composigdo quimica e formula estrutileatlinopiroxénio da Intrusédo Rio Crixas. Contirfim¢

Amostra RC09 RC09 RC09 RC10 RC10 RC10 RC10 RC10 RC10 RC11 RC11 RC11 1RARC11 RC12 RC12 RC12 RC12
Litologia 1 1 1 3 3 3 3 3 3 1 1 1 1 1 4 4 4 4
Sio, 5295 53,08 5241 50,83 5166 51,76 51,82 51,48 50,90 53,03,985 54,01 52,58 53,39 53,15 53,03 53,61 53,84
TiO, 0,21 0,18 0,21 0,33 0,21 0,17 0,17 0,18 0,28 0,18 0,17 0,14 7 0,10,19 0,20 0,20 0,21 0,18
Al,O4 1,74 1,58 1,75 1,76 1,47 1,46 1,46 1,52 1,74 1,61 1,65 1,40 3 1,51,66 1,59 1,47 1,59 1,58
Cr0s 0,01 < 0,02 0,03 < < 0,01 < < 0,03 0,05 0,04 < 0,01 < < 0,03 <
MgO 13,55 13,42 13,42 995 10,33 10,49 1055 10,59 10,122 813,33,70 14,04 13,47 13,82 14,07 13,86 13,89 13,74
CaO 21,82 22,14 22,35 21,64 20,90 21,90 22,14 22,03 21,53592222,39 22,74 22,60 22,44 22,17 21,44 22,43 22,76
MnO 0,34 0,37 0,39 0,27 0,30 0,26 0,27 0,27 0,27 0,43 0,51 0,49,44 0,46 0,27 0,27 0,22 0,22
FeO 8,26 8,68 7,41 14,08 1555 13,93 13,63 13,22 14,11 8,1069 7, 8,02 7,51 7,89 7,41 8,84 8,03 8,28
NiO 0,01 0,01 0,03 < 0,01 < 0,01 < 0,01 < 0,04 < < < 0,01 0,03 0,01 <
Na,O 0,53 0,49 0,50 0,26 0,20 0,24 0,23 0,24 0,24 0,48 0,46 0,44 45 0, 0,49 0,55 0,49 0,55 0,51
K,0 0,11 < 0,04 0,02 < < < 0,01 < 0,01 0,02 0,02 0,01 0,01 0,01 0,01 < <
FeO; 1,03 0,45 1,26 1,20 0,83 0,34 0,56 0,93 1,01 1,03 1,20 0,42 2 1,40,96 1,81 1,11 0,83 0,28
Total 100,55 100,39 99,80 100,38 101,44 100,55 100,84 ©6001490,20 100,88 100,84 101,70 100,17 101,30 101,24 100,74,410 101,40
Normalizado a 6 oxigénios

Si 1,963 1,972 1,957 1,943 1,957 1,966 1,963 1,957 1,947 21,946,959 1976 1,958 1,963 1,955 1,964 1,967 1,975
Ti 0,006 0,005 0,006 0,009 0,006 0,005 0,005 0,005 0,008 50,00,0056 0,004 0,005 0,005 0,006 0,006 0,006 0,005
Al 0,076 0,069 0,077 0,079 0,065 0,065 0,065 0,068 0,078 ®0,0D072 0,060 0,067 0,072 0,069 0,064 0,069 0,068
Cr < < 0,001 0,001 < < < < < 0,001 0,002 0,001 < < < < 0,001 <
Mg 0,749 0,743 0,747 0,567 0,583 0,594 0,595 0,600 0,577 80,78,755 0,765 0,748 0,758 0,771 0,765 0,760 0,752
Ca 0,867 0,881 0,894 0,886 0,848 0,891 0,898 0,897 0,882 60,89,887 0,891 0,902 0,884 0,873 0,851 0,882 0,895
Mn 0,012 0,012 0,012 0,009 0,010 0,008 0,009 0,009 0,009 40,00,016 0,014 0,014 0,014 0,008 0,008 0,007 0,007
Fe* 0,256 0,270 0,231 0,450 0,493 0,443 0,432 0,420 0,451 0,25p380 0,245 0,234 0,243 0,228 0,274 0,246 0,254
Ni < < 0,001 < < < < < < < 0,001 < < < < 0,001 < <
Na 0,038 0,035 0,037 0,019 0,015 0,017 0,017 0,018 0,018 40,086,033 0,031 0,033 0,035 0,039 0,035 0,039 0,036
K 0,005 < 0,002 0,001 < < < < < 0,001 0,001 0,001 < 0,001 < < < <
Fe** 0,029 0,012 0,035 0,035 0,024 0,010 0,016 0,027 0,029 0,029330 0,012 0,040 0,027 0,050 0,031 0,023 0,008
Total 4,000 3,999 4,000 3,999 4,001 3,999 4,000 4,001 3,9990014 4,002 4,000 4,001 4,002 3,999 3,999 4,000 4,000
Wo 46,05 46,24 47,44 46,36 43,87 46,03 46,45 46,59 45,98 947,46,79 46,52 47,53 46,57 46,44 4483 46,55 46,92
En 39,80 38,99 39,64 29,64 30,16 30,69 30,78 31,14 30,06 838,89,82 39,95 3942 3991 41,00 40,30 40,09 39,40
Fs 14,16 14,77 12,92 24,00 25,97 23,28 22,77 22,27 23,97 313,93,39 13,53 13,05 1352 1257 14,87 13,36 13,68

(1) granulito méfico / gabronorito, (2) Ol. gabroito, (3) anortosito e (4) gabronorito.
Resultados analiticos apresentados em porcentaggues de 6xisdos. En (enstatita) = razéo [100 ANgrFe)]. (<) abaixo do limite de deteccao.
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Tabela 3 - Composigdo quimica e formula estrutileatlinopiroxénio da Intrusédo Rio Crixas. Contirfim¢

Amostra RC12 RC12 RC12 RC13 RC13 RC13 RC13 RC13 RC13 RC14 RC14 RCl14 4RM®RC14 RCl14 RC16 RC16 RC16
Litologia 4 4 4 4 4 4 4 4 4 1 1 1 1 1 1 4 4 4
Sio, 50,08 53,27 53,28 50,97 51,11 51,05 50,89 50,88 51,07 5250075 51,81 53,01 53,34 5283 51,64 51,40 51,20
TiO, 0,65 0,21 0,26 0,31 0,19 0,31 0,30 0,22 0,24 0,20 0,21 0,24 6 0,10,17 0,18 0,20 0,12 0,23
Al,O; 4,44 1,89 1,81 2,05 1,71 1,98 2,02 1,84 1,86 1,58 1,54 159 4 1,41,51 1,42 1,44 1,11 1,42
Cr,03 0,21 0,08 0,09 < 0,03 0,02 0,02 0,03 < < 0,01 0,07 0,01 0,01 0,00,05 0,03 0,03
MgO 14,08 13,78 13,75 10,37 10,50 10,38 10,26 10,51 10,43 1513,13,75 13,10 13,59 13,46 13,44 8,61 8,90 8,59
CaO 21,48 22,14 2194 21,24 21,91 20,30 21,32 21,29 22,06942118,95 22,40 22,10 21,79 2252 21,09 21,50 17,70
MnO 0,16 0,25 0,23 0,26 0,24 0,27 0,24 0,26 0,30 0,44 0,42 0,38,43 0,57 0,50 0,27 0,24 0,34
FeO 4,60 8,02 8,75 13,63 12,66 14,87 13,43 13,30 12,62 8,50,2511 7,26 8,18 8,80 7,88 17,08 16,71 21,60
NiO 0,01 0,03 0,02 < < < 0,03 0,05 0,05 0,01 < < 0,03 0,02 < 0,02 < <
N&aO 0,62 0,57 0,49 0,35 0,35 0,35 0,39 0,30 0,32 0,53 0,43 0,54 51 0, 0,53 0,46 0,26 0,26 0,23
K20 0,06 0,01 0,01 0,01 < 0,01 0,01 < < < < 0,01 < 0,02 < < < 0,02
Fe0; 4,50 1,49 0,82 1,18 1,37 0,47 1,55 1,42 1,44 0,90 1,02 215 110 < 0,96 < 0,57 <
Total 100,90 101,73 101,45 100,37 100,06 100,03 100,44 1000100,38 99,73 99,65 99,49 100,48 100,22 100,20 100,67 8400,01,34
Normalizado a 6 oxigénios

Si 1,844 1952 1,959 1941 1,949 1953 1,938 1,943 1,943 61,964,961 1,947 1,968 1,983 1,967 1,981 1,972 1,974
Ti 0,018 0,006 0,007 0,009 0,005 0,009 0,000 0,006 0,007 60,00,006 0,007 0,004 0,005 0,006 0,006 0,004 0,007
Al 0,193 0,081 0,078 0,092 0,077 0,089 0,091 0,083 0,083 0,00,068 0,000 0,063 0,066 0,062 0,065 0,060 0,064
Cr 0,006 0,002 0,003 < 0,001 0,001 < 0,001 < < < 0,002 < < < 0,0020010 0,001
Mg 0,773 0,753 0,753 0,589 0,597 0,592 0,582 0,598 0,591 40,78,772 0,734 0,752 0,746 0,746 0,493 0,509 0,494
Ca 0,847 0,869 0,864 0,867 089 0832 0,870 0,871 0,899 00,88765 0,902 0,879 0,868 0,898 0,867 0,884 0,731
Mn 0,005 0,008 0,007 0,008 0,008 0,009 0,008 0,008 0,010 40,00,013 0,011 0,013 0,018 0,016 0,009 0,008 0,011
Fett 0,141 0,246 0,269 0,434 0,404 0,476 0,428 0,425 0,401 0,268540 0,228 0,254 0,273 0,245 0,548 0,536 0,696
Ni < 0,001 0,001 < < < 0,001 0,001 0,001 < < < 0,001 0,001 < 0,001 < <

Na 0,044 0,041 0,035 0,026 0,026 0,026 0,029 0,023 0,023 80,08,031 0,039 0,036 0,038 0,034 0,019 0,019 0,017
K 0,003 < 0,001 < < 0,001 < < < < < < < 0,001 < < < 0,001
Fe' 0,125 0,041 0,023 0,034 0,039 0,013 0,044 0,041 0,041 0,02H290 0,061 0,028 < 0,027 < 0,017 <
Total 3,999 4,000 4,000 4,000 4,001 4,001 4,000 4,000 3,999993 3,999 4,001 3,998 3,999 4,000 3,991 4,000 3,996
Wo 4796 46,36 45,63 45,66 47,03 43,60 46,09 45,79 47,30 746,40,16 48,11 46,30 4555 47,16 4523 4564 37,84
En 43,75 40,13 39,78 31,02 31,36 31,02 30,84 31,44 31,09 538,4052 39,15 39,62 39,14 39,14 25,71 26,27 25,55
Fs 829 1351 1459 2332 2161 2539 2308 22,76 2161 14¥832 12,74 14,08 1530 13,70 29,07 28,09 36,61

(1) granulito méfico / gabronorito, (2) Ol. gabroito, (3) anortosito e (4) gabronorito.

Resultados analiticos apresentados em porcentaggues de 6xisdos. En (enstatita) = razéo [100 ANgrFe)]. (<) abaixo do limite de deteccao.
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Tabela 3 - Composigdo quimica e formula estrutileatlinopiroxénio da Intrusédo Rio Crixas. Contirfim¢

Amostra RC16 RC16 RC16 RC16 RC16 RC16 RC16 RC17 RC17 RC17 RC17 RC18 8R@C18 RC18 RC18 RC19 RC19
Litologia 4 4 4 4 4 4 4 2 2 2 2 3 3 3 3 3 2 2
SIiG, 51,17 50,93 50,69 50,96 50,62 50,49 50,93 50,20 50,29 49,606,295 51,11 50,70 51,30 51,34 51,42 50,00 50,16
TiO, 0,21 0,21 0,26 0,20 0,18 0,26 0,20 0,13 0,15 0,13 0,16 0,18 0 0,20,21 0,20 0,14 0,17 0,16
Al,O3 1,47 1,46 1,48 1,37 1,35 1,52 1,28 1,33 1,43 1,28 1,38 1,36 7 1,31,45 1,30 1,15 1,36 1,38
Cr,0s < 0,01 0,03 < 0,01 < < 0,01 0,01 < 0,01 < 0,03 < < < < 0,04
MgO 8,71 8,57 8,09 8,08 7,64 7,71 7,65 7,06 6,90 6,76 7,00 8,58,65 8,64 8,47 8,61 6,09 5,89
CaO 21,25 21,63 20,97 21,15 20,21 19,51 20,87 19,45 19,793120,19,97 21,14 21,72 21,48 21,20 21,84 20,32 20,97
MnO 0,28 0,29 0,26 0,28 0,23 0,32 0,33 0,38 0,33 0,33 0,32 0,19,23 0,19 0,22 0,27 0,36 0,38
FeO 17,08 16,75 18,15 18,34 19,15 20,26 19,11 21,18 21,371820,20,79 17,54 16,12 17,16 17,93 16,88 21,60 21,31
NiO 0,02 0,01 < < < < 0,01 0,06 < < 0,02 0,03 < < < 0,02 0,02 0,03
NaO 0,26 0,23 0,25 0,21 0,20 0,28 0,25 0,22 0,19 0,20 0,21 0,25 25 0, 0,27 0,25 0,24 0,23 0,21
K0 < < < < 0,01 < 0,02 < < < 0,03 < 0,02 0,01 < < < <
Fe0s < 0,35 0,36 0,15 < 0,32 < 0,61 0,27 0,53 0,28 0,33 1,72 0,47 0,30,64 0,71 <
Total 100,45 100,44 100,54 100,73 99,59 100,67 100,63 1B001®0,74 99,34 100,46 100,67 101,01 101,18 101,28 101,20,8300.00,52
Normalizado a 6 oxigénios

Si 1,970 1964 1,962 1,969 1981 1963 1,975 1,965 1,966 61,964,968 1969 1,948 1965 1,969 1970 1,962 1,971
Ti 0,006 0,006 0,008 0,006 0,005 0,008 0,006 0,004 0,004 40,00,0056 0,005 0,006 0,006 0,006 0,004 0,005 0,005
Al 0,067 0,067 0,068 0,062 0,062 0,070 0,058 0,062 0,066 ©,0®€,063 0,062 0,062 0,065 0,059 0,052 0,063 0,064
Cr < < 0,001 < < < < < < < < < 0,001 < < < < 0,001
Mg 0,500 0,492 0,467 0,465 0,445 0,447 0,442 0,412 0,402 90,39,408 0,491 0,495 0,493 0,484 0,491 0,356 0,345
Ca o877 0,894 0,870 0,876 0,847 0,813 0,87 0,816 0,829 20,86838 0873 0894 0881 0871 0,896 0,854 0,883
Mn 0,009 0,009 0,009 0,009 0,008 0,011 0,012 0,013 0,012 10,00,012 0,006 0,008 0,006 0,007 0,009 0,012 0,012
Fett 0,550 0,540 0,588 0,592 0,627 0,659 0,620 0,693 0,699 0,66%800 0,565 0,518 0,549 0,575 0,541 0,709 0,700
Ni 0,001 < < < < < < 0,002 < < 0,001 0,001 < < < < 0,001 0,001
Na 0,019 0,017 0,019 0,016 0,015 0,022 0,019 0,017 0,015 50,00,016 0,019 0,018 0,020 0,019 0,018 0,018 0,016
K < < < < < < 0,001 < < < 0,002 < 0,001 < < < < <
Fe' < 0,010 0,010 0,004 < 0,009 < 0,018 0,008 0,016 0,008 0,010 500,00,014 0,011 0,018 0,021 <
Total 3,999 3,999 4,002 3,999 3,990 4,001 3,999 4,002 4,0000014 4,000 4,001 4,001 3,999 4,001 3,999 4,001 3,998
Wo 45,29 46,17 45,01 45,07 43,97 42,13 44,71 42,19 42,72 244,43,24 4510 46,69 45,66 44,97 46,27 44,23 45,49
En 25,83 2545 24,14 2396 23,12 23,17 22,79 21,29 20,72 620,81,07 25,38 25,86 2555 2498 25,37 18,43 17,78
Fs 28,89 28,38 30,85 30,97 3292 34,70 32,50 36,52 36,57 23585,69 29,52 2745 28,79 30,05 28,37 37,33 36,73

(1) granulito méfico / gabronorito, (2) Ol. gabroito, (3) anortosito e (4) gabronorito.
Resultados analiticos apresentados em porcentaggpes de 6xisdos. En (enstatita) = razéo [100 XNgrFe)]. (<) abaixo do limite de deteccao.
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Tabela 3 - Composigdo quimica e formula estrutileatlinopiroxénio da Intrusédo Rio Crixas. Contirfim¢

Amostra RC19 RC19 RC19 RC20 RC20 RC20 RC20 RC20 RC21 RC21 RC21 RcC21
Litologia 2 2 2 3 3 3 3 3 3 3 3 3
Sio, 46,98 48,92 50,32 48,94 48,35 50,34 50,10 49,83 49,41 49,20,005 49,72
TiO, 0,18 0,18 0,10 0,12 0,14 0,13 0,10 0,11 0,17 0,15 0,16 0,11
Al,O3 1,42 1,40 1,29 0,90 0,90 0,88 0,86 0,84 0,86 0,89 0,86 0,83
Cr0s < < 0,01 0,02 < 0,01 0,05 < 0,01 0,02 < <
MgO 6,34 5,78 6,17 4,90 5,00 512 5,12 5,09 4,05 4,02 3,98 3,95
CaO 18,77 20,90 21,19 21,00 20,86 20,68 20,12 19,84 20,638720,18,21 21,02
MnO 0,44 0,43 0,32 0,32 0,35 0,31 0,34 0,29 0,36 0,39 0,37 0,35
FeO 19,88 20,13 20,90 21,40 20,54 23,12 23,48 23,86 24,14582327,58 23,93
NiO 0,01 < < 0,05 0,04 0,02 < < < < 0,02 <
Na,O 0,14 0,22 0,19 0,26 0,28 0,23 0,25 0,22 0,23 0,24 0,20 0,28
K,0 < < 0,01 < 0,03 0,03 0,01 < < < 0,02 0,01
Fe0, 4,36 2,11 0,89 1,66 2,42 < < 0,30 0,78 1,59 < 0,89
Total 98,51 100,07 101,38 99,57 98,91 100,86 100,43 100,8®,65 100,97 101,38 101,09
Normalizado a 6 oxigénios

Si 1,900 1,939 1962 1960 1,949 1986 1,987 1,981 1,972 01,964,990 1,975

Ti 0,005 0,005 0,003 0,004 0,004 0,004 0,003 0,003 0,005 40,00,005 0,003

Al 0,068 0,065 0,059 0,043 0,043 0,041 0,040 0,039 0,041 20,00,040 0,039
Cr < < < 0,001 < < 0,001 < < 0,001 < <
Mg 0,382 0,341 0,359 0,292 0,300 0,301 0,303 0,302 0,241 90,28,236 0,234
Ca 0,814 0,887 0,885 0,901 0901 0874 0,855 0,845 0,882 00,89,776 0,894
Mn 0,015 0,015 0,011 0,011 0,012 0,010 0,011 0,010 0,012 30,000,012 0,012
Fet* 0,672 0,667 0,681 0,717 0,692 0,763 0,779 0,793 0,806 0,78®180 0,795

Ni < < < 0,002 0,001 0,001 < < < < 0,001 <
Na 0,011 0,017 0,014 0,020 0,021 0,018 0,019 0,017 0,018 80,00,016 0,021

K < < < < 0,002 0,001 < < < < 0,001 0,001
Fe' 0,133 0,063 0,026 0,050 0,074 < < 0,009 0,024 0,048 < 0,027
Total 4,000 3,999 4,000 4,001 3,999 3,999 3,998 3,999 4,00]0004 3,995 4,001
Wo 43,20 46,45 4572 46,91 47,28 44,87 43,89 43,34 4545 046,39,97 46,23
En 20,30 17,86 18,53 1522 15,76 1545 1553 15,48 12,41 912,32,15 12,07

Fs 36,49 3568 3575 37,88 36,97 39,69 4057 41,18 42,14 24147,88 41,69

(1) granulito méafico / gabronorito, (2) Ol. gabreoito, (3) anortosito e (4) gabronorito. Resultadaaliticos apresentados
em porcentagem em peso de éxisdos. En (enstatitgdo [100 x Mg/(Mg+Fe)]. (<) abaixo do limite detec¢éo.
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Tabela 4 - Composigdo quimica e formula estrutlegblagioclasio da Intrusao Rio Crixas.

Amostra RCO1 RCO01 RCO01 RCO1 RCO1 RCO1 RCO2 RC02 RC02 RC02 RC02 RC03 3RAEC03 RC03 RC03 RC04 RCO4

Litologia 2 2 2 2 2 2 2 2 2 2 2 4 4 4 4 4 4 4
Na,O 6,90 7,27 7,31 7,00 6,30 7,17 6,35 6,25 6,19 6,19 6,22 3,6366 3, 3,49 3,25 3,32 5,96 5,73
K,0 0,50 0,53 0,57 0,44 0,46 0,36 0,54 0,48 0,52 0,42 0,51 0,20 18 0, 0,19 0,17 0,16 0,34 0,42
Sio, 61,43 60,30 60,27 59,39 56,53 59,70 58,05 57,32 57,12 57,0625 51,39 51,34 51,47 50,76 5156 56,37 55,71
Al,Os 25,82 2596 26,07 26,50 24,67 26,20 27,45 26,84 27,55 27,98,262 31,32 31,43 30,93 31,84 3161 2745 2754
FeO 0,22 0,07 0,06 0,10 3,76 0,16 0,11 0,12 0,11 0,09 0,13 0,08,12 0,12 0,09 0,11 0,21 0,17
CaO 7,15 7,36 7,37 7,88 7,27 7,97 9,06 9,18 9,38 9,32 8,89 213,73,98 14,34 14,04 14,28 10,03 10,35
BaO < < < 0,07 0,01 0,02 0,23 0,12 < 0,10 0,19 0,04 0,06 < 0,04 <130, 0,03
SrO < 0,07 < < < 0,07 < 0,09 0,12 0,08 0,10 < < < < < < <
Total 102,02 101,55 101,66 101,38 98,99 101,65 101,79 ©001®0,99 101,21 100,91 100,38 100,76 100,53 100,18 101,02,480 99,95
Normalizado a 8 oxigénios

Na 0,584 0,620 0,623 0,599 0,561 0,613 0,544 0,543 0,535 30,568,537 0,319 0,321 0,307 0,286 0,290 0,518 0,502
K 0,028 0,029 0,032 0,025 0,027 0,020 0,030 0,028 0,029 0,08029 0,011 0,010 0,011 0,010 0,009 0,020 0,024
Si 2,680 2,653 2,649 2621 2599 2,630 2565 2,569 2546 62,532,567 2,328 2,320 2,332 2,305 2,321 2,530 2,515
Al 1,328 1,346 1,350 1,379 1,337 1,360 1,430 1,418 1,447 5,444,432 1,672 1,674 1651 1,704 1,677 1,452 1,466
Fe 0,008 0,003 0,002 0,004 0,244 0,006 0,004 0,006 0,004 30,00,005 0,003 0,004 0,004 0,003 0,004 0,008 0,006
Ca 0,334 0,347 0,347 0,373 0,358 0,376 0,429 0,441 0,448 40,484,424 0,666 0,677 0,696 0,683 0,689 0,482 0,501
Ba 0,000 0,000 0,000 0,001 0,000 0,000 0,004 0,002 0,000 20,00,003 0,001 0,001 0,000 0,001 0,000 0,002 0,001
Sr 0,000 0,002 0,000 0,000 0,000 0,002 0,000 0,002 0,003 20,00,002 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Total 4,962 5,000 5,003 5,002 5,026 5,007 5,006 5,008 5012009 4,999 5000 5,007 5,001 4992 4,990 5,012 5,015
An 3533 3481 34,63 37,39 37,86 37,27 42,75 43,56 44,24 4443284 66,87 67,14 68,66 69,76 69,76 47,26 48,75

(1) granulito méfico / gabronorito, (2) Ol. gabreito, (3) anortosito, (4) gabronorito, e (5) trddtm
Resultados analiticos apresentados em porcentaggueso de Oxisdos. An (anortita) = razéo [100 XCaNa)]. (<) abaixo do limite de deteccao.

XX



Tabela 4 - Composigdo quimica e formula estrutlegblagioclasio da Intrusdo Rio Crixas. Continuagao

Amostra RC04 RC04 RC04 RC04 RC04 RC04 RCO5 RCO5 RCO5 RCO5 RCO5 RCO06 6RO®C06 RC06 RC06 RC06 RCO7
Litologia 4 4 4 4 4 4 1 1 1 1 1 2 2 2 2 2 2 1
Na,O 6,91 7,08 5,65 4,95 6,06 6,10 7,59 7,72 7,45 7,37 7,58 7,4520 7, 7,50 7,00 7,53 7,34 6,81
K,0 0,30 0,51 0,19 0,19 0,32 0,33 0,23 0,22 0,21 0,24 0,23 0,3533 0, 0,33 0,22 0,31 0,27 0,25
Sio, 58,90 59,80 56,09 5451 56,39 56,99 60,09 59,78 5894 5999315 59,44 59,17 59,41 5843 59,14 59,16 58,41
Al,Os 26,40 25,75 28,23 2944 2763 27,73 2551 2555 2581 2558,342 26,18 26,13 25,74 26,24 2543 2582 26,72
FeO 0,12 0,11 0,16 0,18 0,18 0,16 0,13 0,14 0,13 0,08 0,23 0,16,10 0,17 0,11 0,09 0,10 0,07
CaO 8,54 7,99 10,92 11,71 9,97 10,06 7,33 7,20 7,81 7,55 7,3797 7 8,22 7,70 8,43 7,78 7,86 8,84
BaO 0,06 0,04 < 0,04 0,06 0,09 < 0,07 0,10 0,10 0,13 0,15 0,23 27 0, 0,08 < 0,14 0,17
SrO < < 0,05 0,03 < < 0,22 0,35 0,28 0,19 0,36 0,13 0,10 < < 0,04 130, 0,17
Total 101,23 101,27 101,28 101,05 100,61 101,46 101,08 0201100,72 101,05 100,54 101,79 101,47 101,12 100,51 100,682,82 101,45
Normalizado a 8 oxigénios

Na 0,594 0,606 0,488 0,430 0,526 0,526 0,651 0,664 0,644 30,68,655 0,637 0,618 0,645 0,605 0,652 0,633 0,585
K 0,017 0,029 0,011 0,011 0,018 0,019 0,013 0,012 0,012 0,003013 0,020 0,018 0,019 0,012 0,017 0,015 0,014
Si 2,609 2,644 2,499 2,440 2,526 2,532 2,658 2,651 2,626 52,683,647 2,622 2619 2636 2,607 2,641 2,631 2,589
Al 1,378 1,341 1482 1553 1,459 1452 1330 1335 1,355 21,33,333 1,361 1,363 1,346 1,380 1,338 1,353 1,396
Fe 0,004 0,004 0,006 0,007 0,007 0,006 0,005 0,006 0,005 3000009 0,005 0,004 0,006 0,004 0,003 0,004 0,003
Ca 0,405 0,378 0,521 0,562 0,479 0,479 0,347 0,342 0,373 80,38,353 0,377 0,390 0,366 0,403 0,372 0,375 0,420
Ba 0,001 0,001 0,000 0,001 0,000 0,001 0,000 0,001 0,002 2000002 0,003 0,004 0,005 0,000 0,000 0,002 0,003
Sr 0,000 0,000 0,001 0,001 0,000 0,000 0,006 0,000 0,007 5000009 0,003 0,002 0,000 0,000 0,001 0,003 0,004
Total 5,008 5,003 5,008 5,005 5,016 5,015 5,010 5,019 5,0240015 5,021 5,028 5,018 5,023 5,012 5,024 5,016 5,014
An 39,87 37,33 51,10 56,05 46,78 46,80 34,36 33,61 36,25 7358453 36,47 3798 3555 3948 3573 36,63 41,18

(1) granulito méfico / gabronorito, (2) Ol. gabreito, (3) anortosito, (4) gabronorito, e (5) trddtm
Resultados analiticos apresentados em porcentaggreso de Oxisdos. An (anortita) = razéo [100 XCaNa)]. (<) abaixo do limite de deteccao.
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Tabela 4 - Composigdo quimica e formula estrutlegblagioclasio da Intrusdo Rio Crixas. Continuagao

Amostra RC0O7 RCO07 RC07 RCO7 RCO7 RC08 RC08 RC08 RC08 RC08 RC09 RC09 9RORC09 RC09 RC09 RC09 RC10
Litologia 1 1 1 1 1 3 3 3 3 3 1 1 1 1 1 1 1 3
Na,O 5,66 7,14 7,35 6,81 6,89 5,87 5,58 5,50 5,30 5,29 7,13 72532 6, 7,21 7,16 5,76 6,58 571
K,0 0,16 0,21 0,22 0,22 0,22 0,37 0,33 0,27 0,32 0,34 0,23 0,17 29 0, 0,40 0,28 0,27 0,31 0,39
Sio, 55,48 58,76 58,46 58,29 57,39 56,14 55,78 54,76 54,07 55,09,235 58,83 56,84 58,10 59,37 5595 57,20 56,19
Al,Os 28,25 26,29 26,08 26,88 26,71 27,43 2755 27,87 27,94 2856,172 26,33 27,02 26,00 2583 28,12 26,88 27,59
FeO 0,11 0,13 0,04 0,13 0,06 0,12 0,14 0,22 0,13 0,22 0,12 0,1@,15 0,06 0,12 0,13 0,15 0,17
CaO 10,59 8,50 8,38 8,72 9,17 10,55 1045 10,90 11,16 11,3403 8, 8,07 9,61 8,30 8,05 10,22 9,23 10,26
BaO 0,11 0,07 < < < 0,01 < 0,08 < < 0,10 < 0,11 0,07 0,07 0,15 0,04,120
SrO 0,24 0,03 0,20 0,10 0,16 0,03 0,18 0,11 < 0,08 0,11 0,30 5 0,20,11 0,20 0,23 0,20 <
Total 100,61 101,14 100,73 101,13 100,60 100,51 100,01 199,88,93 100,87 101,11 101,13 100,59 100,23 101,08 100,83,600000,44
Normalizado a 8 oxigénios

Na 0,493 0,614 0,635 0,586 0,598 0,511 0,488 0,484 0,470 00,46,612 0,624 0,549 0,626 0,615 0,500 0,572 0,498
K 0,009 0,012 0,012 0,012 0,013 0,021 0,019 0,015 0,019 0,009013 0,010 0,017 0,023 0,016 0,015 0,018 0,023
Si 2,492 2,607 2,607 2586 2,568 2522 2517 2,485 2,472 92,48,624 2,610 2,549 2,605 2,633 2,506 2,561 2,524
Al 1,495 1375 1,371 1,405 1,409 1452 1,465 1,491 1506 21,51,366 1,377 1,428 1,374 1,350 1,485 1,419 1,460
Fe 0,004 0,005 0,001 0,005 0,002 0,004 0,005 0,008 0,005 8000005 0,006 0,006 0,002 0,004 0,005 0,006 0,007
Ca 0,510 0,404 0,400 0,415 0,439 0,508 0,505 0,530 0,547 50,554,381 0,384 0,462 0,399 0,383 0,490 0,443 0,494
Ba 0,002 0,001 0,000 0,000 0,000 0,000 0,000 0,001 0,000 0000002 0,000 0,002 0,001 0,001 0,003 0,001 0,002
Sr 0,006 0,001 0,005 0,003 0,004 0,001 0,006 0,003 0,000 20,00,003 0,008 0,006 0,003 0,006 0,006 0,005 0,000
Total 5011 5,019 5,031 5,012 5,033 5,019 5,004 5,017 5,0190155 5,006 5,019 5,019 5,033 5,007 5,010 5,025 5,008
An 50,36 39,23 38,20 40,95 41,87 4884 4989 51,49 5281 153,27,87 37,70 44,92 38,06 37,74 48,75 42,90 48,69

(1) granulito méfico / gabronorito, (2) Ol. gabreito, (3) anortosito, (4) gabronorito, e (5) trddtm
Resultados analiticos apresentados em porcentaggreso de Oxisdos. An (anortita) = razéo [100 XCaNa)]. (<) abaixo do limite de deteccao.
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Tabela 4 - Composigdo quimica e formula estrutlegblagioclasio da Intrusdo Rio Crixas. Continuagao

Amostra RC10 RC10 RC10 RC10 RC11 RC11 RCi11 RC11 RC11 RC11 RC12 RC12 2R@EC12 RC12 RC12 RC12 RC13
Litologia 3 3 3 3 1 1 1 1 1 1 4 4 4 4 4 4 4 4
Na,O 5,84 5,82 6,09 5,83 6,90 6,92 7,20 5,18 4,99 6,09 5,12 52700 7, 7,16 7,31 6,35 7,28 5,77
K,0 0,38 0,41 0,27 0,42 0,43 0,39 0,39 0,14 0,21 0,29 0,21 0,19 29 0, 0,30 0,32 0,24 0,34 0,43
Sio, 56,08 56,51 5545 56,05 5860 5886 5929 5484 5430 56,76,175 5523 59,07 59,99 59,79 57,64 59,49 55,70
Al,Os 27,66 27,93 27,49 27,26 26,89 26,61 26,19 29,01 29,00 27,89,322 28,92 27,10 26,44 2573 27,41 26,24 27,52
FeO 0,12 0,14 0,17 0,18 0,12 0,14 0,17 0,25 0,85 0,14 0,07 0,14,10 0,11 0,32 0,04 0,11 0,16
CaO 10,28 10,30 10,42 10,08 8,88 8,58 8,08 11,70 11,33 10,08641 11,55 8,63 8,05 7,61 9,64 8,03 1041
BaO 0,08 0,08 < < 0,11 0,06 < 0,04 < 0,14 0,10 0,15 0,08 0,13 0,20,11 0,13 0,21
SrO 0,06 < < 0,03 0,20 0,11 0,25 0,24 0,21 0,13 0,08 0,16 0,04 14 0, 0,09 0,10 0,06 0,02
Total 100,51 101,21 99,89 99,84 102,14 101,66 101,57 101140,87 101,47 101,70 101,61 102,30 102,31 101,38 101,54,6801100,22
Normalizado a 8 oxigénios

Na 0,509 0,503 0,534 0,510 0,590 0,593 0,617 0,449 0,435 505,441 0,455 0,595 0,608 0,626 0,546 0,622 0,505
K 0,022 0,023 0,015 0,024 0,024 0,022 0,022 0,008 0,012 0,0p012 0,011 0,016 0,017 0,018 0,014 0,019 0,025
Si 2,518 2,519 2508 2,531 2,583 2,600 2,620 2,451 2,443 4252454 2,462 2,591 2,627 2,644 2,554 2,623 2,513
Al 1,464 1,467 1,465 1451 1397 1,38 1,364 1528 1,538 9,484,537 1,519 1401 1,365 1,341 1,432 1,364 1,464
Fe 0,005 0,005 0,007 0,007 0,004 0,006 0,006 0,009 0,032 5000003 0,005 0,004 0,004 0,012 0,001 0,004 0,006
Ca 0,495 0,492 0,505 0,487 0,419 0,406 0,382 0,560 0,546 10,48555 0,552 0,405 0,378 0,360 0,458 0,379 0,503
Ba 0,001 0,001 0,000 0,000 0,002 0,001 0,000 0,001 0,000 2000002 0,003 0,001 0,002 0,004 0,002 0,002 0,004
Sr 0,002 0,000 0,000 0,001 0,005 0,003 0,006 0,006 0,005 3000002 0,004 0,001 0,003 0,002 0,003 0,002 0,000
Total 5,016 5,010 5,034 5,011 5,024 5,015 5,017 5,012 5,01]0155 5,006 5,011 5,014 5,004 5,007 5,010 5,015 5,020
An 48,25 48,29 4791 47,70 40,60 39,79 37,45 55,05 54,97 147,6504 54,19 39,87 37,68 3586 4500 37,15 48,71

(1) granulito méfico / gabronorito, (2) Ol. gabreito, (3) anortosito, (4) gabronorito, e (5) trddtm
Resultados analiticos apresentados em porcentaggreso de Oxisdos. An (anortita) = razéo [100 XCaNa)]. (<) abaixo do limite de deteccao.
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Tabela 4 - Composigdo quimica e formula estrutlegblagioclasio da Intrusdo Rio Crixas. Continuagao

Amostra RC13 RC13 RC13 RC13 RC13 RC14 RC14 RC14 RC14 RC14 RC14 RC14 4R@C15 RC15 RC15 RC15 RCi15
Litologia 4 4 4 4 4 1 1 1 1 1 1 1 1 5 5 5 5 5
Na,O 5,52 5,65 5,85 5,62 5,70 5,55 5,31 7,29 7,37 5,04 7,51 7,9352 7, 4,47 3,60 4,50 4,10 4,42
K,0 0,34 0,33 0,31 0,30 0,40 0,26 0,21 0,31 0,31 0,21 0,38 0,4139 0, 0,12 0,09 0,16 0,14 0,14
Sio, 56,02 55,81 5590 5550 5599 5494 54,97 59,15 5896 53,984,655 59,95 59,27 5295 51,00 52,92 52,18 52,85
Al,Os 28,17 27,76 28,05 28,28 27,75 28,46 28,70 2596 2575 29,15362 24,81 25,78 3051 31,71 30,05 30,98 30,32
FeO 0,22 0,17 0,12 0,16 0,10 0,05 0,11 0,12 0,21 0,09 0,14 0,12,09 0,10 0,06 0,11 0,16 0,09
CaO 10,87 10,28 10,49 10,91 10,34 11,12 11,37 8,01 7,84 11,8538 6,78 750 1299 14,39 12,67 13,35 12,76
BaO 0,03 < 0,21 0,09 0,17 0,01 0,03 0,13 0,10 0,08 0,07 0,08 7 0,00,15 < < 0,01 0,04
SrO 0,10 0,11 0,05 0,05 0,15 < 0,37 0,13 0,15 0,18 0,13 0,09 9 0,00,02 0,08 0,04 < 0,01
Total 101,26 100,11 100,98 100,90 100,59 100,38 101,05 0201100,69 100,54 100,61 100,17 100,70 101,31 100,93 100,80,92 100,63
Normalizado a 8 oxigénios

Na 0,478 0,493 0,507 0,488 0,49 0,484 0,461 0,627 0,637 10,480,648 0,686 0,649 0,389 0,315 0,394 0,358 0,386
K 0,019 0,019 0,018 0,017 0,023 0,015 0,012 0,017 0,018 0,00021 0,023 0,022 0,007 0,005 0,009 0,008 0,008
Si 2,499 2,514 2502 2,487 2,515 2,474 2,464 2,625 2,628 32,432,654 2,677 2,637 2,375 2,304 2,390 2,350 2,383
Al 1,481 1,474 1480 1,494 1,469 1510 1516 1,358 1,353 01,58,330 1,306 1,351 1,613 1,688 1,600 1,645 1,611
Fe 0,008 0,006 0,005 0,006 0,004 0,002 0,004 0,006 0,008 30,00,005 0,005 0,003 0,004 0,002 0,004 0,006 0,004
Ca 0,519 0,496 0,503 0,524 0,497 0536 0,546 0,381 0,374 30,50,352 0,325 0,358 0,624 0,696 0,613 0,644 0,617
Ba 0,000 0,000 0,004 0,001 0,003 0,000 0,000 0,002 0,002 10,00,001 0,001 0,001 0,003 0,000 0,000 0,000 0,001
Sr 0,003 0,003 0,001 0,001 0,004 0,000 0,009 0,003 0,004 5000003 0,002 0,002 0,000 0,002 0,001 0,000 0,000
Total 5,007 5,005 5,020 5,018 5,011 5,021 5,012 5,018 5,024018 5,014 5,025 5,023 5,015 5,012 5,011 5,011 5,010
An 51,11 49,22 48,92 50,93 4892 51,81 5356 37,14 36,36 35584,48 31,37 34,78 61,21 6848 60,36 63,78 61,00

(1) granulito méfico / gabronorito, (2) Ol. gabreito, (3) anortosito, (4) gabronorito, e (5) trddtm
Resultados analiticos apresentados em porcentaggreso de Oxisdos. An (anortita) = razéo [100 XCaNa)]. (<) abaixo do limite de deteccao.

XXIV



Tabela 4 - Composigdo quimica e formula estrutlegblagioclasio da Intrusdo Rio Crixas. Continuagao

Amostra RC16 RC16 RC16 RC16 RC16 RC17 RC17 RC17 RC17 RC17 RC18 RC18 8RAC18 RC19 RC19 RC19 RC19
Litologia 4 4 4 4 4 2 2 2 2 2 3 3 3 3 2 2 2 2
Na,O 5,36 5,54 5,63 5,74 5,55 6,36 6,05 5,74 6,87 6,44 6,08 5,58 04 6, 6,05 6,78 6,92 6,64 6,95
K,0 0,26 0,30 0,24 0,25 0,30 0,50 0,38 0,36 0,46 0,47 0,22 0,39 31 0, 0,27 0,21 0,30 0,31 0,46
Sio, 55,40 55,81 5588 56,04 56,01 5789 56,86 56,70 5836 57,989,635 56,20 56,90 56,99 58,84 59,06 57,93 59,20
Al,Os 28,81 28,63 2845 2858 28,40 27,18 2753 27,81 26,51 26,98,912 28,18 28,05 27,63 27,09 26,45 2658 26,35
FeO 0,14 0,37 0,16 0,37 0,15 0,09 0,12 0,28 0,13 0,23 0,10 0,18,14 0,11 0,12 0,08 0,26 0,09
CaO 11,33 10,75 10,68 10,83 10,88 9,34 9,54 9,99 8,58 9,06 4 9,90,67 10,38 9,73 8,92 8,44 9,07 8,31
BaO < < 0,03 0,08 < 0,08 0,15 0,17 0,01 < 0,31 0,13 0,07 < < <
SrO < < < 0,01 < < < 0,11 0,07 < 0,09 < < 0,07 < < 0,01 <
Total 101,29 101,41 101,07 101,91 101,28 101,45 100,63 1501100,98 101,05 101,97 101,50 101,83 100,97 102,02 101,026,840 101,36
Normalizado a 8 oxigénios

Na 0,463 0,479 0487 0,493 0,479 0,547 0,525 0,496 0,592 50,586,520 0,482 0,518 0,523 0,578 0,593 0,574 0,595
K 0,015 0,017 0,014 0,014 0,017 0,028 0,022 0,021 0,026 0,0P012 0,022 0,018 0,015 0,012 0,017 0,018 0,026
Si 2,471 2,486 2,494 2,487 2,495 2567 2,543 2,528 2,596 52,52,541 2,504 2,519 2,540 2,587 2,612 2,583 2,617
Al 1515 1,503 1,496 1,495 1,491 1420 1,451 1,462 1,389 31,41,451 1,479 1,464 1,452 1,404 1,379 1,397 1,373
Fe 0,005 0,014 0,006 0,014 0,006 0,003 0,005 0,010 0,005 90,00,004 0,007 0,005 0,004 0,004 0,003 0,010 0,003
Ca 0,541 0,513 0,511 0,515 0,519 0,444 0,457 0,477 0,409 10,43470 0,509 0,492 0,465 0,420 0,400 0,433 0,394
Ba 0,000 0,000 0,000 0,001 0,000 0,001 0,003 0,003 0,000 0000000 0,006 0,000 0,002 0,001 0,000 0,000 0,000
Sr 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,003 0,002 0000002 0,000 0,000 0,002 0,000 0,000 0,000 0,000
Total 5,010 5,012 5,008 5,019 5,007 5,010 5,006 5,000 5,019009 5,000 5,008 5,016 5,003 5,006 5,004 5,015 5,008
An 53,12 50,86 50,48 50,36 51,15 4355 4554 48,00 39,81 042,86,87 50,24 47,87 46,32 41,62 39,61 42,24 38,80

(1) granulito méfico / gabronorito, (2) Ol. gabreito, (3) anortosito, (4) gabronorito, e (5) trddtm
Resultados analiticos apresentados em porcentaggreso de Oxisdos. An (anortita) = razéo [100 XCaNa)]. (<) abaixo do limite de deteccao.
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Tabela 4 - Composigdo quimica e formula estrutlegblagioclasio da Intrusao Rio Crixas.

Continuacéo.

Amostra RC19 RC20 RC20 RC20 RC20 RC20 RC21 RC21 RC21
Litologia 2 3 3 3 3 3 3 3 3
Na,O 6,73 7,94 7,54 8,04 7,81 7,91 8,17 8,25 8,09
K,0O 0,44 0,23 0,34 0,35 0,23 0,28 0,32 0,37 0,31
Sio, 59,12 61,31 58,36 61,46 6096 60,80 61,20 6097 61,14
Al,03 26,76 2532 24,20 24,85 24,84 2495 25,07 24,82 25,09
FeO 0,14 0,18 0,18 0,04 0,08 0,05 0,10 0,13 0,11
CaO 8,69 6,84 6,53 6,71 6,85 6,75 6,66 6,56 6,80
BaO < < 0,01 0,15 0,11 0,18 0,16 < 0,30
SrO < < 0,05 0,04 < 0,05 < < <
Total 101,87 101,81 97,21 101,64 100,88 100,97 101,68 001101,83
Normalizado a 8 oxigénios

Na 0,574 0,674 0,671 0,684 0,669 0,678 0,696 0,706 0,689
K 0,025 0,013 0,020 0,020 0,013 0,016 0,018 0,021 0,017
Si 2,602 2685 2,680 2,699 2695 2,688 2,688 2692 2,685
Al 1,388 1,307 1,310 1,286 1,294 1,300 1,298 1,292 1,298
Fe 0,005 0,006 0,007 0,002 0,003 0,002 0,003 0,005 0,004
Ca 0,410 0,322 0,321 0,316 0,324 0,320 0,314 0,311 0,320
Ba 0,000 0,000 0,000 0,003 0,002 0,003 0,003 0,000 0,005
Sr 0,000 0,000 0,001 0,001 0,000 0,001 0,000 0,000 0,000
Total 5,004 5,006 5,010 5,011 5,000 5,008 5,020 5,027 5,018
An 4064 31,86 31,72 3095 3222 3155 3053 2993 31,16

(1) granulito mafico / gabronorito, (2) Ol. gabroitw, (3) anortosito, (4) gabronorito, e (5)

troctolito. Resultados analiticos apresentados @ceptagem em peso de oxisdos.
An (anortita) = razdo [100 x Ca/(Ca/Na)]. (<) almado limite de deteccao.
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Tabela 5 - Composigdo quimica e formula
estrutural de anfibélio da Intrusdo Rio Crixas.

Amostra RC12 RC15 RC15
Na,O 1,21 2,56 2,35
K,0 1,21 0,89 1,11
Sio, 44,97 43,88 43,80
Al,O, 10,21 13,68 14,22
MgO 12,14 15,74 16,00
TiO, 1,48 1,69 1,09
Cr,0; 0,02 0,07 0,13
FeO 14,93 7,80 7,55
CaO 11,99 11,85 11,84
MnO 0,12 0,10 0,08
Total 98,27 98,26 98,14
Normalizado a 24 (O + OH)

Si v 6,655 6,371 6,373
Al IV 1,780 2,341 2,438
Sitio T 8,000 8,000 8,000
Al VI 0,435 0,712 0,811
Fe** 0,045 0,113 0,188
Ti 0,165 0,184 0,119
Cr 0,002 0,008 0,015
Mg 2,679 3,405 3,470
Fe* 1,674 0,578 0,397
Mn - - -

Ca - - -
M1.M2.M3 5,000 5,000 5,000
Fe* 0,084 0,143 0,145
Mn 0,015 0,013 0,009
Ca 1,901 1,844 1,846
Na - - -

Sitio M4 2,000 2,000 2,000
Na 0,347 0,720 0,662
K 0,229 0,165 0,206
Sitio A 0,576 0,885 0,868

(RC12) gabronorito e (RC15) troctolito.
Resultados em % em peso de 6xisdos.
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Tabela 6 - Composigdo quimica e formula estrutleadlivina de wehrlito do furo FVE3-03 - Intrusa&¥.

Profundidade 179 179 179 179 179 179 188 188 188 188 188 201 20201 201 208 208 208
Sio, 39,94 40,22 40,12 40,09 40,33 40,02 40,35 40,55 40,51 40,309,324 39,96 40,11 40,03 40,06 40,04 40,36 40,19
Al,03 < < < < 0,02 < 0,02 0,02 < < 0,02 < 0,02 < 0,03 0,01 0,02 0,02
Cr,05 < < < < < < 0,01 < < 0,02 < < < < < 0,02 0,01 <
MgO 44,67 44,84 4490 4506 45,00 44,69 4508 4516 45,07 9744,45,02 44,97 4514 44,70 4500 44,88 4491 45,07
MnO 0,16 0,16 0,20 0,18 0,15 0,15 0,19 0,17 0,19 0,18 0,15 0,19,14 0,16 0,16 0,18 0,16 0,18
FeO 14,76 14,94 14,81 1459 14,72 14,66 14,85 14,70 15,200215,15,13 15,04 14,89 15,05 14,79 1459 14,59 14,48
NiO 0,13 0,12 0,08 0,10 0,12 0,10 0,12 0,14 0,12 0,13 0,13 0,09,10 0,13 0,11 0,10 0,10 0,09
Total 99,65 100,27 100,11 100,02 100,34 99,61 100,62 1001M,09 100,70 100,77 100,23 100,39 100,07 100,14 99,82 160Q,00,02
Normalizado a 4 oxigénios

Si 1,005 1,005 1,004 1,004 1,006 1,006 1,005 1,007 1,005 61,0Q,004 1,000 1,002 1,004 1,003 1,005 1,008 1,005
Al 0,000 0,000 0,000 0,000 0,001 0,000 0,001 0,001 0,000 ©0®001 0,000 0,000 0,000 0,001 0,000 0,001 0,001
Cr 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 00,00,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Mg 1675 1671 1676 1,681 1,674 1675 1673 1673 1667 91,668,671 1678 1680 1,671 1679 1678 1,672 1,680
Mn 0,003 0,003 0,004 0,004 0,003 0,003 0,004 0,004 0,004 40,00,003 0,004 0,003 0,003 0,003 0,004 0,003 0,004
Fe 0,310 0,312 0,310 0,305 0,307 0,308 0,309 0,305 0,315 30,302,315 0,315 0,311 0,316 0,310 0,306 0,305 0,303
Ni 0,003 0,002 0,002 0,002 0,002 0,002 0,002 0,003 0,002 30,00,003 0,002 0,002 0,003 0,002 0,002 0,002 0,002
Total 2,996 2,993 2,996 2,996 2,993 2,994 2,994 2,993 2,9939952 2,997 2,999 2,998 2,997 2,998 2,995 2,991 2,995
Fo 84,22 84,11 84,21 84,46 84,36 84,32 84,22 84,40 83,92 68484,00 84,05 8426 83,96 84,29 84,41 84,43 84,57

Resultados analiticos apresentados em porcentaggmes de Oxisdos.

Fo (forsterita) = razédo [100g¢(Mg+Fe)]. (<) abaixo do limite de deteccéo.
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Tabela 6 - Composigdo quimica
e férmula estrutural de olivina
de wehrlito do furo FVE3-03 -
Intrusdo VE3. Continuacao.

Profundidade 208 208

Sio, 40,21 40,08
Al 203 < <
Cr0s < <
MgO 44,72 44,88
MnO 0,20 0,18
FeO 14,80 14,71
NiO 0,07 0,11
Total 100,00 99,95
Normalizado a 4 oxigénios

Si 1,007 1,005
Al 0,000 0,000
Cr 0,000 0,000
Mg 1,670 1,677
Mn 0,004 0,004
Fe 0,310 0,308
Ni 0,001 0,002
Total 2,992 2,996
Fo 84,16 84,30

Resultados analiticos
apresentados em porcentagem
em peso de 6xisdos. Fo
(forsterita) = raz&o [100 x
Mg/(Mg+Fe)]. (<) abaixo do
limite de deteccéo.
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Tabela 7 - Composigdo quimica e férmula estrutdeatlinopiroxénio de rochas do furo FVE3-02 - Isffa VE3.

Profundidade 43 43 43 43 43 43 43 43 50 50 50 50 50 50 50 50 50 85
Litologia 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 3
Sio, 51,75 51,72 51,87 51,39 53,48 5356 52,60 51,98 54,82 52,63,525 50,81 50,14 51,05 52,04 52,19 51,29 51,44
TiO, 03% 03 03 03 014 012 013 0,22 < 0,27 0,26 0,46 0,48 40 0, 0,37 0,25 0,37 0,45
Al,O3 333 350 316 350 1,37 1,26 1,65 2,73 0,36 2,60 2,45 4,75 1 4,84,12 3,03 2,66 3,36 3,09
Cr,03 0,02 0,02 0,01 0,01 0,01 < 0,03 0,04 0,01 0,03 < 0,02 < < 0,01 <,010
MgO 15,67 15,39 15,33 15,31 1594 15,82 15,63 15,36 16,111516,16,13 13,87 14,39 14,08 1526 14,93 14,99 14,78
CaO 22,34 2285 22,68 22,68 2254 22,82 2215 22,86 25,160522,22,14 23,05 22,71 22,83 22,66 23,10 22,82 23,18
MnO 0,0r 009 0,08 007 013 0,12 0,10 0,12 0,08 0,11 0,09 0,12,10 0,09 0,14 0,13 0,09 0,09
FeO 400 385 415 3,78 495 506 4,67 3,89 3,44 4,72 4,59 4,78,57 4,95 4,53 4,26 3,87 3,86
NiO < 0,01 < 0,02 < < 0,03 < < 0,02 0,03 0,01 0,01 < < < < 0,01
N&a,O0 032 1032 037 033 037 033 043 0,35 0,15 0,28 0,26 0,4340 0, 0,44 0,35 0,44 0,37 0,42
KO 0,02 < < < < < < 0,02 < < < < 0,04 < < < < <
Fe0; 076 125 134 142 052 039 133 1,35 < 0,76 1,05 1,47 2,6240 1, 1,50 1,41 2,04 1,87
Total 98,65 99,35 99,35 98,86 99,44 99,48 98,75 98,92 10049862 99,54 99,77 99,26 99,36 99,90 99,39 99,22 99,19
Normalizado a 6 oxigénios

Si 1,919 1908 1916 1,906 1972 1,976 1,957 1,928 2,001 5193934 1879 1860 1,895 1916 1,931 1901 1,909
Ti 0,010 0,010 0,010 0,010 0,004 0,003 0,004 0,006 0,000 8,00,007 0,013 0,013 0,011 0,010 0,007 0,010 0,013
Al 0,146 0,152 0,138 0,153 0,059 0,055 0,072 0,119 0,015 ,1p,206 0,207 0,210 0,180 0,131 0,116 0,247 0,135
Cr 0,001 0,000 0,000 0,000 0,000 0,000 0,001 0,001 0,000 10,00,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Mg 0,866 0,847 0,844 0,847 0,876 0,870 0,867 0,849 0,876 50,888,886 0,764 0,796 0,779 0,838 0,823 0,828 0,817
Ca 0,888 0,903 0,897 0,901 0,890 0,902 0,883 0,908 0,984 90,868,874 0,913 0,903 0,908 0,894 0,916 0,906 0,921
Mn 0,002 0,003 0,003 0,002 0,004 0,004 0,003 0,004 0,002 30,00,003 0,004 0,003 0,003 0,004 0,004 0,003 0,003
Fe* 0,124 0,119 0,128 0,117 0,153 0,156 0,145 0,121 0,105 0,143410 0,248 0,211 0,154 0,140 0,132 0,120 0,120
Ni 0,000 0,000 0,000 0,001 0,000 0,000 0,001 0,000 0,000 00,00,001 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Na 0,023 0,023 0,027 0,024 0,026 0,024 0,031 0,025 0,011 00,08,019 0,031 0,029 0,031 0,025 0,032 0,027 0,030
K 0,001 0,000 0,000 0,000 0,000 0,000 0,000 0,001 0,000 0,000000 0,000 0,002 0,000 0,000 0,000 0,000 0,000
Fe* 0,021 0,035 0,037 0,040 0,014 0,011 0,037 0,038 0,000 0,02D290 0,041 0,073 0,039 0,041 0,039 0,057 0,052
Total 4,001 4,000 4,000 4,001 3,998 4,001 4,001 4,000 3,994004 4,000 4,000 4,000 4,000 3,999 4,000 3,999 4,000
En 46,05 45,24 45,08 4534 4556 4505 4566 45,13 44,53 346,86,53 41,79 43,90 42,27 4466 4392 44,60 4391

(1) wehrlito, (2) gabro, (3) anfibolitito e (4) @lpx anfibolitito.
Resultados analiticos apresentados em porcentaggues de 6xisdos. En (enstatita) = razéo [100 ANgrFe)]. (<) abaixo do limite de deteccao.
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Tabela 7 - Composigdo quimica e férmula estrutdeatlinopiroxénio de rochas do furo FVE3-02 - Isffa VE3. Continuago.

Profundidade 85 85 85 85 85 85 91 91 91 91 91 91 91 91 130 130 130 130
Litologia 3 3 3 3 3 3 4 4 4 4 4 4 4 4 1 1 1 1
Sio, 51,76 51,34 5193 52,67 51,45 5168 52,33 5250 51,61 5148625 53,04 52,03 5159 5240 5366 52,89 5284
TiO, 0,44 0,48 0,40 0,25 0,43 0,50 0,29 0,36 0,39 0,40 0,39 0,26 4 0,30,47 0,35 0,33 0,30 0,33
Al,O3 3,14 3,23 3,03 2,15 3,07 3,30 2,81 2,38 3,43 3,44 3,37 1,95 5 2,63,56 2,39 1,61 1,97 2,28
Cr,03 0,01 0,01 0,02 0,01 < 0,01 0,02 0,04 0,05 0,04 0,02 0,01 0,04 02 0, 0,12 0,10 0,20 0,06
MgO 1494 14,72 14,71 1515 1494 15,23 14,82 14,95 14,56 8214,14,65 1527 1493 14,76 16,50 16,28 16,05 16,83
CaO 23,46 23,19 23,42 23,37 23,23 23,39 23,20 24,19 23,332523,23,25 24,10 23,69 23,34 23,21 24,61 24,11 2290
MnO 0,10 0,05 0,09 0,13 0,09 0,09 0,10 0,08 0,07 0,08 0,10 0,08,08 0,11 0,03 0,06 0,04 0,06
FeO 3,66 4,09 4,12 4,15 3,77 3,35 4,15 3,63 3,60 3,53 3,83 3,83,66 3,86 2,33 3,20 3,19 2,52
NiO < < 0,02 0,02 < < 0,02 0,03 0,02 0,02 < < < < 0,02 < < <
N&aO 0,39 0,37 0,43 0,43 0,36 0,36 0,53 0,36 0,55 0,45 0,48 0,3339 0, 0,42 0,31 0,14 0,17 0,31
K0 0,02 < < < < < < 0,02 < < < 0,02 < < < < < 0,04
Fe0; 1,79 1,62 1,43 1,22 1,74 1,97 1,13 1,23 1,99 1,82 1,71 0,72 7 1,51,73 2,02 0,32 0,97 1,79
Total 99,70 99,11 99,60 99,53 99,07 99,89 9939 99,76 99,589,339 99,42 99,68 99,39 99,85 99,68 100,29 99,88 99,95
Normalizado a 6 oxigénios

Si 1,909 1906 1918 1945 1909 1900 1934 1934 1906 419,909 1,953 1924 1900 1920 1,956 1,939 1,928
Ti 0,012 0,013 0,011 0,007 0,012 0,014 0,008 0,010 0,011 10,0D,011 0,007 0,009 0,013 0,010 0,009 0,008 0,009
Al 0,136 0,241 0,232 0,093 0,134 0,143 0,122 0,203 0,249 ©,1®»,247 0,085 0,116 0,154 0,103 0,069 0,085 0,098
Cr 0,000 0,000 0,001 0,000 0,000 0,000 0,006 0,001 0,001 10,00,000 0,000 0,000 0,001 0,003 0,003 0,006 0,002
Mg 0,821 0,815 0,810 0,834 0827 083% 0816 0821 0,801 70,80,808 0,838 0,823 0,810 0,901 0,884 0,877 0,916
Ca 0,927 0,923 0,927 0,924 0924 0921 0918 0,955 0,923 10,9921 0,951 0,939 0,921 0,911 0,961 0,947 0,895
Mn 0,003 0,002 0,003 0,004 0,003 0,003 0,003 0,002 0,002 20,00,003 0,002 0,003 0,003 0,001 0,002 0,001 0,002
Fe* 0,113 0,127 0,227 0,228 0,117 0,103 0,128 0,112 0,111 0,2094190 0,120 0,113 0,119 0,071 0,098 0,098 0,077
Ni 0,000 0,000 0,001 0,001 0,000 0,000 0,000 0,001 0,001 0000000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Na 0,028 0,027 0,031 0,030 0,026 0,026 0,038 0,026 0,039 30,08,034 0,024 0,028 0,030 0,022 0,010 0,012 0,022
K 0,001 0,000 0,000 0,000 0,000 0,000 0,000 0,001 0,000 0,00000 0,001 0,000 0,000 0,000 0,000 0,000 0,002
Fe** 0,060 0,045 0,040 0,034 0,049 0,055 0,031 0,034 0,065 0,05PD480 0,020 0,044 0,048 0,056 0,009 0,027 0,049
Total 4,000 3,999 4,001 4,000 4,001 4,000 3,999 4,000 3,999993 4,000 4,001 4,000 3,999 3,998 4,001 4,000 4,000
En 44,05 43,67 43,39 44,10 44,20 44,83 43,73 43,44 43,60 644,43,64 43,85 4385 43,71 47,81 4547 4561 48,46

(1) wehrlito, (2) gabro, (3) anfibolitito e (4) @lpx anfibolitito.
Resultados analiticos apresentados em porcentaggmes de oxisdos.

En (enstatita) = razéo [100 XNg+Fe)]. (<) abaixo do limite de deteccao.
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Tabela 7 - Composigdo quimica e férmula estrutdeatlinopiroxénio de rochas do furo FVE3-02 - Isffa VE3. Continuago.

Profundidade 130 130 130 138 138 138 138 138 138 138 143 143 143 143 143 143 14B43
Litologia 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Sio, 52,58 52,23 5247 5242 52,81 52,49 5321 52,68 52,18 54,1865 453,57 52,90 52,89 52,79 52,63 53,25 53,56
TiO, 0,33 0,37 0,34 0,37 0,36 0,39 0,23 0,30 0,34 0,18 0,29 0,36 8 0,30,34 0,38 0,40 0,32 0,34
Al,O3 2,26 2,48 2,59 2,30 2,17 2,40 1,57 2,17 2,24 1,06 2,08 2,15 1 2,82,98 2,27 2,80 2,12 2,17
Cr,03 0,38 0,14 0,24 0,26 0,17 0,14 0,22 0,19 0,15 0,09 0,14 0,09 3 0,10,34 0,12 0,08 0,06 0,10
MgO 16,31 16,35 16,26 16,32 16,31 16,37 16,46 16,41 16,12 4016, 3,61 16,59 16,42 16,23 16,41 16,31 16,75 16,57
CaO 23,22 23,20 23,25 23,26 23,26 23,29 24,07 23,10 23,256624,2295 23,16 23,15 23,03 23,05 23,12 23,25 23,25
MnO 0,07 0,04 0,06 0,07 0,04 0,05 0,04 0,05 0,05 0,10 0,05 0,08,07 0,07 0,08 0,06 0,05 0,09
FeO 2,62 2,53 2,64 2,47 2,98 2,47 2,98 2,97 2,66 3,38 < 3,68 3 3,23,55 3,11 3,13 2,77 3,34
NiO < < < 0,03 < 0,02 < < < 0,01 0,23 0,01 0,01 0,01 < < 0,01 0,02
N&a,O0 0,35 0,29 0,32 0,33 0,34 0,33 0,14 0,30 0,31 0,14 0,38 0,3129 0, 0,32 0,32 0,30 0,32 0,33
K50 0,01 < 0,03 0,01 < < < < < < 0,01 < < < < < < 0,01
Fe0; 1,52 1,77 1,63 1,79 1,24 1,78 0,88 1,17 1,74 0,21 40,02 0,2313 1, 1,06 1,07 1,22 1,24 0,75
Total 99,65 99,41 99,82 99,63 99,67 99,74 99,81 99,36 99,0®42 74,41 100,18 100,53 100,82 99,60 100,04 100,14 100,53
Normalizado a 6 oxigénios

Si 1,928 1920 1,921 1,923 1936 1,923 1949 1936 1,927 31,990,313 1,950 1,922 1919 1935 1,922 1,939 1,945
Ti 0,009 0,010 0,009 0,010 0,010 0,012 0,006 0,008 0,009 5,00,015 0,010 0,010 0,009 0,010 0,011 0,009 0,009
Al 0,098 0,107 0,212 0,200 0,094 0,104 0,068 0,094 0,098 9,040,165 0,092 0,220 0,128 0,098 0,120 0,091 0,093
Cr 0,011 0,004 0,007 0,007 0,005 0,004 0,006 0,006 0,005 30,00007 0,003 0,004 0,010 0,003 0,002 0,002 0,003
Mg 0,892 0,89 0,887 0,893 0891 0,894 0,899 0,899 0,887 00,89,362 0,900 0,889 0,878 0,897 0,888 0,909 0,897
Ca 0,912 0,914 0,912 0,914 0913 0914 0,945 0,910 0,920 20,96651 0,903 0,901 0,895 0,905 0,904 0,907 0,904
Mn 0,002 0,001 0,002 0,002 0,001 0,002 0,001 0,002 0,002 3000003 0,001 0,002 0,002 0,002 0,002 0,002 0,003
Fe* 0,080 0,078 0,081 0,076 0,091 0,076 0,091 0,091 0,082 0,109000 0,112 0,098 0,108 0,095 0,096 0,084 0,102
Ni 0,000 0,000 0,000 0,001 0,000 0,001 0,000 0,000 0,000 0000012 0,000 0,000 0,000 0,000 0,000 0,000 0,001
Na 0,025 0,021 0,023 0,023 0,024 0,024 0,010 0,022 0,022 00,00,050 0,022 0,020 0,023 0,023 0,022 0,023 0,023
K 0,001 0,000 0,001 0,001 0,000 0,000 0,000 0,000 0,000 0,00001 0,000 0,000 0,000 0,000 0,000 0,000 0,001
Fe** 0,042 0,049 0,045 0,049 0,034 0,049 0,024 0,032 0,048 0,00M232 0,006 0,031 0,029 0,029 0,034 0,034 0,020
Total 4,000 4,000 4,000 3,999 3,999 4,002 3,999 4,000 4,0000004 4,602 3,999 3,997 4,001 3,997 4,001 4,000 4,001
En 47,27 47,43 47,15 47,36 46,97 47,42 46,43 47,27 46,92 5454794 46,99 47,03 46,62 47,20 46,98 4781 47,06

(1) wehrlito, (2) gabro, (3) anfibolitito e (4) @px anfibolitito.
Resultados analiticos apresentados em porcentaggmes de Oxisdos.

En (enstatita) = razéo [100 XNg+Fe)]. (<) abaixo do limite de deteccao.
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Tabela 7 - Composigdo quimica e férmula estrutdeatlinopiroxénio de rochas do furo FVE3-03 - Isffa VE3.

Profundidade 108 108 108 108 108 108 108 118 118 118 118 118 118 118 122 122 12p22
Litologia 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2
Sio, 51,43 51,75 52,98 52,09 52,55 51,98 52,32 52,96 52,33 52,22,655 53,09 5292 52,72 51,34 5247 53,08 50,99
TiO, 0,47 0,35 029 1036 034 037 03 026 0,32 0,38 0,28 0,26 4 0,30,28 0,33 0,26 0,24 0,35
Al,03 3,58 2,73 239 283 271 294 273 191 264 2093 2,59 2,32 6 2,52,54 3,19 2,59 2,35 3,38
Cr0s 0,11 041 0,24 1018 0,16 0,16 012 o060 041 0,13 0,22 0,31 3 0,10,29 0,51 0,35 0,39 0,83
MgO 15,58 15,81 16,25 15,86 16,04 1582 1597 16,57 16,169815,16,18 16,39 16,17 16,17 1543 16,10 16,22 1545
CaO 22,77 22,84 23,28 22,73 23,07 22,85 22,96 23,03 23,089722,22,98 22,96 23,11 22,89 22,62 22,64 23,03 22,72
MnO 0,05 0,06 0,04 0,08 006 007 008 008 0,06 0,05 0,04 0,06,06 0,07 0,06 0,12 0,07 0,08
FeO 3,29 3,03 320 341 331 309 310 267 3,01 340 3,16 3,38,48 3,32 3,21 3,40 3,55 2,47
NiO 0,02 0,03 0,02 < < 0,02 0,02 0,03 < < < 0,03 0,03 0,03 < 0,03 030, 0,01
Na,O 0,35 0,34 033 037 1034 039 037 03 031 031 0,34 0,3534 0, 0,36 0,40 0,37 0,35 0,44
K,0 0,01 0,01 0,01 < 002 001 0,02 0,03 < 0,02 0,05 0,02 0,02 9,02
Fe0, 142 151 1,05 120 125 159 159 099 1,12 1,04 1,33 0,88 3 1,01,14 1,56 1,16 0,95 2,40
Total 99,08 98,87 100,08 99,12 99,86 99,29 99,62 99,49 999946 99,81 100,01 100,17 99,82 98,67 99,50 100,25 99,14
Normalizado a 6 oxigénios

Si 1,900 1,916 1,935 1,923 1,925 1,916 1,921 1,943 1,923 11,92,928 1,939 1,932 1,931 1,907 1,929 1,937 1,887
Ti 0,013 0,010 0,008 0,010 0,009 0,010 0,010 0,007 0,009 10,0D0,008 0,007 0,009 0,008 0,009 0,007 0,006 0,010
Al 0,156 0,119 0,103 0,123 0,217 0,128 0,118 0,083 0,114 M,1®»,112 0,100 0,210 0,120 0,139 0,212 0,101 0,147
Cr 0,003 0,012 0,007 0,005 0,005 0,005 0,003 0,017 0,012 40,00,006 0,009 0,004 0,008 0,015 0,010 0,011 0,024
Mg 0,858 0,873 0,885 0,872 0,876 0,869 0,874 0,906 0,885 60,89,883 0,892 0,880 0,883 0,854 0,882 0,882 0,852
Ca 0,901 0,906 0,911 0,899 0,905 0,902 0,904 0,905 0,909 50,90,902 0,898 0,904 0,898 0,900 0,892 0,900 0,901
Mn 0,002 0,002 0,001 0,002 0,002 0,002 0,002 0,002 0,002 10,00,001 0,002 0,002 0,002 0,002 0,004 0,002 0,003
Fett 0,102 0,094 0,098 0,105 0,101 0,095 0,095 0,082 0,092 0,109970 0,103 0,106 0,102 0,100 0,104 0,108 0,076
Ni 0,001 0,001 0,001 0,000 0,000 0,001 0,001 0,001 0,000 0000000 0,001 0,001 0,001 0,000 0,001 0,001 0,000
Na 0,025 0,025 0,023 0,027 0,024 0,028 0,027 0,025 0,022 20,0,024 0,025 0,024 0,026 0,029 0,027 0,025 0,031
K 0,001 0,001 0,001 0,000 0,001 0,001 0,001 0,002 0,000 0,001002 0,000 0,000 0,001 0,001 0,000 0,000 0,001
Fe' 0,039 0,042 0,029 0,033 0,034 0,044 0,044 0,027 0,031 0,029370 0,024 0,028 0,031 0,044 0,032 0,026 0,067
Total 4,001 4,001 4,002 3,999 3,999 4,001 4,000 4,000 3,999024 4,000 4,000 4,000 4,001 4,000 4,000 3,999 3,999
En 46,06 46,56 46,70 46,43 46,48 46,51 46,62 47,80 46,88 246,46,91 47,08 46,51 46,84 46,03 46,87 46,60 46,51

(1) OL. clinopiroxenito, (2) Am. clinopiroxenito (@) wehrlito.

Resultados analiticos apresentados em porcentaggues de Oxisdos. En (enstatita) = razao [100 XMg+Fe)]. (<) abaixo do limite de deteccéo.
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Tabela 7 - Composigdo quimica e férmula estrutdeatlinopiroxénio de rochas do furo FVE3-03 - Isffa VE3. Continuago.

Profundidade 122 122 122 122 144 144 144 144 144 144 144 179 179 179 179 179 17979
Litologia 2 2 2 2 1 1 1 1 1 1 1 3 3 3 3 3 3 3
Sio, 52,87 52,99 5225 5194 5232 5300 5257 5251 5252 51,73845 52,06 5250 52,65 5252 5249 5264 52,80
TiO, 0,23 0,25 0,30 0,34 0,30 0,31 0,28 0,25 0,32 0,37 0,24 0,36 1 0,30,32 0,37 0,37 0,33 0,33
Al,0O3 2,22 2,15 3,06 3,32 2,88 2,33 2,56 2,70 2,67 3,07 2,47 2,86 0 2,62,64 2,87 2,96 2,68 2,45
Cr0s 0,43 0,39 0,60 0,72 0,39 0,30 0,35 0,40 0,19 0,11 0,27 0,31 6 0,10,32 0,07 0,22 0,32 0,19
MgO 16,24 16,18 15,32 1550 16,06 16,50 16,32 16,10 16,11 0215,16,39 16,17 16,39 16,38 16,38 16,19 16,43 16,45
CaO 22,91 22,76 23,20 22,77 22,97 23,09 22,99 23,43 22,7158222291 23,12 22,86 2324 23,23 2325 2340 2314
MnO 0,07 0,09 0,08 0,09 0,07 0,04 0,06 0,06 0,05 0,08 0,09 0,08,04 0,07 0,06 0,05 0,04 0,06
FeO 3,17 3,59 3,52 3,52 3,00 3,09 2,89 2,98 3,58 4,45 3,20 2,62,96 2,63 2,51 2,89 2,32 2,97
NiO < < < < 0,03 0,01 0,01 0,02 < 0,03 0,02 0,01 < 0,02 0,02 < 0,03 <
Na,O 0,39 0,41 0,45 0,42 0,34 0,31 0,35 0,27 0,36 0,42 0,33 0,3132 0, 0,34 0,35 0,33 0,34 0,29
K,0 0,02 < 0,01 0,02 0,03 0,02 < < < < < < 0,02 < < < < 0,03
Fe0, 1,42 0,79 1,17 1,32 1,32 1,17 1,45 0,89 0,86 1,90 1,02 151 11,3161 1,77 1,12 1,91 1,58
Total 99,99 99,59 9995 99,97 99,72 100,16 99,82 99,60 99,89,80 99,77 99,40 99,47 100,22 100,13 99,87 100,45 100,29
Normalizado a 6 oxigénios

Si 1,934 1945 1917 1905 1,918 1933 1,924 1926 1,932 01,91,934 1914 1927 1920 1915 1,919 1915 1,925
Ti 0,006 0,007 0,008 0,009 0,008 0,008 0,008 0,007 0,009 000,007 0,010 0,008 0,009 0,010 0,010 0,009 0,009
Al 0,096 0,093 0,132 0,144 0,124 0,200 0,120 0,117 0,216 40,1®,107 0,224 0,123 0,114 0,123 0,128 0,115 0,105
Cr 0,013 0,011 0,017 0,021 0,011 0,009 0,010 0,012 0,006 30,00,008 0,009 0,005 0,009 0,002 0,006 0,009 0,005
Mg 0,886 0,885 0,838 0,847 0,878 0,897 0,891 0,880 0,883 60,89,894 0,886 0,897 0,890 0,890 0,882 0,891 0,894
Ca 0,898 0,895 0,912 0,895 0,902 0,902 0,902 0,921 0,895 30,809,898 0,910 0,899 0,908 0,908 0,911 0,912 0,904
Mn 0,002 0,003 0,003 0,003 0,002 0,001 0,002 0,002 0,001 20,00,003 0,002 0,001 0,002 0,002 0,002 0,001 0,002
Fett 0,097 0,110 0,208 0,108 0,092 0,094 0,088 0,091 0,110 0,130980 0,081 0,091 0,080 0,076 0,088 0,071 0,091
Ni 0,000 0,000 0,000 0,000 0,001 0,000 0,000 0,001 0,000 10,00,001 0,000 0,000 0,001 0,001 0,000 0,001 0,000
Na 0,028 0,029 0,032 0,030 0,024 0,022 0,024 0,019 0,026 00,08,023 0,022 0,023 0,024 0,024 0,023 0,024 0,021
K 0,001 0,000 0,000 0,001 0,001 0,001 0,000 0,000 0,000 0,000000 0,000 0,001 0,000 0,000 0,000 0,000 0,001
Fe' 0,039 0,022 0,032 0,037 0,036 0,032 0,040 0,025 0,024 0,05%280 0,042 0,036 0,044 0,049 0,031 0,052 0,043
Total 4,000 4,000 3,999 4,000 3,997 3,999 3,999 4,001 4,0020993 4,001 4,000 4,001 4,001 4,000 4,000 4,000 4,000
En 47,03 46,76 45,04 4573 46,84 47,35 47,31 46,47 46,74 5444724 47,14 4751 4735 4745 46,85 47,52 47,29

(1) OL. clinopiroxenito, (2) Am. clinopiroxenito (@) wehrlito.

Resultados analiticos apresentados em porcentaggreso de oxisdos.

En (enstatita) = razdo [100 XNg+Fe)]. (<) abaixo do limite de deteccéo.
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Tabela 7 - Composigdo quimica e férmula estrutdeatlinopiroxénio de rochas do furo FVE3-03 - Isffa VE3. Continuago.

Profundidade 188 188 188 188 188 201 201 201 201 201 208 208 208 208 208 208
Litologia 3 3 3 3 3 3 3 3 3 3 1 1 1 1 1 1
Sio, 53,01 53,52 53,08 52,76 52,85 5247 5299 5246 52,68 5258295 52,46 52,87 52,47 52,22 52,88
TiO, 0,20 0,18 0,21 0,29 0,20 0,31 0,27 0,32 0,30 0,32 0,24 0,27 6 0,20,28 0,34 0,28
Al,0O3 2,37 1,89 1,92 2,65 2,11 2,47 2,53 2,66 2,47 2,58 2,23 2,60 8 2,52,57 2,98 2,59
Cr0s 0,80 0,65 0,60 0,55 0,42 0,53 0,62 0,47 0,52 0,15 0,29 0,28 3 0,70,53 0,28 0,67
MgO 16,63 17,04 16,99 16,34 16,85 16,46 16,44 16,23 16,39 3616,16,22 16,21 16,36 16,24 16,09 16,37
CaO 23,09 23,12 22,89 2324 23,10 23,12 23,03 2326 23,331623,20,05 23,15 23,23 23,12 23,29 23,17
MnO 0,10 0,05 0,09 0,05 0,05 0,06 0,07 0,03 0,06 0,06 0,06 0,06,05 0,06 0,08 0,10
FeO 2,33 2,41 2,47 2,76 2,07 2,45 2,94 2,75 2,45 2,64 4,46 2,72,63 2,68 2,62 2,71
NiO 0,03 0,03 0,02 < 0,01 < 0,04 0,01 0,01 < 0,03 0,01 < <
Na,O 0,39 0,36 0,31 0,35 0,35 0,33 0,38 0,32 0,35 0,35 0,70 0,3339 0, 0,36 0,33 0,38
K,0 0,02 0,01 0,01 < < < < < < < < 0,02 0,02 < < 0,02
Fe0, 1,52 1,21 1,30 1,54 1,76 1,60 1,28 1,42 1,67 1,68 < 1,71 1,26 65 1, 1,79 1,38
Total 100,50 100,45 99,88 100,53 99,77 99,81 100,60 99,989,280 99,85 97,54 99,85 100,38 99,99 100,03 100,54
Normalizado a 6 oxigénios

Si 1,926 1942 1938 1,919 1931 1,920 1,925 1,919 1,921 31,92,982 1,921 1,924 1,919 1,909 1,922
Ti 0,006 0,005 0,006 0,008 0,006 0,008 0,007 0,009 0,008 9,00,007 0,007 0,007 0,008 0,009 0,008
Al 0,101 0,081 0,083 0,123 0,091 0,207 0,108 0,115 0,106 10,1D,098 0,212 0,111 0,111 0,229 0,111
Cr 0,023 0,019 0,017 0,016 0,012 0,015 0,018 0,013 0,015 40,00,009 0,008 0,021 0,015 0,008 0,019
Mg 0,900 0,921 0,924 0,88 0918 0,898 0,890 0,885 0,891 20,898,899 0,885 0,887 0,886 0,877 0,887
Ca 0,899 0,899 0,895 0,906 0,904 0,907 0,896 0,912 0,911 80,90,799 0,909 0,906 0,906 0,912 0,903
Mn 0,003 0,002 0,003 0,002 0,000 0,002 0,002 0,001 0,002 20,00,002 0,002 0,001 0,002 0,002 0,003
Fett 0,071 0,073 0,075 0,084 0,063 0,075 0,089 0,084 0,075 0,081390 0,084 0,080 0,082 0,080 0,082
Ni 0,001 0,001 0,001 0,000 0,000 0,000 0,001 0,000 0,000 0000,000 0,001 0,000 0,000 0,000 0,000
Na 0,028 0,025 0,022 0,025 0,025 0,024 0,027 0,022 0,025 40,0R,050 0,023 0,027 0,026 0,023 0,027
K 0,001 0,001 0,001 0,000 0,000 0,000 0,000 0,000 0,000 0,000000 0,001 0,001 0,000 0,000 0,001
Fe' 0,042 0,033 0,036 0,042 0,048 0,044 0,035 0,039 0,046 0,040000 0,047 0,035 0,045 0,049 0,038
Total 4,001 4,002 4,001 4,001 3,999 4,000 3,998 3,999 4,0000004 3,985 4,000 4,000 4,000 3,998 4,001
En 48,07 48,62 48,70 47,18 4865 47,73 47,41 47,03 47,41 947,88,90 47,08 47,33 47,22 46,84 47,30

(1) OL. clinopiroxenito, (2) Am. clinopiroxenito (@) wehrlito.

Resultados analiticos apresentados em porcentaggreso de oxisdos.

En (enstatita) = razdo [100 XNg+Fe)]. (<) abaixo do limite de deteccéo.



Tabela 8 - Composigdo quimica e formula estrutleadnfibolio da Intrusédo VE3.

Amostra FVE3-02-85 FVE3-02-85 FVES3-02-85 FVES3-03-122 BWE3-122 FVE3-03-122 FVE3-03-188

Na,O 2,40 2,16 2,18 2,31 2,40 2,30 2,32
K,0 1,37 1,49 1,45 1,37 1,22 1,50 1,45
Sio, 43,27 43,36 43,51 43,78 43,98 43,34 42,75
Al,O4 13,14 13,34 13,52 13,00 12,93 13,02 13,06
MgO 14,55 14,97 14,40 16,59 16,27 16,46 15,03
TiO, 1,60 1,56 1,68 1,24 1,20 1,25 1,65
Cr,03 0,05 0,03 0,02 0,13 0,34 0,23 0,00
FeO 9,00 8,84 9,45 7,45 7,28 7,60 9,00
CaO 12,35 12,31 12,26 12,37 12,39 12,27 12,21
MnO 0,09 0,08 0,04 0,03 0,00 0,10 0,11
Total 97,83 98,11 98,50 98,27 97,99 98,07 97,57
Normalizado a 24 (O + OH)

Silv 6,325 6,294 6,319 6,336 6,333 6,264 6,265
Al IV 1,675 1,706 1,681 1,664 1,667 1,736 1,735
Sitio T 8,000 8,000 8,000 8,000 8,000 8,000 8,000
Al VI 0,589 0,576 0,633 0,554 0,527 0,482 0,520
Fe'* - - - 0,105 - 0,021 0,019
Ti 0,176 0,171 0,184 0,135 0,130 0,135 0,182
Cr 0,006 0,003 0,002 0,015 0,038 0,027 -
Mg 3,171 3,239 3,118 3,579 3,492 3,546 3,283
Fe* 1,058 1,011 1,063 0,612 0,813 0,789 0,996
Mn - - - - - - -

Ca - - - - - - -
M1.M2.M3 5,000 5,000 5,000 5,000 5,000 5,000 5,000
Fe* 0,042 0,062 0,085 0,079 0,063 0,087 0,069
Mn 0,011 0,010 0,005 0,004 0,000 0,012 0,014
Ca 1,934 1,914 1,907 1,917 1,912 1,901 1,917
Na 0,013 0,014 0,003 - 0,025 - -
Sitio M4 2,000 2,000 2,000 2,000 2,000 2,000 2,000
Na 0,668 0,593 0,611 0,648 0,645 0,643 0,660
K 0,256 0,275 0,268 0,252 0,224 0,276 0,270
Sitio A 0,924 0,868 0,879 0,900 0,869 0,919 0,930

(FVE3-02-85) Cpx Pl anfibolitito, (FVE3-03-122) Aalinopiroxenito e (FVE3-03-188) wehrlito.
Resultados analiticos apresentados em porcentaggpeso de 6xisdos. (<) abaixo do limite de deteccao
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ANEXO 3

Tabela 1 — Analises isotopicas Sm-Nd de rocha earirados minerais das
intrusdes Rio Crixas e VE3

Tabela 2 — Analises isotopicas U-Pb de cristaisi@o da Intruséo Rio Crixas
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Tabela 1 - Dados isotépicos Sm-Nd

Amostra Rocha / Concentrado Mineral  Sm (ppm) Nd (ppm) **SmA*Nd  **Nd/**Nd £ (o) € (530 Ma) Tom
Intrusdo Rio Crixas

RCO08 Anortosito 0,511 3,676 0,0841 0,511656 -20,29 -11,55 6871
RC13 Gabronorito 17,289 91,030 0,1148 0,511813 -16,09 5710, 1881
RC15 Leucotroctolito 0,159 0,793 0,1211 0,512001 -12,42 327 1701
RC16 Gabronorito-piroxenito 7,600 28,960 0,1586 0,51195a3,41 -10,86 * 3061
RC17 Olivina gabronorito 13,514 66,110 0,1236 0,511758 7,11 -12,24 2161
RC17 pl Plagioclasio / Ol. gabronorito 1,050 7,049 009 0,511564 - - -
RC17 px Ortopiroxénio / Ol. gabronorito 22,769 124,990 0,1101 0,511704 - - -
RC17 apt Apatita / Olivina gabronorito 259,390 1319,00 0,1189 0,511726 - - -
Intrusdo VE3

FVE3-169 Clinopiroxenito 2,124 7,930 0,1619 0,512380 35,0 **-2,69 * 1929
FVE3-173 Clinopiroxenito 1,170 4,312 0,1640 0,512366 15,3 **-3,10 * 2056
FVE3-188 Wehrlito 0,711 2,710 0,1585 0,512394  -4,75 M, * 1770
FVE3-147 Gabro 1,329 4,646 0,1730 0,512425  -4,15 ** 256 2363
FVE3-147pl  Plagioclasio / Gabro 2,173 9,718 0,1351 B2p2 - -
FVE3-147px Clinopiroxénio / Gabro 1,007 2,727 0,2232 10642 - -

* Tpom sem significado geoldgica,Smi4Nd > 0,14).

** Valor de € s30 va apresentado apenas para efeito comparativo.
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Tabela 2 - Dados Isot6picos U-Pb — Intrusdo Ricd3ri

Amosira Massa U Pb Th 20601, 9% Razé&o Isotdpica Radiogénica Idades (Ma)

(mg)  (ppm) (ppm) (ppm) TPy % PPbPU % C.Cor(tho) Z"PbFPb % 29ppRy 27ppfy 2TPhPh
Granulito / gabronorito
RC09-1 0,021 49,917 5,3074 51,82 453,7992 0,688529 2,210 0,862,250 0,937755 0,0579815 0,768 532,58 531,92 529,06
RC09-2* 0,016 215,560 20,7930 68,01 359,5965 0,764116 2,540 (018935280 0,913416 0,0591970 1,030 * 576,90 * 576,38 *594,
RC09-3* 0,025 210,550 23,4070 43,53 526,7155 0,818215 1,620 058996420 0,889240 0,0595464 0,743 *612,40 * 607,05 * 587,
RC09-4 0,036 98,045 19,7067 30,23 1038,403 0,690818 0,788 0,0868689 0,889470 0,0577161 0,360 536,64 533,29 519,00
RC09-5 0,030 144,070 14,5400 36,27 1141,148 0,690097 0,665 028865540 0,831800 0,0578424 0,369 534,98 532,86 523,80
RC09-6 0,010 189,110 19,5210 108,80 672,6259 0,676696 1,400 50608 1,160 0,850980 0,0571949 0,736 530,69 524,76 499,06
Olivina gabronorito
RC17-1* 0,034 63,706 6,3832 32,01 190,3879 0,580138 7,490 0,8868%7,330 0,641710 0,0503370 5,770 *517,50 * 464,55 *280
RC17-2 0,022 49,028 15,6824 49,46 158,5755 0,682172 4,130 0,08668360 0,918649 0,0570685 1,630 535,96 528,09 494,18
RC17-3 0,024 47,737 15,7870 4534 166,9521 0,662989 4,080 0,08582680 0,896270 0,0560250 1,810 530,81 516,44 453,36
RC17-4 0,026 41,938 4,8024 41,85 171,9692 0,680999 4,110 0,086431360 0,923040 0,0571364 1,580 534,47 527,38 496,80
RC17-5 0,024 127,68 12,8170 45,34 450,7342 0,679716 1,860859194 1,440 0,885200 0,0573766 0,773 531,36 526,60 6,050

* Cristal ndo utilizado na concérdia.

XXXIX



