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RESUMO

A parte leste do Escudo das Guianas esta inserida na porcdo norte do Craton
Amazonico, mais especificamente na Provincia Maroni-Itacaiinas (PMI), definida
como uma faixa mdvel paleoproterozoica acrescida a um bloco arqueano durante o
evento Transamazonico (2,26-1,95 Ga). No estado do Amapéa, norte do Brasil, o
Dominio Paleoproterozoico Lourenco € constituido principalmente por terrenos
gnaissicos, granitoides e greenstone riacianos, com reliquias de rochas arqueanas na sua
porcdo mais meridional. A sul, o Bloco Amapé é definido como uma massa continental
formada por unidades neo-mesoarqueanas (2,85-2,60 Ga) fortemente retrabalhadas no
Paleoproterozoico durante o ciclo orogénico Transamazénico, granitoides e sequéncias
supracrustais riacianos. A regido de Tartarugalzinho, centro-leste do estado do Amapa,
esta localizada na transicdo entre o Dominio Paleoproterozoico Lourenco e o Bloco
arqueano Amapa. Diversas suites de granitoides foram identificadas nessa regido
(granitoides da Suite Intrusiva Flexal, Tonalito Papa-Vento e Granito Vila Bom Jesus).
Foram utilizadas as metodologias U-Pb e Lu-Hf em zircdo por espectrometria de massa
ICP-MS e laser ablation, Sm-Nd em rocha total por espectrometria de massa TIMS,
analises geoquimicas e dados petrograficos com objetivo de melhor estabelecer os
estagios evolutivos da orogénese TransamazOnica, nos quais estdo inseridos esses
granitoides, bem como contribuir para a integracdo desta regido aos modelos
geodinamicos propostos para o sudeste do Escudo das Guianas e investigar 0s processos
de crescimento crustal vs. retrabalhamento durante o Paleoproterozoico na porgao sul do
Dominio Lourengo. Os dados geocronolédgicos U-Pb em zircdo obtidos para a Suite
Intrusive Flexal (2176 + 9 Ma, 2176 + 5 Ma e 2166 + 15 Ma ), para o Tonalito Papa-
Vento (2131 + 11 Ma) e para o Granito Vila Bom Jesus (2085 + 16 Ma e 2078 + 8 Ma)
consolidaram a identificacdo dos episodios paleoproterozoicos (~2,18-2,15 Ga e ~2,08

Ga) para este setor meridional do Dominio Lourengo. As idades modelo Nd-Tpwm de

2,87-2,63 Ga e Hf-Tpm® de 3,63-2,79 Ga arqueanas e os valores negativos de End) (-

2,74 a -5,43) e de €nrw (-1,40 a -15,65) indicam a mistura de material juvenil Riaciano

com contribuicdo de um componente crustal arqueano na fonte desses magmas. A
combinacdo dos dados geocronolégios e geoquimicos permite reconhecer dois eventos
distintos, o primeiro com assinatura calcio-alcalino a calcio-alcalino de alto-K, carater
peraluminoso com evolugdo envolvendo estagios de subduccdo em ambientes de arcos

magmaticos, e 0 segundo com assinatura calcio-alcalino a calcio-alcalino de alto-K,
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carater per- a metaluminoso, e afinidade com granitos syn- a pds-colisionais que poderia
representar um estagio de colisdo arco magmatico — continente. Ainda € possivel
correlacionar esses eventos na regido central do Amapéa aos dois episddios magmaticos
principais que marcaram a evolugdo Transamazonica em todo o sudeste do Escudo das
Guianas, o primeiro (a) estdgio Mesoriaciano (2,18-2,13 Ga) relacionado a estagios de
subduccdo e o segundo (b) estagio Neoriaciano (2,08-2,02 Ga) relacionado a estagios
pos-colisionais. O conjunto de dados obtidos consolida a existéncia de dois episodios
magmaticos (~2,18-2,15 Ga e ~2,08 Ga) e a participacdo de componentes crustais na
fonte dos magmas que geraram estas rochas. dados geocronolégicos e geoquimicos
sugerem que a evolucdo TransamazoOnica da &rea envolve um contexto de arcos
vulcanicos com posterior colisdo arco-continente na borda do bloco arqueano,

entretanto ndo se pode descartar a existéncia de um arco magmatico continental.

Palavras-chave: Granitoides transamazonicos. Geocronologia U-Pb e Lu-Hf em zircéo.

Dominio Lourenco. Escudo das Guianas. Craton Amazonico.



ABSTRACT
The eastern part of the Guyana Shield, northern portion of the Amazonian Craton, is
located in the Maroni-Itacaitnas Province (PMI), defined as a paleoproterozoic mobile
belt added to an Archaean block during the Transamazonian event (2.26-1.95 Ga). In
the state of Amapda, Northern Brazil, the Paleoproterozoic Lourenco Domain consists
mainly of Rhyacian gneisses, granitoids and greenstone sequences, with some
fragments of Archean rocks in its southernmost portion. To the south, the Amapéa Block
is defined as a continental landmass formed by Neo-Mesoarchean units (2.85-2.60 Ga)
strongly reworked during the Transamazonian orogenic cycle, and by Rhyacian
granitoids and supracrustal sequences. The region of Tartarugalzinho, in central-eastern
sector of the state of Amapa, is located at the transition between the Paleoproterozoic
Lourenco Domain and the Archean Amapa Block. Several granitoid suites were
identified in this region (Flexal Intrusive Suite, Papa-Vento Tonalite and Vila Bom
Jesus Granite). We performed in situ U-Pb and Lu-Hf isotope analyses on zircon
byplasma induced mass spectrometry with laser ablation (LA-ICP-MS), Sm-Nd whole-
rock by thermal ionization mass spectrometry (TIMS), together with petrography and
major and trace element geochemistry, in order to constrain the evolutionary stages of
the Transamazonian orogenesis, in which these granitoids are inserted. In addition, the
study aimed to contribute to insert the southern portion of the Lourengo Domain within
a geodynamic models for the Southeastern Guiana Shield (SGS) and to investigate the
processes of crustal growth and reworking during the Rhyacian. The U-Pb
geochronology furnished cristalization ages of 2176 + 9 Ma, 2176 + 5 Ma e 2166 * 15
Ma for the Flexal Intrusive Suite, 2131 + 11 Ma for the Papa-Vento Tonalite and 2085 +
16 Ma and 2078 + 8 Ma for the Vila Bom Jesus Granite, that achieved the identification
of the two magmatic episodes (~2.18-2.13 and ~2.08 Ga) during he Transamazonian
orogeny for this sector of the Lourengo Domain. The Archean Nd-Tpwm (2.87-2.63 Ga)
and Hf-Tpm® (3.63-2.79) model ages and the negative values of endq (-2.74 to -5.43)
and enf(r) (-1.40 to -15.65) indicate the mixture of juvenile Rhyacian material with an
Archean crustal component in the source of these magmas. Also, the combination of the
petrographic, geochronological geochemical and isotope data allows us to recognize
two distinct events. The first magmatic episode displays a calc-alkaline to high-K calc-
alkaline signature and peraluminous character indicating that it formed during
subduction stages in a magmatic arc environment. The second magmatic episode

exhibits a calc-alkaline to high-K calc-alkaline signature, metaluminous character and



affinity with syn- to post-collision granites. It is still possible to correlate these
magmatic events to the two main magmatic episodes that marked the Transamazonian
evolution throughout the southeastern Guiana Shield; The geochronological and
geochemical data suggest that this sector of the Transamazonian orogeny was built up
by accretion of volcanic arcs with subsequent arc-continent collision, however the
existence of a continental magmatic arc at the margin of the Archean block cannot be

still totally descarded.

Key-words: Transamazonian granitoids. U-Pb and Lu-Hf zircon geochronology.

Lourenco Domain. Guyana Shield. Amazonian Craton.
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CAPITULO I
1. INTRODUCAO

Esta dissertagdo consiste de um estudo de carater essencialmente geocronoldgico e
isotopico desenvolvido no Laboratério de Geologia Isotopica Pard-Iso na Universidade
Federal do Para. A area de pesquisa localiza-se na regido do municipio de Tartarugalzinho,
porc¢do centro-leste do estado do Amapa.

Silva et al. (2013) apresentaram na mesma area um trabalho precursor com grande
volume de dados de mapeamento, geoquimicos, e alguns dados geocronoldgicos. Esses
Gltimos, contudo, mostraram-se, por vezes, frageis e pouco conclusivos.

O trabalho desenvolveu-se com apoio do Servico Geologico do Brasil,
Superintendéncia de Belém (CPRM-Belém), bem como do autor supracitado, com intuito
principalmente, de suprir essa caréncia de dados geocronoldgicos e isotopicos e somar aos
dados geologicos e geoquimicos prévios para colaborar de maneira mais conclusiva para os

estudos de carater estratigrafico e geodinamico deste setor.

11 APRESENTACAO E JUSTIFICATIVA

O Escudo das Guianas (EG) é um dominio pré-cambriano com mais de 1.5 milhGes de
km? de extensdo localizado a norte das bacias do Amazonas e Solimdes. Encontra-se
distribuido em seis paises, Colémbia, Venezuela, Guiana, Suriname, Guiana Francesa e
Brasil. Trata-se de uma das regides pré-cambrianas menos estudadas do mundo, devido,

principalmente, & fatores ambientais e dificuldade de acesso.

A éarea de estudo localiza-se na borda sul do Dominio Paleoproterozéico Lourenco,
regicdo centro-leste do estado do Amapa, o qual encontra-se inserido na Provincia Maroni-
Itacaitinas de Cordani et al. (1979) porcdo sudeste do EG. Diversos autores definem essa
provincia como uma faixa movel paleoproterozoica acrescida a um bloco arqueano (Provincia
Amazonia Central) entre 2,26-1,95 Ga durante o Ciclo Orogénico Transamazonico (Cordani
et al. 1979; Cordani & Brito Neves, 1982; Gibbs & Barron, 1993; Tassinari et al. 2000;
Tassinari & Macambira 2004; Cordani et al. 2009) que, por sua vez, retrata um evento com
formacdo de grandes extensdes de crosta juvenil paleoproterozoica com a presenca de alguns

remanescentes arqueanos retrabalhados.

O modelo geodindmico evolutivo aceito para a porcdo sudeste do EG foi incialmente
proposto por Vanderhaeghe et al. (1998). Trata-se de um modelo de trés estagios, sendo o

primeiro um estagio de oceanizacdo com geracdo de crosta oceanica, o segundo é marcado



pelo acumulo de magmas derivados do manto em contexto de arcos oceanicos e o terceiro
marcado pela acresgdo tectonica e retrabalhamento. Este modelo para a evolucdo
transamazonica no sudeste do Escudo das Guianas, foi refinado com base em novos dados
geoldgicos e isotopicos principalmente da Guiana Francesa (Delor et al. 2003a), Suriname
(Delor et al. 2003b; DeRoever et al. 2003) e dos dominios paleoproterozoico e arqueanos no
norte do Brasil (Rosa-Costa et al. 2006).

Muitos estudos foram conduzidos tanto no Amapa quanto na Guiana Francesa (Avelar,
2002; Avelar et al. 2003; Ricci et al. 2001; Pimentel et al. 2002; Rosa-Costa et al. (2003,
2006, 2008 ; 2009; 2014; 2017) McReath & Faraco 2006; Milhomem Neto et al. 2017;
Milhomem Neto & Lafon, 2019) quanto na Guiana Francesa Francesa (Delor et al. 2003;
Theveniaut et al. 2006) e Suriname (Kroonenberg et al. 2016 e referéncias inclusas) que
melhoraram significativamente o conhecimento geoldgico desta parte do EG. No entanto, a
falta de dados geocronologicos robustos (datacbes U-Pb em zircdo por LA-ICP-MS e/ou
SHRIMP) no estado do Amap4, principalmente em granitoides, dificulta a inclusdo desta
porcdo ao cendrio geotectdnico proposto para o sudeste do Escudo das Guianas e o
estabelecimento de uma cronologia detalhada e precisa dos eventos magmaticos e
metamarficos durante a orogenia Transamazonica na porcao sul do Dominio Lourenco e das
relacBes entre os dominios paleoproterozoicos e o bloco arqueano e a inclusdo desse setor no

cenario geotectdnico proposto para o sudeste do Escudo das Guianas.

1.2 LOCALIZACAO DA AREA DE ESTUDO

A éarea de estudo € localizada no centro-leste do estado do Amapa e encontra-se na
area de abrangéncia das folhas Rio Araguari (NA.22-Y-B-VI e NA.22-Y-B-II) e Cabo Norte
(NA.22-Z-A-1 e NA.22-Z-A-1V) em escala 1:250000, situada nos municipios de Pracuuba e
Tartarugalzinho em torno de 230 km a norte de Macapa (Figura 1).
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Figura 1 - Mapa de localizagdo da area de estudo, com a identificacdo dos pontos amostrados.

2. CONTEXTO GEOLOGICO REGIONAL
O continente sul americano € constituido por duas grandes unidades geotectdnicas
denominadas Plataforma Sul-Americana e Cadeia Andina (Almeida et al. 1981) e é definido

por trés escudos pré-cambrianos denominados, Escudo Brasil Central, Escudo das Guianas e

Escudo Atlantico, além de extensas areas de cobertura fanerozoica (Figura 2).
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Figura 2 - Compartimentacéo tectdnica da América do Sul; Fonte: Almeida et al. (1976).

O Craton Amazénico é formado pelo Escudo das Guianas e Escudo Brasil Central,
localizados, respectivamente, na porcdo setentrional e meridional as bacias do Amazonas e
Solimdes. Segundo Brito Neves & Cordani (1991) o Craton Amaz6nico representa uma
grande placa litosférica continental, composta por varias provincias crustais de idades
arqueana a mesoproterozoica e estabilizada tectonicamente em torno de 1,0 Ga. Ao longo do
Neoproterozoico se comportou como uma placa estavel sincronicamente ao desenvolvimento
das faixas orogénicas marginais brasilianas.

Cordani et al. (1979) foram pioneiros e propuseram um modelo de divisdo do Craton
Amazonico em provincias tectono-geocronologicas a partir de dados geocronologicos e
isotopicos de Rb-Sr e K-Ar. Ao longo das décadas essa proposta de compartimentacdo foi
refinada devido, principalmente, ao aumento significativo do acervo de dados radiométricos e
a utilizacdo de métodos geocronoldgicos mais robustos como U-Pb e Sm-Nd (Teixeira et al.
1989, Tassinari et al. 2000, Tassinari & Macambira 1999, 2004; Cordani & Teixeira 2007;
Cordani et al. 2009).

Atualmente, os dois modelos mais amplamente discutidos na literatura séo os de Tassinari
& Macambira (1999, 2004) e Santos et al. (2000; 2006) (Figura 3). Ambos dividem o Craton



Amazonico em provincias tectono-geocronoldgicas individualizadas a partir de padrbes
geocronoldgicos, trends estruturais, associacdes litologicas e evolucdo geodinamica,
entretanto divergem quanto aos limites e extensdo das provincias.
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Figura 3 - Divisdo do Craton Amaz6nico em provincias tectono-geocronoldgicas, segundo as proposta de (A)
Tassinari e Macambira (2004) e (B) Santos (2006).

2.1 PROVINCIA MARONI-ITACAIUNAS

A Provincia Maroni-Itacaitinas de Tassinari & Macambira (2004) corresponde a Provincia
Transamazonas de Santos et al. (2000; 2006) e é definida como uma expressiva faixa
paleoproterozoica, estruturada durante o Ciclo orogenético Transamazonico (2,26-1,95 Ga)
que se estende ao longo da porcdo oriental do Craton Amazonico, recobrindo a porcao
setentrional do Escudo das Guianas, parte do norte do Brasil (Amapé e noroeste do Para),
Guiana Francesa, Suriname, Guiana e Venezuela.

Com base em designacdes e definicdes prévias (Ricci et al. 2001; Santos, 2003; Rosa-
Costa et al. 2006; Macambira et al. 2007; Vasquez & Rosa-Costa, 2008) a Provincia Maroni-
Itacailinas, em territorio brasileiro, foi copartimentada em cinco dominios tectonicos
denominados, Bloco Amapa e dominios Carecuru e Lourenco, a norte da Bacia do Amazonas
e Bacaja e Santana do Araguaia, a sul da bacia. Em linhas gerais os dominios Carecuru,
Lourenco e Bacaja representam terrenos predominantemente riacianos com evolugdo

relacionada a um contexto de subduccéo de litosfera oceanica em ambientes de arco de ilha



e/ou arcos magmaticos continentais, com reliquias retrabalhadas de crosta continental
arqueana. Por sua vez, o Bloco Amapa representa um terreno continental arqueano

retrabalhado no Paleoproterozoico.

No estado do Amap4, ocorrem trés desses dominios tectonicos: O Bloco Amapa que
representa o segmento mais expressivo de crosta continental arqueana do Escudo das Guianas,
retrabalhado pela orogenia Transamaz6nica e os dominios Lourenco e Carecuru, a norte e sul
do bloco, respectivamente, que tém sua formacgdo e evolugdo geodindmica relacionada a
orogenia Transamazonica (Figura 4).

O Bloco Amapa é constituido por uma associa¢do granulito-gnaisse-migmatitica com
idade Neo- a Mesoarqueana (2,85-2,60 Ga) que durante a orogenia Transamazo6nica passou
por processos de metamorfismo de alto grau, deformagdo e magmatismo granitico (Rosa-
Costa et al. 2008; 2009). Neste dominio dois eventos magmaticos principais foram
registrados, o primeiro entre 2,85-2,79 Ga e o segundo entre 2,65-2,60 Ga (Avelar et al. 2003;
Rosa-Costa et al. 2006; Milhomem Neto & Lafon, 2019). Idades isoladas de 3,32 e 3,49 Ga
indicam a presenca de remanescentes paleoarqueanos (Klein et al. 2003; Rosa-Costa et al.
2014). As idades modelo Nd-Tipm) para as rochas do embasamento demonstram que a
formacdo de crosta continental no Bloco Amapa é relacionada a episddios Paleo- a
Mesoarqueanos de crescimento crustal enquanto o Neoarqueano é marcado por episodios de
retrabalhamento crustal (Avelar, 2002; Avelar et al. 2003; Rosa-Costa et al. 2006, 2014;
Oliveira et al. 2008). Novos dados Lu-Hf em zircdo confirmam os dados Sm-Nd e indicam a
existéncia de crosta eoarqueana (~4,0 Ga) no Bloco Amap4, até entdo ndo registrada no
Craton Amaz6nico. Em conjunto com o reconhecimento de um xenocristal de zircdo do
Hadeano em rochas magmaticas do sudeste da Republica da Guiana (Nadeau et al. 2013), o0s
dados Lu-Hf apontam para a existéncia de vestigios crustais hadeanos-eoarqueano no sudeste
do Escudo das Guianas (Lafon & Milhomem, 2019).

As unidades estratigraficas que compde o Bloco Amapa estdo orientadas segundo um
trend regional NW-SE e incluem ortognaisses tipo-TTG (Complexos Tumucumaque e
Guianense) gnaisses granuliticos orto- e paraderivados (Complexos Jari-Guaribas, Tartarugal
Grande e lIratapuru; plutons charnoquiticos da Suite Intrusiva Nourucuru, ortognaisses
graniticos do Complexo Baixo Mapari), e granitos neoarqueanos (Granitos Riozinho,
Mungubas e Anauerapucu), além de sequéncias metavulcano-sedimentares do Grupo Vila
Nova e Ipitinga e granitoides que formam uma associagdo orogénica paleoproterozoica.



O Dominio Lourenco é constituido, principalmente, por (i) uma associagdo granito-
greenstone, representada por um conjunto de gnaisses e metagranitoides com composicao
dioritica, tonalitica e granodioritica de idades riacianas (2,26-2,16 Ga) (Nogueira et al. 2000;
Avelar, 2002; Barreto et al. 2013), (ii) rochas metavulcano-sedimentares e (iii) Alguns
fragmentos arqueanos na borda sul do Dominio com o Bloco Amapa.

Ao primeiro grupo, associacdo granito-greenstone, pertencem em territdrio brasileiro
as unidades Diorito Rio Santo Antonio, Suite Intrusiva Flexal, Tonalito Papa-Vento,
Metagranito Sucuriju e os complexos, Araguari, Tartarugal Grande, Oiapoque e Camopi,
granitos Vila Bom Jesus, Cigana, Tauari e Mutum, além da Suite Cricou e Granito Cunani. As
rochas metavulcano-sedimentares estdo inclusas nos grupos Serra da Lombarda,
Tumucumaque e Tartarugalzinho. Os fragmentos arqueanos sdo representados pelos Gnaisse
Porfirio, Granulito Tajaui, fragmentos dos complexos Tumucumaque e Guianense e 0
Metagranitoide Pedra do Meio. Entretanto, ainda ndo é claro se esses remanescentes
arqueanos representam fragmentos isotlados do Bloco Amapa ou apenas uma continuidade do
bloco, desmembrada tectonicamente na sua borda norte.

O Dominio Carecuru é formado, em sua maioria por granitoides e gnaisses calcico-
alcalinos (Suite Intrusiva Carecuru) e rochas metavulcano-sedimentares representadas pelas
sequencias Fazendinha, Treze de Maio e Serra Cuiapocu. Esse conjunto de rochas define uma
sequencia granito-greenstone formada entre 2,19-2,14 Ga (Rosa-Costa et al. 2006). Ainda
ocorrem granitoides, como o Granito Paru e a Suite Intrusiva Parintins com idades entre 2,10-
2,03 Ga e evolucdo relacionada a estagios sin-colisionais- a poés-orogénicos. Os dados
isotopicos de Nd e a presenca de zircdes herdados nos granitoides apontam para participacdo
de crosta continental arqueana na fonte que originou esses magmas (Rosa-Costa et al. 2006).
Os remanescentes arqueanos incluem os gnaisses granuliticos do Complexo Ananai com
idade de 2,60 Ga.



54°W 52°W SO;W

= 4°N
4°N —~

Lo

Dominio
paleoproterozoico
Carecuru

2°N 7 = 2°N

j‘u"

Oceano
Atlantico

Cutias , -,
[ / erreira Gomeé

rto Grande :
’ Itaubal
C

.4
o llha de Marajo
100 km é"_ aranjal do Jari
Munguba )/
T T I
54°W 52°W s0°w Baseado em Faraco et al. (2004)

e Rosa-Costa et al. (2006)
Associacao Orogénica Paleoproterozéica ‘

Suites e corpos pluténicos sin a tardi-colisionais (2.10 - 1.99 Ga) Cobertura sedimentar fanerozéica

Suites e corpos plutdnicos pré-colisionais (2.26 - 2.10 Ga) Magmatismo Intraplaca

Sequéncias metavulcano-sedimentares (< 2.26 Ga) Diabasio Cassiporé

l

[

[ ]

- Sequéncias metavulcano-sedimentares (> 2.26 Ga) IntrusBes alcalinas intracontinentais
—

A - Grupo Ipitinga, B - Grupo Vila Nova
- Granitos anorogénicos tipo Uaiapi (1.75 Ga)
Corpos maficos e ultramaficos

C - Complexo Bacuri (2.2 Ga)

; 7 \,Z\, Drenagem
Terreno Arqueano Retrabalhado (Bloco Amapa) @ Capital do estado 9

Associagdo granulito-gnaisse-migmatito (2.85 - 2.60 Ga): ® Sede municipal ——— Rodovia federal
- Complexos Jari-Guaribas, Baixo Mapari, Tumucumaque, ’

Guianense, Ananai, Iratapuru e Suite Intrusiva Noucouru O Localidade O Amostras estudadas
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(2004) e Rosa-Costa et al. (2006), com destaque para a area de estudo.

3. CONTEXTO GEODINAMICO

O modelo geodindmico evolutivo aceito para a porcao leste do Escudo das Guianas,
foi inicialmente proposto por Vanderheaghe et al. (1998), sendo um modelo que envolve
oceanizacdo, formagdo de arcos de ilhas e acresgéo tectonica. Esse modelo foi refinado,
através de novos dados geocronoldgicos e isotopicos da Guiana Francesa (Delor et al. 2003a)
e Suriname (Delor et al. 2003b; DeRoever et al. 2003) e para dominios arqueanos e
paleoproterozoicos no norte do Brasil (Rosa-Costa et al. 2006). As etapas propostas por Delor
et al. (2003b) ocorrem em quatro estagios descritos a seguir (Figura 5):



O primeiro estagio (2,26-2,20 Ga), eoriaciano, corresponde a formagdo de crosta
oceanica juvenil apés afastamento de dois fragmentos continentais arqueanos, supostamente,
a porcdo oeste do Craton Africano e norte do Craton Amazonico.

O segundo estagio, mesoriaciano (2,18-2,13 Ga), é marcado pela acres¢do de magmas
calcio-alcalinos e desenvolvimento de sequéncias metavulcano-sedimentares em sistemas de
arco de ilhas, que se originaram sobre uma zona de subduc¢do entre duas placas litosféricas
oceanicas, durante o inicio da convergéncia entre 0s blocos continentais arqueanos. Nesse
periodo ocorrem dois pulsos diacrénicos de magmatismo tipo-TTG, entre 2,18-2,16 Ga e
2,15-2,13 Ga.

O terceiro estagio (2,11-2,08 Ga) ocorre no Neoriaciano e trata-se do final da fase
convergente e inicio de um regime transcorrente com cinematica sinistral acompanhado por
migmatizacdo de granitoides tipo TTG sob condicdo de baixa a moderada presséo,
simultaneamente a colocacdo de granitos relacionados a retrabalhamento crustal e
desenvolvimento de bacias pull-apart. Ocorre ainda magmatismo Mg-K associado, com
geracdo de granitos e granodioritos com anfibdlio e piroxénio. Esse estagio é interpretado
como resultado de anomalias térmicas no manto que favoreceriam a producdo de magmas de
alta temperatura.

O dltimo estagio, também no Neoriaciano (2,07-2,06 Ga) é a fase de colocacdo de
granitos metaluminosos ao longo de zonas de cisalhamento dextrais. Os sedimentos
previamente depositados nas bacias pull-apart, passam por metamorfismo seguindo uma
trajetéria de P-T anti-horéaria, similar aquela definida para granulitos UHT (Ultra High
Temperature) das montanhas de Bakhuis no Suriname, cuja idade do metamorfismo é
definida entre 2,07-2,05 Ga.

Delor et al. (2003b) interpretam essa trajetdria anti-horaria do metamorfismo como
auséncia de significativo espessamento crustal, estando relacionada a altos gradientes termais
produzidos por upwelling mantélico induzidos por estiramento crustal em escala continental.

Ainda, Barreto et al. (2013) e Rosa-Costa et al. (2006, 2014), diferente do que foi
proposto por Vanderheaghe et al. (1998) e Delor et al. (2003b), sugerem, para 0 extremo
sudeste do EG, em territorio brasileiro, onde foram definidos os dominios Carecuru e
Lourenco e o0 Bloco Amapéa, uma evolucgdo relacionada a arcos magmaticos em contexto de
arco de ilha e margem ativa continental agregados e/ou colidido com o microcontinente

arqueano durante a orogenia Transamazonica.
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Figura 5 - Modelo geodinamico proposto por Delor et al. (2003b) para terrenos paleoproterozoicos da Guiana

Francesa.

4. UNIDADES LITOESTRATIGRAFICAS DA PORCAO SUDESTE DO DOMINIO

LOURENCO

A apresentacdo das unidades litoestratigraficas do Dominio Lourengco no estado do
Amap4, segue a proposta de divisdo em grandes associacOes litoldgicas de Rosa-Costa et al.
(2014; 2017), sendo elas: Fragmentos Arqueanos Retrabalhados, Sequéncias Metavulcano-
sedimentares, Magmatismo Orogénico, Magmatismo Tardi- a Pds-orogénico, Magmatismo
Méafico, Magmatismo Mafico de Margem Divergente e Coberturas Superficiais. Apenas as

unidades que ocorrem na &rea de estudo, ou seja, na porcao sudeste do Dominio Lourengo,

serdo descritas a seguir (Figura 6).
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4.1 FRAGMENTOS ARQUEANOS RETRABALHADOS

O Gnaisse Porfirio representa a unidade arqueana mais antiga. E consituida por corpos
alongados de biotita-gnaisses de composicdo granodioritica a tonalitica, orientados de acordo
com o trend NW-SE. Apresenta evidéncias de migmatizagdo, como leucossomas quartzo-
feldspaticos que ocorrem concordantes ao bandamento (Rosa-Costa et al. 2014). A
mineralogia essencial € representada por plagioclasio, quartzo e feldspato alcalino, com
biotita. As fases acessoOrias s80 minerais opacos, zircdo, apatita, titanita e allanita. Sericita,
epidoto e muscovita sdo produtos de alteracdo a partir do plagioclasio, e clorita a partir da
biotita. Uma idade de cristalizacdo de 3185 + 10 Ma U-Pb em zircao foi obtida por LA-ICP-
MS, para uma amostra de gnaisse tonalitico e valores €uf3 196a) entre —2,1 a —7,4 e idades
modelo Hf-TpmC entre 3,65 Ga e 3,98 Ga, além de valores negativos de End(s 19) Of -2,4 € -3,3
e idades modelo Nd-Tpm de 3,38 e 3,51 Ga (Rosa-Costa et al. 2014; Milhomem Neto &
Lafon 2019). Esses resultados sugerem que o precursor mesoarqueano do Gnaisse Porfirio foi
produzido por retrabalhamento crustal de fontes eoarqueanas. Rosa-Costa et al. (2014)
obtiveram uma idade de 3485 + 3 Ma pelo método de evaporacdo de Pb em zircdo, que foi
reinterpretada como idade de zircdes herdados por Milhomem Neto & Lafon (2019).

O Complexo Tartarugal Grande (Rosa-Costa et al. 2014) é composto por uma
associacdo metamorfica de alto grau onde dominam granulitos charnoquiticos, enderbiticos e
charnoenderbiticos. Ainda ocorrem associados charnoquitos e granitos com estruturas
magmaticas preservadas e ocasionalmente gabros. As idades obtidas para o complexo variam
entre 2671 + 15 Ma e 2053 £ 1 Ma (Avelar, 2002; Rosa-Costa et al. 2014) com idades modelo
Nd-Towm) 3,29-2,55 Ga e valores Enqgy) -7,64 to +1,52 (Avelar et al. 2003; Faraco et al. 2004;
Rosa-Costa et al. 2014). Os dados apontam para protélitos das rochas metamorficas sendo
formados durante o Riaciano e Neoarqueano e metamorfisadas durante o episodio granulitico
Transamazonico tardio (Oliveira et al. 2008). Os dados Sm-Nd e Lu-Hf indicam como fonte,
para a maioria dessas rochas, uma crosta continental arqueana (Avelar, 2002; Avelar et al.
2003; Rosa-Costa et al. 2014; Milhomem Neto & Lafon, 2019).

O Metagranitoide Pedra do Meio consiste em um corpo granitico de forma eliptica
com eixo maior segundo NW-SE. Foram registradas varia¢Ges litologicas desde biotita-
monzogranitos, biotita-granodioritos, leucogranitos, alcali-feldspato granitos a quartzo-
monzodiorito, além da ocorréncia de charnoquitos na porcao central do corpo. Foram obtidas

idades U-Pb em zircdo uma idade de 2592 + 22 Ma, considerada como idade de cristalizacéo



13

e uma idade modelo Nd-Tpm) de 3,1 Ga e Ena(z59ca) de -11,14, sugerindo origem relacionada
a retrabalhamento de crosta continental arqueana (Rosa-Costa et al. 2014).

O corpo definido com Gnaisse Indiscriminado € definido por Silva et al. (2013). Trata-
se de uma unidade arqueana ndo mapeada em escalas maiores, com ocorréncia detectada

através da interpretacdo de produtos de sensores remotos.

4.2 ASSOCIAGCOES OROGENICAS TRANSAMAZONICAS
4.2.1 Sequéncias Metavulcano-sedimentares

O Grupo Vila Nova foi inicialmente proposto por Lima et al. (1974) para designar, em
territrio  brasileiro, faixas metavulcano-sedimentares que possuem caracteristicas
semelhantes as sequéncias tipo greenstone belts, com representantes em toda a porcao
setentrional do Escudo das Guianas. Ricci et al. (2001) restringe a utilizagdo do termo apenas
para a sequéncia que se distribui ao longo da faixa NW-SE, que se prolonga por mais de 350
km, estendendo-se desde a Serra do Tumucumaque, a noroeste, passando pela Serra do Navio,
até a extreminadade sudeste da Bacia do Amazonas. Ocorrem quartzitos e conglomerados
quartzosos, anfibolitos, biotita granada xistos, xistos anfiboliticos, rochas carbonaticas
manganesiferas e quartzitos-granatiferos, além da presenca de formacdes ferriferas bandadas
(Barbosa & Chaves, 2015).

As idades obtidas para essas sequéncias variam entre 2,26 e 2,11 Ga (Gibbs &
Olszewski, 1982; Gibbs, 1980; Gruau et al. 1985; McReath & Faraco, 1997; Delor et al.
2003). Os dados isotopicos forneceram idades Nd-Tpwm de 3,03 e 2,20 Ga (Rosa-Costa et al.
2014) e 2,8 e 2,4 Ga (Tavares, 2009), sugerindo contaminacdo dos magmas precursores por
componentes arqueanos, favorecendo a hipotese de formacdo de margens construtivas em

bacias relacionadas a arcos magmaticos.

O Grupo Tartarugalzinho foi definido por Rosa-Costa et al. (2014) como uma
sequéncia supracrustal com evolucdo geodindmica relacionada a bacia em estagios
acrescionarios, os autores ainda sugerem a subdivisdo desta em unidade Metaméafica a
metaultramafica e unidade Metasedimentar. A unidade Metaméfica a metaultraméfica é
composta por biotita-actinolita xistos, tremolita-actinolita xisto, hornblenda xistos, actinolita
xisto e anfibolitos com metamorfismo em facies anfibolito. Essa unidade foi previamente
definida por Jorge Jodo et al. (1979) como Anfibolito Anatum. A unidade Metasedimentar
inclui o Quartzito Fé em Deus e 0 Mica-xisto Tartarugalzinho, ambos definidos por Jorge

Jodo et al. (1979). Os autores questionaram a origem sedimentar clastica dessas rochas e
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sugeriram que o0 quartzito se formou a partir de alteracdo hidrotermal e metamorfismo das
rochas metamaéficas e 0 Mica-xisto Tartarugalzinho por metamorfismo em facies xisto-verde

de rochas vulcanicas acidas.

4.2.2 Magmatismo pré-colisional

O termo Suite Intrusiva Flexal foi proposto por Rosa-Costa et al. (2014) para definir
0s corpos pluténicos com litologia variando entre dioritos a monzograniticos, com idades em
torno de 2,18-2,20 Ga. Foram obtidas idades por evaporacdo de Pb e U-Pb por LA-ICP-MS
em zircdo variando entre 2197 £ 3 Ma e 2181 + 2 Ma (Avelar, 2002; Rosa-Costa et al. 2014;
Barbosa et al. 2015) que datam com seguranca 0 evento magmatico de natureza célcio-
alcalina, em torno de 2,18-2,20 Ga, que caracteriza esta suite. Os dados isotdpicos forneceram
idades Nd-Tpwm de 2,37 e 2,67 Ga e valores de Enar) entre +0,65 e -3,78, indicando que a
origem dos magmas precursores esta relacionada a um evento juvenil de acrescéo crustal no
Riaciano com participacdo de componentes crustais arqueanos (Rosa-Costa et al. 2014).
Milhomem Neto et al. (2017) obtiveram uma idade U-Pb em zircdo por LA-ICP-MS para um
metadiorito de 2178 £ 5 Ma, similar a idade 2181 + 2 Ma obtida por Avelar (2002) para o
mesmo metadiorito. A partir de dados isotdpicos Lu-Hf, foram obtidas idades modelo entre
2,74 até 2,92 Ga e valores de Enf(2,18) entre -2,9 e -0,1.

O termo Tonalito Papa-Vento foi proposto de Jorge Jodo et al. (1979) para designar
gnaisses e granitoides sodicos, tonaliticos a monzograniticos, com posicionamento
sintectonico e com idades entre 2,14-2,13 Ga. Foram obtidas duas idades Pb-Pb em zircéo de
2136 + 7 Ma e 2130 % 20 Ma para dois gnaisses tonaliticos e dados isotopicos Nd-Tpwm de 2,7
e 2,51 Ga e um valor negativo de Enqy de -4,47 (Rosa-Costa et al. 2014).

4.2.3 Magmatismo sin- a tardi-colisional

A unidade Granito Vila Bom Jesus faz referéncia a plutons monzograniticos (Rosa-
Costa et al. 2014). Essas rochas possuem granulacdo media com fenocristais de feldspato de
até 4 cm e deformacédo evidenciada pelo alinhamento desses cristais, aléem dos cristais de
biotita e quartzo. Um conjunto de idades riacianas, 2087 +4, 2081 + 8 e 2082 + 4 Ma (Silva et
al. 2013; Rosa-Costa et al. 2014) foi obtido para essa unidade, porém os dados devem ser
interpretados com cautela, uma vez que essas idades foram determinadas por evaporagdo de

Pb em zircdo e os dados analiticos mostram uma grande variacéo.
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A unidade Granitoides Indiferenciados agrupa diversos platons com formas elipticas e
irregulares, supostamente paleoproterozoicos, 0s quais ainda nao foram associados a nenhuma
unidade formal (Rosa-Costa et al. 2014). Os corpos foram caracterizados como
monzogranitos e sienogranitos com proeminente foliacdo milonitica. Considerando as
relacbes de campo e associacdo litoldgica estima-se uma idade paleoproterozoica/riaciana
para esses corpos. Duas amostras de monzogranito, provenienentes de plutons distintos foram
analisadas e forneceram idades Nd-Tpwm) de 2,9 e 2,12 Ga.

O Granito Cigana (Jorge Jodo et al. 1979) define um conjunto de corpos graniticos
sin-cinematicos que representariam uma fase magmatica mais potéssica e tardia em relacdo a
uma fase mais sodica e precoce, representada pelo Tonalito Papa-Vento. Apesar de ndo haver
dados geocronoldgicos disponiveis e ndo terem sido observadas relacbes de campo, a
associacao entre as unidades permite estimar que o Granito Cigana € intrusivo na Suite
Intrusiva Flexal, no Tonalito Papa-Vento e no Grupo Tartarugalzinho, e portanto seja mais
novo que 2,13 Ga. Entretanto, a possibilidade do Granito Cigana representar 0 mesmo
episédio magmatico que o Granito Vila Bom Jesus ndo é descartada (Rosa-Costa et al. 2014).
Essa unidade ndo encontra-se no mapa, mas com supracitado, a possibilidade de representar
uma fase mais tardia ao Tonalito Papa-Vento ou a ainda pertencer ao mesmo episddio

magmatico que o Granito Vila Bom Jesus, justificam sua descri¢do neste texto.

4.2.4 Magmatismo tardi- a pds-orogénico

O termo foi proposto por Lima et al. (1974) para definir um conjunto de diques de
diabasio de carater toleitico e idade tridssico-jurassica, que cortam unidades pré-cambrianas
no estado do Amap4, esta unidade faz parte da Pronvincia Magmatica do Atlantico Central
(CAMP - Central Atlantic MagmaticProvince), de Marzolli et al. (1999), que representa uma
das maiores LIPs (Large Igneous Province) do planeta (Rosa-Costa et al. 2014). Tratam-se de
rochas bésicas, diabasios/doleritos em geral cinza escuro a cinza esverdeado, macigos,
tabulares. S8 compostos por labradoritas, piroxénios (augita e/ou pigeonita) e opacos, com
olivina e quartzo esporadicos, textura ofitica a subofitica.

DatacOes pelo método Ar*-Ar®® realizados na Guiana Francesa e Suriname, em
diversos corpos correlatos ao Diabasio Cassiporé, mostram idades entre 202 e 190 Ma

(Marzoli et al. 1999; Deckart et al. 1997; Nomade et al. 2007), limite tridssico-jurassico.
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5. PROBLEMATICA

A éarea de estudo, localizada na porcdo central do estado do Amapa, regido de
Tartarugalzinho constitui uma area de transicao entre dois dominios geotecténicos distintos e,
portanto apresenta um contexto geoldgico bastante complexo. A area se encontra no limite sul
do Dominio paleoproterozoico Lourenco e inclui pedacos fragmentados do Bloco arqueano

Amapa.

Muitos estudos foram conduzidos tanto na Guiana Francesa como no estado do
Amapa, que contribuiram de maneira significante para o entendimento da evolucao geoldgica
deste setor do sudeste do Escudo das Guianas. Contudo, a falta de dados geocronoldgicos
robustos como datacdes U-Pb em zircdo por LA-ICP-MS e/ou SHRIMP, principalmente nos
granitoides, assim como uma melhor caracterizacdo geoquimica desses granitoides dificultam
a compreensdo do contexto geoldgico. Consequentemente dificultam também uma melhor
compreensdo das relagbes entre o dominio paleoproterozoico e o bloco arqueano e a
integracdo desse setor do Dominio Lourengo em um modelo geodindmico para o sudeste do

Escudo das Guianas.

6. OBJETIVOS

O objetivo principal desta dissertacdo é consolidar o posicionamento estratigrafico e
cronologico dos granitoides transamazoénicos do setor sul do Dominio Lourenco, através de
novos dados geocronologicos (datagdes U-Pb em zircdo por LA-ICP-MS) e isotopicos (Sm-
Nd em rocha total e Lu-Hf em zircdo por LA-ICP-MS). Pretende-se colaborar para o
conhecimento da evolugdo geodindmica do extreme sudeste da Provincia Maroni-Itacaitnas,
contribuir para a integracdo desta regido aos modelos de evolucdo proposto para a porgdo
sudeste do EG e contribuir para a identificacdo dos processos de crescimento crustal vs.

retrabalhamento durante o Paleoproterozoico.

Para tal, toma-se como objetivos especificos:

i) Estabelecer uma cronologia detalhada dos episddios magmaticos transamazonicos na area
de estudo com base em datacdo U-Pb em zirc&o de granitoides por espectrometria de massa
ICP-MS com laser ablation.

ii) Definir melhor os ambientes geodinamicos de formacéo dos granitoides atraves de estudo
petrografico e de geoquimica elementar de elementos maiores por espectrometria de
emissdo atdbmica (ICP-AES) e de elementos trago, incluindo elementos terra rara por

espectrometria de massa (ICP-MS).



17

iii) Investigar e identificar através de estudos isotopicos Sm-Nd em rocha total por
espectrometria de massa TIMS e Lu-Hf em zircdo por espectrometria de massa ICP-MS
com laser ablation os episodios de formacéo de crosta continental no setor estudado.

7. OS SISTEMAS RADIOMETRICOS U-Pb, Sm-Nd E Lu-Hf

7.1 O SISTEMA RADIOMETRICO U-Pb

O método Uranio, Torio-Chumbo (U,Th-Pb) se baseia no decaimento dos
radionuclideos U e Th para isotopos estaveis de Pb. Nessa metodologia ocorrem trés séries de
decaimento, o0s is6topos instaveis 23U, 2°U e #2Th para os estaveis 2%°Pb, 2Pb e 208pp,
respectivamente.

O Uranio ocorre na forma de trés is6topos naturais 28U, 23U e 2%*U, sendo todos
radioativos (Tabela 1). O Torio ocorre naturalmente na forma de 22Th, porém existem outros
cinco isétopos, de réapidas meia-vidas, que ocorrem na natureza como resultado do

decaimento de 238U, 2°U e 2%°Th.

Tabela 1 - Os is6topos de U e Th e suas respectivas abundancias, meia-vidas e constantes de decaimento.

Isétopo Abundancia (%) Meia-Vida (anos) Constante de decaimento (A1) Referéncia
238y 99,2743 4,468 x 10° 1,55125 x 10 ano?
2%y 0,720 0,703 x 10° 9,8485 x 1079 ano'? Faure
23y 0,0057 2,47 x 10° 2,806 x 10 ano? (1986)
232Th 100,00 14,01 x 10° 4,9475 x 10 ano®

Durante o processo de decaimento U e Th produzem uma série de filhos radioativos,
terminando, ambos, em isGtopos estaveis de Pb. O decaimento de 23U para 2%Pb se da a
partir da emissdo de oito particulas o e seis particulas -, por sua vez is6topo 23°U decai para
207Ph pela emissdo de sete particulas a e quatro particulas B~ e por Gltimo o 22Th decai para o
isotopo estavel 2%Pb pela emissdo de seis particulas a e quatro particulas p.

U e Th pertencem a série dos actinideos e possuem configuracdes eletronicas
similares, Th (Z=90) e U (Z=92) o que lhes confere propriedades quimicas similares, além
disso, ambos ocorrem como ions tretravalentes e possuem raios idnicos semelhantes
(U**=1,05A e Th**=1,10 A) o que explica a facil substituicio entre esses elementos.

O Pb possui quatro isdtopos naturais: 2°Pb, 2%Pb, 2°7Pb e 2%8Pb, sendo todos, com
excecdo do 2%Pb, radiogénicos, o que lhe confere, portanto, papel de isétopo de referéncia.
Assim como para os demais métodos radiométricos, a equacdo que rege o decaimento
radioativo é representada por uma exponencial negativa:

N = Noe—/lt (1)
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Onde “A” apresenta um valor da constante de decaimento.

Deve-se a Wetherill (1956) o desenvolvimento do conceito de curva Concordia, que
trata-se da representacédo basica do sistema U-Pb. Cada eixo de coordenadas é representado
pelas razdes 2°’Pb/?®U vs. 2°°Pb/?38U onde sdo plotadas essas razdes isotopicas em funcio do
tempo. A posicdo dos pontos sobre a curva Concérdia estd diretamente ligada a perda de Pb
do sistema, quando um mineral ou rocha permanece fechado para o sistema U-Pb as idades
obtidas para os dois crondmetros (2°7Pb/ 25U e 2%Pp/2*8U/) sio iguais e os pontos coincidem
com a Concérdia. Quando ha perda de Chumbo essas razdes ndo coincidem com a Concordia
e esses pontos sdo denominados discordantes. Esses pontos, de uma mesma amostra que se
colocam fora da curva Concordia, normalmente se alinham ao longo de uma reta Discordia.

O zircdo (ZrSiO4) é o mineral mais amplamente utilizado para datacbes U-Pb, em
funcdo da sua grande distribuicdo entre os diversos tipos de rochas, propriedades quimicas
como a substituicdo de Zr** por U™ e o fato de que esse mineral no aceita a entrada de Pb
comum no seu reticulo cristalino. Logo, praticamente todo o Pb presente no sistema trata-se
de material radiogénico proveniente do decaimento de U e Th. Além dessas caracteristicas, a
sua alta resisténcia a processos fisico-quimicos e elevada temperatura de fechamento do
sistema U-Pb (~900°C) caracterizam-no como ideal para datacao.

A metodologia U-Pb em zircdo é aplicada, principalmente, para a datacdo de rochas
magmaticas e rochas metamorficas de alta temperatura, apesar de, atualmente, ser também
aplicada amplamente para estudos de proveniéncia em rochas sedimentares com zircdes
detriticos. A utilizacdo da datacdo in situ por LA-ICP-MS e/ou SIMS permitiu que diferentes
dominios dentro do mesmo cristal fossem datados e, portanto, o reconhecimento de diferentes
eventos. Em areas com geologia complexa a metodologia é capaz de identificar diferentes
fases da historia evolutiva da rocha através da analise das estruturas internas do zircdo. Dessa
forma, para 0 mesmo cristal de zircdo podemos obter a idade do protélito, idade do
metamorfismo e, eventualmente, idade do metassomatismo, quando se tratar de um cristal
metamorfico complexo. Ainda, a estrutura interna do cristal, a presenca de inclusbes e
caracteristicas dos elementos tracos do zircdo podem ser usadas para interpretacfes quanto as

condigdes de temperatura e pressdo (Wu & Zheng, 2004).

7.2 O SISTEMA RADIOMETRICO Sm-Nd
O método radiométrico Sm-Nd baseia-se na desintegracdo do isétopo radioativo *’Sm

no isdtopo radiogénico *3Nd, através da emissdo espontanea de uma particula alfa a com



19

meia vida de 106 Ga. A constante de desintegracio do #’Sm é igual a 6,54 x 10*?/ano
(DePaolo, 1988).

O par Sm e Nd pertence ao grupo dos Elementos Terras Rara que séo caracterizados
por possuirem propriedades fisicas e quimicas muito semelhantes devido & sua configuragao
eletronica diferir apenas no orbital “f”. Os cations trivalentes com configuracgéo eletronica 4f2
e 4%, do Neodimio e do Samario, respectivamente, explicam seu comportamento geoquimico
semelhante. A principal diferenca, fisicamente, reside no raio iénico, que no Nd®* é de 1,08 A
e no Sm®* é de 1,04 A, que é responsavel pelo fracionamento destes elementos nos processos
de diferenciacdo magmatica e cristalizagdo fracionada.

A grande resisténcia do Sm e do Nd a abertura de sua estrutura e sua elevada
estabilidade quimica os credencia como um dos melhores pares geocronometricos, e 0
neodimio, em particular, como um dos melhores tracadores isotOpicos em materiais
geoldgicos.

A idade modelo é calculada para estimar o tempo em que uma amostra teve
composicdo isotopica similar aquela de sua fonte (DePaolo, 1981; DePaolo, 1988; Arndt &
Goldstein, 1987). De forma que, é realizada uma comparacéo entre os resultados isotopicos
obtidos para rochas crustais com o0s modelos de evolugdo isotdpica dos provaveis
reservatorios fontes dessas rochas (DePaolo, 1981; 1988). Sendo, portanto, a idade modelo,
utilizada para determinar a época em que o protolito crustal de uma rocha se separou do
manto (DePaolo & Wasserburg, 1976; Faure, 1986; DePaolo, 1981; 1988; Dickin, 1995).

]I )
T+ 1
|

Onde: “h” sdo as razdes medidas na amostra hoje ¢ “DM” (Depleted Mantle) refere-se
ao reservatdrio mantélico empobrecido.

A idade modelo Nd-Tpwm) é relativa ao reservatorio mantélico empobrecido e
corresponde ao tempo decorrido desse a geracao das rochas a partir de uma magma com razao
13Nd/*4Nd equivalente a0 manto empobrecido. O DM se refere & porgdo mantélica que se
comporta como residuo dos processos de fusdo parcial no manto que geram a crosta
continental. Nesse processo 0 Nd se enriquece no magma silicatico em relacdo ao Sm por ser

um pouco mais incompativel. Consequentemente, 0 magma produzido apresenta uma razédo
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Sm/Nd menor do que a fonte, enquanto o residuo resultante da fusdo apresenta uma razao
Sm/Nd maior que a fonte. Portanto 0 manto empobrecido evolui com razdo Sm/Nd mais alta e
a crosta com razdo Sm/Nd mais baixa. Essas idades podem coincidir com eventos
orogenéticos suficientemente documentados em uma determinada regido e, nesse caso, podem
ser interpretadas com tempo de diferenciagdo manto-crosta. Segundo Pachett (1992), como
ocorre no caso das rochas igneas de derivacdo mantélica juvenil no Paleoproterozoico.
Entretanto, se a idade modelo Nd-Tpowm ndo coincidir com nenhum evento orogénico
conhecido, nesse caso interpreta-se como idade média resultante de mistura de fontes (Arndt e
Goldstein, 1987).

A razdo Nd/***Nd de uma rocha no tempo (t) de sua cristalizacdo, geralmente
determinado pelo método U-Pb em zircdo, fornece, a partir do calculo do parametro épsilon
de neodimio (Endw) informacBes acerca da fonte que originou essa rocha (DePaolo1981,
1988; Faure, 1986).

Para rochas pré-cambrianas, valores positivos de Endt) geralmente sdo indicativos de
gue na época de sua formacédo a fonte magmatica possuia razdéo Sm/Nd mais elevada do que
aquela calculada para os condritos, sendo, por consequéncia, de origem mantélica. Valores
calculados de Engqy negativos, indicam que durante a formacgdo da rocha a fonte magmatica
possuia uma razdo **3Nd/***Nd menor que a dos condritos, evidenciando que essa fonte teve
origem crustal. Os valores de Enq(t) S840 diretamente proporcionais a contribuicdo crustal, logo,
quanto maior for a participacdo de material juvenil no processo de formagao das rochas, mais

negativo serdo o valor de Enq( (DePaolo, 1988).

<14—3Nd> (143Nd>
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Em casos onde duas fontes (manto-crosta) participam da formagdo de uma rocha, os
valores de Enq(y flutuam entre valores positivos e negativos, sendo proporcionais ao grau de
participagdo dessas fontes. Nesse caso, a interpretacdo da idade modelo é complexa e
representa um modelo de mistura de fontes.

Sato e Tassinari (1997) comentam que durante a formacdo de rochas que possuem

grandes quantidades de minerais acessorios como allanita ou granada, estas podem sofrer um
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fracionamento da razdo Sm/Nd, sendo que na allanita ocorre uma diminuicao significativa da
razdo Sm/Nd. Nesses casos, 0s dados Sm-Nd ndo poderdo ser utilizados para calculos de
idade Tpwm, segundo a evolucdo de Nd em estagio Unico, uma vez que, essas rochas sofreram
fracionamento apés a separagdo do magma mantélico para a crosta.

Se forem conhecidas as idades de cristalizacdo da rocha, pelo método U-Pb em zircéo,
e a razdo *'Sm/**Nd, que pode ser estimada tomando-se um valor médio de varias
determinacdes na regifo, o modelo de evolucio em estagio duplo de *3Nd/***Nd em funcéo
do tempo geoldgico poderd minimizar o erro ocasionado por problemas de fracionamento na
obtencéo da idade Tpwm) (Sato &Tassinari 1997).

7.3 O SISTEMA RADIOMETRICO Lu-Hf

O sistema Lutécio-Hafnio (Lu-Hf) consiste no decaimento do isdtopo 1"®Lu através da
emissdo de uma particula B para o is6topo radiogénico 1°Hf. A taxa de decaimento A do 1"®Lu
para Y8Hf é de 1,867 + 0,07 x 10"*t.ano (Soderlund et al. 2004) e meia vida de 3,71 x 10*
anos (Scherer et al. 2001).

O elemento Lutécio faz parte da familia dos lantanideos, pertencendo ao grupo dos
Elementos Terras Raras (ETR) e apresenta dois is6topos, 1°Lu estavel e o Y°Lu radioativo,
com abundancias respectivas de 97,4% e 2,6%. O *"®Lu apresenta dois tipos de decaimento, o
primeiro ocorre a partir da emissio de uma particula p para ®°Hf e 0 segundo ocorre por
captura de elétrons para o istopo 17®Yb, sendo este Gltimo em quantidade que pode ser
desconsiderada em célculos de idade.

O Hf por sua vez € um elemento litéfilo que pertence a familia IVB da tabela periodica
e ao grupo dos Elementos de alto Potencial 16nico (HFSE - High Field Strengh Elements). O
Hf possui seis isotopos naturais "#Hf (0,16%), 1°Hf (5,2%), Y'"Hf (18,6%), 18Hf (27,1%),
19Hf (13,74%) e 8°Hf (35,2%), sendo o 1"®Hf o Gnico radiogénico.

Quando associada a metodologia U-Pb em zircdo o método possibilita a caracterizagdo
isotopica do magma hospedeiro do qual esse zircdo se cristalizou, além disso quando aplicada
a diferentes zircGes de uma mesma populacdo, as diferentes assinaturas de Hf permitem
caracterizar processos magmaticos durante a evolucéo crustal da regides fontes (Gerdes e Zeh,
2006; Zeh et al. 2007; Vervoot, 2014).

Patchett e Tatsumoto (1980; 1981) foram os responsaveis pelas primeiras aplicacGes
sistematicas desse método no &mbito das geociéncias, usando a metodologia de ionizacdo

térmica por espectrometria de massa (TIMS - Thermal lonization Mass Spectrometry) para
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medir as abundancias desses isotopos. Somente na ultima década com avango das técnicas
aplicadas a utilizacdo de espectrometria de massa de fonte ICP com ablacéo a laser (LA-1CP-
MS) se tornou o principal método para analises de isétopos de Hf (Vervoot, 2014).

O zircdo é o mineral mais utilizado para as analises no sistema Lu-Hf, assim como
para o U-Pb, decorrente de uma combinacdo de caracteristicas fisico-quimicas associada a sua
capacidade de hospedar altas concentracbes de elementos traco em sua estrutura cristalina
(Kinny e Maas 2003, Woodhead et al. 2004). Outro fator que deve ser levado em
consideracdo é o alto contetdo de Hf (~1%) presente nesse mineral que, por sua vez, ndo
sofre mudangas em decorréncia de processos como alteracdo e/ou metamitizacéo (Gerdes e
Zeh, 2009). Além disso, trata-se de um mineral acessério amplamente distribuido em uma
grande variedade de rochas igneas, metamorficas e sedimentares.

O método isotépico Lu-Hf é utilizado para estudar o processo de diferenciacdo da
Terra Silicatada (BSE - Bulk Silicate Earth) que leva ao processo de formacgédo do sistema
manto-crosta. A sistematica € muito similar ao par Sm-Nd, porém existem algumas diferencas
fundamentais entre os métodos que devem ser levadas em consideracdo. Primeiro, o par Sm-
Nd envolve dois Elementos Terra Rara com caracteristicas quimicas similares. O par Lu-Hf,
no entanto, é composto, respectivamente por um ETR pesado e um HFSE, o que implica em
comportamentos geoquimicos distintos entre esses elementos durante a evolugdo manto-
crosta. O Hf é mais incompativel que o Lu, entdo, durante o processo de fusdo parcial no
manto a crosta se enriquece, relativamente, em Hf e se empobrece em Lu, de mesmo modo
gue o manto se enriquece em Lu em relacdo ao Hf. Portanto, enquanto a crosta possui uma
razdo Lu/Hf menor que do reservatoério condritico uniforme (CHUR), a razdo Lu/Hf no manto
empobrecido (Depleted Mantle) se comporta de maneira inversa.

Assim como para outros sistemas isotopicos os valores dos desvios da razdo

176Hf/1""Hf do CHUR de uma amostra s&o indicados a partir da notacao épsilon eHf).

Col
EHF(t) = 176Hfartn05tm —1|x10* (4)
(177Hf>

O método Lu-Hf, permite que, a partir de cristais individuais de zircdo, com idades de
cristalizacdo conhecidas, idades modelo Hf-Tpm sejam calculadas em estagio duplo (two-

stage Hf model ages) (Nebel-Jacobsen et al. 2005), também denominada idade modelo crustal
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(Hf-Tom®), que representa o Gltimo momento em que o Hf contido no sistema esteve em
equilibrio isotopico com um reservatorio de manto empobrecido até ser incorporado pelo
zircdo.

Dessa forma o calculo da idade modelo Hf-Tpm® é dado pela equacao:

( [ 1765 h <176Hf>h ‘n
TSy = e xIn<1+ TH amostra_ THS DM
DM — 1

(176Lu> <176Lu>

177 “\177

H H J
f crustal s DM

d (5)

1000

Onde, “h” sdo as razdoes medidas na amostra hoje ¢ no “DM” e “t” a idade de
cristalizagdo U-Pb do zircdo em milhdes de anos.

Portanto, as idades Hf-Tpm®

podem fornecer importantes informagbes sobre a
formacdo de dominios crustais, principalmente em areas intensamente retrabalhadas onde

somente os zircBes sobreviveram a evolucdo geoldgica complexa (Nebel et al. 2007).

8. MATERIAL E METODOS

Neste topico serdo apresentados o material e os procedimentos analiticos utilizados
para o desenvolvimento da presente dissertacao.
8.1 AMOSTRAGEM

A coleta de amostras ocorreu durante a etapa de campo realizada entre os dias 16 e 22
de novembro de 2016. Para essa dissertacdo foram coletadas seis amostras em afloramentos
proximos a ramais ou na margem de rios. As amostras, segundo o mapa geologico de Silva et
al. (2013) referem-se as unidades Suite Intrusiva Flexal, Tonalito Papa-Vento e Granito Vila
Bom Jesus. As amostras foram analisadas pelas metodologias U-Pb e Lu-Hf em zircdo por
espectrometria de massa ICP-MS com laser ablation e Sm-Nd em rocha total por
espectrometria de masssa TIMS. A area ja dispde de dados de campo, petrogréaficos,
estruturais e geoquimicos detalhados, uma vez que trata-se da mesma area de estudo de Silva
et al. 2013).

8.2 METODOS
As cinco amostras supracitadas passaram, pelo processo de fragmentacgéo, que se deu
inicialmente no campo, onde estas sdo reduzidas ao mAaximo em seus respectivos

afloramentos. A essa etapa segue-se na Oficina de Preparacdo de Amostra (OPA) do Instituto
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de Geociéncias da UFPA, onde as amostras, ja em tamanhos menores passam pelo processo
de britagem, em dois equipamentos distintos, um britador de mandibula fixa e um movel e

posteriormente para pulverizacdo no aparelho de moagem shatterbox.

Tabela 2 - Lista de amostras e 0s respectivos procedimentos aplicados.

Amostra Litologia Unid. geoldgica | Petrografia | Geoquimica | U-Pb | Lu-Hf | Sm-Nd
S1-01 | Monzogranito | | Onalito Papa- X X X X X
Vento
SJJ-02 Sienogranito | S.I. Flexal X X X X
SJJ-03 Sienogranito | S.I. Flexal X X X X
. Granito Vila
SJJ-04 Granodiorito Bom Jesus X X X X X
sy-0p | Ortognaisse | o el X X X X X
Granodiritico
.. Granito Vila
SJJ-07 Granodiorito Bom Jesus X X X X X

8.2.1 Petrografia

Foi realizado o estudo de seis laminas delgadas, envolvendo caracterizacéo
microtextural, a analise mineraldgica e composicional, a quantificagdo modal e a classificacdo
petrografica segundo os principios de Streckeisen (1976). Os estudos foram realizados nos
laboratorios de petrografia do Instituto de Geociéncias da Universidade Federal do Para -
IG/UFPA. As fotomicrografias foram obtidas por um sistema digital integrado em LAZ-Ez da
marca Leica do Laboratério de Petrografia do Programa de P6s-Graduacdo em Geologia e
Geoquimica (PPGG) do IG/UFPA.

8.2.2 Geoquimica em rocha total

As analises de geoquimica elementar apresentadas nesta dissertacdo foram realizadas
pelo laboratorio comercial ALS Minerals em Lima, Peru. Para os elementos maiores foi
utilizada espectrometria de emissao atdmica ICP-AES e para os elementos traco foi utilizada
espectrometria de massa ICP-MS com dissolugdo das amostras em borato de litio. A
acuracidade e reprodutibilidade foram certificadas pela analise de materiais de referéncia
GRE-3, OREAS-46 e OREAS-45 e pela analise de duas amostras em duplicatas (DAC-08-11;
AB-285). Os procedimentos analiticos detalhados podem ser encontrados no site da ALS,
http://www.alsglobal.com. Foram analisadas seis amostras utilizadas para os estudos
geocronoldgicos e isotopicos (SJJ-01, SJJ-02, SJJ-03, SJJ-04, SJJ-06 e SIJ-07). Ainda, a nivel

de comparacao e enriquecimento do trabalho foram utilizadas dezoito amostras da dissertacdo

de Silva (2013), que por sua vez, foram analisadas pelo laboratorio comercial “ACME


http://www.alsglobal.com/
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Analytical Laboratories Ltda.”, assim como as desse trabalho, para determinagdo de
elementos maiores e tracos, incluindo Elementos Terras Raras (ETR) por ICP-AES e ICP-
MS, respectivamente. Os procedimentos analiticos utilizados estdo descritos em detalhes no

site http://acmelab.com/.

Os resultados obtidos foram tratados utilizando-se o software Geochemical Data

Tookit (GCDkit), versao 4.0 (disponivel em http://www.gcdkit.org/download), e
posteriormente lancados em diagramas de caracterizacdo geoguimica e geotecténica como 0s
diagramas P-Q de Debon & Le Fort (1983), AFM (Irvine & Baragar 1971), entre outros.

8.2.3 U-Pbem zircéo por ICP-MS com laser ablation

Os procedimentos analiticos a seguir foram realizados no Laboratério Para-Iso da
UFPA e encontram-se descritom em Chemale Jr. et al. (2012), Milhomem Neto et al. (2017b)
e Milhomem Neto & Lafon (2018).

Os cristais analisados foram escolhidos previamente através de imagens de
catodoluminescéncia (CL) ou elétron retroespalhado (ERE) obtidas por Microscopia
Eletronica de Varredura (MEV) no Laboratorio de Microanélises da UFPA (Lab-MEV) e no
Laboratério de Microanélises da CPRM-Belém usando, respectivamente 0s microscépios
LEO-ZEISS 1430 e EVO-ZEISS L15. Os cristais sdo escolhidos evitando feigdes como
zoneamento, inclusdes e/ou metamitizacdo. Foram analisados dez cristais para cada amostra,

com tamanhos entre 500pum e 125um

As analises de uranio e chumbo foram realizadas em um espectrometro de massa com
plasma indutivamente acoplado ICP-MS com multicoletor de alta resolucdo de marca Thermo
Finnigan modelo Neptune contendo nove coletores de Faraday e seis contadores de ions. A
microssonda a laser acoplada ao Neptune é do tipo solido Nd:YAG 213 nm modelo LSX-213
G2 da marca CETAC. Para certificacdo das leituras dos cristais & necessario que
simultaneamente sejam analisados zircdes de referéncia, nesse caso, foram utilizados os
zircOes de GJ-1 (608.5 £ 1.5 Ma; Jackson et al. 2004), 91500 (1065.4 = 0.3 Ma; Wiedenbeck
et al. 1995) e Mud Tank (732 £ 1 Ma; Black & Gulson, 1978).

Durante as analises o fluxo de Argdnio (Ar) e Hélio (He) é responsavel pelo transporte
do material de ablacdo para o ICP-MS. Para ambos, ICP-MS e o sonda laser Nd:YAG 213nm,

0s parametros analiticos estdo descritos em Milhomen Neto et al. (2017a).
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Os dados U-Pb obtidos in situ nos cristais de zircdo sdo processados em macro para
Microsoft Excel (Chemale Jr et al. 2012 modificada por Milhomem, 2017a) para tratamento
dos dados brutos e determinacdo das razdes 2°’Pb/?%Pb, 2%6Pb/238U e 297Pb/?3U e dos teores
de U, Th e Pb com as devidas correcdo de fracionamento isotopico, quimico e de interferéncia
isobérica, sendo a corregdo de Pb comum inicial feita a partir do modelo de evolucéo de
Stacey e Kramers (1975). Por fim os dados sdo processados através de software Isoplot/Ex 3.0
(Ludwig 2003) para o célculo das idades, erros analiticos e valores de mean square weighted

deviation (MSWD), os resultados sdo apresentados com desvios de 26.
8.2.4 Lu-Hf em zircéo por ICP-MS com laser ablation

A metodologia Lu-Hf em zircdo foi descrita e implementada no Laboratério Para-Iso
da UFPA por Milhomem Neto et al. (2017b). Para obter os dados de Lu-Hf, foram utilizados
0S mesmos equipamentos previamente descritos para as analises U-Pb. Os parametros
analiticos de instrumentacdo e operacdo usados para os ICP-MS e laser estdo descritos
detalhamente em Milhomen Neto et al. (2017b).

Para as analises de hafnio, como citado anteriormente, os cristais selecionados foram,
preferencialmente, aqueles com mais de 95% de concordancia nas idades U-Pb. Para este
método, € essencial que a idade U-Pb tenha sido previamente determinada na mesma area do
cristal. Dez a doze cristais concordantes e sub-concordantes foram analisados para cada
amostra. Para obter uma intensidade satisfatoria do sinal, utilizou-se um tamanho de spot de
50 um com frequéncia de 10 Hz. O tempo total de ablacdo foi de 50 segundos. A sequéncia de
andlises intercalou dez cristais de cada amostra com o zircdo de referéncia GJ-1 (Morel et al.
2008). Os dados brutos do espectrometro de massa sdo tratados planilha macro Microsoft

Excel (Milhomem Neto et al. 2018) para calcular a razdo isotopica para cada ponto analisado.

Os célculos das idades modelo em estagio-duplo e eHfy sdo feitos utilizando a
constante de decaimento 1.867x10*ano? (Scherer et al. 2001; Sonderlund et al. 2004) e
valores atuais de 0,0336 (Y5Lu/*""Hf) e 0,282785 (*"°Hf/*'"Hf) para o reservatério condritico
uniforme - CHUR (Bouvier et al. 2008) e de 0,0388 (*"°Lu/*""Hf) e 0,28325 (}"°Hf/*""Hf) e
para 0 manto empobrecido - DM (Andersen et al. 2009). Para o céalculo da idade do modelo
crustal (Tom®), uma razdo "®Lu/*""Hf de 0,015 foi assumida para o valor médio da crosta
continental (Griffin et al. 2002; 2004).
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8.2.5 Sm-Nd em rocha total por TIMS

O procedimento experimental Sm-Nd em rocha total adotado no Laboratério Para-1so
encontra-se descrito em Oliveira et al. (2008). O procedimento consiste de trés etapas:
Dissolucdo das amostras, separa¢do quimica e andlise isotdpica dos elementos Sm e Nd por
espectrometria de massa por termo-ionizagédo — TIMS.

Digestdo acida das amostras: Para a etapa de dissolugdo das amostras, sdo pesados e
misturados em cadinho de Teflon Savillex, aproximadamente 100 mg da amostra e 100 mg de
tragador misto Sm-Nd enriquecido em *Sm e **Nd, sendo posteriormente o ataque é&cido
realizado com a introdugdo de HNOs, HF e HCI no cadinho de Teflon que contem a mistura
amostra + tracador, com objetivo de recuperar os elementos terras raras (ETR), onde se
encontram os elementos Sm e Nd.

Separacdo quimica de Nd e Sm por cromatografia de troca iénica: A segunda etapa

consiste na coleta dos elementos terras raras (ETR) usando a resina cationica Biorad DOWEX
AG 50x8. Posteriormente ocorre a extracdo dos elementos Sm e Nd a partir da solucéo de
ETR’s anteriormente separada e evaporada, através das técnicas convencionais de troca
cationica em colunas de Teflon contendo resina Eichron® Ln.

Analise isotopica de Sm e Nd por espectrometria de massa TIMS: A terceira e Gltima

etapa consiste no deposito dos concentrados de Sm e Nd das amostras, que apOs a secagem
tornam a ser dissolvidos em uma solucdo de 1 ml de HNOs** e, posteriormente sdo
depositados em filamento duplo de Ta-Re.

As analises de Sm-Nd foram realizadas no espectrometro de massa Thermo Fischer
Triton Plus, instalado no Laboratério Para-Iso. Para afericdo do método e controle das
analises isotopicas no espectrdmetro de massa foram utilizados os materiais de referéncia
certificados BCR-1 (Basalto USGS), BHVO-1 e solucio La Jolla. A razdo **Nd/***Nd igual a
0,7219 é utilizada para normalizagio da razdo **Nd/***Nd, para correcdo da massa utilizando
a lei exponencial (Russell et al. 1978), e a constante de decaimento usada foi o valor revisado
por Lugmair e Marti (1978) de 6,54 x 102 ano™.

Durante as analises de Sm e Nd os brancos de quimica ndo excederam 0,1% das

concentracdes do elemento e portanto foram considerados despreziveis.
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ABSTRACT

The Tartarugalzinho sector, in central-eastern region of the Amapa state, is located at the
transition between the Paleoproterozoic Lourenco Domain, consisting mainly of granite-
greenstones terrains with some fragments of Archean rocks and the Archean Amapa Block,
defined as a continental landmass formed by Neo-Mesoarchean units (2.85-2.60 Ga) strongly
reworked in the Paleoproterozoic during the Transamazonian orogenic cycle (2.26-1.95 Ga).
U-Pb and Lu-Hf methodologies in zircon by ICP-MS with Laser Ablation, Sm-Nd whole-rock
by TIMS, associated with geochemistry and petrographic data on the granitoids aimed to
understand the granitoids petrogenesis. The obtained data permitted investigate the process of
crustal growth vs. crustal reworking in order to improve the geodynamic models during the
Paleoproterozoic in the Southeastern Guyana Shield. Two magmatic episodes were
consolidated i) a first episode, dated at ~2.18-2.15 Ga, represented by the calc-alkaline to high
calc-alkaline signature, peraluminous character rocks of the Flexal Intrusive Suite and Papa-
Vento Tonalite, with evolution involving subduction stages in magmatic arc environments
and ii) a second episode, dated at ~2.08 Ga, marked by the calc-alkaline to high-K calc-
alkaline signature, metaluminous character with affinity with syn- to post-collisional granites
rocks of the Vila Bom Jesus Granite. It is still possible to correlate these events with a
Mesorhyacian stage (2.18-2.13 Ga) related to subduction of magmatic arcs and a Neorhyacian
stage (2.08-2.02 Ga) related to post-collisionial context, respectively, proposed for the
southeastern Guiana Shield. The Archean Nd-Tpwm (2.87-2.63 Ga) and Hf-Tpm® (3.63-2.79
Ga) model ages and the negative values of endq (-2.74 to -5.43) and enrq (-1.40 to -15.65)
indicate the mixture of juvenile Rhyacian material with an Archean crustal component in the
source of these magmas. The geochronological and geochemical data suggest that the
Transamazonian evolution of the area involves a continental magmatic arc, with crustal
assimilation, at the edge of the Archean block however a volcanic arcs context with
subsequent arc-continent collision cannot be still descarded.

Key-words: Transamazonian granitoids. U-Pb and Lu-Hf zircon geochronology. Lourenco
Domain. Guyana Shield. Amazonian Craton.
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1. INTRODUCTION

The Guyana Shield (GS), north of the Amazon Basin, is a Precambrian terrain with
more than 1.5 million km? of extension and distributed along with six countries, Colombia,
Venezuela, Guyana, Suriname, French Guyana and Brazil. It is one of the least studied
Precambrian terrain in the world due mainly to the rain forest cover and scarce access.

Since Cordani et al. (1979) several divisions have been proposed for the geotectonic
partitioning of the Amazonian Craton. Nowadays, the most accepted models are those of
Tassinari & Macambira (1999) and Santos et al. (2000; 2006) (Figure 1). Both proposals
divide the Amazonian Craton into tectonic-geochronological provinces based on
geochronological patterns, structural trends, lithological association and geodynamic
evolution.

The Transamazonas Province (Santos et al. 2000, 2006) or Maroni-Itacaitnas
Province (Tassinari & Macambira, 2004) is defined as a Paleoproterozoic mobile belt added
to an Archean nucleus (Central Amazonian Province) between 2.26 and 1.95 Ga, during the
Transamazonian Orogeny. This province consists of large extensions of Paleoproterozoic
juvenile crust with some reworked Archean remnants in its northern and southeasternmost
parts (Cordani & Brito Neves, 1982; Gibbs & Barron, 1993; Vanderhaeghe et al. 1998; Lafon
et al. 1998; Tassinari et al. 2000; Delor et al. 2003a).
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Figure 1 - Geochronological Provinces of the Amazonian Craton defined by (A) Tassinari & Macambira (2004);
(B) Santos et al. (2000; 2006).
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In northern Brazil (Amapé state and northwest of Para state), Rosa-Costa et al. (2006)
proposed a division of the province in three major tectonic domains: (1) An Archean
continental block marked by reworking of Archean crust during the Transamazonian orogeny,
namely the Amapa Archean block and the (2) Lourenco and (3) Carecuru domains,
respectively north and south of the Amapa Block, which represent Rhyacian domains

generated during the Transamazonian orogenic cycle (Figure 2).
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Figure 2 - Tectonic domains for the Amapa and northwest of Para states proposed by Rosa-Costa et al. (2006)
and Faraco (2004) with emphasis to the work area.
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The accepted geodynamic evolution model for the southeastern portion of Guyana
Shield was originally proposed by Vanderhaeghe et al. (1998). It consists of a two-stage
model which involves an early stage of crustal generation marked by the accumulation of
mantle-derived magmas and a second one marked by reworking and tectonic accretion. This
model for the Transamazonian evolution in southeastern Guyana Shield was refined based on
new geological and isotopic data mainly from French Guyana (Delor et al. 2003a), Suriname
(Delor et al. 2003b; DeRoever et al. 2003) and from the Paleoproterozoic and Archean
domains in Northern Brazil (Rosa-Costa et al. 2006).

The Amapé Block is formed by a granulitic-migmatitic-gneiss association of Meso- to
Neoarchean age (2.85-2.60 Ga) that during the Transamazonian orogeny was submitted to
high grade metamorphism, deformation and granitic magmatism. Two main magmatic events
were dated, the first one between 2.85-2.79 Ga and the second between 2.65-2.60 Ga (Avelar
et al. 2003; Rosa-Costa et al. 2006), with isolated ages of 3.32 and 3.49 Ga (Klein et al. 2003;
Rosa-Costa et al. 2014) indicating Paleoarchean remnants. The Nd-Tom model ages for the
basement rocks demonstrate that continental crust formation in the Amapa Block is related to
Paleo-Mesoarchean episodes of crustal growth whereas the Neoarchean is marked by crustal
reworking (Avelar, 2002; Avelar et al. 2003; Rosa-Costa et al. 2006, 2014; Oliveira et al.
2008; Milhomem Neto and Lafon, 2018).

The tectono-stratigraphic units that represent the Amapéa Block are oriented according
to the NW-SE regional trend and include Archean TTG-like orthogneisses (Porfirio Gneiss,
Tumucumaque and Guianense complexes), ortho and paraderived granulite gneisses
represented mainly by the Jari-Guaribas, Tartarugal Grande and Iratapuru complexes and also
charnockitic plutons belonging to the Noucuru Intrusive Suite, granitic orthogneisses (Baixo
Mapari Complex) and Neoarchean granites as Pedra do Meio Metagranitoid, Riozinho and
Anauerapucu granites. Metavolcano-sedimentary sequences (Vila Nova and Ipitinga groups)
and granitoids form a Paleoproterozoic orogenic association.

In the Lourenco Domain, the dominant lithostratigraphic units encompass a
paleoproterozoic granite-greenstone association and syn- to late collisional granite suites. The
granite-greenstone association is represented by orthogneisses and metagranitoids with
dioritic, tonalitic and granodioritic composition (Nogueira et al. 2000; Avelar, 2002; Barreto
et al. 2013) and metavolcano-sedimentary sequences. The syn- to late collisional granites
have a rounded shape and a syenogranite to monzogranite composition (Rosa-Costa et al.

2014). Archean remnants have been identified in the southern part of the domain (Avelar
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2002, Rosa-Costa et al. 2014). The evolution of the Paleoproterozoic units involves similar
stages of oceanic crust subduction followed by tectonic crustal accretion than in the French
Guyana, but the existence of a continental magmatic arc at the margin of the Archean block
has also been suggested (Barreto et al. 2013). The Archean remnants are represented by
Porfirio Gneiss, Tajaui Granulite and Pedra do Meio Metagranite. The suites of Rhyacian pre-
to tardi-orogenic plutonic bodies, in Brazil, encompass the Flexal Intrusive Suite, Papa-Vento
Tonalite, the Araguari, Tartarugal Grande, Oiapoque, Camopi complexes, the Cricou Suite
and Cunani Granite and several metavulcano-sedimentary formations, which are included in
the Serra da Lombarda and Tartarugalzinho Groups (Rosa-Costa et al. 2014).

The Carecuru Domain consists mainly of granitoids and calc-alkaline gneisses
(Carecuru Intrusive Suite) and metavulcano-sedimentary belts (Fazendinha, Treze de Maio
and Serra Cuiapocu sequences). These units, together, define a granite-greenstone association
formed between 2.19-2.14 Ga (Rosa-Costa et al. 2006; Milhomem Neto & Lafon, 2018b). In
addition, several granite plutons occur (Paru granite and Parintins Intrusive Suite) with ages
between 2.10-2.03 Ga are related to syn- to post-collisional orogenic stages. The available
isotopic Nd data and the presence of Archean inherited zircon in the granitoids are indications
of the Archean continental sources to the granitoid from the Carecuru Domain (Rosa-Costa et
al. 2006). The Archean crustal remnants include granulite gneisses from the Ananai Complex.

Many studies realized in Amapéa and French Guyana (Vanderhaeghe et al. 1998; Ricci
et al. 2001; Vasquez and Lafon, 2001; Avelar, 2002; Pimentel et al. 2002; Delor et al. 2003;
Rosa-Costa et al. 2003, 2006, 2014; Vasquez, 2006; Kroonenberg et al. 2016; Milhomem
Neto et al. 2017; Milhomem Neto & Lafon, 2019) improved significantly the geological
knowledge of the southeastern Guyana Shield. However, the lack of robust geochronological
data (U-Pb zircon LA-ICP-MS and/or SHRIMP dating) in the Amapa state, mainly in
granitoids, make difficult to unravel the geotectonic setting and chronology of the magmatic
and metamorphic events during the Transamazonian orogenesis and the relationships between
the Paleoproterozoic domains and the Archean block.

The studied area is located in the central part of the Amapa state, northern Brazil,
more specifically in the Tartarugalzinho region. This area corresponds to the southern limit of
the Paleoproterozoic Lourenco Domain with the southernmost Archean Amapa Block.
Barreto et al. (2013), supported by Pb-Pb zircon and Sm-Nd whole-rock geochronology and
geochemical data on Central Amapa granitoids, suggest a protracted episode of crustal growth

during the Neorhyacian, predominantly driven by magmatic arc accretion during, at least, 160
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Ma, along the period of 2.26-2.10 Ga, followed by a younger magmatic episode of crustal
reworking between 2.08 and 2.02 Ga.

Therefore, the main objective of this paper is to elucidate the stratigraphic of
Transamazonian granitoids at the transition between the Archean and Paleoproterozoic
domains based on new zircon U-Pb data obtained by Inductively Coupled Plasma mass
spectrometry with laser ablation (LA-ICP-MS) and elemental geochemistry, aiming to
improve the knowledge of the geodynamic evolution of this portion of the Transamazonas
Province.

In addition, the paper aims to discuss crustal growth versus reworking processes
during the Paleoproterozoic through Sm-Nd in whole-rock and Lu-Hf in zircon isotopic

signatures by ICP-MS or TIMS and by ICP-MS with laser ablation, respectively.

2. GEOLOGICAL SETTING

According to the lithostratigraphic setting proposed by Rosa-Costa et al. (2014) the
Lourenco Domain extends throughout the northern portion of the Amapa state towards French
Guyana and can be divided into large lithological associations that are: Reworked Archean
fragments, Metavulcano-sedimentary sequences, Orogenic magmatism, Syn- to late orogenic
magmatism, Mafic magmatism, and Phanerozoic sedimentary cover. Only the units present in

the study area, in the southern part of the Lourengco Domain will be depicted hereafter.

2.1 REWORKED ARCHEAN FRAGMENTS

The oldest Archean fragment consists of the Porfirio Gneiss, it is an elongated body
according to a NW-SE trend, represented by biotite-gneisses of granodioritic to tonalitic
composition metamorphosed in amphibolite facies and with evidence of migmatization (Rosa-
Costa et al. 2014). A crystallization age for the igneous protolith of 3185 + 10 Ma was
obtained by LA-ICP-MS U-Pb zircon dating of a tonalitic gneiss sample with negative Enf.19)
values from —2.1 to —7.4, Hf-Tom® model ages between 3.65 Ga and 3.98 Ga and also
negative Eng.19) values of -2.4 and -3.3 and Nd-Tpm model ages of 3.38 and 3.51 Ga (Rosa-
Costa et al. 2014; Milhomem Neto & Lafon 2018). These results suggest that the
Mesoarchean precursor of the Porfirio Gneiss was produced by crustal reworking of
Eoarchean sources. A previous age of 3485 = 4 Ma obtained by Pb-evaporation in zircon
(Rosa-Costa et al. 2014) was reinterpreted as an inherited age by Milhomem Neto & Lafon
(2018).


https://www.thermofisher.com/br/pt/home/industrial/mass-spectrometry/inductively-coupled-plasma-mass-spectrometry-icp-ms.html
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The Pedra do Meio metagranitoid is an elliptical body with major axis along NW-SE.
It is composed by biotite-monzogranites, biotite-granodiorites, leucogranites, K-feldspar
quartz-monzodiorite, with charnockite outcropping in the central portion of the body. Rosa-
Costa et al. (2014) dated a charnockitic sample with an U-Pb crystallization age of 2592 + 22
Ma. A negative Eng(2.506s) Value of -11.14 and a Nd-Tpm model age of 3.21 Ga were found for
the same sample.

The body defined with Indiscriminate Gnaiss is defined by Silva et al. (2013). It is an
unmapped Archean unit on larger scales, with occurrence detected through the interpretation
of remote sensor products.

2.2 TRANSAMAZONIAN OROGENIC ASSOCIATIONS
The metavolcanosedimentary sequences and several granite suites associations from

pre-collision and syn- to post-collision environments are described below.

Metavulcano-sedimentary sequences

The Vila Nova Group was initially proposed by Lima et al. (1974) to designate, in
Brazilian territory, metavulcano-sedimentary bands that have characteristics similar to the
greenstone belts, with representatives throughout the northern portion of the Guyana Shield.
Ricci et al. (2001) restricts the use of the term only to the sequence extending over the NW-
SE strip, which extends over 350 km, extending from the northwestern Serra do
Tumucumaque to the Serra do Navio, to the southeastern extremity of the Amazon Basin.
There are quartzites and quartz conglomerates, amphibolites, biotite garnet shales,
amphibolytic shales, manganese and quartzite granatiferous carbonate rocks, and the presence
of banded ferrous formations (Barbosa & Chaves, 2015).

The obtained ages for these sequences range from 2.26 to 2.11 Ga (Gibbs &
Olszewski, 1982; Gibbs, 1980; Gruau et al. 1985; McReath & Faraco, 1997; Delor et al.
2003). Isotopic data provided Nd-Tpwm ages of 3.03 and 2.20 Ga (Rosa-Costa et al. 2014) and
2.8 and 2.4 Ga (Tavares, 2009), suggesting contamination of precursor magmas by Archean
components, favoring the hypothesis of formation of constructive margins in basins related to
magmatic arcs.

The Tartarugalzinho Group was defined by Rosa-Costa et al. (2014) as a supracrustal

sequence with geodynamic evolution related to a basin formed during an accretionary stage.
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The same authors suggest a subdivision into a Metamafic to metaultramafic unit and a
Metasedimentary unit.

The metamafic to metaultramafic unit is composed by biotite-actinolite-schists,
actinolite-tremolite-schists, hornblende-schists, actinolite-schists and amphibolite with
metamorphism up to amphibolite facies. This unit was previously defined by Jorge Jodo et al.
(1979) as the “Anatum Amphibolite”.

The Metasedimentary unit includes the Fé em Deus quartzite and the Tartarugalzinho
mica-schist, both defined by Jorge Jodo et al. (1979). These authors questionned the clastic
sedimentary origin of these rocks, and they suggested that the quartzite was formed by
hydrothermal alteration and metamorphism of metamafic rocks and Tartarugalzinho mica-

schist by greenschist metamorphism of acid volcanic rocks.

Pre-collisional magmatism

The Flexal Intrusive Suite was defined by Rosa-Costa et al. (2014) as a plutonic calc-
alkaline suite composed of diorite to monzogranite with frequent presence of magmatic
epidote. Zircon Pb-evaporation and U-Pb ages from 2197 + 3 Ma to 2181 + 2 Ma constrained
the magmatic episode that produced the Flexal Intrusive Suite (Avelar, 2002; Barbosa et al.
2015; Rosa-Costa et al. 2014). Nd-Tomy model ages of 2.37 and 2.67 Ga and Eng(y values of
+0.65 and -3.78, respectively, were also obtained by Avelar (2002) and Rosa-Costa et al.
(2014). Recently Milhomem Neto et al. (2017) obtained the LA-ICP-MS U-Pb zircon age of
2178 + 5 Ma for a metadiorite associated to the Tartarugalzinho Group, similar to the
previous Pb-evaporation zircon age of 2181 + 2 Ma by Avelar (2002) for the same
metadiorite. Lu-Hf isotopic analyses furnished Hf-Tpm® model ages ranging from 2.74 to 2.92
Ga and Engf.18) values between -2.9 and -0.1.

The Papa-Vento Tonalite (Jorge Jodo et al. 1979) is representative of a calc-alkaline
magmatism dated around 2.14-2.13 Ga. It encompasses gneisses, tonalites, and subordinated
diorites, granodiorites and monzogranites. Two tonalitic gneisses provided U-Pb zircon ages
of 2130 + 20 and 2136 + 7 Ma and Nd-T pm model age of 2.7 Ga with negative Enqg value of
-4.47 (Rosa-Costa et al. 2014).

Syn to late collisional magmatism
The Tartarugal Grande Complex (Rosa-Costa et al. 2014) represents a high-grade

metamorphic association. Granulites of tonalitic, granitic and granodioritic composition are
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the dominant lithotypes. Charnockite and granite bodies with preserved magmatic structures
and occasionally gabbros are associated. The complex displays a large age range between
2671 = 15 Ma and 2053 + 1 Ma (Avelar, 2002; Rosa-Costa et al. 2014) and Sm-Nd isotopic
data with Nd-T(om) model ages from 3.29 to 2.55 Ga and negative to slightly positive
Endvalues between -7.64 to +1.52 (Avelar et al. 2003; Faraco et al. 2004; Rosa-Costa et al.
2014). This geochronological dataset suggests that this unit includes rocks formed during the
Neoarchean and Rhyacian and metamorphosed during a late Transamazonian granulitic
episode (Oliveira et al. 2008). The available Sm-Nd whole-rock and Lu-Hf zircon isotopic
data point to Archean continental crustal source for most of the rocks (Avelar, 2002; Avelar et
al. 2003; Rosa-Costa et al. 2014; Milhomem Neto & Lafon, 2019).

The Vila Bom Jesus Granite designates plutons of porphyritic monzogranites (Rosa-
Costa et al. 2014). These are rocks of coarse to very thin granulation, and the phenocrysts are
formed by subautomorphs feldspars, with dimensions reaching up to 4 cm. These rocks
display a well-developed preferred orientation of feldspar phenocrysts, biotite and elongated
quartz. A data set of late Rhyacian ages of 2087 +4, 2081 + 8 and 2082 + 4 Ma (Silva et al.
2013; Rosa-Costa et al. 2014) has been proposed, but for both authors the data must be
cautiously evaluated once these are Pb-evaporation zircon ages and the whole dataset of each
sample actually show a large variation of ages. There is still no available Nd-Hf isotopic data
for the Vila Bom Jesus Granite.

Several plutons of granitoids, probably Rhyacian, cannot be yet associated with any
formal unit. Therefore, they were grouped as an undiscriminated granitoid unit (Rosa-Costa et
al. 2014). These are bodies with elliptical and irregular shapes. These are monzogranites and
syenogranites and display mylonitic foliation. Nd-T(pm) model ages of 2.9 e 2.12 Ga are
available for two distinct monzogranites plutons and no geochronological data available
(Rosa-Costa et al. 2014).

In the area, some ocorrences of of syn-kinematic granite bodies were described that
would represent a more potassic and late magmatic phase in relation to a more sodic and
earlier magmatic episode represented by the Papa-Vento Tonalite (Jorge Jodo et al. 1979). As
for the undiscriminated granites, there are no ages or isotopic data for this unit, named Cigana
Granite. Its recognition is mainly supported by the interpretation of remote sensing products
and gamma-spectrophotometric images and it is not represented in the current map (Figure 3).
Although contact relationships have not been recorded in the field, the associations between

the lithostratigraphic units suggest that the Cigana Granite may be intrusive in the Flexal
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Intrusive Suite, the Papa-Vento Tonalite and the Tartarugalzinho Group. It is not exclude that
the Cigana Granite may represent the same magmatic episode as the Vila Bom Jesus Granite

due to some petrographic and field similarities (Rosa-Costa et al. 2014).

Late to post- orogenic magmatism

The Tauari Granite was identified at north of the study region in the middle course of
the Falsino river (Rosa-Costa et al. 2014). It truncates the main NW-SE regional structures,
which indicates that this body is intrusive in the surrounding units, the Tartarugal Grande and
Araguari complexes and the Papa-Vento Tonalite. Compositionally it is a pinky syenogranite
granite, with no evidence of deformation neither intense fracturing. An average age of 2040 +
2 Ma was obtained by Pb-evaporation on zircon by Rosa-Costa et al. (2014). However, this
age must be interpreted with caution as it was determinated by only three zircon crystals. A
body that occurs in the study area has been correlated to the Tauri Granite by the
petrographic, petrological features and the occurrence mode but too small dimensions to be
include in the map.

Granitoids from the Flexal Intrusive Suite, Papa-Vento Tonalite and Vila Bom Jesus
Granite are the targets of this study. These granites bodies occur distributed throughout the
study area and adjacent regions (Figure 3). Previous geochronological and isotopic data for
these rocks are still few and limited. These data were obtained mainly through the zircon Pb-
evaporation and whole-rock Sm-Nd methodologies. A compilation of geochronological and
isotopic data for the studied units in the southern sector of the Lourengo Domain is presented
in Table 1.
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Figure 3 - Geological map of the work area with the geological units. Source: Modified from Silva et al. (2013).
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Table 1 - Available geochronological and isotopic data from Archean and Paleoproterozoic studied units from

the LourenEo Domain.

Methodology
Unit Rock type Pb-Pb¢ U-Pb2b Sm-Nd (WR) Lu-Hf Ref.
(Ma) (Ma)
Tow(Ga)  €wm Tow(Ga)  Ewry
Archean units
Porfirio Gneiss
Bt-granodioritic
gneiss 3485+ 3 3.5 +0.6 6
Tonalitic gneiss -2.1
3185 + 102 3.6t04.0 to - 7

7.4
Pedra do Meio metagranitoid
Charnockite 2592 + 222 3.2 -11.1 6
Paleoproterozoic units
Tartarugalzinho Group

Amphibolite 7.810 6
3.0-25 137
Flexal Intrusive Suite
Diorite 2181 +2 2.6 2
Quartz-Diorite 2194 + 8 5
Tonalite 2184 + 132 2.4 +0.65 6
Tonalite 2197 + 3 2.7 -3.8 6
Papa—Vento tonalite
Tonalitic gneiss 2136 £ 7° 6
Tonalitic gneiss 2130 £ 202 2.7 -4.5 6
Tartarugal Grande Complex
Gra_nulitic biotite 7610 2
gneiss 3.3-2.7 15
leucocratic 1
Neossoma 2085 & 24°
charnockitic 1
Granulite 2602 + 12°
Granulite 2125+ 4 3
to
2065+ 5
Charnoenderbites 2100+ 4 6
granulite to 2.3t025 -4.5
2078+ 4
Charnockitic 2671 + 152 6
granulite to 3.1 -4.5
2597 + 552
Indiscriminated granitoids
Monzogranite 2.9-2.1 6
Vila Bom Jesus Granite
Granodiorite 2087 +4 4
Tonalite 2081 + 7 4
Bt-monzogranite 2082 + 4 6
Tauari Granite
Syenogranite 2040 + 2 6

References: ‘Lafon et al. (2000) 2Avelar (2002); *Faraco et al. (2004); “Silva et al. (2013); °Barbosa & Chaves.
(2015); ®Rosa-Costa et al. (2014); 7 Milhomem Neto & Lafon (2018) ; 2LA-ICP-MS zircon dating; ® SHRIMP
zircon dating; ¢ TIMS Pb-evaporation zircon dating.
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3. ANALITYCAL PROCEDURES
3.1 GEOCHEMISTRY

Whole-rock geochemistry has been performed on 24 samples from the Flexal (10
samples), Papa-Vento (2 samples) and Vila Bom Jesus (12 samples) granitic suites. Eighteen
samples have been previously presented by Silva et al. (2013) and new analyses were also
performed on six samples corresponding to those dated in this paper by U-Pb zircon method (
Vila Bom Jesus Granite, Papa-Vento Tonalite and Flexal Intrusive Suite).

These new analyses were performed at the ALS Minerals laboratory in Lima, Peru.
The analytical package includes the analysis of major oxides and trace elements, including
Rare Earth Elements (REE) by inductively coupled plasma atomic emission spectrometry
(ICP-AES) and inductively coupled plasma atomic mass spectrometry (ICP-MS),
respectively. The analytical accuracy and reproducibility were ensured by the analysis of the
reference material GRE-3, OREAS-46 and OREAS-45c, chemical blanks and two sample
duplicates (DAC-08-11; AB-285). The detailed analytical procedures performed by ALS labs
are available on http://www:.alsglobal.com.

The samples from Silva et al. (2013) were analysed at the “ACME Analytical

Laboratories Ltda.”. As for the previous samples, the contents of major oxides and trace
elements, including Rare Earth Elements (REE) were determined by ICP-AES and ICP-MS,
respectively. The detailed analytical procedures performed by ACME labs are available on

http://acmelab.com/.

The geochemical results was processed by Geochemical Data Toolkit 4.1 software

(available at http://www.gcdkit.org/download) and plotted in several classificatory and

geotectonic diagrams.

3.2 GEOCHRONOLOGY AND ISOTOPE DATA
Zircon U-Pb geochronology

The U and Pb analyses were performed at Para-lso Laboratory at UFPA. Details on
the U-Pb analytical procedures can be found in Chemale Jr. et al. (2012), Milhomem Neto et
al. (2017b) and Milhomem Neto & Lafon (2018).

The analyzed crystals were previously selected by Cathodoluminescence (CL) or
Backscattering (BS) images obtained by Scanning Electron Microscopy (SEM) in the
Microanalysis Laboratory at UFPA (Lab-MEV) and at Microanalysis Laboratory at CPRM-
Belém using, respectively, a LEO-ZEISS 1430 and EVO-ZEISS L15 microscopes. The zircon


http://www.alsglobal.com/
http://acmelab.com/
http://www.gcdkit.org/download
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crystals were selected avoiding features such as, metamictization, fractures, zoning and
inclusions. Among 22 e 35 crystals between 500um and 75um were analyzed for each sample.

The analyses of U and Pb were performed in a high-resolution multi-collector Neptune
Thermo Finnigan mass spectrometer (ICP-MS) equipped with nine Faraday collectors and six
micro ion counters. The laser microprobe coupled to the Neptune mass spectrometer is a
CETAC LSX Nd: YAG 213 G2.

In order to certify the laser measurments the GJ-1 (608.5 + 1.5 Ma; Jackson et al.
2004), 91500 (1065.4 + 0.3 Ma; Wiedenbeck et al. 1995) and Mud Tank (732 = 1 Ma; Black
& Gulson, 1978) reference zircon crystals were simultaneously analyzed to insure the
reliability and reproducibility of the isotopic analyses. For both ICP-MS and Nd: YAG 213
laser devices the analytical parameters are summarized at Milhomen Neto et al. (2017a).

The in situ U-Pb raw data were processed in a Excel spreadsheet (Chemale Jr et al.
2012 modified by Milhomem Neto et al. 2017a) for correction of isotopic ratios and
uncertainties. The correction of common lead contribution was calculated using the model of
Pb isotopic evolution through time of Stacey and Kramers (1975). Finally, the data were
processed using Isoplot/Ex 3.0 software (Ludwig 2003) for age, analytical errors and mean
square weighted deviation (MSWD) calculations. The results in the Concordia diagrams are

presented with deviation of 2c.

Zircon Lu-Hf isotope analyses

The Lu-Hf zircon methodology was described and implemented at the Para-lso
Laboratory of UFPA by Milhomem Neto et al. (2017b). To obtain the Lu-Hf data, the same
equipment previously described for the U-Pb analyses was used. The instrumentation and
operating analytical parameters used for ICP-MS and Nd: YAG 213 laser are summarized in
Milhomen Neto et al. (2017b).

For the hafnium analyses, as previously mentioned, the selected crystals were,
preferably, those with more than 95% of concordance on U-Pb ages. For this method it is
essential that the U-Pb age has been previously determined in the same domain in the crystal.
Ten to twelve concordant to sub-concordant crystals were analyzed for each sample. To
obtain a satisfactory intensity of the signal, a spot size of 50 um was used with 10 Hz
frequency. The total ablation time was 50 seconds. The sequence of analyses intercalated ten
crystals of each sample with the GJ-1 reference zircon (Morel et al. 2008). The raw data from

the mass spectrometer are reduced in an in-house Excel spreadsheet (Milhomem Neto et al.
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2017a) to calculate the isotopic ratio for each analysed point. Calculations of two-stage model
ages and the enfq used decay constant of 1.867x101! year? (Scherer et al. 2001; Sonderlund
et al. 2004) present day values of 0.0336 (*®Lu/*""Hf) and 0.282785 (*"®Hf/*’"Hf) for the
chondritic uniform reservoir - CHUR (Bouvier et al. 2008), and of 0.0388 (*"®Lu/*""Hf) and
0.28325 (}"®Hf/*""Hf) for the depleted mantle — DM (Andersen et al. 2009). For crustal model
ages (Towm®) calculation, a YSLu/*""Hf ratio of 0.015 was assumed for continental crust
average value (Griffin et al. 2002; 2004).

Whole-rock Sm-Nd isotope analyses

The Sm-Nd whole-rock procedures in routine at Pard-1so Laboratory are described in
Oliveira et al. (2008). Approximately 100 mg of the sample and 100 mg of a mixed Sm-Nd
tracer, enriched in 14°Sm and *°Nd, are weighed and mixed in a Teflon Savillex vial. The acid
attack is performed introducing HNO3s, HF and HCI in successive steps in order to achieve a
total recovery of the rare earth elements (REE). The separation from other elements and
collection of REE was performed by cation exchange chromatography using the Biorad
Dowex AG 50x8 resin in HCL and HNOs. Subsequently Sm and Nd elements were extracted
by anion exchange chromatography using Eichron® Ln-Spec resin. The Sm and Nd
concentrates of each sample were subsequently deposited on Ta-Re double filament. The
isotopic analyses of Sm and Nd concentrates were performed in a Thermo Fischer Triton Plus
mass spectrometer. The BCR-1 (Basalt USGS), BHVO-1 and La Jolla reference materials
were used to control the accuracy and reproductibility of the isotopic analyses. The
18 Nd/**Nd ratio of 0.7219 was used to correct the *Nd/**Nd ratio from mass
discrimination using the exponential law (Russell et al. 1978), and the decay constant used
was 6.54 x 102 year? (Lugmair and Marti, 1978). The present-day chondritic values for Eng
calculation were *3Nd/***Nd of 0.512638 and *’Sm/***Nd of 0.1967 (Ben Othman et al.
1984). Nd model age (Nd-Tpwm) calculations the DePaolo (1981) model for a depleted mantle
evolution through time was used. Chemical blanks for Sm and Nd did not exceed 0.1% of the

element concentrations and then considered negligible.

4. RESULTS
4.1 PETROGRAPHY
The modal analyses were realized with an automatic Swift point-count with

approximately 1000 points for each thin section. Besides the six samples dated in this work
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(SSJ samples) it is also included five samples of the Flexal Intrusive Suite, one from the Papa-

Vento Tonalite and ten from the Vila Bom Jesus Granite from Silva et al. (2013). The
samples were classified according to Le Maitre (2002) Q-A-P diagram (Figure 4). The

samples of the Flexal Intrusive Suite have dioritic to tonalitic and granodioritic composition
besides two syenogranite samples. Only two samples of Papa-Vento Tonalite are available

with monzogranitic and granodioritic composition. The samples of the Vila Bom Jesus

Granite also plot within monzogranitic and granodioritic fields
For the six SJJ-samples petrographic results as the basic mineralogical composition of

the rocks, features such as texture, size of crystals, types and intensity of alteration

deformations, secondary phases and interaction between the crystals were also described
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Figure 4 - QAP diagram for plutonic rocks (Le Maitre, 2002). The samples from Silva et al. (2013) besides the

samples of this paper are ploted in the diagram

Syenogranites (SJJ-02; SJJ-03) and granodioritic orthogneiss (SJJ-06) samples of Flexal

Intrusive Suite

Samples SJJ-03 and SJJ-02 (Figure 5A-B) and SJJ-06 (Figure 5C) were classified as

syenogranites and a granodioritic orthogneiss, respectively. The syenogranites have a granular
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allotriomorphic microtextures and perthitic texture (SJJ-02) may be locally observed, and the
granodioritic orthogneiss is a foliated gray-rock with fine- to medium-grained crystals. The
orthogneiss has as inequigranular granoblastic texture. Biotite, epidote and zircon occur as
accessory minerals, plagioclase crystals have an almond shape and the milonitic foliation is
defined by the preferential parallel arrangement of the mafic minerals.

Monzogranite (SJJ-01) sample of Papa-Vento Tonalite

The sample SJJ-01 (Figure 5D) is a monzogranite. It is a whitish gray-colored rocks
with medium- to coarsed-grained crystals with biotite and amphibole. The accessory minerals
are zircon and allanite. Sericite and clay minerals are alteration products mostly of K-feldspar
and plagioclase. The rock has secondary chlorite and sericite. The presence of mimerquitic

texture (SJJ-01) may be locally described.

Granodiorite (SJJ-04) and (SJJ-07) samples of Vila Bom Jesus Granite

Samples SJJ-04 (Figure 5E) and SJJ-07 (Figure 5F) were both classified as
granodiorites. These are whitish- to greenish-gray colored rocks with medium- to coarsed-
grained crystals with biotite and amphibole. Titanite and zircon as accessory minerals. In the
granodiorite (SJJ-04) the K-feldspar is strongly altered to sericite and clay-minerals. In the
granodiorite (SJJ-07) the largest crystals of plagioclase are almond-shaped and follow the

mylonitic fabric formed by the preferential parallel arrangement of the mafic minerals.
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Figure 5 - Photomicrographs of the Flexal Intrusive Suite (SJJ-02-A; SJJ03-B; SJJ06-C), Papa-Vento Tonalite
(SJJ01-D) and Vila Bom Jesus Granite (SJJ04-E; SJJ07-F) samples. A) Syenogranite with chloritized amphibole
and intense alteration to sericite and clay minerals; B) Syenogranite with altered amphibole, mymerquitic texture
occurs locally; C) Orthogneiss with mylonite foliation and recrystallized quartz; D) Allotriomorphic texture,
fractured crystals and alteration to chlorite and sericite; E) Recrystallized quartz and intensely altered
plagioclase; F) Mylonitic fabric evidenced by mafic minerals and almond feldspar crystals. Kfs: k-feldspar; Plg:
plagioclase; Qtz: quartz; Bt: biotite; Anf: amphibole; Ept: epidote; Zr: zircon.
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4.2 GEOCHEMISTRY

The whole-rock major and trace element for the studied samples and the previous
geochemical data for the Flexal Intrusive Suite, Papa-Vento Tonalite and Vila Bom Jesus
Granite from Silva et al. (2013) that were reassessed are listed in Table 2.
4.2.1 Major Oxides

According to the diagram P=K-(N+Ca) vs. Q= (Si/3 (K+Na+2Ca/3)) from Debon and
Lefort (1983) the Flexal Intrusive Suite encompasses a large compositional range, with rocks
varying from gabbros to monzogranites. The Papa-Vento Tonalite correspond to a
monzogranite and a tonalite, and the Vila Bom Jesus Granite samples are distributed among

the fields of tonalite to monzogranite (Figure 6A).

In the SiO2 vs. K20 diagram of Peccerillo and Taylor (1976) most rocks of the Flexal
Intrusive Suite show affinity with the calc-alkaline series, while most Papa-Vento Tonalite
and Vila Bom Jesus Granite samples, show affinity with the high-K calc-alkaline series
(Figure 6B).

In the alumina saturation index diagram, A/NK (Al.O/Na;O+K20) vs. A/CNK
(Al203/CaO+Na,0+K>0) of Maniar and Piccoli (1989) the samples from Flexal Intrusive
Suite show peraluminous to metaluminous signature, while the Papa-Vento Tonalite and Bom
Jesus Granite samples are peraluminous, except for one sample of the Vila Bom Jesus
Granite, that is slightly metaluminous (Figure 6C).

In the AFM diagram of Irvine & Baragar (1971) the Flexal Intrusive Suite rocks are
preferably within the calc-alkaline field, except for one sample and the Papa-Vento Tonalite

and Vila Bom Jesus Granite samples are all in the calc-alkaline field (Figure 6D).

4.2.2 Trace elements

The multielements diagram was arranged according to Pearce et al. (1984)
standardized in relation to Ocean Rigde Granites (ORG).

The samples from all units are rich in LILE and have low concentrations of HFSE.
Typically, the rocks of all granitoid suites show high contents of Rb, Ba and Th and negative
anomalies for Ta, Nb, Zr, Y and Yb. (Figure 7A).

In the Rare Earth elements (REE) diagram normalized to the chondrite values of
Evensen et al. (1978), all granitoids display enrichment of light rare earth elements (LREE) in
relation to heavy rare earth elements (HREEs) (Figure 7B). For the Flexal Intrusive Suite

samples, the variation of REE contents is between 79.92 and 375.39 ppm with a weak Eu
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indicating a

low to moderate REE fractionation. The sum of REE contents for Papa-Vento Tonalite
samples range between 215.03 - 224.76 ppm. The (La/Yb)n ratios range from 22.86 to 48.49

and also present a weak to moderate negative anomaly of Eu (EU/Eu*)n =

0.66 - 0.83. For the

Vila Bom Jesus Granite the REE contents range between 82.75 and 296.41 ppm, with a weak

negative anomaly of Eu [(EUW/EU*)n =
fractionation degree (La/Lu)n = 7.42 to 68.51.
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Figure 6 - Classification diagrams: (A) P=K-(Na+Ca) vs. Q= (Si/3 (K+Na+2Ca/3)) diagram from Debon and
Lefort (1983); (B) SiO; vs. K,O diagram from Peccerillo and Taylor (1976); (C) Index saturation in alumina
diagram A/NK (Al;03/Na;0+K;0) vs. AICNK (Al,03/CaO+Na,0+K;0) from Maniar and Piccoli (1989); (D)
AFM diagram from Irvine & Baragar (1971).



49

Table 2 - Geochemical data from this work and Silva et al. (2013) for Flexal Intrusive Suite, Papa-Vento Tonalite and Vila Bom Jesus Granite.

(continue)

Unit Flexal Intrusive Suite Papa-Vento Tonalite
Rock type SYG MZG OTG DT GDT TON MFE TRD DT DT TON MZG
Sample SJJ-02 SJJ-03 SJJ-06 DCL-26 DCL-33 DCL-36 DCL-37 DCL-40 DCL-43A DCL-43B SJ-01 DCL-22
SiO2(%) 73.7 73.2 735 52.92 71.31 61.5 42.47 61.15 53.09 54.56 70.6 72.86
TiO2 0.17 0.21 0.34 0.88 0.22 0.67 2.33 1.26 0.95 1.3 0.42 0.22
AlOs 12.95 12.9 13.05 18.8 14.9 16.83 14.91 15.69 16.58 20.91 14 13.66
Fe203 1.58 2.05 3 9.15 2.74 6.81 16.62 6.59 9.28 5.53 3.04 2.88
FeO
MnO 0.05 0.04 0.05 0.13 0.3 0.1 0.24 0.08 0.15 0.1 0.06 0.06
MgO 0.29 0.35 0.76 3.62 0.57 2.12 5.1 2.31 5.44 1.88 0.73 0.35
CaO 131 1.36 231 7.4 2.5 5.51 10.85 5.32 9.13 8.98 2.98 131
Na20 3.66 3.62 3.2 4.13 3.47 4.18 2.66 3.56 2.82 4.61 3.82 3.38
K20 3.63 3.42 2.96 0.91 3.44 1.18 0.95 2.08 0.73 0.59 1.66 4.06
P20s 0.03 0.04 0.11 0.29 0.09 0.31 2.35 1.05 0.33 0.45 0.14 4.06
LOlI 0.63 0.7 0.5 15 0.4 0.5 1.2 0.5 1.2 0.9 0.63 0.9
Sum 98 97.9 99.8 99.73 99.94 99.71 99.68 99.59 99.7 99.81 98.1 103.74
FeOt/FeOt+MgO 0.83 0.84 0.78 0.69 0.81 0.74 0.75 0.72 0.61 0.73 0.79 1
Ba 986 1380 1415 383 1609 760 329 1108 329 216 1170 1420
Rb 1125 100.5 84.2 31.6 74.4 344 25.9 77.3 14.1 12.3 90.1 117.7
Sr 239 265 334 859.8 449.5 807.4 614.6 618.6 734.6 981.7 528 303.4
Zr 123 191 172 79.3 194.5 139.9 42.6 701.3 99 64.3 238 196.5
Nb 10.8 10.7 7.6 31.6 44 6.2 4.4 22.3 4.7 10.8 7.7 9.3
Y 21.9 374 18.8 215 5.3 21.8 23 20.9 18.9 14.2 9.3 19
Ga 19.1 18.8 20.6 21.6 17.1 211 215 18.6 14.9 21.9 225 16.5
Ta 2.9 1.7 0.7 0.4 0.1 0.4 0.6 1 0.4 0.6 11 0.8
Th 10.55 11.25 11.3 15 13.8 6.5 3.2 11.7 4.1 1.6 11.95 14.1
U 2.89 6.76 1.34 0.7 14 1.2 3.9 1.6 15 15 2.61 4
\% 19 18 46 165 26 111 230 115 230 90 42 16
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(continuation)

Unit Flexal Intrusive Suite Papa-Vento Tonalite
Rock type SYG SYG OoTG DT GDT TON MFE TRD DT DT MzG MZG
Sample SJJ-02 SJJ-03 SJJ-06 DCL-26 DCL-33 DCL-36 DCL-37 DCL-40 DCL-43A DCL-43B SJJ-01 DCL-22
Cr 10 10 10 10
Cs 0.52 0.47 1.2 0.5 0.3 0.5 13 2.2 0.7 15 3.64 0.6
Hf 3.9 5.5 45 2.4 5.7 3.8 1.2 16.6 2.9 1.2 5.7 6.3
Sn 1 1 2 1 1 1 1 1 1 1 2 1
w 117 59 81 57
La 44.4 83.8 49.2 20.5 45.8 39.4 19.4 89.1 12.2 17.8 62.5 54.2
Ce 66.6 139.5 93 45.3 65.1 67.1 46.7 165.9 28.6 35.8 98.7 99.9
Pr 7.76 14.2 10.05 6.56 7.36 8.29 6.06 18.93 3.75 4.19 10.55 10.38
Nd 27.3 52.1 34.1 27.2 23.9 30.8 32.4 73.4 18.5 20.2 37.5 333
Sm 4.63 8.08 5.5 5.4 2.96 5.4 6.46 9.19 3.58 3.35 5.42 4.89
Eu 0.68 1.29 1.04 1.7 0.9 1.94 2.5 1.98 1.31 2.08 1.26 0.93
Gd 3.79 8.06 3.91 5 2.18 4.97 6.25 7.37 3.45 3.04 3.99 3.74
Tb 0.61 1.07 0.6 0.75 0.24 0.76 0.91 0.87 0.56 0.45 0.46 0.55
Dy 3.48 6.23 3.28 3.94 0.98 4.12 4.25 3.83 3.28 2.43 2.09 3.06
Ho 0.71 1.18 0.65 0.76 0.19 0.81 1.02 0.84 0.74 0.54 0.37 0.57
Er 1.86 3.24 1.78 2.07 0.48 2.15 2.26 2.06 1.85 1.18 0.81 1.62
Tm 0.32 0.46 0.23 0.3 0.07 0.33 0.33 0.31 0.28 0.21 0.13 0.29
Yb 2.25 3.28 1.48 1.65 0.47 1.78 2.23 1.61 1.82 1.4 0.87 1.6
Lu 0.31 0.49 0.23 0.26 0.08 0.28 0.35 0.32 0.33 0.21 0.11 0.27
YREE 164.7 322.98 205.05 121.13 150.63 167.85 130.77 375.39 79.92 92.67 224.76 215.03
(Nb+2Zr|)n 1.381 0.881 0.695 59.34 27.15 24.44 11.51 108.31 17.8 24.11 0.509 1.87
Eu/Eu* 0.496 0.489 0.686 0.19 0.19 0.18 0.16 0.17 0.16 0.16 0.828 0.18
(La/Yb)n 13.32 17.24 22.44 8.39 65.77 14.94 5.87 37.35 4.52 8.58 48.49 22.86
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Unit Vila Bom Jesus Granite (continue)
Rock type GDT GDT MZG MzG GDT GDT MZG MzG GDT MZG MzG MzG
Sample SJJ-04 SJJ-07 DCL-07 DCL-09 DCL-11 DCL-12 DCL-14 DCL-15 DCL-21 DCL-31 DCL-47  DCL-57
SiO2(%) 72.2 65.5 73.04 70.16 69.67 71.42 69.92 71.05 68.73 70.50 70.37 70.30
TiO; 0.19 0.75 0.22 0.26 0.28 0.19 0.40 0.36 0.37 0.24 0.33 0.20
Al,O3 14.45 16.05 13.44 15.15 15.59 14.90 14.66 14.07 15.69 15.34 15.25 15.37
Fe203 1.91 5.61 2.63 3.08 3.35 2.46 3.54 3.70 3.23 2.70 3.35 2.75
FeO
MnO 0.04 0.10 0.04 0.05 0.05 0.04 0.04 0.05 0.05 0.05 0.06 0.05
MgO 0.55 1.71 0.70 0.71 0.74 0.54 0.65 0.58 0.65 0.72 0.60 0.68
CaO 2.09 4.12 2.09 2.47 2.83 2.50 2.22 2.21 2.59 2.50 2.83 2.53
Na20O 3.48 4.01 3.16 3.81 4.18 3.93 3.26 3.15 3.77 4.05 4.32 4.00
K20 4.01 1.99 3.66 3.36 2.56 3.12 4.36 3.73 3.74 2.99 2.15 3.09
P20s 0.06 0.26 3.66 3.36 2.56 3.12 4.36 3.73 3.74 2.99 2.15 3.09
LOI 0.87 0.43 0.70 0.60 0.40 0.60 0.50 0.70 0.70 0.60 0.40 0.70
Sum 99.9 100.5 103.3 103.01 102.21 102.82 103.91 103.33 103.26 102.68 101.81 102.76
FeOt/FeOt+MgO 0.76 0.75 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Ba 1275 994 1163 1196 1005 1127 1710 1331 1737 1030 702 1086
Rb 133 96.9 110.6 111.7 95.8 94.5 125.1 113.6 91.1 89.7 88 103.3
Sr 372 526 397.5 447.8 439 441.1 335.4 299.3 474.5 455.8 448.4 450.9
Zr 95 211 127.9 123.7 153.1 101.6 354.7 330.5 214 119.4 234.2 114.3
Nb 8.9 18 6.90 7.60 8.40 5.70 8.70 7.10 7.10 6.50 11.90 6.90
Y 22.4 34.5 9.7 9.5 26 6.5 13.7 11.5 11.5 10.3 15.6 13.9
Ga 21.7 26.1 16 17.6 18.8 17.3 17.4 17.3 19.2 18 20 18
Ta 2.4 3.6 0.50 0.50 0.70 0.40 0.40 0.20 0.50 0.40 1.60 0.60
Th 12.65 12.35 12.2 10.9 13.9 6.5 18.8 254 11.8 10.9 11.1 12.7
U 6.21 2.63 4.00 5.40 3.00 7.40 1.80 1.40 1.80 1.70 2.50 2.50
\ 26 92 29 32 36 25 36 36 31 30 30 29

Cr 10 30
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Unit Vila Bom Jesus Granite (continuation)
Rock type GDT GDT MZG MZG GDT GDT MZG MZG GDT MZG MZG MZG
Sample SJJ-04 SJJ-07 DCL-07 DCL-09 DCL-11 DCL-12 DCL-14 DCL-15 DCL-21 DCL-31 DCL-47  DCL-57
Cs 2.95 4.31 2.0 2.6 4.9 2.0 1.3 1.2 2.4 1.9 5.8 4.6
Hf 2.7 5.8 3.8 3.8 4.3 34 9.7 9.4 6.0 3.4 7.4 3.6
Sn 2 6 2 2 3 2 1 2 2 2 3 2
w 48 48
La 28.1 52.2 24.5 31 47.9 20.3 70.7 79.2 44.3 32.5 41 45.8
Ce 47.1 924 45.1 53.9 66.5 36.3 129.1 130.7 83.9 50.2 67.9 61.5
Pr 5.48 10.55 5.2 6.14 9.22 4.12 14.14 15.24 8.72 6.4 8 8.87
Nd 19.4 18 17.3 21.1 324 14 46.10 51.4 29.4 20.9 26.4 29.2
Sm 3.72 7.25 2.88 3.3 5.4 2.51 7.07 7.73 4.42 3.36 3.97 4.63
Eu 0.74 1.76 0.74 0.85 1.07 0.73 1.37 1.38 1.16 0.81 0.99 0.9
Gd 3.16 6.05 2.26 2.66 4.78 1.88 5.06 5.42 3.29 2.58 3.32 3.66
Tb 0.55 0.95 0.31 0.33 0.68 0.26 0.66 0.6 0.43 0.35 0.45 0.51
Dy 3.13 5.23 1.58 1.91 3.67 1.23 3.06 2.46 2.15 1.74 2.25 2.48
Ho 0.69 1.04 0.32 0.33 0.65 0.22 0.48 0.39 0.39 0.31 0.46 0.43
Er 2.23 3.49 0.83 0.83 1.92 0.58 1.14 0.91 0.98 0.91 1.39 1.25
Tm 0.34 0.6 0.14 0.13 0.32 0.07 0.17 0.13 0.17 0.17 0.22 0.2
Yb 2.56 4.36 0.89 0.79 1.67 0.48 0.94 0.73 1.02 0.88 1.41 1.08
Lu 0.38 0.73 0.14 0.11 0.26 0.07 0.16 0.12 0.15 0.16 0.24 0.17
YREE 117.6 204.61 102.05 123.27 176.18 82.68 279.99 296.29 180.33 121.11 157.76 160.51
(Nb+Zr)n 1.474 1.342 1.03 0.90 1.93 0.55 1.10 0.85 1.17 1.04 1.65 1.25
Eu/Eu* 0.660 0.812 0.19 0.18 0.20 0.18 0.18 0.19 0.18 0.20 0.19 0.21
(La/Yb)n 7.41 8.08 18.58 26.49 19.36 28.55 50.77 73.23 29.32 24.93 19.63 28.62




53

100

1000

10
|
T

0.1

@ Elexal Intrusive Suite R =
’ Papa-Vento Tonalite

Vila Bom Jesus Granite

——o—©

Pearce ef al. (1984) Evensen ef al. (1978)

KO  Rp Ba Th Ta Nb Ce H Zt Sm Y b la C Pr Nd Sm Eu G T Dy Ho  Er Tm % L

Figure 7 - (A) Multielement diagram arranged according to Pearce et al. (1984) standardized in relation to Ocean
Rigde Granites (ORG); (B) Chondrite-normalized pattern for Rare Earth Elements (Evensen et al. 1978).

4.2.3 Tectonic environment and magmatic sources

In the diagram Rb (ppm) vs. Y + Nb (ppm) of Pearce (1996) all, the rocks are located
in the fields of post-collision and/or volcanic arc granites (Figure 8A). In the R1 vs. R2
diagram the rocks from Flexal Intrusive Suite show affinity with a pre-plate collision to pos-
orogenic environment while the samples of the Papa-Vento Tonalite range from post-collison
to mantle fractionates according to the fields proposed by Batchelor and Bowden (1985).
Most of the Vila Bom Jesus samples are positioned in the syn-collision field (Figure 8B).

In the (Nb/Zr)n vs. Zr diagram from Thiéblemont and Tegyey (1994; Figure 9A) the
samples from Flexal Intrusive Suite show (Nb/Zr)n ratios values from 0.36 to 2.64 and plot

preferably in the subduction field.
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Figure 8 - (A) Rb versus Y + Nb tectonic setting diagram (Pearce 1996). Syn-COLG: syn-collision granites;
VAG: volcanic arc granites; WPG: within-plate granites; ORG: ocean ridge granites; Post-COLG: post-collision
granites; (B) R1 x R2 diagram with Batchelor e Bowden (1985) fields.
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The Papa-Vento Tonalite samples display (Nb/Zr)n ratios between 0.51 to 0.74 and
show affinity with the subduction-related field. For the Vila Bom Jesus Granite samples,
(Nb/Zr)n ratios are between 0.34 to 1.47. Again, the samples plot within the subduction field
except two which plots in the post-collisional field.

The Th/Yb vs. Ta/Yb diagram (Pearce, 1984) define the main geochemical reservoirs
fields. All samples plot in the calc-alkaline basalt from continental-margin arcs field, but there

is a separation between the more mafic and more felsic Flexal Intrusive Suite samples and the

other two units (Figure 9B).
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Figure 9 - (A) (Nb/Zr)n vs. Zr diagram (Thiéblemont & Tegyey 1994); Nb and Zr contents are normalized with
primordial mantle values (average of Hofmann 1988); (B) Th/Yb vs. Ta/Yb diagram from Pearce (1984) with the
geochemical reservoirs fields. WPB = oceanic within-plate, IAB-CABI (island arc basalt and calc-alkaline basalt
from island arcs), CABC = calc-alkaline basalt from continental-margin arcs.

The La/Yb vs. Th/YDb diagram indicates that the studied rocks are related to continental
margin environment, but some samples of the Flexal Suite are in the island arc field (Figure
10A). In the Rb/Zr vs. Zr diagram (Figure 10B) that relates arc maturity with geodynamic
environment, the samples fall into the field of a transition environment between the primitive
island arc/continental arc, besides two samples which are in the field of normal continental arc
(Condie, 1989).

4.3 ZIRCON U-Pb DATING AND Lu-Hf ISOTOPE DATA

Cathodoluminescence (CL) and backscattering (BSB) images were obtained for the
selected zircon crystals for U-Pb and Lu-Hf analyses (Figure 11). Zircon U-Pb and Lu-Hf
analytical data are displayed in Table 3 and Table 4, respectively, and plotted in the

Concordia (Figure 12 A-F) and €ns vs.time (Figure 13) diagrams. The analyses that presented
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high contribution of common Pb (f206 values > 0.0064) as well as highly discordant points

were not used in the age calculations and, therefore, not included in the table.
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Figure 10 - (A) Th/Yb vs. La/Yb diagram; (B) Nb vs. Rb/Zr diagram, both from Condie (1989).

Syenogranite (SJJ-02) — Flexal Intrusive Suite

From this sample, thirty-two crystals, collected from the 125-175 um granulometric
fraction, were analyzed. They are predominantly subhedral and prismatic and backscattering
images allow to observe fractures, inclusions and oscillatory zoning. Five crystals determined
a upper intercept age of 2146 + 59 Ma (Figure 12A) and a concordant age of 2166 + 15 Ma
was obtained with 2 grains and interpreted as crystallization age of the syenogranite (Figure
12A-insert).

Lu-Hf isotopic analyses were provided on five concordant zircon crystals. The
€nr2.166a) Values ranged from -5.57 to -2.12, all remaining negative, and the Hf-Tpm® model
ages between 2.86 and 3.07 Ga.

Syenogranite (SJJ-03) - Flexal Intrusive Suite

The zircons of this sample were selected from the 75-125 um granulometric fraction.
They are subhedral to anhedral pyramidal crystals. Thirty-one analyses were performed from
which nineteen yielded an upper intercept age of 2165 + 11 Ma (Figure 12B). A concordant

age of 2176 + 9 Ma (Figure 12B-insert) was obtained from seven crystals and interpreted as

crystallization age.
The crystals size does not allow perform the Lu-Hf analyses once they are to small to

hold a 50 um spot after already done U-Pb analyses.
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Granodioritic orthogneiss (SJJ-06) — Flexal Intrusive Suite

The crystals were collected from the 175-250 um granulometric fraction. They are
anhedral to subhedral strongly fractured with oscillatory zoning. Thirty-six crystals were
analyzed from which twenty-five yielded an upper intercept of 2179 + 7 Ma (Figure 12C).
The concordant zircon crystals provided a similar age of 2176 + 5 Ma (Figure 12C-insert)

considered as the crystallization age of the igneous protolith of the gneiss.

Lu-Hf isotopic analyses were provided on twelve concordant zircon crystals. The
€nr2.186a) Values ranged from -5.20 to -1.94, all remaining negative, and the Hf-Tpm® model
ages between 2.86 and 3.06 Ga.

Monzogranite (SJJ-01) — Papa-Vento Tonalite

The crystals are predominantly subhedral, prismatic, with oscillatory zoning although
some were found with fracture. They were collected from the 175-250 um granulometric
fraction. A total of thirty analyzes was performed of which fifteen allowed a upper intercept
of 2135 + 20 Ma (Figure 12D). The concordant zircon crystals provided an age of 2131 + 11
Ma (Figure 12D-insert) considered as the crystallization age.

Twelve concordant zircons were analyzed for Lu-Hf isotope determination. The
€ni2136a) Values are all negative and range from -5.36 to -1.40. The Hf-Tpm® model ages are
between 2.79 and 3.03 Ga.

Granodiorite (SJJ-04) - Vila Bom Jesus Granite

For this sample the crystals collected from the 125-175 um granulometric fraction are
euhedral, prismatic, intensely fractured, and display oscillatory zoning and inclusions.
Inherited cores were identified in some crystals.

Twenty-two crystals were analyzed from which eight yielded an upper intercept age of
2085 * 16 Ma (Figure 12E). Three inherited grains yielded an upper intercept age of 2190 +
30 Ma and one older Archean grain furnished a discordant 2°’Pb/?%Pb age of 2.82 Ga
considered as a minimum age of the inherited component (Figure 12E).

For Lu-Hf analyses eight zircons (>63% concordant) were analyzed. For the Enf and
calculations of Hf-Tpm® model age of the 15 crystal, the 2190 + 30 Ma age was used. The
E€ni20oca) Values are all negative and range from -4.38 to -10.09. The Hf-Tpm® model ages
range between 2.93 and 3.82 Ga and for the I5 crystal the E€nf.1962) Was of -6.7 and the Hf-
Tom® was 3.16 Ga.
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Granodiorite (SJJ-07) — Vila Bom Jesus Granite

Thirty crystals were analyzed from the 175-250 um granulometric fraction, these are
subhedral prismatic crystals with oscillatory zoning and weak fracturing. Twenty-eight
yielded an upper intercept of 2081+ 6 Ma (Figure 12F). The concordant zircon crystals
provided a similar age of 2078 + 8 Ma (Figure 12F-insert) that we considered as the

crystallization age of the granodiorite.
Twelve concordant zircon crystals were analyzed for Lu-Hf isotopic determination.

The Enfe.08ca) Values are strongly negative and the lowest of all the analysed samples (-15.65<

Enr.08) < -9,84). The corresponding Hf-Tpom® model ages range between 3.27 and 3.63 Ga.

4.4 Sm-Nd ISOTOPE DATA

Sm-Nd whole-rock analyses were performed on five samples of the studied units both,
the orthogneiss (SJJ-06) and the mozogranite (SJJ-03) from the Flexal Intrusive Suite, the
tonalite (SJJ-01) from Papa-Vento Tonalite and the monzogranite (SJJ-04) and tonalite (SJJ-
07) from Vila Bom Jesus Granite.

The results are displayed in the Engey vs. time diagram (Figure 14) and listed in Table
5. The values were calculated from the crystallization U-Pb ages of each sample. The data
from the Flexal Intrusive Suite showed Nd-Tpwm) model ages of 2.63 and 2.72 Ga and
negative Endey Values -2.74 to -4.34. The Papa-Vento Tonalite sample furnished a Nd-Tpwm)
model age of 2.65 Ga and a negative Engq) Value of -4.41 and the Vila Bom Jesus Granite
samples showed Nd-Tpm) model ages of 2.65 and 2.87 Ga and negative Endg) Values -2.74 to -
4.34.

Therefore, Sm-Nd whole-rock isotopic data showed Meso- to Neoarchean Nd-Tpwm)

model ages ranging from 2.63 to 2.87 Ga and negative Eng( values -3.68 to -5.43.
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Syenogranite - SJJ02 (125-180 pm)
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Figure 11 - Representative cathodoluminescence and backscattering images of the analysed zircon grains.
Continuous circles represent the U-Pb analyzed spots (25 um) and the dashed circles the Lu-Hf spots (50 um) by
LA-ICP-MS.
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Table 3 - U-Pb zircon data by LA-MC-ICP of the units. The italics data represent the analyzes not used in the age calculation. (continue)
Spot fa06® Pb Th U 207pp; 1o 206pp; 1o Rhoe  27Pb/ lo  26pp; 16 207pp/ 16 207pp/ 1o Conc.®
ID (ppm) _(ppm)  (ppm) Y (%) PU (%) 26ph¢ (%) U (abs) U (abs) ™Pb  (abs) (%)

Flexal Intrusive Suite

Syenogranite (SJJ-02)
B5 0.0004 185 16.0 34.8 046 745 119 040 089 0.74 013 0.80 2177.6 19.3 2166.7 25.8 2156.3 17.1 101.0
Gl 0.0033 14.2 7.8 34.4 023 7.44 140 040 070 050 0413 1.21 2168.7 153 21657 30.3 21629 26.1 100.3
B8 0.0037 22.1 18.0 74.6 024 712 139 039 110 0.80 0.13 0.84 2131.2 235 2126.2 295 21214 17.8 100.5
E3 0.0048 215 19.6 88.9 022 446 156 026 124 0.79 0.13 0.95 1473.0 183 17226 26.9 2041.0 19.4 72.2
B10 0.0056 17.0 17.9 62.5 029 522 140 028 081 058 013 1.14 1616.2 13.0 18559 26.0 2136.2 24.4 75.7

Syenogranite (SJJ-03)

A2 0.0048 6.8 4.7 12.8 037 758 155 040 108 0.69 014 1.12 21849 235 21820 33.9 2179.3 24.4 100.3
A8 0.0014 6.6 5.6 12.7 044 752 171 040 127 074 014 1.14 21811 27.7 21758 37.2 2170.8 24.8 100.5
D4 0.0009 11.1 75 23.9 032 756 118 040 056 0.48 014 1.04 2181.0 123 2179.7 25.7 2178.6 22.6 100.1
D7 0.0028 6.8 4.9 15.0 033 7.47 139 040 074 053 014 1.18 2166.0 16.0 2169.2 30.2 2172.2 25.6 99.7
D9 0.0054 9.9 10.9 19.5 056 750 131 040 078 0.60 0.14 1.05 21648 17.0 21727 284 2180.1 22.8 99.3
F5 0.0026 17.6 29.1 32.3 091 755 135 040 09 071 014 0.94 2178.0 20.9 21789 29.3 2179.7 20.5 99.9
G6 0.0012 12.0 10.9 23.6 047 754 132 040 085 064 014 1.01 2179.2 185 21780 28.8 2176.8 22.1 100.1
A3 0.0011 28.0 19.6 74.3 027 646 110 035 080 0.72 013 0.76 19545 15.6 20404 225 2128.3 16.2 91.8
A4 0.0058 22.7 30.9 80.8 039 393 116 022 075 065 013 0.88 1297.1 9.7 1620.1 18.8 2069.5 18.3 62.7
B4 0.0027 123 8.0 27.4 029 676 130 037 097 075 013 0.86 2030.4 19.7 2080.6 27.0 2130.6 18.3 95.3
B7 0.0050 16.5 17.5 42.0 042 7.01 100 0.38 058 058 0.13 0.82 20749 12.0 21127 21.2 2149.7 17.6 96.5
B8 0.0043 23.8 51.7 86.2 060 324 203 019 172 085 012 1.08 11246 19.4 1466.9 29.8 2004.8 21.6 56.1
C5 0.0047 276 398 1041 038 417 169 024 139 082 013 096 13757 19.2 1667.5 28.2 2057.4 19.8 66.9
E10 0.0043 28.3 496 1084 046 386 119 022 0.69 058 013 097 1296.3 9.0 1604.4 19.1 2036.6 19.7 63.7
F1 0.0040 97.0 999 2394 042 543 141 030 1.16 082 013 0.80 1702.7 19.7 1889.9 26.6 2102.3 16.9 81.0
F10 0.0011 3.1 1.9 6.8 029 737 208 039 155 0.75 014 1.38 2129.0 33.0 2157.0 44.8 2183.7 30.2 97.5
G3 0.0028 21.4 30.1 725 042 440 176 026 136 0.77 012 1.11 1470.0 20.0 17123 30.1 20229 225 72.7
H7 0.0017 15.9 15.0 36.2 042 637 130 034 086 0.66 0.13 0.97 1901.8 16.3 20279 26.3 21589 21.0 88.1
E5 0.0021 12.1 13.6 34.8 039 539 107 030 057 053 0413 0.90 1682.0 9.6 18835 20.1 21135 19.1 79.6
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Scontinuationz

207
Spot oo Pb Th U TWU ®Pb fo PO/ 1o Rho zoeg'gé I Pb/ 16 2Pb/ 16 2Pb/  1s  Conce
ID

(ppm)  (ppm) (ppm) U () U (%) (%) U (abs) **U  (abs) *®Pb  (abs) (%)
Orthogneiss (SJJ-06)
Al 0.0064 14.2 129 274 047 7.60 074 041 035 047 014 065 21935 7.7 21851 162 2177.2 14.3 100.7
F1 0.0011 259 31.7 516 062 755 063 040 035 055 014 053 21795 75 21795 13.8 21795 115 100.0
E2 0.0005 316 266 677 039 756 090 040 057 063 014 0.69 21805 124 2180.1 195 2179.7 15.1 100.0

B3 0.0062 7.5 12.1 15.1 081 751 1.01 040 039 038 014 093 21711 84 21742 220 21772 20.3 99.7
B4 0.0002 37.7 34.9 78.7 045 757 078 040 051 066 014 059 21788 11.2 21817 17.0 21844 12.8 99.7
A5 0.0002 34.8 27.1 73.5 037 750 073 040 043 059 014 059 2166.7 94 2173.3 159 21795 12.8 99.4
E5 0.0015 319 25.5 67.6 038 751 074 040 043 059 014 0.60 2163.7 94 21738 16.1 21833 13.1 99.1

F5 0.0012 192 13.8 34.7 040 752 076 040 037 049 014 066 21711 81 2176.0 165 2180.6 14.4 99.6
G6 0.0013 22.0 12.2 48.9 025 752 068 040 028 041 014 062 21754 6.2 21755 149 21757 13.6 100.0

D2 0.0035 2438 26.5 58.2 046 674 090 037 052 058 013 0.73 20142 104 2078.2 186 21423 15.7 94.0
B2 0.0036 17.4 16.9 41.9 041 591 121 033 098 081 013 0.70 18264 179 1963.0 23.7 2110.2 14.8 86.6
C3 0.0067 9.5 13.4 20.0 068 710 130 038 0.78 060 0.14 1.03 2072.7 163 21245 27.6 21751 22.5 95.3
D3 0.0021 154 5.6 35.0 0.16 692 083 038 050 057 013 0.73 20595 104 21015 186 21429 15.6 96.1
F3 0.0022 32.6 48.3 83.4 058 581 106 032 086 081 013 062 17711 152 19479 20.7 21414 13.3 82.7
J4  0.0021 39.6 79.7 96.2 083 705 065 038 029 044 014 058 20595 6.0 21178 138 217438 12.7 94.7

Papa-Vento Tonalite
Monzogranite (SJJ-01)
A2 0.0018 6.8 7.1 151 048 716 128 039 070 055 013 1.08 2125.0 149 21321 274 2139.0 23.0 99.3

A8 0.0006 10.2 9.1 21.6 042 720 118 039 062 053 013 1.00 21351 133 21362 251 2137.2 21.3 99.9
E4 0.0010 95 8.2 214 039 717 128 039 062 048 013 112 21306 132 21329 273 21351 23.9 99.8
E10 0.0025 6.4 13.1 11.8 112 715 192 039 090 047 013 170 21215 191 21299 409 21381 36.3 99.2

G10 0.0014 9.7 8.3 22.9 036 722 117 039 0.78 067 0.13 0.87 21385 16.6 21384 249 21383 18.6 100.0
A10 0.0013 183 15.2 53.4 029 504 122 030 060 049 012 1.07 16756 100 1826.6 224 20034 214 83.6
B5S 0.0009 16.3 11.9 45.1 027 615 114 035 064 056 013 094 1939.0 123 19974 227 20584 19.4 94.2

B9 0.0008 16.0 16.5 39.4 042 596 143 034 093 065 013 1.09 19017 178 1969.5 282 20414 22.2 93.2
B10 0.0006 17.4 10.5 46.8 023 549 129 032 077 060 012 1.04 17888 13.8 18988 246 2021.3 21.0 88.5
C2 0.0046 16.6 12.7 35.1 037 595 122 034 056 046 0.13 1.08 18904 106 19679 24.0 2050.3 22.2 92.2

C6 0.0012 115 8.6 26.1 033 681 104 037 047 045 013 093 20409 95 20874 21.7 2133.6 19.9 95.7
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Spot Pb Th U , 2Pb/ 16 2™Pb/ 1e 27pp/ 16 *Pb/ 16 ®Pb/ 16  XPb/ 1c Conc.®
Ja06® ThIU® 5 238 RhO® 0601 238 235 206
ID (ppm)  (ppm) (ppm) U (%) U () Pb® (%) U (abs) U (abs) Pb (abs) (%)
D2 0.0011 11.7 9.8 30.1 0.33 6.29 133 036 064 048 0.13 1.17 1964.0 12.6 2017.7 26.9 2073.2 24.3 94.7
E7 0.0044 28.6 24.2 86.1 0.28 524 121 031 053 044 0.12 1.09 17324 9.2 1858.7 22.6 2003.2 21.9 86.5
E8 0.0024 20.2 15.4 65.1 0.24 505 135 030 0.73 054 012 113 1703.0 125 1828.2 24.7 19740 22.3 86.3
F9 0.0022 16.5 30.6 56.6 0.54 541 169 032 119 071 012 119 1792.1 21.3 1886.3 31.8 1991.6 23.8 90.0

Vila Bom Jesus Granite
Granodiorite (SJJ-04)

B4 0.0043 19.7 24.3 42.3 058 633 102 035 043 042 013 092 195%.4 84 20230 20.6 20916 19.3 93.5
Cl 0.0024 4038 21.7 66.8 033 673 124 037 059 048 013 1.09 2041.0 121 2077.0 258 21129 23.1 96.6
C5 0.0005 55.0 36.2 1297 028 612 120 034 095 080 013 0.73 19057 182 1993.7 239 2086.3 15.2 91.3
D7 0.0050 429 115 1074 011 6.09 089 034 052 059 013 0.72 18945 9.9 1988.6 17.7 2087.9 15.0 90.7
D8 0.0026 84.9 874 2955 030 485 09 027 067 069 013 069 15323 102 17939 173 21131 14.6 725
G5 0.0028 56.1 529 1374 039 571 09 032 045 050 013 0.78 17917 81 19335 174 2089.0 16.2 85.8
G6 0.0020 30.6 10.8 38.2 028 661 122 037 079 065 013 093 20320 16.1 20604 251 2088.9 19.4 97.3
H2 0.0054 57.7 56.7 140.1 041 570 120 032 057 048 013 1.05 17954 103 1930.7 23.1 2079.3 21.9 86.3
H5 0.0003 514 17.9 86.8 021 1294 098 047 083 084 020 053 24920 206 26755 26.2 28173 14.9 88.5
Cc7 0.0034 827 678 2253 030 558 079 029 039 050 014 069 16622 6.5 19131 151 2197.2 15.1 75.7
F3 0.0007 15.6 12.1 34.1 036 694 121 036 070 058 014 099 2003.7 14.0 2103.2 255 22019 21.8 91.0
I5 0.0014 67.8 382 1435 027 689 086 037 042 049 014 075 20090 85 20979 18.0 2186.3 16.3 91.9

Granodiorite (SJJ-07)

A6 0.0010 938 6.9 180 038 674 241 038 223 093 013 0.91 2080.2 465 2077.3 50.1 2074.3 18.8 100.3
A8 0.0008 8.6 7.0 145 048 678 220 038 194 088 013 1.05 20825 404 20825 459 20824 21.9 100.0
B10 0.0005 16.9 253 370 069 675 112 038 070 063 013 0.88 2086.6 147 20789 233 20713 18.2 100.7
B6 0.0021 8.2 114 158 073 6.81 156 0.38 113 0.73 0.13 1.07 20869 23.6 20864 325 20859 22.3 100.0
B5 0.0046 54 5.4 112 048 684 156 038 101 065 013 1.19 20905 21.1 2090.7 326 2091.0 24.9 100.0
B1 0.0034 6.9 3.4 163 021 679 227 038 153 067 013 1.68 2082.8 31.8 20848 47.4 2086.7 35.1 99.8
B4 0.0025 7.0 5.9 153 039 675 132 038 089 067 013 0.98 2073.9 185 20789 275 20839 20.4 99.5
B3 0.0018 23.0 296 432 069 677 255 038 241 095 013 0.82 20845 50.2 20824 530 2080.3 17.1 100.2
Cl 0.0058 9.2 1.6 6.3 026 675 271 038 210 077 0.13 1.71 20845 437 2079.8 56.3 2075.2 355 100.4
C4 0.0023 8.3 9.3 213 044 682 148 038 1.08 0.73 013 1.02 2086.4 225 2089.0 31.0 20915 21.2 99.8
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d

Spot . Pb Th U e 27pp/ 16 *Pb/ 1e Rhos 20pp/ 16 ®Ph/ 16  ®Pb/ 16  P'Pb/ 1o Conc.®
D (opm) (opm) (ppm) U (%) U (%) 26ppd (%)  BU  (abs) U (abs) *Pb  (abs) (%)
E1 0.0008 25.8 52.6 47.8 1.11 6.79 114 038 073 064 013 0.88 20856 153 2084.8 23.8 2084.1 18.3 100.1
E3 0.0012 14.0 19.6 28.1 0.70 6.75 136 0.38 0.89 0.65 0.13 1.04 20711 184 20789 28.3 2086.6 21.6 99.3

E4 0.0019 9.5 5.0 20.7 0.25 6.83 151 038 102 067 013 112 20952 21.3 20894 31.6 2083.7 23.3 100.6
E7 0.0017 16.4 22.5 36.8 0.61 6.69 097 038 052 053 013 082 20686 10.7 20715 20.1 20745 17.0 99.7
G8 0.0027 6.4 6.3 13.9 0.45 6.73 114 038 0.77 068 0.13 084 20740 16.0 2076.7 23.7 2079.4 17.5 99.7
F6 0.0014 11.3 16.0 22.7 0.71 6.74 116 038 092 080 0.13 0.70 20784 19.2 20779 241 2077.3 145 100.1
G5 0.0022 6.0 2.0 12.7 0.16 6.84 137 038 115 084 0.13 0.75 20855 24.0 20915 287 20975 15.7 99.4
G6 0.0014 159 23.3 32.0 0.73 6.67 098 038 069 070 013 0.70 20619 141 20689 20.3 2075.9 145 99.3
A4 0.0047 132 9.5 25.4 0.38 6.29 264 036 247 093 013 094 19775 488 20173 53.3 2058.2 19.4 96.1
C5 0.0006 314 61.1 57.7 1.06 701 104 039 0.64 062 013 082 2137.2 13.7 21132 22.0 2090.0 17.1 102.3
D7 0.0013 26.1 49.2 50.0 0.99 7.02 098 040 049 050 013 0.85 21558 106 21141 20.7 2073.7 17.6 104.0
D1 0.0018 11.2 19.6 20.6 0.96 711 134 040 070 053 013 114 2166.1 153 21247 28.4 2085.0 23.7 103.9
E10 0.0022 26.1 63.1 73.4 0.87 429 156 025 145 093 012 059 14526 210 16918 26.4 2002.4 11.7 72.5
F3 0.0013 26.4 47.2 49.9 0.95 6.96 087 039 059 067 013 065 21272 125 21067 18.4 2086.7 135 101.9
G2 0.0010 199 24.2 41.7 0.58 725 1.02 041 077 075 013 0.67 2207.3 169 2143.0 21.8 2081.9 14.0 106.0
Gl 0.0009 279 8.2 55.2 0.15 6.62 085 037 061 071 013 0.60 20423 124 20623 17.6 20824 12,5 98.1
C9 0.0015 213 30.2 44.6 0.68 6.76 141 038 107 076 0.13 092 20746 221 2080.3 29.4 2086.0 19.3 99.5
G7 0.0021 155 23.9 28.9 0.83 6.76 127 038 100 0.78 0.13 0.79 20804 20.8 2080.3 26.5 2080.2 16.4 100.0

3 Fraction of the non-radiogenic 2%Pb in the analyzed zircon spot, where 2% = [2%6Pb/2%4Pb]c/[2%®Ph/?**Pb]s (c=common; s=sample);

®Th/U ratios and amount of Pb, Th and U (in ppm) are calculated relative to GJ-1 reference zircon;

¢ Rho is the error correlation defined as the quotient of the propagated errors of the 2%Pb/28U and the 2°’Pb/?*5U ratios;

dCorrected for mass-bias by normalising to GJ-1 reference zircon and common Pb using the model of Stacey and Kramers (1975);

¢ Degree of concordance = (2Pb/?*U age * 100)/(2°"Pb/?®Pb age) according to Horstwood et al. 2016.
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Figure 12 - Concordia diagrams (A-F) displaying zircon U-Pb results for the Paleoproterozoic granitoids
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Table 4 - Lu-Hf zircon data bz LA-MC-ICP-MS of the units. Scontinuez
Spot ID YOfATTHf +2SE T8y Hf +2SE Enro) (S HFATHI): twrp(Ma) Enry Tom (Ga) TowmC (Ga)

Flexal Intrusive Suite

Orthogneiss (SJJ-06)

Al

F1

E2

J2

B3

B4

E5

F5

G6

E7

D3
Syenogranite (5JJ-02)

B5

B8

Gl

E7

C9
Papa-Vento Tonalite
Monzogranite (SJJ-01)

A8

B9

C2

D2

E4

E10

A2

C6

c7

A4

0.281291
0.281367
0.281280
0.281353
0.281288
0.281275
0.281352
0.281313
0.281330
0.281276
0.281283

0.281352
0.281370
0.281385
0.281365
0.281388

0.281394
0.281380
0.281320
0.281352
0.281392
0.281328
0.281344
0.281348
0.281351
0.281288

0.000077
0.000072
0.000075
0.000049
0.000055
0.000052
0.000063
0.000072
0.000059
0.000074
0.000071

0.000092
0.000137
0.000140
0.000061
0.000140

0.000072
0.000060
0.000120
0.000078
0.000080
0.000070
0.000067
0.000090
0.000065
0.000053

0.000470
0.000708
0.000536
0.000696
0.000774
0.000703
0.000512
0.000873
0.000646
0.000510
0.000871

0.001365
0.001123
0.001114
0.002983
0.001235

0.000309
0.000636
0.000769
0.000649
0.000806
0.000497
0.000447
0.000843
0.000717
0.000431

0.000009
0.000028
0.000043
0.000077
0.000008
0.000070
0.000011
0.000029
0.000020
0.000012
0.000067

0.000234
0.000159
0.000139
0.000386
0.000147

0.000007
0.000022
0.000091
0.000094
0.000017
0.000011
0.000010
0.000031
0.000040
0.000017

-52.82
-50.16
-53.21
-50.65
-52.95
-53.41
-50.68
-52.04
-51.47
-53.35
-53.10

-50.69
-50.05
-49.51
-50.23
-49.41

-49.18
-49.69
-51.81
-50.66
-49.25
-51.52
-50.97
-50.80
-50.71
-52.94

0.281272
0.281337
0.281258
0.281324
0.281256
0.281245
0.281330
0.281277
0.281303
0.281255
0.281247

0.281295
0.281323
0.281339
0.281242
0.281337

0.281382
0.281354
0.281289
0.281326
0.281360
0.281308
0.281326
0.281314
0.281322
0.281270

2176
2176
2176
2176
2176
2176
2176
2176
2176
2176

2176

2166
2166
2166
2166
2166

2131
2131
2131
2131
2131
2131
2131
2131
2131
2131

-4.27
-1.94
-4.76
-2.42
-4.84
-5.20
-2.18
-4.08
-3.16
-4.85
-5.14

-3.66
-2.66
-2.12
-5.57
-2.18

-1.40
-2.39
-4.71
-3.38
-2.19
-4.03
-3.40
-3.80
-3.53
-5.36

2.67
2.59
2.69
2.60
2.70
2.71
2.59
2.67
2.63
2.69
2.71

2.65
2.61
2.59
2.75
2.59

2.52
2.56
2.65
2.60
2.56
2.62
2.60
2.62
2.61
2.67

3.00
2.85
3.03
2.88
3.03
3.06
2.87
2.99
2.93
3.04
3.05

2.96
2.89
2.86
3.07
2.86

2.79
2.85
2.99
291
2.84
2.95
291
2.94
2.92
3.03
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d

Spot ID 8§27 Hf +2SE 8 u/r T Hf +2SE EHf(0) Y6HfYTHf(t)  U/Pb Age(Ma) EHf(t)  Tom (Ga) Tom® (Ga)
Vila Bom Jesus Granite
Granodiorite (SJJ-04)

C1 0.281321 0.000106 0.001222 0.000283  -51.78 0.281273 2085 -6.68 2.68 3.07
C5 0.281377 0.000099 0.001015 0.000284  -49.78 0.281337 2085 -4.38 2.59 2.92
D8 0.281305 0.000109 0.000503 0.000036  -52.34 0.281285 2085 -6.22 2.65 3.04
F4 0.281201 0.000106 0.000635 0.000072  -56.00 0.281176 2085 -10.09 2.80 3.28
G5 0.281319 0.000133 0.001084 0.000096  -51.85 0.281276 2085 -6.55 2.68 3.06
G6 0.281252 0.000098 0.000785 0.000018  -54.22 0.281221 2085 -8.51 2.74 3.18
H2 0.281353 0.000119 0.001250 0.000219  -50.63 0.281304 2085 -5.56 2.64 3.00
15 0.281213 0.000119 0.000452 0.000091  -55.59 0.281194 2190 -6.70 2.77 3.16
H9 0.281305 0.000169 0.000886 0.000101  -52.33 0.281270 2085 -6.75 2.68 3.07
Granodiorite (SJJ-07)
B5 0.281142 0.000137 0.000695 0.000073  -58.11 0.281114 2078 -12.14 2.88 3.41
C5 0.281121 0.000097 0.000895 0.000088  -58.83 0.281086 2078 -13.14 2.92 3.47
E3 0.281061 0.000118 0.000399 0.000012  -60.98 0.281045 2078 -14.61 2.97 3.56
E7 0.281044 0.000116 0.000714 0.000066  -61.58 0.281015 2078 -15.65 3.01 3.63
F3 0.281196 0.000136 0.000443 0.000090 -56.18 0.281179 2078 -9.84 2.79 3.27
G6 0.281180 0.000080 0.000502 0.000121  -56.76 0.281160 2078 -10.51 2.82 3.31
G7 0.281095 0.000146 0.000287 0.000059  -59.77 0.281083 2078 -13.23 291 3.48
G8 0.281122 0.000157 0.000338 0.000085  -58.80 0.281109 2078 -12.33 2.88 3.42

Parameters used for calculations: A = 1.867x107! years™ (Scherer et al. 2001; Soderlund et al. 2004); 6Lu/“""Hf = 0.0336 and 178Hf/*""Hf = 0.282785 to the current value
of the CHUR (Bouvier et al. 2008); "sLu/*""Hf = 0.0388 and "5Hf/*""Hf = 0.28325 for the depleted mantle (DM) (Andersen et al. 2009); Single stage model ages in (Tom)
calculated using the ratios ®Hf/*"”Hf and 76Lu/*"’"Hf measure. Two stage model ages or crustal (Tom®) using the respective age U-Pb and a mean continental crust ratio of
16 y/r77"Hf = 0.015 (Griffin et al. 2002, 2004).
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Table 5 - Sm-Nd whole-rock isotope data by ID-TIMS for the Flexal Intrusive Suite, Papa-Vento Tonalite and Vila Bom Jesus Granite.

Unit Sm (ppm) Nd (ppm) #’Sm/***Nd 20 Nd/MNd 20 f(Sm-Nd) &ndoy  Age (Ma)'  Enaw Tom (Ga)?

Flexal Intrusive Suite

Syenogranite (SJJ-03) 5.69 32.68 0.1053 0.0029 0.511188 0.000034 -0.46 -28.3 2176 -2.74 2.63

Orthogneiss (SJJ-06) 4.38 26.24 0.1010 0.0011 0.511045 0.000033 -0.49 -31.1 2176 -4.34 2.72
Papa-Vento Tonalite

Monzogranite (SJJ-01) 5.66 37.08 0.0923 0.0011 0.510948 0.000019 -0.53 -33.0 2131 -4.41 2.65
Vila Bom Jesus Granite

Granodiorite (SJJ-04) 3.64 19.61 0.1123 0.0021 0.511292  0.000067 -0.43 -26.3 2085 -3.68 2.65

Granodiorite (SJJ-07) 9.15 44.94 0.1231 0.0037 0.511354  0.000042 -0.37 -25.0 2077 -5.43 2.87

1U-Pb ages obtained in this paper and used to calculate the Enggy parameter;
2Tpmmodel ages calculated following the evolution Nd model from DePaolo (1981).
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5. DISCUSSION
5.1 CHRONOLOGY OF THE TRANSAMAZONIAN MAGMATIC EPISODES

The crystallization ages obtained by the U-Pb method in zircon by LA-ICP-MS
showed good precision and accuracy, except for the SSJ-02 sample which furnished a poorly
confident age based on only two zircon crystals. The data allowed the recognition and
confirmation of the ages in the studied units. In addition, in the granodiorite sample (SJJ-04)
of the Vila Bom Jesus Granite, inherited components were recognized.

The studied samples come from a transition area between an Archean domain (Amapa
Block) and a Paleoproterozoic domain (Lourenco Domain), therefore the individualization of
these units by more robust methodologies is essential to build a more detailed chronology of
the Transamazonian magmatic episodes.

The syenogranite (SJJ-03) and the orthogneiss (SJJ-06) from the Flexal Intrusive
Suite, both with age around 2.18 Ga, are in agreement with the previous radiometric data
(Table 1). The results confirm that the Flexal Intrusive Suite represents a calc-alkaline
magmatic episode dated between 2.20 to 2.18 Ga, the oldest Paleoproterozoic one in the study
area. For the syenogranite (SJJ-02) the ~ 2.17 age, although precariously defined and
doubtful, is similar to the other syenogranite sample which provided a more robust age
located in the same area. Therefore, there is a syenogranitic magmatism, located between
2.18-2.12 Ga, contemporary to the Flexal Intrusive Suite, that could represent a more evolved
facies of this calcium-alkaline magmatism. Also, geochemically they do not differ so much
from the other rocks of Flexal Intrusive Suite (monzogranitic composition). Besides, it cannot
be ignored that Silva et al. (2013) associate this lithology with Cigana Granite considered

Eorhyacian, but the geochronological data obtained in this paper indicate a Mesorhyacian age.

The ages of 2.13 Ga for monzogranite (SJJ-01) from the Papa-Vento Tonalite is
similar to the age of 2136 + 7.5 Ma previously obtained by Rosa-Costa et al. (2014) for the
same unit. As previously stated, the Papa-Vento Tonalite share many characteristics with the
Flexal Intrusive Suite. However, the former episode is dated between 2.13 and 2.14 Ga, that
is, around 30-40 million years younger than the latter and they probably correspond to two
distinct magmatic events as it has been argued for the Mesorhyacian magmatism in French
Guyana (Vanderhaege et al. 1998; Delor et al. 2003). However, regarding the few available
ages for the Papa-Vento Tonalite the age gap between the Flexal Intrusive Suite and the Papa-
Vento Tonalite may be due a sampling bias and a long-lasting magmatism cannot be

definitively discarded.
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For the granodiorite (SJJ-04) belonging to the Vila Bom Jesus Granite, two Discordia
were generated, the first one from eight crystals, furnished an age of 2085 + 16 Ma that has
been interpreted as the age of crystallization of the magma. An older age of 2190 £+ 30 Ma
was calculated from three crystals and suggest that the Vila Bom Jesus granite may have been
derive from the melting of the Flexal Intrusive Suite. In addition, there is still an inherited
Mesoarchean core of 2.82 Ga (*’Pb/?%Pb age, zircon H5, Table 3), interpreted as minimum
age, once it is discordant, that is compatible with contribution of rocks from the
Tumucumaque Complex in the source of the granite. The age of 2085 Ma, toghether with the
age of 2078 Ma of the other sample (SSJ-07) and the previous Pb-evaporation ages of 2081-
2087 Ma (Silva et al. 2013; Rosa-Costa et al. 2014), confirmed the existence of a late
Transamazonian magmatic episode well constrained between 2.09-2.08 Ga.

The geochronological data obtained in this work added to the previous
geochronological results of Barreto et al. (2013) and Rosa-Costa et al. (2006, 2014) for the
southern portion of the Lourenco Domain, allow to establish the magmatic evolution of this
sector during the Transamazonian orogeny, which extended, at least, along 200 Ma from 2.26
Gato~2.02Ga.

The Eorhyacian age of 2.26 Ga of the Rio Santo Antonio Diorite associated to the Vila
Nova Group (Barreto et al. 2013) revealed the existence of an early low-K tholeitic magmatic
episode at the border of the northern part of the Amapéa Block with the Lourenco Domain. It
constitutes the earliest record of Transamazonian magmatism in this part of the Southeastern
Guyana Shield, which in turn is coeval with the magmatism of the Isle de Cayenne Series in
French Guyana (Vanderhaeghe et al. 1998).

The 2.19-2.13 Ga period has been interpreted as a Mesorhyacian subduction stage, for
both French Guyana and Paleoproterozoic domains in Amapa state, this stage consists of a
TTG-like magmatism episode. The previous geochronological data (Avelar, 2002; Rosa-Costa
et al. 2014; Barbosa et al. 2015) added to those obtained in this work allow to extend this
magmatic event of calc-alkaline to high-K calc-alkaline nature to the southernmost part of the
Lourenco Domain, around 2.20-2.13 Ga, with the emplacement of the Flexal Intrusive Suite
(2.20-2.18 Ga) and the Papa-Vento Tonalite (2.14-2.13 Ga).

A Neorhyacian collisional stage (2.11-2.08 Ga) has been considered to account for the
granitic magmatism in the northern Paleoproterozoic domain (Avelar, 2002; Delor et al.
2003b; Lafon et al. 2003, Faraco and Théveniaut, 2011) and for the high-grade metamorphic

episode dated at 2.10-2.09 Ga as well as granite magmatism of 2.10 Ga, which occur in the
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southern portion of the Amapa Block (Rosa-Costa et al. 2006, 2008a). Alternatively, Barreto
et al. (2013) suggest, based on the Araguari Complex geochemical signature, that the
subduction episode was not ended at 2.13 Ga, but may have extended, at least, up to 2.10 Ga
coeval with the collisional episode that may corresponds to arc-continent collision. Therefore,
this dataset allows inferring that the Araguari Complex can be seen as either an arc-related
magmatism or a collisional magmatism with inherited magmatic signature of arc due to the
nature of the source rocks. Moreover, this dataset point to two issues that are still unsolved: (i)
These rocks were formed during distinct magmatic events or along a single long-lasting
magmatic with several pulses? and (ii) this arc-related magmatism that started at 2.26 Ga,
with the Rio Santo Antdnio Diorite has lasted at 2.10 Ga with the formation of the Araguari
Complex or has proceeded until ~ 2.08 Ga with the formation of the Vila Bom Jesus Granite,
which displays geochemical characteristics roughly similar to the Mesorhyacian magmatism?

A collisional- post-collisional Neorhyacian (2.08-2.02 Ga) magmatic episode is also
proposed by Barreto et al. (2013) with the emplacement of the Carrapatinho and Sucuriju
Metagranites in the northern part of the Amapa block which is compatible with the end of a
subduction stage and the beginning of the collisional stage after 2.10 Ga. The
geochronological data of the Vila Bom Jesus Granite suggest that this magmatic unit is coeval
with the Carrapatinho — Sucuriju granites and belong to the same late Rhyacian episode.
Therefore, this magmatic episode is not limited to the Amapa block but occurs also

extensively in the southern Lourenco.

5.2 ISOTOPIC CONSTRAINS ON MAGMATIC SOURCES

Based on the Sm-Nd whole-rock and Lu-Hf zircon isotopic data, it was possible
discuss the existence of juvenile and crustal reworked sources for the Rhyacian granitoids in
the southern portion of the Lourengo Domain.

The first Mesorhyacian episode is represented by Flexal Intrusive Suite and Papa-
Vento Tonalite, present very similar isotopic signatures. The rocks have Nd-Tpm model ages
of 2.63 to 2.72 Ga and negative Enq( values (-1.40 to -5.83) that indicate the participation of
Archean components in the source of the Paleoproterozoic rocks. Despite the Neoarchean Nd-
Tom model ages consistently point to the participation of crustal components generated during
Neoarchean in the source of the granitoids, these Nd isotopic signatures and ages, actually
represent mixing processes between juvenile Rhyacian sources and crustal components

formed during the Mesoarchean. This statement is in agreement with the recent data presented
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by Milhomem Neto & Lafon (2019) and Lafon et al. (2019), which showed that a major
episode of crustal growth occurred in Mesoarchean while Neoarchean was dominated by
crustal reworking processes.

The Mesoarchean Hf-Tpm® (3.08 to 2.84 Ga) model ages are similar and they define a
“trend” in the Enge) versus time diagram, pointing to a source that involves juvenile material
with Archean crust assimilation, which is corroborated by the negative €nfr) values (-1.94 to -
5.20). Recently Milhomem Neto & Lafon (2019), through Hf data in zircon, defined two
episodes of crust generation for the Amapa Block, one Eoarchean (~ 4.0 Ga) and one
Mesoarchean (~3.0-3.1 Ga). The positioning of the Ens) values slightly above the boundary of
the Archean crust field defined by Milhomem Neto & Lafon (2019) may be an indication of
the Paleoproterozoic juvenile contribution (Figure 13). This Archean Nd-Hf isotope
signatures may have been acquired into the magma source by (i) contribution of sediments
with continental signature involved in the subduction zones or (ii) by assimilation of the
continental crust during the ascension of the magmas (Parra-Avila et al. 2016; Petersson et al.
2018a; Grenholm et al. 2019)
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Figure 13 - Enfgy Vs. geological time (Ga) diagram. The Enfy values were calculated using the 6Lu/*"Hf =
0,0336 and YSHf/A""Hf = 0,282785 ratios for the current CHUR value and the *"5Lu decay constant according to
Soderlund et al. (2004). The red dotted line represents an evolutive trend according to *"®Lu/*""Hf average ratio
of 0,015 intercepting the Depleted Mantle line, as well as the Archean crust field of the Amapa Block, showed
for comparative purposes (light red) are from Milhomem Neto et al. (2017) and Milhomem Neto & Lafon
(2019).
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The second episode is represented by the Vila Bom Jesus Granite. The rocks have the
oldest Nd-Tpowm (2.87 Ga) and Hf-Tpm® (3.63 Ga) model ages and the most negative Eng) (-

5.43) and Enre (-15.65) values, besides an inherited zircon with an age of 2.82 Ga, which
furnished a clear evidence that for these rocks the Archean contribution during the magma
formation was bigger than for the Flexal Intrusive Suite and Papa-Vento Tonalite. Therefore,
the assimilation or melting of Archean crust and not only a contribution of subducted
continental sediments should be evocated for the magmatic source of the Vila Bom Jesus
Granite.

The Neorhyacian (2.08 to ~2.02 Ga) Sucuriju Metagranite and Carrapatinho Granite
from northern limit of the Amapa Block also display a more peraluminous character, with

high-K to shoshonitic signature and collisional to post-collisional affinity (Barreto et al.
2013). Their Nd-Tpm model ages range between 3.00 and 2.66 Ga and the negative End)-3.67
to -11.41 corroborate with the rocks of the Vila Bom Jesus Granite (Figure 14).
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Figure 14 - Enggy vs. geological time diagram (Ga) presenting the evolutive trends for the studied samples which
caracterize the Paleoproterozoic Lourenco Domain. The grey fields represent the Nd isotopic signature of a
Paleoproterozoic crust (Rosa-Costa et al. 2006) and the Amapa block archean crust, drawing for comparations,
also the data from Barreto et al. (2013) were plotting for comparations purposes. Source: Avelar (2002), Avelar
et al. (2003), Rosa-Costa et al. (2006, 2014).
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The Neoarchean Nd-Tpm model ages and the subchondritic Enfy values repeatedly
obtained for the Transamazonian granitoids, independently of their age, suggest a mixture of
Rhyacian juvenile material with a Mesoarchean crustal material in the source of the magmas.
All Hf isotopic values, except for the Vila Bom Jesus Granite samples, are located outside the
Archean domain defined by Milhomem Neto & Lafon (2019) and Enge Vvalues also plot
systematically outside the Archean field (Figure 14), reinforcing again the mixture between
Archean crustal components and Transamazonian juvenile components. A striking aspect is
that all granites, except one of the Vila Bom Jesus Granite sample (SSJ-07), stand on the same
evolutionary line of Hf and present similar Nd model ages, suggesting a common crustal
component in the source of these granites. Sample SJJ-07 furnished Nd-Tpm model ages older
than the other granites, the only Mesoarchean one, and € values much more negative than
those of all the other investigated bodies. Together with the 2.19 and 2.82 Ga ages of inherited
zircon crystals, these Nd-Hf data suggest a magma source produced by reworking of
precocious Eotransamazonian magmatism (eg. Flexal Intrusive Suite), with a Mesoarchean
component from the Amapéa Block (eg. Tumucumaque Complex). Such magmatic source is
compatible with a post-collisional magmatism produced by reworking of rocks from
magmatic arc at the border of an Archean continental landmass, as already indicated by Rosa-
Costa et al. (2014) and Milhomem Neto et al. (2017) for the southern/southeastern portion of
the Lourenco Domain.This finding also corroborate to the interpretations of Avelar (2002)
and Avelar et al. (2003), which indicate the participation of Archean crustal components in
the formation of the Paleoproterozoic granitoids of the region called by those authors as
"transition domain" between the juvenile Paleoproterozoic domains and the Amapa Archean

block approximately coincident with the geographic limits of the Louren¢co Domain.

5.3 GEODYNAMICAL IMPLICATIONS

At the scale of the southeastern Guyana Shield, the magmatic evolution of the
southern sector of the Lourengo Domain can be correlate with the geodynamic stages from the
model of Transamazonian evolution proposed by Vanderhaeghe et al. (1998), Delor et al.
(2003a) and Theéveniaut et al. (2006), which is based on U-Pb and Pb-Pb zircon data, whole
rock Sm-Nd analyses and, for the first two, structural and metamorphic features, mainly from
the French Guyana. In this model, the periods of 2.18-2.13 Ga and 2.11-2.08 Ga have been
interpreted as corresponding to a stage of Mesorhyacian subduction and a Neorhyacian
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collisional stage, respectively. Delor et al. (2003b) defined a four geodynamical stages
evolution:

A first Eorhyacian stage between 2.26 and 2.20 Ga corresponds to the formation of
juvenile oceanic crust due to the divergence of two contiguous continental landmasses,
represented probably by Archean West African and East Amazonian plates.This stage is
recognized in the south of the Lourenco Domain with the of the Rio Santo Antbnio Diorite
associated to the Vila Nova Group and emplaced in a back-arc context.

A second Mesorhyacian stage whith age interval from 2.19 to 2.13 Ga is characterized
by accretion of calc-alkaline magma and development of metavulcanosedimentary sequences
in island arc system. In this stage two diachronic pulses of TTG magmatism may have
happened, one between 2.18-2.16 Ga and a younger between 2.15-2.13 Ga. The dataset
obtained for the Flexal Intrusive Suite, the oldest unit here dated (~ 2.18-2.16 Ga) as well as
for the Papa-Vento Tonalite (2.14-2.13 Ga) reaffirm the existence of two medium-K calc-
alkaline magmatic associations, therefore associated to this stage in the south of the Lourenco
Domain. The geochemical data (calc-alkaline to high-K calc-alkaline and peraluminous
signature, Nb and Ta negative anomalies, weak fractionation of REE and slight negative Eu
anomaly), indicate affinity with magmatic arc close to a continental landmass as revealed by
the participation of crustal components in the source of the magmas.

A Neorhyacian stage between 2.11-2.08 Ga marks the end of the accretionary stage
and the onset of a collisional episode in the south of the Lourengo Domain. Simultaneously,
this event is marked in the north of the Louren¢co Domain and French Guyana by transcurrent
regime accompanied by migmatization of the TTG-type granites under lower to moderated
metamorphism conditions, emplacement of granites related to crustal reworking and the
development of pull-apart basins occur. Additionally, a Mg-K magmatism associated with
this stage is interpreted as the effect of thermal disturbances in the mantle (Martin and Moyen,
2002). This stage may have occurred as a series of complex collisions between arcs
justaposed to the continental landmass, as describe for the Birimian orogenic system in the
West African Craton (Grenholm et al. 2019).

One important question which remains open is whether the geodynamical context in
question for the south Lourenco Domain involves volcanic arc accretion and collision as a
extension of the Mesorhyacian geodynamic context proposed by Vanderhaeghe et al. (1998)
and Delor et al. (2003a) for French Guyana, and at a larger scale for the Transamazonian —

Eburnean terranes in the Amazon and West African cratons (Grenholm et al. 2019, Grenholm,
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2019) or also includes a continental magmatic arc developed on the edge of the Archean block
as suggested by Rosa-Costa et al. (2014, 2017) for the Carecuru Domain and by Egal et al.
(2002) for the transition zone between Archean/Paleoproterozoic along the western border of
the Archean Kenema-Man domain. The arguments that deserve this assumption are (1) the
vicinity of an Archean continental landmass, (2) the Continental margin arc geochemical
signature of magmatism for the Flexal, Papa Vento and Vila Bom Jesus suites in the La/Yb
vs. Th/Yb, Rb/Zr vs. Nb and Th/Yb vs. Ta/Yb diagrams (Pearce, 1984; Condie, 1989); (3) the
Nd-Hf isotopic signature that point to assimilation of large amount of Archean material in the
source of the magmatic rocks or melting of Archean continental crust. On the other hand, the
lack of volcano-sedimentary sequences and the lack of metamorphic association, typical of
continental active margin environment prevent a definitive interpretation of Meso- to
Neorhyacian magmatism the south Lourenco Domain as generated in a Continental arc
context.

Another critical point is the fact that the rocks of the Vila Bom Jesus Granite suite (~
2.08 Ga) display a calc-alkaline to calc-alkaline with high-K signature and per- to
metaluminous character, with negative anomalies of Nb and Ta, weak REE fractionation and
slight negative anomalies of Eu, showing affinity with both syn- to post-collision granites in
subduction environment. The geochemical data and the ages obtained are compatible with the
final stages of subduction and the beginning of the collisional stage, which has been proposed
for the southernmost portion of the Guyana Shield. The argument is still compatible with
proposed by Nomade et al. (2003) that assumes, through paleomagnetic data, that the
continental masses of West African and Eastern Amazonian cratons after 2.02 Ga belong to
the same block. Delor et al. (2003b) have already dated, in northern portion of French
Guyana, this late magmatic episode between 2.08 and 2.06 Ga. Hf-Nd negative values for
€(Hn-(Na), associated with Hf-Tpm® and Nd-Tpm model ages and the presence of inherited
Archean zircon (*Pb/?’Pb = 2.82 Ga) indicate that the Vila Bom Jesus Granite rocks were
formed in a fully continental environment as previously proposed by Barreto et al. (2013).

Globally, the existence of the contiguous Archean continental landmass, the Archean
Hf and Nd isotopic signatures that dominate for the Rhyacian magmatic rocks of the southern
part of the Lourenco Domain and which extend to magmatic units in the northern Lourengo
Domain, together with the occurrence of Archean inherited component in zircon and the
presence of Archean crustal fragments argue for a volcanic arc context followed by arc-

continent collision in this sector of the southern Guyana Shield. However, a continental
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magmatic arc environment cannot be ruled out (Avelar 2002; Barreto et al. 2013; Rosa-Costa
et al. 2014; Milhomem Neto and Lafon 2018b; Lafon et al. 2019).

6. CONCLUDING REMARKS

The geochronological, isotopic, geochemical and petrographic dataset obtained in this
paper, together with the previous results available for the granitoids of the southern Lourengo
Domain, allowed important advances for the chronology of the magmatic episodes during the
Transamazonian orogeny, as well as for the understanding of the geodynamic evolution of

this sector of the Southeastern Guyana Shield.

From the U-Pb zircon data by ICP-MS with laser ablation, together with previous U-
Pb and Pb-Pb zircon dataset, it was possible to consolidate the stratigraphic geochronological
positioning of the Transamazonian granitogenesis in the southern part of the Paleoproterozoic
Lourenco Domain. Three magmatic units were identified, Flexal Intrusive Suite (~2.20-2.17
Ga), Papa-Vento Tonalite (~2.14-2.13 Ga) and Vila Bom Jesus Granite (~2.09-2.08 Ga). The
geochronological data also allowed to include these granitoids within the Mesorhyacian (2.20-
2.13 Ga) and the Neorhyacian (2.08-2.02 Ga) magmatic episodes, in addition to the
Eorhyacian episode (~2.26 Ga), previously proposed by Barreto et al. (2013) and Rosa-Costa
et al. (2014, 2017) for the southeastern sector of the Lourenco Domain. At the scale of the
southeastern Guyana Shield the Paleoproterozoic granitoids of the Flexal Intrusive Suite and
the Papa-Vento Tonalite can be associated to Mesorhyacian stage of magmatic arc formation
(2.18-2.13 Ga) and the Vila Bom Jesus Granite can be related the Neorhyacian stage (2.10-
2.06 Ga) that marked the final stages of subduction and the beginning of a collisional stage of
tectonic accretion as proposed by Vanderhaeghe et al. (1998) and Delor et al. (2003a, b) for

French Guyana.

The geochemical data point to the existence of two distinct groups of rocks. The first
episode is represented by Flexal Intrusive Suite and Papa-Vento Tonalite, once both occurs in
Mesorhyacian and present very similar geochemical and isotope features. The rocks have a
calc-alkaline to high-K calc-alkaline signature, peraluminous character, with negative
anomalies of Nb and Ta, weak fractionation of REE and slight negative Eu anomalies,
showing affinity with a magmatic arc in a subduction context. The second group is
represented by the Vila Bom Jesus Granite, which also display similar geochemical signature
with the first group, show affinity with both volcanic arc-related and syn- to post-collisional

granites. The geochemical and Nd-Hf isotopic dataset reinforce the interpretation of a
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volcanic arc environment with later arc-continent collision as proposed by Vanderhaeghe et
al. (1998) and Delor et al. (2003). However, the existence of an active continental margin on
the northern edge of the Archean block cannot be excluded.

The Nd-Hf isotopic data with Hf-Tpm® and Nd-Tom model ages indicate a mixture of
Rhyacian juvenile material with a Mesoarchean crustal component for the source of the
magmas, by dominant crustal assimilation and, possibly, by contribution in the subduction
zones of continental sediments with Archean isotopic signature originated from the adjacent

Amapa block.
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CONCLUSOES

Os dados petrograficos, geoquimicos, geocronoldgicos e isotopicos obtidos neste
trabalho, juntamente com os resultados anteriores disponiveis para os granitoides da porcao
sul do Dominio de Lourenco permitiram avancos importantes para estabelecer a cronologia
dos episddios magmaticos durante a orogenia transamazonica, bem como para o entendimento
de suas relagcdes com a evolucao geodinamica deste setor do Sudeste do Escudo das Guianas.

A partir dos dados U-Pb em zircdo por ICP-MS com ablacdo a laser, foi possivel
consolidar o posicionamento geocronoldgico e estratigrafico da granitogénese transamazonica
na porcao sul do Dominio Paleoproterozoico Lourenco. Foram identificadas trés unidades
magmaticas: A Suite Intrusiva Flexal (~2,20-2,18 Ga), o Tonalito Papa-Vento (~2,15-2,13
Ga) e o Granito Vila Bom Jesus (~2,09-2,08 Ga). Os dados geocronologicos também
permitiram incluir esses granitéides nos episddios magmaticos mesoriaciano (2,18-2,13 Ga),
0 qual sucede a um episddio eoriaciano em contexto de expansao oceénica/bacia de retro-arco
(~2,26-2,20 Ga), e neoriaciano (2.08-2.02 Ga) previamente propostos por Barreto et al.
(2013) e Rosa-Costa et al. (2014, 2017) para o setor sudeste do Dominio Louren¢o. Na escala
do sudeste do Escudo das Guianas, os granitdides paleoproterozoicos da Suite Intrusiva Flexal
e do Tonalito Papa-Vento podem ser associados ao estagio Mesoriaciano (2,18-2,13 Ga) de
formac&o de arcos magmaticos (arcos de ilhas). Por sua vez, o Granito Vila Bom Jesus pode
ser relacionado ao estagio Neoriaciano (2,10-2,06 Ga) que marcou o periodo final de
subduccdo e o inicio do periodo colisional, conforme modelo evolutivo proposto por
Vanderhaeghe et al. (1998) e Delor et al. (2003a, b) para a Guiana Francesa.

Os dados geoquimicos para a Suite Intrusiva Flexal e Tonalito Papa-Vento apresentam
caracteristicas geoquimicas e isotdpicas muito semelhantes. As rochas possuem assinatura
calcio-alcalina a calcio-alcalina de alto K, carater peraluminoso, anomalias negativas de Nb e
Ta, fraco fracionamento de ETR e ligeira anomalia negativa de Eu, mostrando afinidade com
arco magmatico em um contexto de subducgdo. As rochas do Granito Vila Bom Jesus
também possuem assinaturas geoquimicas parecidas com 0 magmatismo mesoriaciano com
caracteristicas que indicam uma afinidade tanto para granitoides de arcos magmaticos quanto
com granitos sin- a pdés-colisionais. O conjunto de dados geoquimicos e isotopicos Nd-Hf
reforca a interpretacdo de um contexto de arco magmatico e constitui uma evidéncia adicional
de uma evolugdo em ambiente de arcos vulcanicos com posterior colisdo arco-continente

como proposto por Vanderhaeghe et al. (1998) e Delor et al. (2003). Entretanto a existéncia
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de uma margem ativa continental na borda norte do bloco arqueano Amapa nao pode ser
descartada.

Os dados isotopicos de Nd-Hf junto com as idades-modelo Hf-Tpom® e Nd-Towm
indicam uma mistura entre material juvenil riaciano e um componente crustal mesoarqueano
para a fonte dos magmas, dominantemente por assimilagdo crustal e, possivelmente, por
contribuicdo nas zonas de subducgdo de sedimentos continentais com assinatura isotopica

arqueana, provenientes do Bloco Amapa adjacente.
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