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Resumo

O Cinturdo Araguaia esta inserido no contexto de colisdo continental da Provincia
Tocantins, formada a partir do amalgamento dos cratons Amazonico, Sdo Francisco-
Congo e do Bloco Paranapanema durante o Neoproterozoico. Ele é constituido
essencialmente por seu embasamento arqueano e paleoproterozoico, rochas
supracrustais neoproterozoicas e rochas graniticas ediacaranas/cambrianas. Com
relacdo ao tempo geoldgico, ha dois principais grupos de granitos relacionados ao
Cinturdo Araguaia. O primeiro deles é paleoproterozoico, representado pela Suite
Ipueiras (2,08 Ga), Gnaisse Cantdo (1,86 Ga) e Granito Serrote (1,86 Ga), que hoje sdo
parte do embasamento; enquanto o outro é ediacarano/cambriano, representado pelo
Granito Ramal do Lontra (549 Ma), Granodiorito Presidente Kennedy (539 Ma), Granito
Barrolandia (538 Ma), Granito Santa Luzia (538 Ma) e Suite Lajeado (550 Ma).

Os granitos Serrote e Santa Luzia, alvos desta dissertacdo, afloram préoximo as
cidades de Pugmil, Paraiso do Tocantins e Barrolandia, na porcdo sul do Cinturdo
Araguaia. O Granito Serrote é constituido principalmente por microclinio granito,
sienogranito e, em menor propor¢ao, por monzogranito. A assembleia mineral mais
comum ¢é formada por quartzo, microclinio e plagioclasio, com biotita e muscovita
subordinadas. Além disso, as fases acessorias sdo titanita, magnetita, allanita, zircao e
apatita. A geoquimica de rocha total revela que esses magmas sdo metaluminosos a
peraluminosos, de carater calci-alcalino de alto-K e que provavelmente originaram-se
em ambiente tectOnico pds-colisional. Trés amostras foram selecionadas para datacao
U-Pb em zircdo por MC-LA-ICP-MS e somente duas forneceram idades satisfatdrias de
1863,1 + 5,2 Ma e 1846,5 + 6,5 Ma, interpretadas como idades de cristalizacdo. Em
imagens BSE e de catodoluminescéncia dessas amostras, ndao foram identificadas bordas
metamorficas. Foram obtidas idades-modelo Tpy entre 2,03 e 2,17 Ga. Os valores eNd
(1863 Ma) estdo entre -2 e 0,6.

O Granito Santa Luzia compreende granodiorito, monzogranito, pegmatitos e,
em menor propor¢ao, sienogranito. Essas rochas sao formadas principalmente por
qguartzo, microclinio, plagiocldsio, biotita e muscovita, além de monazita, zircdo,
magnetita, apatita, ilmenita e pirita como minerais acessérios. A quimica mineral de
biotita e muscovita revela que elas possuem origem magmadtica e que nao foram
submetidas a reequilibrio quimico. A litogeoquimica mostra que esses magmas sao
essencialmente peraluminosos, magnesianos a levemente ferrosos, possuem carater
calci-alcalino e foram gerados em ambiente tectonico tardi-orogénico a pds-orogénico
(ao final da orogénese Brasiliana/Pan-Africana). Foram selecionadas trés amostras para
datacdo U-Pb em zircdo e monazita por MC-LA-ICP-MS, além de uma amostra de
pegmatito para datacdo em monazita. Apesar da abundante presenca de zircoes
herdados, algumas amostras de zircao forneceram idades entre 532-538 Ma, enquanto
as amostras de monazita geraram idades entre 524-534 Ma, ambas interpretadas como
idades de cristalizacdo. Foram obtidas idades de 512,3 + 0,81 e 501,4 £+ 1,1 Ma em
monazita de pegmatito, interpretada como idade dos estagios finais de magmatismo do
Granito Santa Luzia. As idades-modelo Tpy, obtidas estdo entre 1,3 e 2,87 Ga, enquanto



os valores eNd (538 Ma) estdo entre -6 e -12. Baseado em critérios petrograficos,
geoquimicos, geocronoldgicos e isotdpicos, deste trabalho e da literatura, sugere-se que
o Granodiorito Presidente Kennedy, o Granito Barrolandia e o Granito Santa Luzia sejam
agrupados em uma Unica suite denominada Suite Santa Luzia.

Palavras-chave: Cinturdo Araguaia; Granito Serrote; Granito Santa Luzia; Granito
Barrolandia; Grupo Estrondo; Formacdao Xambiod; datacdo U-Pb em zircdo e monazita;
Gondwana ocidental.



Abstract

The Araguaia Belt is included within the continental collision context of the
Tocantins Province, formed by amalgamation of the Amazonian and S3o Francisco-
Congo cratons and the Paranapanema Block during the Neoproterozoic. It comprises
basically an Archean to Paleoproterozoic basement, Neoproterozoic supracrustal rocks
and Ediacaran/Cambrian granitic rocks. Regarding the geologic time, there are two
major groups of granites related to the Araguaia Belt. The first one is Paleoproterozoic,
represented by the Ipueiras Suite (2.08 Ga), the Cantdo Gneiss (1.86 Ga) and the Serrote
Granite (1.86 Ga), which are part of the basement today; while the another one is
Ediacaran/Cambrian, represented by the Ramal do Lontra Granite (549 Ma), the
Presidente Kennedy Granodiorite (539 Ma), the Barrolandia Granite (538 Ma), the Santa
Luzia Granite (538 Ma) and the Lajeado Suite (550 Ma).

Serrote and Santa Luzia granites, aim of this work, crop out near the Pugmil,
Paraiso do Tocantins and Barrolandia cities, in the southern portion of Araguaia Belt.
The Serrote Granite is composed of microcline granite, syenogranite and, to a lesser
extent, monzogranite. The most common mineralogy within these rocks consists of
quartz, microcline and plagioclase, with subordinated biotite and muscovite. Moreover,
titanite, magnetite, allanite, zircon and apatite are accessory phases. Whole-rock
geochemistry demonstrates that these magmas are metaluminous to peraluminous,
possess a high-K calc-alkaline character and probably originated within a post-collisional
tectonic setting. Three samples were selected for U-Pb MC-LA-ICP-MS dating in zircon,
but only two samples yielded satisfying ages of 1863.1 + 5.2 Ma and 1846.5 + 6.5 Ma,
interpreted as crystallization ages. In BSE and CL images, metamorphic rims were not
identified. Tpy model ages are between 2.03 and 2.17 Ga. eNd (1863 Ma) values are
between -2 and 0.6.

The Santa Luzia Granite comprises granodiorite, monzogranite, pegmatites and,
to a lesser extent, syenogranite. These rocks are composed of quartz, microcline,
plagioclase, biotite and muscovite. Accessory phases are monazite, zircon, magnetite,
apatite, ilmenite and pyrite. Mineral chemistry of biotite and muscovite of these
samples revealed that they have a magmatic origin and that they have not undergone
mineral reequilibration. Lithogeochemistry demonstrates that these magmas are
essentially peraluminous, magnesian to slightly ferroan, possess a calc-alkaline
character and originated in a late-orogenic to post-orogenic tectonic setting (at the end
of the Brasiliano/Pan-African Orogeny). Three samples were selected for U-Pb MC-LA-
ICP-MS zircon and monazite dating, as well as one pegmatite sample for monazite
dating. Despite abundant zircon inheritance, some zircon samples yielded ages between
532-538 Ma, while monazite samples yielded ages between 524-534 Ma, both
interpreted as crystallization ages. Two ages of 512.3 + 0.81 and 501.4 + 1.1 Ma in
monazite of pegmatite are interpreted as representatives of the final stages of the Santa
Luzia Granite magmatism. Tpy model ages are between 1.3 and 2.87 Ga, while eNd (538
Ma) values are between -6 and -12. Based on petrographic, geochemical,
geochronological, isotopic and geological context criteria, it is suggested that Presidente



Kennedy Granodiorite, Barrolandia Granite and Santa Luzia Granite are grouped in a
single suite named Santa Luzia Suite.

Keywords: Araguaia Belt; Serrote Granite; Santa Luzia Granite; Barrolandia Granite;
Estrondo Group; Xambioa Formation; U-Pb zircon and monazite dating; west Gondwana.
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1. Introdugao

1.1 Justificativa e Objetivo

O Cinturdo Araguaia tem sido estudado desde o final dos anos 60. Trabalhos
pioneiros dessa época delinearam as grandes estruturas geoldgicas e as principais
unidades litoldgicas na tentativa de entender seus processos formadores. No entanto,
até aproximadamente o comeco dos anos 2000, o conhecimento geolégico ainda se
limitava a abordagens regionais. De fato, algumas técnicas de investigacao geoldgica
hoje utilizadas em rotina ainda eram pouco acessiveis até esse periodo. Desde entdo,
varios trabalhos tém realizado esforcos para compreender em maior detalhe tanto o
cinturdo como seu embasamento. Uma abordagem possivel para compreensdo da
evolucdo do cinturdo é a avaliacdo dos momentos de geracdo de magmas graniticos em
sua histodria geoldgica.

Em funcdo disso, este trabalho tem como alvo o estudo de duas granitogéneses
distintas, uma delas durante o Paleoproterozoico, que hoje constitui uma parte do
embasamento do cinturdo; e outra na interface Neoproterozoico/Cambriano. A
granitogénese paleoproterozoica de interesse deste trabalho, por volta de 1,8 Ga, é
representada pelo Gnaisse Cantdo e o Granito Serrote. O Gnaisse Cantdo foi estudado
por Souza et al. (1985) em termos de petrografia, geoquimica de elementos maiores e
observacdes de campo. O Granito Serrote, por outro lado, embora ja datado e
conhecido desde Costa et al. (1983), ainda ndo possui petrografia detalhada, quimica
mineral e geoquimica de elementos maiores e elementos-traco conhecidas e/ou
publicadas em periddicos de grande circulagdo. A granitogénese ediacarana/cambriana
é representada pelo Granito Ramal do Lontra (Macambira 1983, Alves 2006),
Granodiorito Presidente Kennedy (Bulhdes e Dall’Agnol 1985, Santos 2012), Granito
Barrolandia (Santos 2012), Granito Santa Luzia (Costa et al. 1983, Lamardo e
Kotschoubey 1996) e Suite Lajeado (Barbosa et al. 1966, Gorayeb et al. 2013).

O Granito Santa Luzia, principal objeto de estudo deste trabalho, embora ja
investigado por Costa et al. (1983) em termos regionais e mais detalhadamente por
Lamardo e Kotschoubey (1996), ainda ndo possui geoquimica de elementos-traco,
geoquimica isotépica Sm-Nd e quimica mineral conhecidas e/ou publicadas. Além disso,
sua idade de cristalizacdo é bastante controversa (Moura e Gaudette 1993b, Teixeira et
al. 2004, Moura et al. 2008).

Por todas essas razdes, este trabalho tem como objetivo investigar os granitos
Serrote e Santa Luzia através de uma abordagem geoquimica, geocronoldgica e
isotdpica, buscando interpretacdes geoldgicas a partir dos dados obtidos e, assim,
compreender com mais argumentos a evolucdo geoldgica do Cinturdao Araguaia e, se
possivel, seu contexto na porgao oeste do supercontinente Gondwana. Considerando as
diferencas de contexto dos grupos de granitos estudados, a Dissertacdo foi desenvolvida
em dois capitulos separados, um sobre o Granito Serrote e outro sobre os granitos Santa
Luzia e Barrolandia. No caso dos granitos Santa Luzia e Barrolandia, incluidos em uma
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Unica suite, o capitulo esta redigido em inglés, na forma de artigo a ser submetido a
periddico de circulagdo internacional.
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1.2 Localizagao e Acesso

A darea estudada localiza-se no centro-oeste do Estado do Tocantins, a
aproximadamente 70 km da cidade de Palmas e cerca de 630 km de Brasilia. O Granito
Serrote esta a sudoeste da cidade de Paraiso do Tocantins e a oeste de Pugmil. O Granito
Santa Luzia estd situado a nordeste de Paraiso do Tocantins e sudoeste de Barrolandia,
entre esses dois municipios. O Granito Barrolandia estd a cerca de 15 km a
norte/noroeste da cidade de Barrolandia.
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) { === Rodovia

G0 o ' [] Area L

1:12.500.000

680000 700000 720000 740000 760000

Figura 1 - Mapa de localizagdo e rodovias de acesso as dareas estudadas. O retangulo em
vermelho representa a drea de estudo relativa ao Granito Serrote. Os retangulos em azul
representam as dreas de estudo relativas aos granitos Santa Luzia e Barrolandia. Os poligonos
coloridos representam limites municipais.
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As principais vias de acesso as dreas de estudo s3o a rodovia federal BR-153
(Rodovia Belém-Brasilia) e as rodovias estaduais TO-447, TO-080, TO-354 e TO-348 (Fig.
1). Ha também vias secundarias ndo-pavimentadas. Tomando como ponto de partida o
Distrito Federal, o acesso se da pela BR-080 até Uruacu-GO e depois segue-se pela BR-
153. Para acesso ao Granito Serrote, segue-se pela BR-153 até Pugmil-TO e, entdo, toma-
se a rodovia estadual TO-354. Para acesso ao Granito Santa Luzia, segue-se pela BR-153
até cerca de 20 km depois de Paraiso do Tocantins no sentido Brasilia-Belém. A rodovia
BR-153 atravessa parte da area aflorante do Granito Santa Luzia no sentido NE-SW. Para
acesso ao Granito Barrolandia, segue-se pela BR-153 até aproximadamente 5 km depois
de Barrolandia no sentido Brasilia-Belém e, entdo, toma-se a rodovia estadual TO-348.
A partir de entdo, toma-se vias secundarias geralmente nao-pavimentadas.
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2. Contexto Geoldgico Regional

O Cinturdo Araguaia é um cinturdo orogenético neoproterozoico a cambriano e
foi originalmente denominado Cinturdo Paraguai-Araguaia por Almeida et al. (1967).
Posteriormente, Silva et al. (1974) e Almeida & Hasui (1984) reconheceram que se
tratava, na verdade, de duas entidades tecténicas diferentes e foi sugerido que o
cinturdo fosse dividido em duas unidades distintas. Ele esta localizado na por¢ao norte
da Provincia Tocantins (Fig. 2) e foi formado (juntamente com as faixas Paraguai e
Brasilia que também compdem essa provincia) durante o Neoproterozoico na
orogénese Brasiliana/Pan-Africana (Almeida et al. 1976, Hasui et al. 1977, Alvarenga et
al. 2000). Possui aproximadamente 1200 km de extensdo na diregdo N-S e largura média
de cerca de 110 km na direcdo E-W. Limita-se, a norte e a leste, pela Bacia do Parnaiba;
a oeste pelo Craton Amazonico, a sudoeste pela Bacia do Bananal e, ao sul e sudeste,
pelo Lineamento Transbrasiliano (que afeta as rochas do Arco Magmatico de Goias na
Faixa Brasilia).

O Cinturdo Araguaia é constituido, de modo geral, por rochas arqueanas e
paleoproterozoicas do embasamento, rochas supracrustais neoproterozoicas e rochas
graniticas sin a tardi-colisionais da interface Ediacarano/Cambriano.

2.1 Embasamento

O Complexo Colméia representa as rochas mais antigas do Cinturdo Araguaia, de
idade arqueana, e aflora como janelas no nucleo de estruturas domicas (Pierin 2011),
antes denominadas braquianticlinais (Costa 1980). Esta unidade ocorre nas porc¢des
nordeste e leste do Cinturdo Araguaia, geralmente associada ao Grupo Estrondo. Trata-
se de gnaisses e migmatitos. Os gnaisses apresentam granulacdo grossa, cor cinza
esbranquicada e possuem bandamento formado por faixas alternadas de quartzo-
feldspato e faixas ricas em biotita (Costa 1980). Apresentam composicao tonalitica,
trondhjemitica e granodioritica; representando terrenos TTGs arqueanos (Moura &
Gaudette 1994, Souza & Moreton 2001). Os migmatitos apresentam neossomas de trés
geracbes e ocorrem nos gnaisses (Costa 1980, Santos 1983). Hasui et al. (1980)
obtiveram idades Rb-Sr de 2,7 Ga e 1,8 Ga para o Complexo Colméia, enquanto Moura
& Gaudette (1993) obtiveram a idade de 2,85 Ga para o protdlito igneo de gnaisses do
Complexo Colméia a partir da técnica de evaporacdao de Pb em zircao. O Complexo
Colméia apresenta uma evolucdo geoldgica complexa que inclui processos
termotecténicos desde o Arqueano até o Neoproterozoico, incluindo reativagdes
durante as orogéneses TransamazoOnica e Brasiliana; sendo a ultima assembleia
metamorfica de facies anfibolito alto (Costa 1980). Para Moura & Gaudette (1993), o
Complexo Colméia representa uma janela de exposicdo do Craton Amazobnico no
Cinturdo Araguaia, devido a ocorréncia de terrenos arqueanos TTGs (2,9 — 2,87 Ga)
intrudidos por rochas graniticas paleoproterozodicas (1,88 Ga) na porgao sudeste desse
craton (Bordalo 2016).

O Gnaisse Cantdo (Souza 1984) ¢é constituido por ortognaisses
paleoproterozoicos que afloram na maior parte dos nucleos das estruturas déomicas do
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Cantdo, Rio Jardim e Rio Cunhas (Souza et al. 1985), na porg¢do centro-nordeste do
Cinturdo Araguaia. Essas estruturas domicas apresentam estilo deformacional
semelhante ao presente nas rochas do Supergrupo Baixo Araguaia e difere dos domos
do Complexo Colméia pela auséncia de deformacdo penetrativa na direcdo E-W, muito
mais frequente no complexo arqueano (Souza et al. 1985). Os ortognaisses possuem
composicdo granodioritica, monzogranitica e, ainda que em menor expressao,
sienogranitica. Os gnaisses granodioriticos tém coloracdo acinzentada e granulagao fina
a média, com raros megacristais de microclinio. Os gnaisses graniticos apresentam
coloracdo rosada e granulagdo fina a média nas variedades equigranulares. Além disso,
ocorrem variedades inequigranulares em granulacdo média a grossa. Nestas ultimas,
destacam-se megacristais de microclinio de até 1 cm. Todas essas rochas apresentam
textura granoblastica e lepidoblastica, com foliacdo marcada pela orientacdo dos
filossilicatos e pela orientacdo dos corddes granoblasticos de cristais de microclinio e
quartzo. Por vezes, apresentam textura augen (Souza et al. 1985). Foi obtida idade de
1846 + 64 Ma em monocristais de zircdo pelo método de evaporagdo de Pb por Moura
& Gaudette (1993) para o Gnaisse Cantdo, interpretada como idade de alojamento do
protélito igneo. Idades em torno de 1,8 Ga sdao confirmadas por Bordalo (2016) e Dias et
al. (2017). Além disso, Moura & Gaudette (1994) obtiveram idades-modelo Tpym € Tchur
de 2,64 a 2,74 Ga e valores negativos de eNd (1,85 Ga) entre -10,00 e -12,25. Segundo
estes autores, o Gnaisse Cantdo foi gerado a partir de uma fonte com longa residéncia
crustal, mas essa fonte ndo pode ser o Complexo Colméia (ver Moura & Gaudette 1994).

O Complexo Porto Nacional é um complexo gnaissico-granulitico do
Paleoproterozoico com ampla variedade de rochas (em termos de origem, mineralogia
e textura) e que ocorre no extremo sudeste do Cinturdo Araguaia, proximo ao limite
com a Faixa Brasilia (Gorayeb 1996). E constituido por rochas ortoderivadas,
paraderivadas, mobilizados de anatexia e rochas retrometamorfisadas. As rochas
ortoderivadas variam entre composi¢des ultramdficas, maficas, intermedidrias e
félsicas; sendo representadas por tipos ultramaficos, granulitos maficos, piroxénio
granulitos, hornblenda granulitos, granada granulitos e enderbitos. As rochas
paraderivadas sdo representadas principalmente por granada gnaisses que variam com
a presenca ou quantidade de biotita, cianita, sillimanita, grafita e feldspatos. Sado
classificados genericamente como kinzigitos. Os mobilizados de anatexia correspondem
a leucossomas de kinzigitos, charnoenderbitos e trondhjemitos (Gorayeb 1996). Foram
obtidas idades de 2125 + 3 Ma para um granulito mafico, 2153 + 1 Ma para um enderbito
e 2100 + 2 Ma para um kinzigito pelo método de evaporacdo de Pb em monocristais de
zircao, interpretadas como idade do metamorfismo em facies granulito ao qual foram
submetidas essas rochas, relacionada a orogénese TransamazoOnica (Gorayeb et al.
2000). Também foram obtidas idades-modelo Tpy entre 2,40 e 2,55 Ga, além de valores
de eNd (2,20 Ga) entre -1,02 e 1,37 (Alves et al. 2002). Os autores acreditam que, por
conta dos valores de eNd préximos a zero, essas idades-modelo possam representar um
periodo intermediario entre a derivagdo mantélica e a recristalizagdo da rocha na crosta
(ver Alves et al. 2002).
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Figura 2 — Mapa geoldgico regional do Cinturdo Araguaia (CA). O retangulo vermelho indica a
posicdo do CA na Provincia Tocantins. Adaptado de Alvarenga et al. (2000) e da carta SC.22-Z-B
Porto Nacional (Servico Geoldgico do Brasil - CPRM — 2014).

O Complexo Rio dos Mangues foi primeiramente descrito por Costa et al. (1983),
que delineou um contato por falhamento brusco a sudoeste do Complexo Rio dos
Mangues com o Complexo Colméia. No entanto, Souza (1996) e Arcanjo & Moura (2000)
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descartam essa possibilidade, visto que as idades obtidas para essas rochas a sudoeste
nao sao compativeis com a idade arqueana do Complexo Colméia (ver Arcanjo & Moura
2000). O Complexo Rio dos Mangues é constituido essencialmente por ortognaisses e
rochas calcissilicaticas paleoproterozoicas, com raras ocorréncias de paragnaisses e
anfibolitos (Arcanjo 2002). Essas rochas afloram na porcdo sul do Cinturdo Araguaia,
desde a regido de Monte Santo — TO (ocorréncias mais ao norte) até as proximidades do
municipio de Gurupi — TO (ocorréncias mais ao sul), aproximadamente na diregcao N-S.
Os ortognaisses possuem composi¢ao tonalitica, granodioritica e granitica. S3o rochas
melanocraticas a mesocraticas, de granulacdo média a grossa e geralmente possuem
textura constituida por faixas granobldsticas de quartzo e feldspato que se alternam com
faixas lepidoblasticas de biotita (que marcam a foliacdo). Além disso, algumas rochas
podem estar migmatizadas e localmente podem conter veios pegmatoides (Arcanjo
2002). Foram obtidas idades de 2014 + 36 Ma para um gnaisse granodioritico e 2083 +
27 Ma para um gnaisse calcissilicatico pelo método de evaporacdao de Pb em Unico zircdo
(Arcanjo & Moura 2000). A idade do gnaisse granodioritico é interpretada como idade
minima de cristalizacdo do protélito igneo, enquanto uma das interpretacdes da idade
para o gnaisse calcissilicatico é de que ela esteja ligada a processos termotectonicos
relacionados a orogénese TransamazoOnica (ver Arcanjo & Moura 2000). Arcanjo (2002)
e Arcanjo et al. (2013) confirmam as idades em torno de 2,0 Ga para o Complexo Rio dos
Mangues. Além disso, Arcanjo (2002) e Arcanjo et al. (2013) apresentam idades-modelo
Towm entre 2,21 e 2,35 Ga, bem como valores de eNd (2,06-2,12 Ga) entre -1,04 e 2,4.
Esses valores de eNd (2,06-2,12 Ga) revelam uma fonte mantélica, juvenil e com
pequena contribuicdo crustal para os ortognaisses do Complexo Rio dos Mangues
(Arcanjo 2002). O corpo granitico Serrote (1,86 Ga) e os corpos sieniticos Monte Santo
(1,0 Ga) e Estrela (1,0 Ga) sdo os principais plutons intrusivos no Complexo Rio dos
Mangues.

O Granito Serrote, reconhecido durante o Projeto Paraiso do Norte (Costa et al.
1983) e primeiramente denominado Suite Serrote (Costa 1985), € um pluton granitico
de idade paleoproterozoica intrusivo no Complexo Rio dos Mangues em seu segmento
centro-norte, a sudoeste do municipio de Paraiso do Tocantins —TO e a oeste de Pugmil
— TO. O corpo possui forma eliptica alongada segundo a direcdo NNE-SSW, onde o eixo
maior tem cerca de 20 km e o eixo menor tem cerca de 11 km (Gorayeb 1996). De acordo
com Costa (1985), o Granito Serrote consiste essencialmente em rochas de granulagdo
grossa de coloragdo résea a cinza claro. A textura predominante é descrita como ocelos
e barras de quartzo e plagiocldsio envolvidos por agregados de cristais de quartzo em
contato poligonal e por cristais de biotita, hornblenda e muscovita (Costa 1985). Ainda
segundo este autor, as fracdes finas ocorrem como faixas irregulares ao longo do corpo
e sdo caracterizadas por um bandamento milimétrico. Segundo Gorayeb (1996), o corpo
pluténico é constituido por rochas graniticas foliadas, de coloragdo résea e marrom-
avermelhada, leucocraticas, de granulacao grossa e com raras variagdes finas. Possui
texturas frequentemente porfirdides, definidas por porfiroclastos de microclinio (por
vezes pertitico, de até 3 cm) em matriz milonitica, que podem ser denominadas augen
(Gorayeb 1996). Os porfiroclastos sdo ocelares, raramente subédricos ou euédricos,
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imersos em matriz milonitica formada por cristais de quartzo e feldspato muito estirados
e de biotita e anfibdlio orientados. Em determinadas partes a orientacdo dos cristais é
incipiente, enquanto em outras, especialmente nas bordas do corpo ou em zonas de
cisalhamento discretas, as rochas sdo transformadas em milonitos de granulacdo fina
(Gorayeb 1996). Foi obtida uma idade de 1861 + 41 Ma para o Granito Serrote por Sousa
& Moura (1996), interpretada como idade de cristalizacdo da rocha. Além disso, foram
obtidas idades-modelo Tpy entre 2,43 e 2,50 Ga, assim como valores de eNd (1,86 Ga)
entre-5,21 e-6,01 (Arcanjo 2002, Arcanjo et al. 2013). Para Arcanjo (2002), esses valores
de eNd (1,86 Ga) mostram claramente que o corpo granitico é produto de fusdo de uma
crosta mais antiga, e que as idades-modelo Tpy possam refletir uma contribuicao de
fontes de crosta arqueana, provavelmente superior a 2,6 Ga, misturadas a uma fonte
mais nova paleoproterozoica, de cerca de 2,21 a 2,35 Ga (Arcanjo 2002).

A Suite Ipueiras € uma suite granitica paleoproterozoica formada por pelo menos
guatro plutons denominados Areias, lpueiras, Itdlia e Do Carmo (Chaves et al. 2008). Ela
estd localizada no extremo sudeste do Cinturdo Araguaia, préximo ao limite com a Faixa
Brasilia. Os plutons graniticos afloram a sul e sudeste da cidade de Porto Nacional = TO.
Possuem composicdo monzogranitica a sienogranitica, variando a predominancia de um
ou outro litotipo nos diferentes corpos plutonicos. Sdo compostos essencialmente por
microclinio micropertitico, quartzo, plagioclasio, biotita e hornblenda. Os principais
minerais acessorios sdo apatita, titanita, zircdo, allanita e minerais opacos (Chaves et al.
2008). De maneira geral, possuem textura equigranular hipidiomérfica, granulacdo
média a grossa e coloracdo cinza claro. Por vezes ocorrem porc¢des porfiriticas formadas
por fenocristais de feldspato alcalino (até 1,5 cm) em matriz de granulacdo média. E
identificada também textura rapakivi. Em zonas de deformacdo desenvolvem-se
protomilonitos a milonitos (para descricbes detalhadas de cada pluton granitico e
especificamente do Granito Do Carmo, ver Chaves et al. 2008 e Maia 2016,
respectivamente). Segundo Chaves et al. (2008), sdo rochas graniticas subalcalinas,
metaluminosas a predominantemente peraluminosas, de ambiéncia tectOnica
intraplaca e associadas a magmatismo Tipo-A. Enquanto que para Maia (2016),
abordando somente o Granito Do Carmo, trata-se de um magmatismo sienogranitico do
Tipo-l, peraluminoso e alcalino-cdlcico a calci-alcalino de alto potassio. Foram obtidas
idades de 2025 £ 26 para o Granito Do Carmo, 2086 + 5 para o Granito Areias, 2073 £ 2
para o Granito Ipueiras e 2078 + 4 para o Granito Italia pelo método de evaporacgdo de
Pb em monocristais de zircdo, interpretadas como idades minimas de cristalizagao
desses corpos graniticos (Sachett 1996, Chaves et al. 2008). Também foram obtidas
idades-modelo Tpy entre 2,15 e 2,19 Ga, bem como valores de eNd (2,08 Ga) entre 2,26
e 2,89 (Chaves et al. 2008). Maia (2016) obteve idade de 2083 + 21 Ma por LA-ICP-MS,
também interpretada como idade de cristalizagdao da rocha. Além disso, a autora
também obteve idades-modelo Tpy de 1,99 e 2,07 Ga, assim como valores de eNd (2,08
Ga) de 3,52 e 3,35 (Maia 2016).

A Suite Monte Santo (Costa et al. 1983) é representada por dois corpos alcalinos
do final do Mesoproterozoico denominados Monte Santo e Estrela. Eles sdo intrusivos
no Complexo Rio dos Mangues e estao localizados a noroeste (Monte Santo) e sudeste

23



(Estrela) do municipio de Paraiso do Tocantins — TO. Sdo constituidos principalmente
por nefelindlitos, nefelina sienitos e sienitos (Costa 1985, lwanuch 1991, Viana &
Battilani 2014). O corpo Estrela possui orientacdo NNE-SSW e trata-se propriamente de
gnaisses alcalinos, enquanto o corpo Monte Santo possui forma circular em mapa e a
deformacdo é maior nas bordas (lwanuch 1991, Viana & Battilani 2014). Foi obtida uma
idade de 1001 + 86 Ma para um gnaisse sienitico do corpo Estrela pelo método de
evaporagdo de Pb em monocristais de zircdo, interpretada como idade de cristalizagao
da rocha (Souza 1996, Arcanjo & Moura 2000). Também foi obtida idade de 1051 + 17
Ma para um gnaisse sienitico do corpo Monte Santo pelo mesmo método, também
interpretada como idade de cristalizagdao do corpo (Arcanjo 2002). Além disso, foram
obtidas idades-modelo Tpy entre 1,49 e 1,70 Ga; e valores de eNd (1,01-1,05 Ga) entre
-2,52 e -4,06 para o corpo Monte Santo. Da mesma maneira, foi obtida uma idade-
modelo Tpy de 1,70 Ga e um valor de eNd (1,0 Ga) de -4,06 para o corpo Estrela (Arcanjo
2002, Arcanjo et al. 2013).

O Grupo Rio do Coco é uma sequéncia metavulcanossedimentar localizada na
porcdo sul do Cinturdo Araguaia e originalmente tida como do tipo greenstone belt
(Barreira 1980, Barreira & Dardenne 1981). E composta principalmente por uma
unidade de metassedimentos peliticos e quimicos, bem como por uma unidade
metavulcanica que agrupa xistos maficos e ultramaficos, além de serpentinitos. Essas
rochas estdo deformadas, foram submetidas a condi¢des de facies xisto-verde e estdo
em contato tectonico com rochas da Formagao Xambioa (Grupo Estrondo) e Complexo
Rio dos Mangues (Barreira 1980, Barreira & Dardenne 1981, Costa 1985). Foi obtida uma
idade de 2618 + 14 Ma para uma rocha metabasica pelo método de evaporacdo de Pb
em monocristais de zircdo, interpretada como idade de extrusdao do protélito vulcanico
(Arcanjo 2002, Arcanjo et al. 2013). Sendo assim, a principio essa unidade seria a Unica
representante de embasamento arqueano do sul do Cinturdao Araguaia.

Suite Ofiolitica Quatipuru

Rochas maficas e ultramdficas metamorfisadas em baixo grau metamorfico
ocorrem do norte ao sul do Cinturdo Araguaia inclusas em rochas do Grupo Estrondo e
Grupo Tocantins, geralmente como corpos pequenos a médios de escala quilométrica
sem extensa continuidade lateral. As duas principais ocorréncias dessas rochas estao
localizadas na Serra do Quatipuru e Serra do Tapa, na por¢ao central e norte do Cinturdo
Araguaia, respectivamente. Ambas sdo consideradas representantes da crosta oceanica
neoproterozoica sobre a qual foram depositadas as rochas supracrustais do Supergrupo
Baixo Araguaia (Hasui et al. 1977, Abreu 1978). A Suite Ofiolitica Quatipuru (Paixdo
2009) é constituida por uma associagdo de peridotitos serpentinizados e pillow-lavas
basalticas, além de uma sequéncia mantélica composta por um arranjo interacamadado
de harzburgito e dunito. Essas rochas abrigam uma suite de diques e sills piroxeniticos e
gabrdicos, além de pods de cromitito com texturas nodulares e envelopes duniticos,
bastante caracteristicos de complexos ofioliticos (Paixdao 2009). Foi obtida uma idade
isocronica Sm-Nd de 757 + 49 Ma para os diques, interpretada como estagio de
oceanizacdo do Cinturdo Araguaia. Também foram obtidos valores de eNd = 5 para
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basaltos e eNd = 6,7 para diques gabrdicos (Paixdao 2009). Outras ocorréncias de rochas
maficas metamorfisadas em baixo grau metamoérfico sdo representadas por clorititos e
também sdo interpretadas como um estagio extensional da evolugao do cinturao
(Kotschoubey et al. 2016).

2.2 Sequéncia Supracrustal — Supergrupo Baixo Araguaia

As rochas supracrustais do Cinturdo Araguaia sdo representadas pelo
Supergrupo Baixo Araguaia (Hasui et al. 1977, Abreu 1978), formado pelos grupos
Estrondo e Tocantins. O Grupo Estrondo, na base do supergrupo, é constituido pelas
formacdes Morro do Campo (base desse grupo) e Xambiod (topo desse grupo). O Grupo
Tocantins, que sobrepde o Grupo Estrondo, é constituido pelas formacdes Pequizeiro
(base desse grupo) e Couto Magalhdes (topo desse grupo). Essa sequéncia supracrustal
se estende desde a regido de Maraba — PA até as proximidades de Crixds do Tocantins —
TO, na dire¢do N-S, por cerca de 1200 km.

Grupo Estrondo

A Formacdo Morro do Campo é a base do Grupo Estrondo, constituida
principalmente por quartzitos (quartzitos puros e muscovita quartzitos) e xistos
subordinados. Além disso, existem niveis intercalados de biotita xistos, quartzo-mica
xistos e xistos grafitosos, variando em espessura desde centimetros até dezenas de
metros (Abreu 1978). Ocorre na porc¢do leste do Cinturdo Araguaia.

A Formacdo Xambiod, em contato transicional e sobreposta a Formagdo Morro
do Campo, é constituida por micaxistos feldspaticos que podem conter granada,
estaurolita e anfibdlio. Menos abundantes sao calcixistos e marmores (para petrografia
detalhada, ver Abreu 1978, Costa 1980, Teixeira et al. 1988). O Grupo Estrondo aflora
em quase toda a porgao leste do Cinturdo Araguaia por aproximadamente 600 km (Fig.
2).

Grupo Tocantins

A Formacao Pequizeiro é a base do Grupo Tocantins e repousa tectonicamente
sobre a Formacdo Xambiod. E composta principalmente por clorita-quartzo xistos e
clorita xistos (Souza e Moreton 2001). A Formac¢ao Couto Magalhdes é o topo do Grupo
Tocantins e consiste predominantemente de filitos, metasiltitos e metargilitos (para
descri¢Oes detalhadas, ver Souza & Moreton 2001, Hasui et al. 1977, Abreu 1978, Costa
1980). O Grupo Tocantins aflora em toda a margem oeste do Cinturdo Araguaia,
estendendo-se por cerca de 1200 km em direcdo N-S (Fig. 2).

Idades em zircGes detriticos da porcao norte do Cinturdo Araguaia na regido de
Xambioad indicam idades arqueanas, especialmente o intervalo 2800-2900 Ma (Moura et
al. 2008b), usando a técnica de evaporacdo de Pb em monocristais de zircdo. Em
comparacao, a por¢do sul do Cinturdo Araguaia préxima a regido de Paraiso do Tocantins
revela idades em zircdes detriticos predominantemente no intervalo 1000-1200 Ma,
assim como idades paleoproterozoicas e neoproterozoicas menos frequentes (Moura et
al. 2008b, Pinheiro et al. 2011).
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O metamorfismo no Cinturdo Araguaia varia de anquimetamorfismo em rochas
do Grupo Tocantins na margem oeste do cinturdo até condi¢Ges de facies anfibolito em
rochas do Grupo Estrondo na porcdo leste, constituindo zonas externa e interna,
respectivamente. De fato, Pinheiro (2016) apresenta condicdes metamdérficas maximas
entre 630-665 °C e 7-9 kbar para rochas da Formacdo Xambiod e Suite Gabrdica
Xambica, indicando condi¢des de facies anfibolito da série média P-T como pico
metamorfico (Pinheiro 2016).

2.3 Rochas Graniticas Ediacaranas/Cambrianas

O Granito Ramal do Lontra é um pequeno platon granitico elipsoidal (4 km x 5
km) que aflora na porg¢do nordeste do Cinturdo Araguaia (Fig. 2), préximo a regido de
Xambio3, e é intrusivo nos quartzitos e micaxistos do Grupo Estrondo (Macambira 1983,
Alves 2006). As rochas sdao predominantemente monzogranitos e, em menor proporgao,
granodioritos. Eles sdo constituidos por plagioclasio Anq1.16 (39-45%), quartzo (21-33%),
microclinio (19-33%), biotita (~5%) e muscovita (~3%). As fases acessdrias sdo apatita,
zircdo, titanita, allanita, magnetita, titano-magnetita, ilmenita, monazita e um éxido de
ETRs (Alves 2006). Utilizando a técnica de evaporagdo de Pb em monocristais de zircdo,
Alves (2006) indica uma idade média de 549 + 5 Ma para o Granito Ramal do Lontra,
interpretada como idade minima de cristaliza¢ao.

O Granodiorito Presidente Kennedy aflora na parte centro-leste do Cinturdo
Araguaia (Fig. 2), 10 km a sudoeste da cidade de Presidente Kennedy — TO, e é intrusivo
nos micaxistos do Grupo Estrondo (Bulhdes e Dall’Agnol 1985, Santos 2012). Ele possui
uma forma eliptica (16 km x 12 km) aproximadamente em direc3o N-S. E constituido por
granodioritos e monzogranitos compostos de plagioclasio An,s.59 (35-47%), quartzo (22-
33%), microclinio (21-29%), biotita (2-6%) e muscovita (1-6%). Apatita, zircao, titanita e
minerais opacos sdo fases acessoérias (Santos 2012). Dados Pb-Pb em monocristais de
zircdo indicam uma idade média de 539 * 5,3 Ma para o Granodiorito Presidente
Kennedy, considerada a idade minima de cristalizacdo para o pluton (Santos 2012).
Também sdo apresentadas idades-modelo Tpy de 2,13 Ga e 2,17 Ga, bem como valores
eNd (0.5 Ga) de -12,20 e -17,36 (Santos 2012).

O Granito Santa Luzia (Costa et al. 1983) compreende um pluton granitico
principal e outras intrusdes menores que afloram na porc¢dao sudeste do Cinturdo
Araguaia. O platon principal esta localizado aproximadamente 20 km a nordeste da
cidade de Paraiso do Tocantins — TO (Fig. 2) e possui comprimento médio de 25 km, além
de largura média de 7 km, orientado segundo a diregao NW-SE. Esse pluton principal é
intrusivo nos biotita xistos da Formagdo Xambioa (Grupo Estrondo) e é concordante ou
nao com a foliagdo (que possui a mesma dire¢cdo NW-SE) dessas rochas. Essa relagdo
geométrica sugere natureza sin a tardi-orogénica para o pluton (Lamarao e Kotschoubey
1996). O Granito Santa Luzia é descrito como granodioritos, monzogranitos e granitos
pegmatiticos peraluminosos originados a partir de magmas pouco fracionados gerados
na crosta continental (Lamardo e Kotschoubey 1996). Utilizando os diagramas
discriminantes de Pearce et al. (1984), essas rochas plotam no dominio de granitos de
arco vulcanico (volcanic arc granites — VAG), mas proximas ao dominio de granitos pos-
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colisionais (post-collisional granites — post-COLG, Lamardo e Kotschoubey 1996). A
precisa idade de cristalizacdo do Granito Santa Luzia é controversa, variando entre 583
+ 39 Ma (Moura 1992) e 635 + 53 Ma (Moura and Gaudette 1993b), ambas usando a
técnica de evaporacdo de Pb em monocristais de zircdo. Mais recentemente, Moura et
al. (2008) obtiveram idades U-Pb SHRIMP em nucleos de zircdao variando entre 500 e
1900 Ma, bem como idades nas bordas que geraram uma idade concordante de 528 +
4,7 Ma, adotada como idade do metamorfismo no Cinturdo Araguaia (ver Moura et al.
2008). A idade de cristalizacdo do Granito Santa Luzia, no entanto, permanece incerta.

A Suite Lajeado compreende os plitons Lajeado, Palmas e Matancga que afloram
na parte sudeste do Cinturdo Araguaia (Fig. 2, Gorayeb et al. 2013). As rochas sao
essencialmente monzogranitos e sienogranitos metaluminosos a levemente
peraluminosos que mostram geoquimica comparavel aquela dos granitos Tipo-A
(Gorayeb et al. 2013). Dados Pb-Pb em monocristais de zircdo revelam idades médias
entre 547 + 4 Ma e 552 + 4 Ma para a Suite Lajeado. Também sdo apresentadas idades-
modelo Tpy entre 1,7 Ga e 2,1 Ga, assim como valores negativos eNd (0,55 Ga) entre
-10 e -13 (Gorayeb et al. 2013). A Suite Lajeado é associada a um evento tectonico de
extensdo/transtensdo crustal durante o Ediacarano e acredita-se estar relacionada a
plutons graniticos de idade similar no noroeste do Estado do Ceara (Gorayeb et al. 2013).
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3. Métodos Analiticos

Litogeoquimica

Andlises de elementos maiores e elementos-traco em rocha total pulverizada
foram realizadas pelos laboratérios ALS Ltd. e Actlabs Ltd. de acordo com as rotinas CCP-
PKGO1 e 4Litho (11+), respectivamente. Ambos os laboratdrios utilizaram fusdao de
metaborato/tetraborato de litio seguida por digestdo acida nitrica como método de
preparacao de amostras. Elementos maiores e menores foram analisados por ICP-AES,
enquanto elementos-traco foram analisados por ICP-MS. Descri¢des detalhadas dos
métodos estdo disponiveis nos sitios alsglobal.com e actlabs.com.

Geocronologia U-Pb

Dados U-Pb MC-LA-ICP-MS em zircao e monazita foram obtidos no Laboratério
de Geocronologia da Universidade de Brasilia e utilizou-se o método descrito por Biihn
et al. (2009). Os graos desses minerais foram introduzidos em um multi-coletor ICP-MS
Thermo Finnigan Neptune pela técnica de ablagdao por laser usando um New Wave Nd-
YAG solid-state laser (A = 213 nm). Para zircdo, as analises foram obtidas utilizando um
diametro de feixe de 30 um a uma frequéncia de 10 Hz e uma energia de laser de ~5,5
J/cm?, enquanto para monazita as analises foram obtidas usando um didametro de feixe
de 25 um a uma frequéncia de 10 Hz e uma energia de laser de ~2,4 J/cm?. Para analises
das amostras e do padrdo, os sinais foram adquiridos em um bloco de 40 ciclos com
1,049s cada ciclo. Foi empregada a técnica standard bracketing que consiste em analisar
um ponto no padrdo, bem como o branco, a cada quatro ou oito pontos na amostra. O
GJ-1 foi usado como padrdo primario para zircdo, suas idades de referéncia sdo: idade
207pp/206pp = 608.6 + 1.1 Ma, idade 2%Pb/?38U = 600.4 + 1.8 Ma e idade 2°7Pb/?3°U =
602.1 + 3 Ma (Jackson et al. 2004), enquanto o 44069 foi usado como padrdo primario
para monazita com idades de referéncia de: idade 2°’Pb/?°°Pb = 424.86 + 0.36 Ma, idade
206p /238 = 418.1 £ 2.7 Ma e idade 2°7Pb/?3>U = 424.89 + 0.35 Ma (Aleinikoff et al. 2006).
A reducdo dos dados foi feita pelo CHRONUS v. 1.4.3 (Oliveira 2015) e planilhas utilizadas
no Laboratério de Geocronologia da Universidade de Brasilia. O cdlculo das idades e os
plots foram realizados pelo ISOPLOT 4.15 (Ludwig 2008).

Geoquimica Isotdpica Sm-Nd

Andlises isotépicas de Sm e Nd em rocha total pulverizada foram realizadas via
TIMS (Thermal lonization Mass Spectrometry) no Laboratério de Geocronologia da
Universidade de Brasilia e seguiram os procedimentos analiticos de Gioia e Pimentel
(2000). Um espectrometro Finnigan TRITON com sete coletores em modo estatico foi
utilizado. Solugdes padrdo de 14°Sm e 1°°Nd foram adicionadas as amostras pulverizadas
de rocha total. A separacdo de Sm e Nd foi alcancada utilizando colunas de troca
catidnica seguida por evaporacdao com duas gotas de H3PO,4 0,025 N. O residuo foi entdo
dissolvido em 1 ul de HNO; destilado a 5% e colocado em um filamento duplo de Re. Foi
usado o padrdo internacional BHVO-2, assim como uma constante de decaimento de
6,54 x 1012 y1 (Lugmair e Marti 1978).
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Quimica Mineral

Ldminas delgadas confeccionadas para microscopia 6tica foram usadas também
em microssonda eletrdnica para microscopia eletrénica, analises qualitativas e semi-
quantitativas (EDS — energy-dispersive X-ray spectroscopy), além de caracterizacdo
quimica propriamente dita de alguns minerais das assembleias encontradas. As
composicles quimicas de biotita e muscovita reportadas neste trabalho foram obtidas
no Laboratdrio de Microssonda Eletrénica da Universidade de Brasilia. As andlises foram
realizadas utilizando uma JEOL JXA-8230 a uma voltagem de aceleragao de 15 kV e
corrente do feixe de 10 nA em pontos de 1 um de didmetro durante um tempo de
contagem de 10s. Os padrées usados foram minerais naturais: andradita (SiO, e Ca0),
albita (Na,0), forsterita (Mg0O), topdzio (F), corindon (Al,03), microclinio (K,0),
vanadinita (Cl e V,03), pirofanita (TiO, e MnO) e hematita (Fe,03). A redu¢ao dos dados
foi feita utilizando o pacote de software da microssonda eletronica.
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4. Granito Serrote

4.1 Geologia e Petrografia

O principal corpo do Granito Serrote possui dimensdes aproximadas de 25 km x
10 km, orientado em seu eixo maior segundo direcdo N-S, e estd localizado a oeste de
Pugmil e sul/sudoeste de Paraiso do Tocantins. Além dele, intrusdes menores ocorrem
a oeste/sudoeste de Paraiso do Tocantins (Fig. 3). Todas as ocorréncias sdo intrusivas no
Complexo Rio dos Mangues.

Neoproterozoéico

Il Ocorréncia Santa
Luzia - 538 Ma

|:| Grupo Tocantins
] Grupo Estrondo

|- Suite Monte
Santo - 1.0 Ga

Paleoproterozéico

I:] Complexo Rio dos
Mangues - 2.0 Ga

- Granito Serrote -
1.8 Ga

) Arqueano
Paraiso do . d Rio d

N rupo Rio do
Tocantins Coco - 2.6 Ga

Rodovia
Cidade

Amostra

PV-SE-4

Figura 3 — Mapa geoldgico simplificado da area estudada. Modificado do Trabalho Final de
conclusdo de curso de alunos da Geologia-UnB em 2015.
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Figura 4 — Formas de ocorréncia e petrografia do Granito Serrote. A) Lajedo em escala
decamétrica exibe foliagdo de baixo angulo e cor rosa tipica dos granitos desse pluton. B)
Pequenos morrotes (informalmente chamados “baleias”) se destacam no relevo plano a suave
ondulado caracteristico das areas de afloramento do Granito Serrote. C) Granada microclinio
granito da borda da intrusdo (ver Fig. 3) apresenta foliagdo marcada pela orientagcdo das micas
e dos cordGes de granada. Amostra PV-SE-4A. D) Sienogranito apresenta faixas granoblasticas e
lepidoblasticas alternadas, com foliacdo marcada pela orientacdo da biotita e estiramento de
cristais de titanita (anedrais). Amostra PV-SE-10. E) Sienogranito mostra dominio de textura
ignea inequigranular preservada, constituida por microclinio, quartzo e biotita. Amostra PV-SE-
10. F) Fenocristal de microclinio pertitico em sienogranito. Amostra PV-SE-10. Bt = biotita, Grt =
granada, Qtz = quartzo, Ms = muscovita, Pl = plagioclasio e Mc = microclinio.
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Figura 5 — Forma de ocorréncia e petrografia dos autélitos maficos do Granito Serrote. A)
Pequeno bolsdo arredondado de escala decimétrica em meio a microclinio granito. Ponto VII-
40B. B) Autdlito mafico de composicao quartzo-dioritica e granulacgdo média, constituido
essencialmente por plagiocldsio, quartzo e biotita. Amostra VII-40B. C) e D) Além de plagioclasio,
guartzo e biotita, ocorre também epidoto como fase acessoria. A orientagao da biotita marca a
foliagao tecténica. Amostra VII-40B. Qtz = quartzo, Bt = biotita, K-F = feldspato alcalino e Ep =
epidoto.

As rochas do Granito Serrote sdo leucocraticas a hololeucocraticas,
essencialmente microclinio granito, sienogranito e, em menor propor¢ao, monzogranito
(Fig. 6). O microclinio granito (Fig. 7) é constituido por quartzo (37-53%), microclinio
(geralmente pertitico quando ndo recristalizado, 43-58%), plagioclasio Any1.16 (<1-5%),
biotita (<1-5%) e muscovita (<1-4%). O sienogranito (Fig. 4) € composto por quartzo (30-
50%), microclinio (35-45%), plagioclasio Any.q; (7-15%), biotita (2-9%) e muscovita (<1-
2%). O monzogranito consiste em quartzo (40-45%), microclinio (17-35%), plagioclasio
Ang.1g (20-29%), biotita (2-13%) e muscovita (<1-2%). As fases acessérias em todas essas
rochas sdo titanita, magnetita, allanita, zircdo, apatita e, com menor frequéncia,
ortoclasio invertido e pirita. Clorita, muscovita/sericita, epidoto e carbonato sio
secunddrios.

Além dessas rochas graniticas, autdlitos maficos ricos em biotita e/ou
hornblenda nao sdo raros e ocorrem esporadicamente no pldton (Fig. 5).

Nas bordas da intrusdo podem ocorrer rochas de composi¢do alcali feldspato
granitica portadoras de granada (~2%, Fig. 4C) com porcentagens modais de biotita
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(~15%) e muscovita (~12%) mais altas que os outros litotipos, provavelmente devido a
assimilagdo das rochas encaixantes.

O segmento norte do platon apresenta, de maneira geral, granulacao grossa
e/ou textura porfiritica, enquanto o segmento sul possui, frequentemente, granulagido
fina. Algumas dessas rochas ainda possuem textura ignea equigranular grossa e/ou
inequigranular-porfiritica preservada (sem qualquer foliacdo). A textura equigranular é
formada por cristais anedrais de quartzo com cristais subedrais de microclinio pertitico
e plagiocldsio. A textura porfiritica é composta por fenocristais de microclinio pertitico
imersos em matriz média ou grossa constituida por microclinio, quartzo e plagioclasio,
além de biotita subordinada.

As rochas deformadas sdo caracterizadas por porfiroclastos de quartzo anedral
e microclinio subedral (comumente pertitico) inseridos em uma matriz granoblastica de
granulacdo fina a média constituida por quartzo anedral recristalizado e microclinio
subedral (geralmente ndo-pertitico). Corddes de quartzo estirado e biotita orientada
marcam a foliagao e envolvem esses porfiroclastos. Essa deformagdao é mais comum nas
bordas e em zonas de cisalhamento discretas onde essas rochas sdao transformadas em
protomilonitos (Gorayeb 1996). De modo geral, em todo o pluton, a foliagdo possui
orientagcdao NE-SW e mergulho para NW.

Q

Alcali feldspato

ranito .
9 Monzogranito

Granitéides
ricos em
quartzo
@ Granito Serrote

H Gnaisse Cantdo -

Sienogranito Souza et al. (1985)

£

/ Quartzo Quartzo \" Quarlzo\ \
sienito monzonito onzodiorit
AL—Z I | Y \p

Figura 6 - Diagrama QAP de Streckeisen (1976). Amostras do Gnaisse Cantdo (Souza et al. 1985)
sao plotadas para comparacgao.
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Figura 7 — Microclinio granito do Granito Serrote. A) e B) Amostra de mao hololeucocratica, de
granulacdo grossa, coloragdo rosa claro, constituida essencialmente por microclinio e quartzo.
Amostra VII-40. C) e D) Porfiroclastos anedrais de quartzo e microclinio envolvidos por matriz
granoblastica poligonal composta por quartzo, microclinio e biotita subordinada. As fases
acessdrias sdo magnetita e zircdo. Amostra VII-40. Qtz = quartzo, Mc = microclinio, Op = opaco
(magnetita) e Zrn = zircao.
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4.2 Geoquimica

Andlises de elementos maiores e elementos-traco de 10 (dez) amostras do
Granito Serrote sdo apresentadas na Tabela 1.

O conteuldo de SiO, das rochas do Granito Serrote varia de ~72% a 76%, com
excec¢do dos autélitos maficos, com valores entre 48% e 50% (Tabela 1). Esses autdlitos
maficos sdo fortemente metaluminosos, enquanto as rochas graniticas sdo
metaluminosas a peraluminosas (Fig. 8D), refletindo a presenga/auséncia variavel de
biotita e muscovita no pluton.
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Figura 8 - Dados geoquimicos de elementos maiores e elementos-traco do Granito Serrote e
Gnaisse Cantdo (Souza et al. 1985). A) Diagrama MALI (modified alkali-lime index) de Frost &
Frost (2008). B) Diagrama de indice de Fe de Frost & Frost (2008). C) Diagrama de discriminagdo
de ambiente tectonico (Pearce et al. 1984, Pearce 1996). D) Diagrama de indice de saturacdo
em alumina (Shand 1943).

Quando plotadas no indice alkali-lime modificado (MALI, modified alkali-lime
index) de Frost e Frost (2008), essas rochas possuem carater calci-alcalino a alcali-cdlcico
(Fig. 8A). No diagrama SiO; vs K,0 de Peccerillo e Taylor (1976), essas amostras plotam
no dominio calci-alcalino de alto-K, reforcando a natureza calci-alcalina com tendéncia

35



alcalina dessas rochas. Além disso, esse enriquecimento em Na,0 + K,O quando
relacionado ao baixo conteldo de FeO; + MgO justifica o aspecto hololeucocratico a
leucocratico do Granito Serrote. O diagrama de indice de Fe de Frost e Frost (2008)
demonstra o carater ferroso incipiente das rochas do Granito Serrote (Fig. 8B). Isso é
importante para caracterizacdo com relacdo ao tipo de granito, visto que essa
caracteristica é importante nos granitos tipo-A.

Quando utilizado os diagramas de discriminacdo de Whalen et al. (1987), as
amostras plotam em uma regido intermedidria entre os campos dos granitos tipo 1&S e
os granitos tipo-A, sugerindo aspecto intermedidrio entre esses membros-finais.

No diagrama Y+Nb vs. Rb de discriminagao de ambiente tecténico de Pearce et
al. (1984), as amostras plotam em todos os campos (exceto ORG - ocean ridge granites)
e préximas ao campo de granitos pds-colisionais (Fig. 8C). As func¢des discriminantes de
Agrawal (1995) geram valores para D1 e R1 entre -0,790 e 0,638, e entre -0,444 e 1,393,
respectivamente; indicando que a maior parte das amostras pertencem ao grupo de
granitos orogénicos. A partir disso, obtém-se valores para D2 e R2 entre -0,516 e 2,081,
e entre -0,470 e 0,266, respectivamente; mostrando que das amostras classificadas
como granitos orogénicos, algumas sdo classificadas como granitos tardi-orogénicos e
outras como granitos pds-orogénicos, revelando um aspecto transicional entre essas
duas classificagdes. Além disso, nos diagramas SiO, vs. Al,03 e SiO, vs. FeO/(FeOr+MgO)
de discriminacdo de ambiente tectonico de Maniar & Piccoli (1989), as amostras plotam
no campo POG (post-orogenic granites). Os dois diagramas nao sao apresentados nesta
dissertagao.

No diagrama multielementar normalizado ao manto primitivo de Sun &
McDonough (1989), todas as amostras apresentam enriquecimento em LILEs (/arge-ion
lithophile elements) por um fator entre 27 e 1263, assim como anomalias negativas
proeminentes de Nb (Fig. 9A). Anomalias negativas de Ba, Sr, P e Ti sdo moderadas.
Anomalia positiva de Pb esta presente em todas as amostras.

Os padroes de ETRs (elementos terras-raras, Fig. 9B) das amostras do Granito
Serrote demonstram que essas rochas sdo enriquecidas em ETRLs (elementos terras-
raras leves) quando comparado aos padrdes planos de ETRPs (elementos terras-raras
pesados). Além disso, mostram razdes (La/Yb)y entre 8,752 e 122,071, indicando
fracionamento moderado. Os autélitos maficos XVI-84B e VII-40B possuem razdes
(La/Yb)y de 5,62 e 11,76, respectivamente. Visto que essas amostras representam
diferentes plutons do Granito Serrote (Fig. 3), essas razdes sdao importantes para avaliar
diferentes niveis de diferenciacdo entre eles. As rochas graniticas possuem entre 2,5-93
e 136-687 vezes o conteudo de ETRPs e ETRLs, respectivamente, quando comparadas
aos valores do condrito de Evensen et al. (1978). Somente as amostras IX-32 e PV-SE-4C
possuem anomalias negativas de Eu evidentes, com razdes Eu/Eu* entre 0,283 e 0,332,
respectivamente. Por outro lado, as outras amostras (incluindo os autdlitos maficos) ndo
apresentam anomalias negativas de Eu proeminentes e possuem razdes Eu/Eu* entre
0,538 e 0,9. Até certa medida, amostras mais ricas no conteido de ETRs tendem a

36



apresentar ressaltadas anomalias negativas de Eu. Apenas a amostra IX-32 apresenta
uma notdvel anomalia negativa de Ce (Ce/Ce* = 0.43).
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Figura 9 - Dados de elementos-traco do Granito Serrote. A) Padrdes multielementar
normalizados ao manto primitivo de Sun & McDonough (1989). B) Padrdes de ETRs normalizados
aos valores de condrito de Evensen et al. (1978).
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Tabela 1 — Andlises em rocha total de elementos maiores, menores e elementos-traco do

Granito Serrote.

VII-40B  XVI-84B PV-SE-10 XIV-30A  IX-32 XVI-70F X11-2 PV-SE-4C  VII-40  XII-11E
Autdlito Mafico Sienogranito MICI’OC.|InIO Sienogranito Microclinio granito
granito
Sio, 48.3 50.1 72.41 72.5 73.7 73.78 73.88 74.67 7494  75.89
TiO, 1.06 0.8 0.486 0.27 0.07 0.197 0.324 0.093 0.086 0.12
Al,O3 18 16.3 13.25 13.8 13.1 13.69 12.9 13.53 12.97 12.35
Fe,03 10.8 10.75 2.56 2.05 0.92 1.55 2.02 1.06 1.45 0.65
MnO 0.2 0.3 0.048 0.04 0.02 0.031 0.042 0.029 0.017  0.007
MgO 4.64 6.76 0.4 0.4 0.14 0.26 0.35 0.15 0.06 0.09
Cao 4.97 5.5 0.68 1.63 0.97 1.23 0.96 0.67 1.12 0.45
Na,O 3.86 4.15 3.18 4.14 3.44 3.54 3.58 3.62 341 3.35
K,0 4.33 4.5 5.57 3.89 5.09 4.68 5.49 5.04 4.93 5.06
P,0Os 0.47 0.24 0.1 0.08 0.03 0.04 0.05 0.03 0.03 <0.01
LOI 1.95 1.82 0.54 0.82 1.12 0.47 0.7 0.45 0.42 0.6
Total 98.74 101.36 99.22 99.72 98.73 99.46 100.3 99.34 99.42  98.56
A/CNK 0.896 0.751 1.060 0.986 1.013 1.043 0.950 1.071 0.999 1.046
La 49.3 17.1 213 58.7 177 57.4 106 42.3 90.1 123
Ce 116.5 41.2 338 107 85.4 94 194 66 126 166
Pr 13.75 4.82 39.5 9.55 27.5 8.9 19.6 6.78 13.1 12.7
Nd 52.2 20.2 126 28.5 94.3 26.9 62.3 21.4 35.8 32.7
Sm 9.58 4.39 19.2 3.67 19.2 3.2 8.9 3.7 3.9 3.7
Eu 1.57 1.02 2.79 0.89 2.15 0.74 1.36 0.38 0.49 0.69
Gd 7.34 3.62 13 2.49 28.1 2 6.7 3.3 1.7 2.4
Tb 1.01 0.55 2 0.35 4.39 0.2 1 0.5 0.2 0.4
Dy 5.26 3.38 11.3 1.8 27.6 1.3 6.2 2.9 0.8 2.2
Ho 0.98 0.69 2.1 0.35 6.51 0.3 1.2 0.6 0.1 0.4
Er 2.79 1.76 6.2 1.01 18.05 0.7 3.8 1.8 0.5 13
™ 0.43 0.28 0.91 0.16 2.43 0.1 0.57 0.27 0.07 0.2
Yb 2.84 2.06 5.7 0.96 13.7 0.7 3.8 1.7 0.5 1.3
Lu 0.47 0.3 0.84 0.16 2.19 0.1 0.58 0.27 0.08 0.18
Cs 10.3 9.98 <05 0.53 3.12 0.6 <05 5.3 2.3 <0.5
Rb 523 423 158 94.6 454 148 160 378 313 161
Ba 313 788 1289 1550 297 1649 802 547 272 323
Th 9.69 2.29 12.6 16.2 44.2 14.1 13.7 30.2 80 12.5
u 6.11 2.62 1.4 1.23 14.05 2.2 2 7.5 7.4 0.5
Nb 13.8 10.5 20 9 19.8 5 18 15 2 6
Ta 0.5 0.4 2.1 0.5 2 0.3 1.9 2.5 0.1 0.7
Pb 13 16 21 25 30 28 26 27 34 16
Sr 253 356 142 331 63.5 233 114 92 135 47
Zr 121 57 524 222 103 166 356 93 236 68
Y 29.2 18.7 54 9.6 231 7 35 23 4 15
Hf 3 1.5 10.4 5.5 3.9 3.9 7.4 3 6.4 1.5
Sc 16 27 5 3 2 2 2 2 <1 <1
Li 300 180 - 20 20 - - - - -
Ga 27.1 22.4 20 20.6 22.6 18 19 20 18 17
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4.3 Geocronologia U-Pb

Foram selecionadas trés amostras para data¢do U-Pb em zircao por MC-LA-ICP-
MS (multicollector - laser ablation - inductively coupled plasma — mass spectrometer). As
amostras sdo: PV-SE-10 (sienogranito), VII-40 e PV-SE-4C (alcali feldspato granitos). Os
resultados das andlises estdo apresentados na Tabela 2.

A amostra PV-SE-10 possui cristais prismaticos de zircdo cujo tamanho varia
entre 300 e 650 um. Possuem bordas sub-arredondadas e razdes comprimento/largura
entre 2 e 3,5. Eles sdo incolores e translicidos ou moderadamente opacos. Imagens de
catodoluminescéncia (Fig. 10A) revelam zoneamento igneo oscilatério, raras inclusdes e
auséncia de borda metamorfica. Os graos desta amostra formam uma discérdia que
indica a idade de 1863.1 £ 5.2 Ma no intercepto superior (Fig. 11A), interpretada como
idade de cristalizagdo. O intercepto inferior fornece a idade de 516 + 99 Ma, que apesar
de imprecisa, é interpretada como produto de desestabilizacdo do sistema isotdpico
dessas rochas durante a orogenia Brasiliana/Pan-Africana.

PV-SE-10 (Granito Serrote) - 1863.1 * 5.2 Ma

B

Figura 10 — A) Imagens de catodoluminescéncia de zircoes da amostra PV-SE-10. B) Imagens BSE
(back-scattered electron) de zirces da amostra VII-40. C) Imagens de catodoluminescéncia de
zircOes da amostra PV-SE-4C.
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A amostra VII-40 apresenta uma ampla variedade de morfologias de zircao.
Todos os cristais sdao prismaticos e podem ser divididos em trés categorias: zircdo de
tamanho pequeno (280-330 um), incolor e translucido; zircao de tamanho médio (375-
630 um), incolor e translucido ou moderadamente opaco; e zircao de tamanho grande
(590-780 um), escuro, quase totalmente opaco e provavelmente metamictizado. Exceto
por essas diferencas, em imagens BSE (back-scattered electron), todos esses tipos sdo
semelhantes e apresentam zoneamento igneo oscilatério, raras inclusdes e auséncia de
borda metamorfica (Fig. 10B). Grdaos concordantes e discordantes formam uma
discérdia cujo intercepto superior fornece a idade de 1846.5 + 6.5 Ma (Fig. 11B),
interpretada como idade de cristalizagdo. O intercepto inferior em 602 + 45 Ma, da
mesma maneira que a amostra anterior, é interpretado como uma idade imprecisa de
desestabilizacdo do sistema isotdpico durante a orogenia Brasiliana/Pan-Africana.

Os cristais de zircdo da amostra PV-SE-4C sdo prismaticos, possuem tamanho
entre 215 e 520 um e razdes comprimento/largura entre 2,5 e 6. Eles sdo incolores
(translucidos) ou branco leitosos. A maior parte dos grdaos apresentam fraca intensidade
em imagens de catodoluminescéncia (Fig. 10C). Apenas alguns exibem nucleos mais
claros que as bordas. Raramente possuem inclusées. A maioria dos graos é discordante
e formam uma errdécrona (MSWD = 65) com intercepto superior em 1939 + 61 Ma e
intercepto inferior em 475 + 88 (Fig. 11C).

data-point error ellipses are 68.3% conf data-point error ellipses are 68.3% conf-
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Figura 11 — Idades U-Pb em zircdo das amostras PV-SE-10 (A), VII-40 (B) e PV-SE-4C (C).
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Tabela 2 - Sumario dos dados U-Pb em zircdo por MC-LA-ICP-MS.

AMOStra  co06)%  Th/U  Razio6/4  TBZ20  qg(g) RAZEO 4 e RAZEO o6 Rho 'd;}ie I(;{;(;e 1s Idea}:e 1S cone. (%)
PV-SE-10 7/6 7/5 6/8 Ma MA va) e (Ma) :
004ZR1 001 0468 2178039 011 000 529 008 034 000 078 18674 148 18668 123 18661 182 0.0
005ZR2 001 0483 2213995 011 000 524 006 033 000 076 18647 128 18588 105 18535 152 0.3
006ZR3 002 0788 768232 011 000 522 006 033 000 079 18723 98 18566 92 18424 1338 0.8
008ZR4B 000 0421 5110364 011 000 512 006 033 000 081 18529 103 18390 99 18266 152 0.7
009-ZR5 000 0696 4436179 011 000 544 005 034 000 082 18727 7.2 18905 82 19067 129  -0.9
0102R6 001 0908 1651162 011 000 519 005 033 000 077 18602 100 1851.0 8.8  1842.8 128 0.4
013ZR7 002 0550 971354 011 000 529 005 034 000 070 1863.8 104 18675 82 18708 110  -0.2
014ZR7B 000 0403 4705175 011 000 522 005 033 000 08 18572 54 18562 7.4 18551 118 0.1
0157R8 003  0.658 548374 012 000 520 004 033 000 077 18819 7.3 18524 7.3 18262 104 14
016ZR9 001 0527 2678477 011 000 424 005 028 000 091 18012 61 16825 9.8 15888 154 5.6
017-ZR10 000 0375 5125878 011 000 508 004 033 000 082 18531 48 18325 67 18142 103 1.0
018ZR11 001 0397 1884048 011 000 513 004 033 000 078 1861.0 7.2 18419 7.3 18248 106 0.9
019-7R12 001 0430 2977374 011 000 516 005 033 000 081 18556 7.4 18453 80 18360 123 0.5
020ZR13 001 0696 1631887 011 000 514 005 033 000 073 18473 105 18425 86 18382 118 0.2
0247R14 000 0601 4537983 011 000 513 008 033 000 081 18472 156 18418 135 18369 205 0.3
0252R15 001 0564 1786571 011 000 523 007 034 000 082 18368 116 18580 109 18770 171  -1.0
026ZR16 001 0570 1463939 011 000 4838 005 031 000 085 18421 65 17982 82 17605 12.7 21
027-ZR17 007 0436 214367 011 000 399 005 027 000 087 17758 88 16331 98 15245 143 6.6
028-ZR1SN 002 0820 792136 011 000 496 006 031 000 076 18726 13.5 1812.5 108 17606 149 2.9
029-7R188 000 0418 6533514 011 000 521 006 033 000 086 1857.9 7.9 18536 94 18496 153 0.2
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Amostra Razdo Razdo Razdo Idade 1s Idade 1s Idade 1s
PV-SE-10  f(206)% Th/U Razdo 6/4 7/6 1s (%) 7/5 1s (%) 6/8 1s (%) Rho 7/6 (Ma) 7/5 (Ma) 6/8 (Ma) Conc. (%)
(Cont.) (Ma) (Ma) (Ma)
033-ZR19B 0.00 0.397 542014.5 0.11 0.00 5.22 0.05 0.33 0.00 0.81 1855.5 7.8 1855.7 8.2 1855.8 12.6 0.0
034-ZR20 0.01 0.203  304168.6 0.11 0.00 5.17 0.04 0.33 0.00 0.75 18634 7.3 1848.0 7.0 1834.3 9.9 0.7
035-ZR21 0.00 0.580 518383.9 0.11 0.00 5.02 0.05 0.32 0.00 0.72 1867.9 114 1823.1 8.9 1784.1 11.9 2.1
036-ZR21B 0.00 0.394 413141.3 0.11 0.00 5.13 0.04 0.33 0.00 0.78 1865.6 5.8 1841.5 6.6 1820.2 9.6 1.2
037-ZR22 0.03 0.967 55110.2 0.11 0.00 5.06 0.07 0.32 0.00 0.71 1855.1 15.6 1829.1 11.4 1806.3 151 1.2
039-ZR23B 0.00 0.408 464038.4 0.11 0.00 5.19 0.05 0.33 0.00 0.84 1853.2 7.8 1851.1 9.0 1849.1 14.3 0.1
040-ZR24 2.86 0.584 535.1 0.12 0.00 5.20 0.06 0.31 0.00 0.57 1983.7 16.2 1853.1 10.1 1739.0 10.3 6.2
044-ZR25 0.01 0.499 273025.4 0.11 0.00 5.13 0.04 0.33 0.00 0.76 1852.1 6.5 1841.4 6.7 1831.8 9.6 0.5
045-ZR26N 0.01 0.492 152477.9 0.11 0.00 4.74 0.06 0.30 0.00 0.86 1842.6 9.2 1773.6 10.3 1715.4 15.9 3.3
046-ZR26B 0.00 0.443 594887.2 0.11 0.00 5.15 0.04 0.33 0.00 0.80 1847.3 5.2 1844.5 6.6 1841.8 10.1 0.1
047-ZR27 0.01 0.586 103496.6 0.11 0.00 5.22 0.05 0.33 0.00 0.72 1858.4 10.1 1855.7 8.2 1853.2 111 0.1
048-ZR28 0.00 0.235 311518.6 0.11 0.00 5.18 0.04 0.33 0.00 0.73 1865.0 6.4 1849.5 6.4 1835.6 8.8 0.7
049-ZR29N 0.01 0.089 198916.8 0.11 0.00 5.12 0.04 0.33 0.00 0.72 1848.6 7.8 1839.0 7.0 1830.4 9.5 0.5
050-ZR29B 0.01 0.272 266839.2 0.11 0.00 5.24 0.04 0.33 0.00 0.73 1858.1 7.0 1858.6 6.6 1858.9 9.2 0.0
053-ZR30 0.00 0.381 326227.8 0.11 0.00 5.25 0.04 0.34 0.00 0.73 1857.8 6.6 1860.9 6.5 1863.6 9.0 -0.1
= ~ ~ Idade Idade Idade

A\r;::)_zt(l)’a f(206)% Th/U  Razdo 6/4 R;;go 1s (%) R;;:o 1s (%) Rg;go 1s(%) Rho (K/I/g) (I\Z\) (7M/z) (l\ilsa) (iﬂ/z) (I\%IZ) Conc. (%)

004-ZR1 0.60 0.168 2561.4 0.12 0.00 5.33 0.15 0.33 0.01 0.93 1913.9 17.0 1874.2 233 1838.5 40.9 1.9

005-ZR2 0.01 0.275 162166.7 0.11 0.00 5.22 0.09 0.33 0.01 0.93 1852.3 9.6 1855.5 15.2 1858.3 27.1 -0.1

006-ZR3 0.00 0.273  1038145.3 0.11 0.00 5.33 0.07 0.34 0.00 0.66 1850.6 16.1 1874.0 10.9 1895.0 13.8 -1.1

007-ZR4 0.01 0.190 221183.7 0.11 0.00 5.06 0.05 0.32 0.00 0.78 1854.1 7.6 1829.5 7.6 1807.9 111 1.2
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Amostra Razdo Razdo Razdo Idade 1s Idade 1s Idade 1s
Vii-40 f(206)%  Th/U Razdo 6/4 7/6 1s (%) 7/5 1s (%) 6/8 1s(%) Rho 7/6 (Ma) 7/5 (Ma) 6/8 (Ma) Conc. (%)

(Cont.) (Ma) (Ma) (Ma)

008-ZR5 0.04 0.243 40139.8 0.11 0.00 5.31 0.05 0.34 0.00 0.75 1848.6 8.2 1871.2 7.5 1891.4  10.8 -1.1
009-ZR6 0.00 0.205  614657.0 0.11 0.00 3.82 0.07 0.26 0.00 0.92 17321 11.8 1597.2 155 14969 23.9 6.3
010-ZR7 0.00 0.198  733850.8 0.11 0.00 5.26 0.06 0.34 0.00 0.79 18485 119 1861.8 105 1873.6 15.8 -0.6
013-ZR8 0.17 0.383 8986.1 0.11 0.00 5.49 0.07 0.35 0.00 0.86 18723 9.1 1898.6 104 19225 174 -1.3
014-ZR9 0.26 0.208 5773.4 0.11 0.00 4.96 0.05 0.32 0.00 0.78  1838.5 9.1 1812.8 8.3 1790.4 120 1.2
015-ZR10 0.00 0.261  909147.2 0.11 0.00 5.29 0.05 0.34 0.00 0.80 1860.8 7.7 1867.2 8.0 18729 121 -0.3
016-ZR11 0.22 0.284 6971.3 0.09 0.00 1.72 0.04 0.14 0.00 0.86 1398.7 19.8 1015.1 13.9 846.6 14.8 16.6
017-ZR12 0.12 0.164 12987.6 0.12 0.00 5.81 0.10 0.36 0.00 0.83 18922 151 19474 142 1999.6 235 -2.7
018-ZR13 0.10 0.224 16176.9 0.10 0.00 3.74 0.14 0.26 0.01 0.92 1706.2 275 1579.0 30.5 14855 46.8 5.9
019-ZR14 0.01 0.188  224131.3 0.11 0.00 5.19 0.06 0.33 0.00 0.77 18545 104 18514 9.2 1848.5 135 0.2
020-ZR15 0.00 0.160 2011722.0 0.11 0.00 4.96 0.06 0.32 0.00 0.83 1831.2 11.0 18122 108 17956 16.8 0.9
026-ZR16 0.35 0.273 4401.8 0.12 0.00 5.22 0.05 0.32 0.00 0.85 19126 7.3 1856.5 8.9 1806.7 141 2.7
027-ZR17 0.00 0.248  561093.1 0.11 0.00 5.13 0.06 0.33 0.00 0.89 1844.9 6.0 1841.6 9.2 1838.5 15.5 0.2
028-ZR18 0.00 0.248 1023570.3 0.11 0.00 5.03 0.05 0.33 0.00 0.84 18225 7.3 1824.7 8.6 1826.5 13.6 -0.1
029-ZR19 0.20 0.207 7819.7 0.10 0.00 2.56 0.08 0.19 0.01 0.91 1601.8 21.5 12889 214 11093 275 13.9
030-ZR20 0.00 0.184  745803.6 0.11 0.00 4.65 0.13 0.31 0.01 0.93 18045 178 17576 23.8 17183 404 2.2
031-ZR21 0.01 0.240  232153.8 0.11 0.00 5.54 0.09 0.36 0.00 0.87 18509 11.8 19069 13.3  1958.7 22.9 -2.7
032-ZR22 0.00 0.313  474871.4 0.11 0.00 5.44 0.06 0.35 0.00 0.80 1845.6 9.0 1891.4 8.9 1933.3  14.0 -2.2
035-ZR23 0.00 0.272  588010.6 0.11 0.00 5.40 0.06 0.34 0.00 0.85 1869.6 7.2 1885.1 8.9 1899.2 147 -0.7
036-ZR24 0.03 0.221 47655.1 0.11 0.00 4.88 0.06 0.32 0.00 0.85 1830.3 8.9 1798.2 9.9 1770.6  15.5 1.5
037-ZR25 0.00 0.325  717429.4 0.11 0.00 4.48 0.06 0.30 0.00 0.85 1787.7 102 17274 105 16780 16.0 2.9
038-ZR26 0.00 0.203  430831.2 0.10 0.00 2.75 0.05 0.20 0.00 0.94 1597.4 8.0 1342.8 12,5 1188.7 17.3 11.5
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Amostra Razdo Razdo Razdo Idade 1s Idade 1s Idade 1s
VII-40 f(206)%  Th/U Razdo 6/4 7/6 1s (%) 7/5 1s (%) 6/8 1s (%) Rho 7/6 (Ma) 7/5 (Ma) 6/8 (Ma) Conc. (%)
(Cont.) (Ma) (Ma) (Ma)
039-ZR27 0.00 0.278 665880.9 0.11 0.00 5.40 0.05 0.34 0.00 0.72 1865.9 10.7 1885.1 8.7 1902.4 12.1 -0.9
040-ZR28 0.05 0.203 31389.3 0.11 0.00 5.09 0.07 0.33 0.00 0.88 1842.6 10.0 1835.3 11.8 1828.7 19.5 0.4
041-ZR29 0.00 0.259 657969.0 0.11 0.00 5.24 0.07 0.33 0.00 0.84 1865.4 11.4 1858.6 11.6 1852.5 18.6 0.3
042-ZR30 0.00 0.292 892260.5 0.11 0.00 4.19 0.06 0.28 0.00 0.83 1775.0 12.8 1672.8 11.7 1592.5 16.8 4.8
= = ~ Idade Idade Idade

PA\',“;’:t;z f(206)% Th/U  Razdo 6/4 R;;ZO 1s (%) R;jgo 1s (%) RZ;ZO 1s(%) Rho (Kﬂ/g) “\;2) (7M/z) (I\l/lsa) fﬁﬁ) “3; ) Conc. (%)
004-ZR1N 0.01 0.401 117480.3 0.11 0.00 3.89 0.05 0.26 0.00 0.86 1792.1 9.1 1610.9 10.0 1475.9 14.2 8.4
006-ZR2N 0.01 0.359 284115.1 0.12 0.00 5.13 0.04 0.32 0.00 0.81 1884.2 5.8 1841.4 7.0 1803.7 10.5 2.0
009-ZR3N 1.63 0.951 955.7 0.09 0.00 1.02 0.01 0.09 0.00 0.64 1321.0 19.6 714.5 7.2 537.1 4.7 24.8
010-ZR3B 0.91 0.408 1706.2 0.08 0.00 1.19 0.02 0.11 0.00 0.84 1192.0 19.7 794.3 11.0 660.1 10.6 16.9
014-ZR4B 0.39 0.047 3948.6 0.07 0.00 0.97 0.01 0.10 0.00 0.73 973.7 16.4 688.9 6.5 604.8 5.5 12.2

015-ZR5 0.03 0.022 56790.9 0.09 0.00 2.48 0.03 0.19 0.00 0.85 1525.8 8.1 1267.6 7.9 1120.8 9.6 11.6
016-ZR6N 0.11 0.041 13354.6 0.13 0.00 6.00 0.05 0.35 0.00 0.81 2036.7 5.7 1976.5 7.3 1919.4 11.3 2.9
017-ZR6B 0.63 0.156 2465.9 0.10 0.00 2.20 0.06 0.16 0.00 0.84 1630.1 25.0 1181.3 18.1 951.7 19.5 194

018-ZR7 0.54 0.213 2863.0 0.09 0.00 1.77 0.02 0.14 0.00 0.84 1468.2 10.0 1036.1 7.7 843.5 7.9 18.6

019-ZR8 1.53 0.250 1018.0 0.08 0.00 1.10 0.02 0.09 0.00 0.92 1303.5 15.6 753.7 12.0 582.1 11.6 22.8
020-ZRSN 0.01 0.608 148186.7 0.11 0.00 4.94 0.05 0.32 0.00 0.79 1848.8 9.7 1808.4 9.0 1773.4 13.1 1.9
024-ZR9B 0.67 0.055 2322.2 0.06 0.00 0.83 0.01 0.09 0.00 0.68 714.3 16.5 611.7 54 584.3 4.5 4.5
025-ZR10 0.16 0.053 9562.2 0.06 0.00 0.82 0.02 0.10 0.00 0.82 631.5 25.3 610.3 10.0 604.6 10.4 0.9
026-ZR11N 0.52 0.415 2941.8 0.11 0.00 5.27 0.12 0.33 0.01 0.87 1865.1 17.9 1863.5 18.5 1861.9 30.9 0.1
029-ZR13 0.56 0.214 2779.6 0.08 0.00 1.50 0.03 0.13 0.00 0.91 1242.7 14.2 932.1 11.9 806.2 135 135
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Amostra Razdo Razdo Razdo Idade 1s Idade 1s Idade 1s
PV-SE-4C  f(206)% Th/U Razdo 6/4 7/6 1s (%) 7/5 1s (%) 6/8 1s (%) Rho 7/6 (Ma) 7/5 (Ma) 6/8 (Ma) Conc. (%)
(Cont.) (Ma) (Ma) (Ma)
030-ZR14N 1.55 0.035 1006.6 0.08 0.00 1.40 0.02 0.12 0.00 0.78 1314.3 17.1 890.2 9.1 729.3 8.3 18.1
033-ZR14B 0.01 0.456 167368.7 0.11 0.00 5.16 0.04 0.33 0.00 0.78 1857.5 6.2 1845.2 6.9 1834.3 10.2 0.6
034-ZR15N 0.60 0.546 2584.5 0.11 0.00 3.63 0.04 0.24 0.00 0.76 1772.4 12.8 1555.7 9.8 1401.1 11.9 9.9
035-ZR15B 0.12 0.738 12549.8 0.11 0.00 3.89 0.06 0.26 0.00 0.93 1741.4 8.4 1612.0 13.0 1514.7 20.3 6.0
037-ZR17N 0.45 0.140 3462.7 0.12 0.00 3.71 0.07 0.23 0.00 0.97 1930.1 5.5 1573.5 14.8 1321.5 215 16.0
038-ZR17B 0.19 0.066 8171.1 0.11 0.00 3.06 0.15 0.19 0.01 0.99 1871.4 7.0 1422.4 36.1 1141.9 49.8 19.7
040-ZR19N 0.05 0.639 28324.5 0.11 0.00 3.77 0.09 0.24 0.01 0.93 1864.7 13.6 1586.2 18.8 1385.2 27.4 12.7
045-ZR20N 0.01 0.546 139013.1 0.11 0.00 5.37 0.04 0.34 0.00 0.79 1868.8 6.0 1880.2 6.9 1890.4 10.4 -0.5
049-ZR23 0.82 1.324 1891.8 0.10 0.00 2.21 0.07 0.16 0.00 0.92 1660.0 211 1185.6 20.9 942.9 24.3 20.5
050-ZR24 0.37 0.056 4190.6 0.08 0.00 1.24 0.02 0.12 0.00 0.63 1111.9 17.2 820.4 6.8 717.1 53 12.6
053-ZR25 1.79 0.326 861.9 0.13 0.00 4.13 0.14 0.23 0.01 0.86 2116.8 290.1 1660.4 27.4 1323.8 34.9 20.3
054-ZR26 1.25 0.409 1248.1 0.10 0.00 1.73 0.07 0.12 0.01 0.96 1635.3 20.3 1018.2 26.7 755.8 28.8 25.8
055-ZR27 0.39 0.042 4009.0 0.06 0.00 0.74 0.01 0.09 0.00 0.67 563.9 28.6 559.9 8.0 558.9 6.7 0.2
056-ZR28 0.27 0.110 5830.0 0.09 0.00 191 0.05 0.16 0.00 0.75 1377.8 31.9 1083.0 17.2 942.3 17.2 13.0
057-ZR29 0.60 0.503 2582.3 0.12 0.00 4.34 0.06 0.27 0.00 0.86 1887.1 10.7 1701.4 11.1 1554.7 16.0 8.6
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4.4 Geoquimica Isotopica Sm-Nd

Os resultados das andlises isotdpicas Sm-Nd deste trabalho e de Arcanjo et al.
2013 para o Granito Serrote sdo apresentados na Tabela 3. A idade de cristalizacdo de
1863 Ma (apresentada previamente) foi utilizada nos célculos. As amostras XII-11E
(3lcali feldspato granito) e PV-SE-10 (sienogranito) forneceram valores eNd (1863 Ma)
de-2,15e 0,67, respectivamente. A amostra PV-SE-4C (microclinio granito), da borda da
intrusdo, apresentou um valor eNd (1863 Ma) anémalo de -13,68. As idades-modelo Tpy
obtidas para as amostras XII-11E e PV-SE-10 sdo 2,17 Ga e 2,03 Ga, respectivamente. A
amostra PV-SE-4C apresentou uma idade-modelo Tpy de 4,09 Ga incompativel com
idades-modelo encontradas na regido. Essa idade-modelo é interpretada, assim como o
valor eNd (1863 Ma) de -13,68, como produto de assimilacdo da rocha encaixante. Esses
dados estdo sumarizados na Figura 12.

Tabela 3 - Dados isotdpicos Sm-Nd do Granito Serrote deste trabalho e amostras de Arcanjo et
al. (2013).

Amostra Autor Sm (ppm) Nd(ppm) Sm/¥Nd 1“Nd/*Nd+SE eNd(T) Tpwm(Ga) T (Ma)
PV-SE-4C Este 5,529 22,512 0,1485 0,511347+10 -13,68 4,09 1863
XII-11E trabalho 3,775 34,7 0,0658 0,510924 +5 -2,15 2,17 1863
PV-SE-10 17,442 143,065 0,0737 0,511166 +3 0,67 2,03 1863
DL-12 Arcanio et 5,07 40,67 0,07542 0,510847 -6,00 2,43 1860
DL-07 al (2(J)13) 4,78 33,42 0,08656 0,511024 -5,21 2,43 1860
DL-15 ’ 7,25 44,56 0,09831 0,511158 -5,40 2,50 1860
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Figura 12 - Diagrama de evolugdo isotépica de Nd (T vs eNd) do Granito Serrote. Dados em azul
sdo de Arcanjo et al. (2013).
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4.5 Discussao
4.5.1 Cartografia Geoldgica Local

O Granito Serrote foi primeiramente descrito por Costa et al. (1983) durante o
Projeto Paraiso do Norte. Trabalhos posteriores o estudaram segundo abordagens
petrograficas, geocronoldgicas e isotdpicas (Costa 1985, Gorayeb 1996, Sousa & Moura
1996, Arcanjo 2002, Arcanjo et al. 2013). Até entdo, nenhum trabalho especifico de
mapeamento do Granito Serrote havia sido realizado. Somente em 2014, a fim de refinar
a cartografia geoldgica da regido de Paraiso do Tocantins, a Folha SC.22-Z-B Porto
Nacional (1:250.000, CPRM 2014) identificou pldtons menores relacionados as
granitogéneses Serrote e Santa Luzia préximos ao Granito Serrote. Em 2015, durante o
Projeto Paraiso, mapeamento geolégico em escala 1:50.000 e Trabalho de Conclusdo de
Curso de alunos de Geologia da Universidade de Brasilia, foram identificados dois
pequenos plutons relacionados ao Granito Serrote, conforme cartografados na Figura 3.
Esses dois plutons sdo representados pelas amostras VII-40 e IX-32 (ver suas localizagGes
na Figura 3).

Enquanto amostras do Granito Serrote apresentam razdes (Rb/K)x1000 entre
~2,4 e ~3,2, as amostras VII-40 e IX-32 apresentam valores (Rb/K)x1000 de 6,35 e 8,9,
respectivamente. O autdlito mafico VII-40B (ver localizagdo na Figura 3) apresenta razao
(Rb/K)x1000 de 12,08, enquanto o autolito mafico XVI-84B do Granito Serrote apresenta
razdo (Rb/K)x1000 de 9,4. Esse enriquecimento em Rb verificado nos plutons menores
guando comparados ao Granito Serrote (pluton principal) sugere maior grau de
diferenciacdo daqueles em relacdo a este. Isso porque, nestes magmas, o Rb comporta-
se de maneira mais incompativel que o K. Além disso, nos padrdes de elementos terras-
raras (ETRs), a amostra IX-32 apresenta os valores mais altos de enriquecimento em
relacdo ao condrito (ver Figura 9B). A amostra VII-40 apresenta o maior valor de razado
(La/Yb)y = 121,63. A anomalia negativa de Ce da amostra IX-32 pode ser explicada pela
retencdo de Ce** na estrutura do zircdo durante estagios iniciais de cristaliza¢do desta
camara magmatica em ambiente oxidante. Considerando que a amostra IX-32 tenha se
formado em estagios tardios (pluton diferenciado), sua cristalizacdo ocorreu a partir de
magma deficiente em Ce quando comparado ao Granito Serrote. Esta proposta é
corroborada pela anomalia de Zr da amostra IX-32 em diagrama multielementar (ver
Figura 9A). Além de tudo, as idades U-Pb em zircdo obtidas para o Granito Serrote
(amostra PV-SE-10) de 1863,1 + 5,2 Ma e para o pldton menor (amostra VII-40) de
1846,5 + 6,5 Ma mostram que este é mais jovem que aquele, mesmo quando
considerados os erros associados. Portanto, acredita-se que as rochas dos plutons
menores (representados pelas amostras VII-40 e IX-32) cristalizaram a partir de magmas
com maior grau de diferenciacdo que as rochas do Granito Serrote (pluton principal).

4.5.2 Ambiente TectOnico

As relagcbes de campo mostram que o Granito Serrote é intrusivo nos
ortognaisses e rochas calcissilicaticas do Complexo Rio dos Mangues, conforme
tradicionalmente descrito por outros autores (Costa 1985, Gorayeb 1996). Contudo, as
estruturas metamorficas das rochas do Complexo Rio dos Mangues, assim como as
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estruturas igneas das rochas graniticas do Granito Serrote, foram superpostas e
parcialmente obliteradas pela deformacdo associada a orogénese Brasiliana/Pan-
Africana. Isso impede que interpretacdes sdlidas sejam feitas a respeito do ambiente
tectonico de alojamento dessa granitogénese durante o Paleoproterozoico. As amostras
do Granito Serrote apresentam dispersdo no diagrama Y+Nb vs. Rb de discriminacdo de
ambiente tecténico (Pearce et al. 1984, Pearce 1996, Fig. 8C) e plotam nos campos VAG
(volcanic arc granites), Syn-COLG (syn-collisional granites), WPG (within plate granites)
e Post-COLG (post-collisional granites). Entretanto, a maioria delas plotam neste ou
proximo deste ultimo (Fig. 8C). De acordo com Pearce et al. (1984), os granitos pos-
colisionais podem plotar em todos os campos, exceto o campo ORG (ocean ridge
granites), como é o caso dessas rochas (ver Figura 8C). Utilizando as func¢les
discriminantes de Agrawal (1995), as rochas do Granito Serrote sdo classificadas como
granitos tardi-orogénicos ou pds-orogénicos (ver valores na se¢do 4.2). Além disso, as
amostras do Granito Serrote se limitam ao campo POG (post-orogenic granites) nos
diagramas SiO, vs. Al,03 e SiO, vs. FeO1/(FeOr+MgQ) de discriminacdo de ambiente
tectonico (ndo mostrados) de Maniar & Piccoli (1989). Por essas razdes, propde-se que
o Granito Serrote tenha se alojado no Complexo Rio dos Mangues em ambiente tardi- a
pods-orogénico durante o Paleoproterozoico. A forma eliptica arredondada do platon em
mapa corrobora essa proposta (ver Figura 3).

4.5.3 Tipo de Magmatismo

As rochas do Granito Serrote apresentam carater calci-alcalino a alcali-célcico
(Fig. 8A) e plotam no campo das rochas ferrosas, préximo ao limite com as rochas
magnesianas (ver Figura 8B). Esses granitos sdo metaluminosos a peraluminosos (Fig.
8D), refletindo a presenca varidvel de biotita e muscovita. Quando utilizados os
diagramas Ga/Al de discriminacdo de Whalen et al. (1987), as amostras do Granito
Serrote plotam no limite entre os campos de granitos tipo-I&S e granitos tipo-A. O
conjunto ndo se concentra nem dentro do campo de granitos tipo I&S, nem no dominio
onde plotam os granitos tipo-A convencionais, de modo que esses diagramas ndo sdo
concludentes com relacdo ao tipo de magmatismo do Granito Serrote.

Os granitos tipo-A sdo frequentemente peralcalinos a metaluminosos, ainda que
existam casos em que sdo peraluminosos. Esses granitos possuem carater alcali-célcico
a alcdlico, sdo rochas ferrosas (FeO;/(MgO+FeO; > 0,9), tipicamente granitos
anorogénicos e apresentam enriquecimento em Ga (plotam na regido dos granitos tipo-
A) nos diagramas de Whalen et al. (1987). Posto que o Granito Serrote apresenta
caracteristicas geoquimicas apenas parcialmente comparaveis a esses granitos, ele ndo
é considerado como um caso tipico de granitogénese tipo-A. O Granito Serrote também
ndo é considerado um granito tipo-S, pois ndo apresenta caracteristicas tipicas desse
magmatismo, como também ndo ha evidéncia de uma fonte sedimentar para esses
granitos. Assim sendo, a origem mais provavel para o magmatismo calci-alcalino com
tendéncia alcalina do Granito Serrote é a partir de fusdo parcial dos ortognaisses do
Complexo Rio dos Mangues em ambiente tardi- a pds-orogénico durante o
Paleoproterozoico (Orosiriano). Desse modo, com caracteristicas intermediarias entre
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granitos tipo-l e granitos tipo-A. Esse carater intermedidrio entre um tipo de
magmatismo e outro é comum em granitos pés-colisionais.

4.5.4 Cogeneticidade com o Gnaisse Cantao

Aidade de 1861 + 41 Ma obtida por Sousa & Moura (1996) para o Granito Serrote
é confirmada e refinada pela idade de 1863,1 + 5,2 Ma (Fig. 11A) obtida pelo método U-
Pb em zircdo nesta dissertacao. Essa idade é semelhante aquelas idades Pb-Pb de 1846
+ 64 Ma (Moura & Gaudette 1993), Pb-Pb de 1858 + 68 Ma (Moura & Gaudette 1999) e
U-Pb em zircdo de 1857 + 23 Ma (Dias et al. 2017) obtidas para o Gnaisse Cantdo. Esse
magmatismo granitico contemporaneo ja foi apontado por outros autores como
indicador da possivel cogeneticidade entre o Granito Serrote e o Gnaisse Cantdo. No
entanto, nenhum trabalho relacionado a essa questdo jamais foi realizado.

Nesta dissertacdo a maioria dos diagramas das secdes 4.1 e 4.2, construidos para
o Granito Serrote, mostram também amostras do Gnaisse Cantdao para comparagao. Em
relacdo ao indice de saturacdao em alumina, ambos os granitos do Gnaisse Cantdo e
Granito Serrote sao metaluminosos a peraluminosos (ver Figura 8D). Entretanto, em
relacdo ao diagrama MALI (modified alkali-lime index) e ao indice de Fe, as amostras
desses plutons mostram apenas parcial correlacdo, sendo que as amostras do Gnaisse
Cantdo apresentam maior dispersdo (ver Figs. 8A e 8B). Em termos petrograficos, as
rochas encontradas no Granito Serrote sdo diferentes daquelas encontradas no Gnaisse
Cantdo, plotando em areas distintas no diagrama QAP (ver Figura 6).

Visto que ndo existem dados de elementos-traco disponiveis para o Gnaisse
Cantdo (incluindo os elementos terras-raras - ETRs), ndo se pode assegurar a
cogeneticidade desses plutons e a questao permanece em aberto. Por isso, sugere-se
que dados inéditos de elementos-traco, além de novos dados isotdpicos e geoquimicos
de elementos maiores, sejam obtidos para o Gnaisse Cantdo. Da mesma forma, também
se sugere que mais dados sejam obtidos para o Granito Serrote, afim de que essa
guestdo seja melhor avaliada.

49



5. The Cambrian Peraluminous Santa Luzia Granite Suite in the Araguaia
Belt, Central Brazil: Evidence for Closure of the Clymene Ocean Based
on Zircon and Monazite U-Pb Data

Abstract

The Araguaia Belt (AB) in northcentral Brazil formed as a result of amalgamation
of the Amazonian and S3o Francisco-Congo cratons along with the Paranapanema Block
during late Neoproterozoic times. Ediacaran/Cambrian late- to post-orogenic
magmatism took place at ~540 Ma following this continental collision at 550-540 Ma.
Such magmatism is represented in the southern portion of the Araguaia Belt by the
peraluminous Santa Luzia and Barrolandia granites, as well as by the Presidente Kennedy
Granodiorite in the central portion of the AB. Inherited zircon cores with distinct rims
are remarkably abundant in the Santa Luzia Granite. However, this pluton yields U-Pb
MC-LA-ICP-MS zircon and monazite ages of 538 + 1 Ma and 534 + 5 Ma, respectively. In
addition, U-Pb zircon and monazite ages of 536 + 6 Ma and 524 + 6 Ma, respectively, are
obtained for the Barrolandia Granite. The data presented in this work and in the
literature allow to group the studied Santa Luzia and Barrolandia granites, together with
Presidente Kennedy Granodiorite, in a single suite, named Santa Luzia Suite, maintaining
the Santa Luzia pluton as the type-area. Rocks related to this Cambrian magmatism are
essentially peraluminous, magnesian to slightly ferroan, and calc-alkaline in character.
Such rocks probably originated from magmas formed by partial melting of meta-igneous
sources that were subsequently contamined via assimilation of metasedimentary rocks.
In the AB, both the collision related to the 550-540 Ma Brasiliano/Pan-African orogeny,
and the intimately associated ~540 Ma late- to post-orogenic Santa Luzia Suite
magmatism record the closure of the Clymene Ocean as well as the late stages of
compressional tectonics related to west Gondwana amalgamation. The latter was
followed by exhumation related to collapse of the Araguaia orogen.

Keywords: Santa Luzia Granite; Barroldndia Granite; Estrondo Group; Xambioa
Formation; Araguaia Belt; U-Pb zircon and monazite dating, west Gondwana.

5.1 Introduction

Post-collisional peraluminous granites may form by anatexis of either
supracrustal metasedimentary pelitic and/or psammitic rocks, infracrustal
metaluminous rocks (e.g., orthogneisses and tonalites) or mixtures of these rock types,
occasionally receiving small amounts of mantle contributions. Such magmatism arises
from post-orogenic decompression/lithospheric delamination followed by upwelling of
hot asthenosphere, or, in some instances, from other mechanisms such as slab break-
off (Sylvester 1998, Clemens 2003, Collins and Richards 2008, Chappell et al. 2012, Li et
al. 2016, Yang et al. 2016). Post-collisional peraluminous granitic magmatism is common
in many orogenic belts, as exemplified by the early Cambrian (~530 Ma) Sierra Norte-
Ambargasta batholith within the Pampean orogen, western Argentina (lannizzotto et al.
2013), the early Permian (290-270 Ma) granites of the Cornubian Batholith in
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southwestern England (Simons et al. 2016), the late Triassic (~220 Ma) post-collisional
peraluminous Chonburi, Rayong-Bang Lamung and Chanthaburi plutons in southeastern
Thailand and the Malayan Peninsula (Qian et al. 2017), and the late Ordovician to early
Silurian (450-425 Ma) granites of the Jishishan, Ledu and Shichuan plutons within the
Qilian orogen, northeastern margin of the Tibetan Plateau (Yang et al. 2016).

The assembly of west Gondwana took place between the late Neoproterozoic
and early Cambrian, when continental blocks such as the Saharan Metacraton, the West
African, S3o Francisco-Congo, S3o Luis and Amazonian cratons, together with some
smaller blocks (e.g., Paranapanema, Rio Apa blocks) were involved. This amalgamation
led to the formation of some mobile belts during the Brasiliano/Pan-African orogeny,
where the late stages of compressional tectonics and onset of extensional regimes
related to collage of west Gondwana were marked by intrusion of several post-orogenic
plutons (e.g., Goodenough et al. 2014, Valeriano et al. 2016, Shellnutt et al. 2017,
Shellnutt et al. 2018).

In the South American context, the formation of Gondwana via collision of the
Amazonian and S3o Francisco-Congo cratons along with the Paranapanema Block gave
rise to three main mobile belts: the Paraguay, Araguaia and Brasilia belts. However, the
timing of this orogeny is still a matter of debate and two diverging models currently
exist. The first model considers that during amalgamation of west Gondwana two main
continental masses existed separated by an ocean: the Amazonian-West African Block
comprising the West African and Amazonian cratons along with smaller blocks, and the
Central African Block comprising the Saharan Metacraton, the S3o Francisco-Congo and
Kalahari cratons and smaller blocks (see Fig. 1 in Cordani et al. 2013). According to
Cordani et al. (2013), the orogenic belts along the margins of these cratons were formed
after closure of the Goids-Pharusian Ocean during a Himalaya-type orogeny which
started at ~900 Ma, peaking between 650 and 630 Ma. In this model, the only oceanic
lithosphere between the two main blocks was located at the Goids-Pharusian Ocean.
Therefore, Gondwana would have been a coherent continental block by Ediacaran times
(Cordani et al. 2013). On the other hand, a second model considers that both the
Amazonian Craton and the Rio Apa Block remained separated from the proto-Gondwana
(i.e., the S3do Francisco-Congo, Kalahari and Rio de La Plata cratons, the Saharan
Metacraton and smaller blocks) by the Clymene Ocean until early Cambrian times
(Trindade et al. 2006, Tohver et al. 2012, Tohver and Trindade 2014, McGee et al. 2018).
The transition from passive to active margin characterized by deformation,
metamorphism and late magmatism would have taken place between late Ediacaran
and Cambrian (550-500 Ma), triggered by closure of the Clymene Ocean, and following
the course of the Brasiliano/Pan-African orogeny which led to formation of the Araguaia,
Paraguay and Pampean belts.

Peraluminous granites that crop out between Paraiso do Tocantins and
Barrolandia (Figs. 13 and 14) have been grouped into units referred to as either Santa
Luzia Granite or Santa Luzia Suite by some authors (Costa et al. 1983, Moura & Gaudette
1993; Moura & Sousa 2002; Lamardo & Kotschoubey 1996) who studied those units
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from a regional perspective only, leading to a lack of consensus regarding their age,
origin and geological implications within the context of the Araguaia Belt (AB). Some
smaller plutons referred to as the Presidente Kennedy Granodiorite and Barrolandia
Granite have been studied in more detail, and a correlation between these units and the
Santa Luzia Granite has been suggested (Santos 2012). Uncertainties regarding the age
of these plutons arise from the presence of abundant inherited zircon crystals displaying
both magmatic cores and metamorphic rims, rendering difficult to interpret their
meaning in relation to the deformation and metamorphism of the AB.

This work intends to shed some light on issues such as the magmatism, tectonic
setting and crystallization age of the Santa Luzia Suite granitic rocks, based on
lithogeochemical, mineral chemistry, Sm-Nd isotopic and both zircon and monazite U-
Pb data. The results are critically discussed in the context of previously published data,
and a grouping of all the peraluminous granitic units studied in this work into an
individual Cambrian suite will hopefully provide new grounds for discussion on the
tectonic evolution of the AB and its significance in the context of west Gondwana.

5.2 Geological Framework

The Araguaia Belt is a Neoproterozoic orogenic belt originally referred to as the
Paraguai-Araguaia Belt by Almeida et al. (1967). Subsequently, Silva et al. (1974) and
Almeida and Hasui (1984) recognized that the belt, in fact, corresponded to two
different tectonic entities and then proposed to divide it into two distinct domains. The
AB is located in the northern Tocantins Province (Almeida et al. 1981, Fig. 13), which is
regarded as a major Neoproterozoic orogenic system in central Brazil, and is composed
of three main belts: the Brasilia Belt (southern portion), the Araguaia Belt (northern
portion) and the Paraguai Belt (western portion). It is believed that the Tocantins
Province was formed by the amalgamation of three continental blocks during the
Neoproterozoic (Ediacaran) Brasiliano/Pan-African orogeny: the Amazonian and Sao
Francisco cratons and the Paranapanema Block (Almeida et al. 1976, Hasui et al. 1977,
Alvarenga et al. 2000). The AB extends for approximately 1200 km between latitudes
5°S and 12°S along a nearly N-S trend, with an average width of 110 km. The belt is
mostly composed of Archean to Paleoproterozoic rocks that constitute its basement,
supracrustal Neoproterozoic rocks and syn- to late-orogenic Ediacaran/Cambrian
granitic rocks.

Basement

The Colméia Complex groups the oldest rocks (Archean) of the AB which crop out
as windows within the core of structural domes (Costa 1980, Pierin 2011, Bordalo 2016).
The complex consists of orthogneisses and migmatites (Costa 1980, Bordalo 2016).
Orthogneisses have tonalitic, trondhjemitic and granodioritic compositions and are
considered to be parts of TTG terranes (Dall’Agnol et al. 1988, Moura and Gaudette
1994, Souza and Moreton 2001). This unit occurs in the northeastern and eastern
portions of the AB and is frequently associated with the Estrondo Group (Fig. 13). The
Colméia Complex was dated by Hasui et al. (1980) who obtained a Rb-Sr isochron age of
2.7 Ga, and by Moura and Gaudette (1993) and Moura and Gaudette (1999) who
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obtained an age of 2.85 Ga using the single zircon Pb-evaporation technique. Recently,
Bordalo (2016) determined a zircon U-Pb LA-ICP-MS age of 2.93 Ga, and Dias et al. (2017)
obtained ages between 2.83 and 2.9 Ga using the same method.

The Porto Nacional Complex is a Paleoproterozoic gneissic-granulitic unit
composed of a variety of rock types. The complex includes ultramafic rocks, mafic
granulites, hornblende granulites, garnet granulites, enderbites, kinzigites and
charnoenderbites among other rock types (for more details, see Gorayeb 1996). This
complex constitutes the basement of the AB at its very southeastern boundary, in close
proximity to the Transbrasiliano Lineament (Fig. 13). Pb-Pb isotope data suggest a
metamorphic event at 2.10-2.15 Ga (Gorayeb et al. 2000).

The Rio dos Mangues Complex comprises mostly Paleoproterozoic orthogneisses
and calc-silicate rocks along with some scarce occurrences of paragneiss and
ampbhibolite (Arcanjo 2002). This complex crops out in the southern portion of the AB
(Fig. 13). The compositions of orthogneisses range from tonalite to granite. Arcanjo and
Moura (2000) obtained single zircon Pb-evaporation ages of 2014 + 36 Ma and 2083 *
27 Ma. Additional Pb-Pb ages of approximately 2.0 Ga were obtained from the complex
by Arcanjo (2002) and Arcanjo et al. (2013). In addition, Sm-Nd isotope data yielded
model ages Tpy between 2.21 and 2.35 Ga, as well as eNd (2.06-2.12 Ga) values between
-1.04 and 2.4 (Arcanjo 2002; Arcanjo et al. 2013).

The Serrote Granite (Costa et al. 1983, Costa 1985) is a Paleoproterozoic
microcline granite pluton that intruded the Rio dos Mangues Complex in its northern
portion, southwest of Paraiso do Tocantins City (Fig. 13). Some authors described the
rocks of this pluton as pinkish to slightly gray, coarse-grained, leucocratic and foliated
granite with some scarce fine-grained portions. The coarse-grained portions are
frequently porphyritic, composed of perthitic microcline porphyroclasts up to 3 cm in
diameter, embedded within a mylonitic groundmass (Gorayeb 1996). Sousa and Moura
(1996) obtained a zircon Pb-Pb age of 1861 + 41 Ma interpreted as the crystallization
age of the Serrote Granite. In addition, Sm-Nd isotope data indicate model ages Tpy
between 2.43 and 2.50 Ga, along with eNd values (1.86 Ga) between -5.21 and -6.01
(Arcanjo et al. 2002, Arcanjo et al. 2013).

The Monte Santo Suite is represented by two Mesoproterozoic alkaline plutons
referred to as Monte Santo and Estrela, which intruded the Rio dos Mangues Complex
in both its northern and southeastern portions, respectively (Fig. 13). This suite consists
basically of nephelinolites, nepheline syenites and syenites (Costa 1985, Iwanuch 1991,
Viana and Battilani 2014) with Pb-Pb zircon ages range between 1.00 and 1.05 Ga (Souza
1996, Arcanjo and Moura 2000, Arcanjo 2002).

The Rio do Coco Group is a metavolcanic-sedimentary sequence that crops out
in the southern portion of the AB and was formerly considered a greenstone belt (Fig.
13, Barreira 1980, Barreira and Dardenne 1981). This group comprises pelitic and
chemical metasedimentary rocks along with a metavolcanic unit that groups mafic and

53



ultramafic schists and serpentinites. These rocks are deformed and attained greenschist-
facies conditions (Barreira 1980, Barreira and Dardenne 1981, Costa 1985).

Supracrustal Sequence — Baixo Araguaia Supergroup

The supracrustal rocks of the AB are represented by the Baixo Araguaia
Supergroup (Hasui et al. 1977, Abreu 1978), which comprises the Estrondo and
Tocantins groups (Fig. 13). The Estrondo Group constitutes the base of the supergroup
and includes the Morro do Campo and Xambiod formations at its base and top,
respectively. The Tocantins Group, which overlies the Estrondo Group, is constituted by
the Pequizeiro (base) and Couto Magalhdes (top) formations. This supracrustal
sequence extends along a N-S trend for approximately 1200 km.

The Xambioa Formation, which lies upon the Morro do Campo Formation in
transitional contact, consists essentially of feldspathic mica schists that contain variable
amounts of garnet, staurolite and amphibole. Less abundant are calc-schists and marble
(for detailed petrography, see Abreu 1978, Costa 1980, Teixeira et al. 1988). The
Estrondo Group crops out over the eastern portion of the AB for approximately 800 km.

The Pequizeiro Formation corresponds to the base of the Tocantins Group and is
tectonically juxtaposed on top of the Xambiod Formation (Souza and Moreton 2001).
The Couto Magalhdes Formation constitutes the top of the Tocantins Group and consists
predominantly of phyllites and metasiltstones (for detailed descriptions, see Souza and
Moreton 2001, Hasui et al. 1977, Abreu 1978, Costa 1980). The Tocantins Group crops
out along the western border of the AB, extending approximately 1200 km with a N-S
trend.

Detrital zircon ages from the northern portion of the AB in the Xambiod region,
using single zircon Pb-evaporation, lie mainly within the 2800-2900 Ma interval (Moura
et al. 2008b). In comparison, rocks from the southern portion of the AB, close to the
Paraiso do Tocantins region, yield detrital zircon ages predominantly in the 1000-1200
Ma interval, as well as less representative Paleo- and Neoproterozoic ages (Moura et al.
2008b, Pinheiro et al. 2011).

Metamorphism within the AB varies from anchimetamorphism in rocks from the
Tocantins Group at the western border of the belt to amphibolite-facies metamorphism
in rocks from the Estrondo Group at the eastern border, thus constituting an external
and an internal zone, respectively. In fact, Pinheiro (2016) reported peak metamorphic
conditions of 630-665°C and 7-9 kbar for rocks from the Xambioa Formation and the
Xambica Gabbroic Suite, which indicate medium P/T series amphibolite-facies
conditions.

Ediacaran/Cambrian Granitic Rocks

The syn-collisional Ramal do Lontra Granite is a small ellipsoidal granitic pluton
(~4 km x 5 km) that crops out in the northeastern portion of the AB (Fig. 13) and intruded
quartzites and mica schists from the Estrondo Group (Macambira 1983, Alves 2006).
Rock types correspond predominantly to monzogranite and, to a lesser extent,
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granodiorite (Alves 2006). Using single zircon Pb-evaporation, Alves (2006) reported an
average age of 549 + 5 Ma for this unit, interpreted as a minimum crystallization age.
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The Presidente Kennedy Granodiorite crops out in the central-eastern portion of
the AB 10 km southwest of Presidente Kennedy City, and corresponds to a syn-collisional
pluton that intruded the mica schists of the Estrondo Group (Fig. 13, Bulhdes and
Dall’Agnol 1985, Santos 2012). The pluton displays an elliptical shape (~ 16 km x 12 km)
with its major axis following an approximately N-S trend. Rock types include granodiorite
and monzogranite composed of plagioclase Anys,q (35-47%), quartz (22-33%),
microcline (21-29%), biotite (2-6%) and muscovite (1-6%). Apatite, zircon and titanite
occur as accessory phases (Santos 2012). Pb-Pb zircon data indicate an average age of
539 + 5.3 Ma for the Presidente Kennedy Granodiorite, regarded as the minimum
crystallization age of the pluton (Santos 2012). Model ages Tpy of 2.13 Ga and 2.17 Ga,
as well as eNd (0.5 Ga) values of -12.20 and -17.36 have been reported for this unit
(Santos 2012).

The Santa Luzia Granite (Costa et al. 1983, Lamardo and Kotschoubey 1996)
comprises a major granitic pluton as well as other small bodies that crop out in the
southeastern portion of the AB (Figs. 13 and 14). The main pluton intruded biotite schists
of the Xambiod Formation (Estrondo Group) and is approximately concordant with the
NW-SE foliation of the latter. This geometric relation suggests a syn- to late-orogenic
nature for the pluton (Lamardo and Kotschoubey 1996). The Santa Luzia Granite
comprises peraluminous granodiorite, monzogranite and pegmatites that resulted from
weak fractionation of magmas generated from continental crust (Lamardo and
Kotschoubey 1996). Using discriminant diagrams by Pearce et al. (1984), these rocks plot
within the volcanic arc granite domain, close to the post-collision granite sector
(Lamardo and Kotschoubey 1996).

The exact crystallization age of the Santa Luzia Granite is controversial, with
estimates varying from 583 + 39 Ma (Moura 1992) to 635 + 53 Ma (Moura and Gaudette
1993) using single zircon Pb-evaporation. Recently, Moura et al. (2008) obtained U-Pb
SHRIMP zircon core ages ranging from 500 to 1900 Ma, along with rim ages that yielded
a concordant age of 528 + 4.7 Ma, assumed as the age of metamorphism of the AB.

The Lajeado Suite comprises the Lajeado, Palmas and Matanga plutons that crop
out in the southeastern portion of the AB (Fig. 13, Gorayeb et al. 2013). Rocks belonging
to this suite are essentially metaluminous to slightly peraluminous monzogranite and
syenogranite that exhibit geochemical characteristics similar to those of A-type granites
(Gorayeb et al. 2013). Pb-Pb zircon data indicate mean ages between 547 + 4 Ma and
552 + 4 Ma for the Lajeado Suite. Nd model ages Tpy between 1.7 Ga and 2.1 Ga are also
reported for this unit, together with eNd (0.55 Ga) values between -10 and -13 (Gorayeb
et al. 2013). The Lajeado Suite is associated with an Ediacaran
extensional/transtensional tectonic event and is believed to correlate to granitic plutons
of similar age in the northwestern portion of the state of Ceard, northern Brazil (Gorayeb
etal. 2013).
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5.3 Analytical Methods

Lithogeochemistry

Major and trace element analyses of whole-rock powders were performed by
ALS Ltd. and Actlabs Ltd. following the CCP-PKGO1 and 4Litho (11+) routines,
respectively. Both laboratories employed lithium metaborate/tetraborate fusion
followed by nitric acid digestion for sample preparation. Major and minor elements
were analyzed using ICP-AES, while trace elements were analyzed using ICP-MS.
Detailed descriptions of the methods may be found at alsglobal.com and actlabs.com.

U-Pb Geochronology

U-Pb MC-LA-ICP-MS analyses of zircon and monazite were carried out at the
Geochronology Laboratory of the University of Brasilia, following the procedures
described by Biihn et al. (2009). Mineral grains were vaporized using a New Wave Nd-
YAG solid-state laser (A = 213 nm), and the resulting ablated material was conveyed into
a Thermo Finnigan Neptune multicollector ICP-MS. For zircon, analyses were performed
using a laser beam diameter of 30 um at 10 Hz and ~ 5.5 J/cm?, while for monazite, a
laser beam diameter of 25 um at 10 Hz and ~ 2.4 J/cm? was implemented. For standard
and sample analyses, signals were acquired in blocks of 40 cycles of 1.049 s each. The
standard-sample bracketing technique was implemented during analysis, which consists
of the analysis of one standard spot and one blank for every four or eight sample spots.
The GJ-1 zircon was used as the primary standard for zircon analyses and has the
following reference ages: 2°’Pb/2°°Pb age = 608.6 + 1.1 Ma, 2°°Pb /238U age = 600.4 + 1.8
Ma and 2°7Pb/?3°U age = 602.1 + 3 Ma (Jackson et al. 2004). The 44069 monazite was
used as the primary standard for monazite analyses and has reference ages of:
207pp/206ph age = 424.86 * 0.36 Ma, 2°°Pb /238U age = 418.1 + 2.7 Ma and 2°’Pb/?3°U age
= 424.89 + 0.35 Ma (Aleinikoff et al. 2006). Data reduction was carried out using
CHRONUSv. 1.4.3 (Oliveira 2015) and in-house spreadsheets used at the Geochronology
Laboratory of the University of Brasilia. Age calculations and plots were achieved using
ISOPLOT 4.15 (Ludwig 2008).

Sm-Nd Isotope Geochemistry

Sm and Nd isotope analyses of whole-rock powder were carried out via TIMS
(thermal ionization mass spectrometry) at the Geochronology Laboratory of the
University of Brasilia following the analytical procedures of Gioia and Pimentel (2000).
A Finnigan TRITON spectrometer with 7 collectors in static mode was used. Spike
solutions of 1#°Sm and >°Nd were added to the whole-rock powder samples. The
separation of Sm from Nd was accomplished using cation exchange columns followed
by evaporation with two drops of 0.025 N H3PO,. The residue was then dissolved in 1 pl
of 5% distilled HNO;3; and loaded onto a double Re filament assembly. The BHVO-2
international rock standard was used along with a decay constant of 6.54 x 1012 y!
(Lugmair and Marti 1978).
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Mineral Chemistry

Chemical compositions of biotite and muscovite were determined at the Electron
Microprobe Laboratory of the University of Brasilia in polished thin section samples.
Analyses were performed using a JEOL JXA-8230 electron microprobe at a 15 kV
accelerating voltage and 10 nA beam current with a 1 um spot diameter during a
counting time of 10 s. The standards were natural minerals: andradite (SiO, and Ca0),
albite (Na,0), forsterite (MgQ), topaz (F), corundum (Al,03), microcline (K,0), vanadinite
(Cl and V,03), pyrophanite (TiO, and MnO) and hematite (Fe,03). Data reduction was
achieved using the microprobe software package.
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5.4 Results
5.4.1 Geology and Petrography

The Santa Luzia Granite (Fig. 14) is located approximately 20 km northeast from
Paraiso do Tocantins City and displays an average length of 25 km along a NW-SE trend
and an average width of 7 km. The Barrolandia Granite (Santos 2012) comprises small
plutons located approximately 30 km north from the Santa Luzia pluton and is regarded
as cogenetic with the latter (see section 5.5). All these plutons intruded schists of the
Xambiod Formation (Estrondo Group).
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Figura 14 - Simplified geological map of the studied area with collected samples. Adapted from
the SC.22-X-D Miracema do Norte and SC.22-Z-B Porto Nacional charts (Brazilian Geological
Survey — CPRM — 2014).
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Rock types within the Santa Luzia Granite are predominantly granodiorite,
monzogranite, pegmatite and, to a lesser extent, syenogranite (Fig. 15). Granodiorite is
composed of quartz (30-50%), plagioclase Ani,.19 (33-37%), microcline (5-17%), biotite
(10-23%) and muscovite (2-10%). Monzogranite is composed of quartz (25-40%),
microcline (20-34%), plagioclase Ani;.50 (20-32%), biotite (5-15%) and muscovite (3-
15%). Monazite, zircon, magnetite, apatite, ilmenite and pyrite occur as accessory
phases in these rocks, while chlorite, muscovite/sericite and carbonate appear as
secondary minerals. Pegmatite is composed of quartz (30-40%), microcline (24-30%),
plagioclase An,q (10-40%), biotite (0-5%) and muscovite (3-20%). Accessory phases are
represented by monazite, zircon, apatite, garnet and tourmaline. Xenoliths within these
rock types are scarce and restricted to the margins, displaying angular shapes and sizes
varying from tens of centimeters to a few meters.

Monzogranite
Quartz-rich = Santa Luzla Granite -
granitolds ;anodlorln (this work)

Santa Luzla Granlte -
O Lamardo and
Kotschoubey (1996)

Pres. Kennedy Granodlorite
A and Barroléndia Granlte -
Santos (2012)

]
Quartz
monzonlte \monzodiorite

1 A _\p

Figura 15 - QAP diagram by Streckeisen (1976). President Kennedy Granodiorite and Barrolandia
Granite samples (Santos 2012) are shown for comparison.

Magmas of granodioritic to monzogranitic compositions intruded Xambioa
Formation schists almost concordantly along their foliation yielding a lit-par-Iit structure
as a result (Fig. 16C and D). Occasionally, the Santa Luzia Granite rocks display a
completely discordant character in relation to the schists (Fig. 16B and E). These
relations, together with the absence of deformation in this pluton (Fig. 16F), suggest a
late- to post-orogenic emplacement. Pegmatites are always discordant within
granodiorites, monzogranites and Xambiod Formation schists, thus yielding very clear
cross-cutting relations.

Granodiorites and monzogranites are very homogeneous within the whole
pluton and display medium- to coarse-grained, non-foliated equigranular (rarely
inequigranular) textures. These rocks are composed of anhedral quartz and subhedral
plagioclase and microcline, with subordinate euhedral biotite and muscovite. Monazite
occurs as inclusions in primary magmatic biotite and forms pleochroic halos in the latter,
thus suggesting an igneous origin. Pegmatites are very coarse-grained, display
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equigranular to porphyritic textures and exhibit no deformation. Mineral assemblages
include anhedral quartz, subhedral microcline and plagioclase and euhedral muscovite
and biotite. In porphyritic specimens, microcline megacrysts may reach 10 cm in
diameter.

Granite

Figura 16 - A) Santa Mdnica quarry (northeastern portion of the Santa Luzia Granite, see Fig. 14).
B) Cross-cutting relation between Santa Luzia Granite and Estrondo Group schists. C) and D)
Injections of Santa Luzia Granite parallel and sub-parallel to the foliation of the Estrondo Group
schists. E) Discordant injection of Santa Luzia Granite within Estrondo Group schists. F)
Photomicrograph of sample PV-SL-3 displaying primary biotite with zircon and/or monazite
inclusions, and muscovite within an undeformed granodiorite. Mnz = monazite, Zrn = zircon, PI
= plagioclase, Ms = muscovite and Bt = biotite.
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5.4.2 Mineral Chemistry

Representative chemical analyses of biotite and muscovite from the Santa Luzia
Granite are presented in Tables 4 and 5, respectively.

Biotite

Following the classification scheme by Tischendorf et al. (2004), biotite from
both monzogranites and granodiorites is siderophyllite. This mica is progressively less
common from granodiorite to monzogranite to pegmatite compositions. It is euhedral
and participates in the equigranular igneous texture of these undeformed rocks.
Inclusions of monazite and/or zircon are very common, forming pleochroic haloes (Fig.
16F). Chemical compositions are relatively homogeneous within the whole pluton and
show TiO, contents between ~2.5% and ~4%. These high TiO, contents allow classifying
biotite of the Santa Luzia Granite as primary according to the discrimination diagram
between magmatic, reequilibrated and neoformed biotites (Fig. 17A).

Muscovite

The muscovite of the Santa Luzia Granite is phengite (Tischendorf et al. 2004)
and displays no significant chemical variation within the rock types observed. It is
present in all lithologies and participates in the equigranular texture. This mica is
euhedral, medium- to coarse-grained and embedded with plagioclase, microcline,
quartz and, occasionally, with biotite (Fig. 16F). Secondary muscovite is finer-grained
and always associated with plagioclase. The TiO, contents within that secondary
muscovite are frequently <0.5%, while the coarse-grained muscovite shows TiO,
contents between 0.52 and ~2%. Following the discrimination diagram (Fig. 17B) by
Miller et al. (1981), this relatively high-TiO, medium- to coarse-grained muscovite is
classified as primary or magmatic.

A 10TiO, B Ti
PV-SL-1D
PV-SL-1E

> PV-SL17B

» PV-SL-38A

® PVSL-3

¢ PV-SL-37A

Monzogranites

] Granodiorites

FeO*+MnO MgO Mg Na

Figura 17 - Chemical compositions of biotite and muscovite of the Santa Luzia Granite. A) Biotite
discrimination diagram by Nachit et al. (2005). P = primary, R = reequilibrated and S =
neoformed. B) Muscovite discrimination diagram by Miller et al. (1981) in terms of Ti, Mg and
Na (atomic proportions). P = primary and S = secondary
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Tabela 4 - Representative microprobe chemical analyses of biotite from the Santa Luzia Granite.

PV-SL-1D PV-SL-1E PV-SL-3 PV-SL-17B PV-SL-37A

Monzogranite Monzogranite Granodiorite Monzogranite Granodiorite

SiO, 34.97 35.39 3425 33.90 34.81 34.92 36.48 36.21 35.58
TiO, 3.27 3.59 4.05 3.55 3.63 3.85 2.89 3.02 4.03
Al,O; 15.8 16.23 15.63 15.83 16.66  16.82 16.42 16.63 15.87
FeO 24.71 24.50 2476 25.98 24.08  22.95 21.14 23.66 23.07
MnO 0.42 0.46 0.26 0.29 0.28 0.18 0.37 0.49 0.36
MgO 6.58 6.51 6.11 6.55 6.56 6.13 8.26 5.83 6.05
CaOo 0.00 0.00 0.05 0.01 0.01 0.05 0.00 0.01 0.00
Na,0 0.08 0.10 0.06 0.03 0.07 0.09 0.06 0.05 0.09
KO 9.56 9.57 9.45 9.36 9.67 9.77 9.37 9.20 9.10
F 0.37 0.22 0.31 0.39 0.40 0.32 0.09 0.79 0.85
Cl 0.06 0.07 0.06 0.05 0.09 0.12 0.03 0.06 0.07
Total 95.88 96.67 95.04  95.99 96.30 95.24 95.17 96.00 95.10

Tabela 5 - Representative microprobe chemical

analyses of muscovite from the Santa Luzia

Granite.
PV-SL-1D PV-SL-1E PV-SL-3 PV-SL-38A PV-SL-17B
Monzogranite Monzogranite Granodiorite Monzogranite Granodiorite

SiO, 46.37 46.63 46.64 46.71 47.41 46.58 47.94 46.85 46.56
TiO, 0.81 0.85 1.30 1.80 1.10 1.26 1.12 1.33 2.06
Al,03 31.40 31.13 29.47 30.40 32.14 32.66 30.63 30.84 29.83
FeO 4.54 4.68 5.74 4.86 2.97 2.94 4.57 5.21 4.97
MnO 0.00 0.14 0.03 0.00 0.08 0.02 0.00 0.13 0.03
MgO 0.80 0.83 0.98 0.80 1.07 0.79 0.88 0.82 0.91
Cao 0.00 0.02 0.01 0.00 0.04 0.00 0.00 0.00 0.04
Na,O 0.53 0.48 0.22 0.34 0.42 0.37 0.34 0.33 0.25
K,O 9.78 10.01 9.95 9.99 9.59 9.85 10.19 9.79 9.97

F 0.04 0.00 0.01 0.00 0.04 0.02 0.35 0.00 0.00

o 0.02 0.01 0.02 0.02 0.00 0.00 0.01 0.00 0.00
Total 94.32 94.76 9439 9495 94.86 94.49 96.04 95.32  94.63

5.4.3 Lithogeochemistry

Major and trace element analyses of Santa Luzia Granite samples from this work
as well as from Lamardo and Kotschoubey (1996) are presented in Tables 6 and 7,
respectively. Geochemical analyses of Presidente Kennedy Granodiorite and Barrolandia
Granite samples (Santos 2012) are shown in Table 8 for comparison.

The Santa Luzia Granite rocks display SiO, contents ranging from ~71 wt.% to ~77
wt.%. When plotted in the P-Q cationic classification diagram by Debon and Le Fort
(1983), these rocks are classified as granodiorite and granite, thus confirming the
petrographic observations presented in section 4.1. They are enriched in Na,0 and K,0
in relation to FeO; and MgO, which is reflected in their leucocratic appearance.
Granodiorites, monzogranites, syenogranites and pegmatites are peraluminous or even
strongly peraluminous in the case of the latter two rock types (Fig. 18D). The
peraluminous nature of these rocks is reflected in the ubiquitous presence of biotite
(siderophyllite) and/or muscovite (phengite) within Santa Luzia Granite samples (Fig.
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16F). These rocks plot mostly within the calc-alkalic field of the modified alkali-lime index
(MALI, Fig. 18B) diagram by Frost and Frost (2008), except for two granodiorite samples
that plot within the calcic field. Using the major element discriminating criteria by
Sylvester (1989), the granites plot mostly within the calc-alkaline and strongly
peraluminous fields (diagram not shown in this work). According to the Fe-index
diagram (Fig. 18A) by Frost and Frost (2008), these granitic rocks are predominantly
magnesian with only a few ferroan samples, which suggests limited enrichment in Fe
during fractionation that is typical of the calc-alkaline series under relatively water-rich
conditions. In the discrimination diagrams by Whalen et al. (1987), most of the Santa
Luzia Granite samples plot within the I- and S-type field or close to its boundary (Fig.
18C).

In the Y+Nb vs. Rb tectonic discrimination diagram by Pearce et al. (1984), the
samples plot within the VAG (volcanic arc granites) field following a trend towards the
post-collision granite field (Fig. 19A). The D1 and R1 discriminating factors by Agrawal
(1995) vary between -2.928 and 0.009 and between 0.362 and 4.12, respectively, which
allows classifying all samples as orogenic granites. Furthermore, D2 values between -
3.801 and -0.578 along with R2 values between 0.323 and 3.349 allow classifying these
samples as late-orogenic granites, except for one sample with D2 and R2 values of 0.554
and -0.737, respectively, which is classified as a post-orogenic granite. Data from
Lamar3do and Kotschoubey (1996) lead to remarkably similar values, reinforcing the late-
orogenic classification of these rocks. The samples also plot within the IAG+CAG+CCG
(orogenic granitic rocks) and POG (post-orogenic granitic rocks) fields on the SiO, vs.
Al,03 and SiO, vs. FeO/(FeOr + MgO) tectonic discrimination diagrams (Fig. 19D) by
Maniar and Piccoli (1989).

Multielement patterns normalized to the ocean ridge granite — ORG (Pearce et
al. 1984) reveal that the Santa Luzia Granite rocks are enriched in LILE by a factor
approximately between 10 and 30 (Fig. 20A). In all samples, the patterns also display
negative Nb and Ta anomalies. Negative Hf and Zr anomalies are common in pegmatites
and subtle or even null in granites and granodiorites (Fig. 20A).

Santa Luzia Granite REE patterns display progressively higher HREE contents
from granodiorites to monzogranites (Fig. 20B). These granitic rocks (excluding
pegmatites) display flat HREE patterns and (La/Yb)y ratios varying from 4.31 to 60.18,
corresponding to low REE fractionation. Pegmatites commonly display flat LREE and
HREE patterns, with (La/Yb)y ratios varying between 1.04 and 4.97. All samples exhibit
subtle negative Eu anomalies characterized by Eu/Eu* ratios varying from 0.545 to
0.883, except for sample VI-193 (pegmatite) which displays a moderate positive Eu
anomaly with a Eu/Eu* ratio of 1.152. In general, negative Eu anomalies are
progressively stronger from granodiorites to monzogranites. Sample PV-SL-38A displays
a slightly negative Ce anomaly with a Ce/Ce* ratio of 0.687.
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Figura 18 - Major and trace element data from Santa Luzia Granite (this work and Lamardo and
Kotschoubey 1996), Pres. Kennedy Granodiorite and Barrolandia Granite samples (Santos 2012).
A) Fe-index diagram by Frost and Frost (2008). B) Modified alkali-lime index (MALI) diagram by
Frost and Frost (2008). C) 10000*Ga/Al vs FeO*/MgO discrimination diagram by Whalen et al.
(1987). D) Shand’s Al-saturation index diagram (Maniar and Piccoli 1989).
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Tabela 6 - Whole-rock major and trace element analyses of the Santa Luzia Granite.

PV-SL-50A  PV-SL-3  PV-SL-1B  PV-SL-38A PV-SL-17A PV-SL-42A  PV-SL-30 PV-SL-37A VI-193

Pegmatite | Granodiorite | Monzogranite | Pegmatite | Granodiorite | Pegmatite
Sio; 72.8 72.96 73.02 73.5 73.7 75.3 75.4 76.1 76.97
Tio, 0.12 0.336 0.288 0.15 0.23 0.07 0.13 0.23 0.018
Al,0; 14.9 14.15 14.67 14.65 13.95 14.65 14.4 14.4 14.04
Fe,0, 1.1 2.33 211 1.5 1.73 0.53 0.94 1.77 0.26
MnO 0.02 0.027 0.031 0.02 0.04 0.02 0.02 0.03 0.026
MgO 0.31 0.59 0.51 0.24 0.63 0.2 0.22 0.4 0.09
Ca0 1.05 1.83 2.08 1.74 1.27 1.47 1.08 1.75 0.77
Na,0 0.97 3.97 4.24 4.32 2.34 2.92 2.01 4.98 4.86
K,O 6.99 2.55 2.6 3.35 6.06 5.63 5.2 3.9 2.98
P,0s 0.67 0.1 0.1 0.05 0.13 0.09 0.44 0.08 0.14
LOI 1.67 0.76 0.73 0.76 0.87 0.8 1.49 0.89 0.25
Total 100.64 99.62 100.4 100.33 101 101.72 101.37 104.64 100.4
A/CNK 1.345 1.121 1.080 1.054 1.096 1.079 1.321 0.923 1.112
La 5.6 53.3 44.5 50.2 304 32.2 10.5 56.6 6.6
Ce 15.1 96.5 80.7 61.2 62.7 66.1 244 110 12.9
Pr 2.15 9.92 8.23 9.33 6.28 6.93 2.88 10.8 1.32
Nd 10 34.2 27.7 36.5 223 24.5 12.1 35.9 4.9
Sm 3.65 5.6 4.5 6.76 4.61 5.18 4.07 5.81 1.3
Eu 0.99 1.26 0.96 14 1.12 11 0.77 1.09 0.49
Gd 5.1 3.4 2.8 7.22 3.26 5.4 4.58 4.45 1.3
Tb 1.07 0.4 0.3 0.85 0.5 1.02 0.9 0.7 0.3
Dy 7.25 1.7 1.4 4.41 2.57 7.09 5.72 3.64 1.7
Ho 1.53 0.3 0.3 0.85 0.48 1.74 1.04 0.68 0.3
Er 3.88 0.7 0.7 1.94 1.14 5.29 2.54 2 0.8
Tm 0.53 0.09 0.1 0.24 0.13 0.81 0.37 0.31 0.12
Yb 3.64 0.6 0.6 1.08 0.88 5.06 24 1.91 0.9
Lu 0.47 0.13 0.11 0.15 0.16 0.8 0.36 0.31 0.14
Cs 6.46 1.5 2.8 0.97 4.3 3.35 3.48 4.96 2.3
Rb 169 82 76 105.5 149 142.5 150 154.5 88
Ba 1115 1191 908 1100 1175 1230 593 1165 291
Th 0.47 13.3 12.5 6.33 10.8 17.35 3.34 24 1.8
U 0.88 1.4 2.6 1.89 2.06 4.1 1.76 3.09 4.7
Nb 8.1 2 4 12.9 6.5 24 15 19.9 1
Ta 0.4 0.3 0.4 1 0.8 0.5 11 2.1 0.4
Pb 69 19 19 10 54 49 32 20 99
Sr 189.5 420 429 389 250 296 119.5 409 87
Zr 17 188 172 104 103 77 47 176 18
Y 39.8 7 7 30 12.1 50.1 27.2 19.4 10
Hf 0.6 4.3 3.8 3.6 3 2.6 1.6 5.6 0.6
Sc 8 3 3 1 4 1 11 3 <1
Li 20 - - 20 20 10 10 50 -
Ga 17.9 19 19 22.3 13.1 13.6 231 21.1 12
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Tabela 7 - Whole-rock major and some trace element analyses of the Santa Luzia Granite from
Lamardo and Kotschoubey (1996).

CL-21 CL-36 CL-38 CL-41 CL-32 CL-18 CL-24
Pegmatite | Granodiorite Monzogranite
SiO, 73.77 71.95 73.34 71.89 73.28 71.66 71.52
TiO, 0.1 0.24 0.37 0.23 0.2 0.33 0.36
Al,O; 15.2 13.99 13.12 15.12 15.28 13.2 15.08
Fe,03 0.56 2.15 3.06 2.51 1.51 3.12 2.85
MnO - - - - - - -
MgO 0.07 0.4 0.5 0.37 0.34 0.86 0.47
Cao 0.63 1.64 1.64 1.46 1.33 1.65 1.68
Na,0 3.2 4.17 4.04 4.39 3.85 2.71 3.75
K;0 3.95 2.96 2.4 2.52 2.63 5.1 4.05
P,0s 0.1 0.1 0.1 0.12 0.25 0.1 0.1
LOI 1.05 0.89 0.68 0.87 1.02 0.52 0.42
Total 98.62 98.43 99.15 99.36 99.65 99.08 100.18
A/CNK 1.422 1.072 1.073 1.199 1.317 1.017 1.108
Rb 157 119 109 150 102 160 163
Nb 13 10 <5 14 <5 10 17
Sr 114 356 244 319 164 375 430
Zr 58 161 160 184 122 125 216
Y 7 9 9 8 10 10 13

Tabela 8 - Whole-rock major and trace element analyses of the Pres. Kennedy Granodiorite and
Barroldandia Granite (Santos 2012).

PK-13 PK-18 BAR-01 BAR-02 BAR-06A BAR-07
Granodiorite | Monzogranite

SiO, 73.11 73.46 72.37 72.32 71.69 72.07
TiO, 0.16 0.16 0.22 0.22 0.2 0.2
Al,03 14.76 14.8 14.76 14.78 14.95 14.92
Fe,0; 2.5 2.39 1.84 1.78 2.17 2.13
MnO 0.02 0.03 0.03 0.02 0.02 0.02
MgO 0.32 0.3 0.37 0.37 0.33 0.33
Cao 1.5 1.41 1.63 1.57 1.55 1.53
Na,O 4.17 4.18 3.94 3.69 3.63 3.61
K,O 3.62 3.78 4.09 4.44 4.12 4.12
P,0s 0.07 0.07 0.08 0.08 0.08 0.08
LOI 0.9 0.9 0.7 0.7 0.5 0.6
Total 100.23 100.58 99.33 98.27 98.74 99.01
A/CNK 1.092 1.093 1.063 1.076 1.128 1.131
La 31.5 30.2 44.2 42.6 40.1 43.9
Ce 56.8 55.7 87.2 82.1 81 85.6
Pr 5.37 5.26 8.83 8.34 1.37 1.33
Nd 18.4 16.8 341 29.4 32.9 33.3
Sm 231 2.34 5.34 4.59 5.28 6.28
Eu 0.53 0.5 0.89 0.9 0.53 0.51
Gd 1.45 1.65 3.96 331 1.36 1.42
Tb 0.18 0.25 0.54 0.47 0.27 0.28
Dy 0.87 1.21 2.71 2.49 1.74 1.53
Ho 0.17 0.2 0.49 0.46 0.3 0.31
Er 0.37 0.53 1.37 1.17 0.88 0.83
Tm 0.05 0.07 0.19 0.17 0.11 0.12
Yb 0.33 0.39 1.33 1.12 0.75 0.65
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Lu

0.05

0.06 0.19 0.16 0.09 0.09
Cs 1.6 4.3 3 2.4 2.1 2
Rb 100 115.8 134.3 150.7 121.3 121.2
Ba 1091 800 1088 1010 1101 1091
Th 11.7 13.5 28 20.3 6 6.1
u 1.2 3.5 4.2 5.5 13 1.2
Nb 7.2 7.8 12.1 11.1 13 123
Ta 0.8 0.9 1.1 0.9 1.3 1.3
Sr 309.4 290 335 351 332.1 329.1
Zr 90.4 80.9 138.2 134.2 79.5 78.3
Y 4.9 6.4 14.4 13.9 9.2 9.5
Hf 2.9 2.7 3.9 4.1 3.1 2.8
Ga 18.8 19.7 19.9 18.4 22.7 24.2
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5.4.4 U-Pb Geochronology

U-Pb MC-LA-ICP-MS analyses of zircon and monazite crystals from two
granodiorites and one monzogranite were performed. Monazite from one pegmatite
sample was also analyzed. The results of these analyses are shown in Appendix 1 and 2.

Zircon

Zircon crystals from samples PV-SL-1C (monzogranite collected from the Santa
Monica quarry, close to the intrusion margin; Figs. 14 and 16A), PV-SL-3 (granodiorite
from the inner portion of the pluton) and PV-SL-37A (granodiorite from the Barrolandia
Pluton) display a wide variety of morphologies (Fig. 21). Crystals are bipyramids and
prisms with variable lengths. Rounded edges also occur, and crystals are commonly
colorless and translucent, especially in their rims. Crystal size and length/width ratios
vary as follows: 230-440 um and 2-5.5 (sample PV-SL-1C), 130-500 um and 2-3.3 (sample
PV-SL-3) and 210-315 um and 1.5-2 (sample PV-SL-37A). A remarkable feature of these
crystals is their brighter rims in comparison to their cores, as seen in back-scattered
electron (BSE) images (Fig. 21). Internal igneous oscillatory zoning is common, whereas
convoluted zoning is rare.

Concordant to nearly concordant grains from sample PV-SL-1C yield scattered
ages between ~540 Ma and ~2400 Ma (Fig. 22A, Appendix 1). It is recognized that bright
rims yield two clusters of ages at ~570 and ~540 Ma. Rims that yield age of ~570 Ma
always display Th/U ratios <0.1, while rims yielding a concordant age of 538.3 + 1 Ma
(Fig. 22B) predominantly have Th/U ratios <0.1 but also >0.1 (see Appendix 1). The dark
cores yield scattered ages between 630 Ma and 2400 Ma but especially in the 1100-
1200 Ma and 1900-2000 Ma intervals (Fig. 22A). Cores surrounded by rims of ~570 Ma
always display Th/U ratios >0.1 (see Appendix 1). The cores are interpreted as inherited
crystals, whereas older (~*570 Ma) and younger (538.3 + 1 Ma) rims are interpreted as
metamorphic overgrowths and reequilibrated crystals, respectively (see discussion in
section 5.5.3).
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Figura 21 - Zircon back-scattered electron (BSE) images of Santa Luzia Granite samples. A) Zircon
crystals from sample PV-SL-1C frequently display light rims (mostly with Th/U ratios < 0.1). B)
Crystals from sample PV-SL-3 also exhibit light rims, although unrimmed crystals are also
observed. C) Most of crystals from sample PV-SL-37A also display light rims.

Zircon crystals from sample PV-SL-3 also yield scattered concordant to nearly
concordant ages between ~540 Ma and ~2400 Ma. Bright rims are distinct in BSE images
(Fig. 21B), with ages of approximately 540 Ma (Fig. 22C). It is noticed that these rims
possess Th/U ratios both <0.1 and >0.1 in equal proportions. In contrast with sample PV-
SL-1C, no ages of approximately 570 Ma are obtained from the rims, although dark cores
also yield scattered ages between 540 Ma and 2400 Ma, particularly in the 1100-1200
Ma and 1900-2000 Ma intervals. In sample PV-SL-3, however, cores yielding ages of
approximately 540 Ma are common. A concordant age of 532.6 + 5.3 Ma (Fig. 21C) was
obtained from both rim and core analyses and is interpreted as the crystallization age of
the Santa Luzia Granite (see the discussion in section 5.5.3).

Zircon crystals from sample PV-SL-37A (Barrolandia Granite) also display cores
with distinct rims in BSE images (Fig. 21C). Rims and cores belonging to the same grain
and yielding ages of approximately 540 Ma are even more abundant than in sample PV-
SL-3, with Th/U ratios commonly >0.1. A concordia age of 536.2 + 6.3 Ma (Fig. 22D) was
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obtained from both rims and cores and is interpreted as the crystallization age of this
pluton (see the discussion in section 5.5.3).
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Figura 22 - MC-LA-ICP-MS U-Pb zircon ages of monzogranite PV-SL-1C (A, B, C and D),
granodiorite PV-SL-3 (E) and Barrolandia granodiorite PV-SL-37A (F).

Monazite

Monazite concentrates were separated from samples PV-SL-1C (monzogranite),
PV-SL-3 (granodiorite), PV-SL-37A (granodiorite) and VI-193 (pegmatite). In all samples,
monazite crystals display similar features and appear internally homogeneous in BSE
images, with only scarce inclusions of xenotime. Subhedral to euhedral crystals 125-300
um in diameter display flattened/distorted pseudohexagonal prismatic forms with
yellow to brownish-yellow hues and translucent to slightly opaque character. Monazite
crystals from samples PV-SL-1C, PV-SL-3 and PV-SL-37A yield concordant ages of 534.2
+ 4.9 Ma, 533.4 + 7.1 Ma and 524.4 + 5.8 Ma, respectively (Fig. 23). Monazite from
sample VI-193 yields two concordant ages of 512.3 £ 0.81 and 501.4 + 1.1 Ma (Fig. 23D),
regarded as the cooling time interval of this pegmatite. These numbers are interpreted
as the crystallization ages of the Santa Luzia Granite, given the presence of monazite as
inclusions within primary biotite, forming pleochroic haloes (Fig. 16F). Moreover, none
of these samples show any evidence of deformation, and pegmatite VI-193 cross-cuts

73



all other lithologies and is interpreted as crystallizing during the final stages of Santa
Luzia Granite magmatism.
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Figura 23 - MC-LA-ICP-MS U-Pb monazite ages of monzogranite PV-SL-1C (A), granodiorite PV-
SL-3 (B), Barrolandia granodiorite PV-SL-37A (C) and pegmatite VI-193 (D).

5.4.5 Sm-Nd Isotope Geochemistry

The results of the Santa Luzia Granite Sm-Nd isotopic analyses are shown in Table
9 along with Presidente Kennedy Granodiorite and Barrolandia Granite data from Santos
(2012) for comparison. For calculations, a crystallization age of 538 Ma (zircon U-Pb data
from this paper) is adopted. Samples PV-SL-1B (granodiorite) and VI-193 (pegmatite)
yield negative eNd (538 Ma) values of -10.44 and -12.45, respectively. A less negative
eNd (538 Ma) value of -6.37 was obtained from sample PV-SL-3 (granodiorite). Tpy
model ages of 2.87, 2.58 and 1.3 Ga were obtained from samples PV-SL-1B, VI-193 and
PV-SL-3, respectively. These data are interpreted as the result of mixing of two different
sources for the Santa Luzia Granite magmatism: an ancient Paleoproterozoic crust
(probably orthogneisses of the basement) and the metasedimentary rocks of the
Araguaia belt. A summary is displayed in Fig. 24.
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Tabela 9 — Santa Luzia Granite (this work), Presidente Kennedy Granodiorite and Barrolandia
Granite (Santos 2012) Sm-Nd isotopic data.

Sample Unit (pS::n) (pl\[:l)(rjn) 147Sm/14Nd  13Nd/1*Nd + 2SE  eNd(0) &eNd(T) Tom(Ga) T (Ma)
PV-SL-1B Sag:ani;‘:a 412 15.99 0.1558 0.511959+7  -13.24 -10.44  2.87 538
PV-SL-3 santaluzia ) o 4835 0.0814 0.511905+3  -14.31 -6.37 1.3 538
Granite
Santa Luzia
VI-193 Granite 072  3.09 0.1403 051180146  -16.32 -12.45  2.58 538
(Pegmatite)
p-13*  Fres-Kemnedy 0 1074 0.1200 0.511737 * 11758 -12.30  2.13 539
Granodiorite
p-1g*  res-Kemnedy oo 65 0.0976 0.511392 * 2431 -17.48 217 539
Granodiorite
BARQ1x  barrolandia g o g 0.1490 0.511677 * 11875 -15.48  3.30 536
Granite
BAROga*  barrolandia o0 g 06 0.1164 0.511696 * 11838 -12.88 211 536
Granite
BaRQ7+  oarrolandia oo 10 gg 0.1026 0.512028 * 1190 546 139 536
Granite
* Samples from Santos (2012).
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Figura 24 - Santa Luzia Granite, Pres. Kennedy Granodiorite and Barrolandia Granite Nd isotopic
evolution diagram (T vs &Nd). Data produced in this work shown in blue. Pres. Kennedy
Granodiorite and Barrolandia Granite data from Santos (2012).
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5.5 Discussions and Conclusions

5.5.1 New proposed grouping for Santa Luzia Granite, Pres. Kennedy Granodiorite
and Barrolandia Granite

The Santa Luzia Granite (Costa et al. 1983, Lamardo and Kotschoubey 1996, this
work), Presidente Kennedy Granodiorite (Bulhdes and Dall’Agnol 1985, Santos 2012)
and Barrolandia Granite (Santos 2012, this work) have all been studied separately in the
past, with exception of Santos (2012) who already suggested that all three units might
be cogenetic. Indeed, similarities between the three units concerning petrographic
characteristics, major and trace element geochemistry, Al saturation, magmatic series,
REE geochemistry, and tectonic setting are clear. The minimum age of crystallization of
the Pres. Kennedy Granodiorite at 539 + 5.3 Ma reported by Santos (2012) is comparable
to those of 536.2 + 6.3 Ma and 538.3 + 1 Ma obtained from zircon crystals of the
Barrolandia Granite and Santa Luzia Granite, respectively, in this work. Likewise, isotopic
Sm-Nd data are also comparable as these three units present similar eNd (538 Ma)
values of approximately -6 and between -12 and -15. This similarity is also true for model
ages Tpy, Which lie in the 1.30-1.39 Ga and 2.11-2.87 Ga intervals (Santos 2012, this
work, see Table 9). Although the three units are 120-150 km apart, they lie within the
same regional geological context. Therefore, based on petrographic, geochemical,
geochronological, isotopic and geological context criteria, we suggest that the
Presidente Kennedy Granodiorite, Barrolandia Granite and Santa Luzia Granite are
included in the Santa Luzia Suite, maintaining current names for local discussion
purposes and establishing the Santa Luzia pluton as the type area.

5.5.2 Magmatism type

The Santa Luzia granites correspond to magnesian/slightly ferroan rocks
displaying calc-alkaline geochemical characteristics (Fig. 18A and B). These rocks are
essentially peraluminous (Fig. 18D) to strongly peraluminous with the presence of
biotite (siderophyllite) and muscovite (phengite) as magmatic aluminous phases. Using
the Ga/Al ratio discrimination diagrams by Whalen et al. (1987), samples from the Santa
Luzia granites plot in or close to the |- and S-type granite field, departing from the trend
commonly shown by conventional A-type granites (Fig. 18C). Therefore, we suggest that
the Santa Luzia Suite does not represent A-type magmatism. On the other hand, the
distinction between I- and S-type natures is not well constrained. The peraluminosity of
the Santa Luzia granites is not a diagnostic feature, as all peraluminous granites do not
necessarily possess an S-type nature. For example, Chappell et al. (2012) showed that
peraluminous I-type granites not only exist but also are expected to result from
dehydration melting reactions taking place in metaluminous sources during partial
melting of the crust at pressures below the garnet stability field.

Two eNd (538 Ma) values of -10 and -12 from a sample taken at the intrusion
margin and from a late magmatic pegmatite, respectively, which are more negative than
that of -6 from a sample in the inner portion of the pluton, are interpreted as evidence
of a greater prevalence of country rock assimilation processes at the intrusion margins.
More Sm-Nd data must be obtained in order to refine this understanding. This
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interpretation, however, is also supported by the scarcity of xenoliths within the inner
portions of the intrusion and their greater abundance close to pluton margins. Country
rock assimilation is also evidenced by the presence of abundant inherited zircon crystals
in the studied samples (see the discussion of section 5.5.3). In the discrimination
diagram shown in Fig. 19C, Santa Luzia Granite samples plot within both I-type and S-
type fields and along the boundary between the fields, which suggests a hybrid nature
for these rocks. Moreover, in the Al,03/TiO, vs. CaO/Na,0 diagram shown in Fig. 19B,
the Santa Luzia Granite samples plot within the upper half of the quadrilateral, closer to
the Bethanga (Lachlan Fold Belt) and Moschumandl (European Alps) end-members.
Considering that only very few strongly peraluminous rocks (e.g., Himalayan
leucogranites) can be regarded as true S-type granites, even leaving out of this category
classic examples such as the Lachlan Fold Belt ‘S-type’ granites (Miller 1985, Patifio
Douce 1999, Hopkinson et al. 2017), it is likely that the Santa Luzia peraluminous
granites do not fall within the S-type group either. Therefore, it is suggested that the
Santa Luzia Suite magmas originated from an igneous source (perhaps orthogneisses of
the basement) with late contamination by metasedimentary units from the Araguaia
belt (e.g., Estrondo Group), thus acquiring mixed I- and S-type features. This origin is
also suggested by the intermediate CaO/Na,0 ratios of the Santa Luzia Granite samples,
which may have resulted from the mixing of high CaO/Na,O orthogneisses with low
Ca0O/Na,0 sedimentary sources, according to the geochemical criteria of Sylvester
(1998). In addition, based on the Al,03/TiO, ratios, the Santa Luzia Granite rocks exhibit
features compatible with an origin during a medium pressure-temperature collision
(Sylvester 1998), as they fall within an intermediate position between low-
pressure/high-temperature and high-pressure/low-temperature collision types,
represented by the Lachlan Fold Belt and European Alps end members, respectively. This
interpretation is consistent with the medium P-T conditions reported in the AB by
Pinheiro (2016).

5.5.3 Tectonic setting

The tectonic setting of the Santa Luzia Suite magmatism has been interpreted as
one involving a continental collision setting and considered syn-orogenic to late-
orogenic in nature (Moura and Gaudette 1993, Lamarao and Kotschoubey 1996, Moura
et al. 2008). The syn-collisional character is inferred from pinch and swell structures in
aplitic veins (Moura et al. 2008) and parallel to sub-parallel injections along the tectonic
foliation of the Estrondo Group schists (Lamardo and Kotschoubey 1996). However,
sharply discordant granitic injections and angular to sub-rounded xenoliths (mostly at
the margins of the intrusion) are not unusual, as described by Lamardo and Kotschoubey
(1996). Moreover, the pluton exhibits no deformation, even at its margins. There is only
an incipient preferred orientation of micas at decimeter to meter scales close to
intrusion margins, interpreted as the result of magma flow and/or magma
accommodation. Likewise, pinch and swell structures are interpreted as the results of
magma accommodation processes, since they developed in a plastic regime and
surrounding rocks are not deformed in the same manner. Furthermore, biotite and
muscovite display magmatic compositions (Fig. 17A and B), which would not be
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expected if these rocks had undergone deformation accompanied by mineral
reequilibration. As discussed below, the U-Pb geochronological data suggest a
crystallization age that is slightly younger than that of the peak of metamorphism in the
AB. The samples studied by Lamarao and Kotschoubey (1996) as well as those studied
in this work display geochemical characteristics related to either volcanic arc or post-
collisional settings (Fig. 19A). According to the geochemical criteria by Agrawal (1995),
these samples are classified as late-orogenic granites except for two samples classified
as post-orogenic granites. Using the tectonic discrimination diagrams by Maniar and
Piccoli (1989), samples are classified as post-orogenic granitic rocks (Fig. 19D).
Therefore, it is interpreted that the Santa Luzia Granite magmatism took place in a late-
orogenic to post-orogenic setting right after the metamorphic and deformation peaks
of a Brasiliano/Pan-African orogeny-related continental collision.

5.5.4 Ages of Santa Luzia Suite magmatism and Xambioa Formation metamorphism

There is no consensus about the age of crystallization of the Santa Luzia Granite.
Moura and Gaudette (1993b) obtained an age of 583 + 39 Ma using single zircon Pb-
evaporation, which was interpreted as a minimum crystallization age. However, Teixeira
et al. (2004) and Moura et al. (2008) reported the presence of abundant inherited zircon
cores with distinct rims in Santa Luzia Granite samples, thus rendering the Pb-
evaporation technique inappropriate due to the loss of spatial resolution and the mixing
of materials having different isotopic ratios. Therefore, the age of 583 + 39 Ma may
correspond to an artifact. Teixeira et al. (2004) and Moura et al. (2008) reported ages
ranging from 500 to 2500 Ma in Santa Luzia Granite zircon crystals. Ages close to 1900
Ma and 800-1000 Ma are commonly obtained from cores, whereas ages between 500
and 550 Ma are obtained from rims, allowing the calculation of a concordia age of 528
+ 4.7 Ma, interpreted as the age of the metamorphic peak in the region (Moura et al.
2008).

In this work, we present new U-Pb zircon and monazite data together with BSE
images in order to obtain discrete dates for cores and rims. Inherited zircon cores are
remarkably abundant in the three studied samples (PV-SL-1C monzogranite and PV-SL-
3 and PV-SL-37A granodiorites), yielding scattered ages between 630 Ma and 2400 Ma
and having Th/U ratios almost invariably greater than 0.1. Nevertheless, young cores of
~540 Ma having Th/U ratios >0.1 are also present, though less frequently. Sample PV-
SL-1C was collected very close to the intrusion margin, whereas sample PV-SL-3 was
taken from an inner portion of the pluton. Inherited zircon crystals from PV-SL-1C
possess two rim groups with ages clustering at ~570 Ma and ~540 Ma. Rims of ~570 Ma
always display Th/U ratios less than 0.1, and while this is almost always the case for rims
of ~540 Ma as well, Th/U ratios greater than 0.1 also occur in this group. Samples PV-
SL-3 and PV-SL-37A have inherited zircon crystals whose rims always yield ages of
approximately 540 Ma and Th/U ratios both less and greater than 0.1. Zircon crystals
with no rims are rare, and yield ages close to 540 Ma. Monazite crystals from samples
PV-SL-1C, PV-SL-3 and PV-SL-37A yield ages of 534.2 + 4.9 Ma, 533.4+ 7.1 Ma and 524.4
1 5.8 Ma, respectively. Based on the monazite ages, it is interpreted that zircon crystals
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within the Estrondo Group were somehow affected by an earlier metamorphism at ~570
Ma, developing overgrowths with low Th/U ratios. Subsequently, the Estrondo Group
schists were intruded and partially assimilated by Santa Luzia magmas at ~540 Ma,
leading to entrainment of host rock zircons as xenocrysts within the magmatic chamber
where they partially reequilibrated, leading to age resetting of few rims. It is suggested
that the metamorphic overgrowths with ages of ~570 Ma found only in sample PV-SL-
1C were able to preserve their original isotopic ratios due to higher cooling rates present
at the intrusion margins, while the rims of zircon crystals from samples PV-SL-3 and PV-
SL-37A were strongly reequilibrated in the interior of the pluton and even had some of
their Th/U ratios increased. Finally, a monazite age of 534.2 + 4.9 Ma (Fig. 23A) agrees
well with the crystallization age of ~540 Ma inferred from zircon dating. It is considered
that the crystallization of monazite coeval with zircon reequilibration led to lower Th/U
ratios in the latter (Moller et al. 2003, Xing et al. 2013, Lopez-Sanchez et al. 2015,
Kirkland et al. 2015). Even if based solely on monazite dating, it would still be concluded
that the crystallization of Santa Luzia Granite took place at ~540 Ma, as this accessory
phase occurs within primary biotite from undeformed rock of late-orogenic character
(see previous sections). Furthermore, a crystallization age slightly younger than that of
the metamorphic peak is to be expected as magmas are thought to have had a late-
orogenic emplacement. Thus, it is regarded that the peak of metamorphism in the
region and the main collision related to the Brasiliano/Pan-African orogeny took place
at 550-540 Ma, slightly earlier than the emplacement of the Santa Luzia Granite at 538.3
+ 1 Ma (Fig. 22D). This time is in agreement with a hornblende K-Ar age of 558 + 32 Ma
obtained by Macambira (1983) from amphibolites associated with mica schists of the
Estrondo Group (for this discussion, see also Dias et al. 2017). The new U-Pb zircon data
presented in this work are also in agreement with scattered U-Pb SHRIMP ages of
inherited zircon cores and ages of 500-550 Ma (concordia age of 528 + 4.7 Ma) of zircon
rims reported by Moura et al. (2008), although a new interpretation is provided in this
study. Thus, the age of the Santa Luzia Suite magmatism is constrained to ~540 Ma.
Moreover, the monazite ages of 512.3 £ 0.81 and 501.4 + 1.1 Ma from sample VI-193
(pegmatite) are interpreted as the ages of the final stage of Santa Luzia Suite
magmatism. This latter agrees well with zircon FTT (fission track thermochronology)
data obtained by Dias et al. (2017) who reported ages between 489 + 15 Ma and 498 +
8 Ma from basement Paleoproterozoic/Archean orthogneisses, interpreted as cooling
ages associated with exhumation processes taking place during orogenic collapse of the
AB. This age is also consistent with Ar-Ar ages of approximately 504 Ma reported by
Pinheiro (2016) from Estrondo Group metapelites and amphibolites, which are also
regarded as cooling ages related to the end of the Brasiliano/Pan-African orogeny.

5.5.5 Significance in the context of Gondwana amalgamation

The terminal stages of west Gondwana assembly are recorded along many
Neoproterozoic belts by late to post-orogenic granite magmatism. The age of
crystallization of these granitic rocks may represent the final phases of the
Brasiliano/Pan-African orogeny and onset of exhumation. Granitic rocks such as those
from the Abuja Batholith, Nigeria (~590 Ma), represent a post-orogenic magmatic event
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within the Pan-African Dahomeyide Belt following the collision between the West
African and Sao Francisco-Congo cratons (Goodenough et al. 2014). The post-collisional
granites from the Guéra Massif, south-central Chad, with crystallization ages of 570-560
Ma, are interpreted as plutons emplaced within the Central African Belt after collision
between the Saharan Metacraton and the Sao Francisco-Congo Craton (Shellnutt et al.
2017, Shellnutt et al. 2018, see also Isseini et al. 2012). Likewise, the Cambrian-
Ordovician post-collisional granites of the Ribeira Belt, south-eastern Brazil (510-480
Ma), are also regarded as the result of tectonic processes that took place during the final
stages of the Brasiliano/Pan African orogeny (Valeriano et al. 2016 and references
therein). The cases referred to above, along with the late to post-orogenic Santa Luzia
Suite in the AB, are some examples (among many others) of granite magmatism that
recorded the late stages of compressional regime and the beginning of extensional
regime followed by the onset of exhumation. These final episodes of the Brasiliano/Pan-
African orogeny took place over a time interval spanning almost 100 Ma in the different
suture zones involved in the collage of all cratons/blocks of west Gondwana.

In response to the collisional event between the Amazonian and Sao Francisco-
Congo cratons, the supracrustal sequence of the AB underwent metamorphism at 550-
540 Ma and the late-orogenic Santa Luzia Suite magmatism took place at ~540 Ma (see
discussions in previous sections). Since there is no currently evidence for younger
magmatism related to the evolution of the AB, it is suggested that the crystallization age
of the Santa Luzia Suite at ~540 Ma corresponds to the timing of the late stages of the
Brasiliano/Pan-African orogeny and cessation of compressional tectonics / beginning of
delamination in the AB. The cooling ages between 498 and 489 Ma reported by Dias et
al. (2017), and of 504 Ma reported by Pinheiro (2016) are interpreted as the result of
exhumation processes, which is in good agreement with our proposal.

The existence of the Clymene Ocean that is thought to have separated the
Amazonian, Sdo Francisco-Congo and Rio de la Plata cratons together with other crustal
blocks during west Gondwana amalgamation, is still at debate (Trindade et al. 2006,
Tohver et al. 2012, Cordani et al. 2013, Tohver and Trindade 2014, McGee et al. 2018).
According to Cordani et al. (2013), west Gondwana assembly was already accomplished
by 650-600 Ma, and an Ediacaran-Cambrian oceanic lithosphere is unlikely to have
existed then. However, both the peak of metamorphism at 550-540 Ma and the late-
orogenic magmatism at ~540 Ma reported in this work point to the closing of an ocean
during late Ediacaran / earliest Cambrian times (Fig. 25). This ocean (i.e., the Clymene
Ocean), is inferred to have existed until Cambrian times, and then disappeared at the
onset of the Brasiliano/Pan-African orogeny that gave rise to the Araguaia, Paraguay and
Pampean belts (Tohver et al. 2012, Tohver and Trindade 2014, McGee et al. 2014).
Therefore, it is suggested that the late-orogenic emplacement of the Santa Luzia Suite
records the closure of the Clymene Ocean during earliest Cambrian.
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Figura 25 - South America and Africa displaying the main cratons and blocks involved in the
amalgamation of west Gondwana. The Araguaia, Paraguay and Pampean belts were formed
along the Clymene Ocean suture zone. Distribution of cratons and blocks after Tassinari and
Macambira (1999), Trindade et al. (2006), Rapela et al. (2011), Lacerda Filho (2015), Shellnutt et
al. (2017) and Heilbron et al. (2017). Clymene Ocean suture after Tohver et al. (2012).
Transbrasiliano Lineament after Dantas et al. (2017).

The %°Ar/3°Ar cooling ages in biotite between 541 and 531 Ma (Geraldes et al.
2008), which were interpreted as result of regional metamorphism within the Paraguay
Belt, are in close overlap with the metamorphism age of 550-540 Ma of the AB
presented in this work, suggesting that the collisions that formed the Paraguay and
Araguaia belts are coeval, or that the collision in the Araguaia Belt took place slightly
earlier than in the Paraguay Belt (Tohver et al. 2012, McGee et al. 2018).
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6. Conclusoes

Esta dissertacdo reune dados geoquimicos de elementos maiores do Gnaisse
Cantdo (Souza et al. 1985), dados geoquimicos de elementos maiores e de cinco
elementos-traco (Rb, Nb, Sr, Zr, Y) do Granito Santa Luzia (Lamardo & Kotschoubey
1996), bem como dados geocronoldgicos, isotdpicos e geoquimicos de elementos
maiores e elementos-traco do Granito Barrolandia e Granodiorito Presidente Kennedy
(Santos 2012). Além disso, sdao apresentados os primeiros dados geoquimicos
(elementos maiores e elementos-traco) e geocronoldgicos U-Pb LA-ICP-MS em zircdo do
Granito Serrote. Em relacdo ao Granito Santa Luzia, esta dissertacdo também apresenta
dados inéditos de quimica mineral, de geocronologia U-Pb LA-ICP-MS em monazita e de
elementos-traco. Através desses novos dados e daqueles reproduzidos de outros
autores, pretende-se compreender melhor a evolucdo geoldgica do embasamento
paleoproterozoico e do Cinturdo Araguaia propriamente dito.

Durante o Projeto Paraiso — UnB, em 2015, foram identificados e cartografados
em escala 1:50.000 dois plutons relacionados ao Granito Serrote. Esses corpos menores
correspondem as amostras VII-40 e IX-32 (Fig. 3). Essas intrusdes representam magmas
diferenciados gerados tardiamente na mesma granitogénese que originou o Granito
Serrote, como demonstrado pelo enriqguecimento em Rb e elementos terras-raras
(ETRs), assim como altos valores da razdo (La/Yb)y desses plutons quando comparados
ao Granito Serrote. Além disso, esses corpos menores sdo comprovadamente mais
jovens, como indicam as idades obtidas de 1846,5 + 6,5 Ma para a amostra VII-40 e
1863,1 + 5,2 Ma para a amostra PV-SE-10 (Granito Serrote), mesmo quando
considerados os erros associados.

O cardter intrusivo do Granito Serrote nos ortognaisses e rochas calcissilicaticas
do Complexo Rio dos Mangues, junto a sua forma eliptica arredondada em mapa,
sugerem que o alojamento desse pluton se deu em ambiente tecténico tardi- a pds-
orogénico. O diagrama Y+Nb vs. Rb de discriminacdo de ambiente tectonico (Pearce et
al. 1984, Pearce 1996), as func¢des discriminantes de Agrawal (1995) e os diagramas de
discriminacdo de ambiente tecténico de Maniar & Piccoli (1989) também indicam o
mesmo ambiente tectOnico tardi- ou pds-orogénico durante a intrusdo do Granito
Serrote. A orogénese paleoproterozoica a qual estaria relacionada esse magmatismo
pds-orogénico ainda é motivo de discussao e permanece em aberto.

As rochas do Granito Serrote possuem carater calci-alcalino a alcali-calcico, sdo
metaluminosas a peraluminosas e plotam no campo das rochas ferrosas, mas préximo
ao limite com as rochas magnesianas (Fig. 8). Utilizando critérios como série magmatica,
indice de saturagdao em alumina, indice de Fe, ambiente tecténico e os diagramas de
discriminacdo de Whalen et al. (1987), considera-se que o Granito Serrote ndo constitui
um exemplo tipico de magmatismo tipo-A. Também ndo ha evidéncias de que o Granito
Serrote seja produto de magmatismo tipo-S. Entretanto, ele possui caracteristicas
intermedidrias entre granitos tipo-l e tipo-A, sendo a origem mais provavel um
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magmatismo a partir de fusao parcial dos ortognaisses do Complexo Rio dos Mangues
em ambiente tardi- a pds-orogénico.

A idade de cristalizacdo U-Pb LA-ICP-MS em zircdo de 1863,1 + 5,2 Ma obtida
neste trabalho para o Granito Serrote confirma a idade de 1861 £ 41 Ma obtida por
Sousa & Moura (1996). A semelhanca dessas idades com a idade de 1,85 Ga do Gnaisse
Cantdo (Moura & Gaudette 1993, Moura & Gaudette 1999, Dias et al. 2017) levou alguns
autores a sugerirem a possibilidade de cogeneticidade entre o Granito Serrote e o
Gnaisse Cantdo. No entanto, mesmo com os novos dados obtidos para o Granito
Serrote, ainda ndo existem, para o Gnaisse Cantdo, dados suficientes disponiveis para
uma comparacao consistente que possa relaciona-los (ou ndo) cogeneticamente. Além
da cogeneticidade entre o Granito Serrote e o Gnaisse Cantdao permanecer em aberto,
até o momento ndao foram realizados trabalhos aprofundados para determinar se o
terreno paleoproterozoico constituido pelo Granito Serrote (1,86 Ga) e o Complexo Rio
dos Mangues (2,0 Ga) é parte do Craton Amazobnico, do Craton Sdo Francisco ou se
constitui um bloco aldoctone. Essas questdes sdo importantes para se entender a
evolucdo geotectbnica do embasamento do Cinturdo Araguaia até a orogénese
Brasiliana/Pan-Africana, na qual o Granito Serrote evidentemente foi submetido a
deformacado, sendo mais afetado em suas bordas e em zonas de cisalhamento discretas.

Baseado em semelhanga petrografica, geocronoldgica, isotdpica, geoquimica
(indice de saturacdo em alumina, série magmadtica, geoquimica de elementos terras-
raras) e ambiente tectOnico, considera-se que o Granito Santa Luzia, o Granito
Barrolandia e o Granodiorito Presidente Kennedy sejam cogenéticos. Santos (2012) ja
havia proposto que essas trés unidades poderiam representar uma mesma
granitogénese. Portanto, sugere-se que o Granito Santa Luzia, Granito Barrolandia e
Granodiorito Presidente Kennedy sejam incluidos na Suite Santa Luzia, mantendo-se os
nomes atuais por questdes locais, além de que seja estabelecido o Granito Santa Luzia
como area-tipo.

O ambiente tecténico do magmatismo relacionado ao Granito Santa Luzia tem
sido tradicionalmente interpretado como sin- a tardi-orogénico (Moura & Gaudette
1993, Lamardo & Kotschoubey 1996, Moura et al. 2008). No entanto, injecdes
discordantes (Fig. 16B e E), a presenga de xendlitos angulares a sub-arredondados nas
bordas da intrusdo e a auséncia de deformacgao sugerem carater tardi- a pds-colisional
para o Granito Santa Luzia. Além disso, muscovita e biotita apresentam composicoes
magmaticas (Fig. 17A e B), ndo esperadas caso essas rochas tivessem sido submetidas a
deformacdo e reequilibrio quimico. Tanto as amostras de Lamardo & Kotschoubey
(1996), como também as amostras deste trabalho, plotam no campo “pds-colisional”
(Fig. 19A) do diagrama de Pearce et al. (1984) e Pearce (1996). As funcdes discriminantes
de Agrawal (1995) classificam as rochas do Granito Santa Luzia como tardi-orogénicas
ou pds-orogénicas. Além disso, os diagramas de discriminagdo de ambiente tectonico
de Maniar & Piccoli (1989) classificam essas rochas como pds-orogénicas (Fig. 19D). Por
todas essas razles, interpreta-se que o magmatismo da Suite Santa Luzia se deu em
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ambiente tectdnico tardi- a pds-orogénico, ao final da orogénese Brasiliana/Pan-
Africana.

Os granitos Santa Luzia sdo essencialmente peraluminosos (apresentam
siderofilita e fengita como fases magmaticas), possuem carater calci-alcalino e sao
rochas magnesianas a levemente ferrosas (Fig. 18). Com base em relagdes de campo,
critérios geoquimicos (ver Figura 19B) e isotdpicos (ver se¢do 5.5.2), interpreta-se que
os magmas da Suite Santa Luzia tenham sido originados a partir de uma fonte ignea
(talvez os ortognaisses do embasamento) com posterior contaminacdo de unidades
sedimentares do Grupo Estrondo, portanto adquirindo caracteristicas intermedidrias
entre granitos do tipo-Il e tipo-S.

A presenga ubiqua de cristais de zircao herdados no Granito Santa Luzia
(principalmente nas bordas da intrusdo) demonstra assimilacdo, em algum grau, das
rochas encaixantes. Os nucleos desses zircdes apresentam idades entre ~630 Ma e
~2400 Ma, enquanto as bordas apresentam idade de ~570 Ma. Em porg¢des mais
interiores do corpo granitico, cristais de zircdo apresentam nucleo e borda com idades
proximas a 540 Ma. Considerando essas idades mais novas (ver discussdo na secdo
5.5.3), a idade de cristalizacdo do Granito Santa Luzia é estabelecida em 538,3 + 1 Ma.
Além disso, as idades U-Pb LA-ICP-MS em monazita obtidas para o Granito Santa Luzia e
Granito Barrolandia sao em torno de 530 Ma. Essa monazita ocorre como inclusdao em
biotita primaria/magmatica e, portanto, considerada de origem ignea (Figs. 16 e 17). A
hipétese mais provavel é que zircGes detriticos do Grupo Estrondo tenham sido
submetidos, de alguma maneira, a metamorfismo por volta de 570 Ma e, entdo, tenham
desenvolvido bordas metamorficas com razdes Th/U < 0,1. Posteriormente,
aproximadamente em 540 Ma, esses zircoes teriam sido assimilados durante a intrusdo
do Granito Santa Luzia e teriam tido seus sistemas isotdpicos parcialmente resetados
(ver secdo 5.5.3). Além disso, os estagios finais do magmatismo do Granito Santa Luzia
sdo registrados pela idade de 505,5 £ 6,7 Ma obtida em monazita de pegmatito por U-
Pb LA-ICP-MS (Fig. 23D).

A Suite Santa Luzia é interpretada como representante do magmatismo tardi- a
pds-orogénico do fim do Ediacarano e inicio do Cambriano no Cinturdao Araguaia,
durante a fase terminal da orogénese Brasiliana/Pan-Africana, marcando os estagios
finais do regime compressional de amalgamento do supercontinente Gondwana e
comeco do regime extensional, seguido por exumacdo. Em desacordo com a proposta
de Cordani et al. (2013) de que o amalgamento do supercontinente Gondwana ocidental
ja teria ocorrido por volta de 650-600 Ma, as idades de metamorfismo no Cinturdo
Araguaia estabelecidas nesta dissertagdo por volta de 550-540 Ma e de cristalizagao do
Granito Santa Luzia em ~540 Ma sugerem fechamento de um oceano (i.e., o oceano
Clymene, Trindade et al. 2006, Tohver et al. 2012) em tempos cambrianos. Esse
fechamento do oceano Clymene, dando origem aos cinturdes Paraguai e Araguaia, se
deu pela colisdo do Craton Amazonico, do Bloco Rio Apa, do crdton Sdo Francisco-Congo
e do Bloco Paranapanema (McGee et al. 2012, McGee et al. 2018). Ainda em relagdo a
formacdo do Gondwana ocidental, permanece em debate se o embasamento
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paleoproterozoico da porgdo sul do Cinturao Araguaia, constituido pelo Granito Serrote
(1,86 Ga) e o Complexo Rio dos Mangues (2,0), compunha um segmento do Craton
Amazonico ou do Craton Sdo Francisco-Congo, ou se até mesmo representava um bloco
aloctone durante a orogénese Brasiliana/Pan-Africana.
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8. Appendix 1 — Summary of U-Pb MC-LA-ICP-MS zircon data.

Sample PV- £206(%) Th/U 206Pb/.zo“Pb 207Pb/.zo‘in 1o 207Pb/'235U lo 206Pb/'238U lo Error 207pp /206pp 20 207pp /235y 20 206pp /238y 20 Disc.
SL-1C ratio ratio (%) ratio (%) ratio (%)  corr. (p) age (Ma) (Ma) age (Ma) (Ma) age (Ma) (Ma) (%)
004-ZR1N 0.03 0.404 57642 0.0608 0.92 0.8771 1.65 0.1047 1.32 0.80 631 39 642 16 639 16 -1.69
005-ZR1B 0.49 0.090 3210 0.0604 0.72 0.7701 1.39 0.0924 1.12 0.81 619 31 570 12 580 12 7.95
006-ZR2N 0.02 1.057 81796 0.1138 0.87 5.2203 1.25 0.3327 0.82 0.65 1861 31 1852 26 1856 21 0.48
007-ZR2B 0.03 0.054 61316 0.0576 0.71 0.7406 1.39 0.0933 1.14 0.82 514 31 575 12 563 12 -11.83
008-ZR3N 0.02 0.191 70702 0.0641 0.68 1.0762 1.25 0.1217 0.98 0.78 746 29 740 14 742 13 0.69
009-ZR3B 0.01 0.019 225549 0.0582 0.44  0.7457 0.98 0.0929 0.79 0.81 538 19 573 9 566 8 -6.38
010-ZR4N 0.01 0.663 129846 0.1268 0.45 5.8016 0.89 0.3318 0.67 0.76 2054 16 1847 22 1947 15 10.07
011-ZR4B 0.07 0.021 22655 0.0604 0.58 0.7773  0.92 0.0933 0.62 0.67 618 25 575 7 584 8 7.01
014-ZR5N 0.00 0.154 389299 0.1236 0.49 6.2995  0.95 0.3695 0.73 0.77 2009 17 2027 25 2018 17 -0.87
015-ZR5B 0.01 0.012 220571 0.0579 0.43 0.7450  0.92 0.0933 0.73 0.79 526 19 575 8 565 8 -9.41
016-ZR6N 0.02 0.198 83519 0.0845 0.74 2.1417 1.65 0.1838 1.43 0.86 1304 29 1088 29 1162 23 16.55
017-ZR6B 0.10 0.016 16022 0.0586 0.64  0.7406 1.06  0.0917 0.75 0.71 552 28 565 8 563 9 -2.47
019-ZR7B 0.03 0.017 55871 0.0593 0.47 0.7476  0.89 0.0914 0.65 0.74 579 20 564 7 567 8 2.67
020-ZR8N 0.05 0.948 32175 0.1060 0.81 44054 1.62 0.3014 1.35 0.84 1732 29 1698 40 1713 27 1.92
024-ZR8B 0.06 0.038 24865 0.0588 0.69 0.7589 1.21 0.0937 0.92 0.76 558 30 577 10 573 11 -3.38
025-ZR9N 0.04 0.486 43679 0.0590 1.03 0.6902 1.51 0.0849 1.04 0.69 565 45 525 11 533 12 7.10
026-ZR9B 0.00 0.015 523706 0.0579 0.44  0.7454 1.09 0.0933 0.92 0.85 527 19 575 10 566 9 -9.21
027-ZR10N 0.02 0.653 67763 0.1150 1.11 5.2848 1.62 0.3333 1.12 0.69 1880 40 1854 36 1866 27 1.35
028-ZR10B 0.00 0.017 624481 0.0583 0.53 0.7277  0.98  0.0906 0.74 0.76 539 23 559 8 555 8 -3.64
029-ZR11N 0.03 0.461 48007 0.1142 0.84 5.2239 1.43 0.3317 1.10 0.77 1867 30 1847 35 1857 24 1.11
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Sample PV-

SL-1C £206(%) Th/U 206Pb/.zo“Pb 207Pb/.ZOGPb lo 207Pb/.23'5U 1o 206Pb/.238U lo Error 207pp /206pp 20 207pp /235y 20 206ppy /238y 20 Disc.
(Cont.) ratio ratio (%) ratio (%) ratio (%)  corr. (p) age (Ma) (Ma) age (Ma) (Ma) age (Ma) (Ma) (%)
030-ZR11B 0.03 0.018 51946 0.0587 0.67  0.7492 1.10 0.0926 0.79 0.72 555 29 571 9 568 10 -2.90
033-ZR12N 0.06 0.542 27642 0.0678 1.84 1.2122  3.25 0.1297 2.65 0.82 862 75 786 39 806 36 8.77
034-ZR12B 0.00 0.018 367152 0.0578 0.45 0.7509 1.09 0.0942 0.92 0.84 523 20 580 10 569 9 -10.94
035-ZR13N 0.02 1.364 85734 0.0764 0.59 1.8525 0.92 0.1759 0.60 0.65 1105 23 1045 12 1064 12 5.43
036-ZR13B 0.01 0.015 233804 0.0580 0.38 0.7291 0.84 0.0911 0.65 0.78 530 17 562 7 556 7 -6.03
037-ZR14N 0.00 0.303 429452 0.0916 0.56 3.0947 1.02 0.2449 0.77 0.75 1460 21 1412 20 1431 16 3.28
038-ZR14B 0.23 0.034 6815 0.0604 0.56 0.7647  0.95 0.0918 0.67 0.71 617 24 566 7 577 8 8.24
039-ZR15N 0.04 0.999 42611 0.0783 1.29 2.0403 1.96  0.1890 1.43 0.73 1155 51 1116 29 1129 27 3.36
040-ZR15B 0.42 0.046 3714 0.0649 0.85 0.8027 1.19 0.0897 0.75 0.63 772 36 554 8 598 11 28.27
044-ZR16N 0.05 0.291 30955 0.0723 1.69 1.6219 3.93 0.1627 3.52 0.90 994 68 972 63 979 49 2.28
045-ZR16B 0.01 0.023 283529 0.0575 0.70 0.7614 1.1 0.0961 0.78 0.70 510 31 591 9 575 10 -16.05
046-ZR17N 0.09 0.282 17436 0.0607 1.22 0.6816 1.90 0.0815 1.40 0.74 628 52 505 14 528 16 19.54
047-ZR17B 0.01 0.017 197924 0.0584 0.34 0.7532 0.82 0.0935 0.65 0.79 544 15 576 7 570 7 -5.91
048-ZR18N 0.02 1.192 84513 0.1160 0.62 5.2968 1.20 0.3312 0.96 0.80 1895 22 1844 31 1868 20 2.71
049-ZR18B 0.01 0.019 263181 0.0580 0.55 0.7589 1.01 0.0948 0.76 0.75 531 24 584 8 573 9 -9.90
050-ZR19N 0.06 0.689 27339 0.0602 0.87  0.7405 1.54  0.0892 1.22 0.79 612 37 551 13 563 13 9.96
053-ZR19B 0.01 0.013 193312 0.0580 0.49 0.7556  0.93 0.0944 0.70 0.75 531 21 582 8 571 8 -9.53
054-ZR20N 0.45 0.505 3453 0.0735 1.88 0.8773 2.71 0.0866 1.91 0.71 1027 75 535 20 640 26 47.89
055-ZR20B 0.01 0.014 203790 0.0576 0.66  0.7352 1.29 0.0926 1.05 0.81 513 29 571 11 560 11 -11.36
056-ZR21N 0.00 0.630 332785 0.0576 0.74  0.6868 1.15 0.0864 0.79 0.69 515 32 534 8 531 9 -3.71
057-ZR21B 0.29 0.025 5424 0.0608 0.64  0.7595 1.11 0.0907 0.83 0.75 631 27 559 9 574 10 11.28
058-ZR22N 0.01 0.193 184646 0.0896 0.79 2.8008 1.62 0.2268 1.36 0.84 1417 30 1317 32 1356 24 6.99
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Sample PV-

SL-1C £206(%) Th/U 206Pb/.zo“Pb 207Pb/.ZOGPb lo 207Pb/.23'5U 1o 206Pb/.238U lo Error 207pp /206pp 20 207pp /235y 20 206ppy /238y 20 Disc.
(Cont.) ratio ratio (%) ratio (%) ratio (%)  corr. (p) age (Ma) (Ma) age (Ma) (Ma) age (Ma) (Ma) (%)
059-ZR22B 0.00 0.017 375694 0.0577 0.88 0.7464 1.28  0.0939 0.85 0.66 517 38 579 9 566 11 -11.98
060-ZR23N 0.02 0.516 90271 0.1130 1.13 5.1193 1.56  0.3287 1.01 0.65 1848 41 1832 32 1839 26 0.85
064-ZR23B 0.01 0.020 203383 0.0582 0.74  0.7344  1.25 0.0916 0.94 0.75 536 32 565 10 559 11 -5.33
065-ZR24N 0.01 0.363 155645 0.1240 1.04 6.5103 2.77 0.3809 2.54 0.92 2014 37 2080 90 2047 48 -3.30
066-ZR24B 0.01 0.016 230152 0.0580 0.60  0.7403 1.03 0.0926 0.76 0.73 528 26 571 8 563 9 -8.09
067-ZR25N 0.03 1.339 55096 0.1159 0.80 5.2447 1.39 0.3281 1.08 0.78 1895 29 1829 34 1860 24 3.46
068-ZR25B 0.01 0.015 109628 0.0586 0.55 0.7463 1.19 0.0923 0.98 0.83 554 24 569 11 566 10 -2.82
069-ZR26N 0.04 0.247 41454 0.0634 1.04 1.0102 1.70 0.1156 1.29 0.76 720 44 705 17 709 17 2.06
070-ZR26B 0.01 0.014 149913 0.0573 0.85 0.6927 1.19 0.0877 0.75 0.63 502 37 542 8 534 10 -7.86
073-ZR27N 0.03 0.635 44868 0.1062 130 49991 3.80 0.3414 3.55 0.93 1735 47 1893 116 1819 63 -9.13
074-ZR27B 0.01 0.016 251657 0.0575 0.50 0.7309  0.95 0.0921 0.72 0.75 512 22 568 8 557 8 -11.05
075-ZR28N 0.03 0.663 46438 0.0586 1.03 0.6830 1.71 0.0845 1.31 0.77 553 45 523 13 529 14 5.36
076-ZR28B 0.08 0.188 18738 0.0598 0.58  0.7487 1.32 0.0908 1.12 0.85 596 25 560 12 567 11 6.00
077-ZR29N 0.08 0.737 20545 0.0769 2.34 1.8782  3.49 0.1770 2.55 0.73 1120 92 1051 49 1073 46 6.19
078-ZR29B 0.02 0.034 103508 0.0601 0.50 0.7606 1.04  0.0918 0.83 0.80 607 21 566 9 574 9 6.70
079-ZR30N 0.03 0.367 43433 0.1247 0.63 6.4096 1.56  0.3726 1.38 0.88 2025 22 2042 48 2034 27 -0.82
080-ZR30B 0.01 0.009 211841 0.0577 0.53 0.7522  0.86  0.0946 0.56 0.65 517 23 583 6 569 7 -12.62
003-ZR1N 0.01 0.669 118490 0.0586 0.54 0.6914 0.83 0.0855 0.51 0.61 554 23 529 5 534 7 4.49
004-ZR1B 0.01 0.017 261403 0.0584 0.54 0.7232 0.86 0.0898 0.55 0.64 546 24 554 6 553 7 -1.46
005-ZR2N 0.29 0.235 5468 0.0643 0.88  0.6952 1.60 0.0784 1.28 0.80 751 37 487 12 536 13 35.21
006-ZR2B 0.00 0.016 633160 0.0581 0.25 0.6924 0.67 0.0864 0.50 0.74 534 11 534 5 534 6 -0.08
007-ZR3N 0.01 0.391 143971 0.0584 044 0.6759 0.79 0.0840 0.53 0.68 543 19 520 5 524 6 4.23
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Sample PV-

SL-1C £206(%) Th/U 206Pb/.m“Pb 207Pb/.ZDGPb lo 207Pb/.23'5U 1o 206Pb/.238U lo Error 207pp /206pp 20 207pp /235y 20 206ppy /238y 20 Disc.
(Cont.) ratio ratio (%) ratio (%) ratio (%)  corr. (p) age (Ma) (Ma) age (Ma) (Ma) age (Ma) (Ma) (%)
008-ZR3B 0.01 0.019 269065 0.0588 0.23 0.7043 0.69 0.0868 0.54 0.77 560 10 537 6 541 6 4.17
009-ZR4N 0.01 0.487 106236 0.0596 0.73 0.6943 1.16  0.0845 0.82 0.71 590 31 523 8 535 10 11.40
010-ZR4B 0.02 0.024 98461 0.0582 030 0.6982 0.67 0.0870 0.47 0.70 537 13 538 5 538 6 -0.15
013-ZR5N 0.00 0.209 439352 0.1406 197 9.0868 3.89 0.4687 3.34 0.86 2234 68 2478 137 2347 70 -10.90
014-ZR5B 0.39 0.253 3944 0.0925 0.54 1.8492 3.14  0.1450 3.07 0.98 1477 20 873 50 1063 41 40.87
015-ZR6N 0.47 0.252 3275 0.1290 0.75 4.7733 241 0.2684 2.27 0.94 2084 26 1532 62 1780 40 26.48
019-ZR8N 1.10 0.353 1400 0.1216 1.41 4.0810 2.12 0.2433 1.54 0.73 1980 50 1404 39 1651 34 29.11
020-ZR8B 0.06 0.027 24618 0.0587 0.31 0.7051 0.74  0.0871 0.56 0.76 557 14 538 6 542 6 3.32
023-ZR9N 0.01 0.564 155556 0.1137 0.45 4.8756  0.86  0.3109 0.64 0.74 1860 16 1745 19 1798 15 6.17
024-ZR9B 0.01 0.667 152998 0.1153 0.35 5.2566 0.76  0.3305 0.57 0.75 1885 13 1841 18 1862 13 2.37
026-ZR10B 0.81 0.206 1914 0.0731 1.04 0.6234 251 0.0619 2.26 0.90 1016 42 387 17 492 20 61.93
028-ZR11B 0.01 0.113 140763 0.0585 0.34 0.7165 1.34  0.0889 1.24 0.93 547 15 549 13 549 11 -0.35
033-ZR13N 0.02 0.476 64337 0.0589 0.86 0.7011 1.29 0.0863 0.89 0.69 564 37 534 9 539 11 5.39
035-ZR14 0.02 0.502 72462 0.0834 0.82 2.9247  3.09 0.2543 2.95 0.96 1279 32 1461 77 1388 46 -14.23
036-ZR15N 0.01 0.668 208546 0.0746 0.48 1.8294  1.22 0.1778 1.06 0.87 1059 19 1055 21 1056 16 0.35
037-ZR15B 0.01 0.028 280981 0.0589 0.27 0.7133 0.72  0.0878 0.56 0.77 564 12 543 6 547 6 3.76
039-ZR16B 0.14 0.232 11042 0.1104 1.30 5.1382 1.68 0.3376 1.00 0.59 1805 47 1875 32 1842 28 -3.86
040-ZR17 0.16 0.056 9875 0.0582 0.43 0.6969 0.84 0.0868 0.62 0.74 538 19 537 6 537 7 0.17
043-ZR18N 0.00 0.348 1042358 0.1239 0.38 5.7404 128  0.3359 1.16 0.91 2014 14 1867 38 1937 22 7.29
044-ZR18B 0.20 0.028 7875 0.0845 0.70 1.4048 1.25 0.1205 0.97 0.78 1305 27 734 13 891 15 43.78
045-ZR19N 0.04 1.390 35102 0.0778 0.50 2.0501 1.62 0.1910 1.50 0.92 1143 20 1127 31 1132 22 1.37
047-ZR20N 0.26 0.136 6075 0.0626 0.28 0.7387 0.70  0.0856 0.52 0.75 695 12 529 5 562 6 23.82
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Sample PV-

SLiC  f206(%) Thy CPB/Pb 27Pb/Pb 1o 27Pb/U 1o MLy 1o Eror  NPb/™Pb 20 27PH/*U 20 M%PH/U 20 Disc
(Cont.) ratio ratio (%) ratio (%) ratio (%) corr. (p) age (Ma) (Ma) age (Ma) (Ma) age (Ma) (Ma) (%)
048-ZR20B 0.17 0.057 8983 0.0609 0.32 0.7304 0.72 0.0870 0.53 0.73 635 14 538 5 557 6 15.28
049-ZR21N 0.02 1.382 74318 0.0755 0.35 1.7151 0.86 0.1647 0.68 0.80 1082 14 983 12 1014 11 9.19
050-ZR21M 0.01 0.234 223457 0.0688 0.51 1.1930 1.40 0.1257 1.25 0.89 893 21 763 18 797 15 14.51
053-ZR21B 0.01 0.697 193342 0.0749 0.33 1.6951 1.25 0.1641 1.14 0.92 1066 13 980 21 1007 16 8.13
054-ZR22N 0.00 0.062 3131006 0.0800 0.27 2.2017 0.72 0.1996 0.56 0.77 1197 11 1173 12 1182 10 1.97
055-ZR22B 0.01 0.027 208229 0.0536 1.37 0.5621 4.22 0.0760 3.97 0.94 356 61 472 36 453 31 -32.56
056-ZR23N 0.38 0.091 4092 0.0642 1.95 0.7306 3.06 0.0826 2.32 0.76 747 81 512 23 557 26 31.51
057-ZR23B 0.18 0.082 8585 0.0635 213 0.7646 3.17  0.0873 2.32 0.73 726 89 539 24 577 28 25.69
058-ZR24N 0.01 0.452 152259 0.0556 1.73 0.6830 2.22 0.0891 134 0.60 435 76 550 14 529 18 -26.38
060-ZR25 0.00 0.038 445779 0.0582 0.33 0.6952 0.72 0.0866  0.53 0.73 538 14 535 5 536 6 0.49
063-ZR26 0.15 0.431 10429 0.1073 4.00 4.3713 4.92 0.2956 2.85 0.58 1753 143 1669 84 1707 80 4.78
064-ZR27N 0.01 0.383 201853 0.0801 0.43 2.2023 1.07 0.1994 0.91 0.85 1199 17 1172 19 1182 15 2.27
065-ZR27B 0.01 0.024 256203 0.0578 0.36 0.7043 0.72 0.0884 0.51 0.70 522 16 546 5 541 6 -4.51
067-ZR28B 0.02 0.491 101556 0.0593 0.50 0.7011 0.89  0.0858 0.64 0.72 577 22 531 7 539 7 8.00
068-ZR29N 0.01 0.706 109170 0.0586 0.63 0.6811 0.95 0.0843 0.60 0.64 551 27 522 6 527 8 5.25
069-ZR29B 0.12 0.055 13380 0.0553 1.16 0.6934 145  0.0909 0.78 0.54 424 51 561 8 535 12 -32.34
070-ZR30N 0.01 0.433 104243 0.0878 0.35 2.7839 0.90 0.2299 0.74 0.82 1378 13 1334 18 1351 13 3.21
Sample PV- £206(%) Th/U 206Pb/.zo“Pb 207Pb/.zo"'Pb lo 207Pb/.235U 1o 206Pb/'238U lo Error 207ph /206pp 20 207pp /235y 20 206ppy /238 20 Disc.

SL-3 ratio ratio (%) ratio (%) ratio (%) corr. (p) age (Ma) (Ma) age (Ma) (Ma) age (Ma) (Ma) (%)
003-ZR1N 0.01 0.530 146842 0.0592 0.46 0.6739 0.89 0.0825 0.67 0.75 575 20 511 7 523 7 11.13
006-ZR2B 0.08 0.006 20314 0.0612 1.48 0.7127 1.76 0.0844 0.88 0.50 647 63 522 9 546 15 19.29
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Sample PV- 206pp /204ply  207pfy /206p}, lo  297Pb/335U lo  206pp/238y lo Error 207ph /206pp 20 207pp /235y 20 206pp /238 20 Disc.
SL-3 (Cont.) f206(%)  Th/U ratio ratio (%) ratio (%) ratio (%) corr. (p) age (Ma) (Ma) age (Ma) (Ma) age (Ma) (Ma) (%)
010-ZR3B1 0.02 0.026 94899 0.0592 0.55 0.7075  0.81 0.0867 0.46 0.57 575 24 536 5 543 7 6.76
011-ZR3B2 0.01 0.035 263815 0.0583 0.24 0.7036 0.70  0.0875 0.54 0.78 542 10 541 6 541 6 0.32
012-ZR4N 0.01 1.726 109900 0.1128 0.42 4.8064 1.00 0.3091 0.83 0.83 1845 15 1736 25 1786 17 5.89
015-ZR4B 0.01 0.192 258947 0.0592 0.35 0.7305 233 0.0894 2.27 0.98 576 15 552 24 557 20 4.14
018-ZR6N 0.02 1.177 98289 0.0764 0.64 19730 1.17 0.1872 0.91 0.78 1107 25 1106 19 1106 16 0.07
022-ZR7N 0.01 1.225 196075 0.0751 0.40 1.8606  0.92 0.1796 0.74 0.80 1071 16 1065 14 1067 12 0.60
024-ZR8 0.01 0.406 180701 0.0579 0.63 0.6926 1.36 0.0868 1.15 0.84 525 27 537 12 534 11 -2.18
027-ZRON 0.34 0.701 4519 0.0803 0.40 1.6581 1.03 0.1497 0.87 0.85 1206 16 899 15 993 13 25.42
035-ZR12N 0.34 0.341 4647 0.0597 0.89 0.6759 1.24  0.0822 0.79 0.63 591 38 509 8 524 10 13.86
036-ZR12B 0.01 0.143 130885 0.0581 0.28 0.6640 0.85 0.0829 0.72 0.84 532 12 514 7 517 7 3.49
039-ZR13N 0.01 0.991 183596 0.0770 0.76 1.8962 1.32 0.1787 1.01 0.77 1120 30 1060 20 1080 17 5.37
040-ZR13B 0.00 0.030 478066 0.0581 0.22 0.6823 0.67  0.0852 0.51 0.76 533 9 527 5 528 5 1.09
042-ZR14B 0.01 0.206 120640 0.0570 0.74 0.6687 1.34  0.0850 1.05 0.79 492 33 526 11 520 11 -6.91
045-ZR15N 0.01 0.897 118540 0.1242 1.41 6.7111 3.38 0.3918 3.04 0.90 2018 50 2131 110 2074 59 -5.62
052-ZR17B 0.08 0.015 20482 0.0578 0.67 0.6876 1.08 0.0863 0.76 0.71 522 29 533 8 531 9 -2.12
053-ZR18N 0.02 0.460 64881 0.0968 1.05 3.8688 1.91 0.2899 1.55 0.81 1563 39 1641 45 1607 31 -4.98
054-ZR18B 0.16 0.182 9577 0.0907 1.69 3.1014 2.89 0.2481 2.32 0.80 1440 64 1428 59 1433 44 0.79
058-ZR19B 0.68 0.087 2282 0.0627 1.13 0.7571 1.58 0.0875 1.04 0.66 700 48 541 11 572 14 22.72
059-ZR20N 0.01 1.433 168344 0.0740 0.41 1.6705  0.99 0.1636 0.82 0.83 1043 17 977 15 997 13 6.30
060-ZR20B 0.00 0.010 894880 0.0567 0.64  0.6659 1.19 0.0851 0.93 0.78 481 28 527 9 518 10 -9.53
063-ZR21 0.01 0.490 204773 0.1053 2.03 4.5203 2.50 0.3114 1.41 0.56 1719 74 1747 43 1735 41 -1.64
066-ZR23N 0.01 0.357 220002 0.0934 0.92 3.4208 3.78  0.2656 3.65 0.97 1496 34 1519 98 1509 59 -1.51
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Sample PV- 206pp /204ply  207pfy /206p}, lo  297Pb/335U lo  206pp/238y lo Error 207ph /206pp 20 207pp /235y 20 206pp /238 20 Disc.
SL-3 (Cont.) f206(%)  Th/U ratio ratio (%) ratio (%) ratio (%) corr. (p) age (Ma) (Ma) age (Ma) (Ma) age (Ma) (Ma) (%)
069-ZR23B 0.03 0.202 46918 0.0577 0.59 0.6407 1.17 0.0805 0.94 0.81 519 26 499 9 503 9 3.72
070-ZR24N 0.01 0.697 139662 0.1104 0.41 4.5579 0.92 0.2994 0.73 0.80 1806 15 1688 22 1742 15 6.52
071-ZR24B 0.19 0.154 8403 0.0597 0.36 0.7112 0.75 0.0863 0.55 0.73 594 16 534 6 545 6 10.20
072-ZR25N 0.00 0.280 566357 0.0931 0.31 3.1937 0.75 0.2489 0.57 0.76 1489 12 1433 15 1456 12 3.79
075-ZR25B 0.00 0.082 432502 0.0568 0.42 0.6539 1.25 0.0836 1.12 0.90 482 18 517 11 511 10 -7.30
082-ZR29N 0.17 0.958 8942 0.1175 1.15 5.3473 2.44 0.3300 2.12 0.87 1919 41 1839 68 1876 41 4.17
083-ZR29B 0.13 0.019 11876 0.0585 0.71 0.6617 1.15 0.0820 0.82 0.71 549 31 508 8 516 9 7.41
084-ZR30 0.00 0.189 10315956 0.1062 0.97 3.3771 2.64 0.2307 2.43 0.92 1735 35 1338 59 1499 41 22.86
Sarsr;.;_);(;zv- f(206)% Th/U 6/4 ratio 7/6 ratio (%/:) 7/5 ratio (%/:) 6/8 ratio (1/:) Rho 7{&2‘?6 (I\ilsa) 7{;2?6 ('\Z/Isa) 6{&2?6 (I\ilsa) D(;;
004-ZR1B 0.11 0.701 14506 0.0580 1.48 0.8757 2.46 0.1094 1.93 0.79 531 64 669 25 639 23 -25.99
005-ZR2N 0.00 0.535 524527 0.1102 0.36 4.1622 0.94 0.2738 0.78 0.84 1803 13 1560 22 1667 15 13.50
006-ZR2M 0.00 0.576 708838 0.1149 0.43 5.1741 0.79 0.3266 0.55 0.70 1878 16 1822 18 1848 13 2.98
008-ZR3N 0.00 0.118 1839668 0.0581 0.68 0.7074 1.01 0.0884 0.66 0.65 532 29 546 7 543 9 -2.67
009-ZR3M 0.00 0.110 454339 0.0581 0.86  0.7289 1.14  0.0910 0.64 0.56 534 38 561 7 556 10 -5.21
013-ZR4N 0.01 1.550 293971 0.0582 0.71 0.6960 0.95 0.0867 0.50 0.53 537 31 536 5 536 8 0.17
014-ZR4B 0.04 0.748 35154 0.0566 1.70 0.6615 2.08 0.0848 1.14 0.55 475 74 525 12 516 17 -10.33
015-ZR5B 0.05 0.902 30301 0.0583 1.34 0.6913 1.96 0.0860 1.38 0.71 541 58 532 14 534 16 1.79
015-ZR5N 0.05 0.786 33352 0.0582 134 0.6700 2.10 0.0835 1.58 0.75 537 58 517 16 521 17 3.68
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9. Appendix 2 — Summary of U-Pb MC-LA-ICP-MS monazite data.

sample 206ph/204ply WP/ g WTPL/EY 1o WEPhEY 1o 0T appasph 2 2ph/SyU 20 M6Pb/ERY 20 Disc
PV-SL-1C f206(%) Th/U ratio ratio (%) ratio (%) ratio (%) c(c:)r. age(Ma) (Ma) age(Ma) (Ma) age(Ma) (Ma) (%)
003-M71 0.86 85.165 1809 0.0668 1.02 0.8132 1.62 0.0909 1.26 0.78 832 42 604 15 561 14 32.62
004-Mz22 0.07 85.663 21336 0.0613 0.87 0.7653 1.33 0.0931 1.01 0.76 651 37 577 12 574 11 11.88
006-Mz4 0.06 59.858 26087 0.0612 0.92 0.7354 1.46 0.0897 1.12 0.77 646 39 560 12 554 12 14.20
007-MZ5 0.23 98.166 6780 0.0649 1.23 0.7838 1.59 0.0901 1.00 0.63 772 51 588 14 556 11 28.01
008-MZ6 0.04 32.594 44096 0.0605 0.99 0.7202 1.50 0.0889 1.12 0.75 621 43 551 13 549 12 11.58
009-MZ7 0.04 38.574 42575 0.0613 1.05 0.7336 1.54 0.0893 1.12 0.73 651 45 559 13 551 12 15.27
010-MZz8 0.06 58.628 25543 0.0614 0.98 0.7154 1.59 0.0869 1.25 0.79 654 42 548 13 537 13 17.82
013-M29 1.62 101.682 960 0.0820 1.40 1.0385 1.95 0.0945 136 0.70 1246 54 723 20 582 15 53.27
015-M711 0.07 55.596 21610 0.0610 0.90 0.7113 1.40 0.0870 1.07 0.77 641 38 546 12 538 11 16.12
016-Mz12 0.02 29.065 74512 0.0603 0.70 0.7146 1.06 0.0885 0.79 0.75 614 30 547 9 546 8 11.04
017-M713 0.02 26.539 64452 0.0607 0.56 0.6943 1.04 0.0853 0.88 0.84 630 24 535 9 528 9 16.21
019-M715 0.06 33.454 24400 0.0596 0.93 0.6857 1.37 0.0858 1.00 0.73 591 40 530 11 531 10 10.18
020-MZ16 0.02 16.958 66745 0.0602 0.49 0.6928 1.04 0.0859 0.92 0.88 610 21 534 9 531 9 12.95
023-M217 0.02 27.066 90818 0.0601 0.50 0.7026 0.85 0.0873 0.69 0.81 607 22 540 7 539 7 11.05
024-M718 1.18 24.873 1325 0.0705 131 0.8400 1.52 0.0889 0.76 0.50 944 53 619 14 549 8 41.86
025-M719 0.04 22.275 38537 0.0600 0.67 0.6744 0.99 0.0839 0.72 0.73 603 29 523 8 520 7 13.80
026-M720 0.03 36.919 53731 0.0606 0.51 0.6908 0.85 0.0851 0.68 0.80 625 22 533 7 527 7 15.71
027-Mz721 0.01 2.330 285580 0.0590 0.36 0.6617 0.58 0.0838 0.46 0.79 566 15 516 5 518 5 8.40
028-M722 0.06 88.909 24953 0.0640 1.20 0.7174 1.67 0.0836 1.16 0.70 743 50 549 14 518 12 30.35
030-MZ24 0.02 9.379 74704 0.0595 0.59 0.6755 0.96 0.0848 0.75 0.79 585 26 524 8 525 8 10.28
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Psc_':ﬁfc (0606  Thyu | Pb/Pb ZPb/%Pb 1o 2Pb/RU 1 MPb/U 1o E::;r 27pp/6ph  2g  V7pp/Y 26 2Pb/B8U 26 Disc.
(Cont.) ratio ratio (%) ratio (%) ratio (%) 0) age(Ma) (Ma) age(Ma) (Ma) age(Ma) (Ma) (%)
033-MZ25 0.04 27.808 38663 0.0606 0.65 0.6755 1.19 0.0832 1.00 0.84 625 28 524 10 515 10 17.50
034-MZ26 0.01 6.227 110514 0.0596 0.51 0.6801 0.97 0.0852 0.82 0.85 589 22 527 8 527 8 10.50
035-Mz27 0.04 38.018 40704 0.0593 1.00 0.7057 1.33 0.0889 0.88 0.66 577 43 542 11 549 9 4.83
036-MZ28 0.04 29.193 36889 0.0596 0.63 0.6812 1.09 0.0853 0.89 0.82 588 27 528 9 528 9 10.27
037-MZ29 0.03 22.407 60613 0.0605 0.58 0.7242 1.08 0.0894 091 0.84 621 25 553 9 552 10 11.09
sample  ocon gy PRAPD TPDA%Pb do 207PBARU 1o MePb/RU o E:::r 27pp/6ph  2g  V7pp/3U 26 2Pb/B8U 26 Disc.
PV-SL-3 ratio ratio (%) ratio (%) ratio (%) 0) age(Ma) (Ma) age(Ma) (Ma) age(Ma) (Ma) (%)
003-M71 2.95 38.713 529 0.1273 2.80 1.4672 3.32 0.0860 1.77 0.53 2061 97 917 40 532 18 74.19
004-MZ2 0.01 4.428 112313 0.0542 131 0.5673 1.72 0.0781 1.12 0.65 380 58 456 13 485 10 -27.56
005-Mz3 0.04 48.735 39404 0.0549 1.27 0.5762 1.72 0.0783 1.16 0.68 409 56 462 13 486 11 -18.82
006-Mz4 0.13 92.490 12137 0.0570 1.56 0.6400 2.01 0.0838 1.26 0.63 492 68 502 16 519 13 -5.43
008-Mz6 0.03 3.487 47420 0.0569 0.93 0.6201 1.24 0.0814 0.82 0.66 487 41 490 10 504 8 -3.47
009-Mz7 0.67 5.118 2322 0.0661 1.23 0.7259 1.49 0.0820 0.85 0.57 809 51 554 13 508 8 37.18
010-MZ8 0.04 53.111 38006 0.0569 1.26 0.6328 1.63 0.0831 1.04 0.64 487 55 498 13 514 10 -5.67
014-MZ10 0.04 94.662 40185 0.0582 1.17 0.6589 1.61 0.0845 1.10 0.68 537 51 514 13 523 11 2.64
015-M711 0.02 30.031 80935 0.0579 0.92 0.6649 1.27 0.0858 0.88 0.69 525 40 518 10 530 9 -1.05
016-MZ712 0.02 50.358 85197 0.0576 0.84 0.6860 1.21 0.0888 0.86 0.72 516 37 530 10 549 9 -6.23
017-M713 0.02 22.610 88315 0.0577 1.02 0.6586 1.57 0.0852 1.20 0.76 518 44 514 13 527 12 -1.85
018-MZ714 0.01 12.326 176223 0.0576 1.21 0.6624 1.81 0.0859 134 0.74 514 53 516 15 531 14 -3.42
019-MZ15 0.07 67.926 23067 0.0600 2.17 0.6928 3.06 0.0862 2.16 0.70 602 93 534 25 533 22 11.43
020-MZ16 0.07 62.151 22484 0.0608 2.15 0.7169 3.15 0.0880 230 0.73 633 91 549 27 544 24 14.17
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sz";‘L": (0606  Thyu | Pb/Pb ZPb/%Pb 1o 2Pb/RU 1 MPb/U 1o E::;r 27pp/6ph  2g  V7pp/Y 26 2Pb/B8U 26 Disc.

(Cont.) ratio ratio (%) ratio (%) ratio (%) (0) age (Ma) (Ma) age(Ma) (Ma) age(Ma) (Ma) (%)
023-Mz717 0.04 14.390 39122 0.0574 1.48 0.6723 2.04 0.0875 1.41 0.69 506 64 522 17 541 15 -6.94
024-MZ18 0.02 10.155 71256 0.0581 1.20 0.6562 1.91 0.0843 1.48 0.78 533 52 512 15 522 15 2.09
025-M719 0.04 35.008 38659 0.0596 1.28 0.7071 1.81 0.0885 1.27 0.70 590 55 543 15 547 13 7.28
026-MZ720 0.01 2.799 286956 0.0575 0.93 0.6442 1.54 0.0836 1.22 0.80 511 41 505 12 518 12 -1.33
028-MZ22 0.01 7.835 297618 0.0582 0.75 0.6606 1.34 0.0847 1.11 0.83 539 32 515 11 524 11 2.76
030-MZ24 0.03 47.028 60108 0.0595 1.10 0.6875 1.79 0.0862 1.41 0.79 585 47 531 15 533 14 8.90
033-MZ25 0.01 9.664 193148 0.0587 0.56 0.6710 1.16 0.0853 1.02 0.87 557 24 521 9 528 10 5.32
034-MZ26 0.03 24.941 56580 0.0605 0.90 0.7140 1.46 0.0880 1.15 0.79 623 38 547 12 544 12 12.72
035-Mz27 0.02 8.119 85028 0.0594 0.54 0.6936 1.24 0.0871 1.12 0.90 583 23 535 10 538 12 7.61
036-MZ728 0.03 67.097 56297 0.0608 0.69 0.7174 134 0.0881 1.15 0.86 632 30 549 11 544 12 13.86
037-MZ29 0.02 15.186 87180 0.0606 0.67 0.7289 1.67 0.0898 153 0.92 625 29 556 14 554 16 11.38
038-MZ30 0.07 58.785 22736 0.0617 1.22 0.7422 241 0.0898 2.07 0.86 664 52 564 21 554 22 16.56

sample 6%) Th/u “0%Pb/2'Pb  27Pb/%Pb 1o 2Pb/*U 1o N%Pb/ZEU 1o E:rorr 207pp/206py 25 207pp/35Y 2 26Ph/238Y 26 Disc.
PV-SL-37A ratio ratio (%) ratio (%) ratio (%) (0) age(Ma) (Ma) age(Ma) (Ma) age(Ma) (Ma) (%)

003-M71 0.02 24.549 73027 0.0589 0.56 0.6604 0.93 0.0837 0.74 0.80 563 24 515 7 518 7 7.86
004-M22 0.06 39.625 28228 0.0598 0.61 0.6914 0.91 0.0863 0.68 0.74 597 26 534 8 534 7 10.64
005-MZ3 0.02 33.996 68996 0.0587 0.52 0.6817 0.86 0.0867 0.68 0.79 555 23 528 7 536 7 3.32
006-Mz4 0.05 36.807 28447 0.0612 0.69 0.7199 0.95 0.0878 0.65 0.69 647 29 551 8 542 7 16.20
007-MZ5 0.04 31.131 37033 0.0590 0.51 0.6833 0.95 0.0865 0.80 0.85 566 22 529 8 535 8 5.45
008-Mz6 0.07 41.769 21079 0.0586 0.65 0.6673 0.90 0.0851 0.62 0.69 551 28 519 7 526 6 4.51
009-M27 0.03 32.624 53117 0.0598 0.96 0.6727 1.28 0.0840 0.85 0.66 595 41 522 10 520 8 12.63
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P\s;?::g; A f2060) Thyu  CPO/Pb WTPB/TPb 1 WTP/SU o 2%PbARU 1o E::;r 27pp/6ph  2g  V7pp/Y 26 2Pb/B8U 26 Disc.
(Cont.) ratio ratio (%) ratio (%) ratio (%) 0) age(Ma) (Ma) age(Ma) (Ma) age(Ma) (Ma) (%)
010-MZ8 0.02 29.090 74541 0.0583 0.58 0.6750 0.92 0.0864 0.71 0.78 542 25 524 8 534 7 1.54
013-M29 0.04 32.012 38292 0.0598 0.72 0.6913 1.08 0.0863 0.80 0.74 595 31 534 9 534 8 10.34
014-MZ10 0.04 29.542 42403 0.0590 0.55 0.6674 0.95 0.0845 0.78 0.82 565 24 519 8 523 8 7.52
015-MZ11 0.01 20.864 133262 0.0584 0.51 0.6554 0.82 0.0838 0.64 0.78 544 22 512 7 519 6 4.63
016-MZ12 0.01 39.390 122959 0.0587 0.57 0.6654 0.81 0.0846 0.57 0.70 555 25 518 7 524 6 5.67
017-MZ713 0.02 22.411 88074 0.0591 0.63 0.6937 0.80 0.0877 0.49 0.61 569 27 535 7 542 5 4.81
018-MZ714 0.46 38.169 3383 0.0643 0.64 0.7855 0.85 0.0912 0.57 0.67 751 27 589 8 563 6 25.09
019-MZ15 0.03 26.731 58956 0.0593 073 0.6977 109 0.0878 0.80 0.74 579 32 537 9 542 8 6.33
020-MZ16 0.04 31.156 34762 0.0611 0.90 0.6834 1.38 0.0835 1.04 0.76 643 38 529 11 517 10 19.62
023-MZz17 0.02 29.061 93549 0.0586 0.64 06677 099 0.0851 0.76 0.77 551 28 519 8 526 8 4.49
024-M718 0.01 24.526 199315 0.0582 0.58 0.6646 0.82 0.0852 0.58 0.70 538 25 517 7 527 6 2.11
025-Mz19 0.03 29.366 45290 0.0589 0.60 0.6568 1.08 0.0832 0.90 0.83 565 26 513 9 515 9 8.76
026-MZ20 0.06 68.228 26407 0.0601 0.58 0.6990 0.97 0.0867 0.78 0.80 609 25 538 8 536 8 11.94
027-MZ21 0.03 35.588 45693 0.0592 0.65 0.6841 093 0.082 0.66 0.71 575 28 529 8 533 7 7.29
028-M722 0.04 17.466 35253 0.0594 0.57 0.6790 1.21 0.0854 1.07 0.88 580 25 526 10 528 11 8.97
029-MZ23 0.01 21.526 152561 0.0585 0.65 0.6721 092 0.0858 0.65 0.71 548 28 522 7 530 7 3.29
Sample VI- ., % Thu “%Pb/™Pb  27Pb/0%Pb 1o M7Pb/FEY 1o MEPb/EEY o E:rc;r 207pp/206phy g 207ph/235y 25 206Pp/238Y 26 Disc.
193 ratio ratio (%) ratio (%) ratio (%) (0) age(Ma) (Ma) age(Ma) (Ma) age(Ma) (Ma) (%)
004-MN1 0.05 1.152 32040 0.0589 0.37 0.6636 0.69 0.0841 0.59 0.85 564 16 517 6 520 6 7.69
005-MN2 0.05 0.847 33799 0.0587 0.35 0.6602 0.56 0.0839 0.43 0.78 557 15 515 4 519 4 6.69
006-MN3 0.01 0.027 180631 0.0583 0.75 0.6787 0.91 0.0869 0.52 0.57 541 33 526 7 537 5 0.80
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saml‘:; vk (0606  Thyu | Pb/Pb ZPb/%Pb 1o 2Pb/RU 1 MPb/U 1o E:ﬁr 27pp/6ph  2g  V7pp/Y 26 2Pb/B8U 26 Disc.
(Cont.) ratio ratio (%) ratio (%) ratio (%) (0) age (Ma) (Ma) age(Ma) (Ma) age(Ma) (Ma) (%)
007-MN4 0.06 0.916 27958 0.0589 0.34 0.6582 0.52 0.0834 0.39 0.75 565 15 513 4 516 4 8.62
009-MN6 0.05 0.885 32485 0.0590 0.50 0.6682 0.62 0.0846 0.36 0.59 566 22 520 5 523 4 7.58
010-MN7 0.05 1.242 29614 0.0590 0.61 0.6672 0.75 0.0845 0.45 0.59 566 26 519 6 523 4 7.60
013-MNS8 0.04 1.033 37162 0.0590 0.47 0.6563 0.60 0.0830 0.37 0.62 569 21 512 5 514 4 9.64
014-MN9 0.04 0.957 37758 0.0589 0.55 0.6511 0.76 0.0825 0.53 0.69 564 24 509 6 511 5 9.40
015-MN10 0.04 0.987 36151 0.0587 046 0.6350 0.66 0.0807 0.47 0.72 558 20 499 5 500 5 10.30
017-MN12 0.04 0.570 39700 0.0583 0.38 0.6489 0.52 0.0831 0.36 0.69 540 16 508 4 515 4 4.62
018-MN13 0.05 0.917 31521 0.0590 042 0.6379 0.59 0.0807 0.42 0.70 568 18 501 5 500 4 11.88
019-MN14 0.00 0.015 415843 0.0583 0.72 0.6752 0.92 0.0864 0.57 0.62 542 31 524 8 534 6 151
020-MN15 0.04 0.613 43189 0.0581 0.79 0.6020 110 0.0773 0.77 0.70 535 34 478 8 480 7 10.33
024-MN16 0.07 1.319 21143 0.0595 0.40 0.6630 0.60 0.0832 045 0.75 585 17 516 5 515 4 11.94
025-MN17 0.05 0.992 33880 0.0589 040 0.6484 0.58 0.0822 0.41 0.71 562 18 508 5 510 4 9.27
026-MN18 0.06 0.824 27254 0.0586 0.33 0.6356 0.53 0.0810 042 0.78 551 14 500 4 502 4 8.81
027-MN19 0.06 0.941 24423 0.0589 0.39 0.6513 0.60 0.0825 0.44 0.75 564 17 509 5 511 4 9.33
028-MN20 0.04 0.983 35652 0.0589 0.40 0.6427 0.62 0.0815 0.48 0.76 563 17 504 5 505 5 10.37
029-MN21 0.05 0.679 34459 0.0583 0.56 0.6392 0.72 0.0819 046 0.63 541 24 502 6 507 4 6.22
030-MN22 0.05 1.045 32171 0.0588 0.49 0.6498 0.68 0.0825 0.47 0.69 558 22 508 5 511 5 8.38
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10. Apéndice 3 — Coordenadas das amostras dos granitos Serrote e Santa Luzia.

Coordenadas UTM

Amostra Unidade Rocha
E N

VII-40B Granito Serrote Autélito Mafico 716685 8867615
XVI-84B Granito Serrote Autdlito Mafico 727726 8846708
PV-SE-10 Granito Serrote Sienogranito 719682 8852414
XIV-30A Granito Serrote Microclinio granito 728313 8847126
I1X-32 Granito Serrote Microclinio granito 714308 8861540
XVI-70F Granito Serrote Sienogranito 727726 8846708
Xll-2 Granito Serrote Microclinio granito 727620 8853701
PV-SE-4C Granito Serrote Microclinio granito 711543 8867351
VII-40 Granito Serrote Microclinio granito 716685 8867615
XI-11E Granito Serrote Microclinio granito 727620 8853701
PV-SL-50A Granito Santa Luzia Pegmatito 744517 8865358
PV-SL-3 Granito Santa Luzia Granodiorito 743262 8900004
PV-SL-1B Granito Santa Luzia Granodiorito 746368 8900572
PV-SL-38A Granito Barrolandia Monzogranito 738588 8924044
PV-SL-17A Granito Santa Luzia Monzogranito 748431 8888011
PV-SL-42A Granito Santa Luzia Monzogranito 747890 8900715
PV-SL-30 Granito Santa Luzia Pegmatito 747840 8891435
PV-SL-37A Granito Barrolandia Granodiorito 747508 8924028
VI-193 Granito Santa Luzia Pegmatito 739359 8874286
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