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RESUMO

Este estudo focaliza a regido centro-sul do Escudo das Guianas (sudeste de Roraima,
Brasil), area caracterizada essencialmente por dois dominios tectono-estratigraficos denominados
Guiana Central (DGC) e Uatuma-Anaua (DUA) e considerada limite entre provincias
geocronoldgicas (Ventuari-Tapajos ou Tapajés-Parima, Amazonia Central e Maroni-Itacaitinas
ou Transamazonica). O objetivo principal deste trabalho ¢ o estudo geoquimico, isotopico e
geocronoldgico dos granitdides desta regido, buscando ao mesmo tempo subsidiar a andlise
petrologica e litoestratigrafica local e contribuir com as propostas e modelos evolutivos regionais.

O DGC ¢ apenas localmente abordado na sua porc¢ao limitrofe com o DUA, tendo sido
apresentados novos dados geoldgicos das rochas ortognaissicas e duas idades de zircao
(evaporacdao de Pb) de biotita granodiorito milonitico (1,89 Ga) e de hastingsita-biotita granito
foliado (1,72 Ga). Essas idades contrastam com as idades obtidas para os protdlitos de outras
areas do DGC (1,96-1,93 Ga), sugerindo a existéncia de cenarios litoestratigraficos distintos
dentro do mesmo dominio.

Mapeamento geologico regional, petrografia, geoquimica, e geocronologia por
evaporagdo de Pb e U-Pb ID-TIMS em zircdo efetuadas nas rochas do DUA apontam para a
existéncia de um amplo magmatismo granitico paleoproterozoico calcio-alcalino. Estes
granitdides estdo distribuidos em diversas associagdes magmaticas com diferentes intervalos de
idade — entre 1,97 e 1,89 Ga - estruturas e afinidades geoquimicas, individualizados em dois sub-
dominios no DUA, denominados de norte ¢ sul.

No setor norte dominam granitos tipo S (Serra Dourada) e tipo-I célcio-alcalino com alto-
K (Martins Pereira) mais antigos (1,97-1,96 Ga), ambos intrusivos em inliers do embasamento
composto por associa¢do do tipo TTG e sucessdes meta-vulcanossedimentares de médio a alto
grau (>2,03 Ga). No setor sul, o Granito Igarapé Azul (1,89 Ga) é caracterizado por conter
enclaves ricos em biotita, além de xendlitos do Granito Martins Pereira e de paragnaisses do
Grupo Cauarane. Este granitoide ¢ caracterizado por seu quimismo calcio-alcalino de alto-K,
restrito a termos monzograniticos ricos em SiO;. O Granito Caroebe (1,90-1,89 Ga) também
apresenta quimismo cdlcio-alcalino de alto-K, mas possui composi¢ao mais expandida e ocorre
associado a rochas vulcanicas co-genéticas (1,89 Ga, vulcanicas Jatapu) e a charnoquitoides (1,89
Ga, p.ex. Enderbito Santa Maria). As caracteristicas petrograficas similares, aliadas a idade

obtida em amostra do Granito Agua Branca em sua area-tipo (1,90 Ga) permitem inclui-los numa



mesma suite (Suite Agua Branca). O setor sul é caracterizado apenas por discretas e localizadas
zonas de cisalhamento ductil-rupteis destrais com diregdo NE-SW.

Duas geragdes de granitos tipo-A (Moderna, 1,81 Ga; Mapuera. 1,87 Ga) cortam o DUA,
embora sejam mais freqiientes no setor sul. Foram identificados trés tipos diferentes de
metalotectos nesta regido: a) mineralizacdo de ouro hospedada em granitdides Martins Pereira-
Serra Dourada (setor norte), b) columbita-tantalita aluvionar assentada em regido dominada por
granitoides Igarapé Azul (setor sul), e c) ametista associada a pegmatitos hospedados em granitos
do tipo Moderna.

Os dados isotopicos dos sistemas do Nd (rocha total) e do Pb (feldspato) sugerem que
todos os granitdides do DUA analisados sao produtos de fontes crustais mais antigas, sejam elas
de natureza mais sialica (de idade sideriana-arqueana) e/ou juvenil (de idade transamazodnica),
afastando a possibilidade de participacdo direta de magmas mantélicos na sua geracdo. Embora o
mecanismo de subduccdo possa ter sido dominante no estagio inicial da evolugdo do setor norte
do DUA, o magmatismo pos-colisional do setor sul teve significante participacdo na adi¢ao de
material crustal. E possivel que apés o fechamento do oceano do sistema de arco Anaua (2,03
Ga) e ap6s a orogenia colisional (1,97-1,94 Ga?), liquidos basalticos tenham sido aprisionados na
base da crosta (mecanismo de underplating). Estes liquidos basélticos puderam entdo interagir
com a crosta inferior, fundi-la e gerar, subsequentemente em ambiente pos-colisional, imenso
volume de granitos e vulcanicas observados entre 1,90 e 1,87 Ga.

Quadro similar ¢ identificado no dominio Tapajés (DT), sugerindo que ambos dominios
(DUA e DT) fazem parte de uma mesma provincia (Ventuari-Tapajos ou Tapajos-Parima).
Apesar dessas semelhangas, o estagio colisional parece ndo ter sido tdo efetivo no DT, como

atestam os escassos indicios de granitos tipo-S e de rochas de alto grau metamorfico.



ABSTRACT

This study focuses the granitoids of center-southern portion of Guyana Shield,
southeastern Roraima, Brazil. The region is characterized by two tectono-stratigraphic domains,
named as Central Guyana (GCD) and Uatuma-Anaud (UAD) and located probably in the limits
of geochronological provinces (e.g. Ventuari-Tapajos or Tapajos-Parima, Central Amazonian and
Maroni-Itacaiunas or Transamazon). The aim this doctoral thesis is to provide new petrological
and lithostratigraphical constraints on the granitoid rocks and contribute to a better understanding
of the origin and geodynamic evolution of Guyana Shield.

The GCD is only locally studied near to the UAD boundary, and new geological data and
two single zircon Pb-evaporation ages in mylonitic biotite granodiorite (1.89 Ga) and foliated
hastingsite-biotite granite (1.72 Ga) are presented. These ages of the protholiths contrast with the
lithostratigraphic picture in the other areas of CGD (1.96-1.93 Ga).

Regional mapping, petrography, geochemistry and zircon geochronology carried out in
the UAD have showed widespread Paleoproterozoic calc-alkaline granitic magmatism. These
granitoid rocks are distributed into several magmatic associations with different Paleoproterozoic
(1.97-1.89 Ga) ages, structural and geochemical affinities. Detailed mapping, petrographic and
geochronological studies have distinguished two main subdomains in the UAD. In the northern
UAD, the high-K calc-alkaline Martins Pereira (1.97 Ga) and Serra Dourada S-type granites
(1.96 Ga) are affected by NE-SW and E-W ductile dextral shear-zones, showing coexistence of
magmatic and deformational fabrics related to heterogeneous deformation. Inliers of basement
(2.03 Ga) crop out northeast of this area, and are formed by metavolcano-sedimentary sequence
(Cauarane Group) and TTG-like calc-alkaline association (Anaud Complex). Xenoliths of
metadiorites (Anaud Complex) and paragneisses (Cauarane Group) reinforce the intrusive
character of Martins Pereira Granite. On the other hand, xenoliths of Martins Pereira and biotite-
bearing enclaves are founded in the younger, undeformed, and SiO,-rich Igarapé Azul Granite
(1.89 Ga). This last and the high-K calc-alkaline Caroebe Granite (1.90-1.89 Ga, Agua Branca
Suite), including coeval volcanic rocks (1.89 Ga, Jatapu volcanics) and charnockitoids (1.89 Ga,
e.g. Santa Maria Enderbite), crop out in the southern UAD. This subdomain is characterized only
by local and slight NE-SW ductile-brittle dextral shear zones. A-type granites such as Moderna
(ca. 1.81 Ga) and Mapuera (ca. 1.87 Ga) granites, cross cut both areas of UAD. The geological

mapping also identified three main types of metalotects in this region. Gold mineralization is



observed in Martins Pereira-Serra Dourada granitoids (northern UAD); alluvial columbite-
tantalite is related to Igarapé Azul granitoids (southern UAD); and amethyst is associated to
pegmatites from Moderna A-type granites.

The Nd-Pb isotope data suggest that all granitoids of UAD were generated by reworking
of older and previous crustal sources (sialic Rhyacian-Archean and/or juvenile Transamazonian
origin) and mantle input is not problably a viable model. Although the dominant process may be
subduction in the early stage of NUAD evolution, post-colisional magmatism may be a
significant process in the production of new continental crust in the southern UAD. It is possible
that, following oceanic closure in the Anaua arc system (2.03 Ga) and subsequent collisional
orogeny (1.97-1.94 Ga?), underplated mantle melts (basalt liquids) were trapped below pre-
existing lower crustal rocks of various compositions (e.g. granulites, metatonalites, amphibolites).
The basalt liquids and subsequently melted lower crust could produced the immense volumes of
granite (and volcanics) observed at 1.90-1.87 Ga. This geological picture is similar to the Tapajos
Domain (TD) in the southern Amazonian Craton and suggest that both belong to the same
province (Ventuari-Tapajos or Tapajos-Parima). Nevertheless, the scarcity of S-type granites and

high-grade metamorphic rocks show that the collisional stage was not so evident in TD.



CAPITULO 1 5

1 - INTRODUCAO

A regido sudeste do Estado de Roraima constitui o foco desta pesquisa, cuja area
selecionada perfaz um total de aproximadamente 3500 km? (Fig. 01). Embora esteja delimitada
por coordenadas fixas, a area selecionada foi algumas vezes ao longo do estudo reduzida ou
ampliada em funcao do objeto geoldgico a ser analisado. Esta area estd localizada na porgao
centro-sul do Escudo das Guianas (Fig. 01, Gibbs & Barron, 1993) e abriga uma extensa floresta
tropical. Parte dela possui um acesso relativamente facil para os padrdes amazonicos, sendo
comuns as estradas ndo pavimentadas, que servem de ligagdo entre os diversos assentamentos
rurais patrocinados pelo INCRA. Partindo-se da cidade de Manaus (AM) pode-se acessa-la
através da rodovia federal (Manaus-Boa Vista: BR-174), que corta a area investigada na dire¢do
aproximada N-S. Os principais povoados da regido sdo Vila Nova Colina, Rorainopolis, Martins
Pereira, Vila Novo Paraiso, Vila Moderna, Sdo Luis do Anaua, Serra Dourada, Sdo Jodo da
Baliza, Caroebe e Entre Rios e constituiram importante suporte de apoio logistico.

O foco principal deste trabalho ¢ o estudo geoquimico, isotdpico e geocronoldgico dos
granitdides do sudeste de Roraima, e tem como objetivo subsidiar a andlise petroldgica e
litoestratigrafica, buscando contribuir assim com as propostas ¢ modelos evolutivos regionais.
Entretanto, apesar de ter atingido localmente nivel de detalhamento (1:50.000), normalmente
dificil de ser alcangado em estudos amazdnicos em funcdo da acessibilidade, do elevado grau de
intemperismo e da escassez de afloramentos, o mapa geoldgico resultante engloba no geral
informagdes na escala 1:250.000. Ou seja, longe de querer ter a pretensdao de ser um trabalho de
detalhe, a sintese apresentada aqui tem conotagdo essencialmente regional. Regides montanhosas
(parte noroeste, divisa com a Guiana), sem acessibilidade por estradas ou legalmente demarcadas,
como areas indigenas ou de protecdo ambiental (partes leste e sudeste, divisa com o Pard),
tiveram sua investigacao restrita aos sensores remotos (JERS, Geocover, SRTM, Landsat 7, MDT
e aerogeofisica).

Esta tese de doutorado ¢ composta por cinco artigos submetidos (ou em vias de
submissao) a revistas com corpo editoral, além desta parte introdutdria, e dos capitulos referentes
ao ferramental metodoldgico e as conclusdes gerais. Uma listagem das referéncias bibliograficas
utilizadas nestes capitulos ¢ disponibilizada no final do volume, enquanto as referéncias

bibliograficas relativas aos artigos acompanham os mesmos.

Marcelo Esteves Almeida 2006 Tese de Doutorado (CPGG-UFPA)



CAPITULO 1 6

Do ponto de vista geologico, alguns trabalhos pioneiros levados a cabo em Roraima (e.g.
Paiva 1929) foram decisivos para delinear os primeiros tracos da geologia da regido. Outros
estudos pontuais retomados, sobretudo na primeira metade da década de 70, também constituem
importantes fontes de consulta historicas (Arantes & Mandeta, 1970; Ramgrab & Damido, 1970;
Ramgrab et al., 1972; Braun, 1973; Bomfim et al., 1974, Muniz & Dall’Agnol, 1974). Mas,
somente a partir da década de 70, ¢ que os levantamentos geologicos sistematicos, baseados
numa cartografia de natureza regional, foram iniciados no Estado de Roraima e também na
porcao nordeste do Estado do Amazonas. Estes foram conduzidos principalmente pelo convénio
DNPM/CPRM (Santos et al., 1974) e pelo projeto RADAMBRASIL (Montalvao et al., 1975),
culminando assim com o estabelecimento das primeiras grandes unidades geologicas.
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Figura 01. Mapa de localizagdo da area dentro do contexto do (a) Escudo das Guianas (mod. de Gibbs &
Barron, 1993) e dos (b) dominios tectono-estratigraficos de Roraima (Reis & Fraga, 2000; Reis et al., 2003;
mod. por CPRM, 20086).
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Além dos trabalhos citados, diversos outros foram executados entre as décadas de 70 e 90
(Aratjo Neto & Moreira, 1976; Melo et al., 1978; Veiga Jr. et al., 1979; Pinheiro et al., 1981;
Costi et al., 1984). Mais recentemente grandes avangos no conhecimento geoldgico puderam ser
sentidos através dos resultados de alguns projetos de mapeamento geoldgico executados na escala
1:500.000 (CPRM, 1999, 2000a) e alguns trabalhos de sintese e organizacao de dados nas escalas
1:2.500.000 e 1:1.000.000 (CPRM, 2003, 2004). Entretanto, em todo este conjunto bibliografico
nota-se uma grande caréncia (até mesmo auséncia) de dados laboratoriais, principalmente aqueles
de natureza geocronoldgica e isotdpica. A maior parte deste escasso acervo de dados, relacionada
especificamente ao sudeste de Roraima e nordeste do Amazonas, foi produzida e publicada
apenas nos ultimos dez anos (Sato & Tassinari, 1997; Almeida et al., 1997, Santos et al., 1997,
Costi et al., 2000; Macambira et al., 2002; CPRM 2003; Valério, 2006), constituindo ainda um
conjunto de informagdes limitado e de carater pontual.

Estes trabalhos, sem exce¢do, sempre identificaram nesta por¢ao do Escudo das Guianas
grandes dareas de exposicdo granitica, sejam elas preservadas ou ndo por evento(s)
deformacional(is) posteriores. A individualizacdo dessas grandes massas continentais graniticas
senso lato e o avango do conhecimento cartografico e geoldgico dos ultimos anos, tornou
possivel também a sua separagdao em grandes dominios (Reis et al., 2003) tectono-estratigraficos
e localmente sua subdivisdo em “subdominios” (Almeida et al., 2002). Dois destes dominios
ocorrem no sudeste de Roraima, sendo denominados de Guiana Central e Uatuma-Anaua.

O Dominio Guiana Central abrange apenas uma pequena parte da area estudada (porg¢ao
nor-noroeste). O primeiro artigo aborda exatamente os litdtipos graniticos e gnaissicos
ortoderivados do Dominio Guiana Central junto ao limite com o Dominio Uatuma-Anaud. Além
do contexto geologico local, sdo apresentadas duas idades pelo método Pb-Pb de evaporagdo de
zircdo em biotita granodiorito milonitico (1,89 Ga) e em hastingsita-biotita sienogranito com
fluxo magmatico (1,72 Ga), as quais contrastam com aquelas encontradas por outros autores no
restante do dominio (1,96-1,93 Ga, Gaudette et al. 1996; Fraga, 2002; CPRM, 2003). Foliagao
NE-SW e mergulho subvertical associada a zonas de cisalhamento ductil sdo as fei¢des
estruturais dominantes neste setor.

O restante do escopo da tese privilegia os granitéides do Dominio Uatuma-Anaud, os
quais tém suas caracteristicas de campo e petrograficas descritas num segundo artigo. Além do

mapeamento faciologico dos corpos graniticos, neste artigo foi abordada também a relagdo entre
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a granitogénese e as principais ocorréncias minerais catalogadas na regido. Este artigo reforca
ainda a separa¢cdo do Dominio Uatuma-Anaua em dois subdominios distintos (norte e sul), ambos
marcados por magmatismos com evolucao petrologica e historia tectono-estrutural distintas.

Estas diferengas foram reforgadas posteriormente pelo conjunto de dados geoquimico e
geocronologico, este tltimo utilizando-se os métodos de evaporacao de Pb e U-Pb ID-TIMS em
zircdo. O terceiro artigo aborda exclusivamente o setor (ou subdominio) norte do Dominio
Uatuma-Anaud, onde dominam granitdides do tipo-S (Serra Dourada) e do tipo-I célcio-alcalino
com alto-K (Martins Pereira) mais antigos (1,97-1,96 Ga), ambos intrusivos em inliers do
embasamento composto por associagao do tipo TTG e sucessdes meta-vulcanossedimentares de
médio a alto grau (>2,03 Ga).

No quarto artigo, o mesmo procedimento foi adotado para tratar os granitéides do setor
(ou subdominio) sul. O panorama apresentado pelos dados geoquimicos e geocronologicos
demonstrou amplo predominio de uma granitogénese tipo-I célcio-alcalina de alto-K mais jovem
(1,90-1,89 Ga), representado pelos granitos Igarapé Azul e Caroebe, que, ao contrario do
observado no setor norte, apresenta vulcanismo co-genético associado (1,89 Ga, vulcanica
Jatapu). Charnoquito (1,89 Ga) e granitos tipo A (1,87 Ga) também t€m seus resultados
geocronologicos em zircao discutidos.

O quinto e ultimo artigo apresenta um estudo isotopico baseado nos sistemas do Nd
(rocha total) e do Pb (em feldspatos) que abrange os granitdides dos dois subdominios. Os
resultados reforcam uma origem eminentemente crustal, cujas fontes devem ser sidlicas (de idade
Sideriana-Arqueana) e/ou juvenis (de idade Rhiaciana-Transamazonica), com pouca ou nenhuma
contribuicdo direta de magmas mantélicos. Estes dados isotdpicos, associados as caracteristicas
de campo, petrograficas, geoquimicas e geocronologicas, permitem sugerir um modelo evolutivo
baseado em 3 estagios distintos.

O primeiro estagio diz respeito a formacdo de um ordgeno acresciondrio relacionado ao
sistema de arco Anaua (2,03 Ga), os quais devem estar associados a bacias do tipo retro-arco (?).
Num segundo e subsequente estdgio, a fase acresciondria dd lugar a um ordgeno colisional,
causando espessamento crustal, aumento da temperatura e geragdo por fusdo parcial dos
granitdides Martins Pereira e Serra Dourada (1,97-1,96 Ga). Este estagio colisional pode ter
evoluido ao longo do tempo, tendo sido responsavel por alcar tectonicamente as rochas

granuliticas a niveis crustais mais rasos e pela gera¢do de parte das rochs do Dominio Guiana
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Central (1,94-1,93 Ga?). O ultimo estagio diz respeito aos granitdides do setor sul do DUA. A
auséncia de eventos tectono-deformacionais, de remanescentes de crosta ocednica ou de
coberturas meta-vulcanossedimentares relacionadas a ambiente de arco, sugere que o setor sul
ndo deve ter evoluido a partir de um sistema acresciondrio via subduccio classica (tipo-B). E
possivel que ap6s o fechamento do oceano do sistema de arco Anaua (2,03 Ga) e apds a orogenia
colisional (1,97-1,94 Ga?), liquidos basélticos através do mecanismo de underplating tenham
sido trapeados na base da crosta, fundindo esta ultima e gerando em seguida um grande volume
magmas graniticos pds-colisionais do tipo I e do tipo A entre 1,90 e 1,87 Ga.

Ao final deste volume, em anexo, pode ser consultado o mapa geologico e de estagdes
geologicas na escala 1:250.000, contendo ainda perfis esquematicos que buscam traduzir o
arranjo  estrutural e a inter-relagdo entre as grandes wunidades litoestratigraficas

paleoproterozdicas.
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2 - PROBLEMATICA GEOLOGICA

Alguns aspectos da problematica geologica regional do ponto de vista litoestratigrafico,
estrutural, petrolégico e evolutivo serdo listados abaixo, tendo como foco os dominios tectono-
estratigraficos (Guiana Central e Uatuma-Anaud) estudados e suas respectivas associacoes

graniticas e gnaissicas.

2.1 - DOMINIO GUIANA CENTRAL (DGC)

- O DGC ¢ composto por um terreno essencialmente granito-gnaissico afetado por ampla
deformacdo regional, caracterizada por extensos lineamentos ¢ uma ampla variagdo de
protolitos, estilos de deformagdo e graus metamorficos. Esta variagdo, associada a escassez
de dados, confere a0 DGC um elevado grau de complexidade geologica.

- As rochas ortoderivadas, na sua maioria agrupadas na Suite Metamorfica Rio Urubu (atual
Complexo), atestam a existéncia de litdtipos com significativa variedade textural
(metagranitoides, milonitos e gnaisses) e importantes particularidades composicionais.
Dados geoquimicos apontam protdlitos com assinaturas distintas (e.g.. tipo A e tipo 1) e
com idades de cristalizacdo variada (1,96 a 1,92 Ga; Gaudette et al., 1996; Fraga, 2002;
CPRM, 2003), tornando necessaria uma investigacdo mais aprofundada na tentativa de
identificar areas ou dominios onde hd predominio espacial de cada tipo particular.

- Dentro deste intervalo de idade sdo descritas rochas charnoquiticas sin-cinematicas (Suite
Serra da Prata) e granuliticas (Granulito Barauana). Ambas apresentam idades similares,
apesar da escassez de dados ndo garantir uma perfeita correlagdo. No caso do Granulito
Barauana (1,94 Ga), além do resultado geocronologico ser determinado a partir de zircdes
igneos (idade do evento anatético?), o intrincado padrdo estrutural indica deformacdo
polifasica e a migmatizagdo associada contrasta com o quadro apresentado pelos
charnoquitos da Suite Serra Prata (1,94-1,93 Ga; Fraga, 2002). A dificuldade de
posicionamento deste evento metamorfico granulitico no tempo e o desconhecimento da sua
evolugdo P-T-t trazem sérios prejuizos para entendimento da litoestratigrafia regional e
dificulta a elaborag¢do de um modelo evolutivo mais adequado para o DGC.

- O termos paraderivados encontra-se agrupados no Grupo Cauarane e na Suite Metamorfica
Murupu, localmente contendo tipos migmatiticos e bolsdes leucograniticos (p.ex. regido do

Taiano) e granitos tipo S associados (p.ex. Granito Curuxuim). Apenas uma idade de
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cristalizacao para esse magmatismo foi obtida (1,97 Ga, CPRM, 2003), sendo insuficiente
para caracterizar um evento granitico tipo S em escala regional.

- A existéncia de granulitos e rochas paraderivadas de alto grau associadas com
granitogé€nese tipo S, sugerem um modelo evolutivo colisional para o DGC (p.ex. Cordani
& Brito Neves, 1982; Hasui et al., 1984; Gibbs & Barron, 1993; Fraga & Reis, 1996; Costa
& Hasui; 1997, CPRM, 1999; Santos et al., 2000, 2006a,b). Esse provavel ordgeno
colisional seria resultado de sucessivos eventos deformacionais que contribuiriam para o
espessamento crustal, caso a evolucdo PT obedeca um sentido anti-horario (p.ex. Ellis,
1987; Brown & Dallmeyer, 1996; Brown, 2001). Entretanto, se desconhece quais massas
continentais teriam colidido e em qual contexto geodinamico.

- A complexidade geoldgico-estrutural do DGC demanda uma andlise na sua proximidade
com o DUA, delimitada pelo sistema de falhas do Ita. Seria este limite apenas um limite
estrutural ou este limite separa realmente associa¢des petrotectonicas distintas? Em termos

composicionais e geocronologicos estes dominios poderiam ser correlacionados?

2.2 - DOMINIO UATUMA-ANAUA (DUA)

- O DUA ¢ caracterizado por um amplo predominio de granitdéides em geral pouco
deformados, variando de tipos foliados a norte até tipos isotropos a sul. Entretanto seu
quadro litoestratigrafico estd reduzido a um conjunto muito limitado de suites graniticas
(Suites Igarapé Azul e Agua Branca), cujas idades e petrogénese apresentam-se pouco
esclarecidas.

- Apenas o setor norte ¢ provido de algum resultado geocronoldgico, tendo apontado
intervalo de idade entre 1,97 e 1,96 Ga para os granitdides (e.g. Almeida et al., 1997;
CPRM, 2003), intervalo este atribuido anteriormente as suites Igarapé¢ Azul (Faria et al.,
1999) e Agua Branca (Araujo Neto & Moreira, 1976; Veiga Jr. et al., 1979, Oliveira et al.,
1996), respectivamente. Posteriormente, este conjunto de granitdides passou a ser agrupado
no Granito Martins Pereira (Almeida et al, 2002) e a continuidade dos estudos
geocronologicos apontou idades de cristalizagdo menores (1,90-1,89 Ga) para granitos
relacionados ao magmatismo Igarapé Azul e Agua Branca no setor sul do DUA.

- Entretanto, a génese destes granitdides permanece em discussdo. De acordo com alguns

autores (Oliveira et al., 1996), a suite Agua Branca no DUA foi caracterizada como célcio-
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alcalina e tem como processo petrogenético dominante a cristalizacdo fracionada (p.ex.
plagioclasio e hornblenda). Processos alternativos como magma mixing e fusdo parcial
também foram recentemente postulados (Almeida & Macambira, 2003). Portanto, algumas
questdes permanecem: a) Qual seria o processo petrogenético (ou seria mais de um?)
dominante na formagdo dos granitéides interpretados como Agua Branca? b) Sua origem e
fonte(s) seriam semelhantes aos dos demais granitdides gerados no mesmo intervalo de
tempo?

- Parte da suite Agua Branca definida por Oliveira et al. (1996) com caracteristicas quimicas
peraluminosas foi desmembrada dando origem a Suite Igarapé Azul (Faria et al., 1999).
Além desses tipos peraluminosos a biotita, granitdides a muscovita, cordierita e silimanita
aflorantes no setor norte do DUA foram adicionados a esta suite. Entretanto, Sardinha
(1999) através de analise petrografica e de susceptibilidade magnética nos tipos
peraluminosos da Suite Igarapé Azul, ndo identificaram caracteristicas compativeis com
granitos tipo S, sugerindo uma possivel origem hibrida (fontes sedimentares e igneas) para
explicar sua geragdo. Posteriormente, Almeida et al. (2002) incluem os granitos tipo S
senso stricto (a cordierita) sob a denominacao Granito Serra Dourada, retirando-os da suite
Igarapé Azul. Estes granitos estdo localizados na parte norte do DUA em associa¢do com
seqliéncias meta-volcanosedimentares do Grupo Cauarane, distantes cerca de 80 km da
area-tipo dos granitoides Igarapé Azul. Mesmo tendo sido desmembrado, por apresentar
localizagdo e feigdes de campo e petrograficas distintas, teria o Granito Igarapé Azul génese
independente ou seria esta compativel com a dos demais granitoides da Suite Agua Branca?

- Além dos granitos de natureza calcio-alcalina, o DUA (em especial o setor sul) apresenta
abundantes intrusdes de granitoides tipo A correlacionados a0 magmatismo Madeira-Agua
Boa (~1,81 Ga) e Abonari-Mapuera (~1,87 Ga) (CPRM, 2003). Entretanto estas correlacdes
sdo definidas na maioria das vezes apenas por critérios petrograficos (p.ex. presenga ou nao
de hastingsita), carecendo macicamente de dados geoquimicos e geocronologicos, devendo
esta correlacdo regional (embora possivel) ser avaliada com cautela;

- Além disso, o vulcanismo da regido do rio Jatapu (andesitos e dacitos dominantes e
quimismo calcio-alcalino) estd espacial (CPRM, 2000a) e temporalmente (Macambira et
al., 2002) associado a granitogénese do setor sul do DUA. Estas vulcanicas sao

tradicionalmente vinculadas ao magmatismo Mapuera nessa regido e, portanto, foram
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englobadas no Grupo Iricoumé numa tentativa de correlacdo com o vulcanismo aflorante no
nordeste do Amazonas e distante cerca de 150 km (CPRM, 2000a). Entretanto, os dados
preliminares existentes apontam uma maior possibilidade de vinculagdo do vulcanismo
Jatapu com os granitéides Agua Branca, abrindo espaco para o questionamento a respeito
da existéncia de diferentes tipos vulcanicos, penecontemporineos, vinculados a
magmatimos distintos (“aluminoso ou alcalino tipo A” e “célcio-alcalino tipo 1”). Situacao
semelhante ¢ descrita também no Grupo Iriri na regido do Tapajos (e.g. CPRM, 2000b).

- A caréncia de dados que auxiliem no entendimento da cronologia dos eventos graniticos,
além da sua petrogénese, tem complicado bastante a elaboragdo de modelos evolutivos para
o DUA, gerando quase sempre controvérsia e debates acerca do tema. Um modelo
evolutivo acrescionario baseado na existéncia de arcos magmaticos amalgamados
sucessivamente a um nucleo estavel arqueano tem sido o preferido da maioria dos autores
(p.ex. Tassinari & Macambira, 1999, 2004; Santos et al., 2006a,b). Proposta alternativa
(underplating) € utilizada na regido do Tapajos para explicar a geragao dos granitdides mais
jovens, inclusive aqueles de filiagdo célcio-alcalina, considerados pds-colisionais (1,90-1,87
Ga; Lamarao et al., 2002; Vasquez et al., 2002).

- Tais dificuldades repercutem também fortemente na definicdo das rochas hospedeiras e
metalotectos das mineralizagdes descritas na regido, como por exemplo, as de ouro
(garimpo Anaud) e ametista (Vila Moderna) primarios e as de columbita-tantalita (bacia do
Igarapé Azul) aluvionar (CPRM, 2000a).

Na visdo dos modelos existentes, € de acordo com os diferentes limites entre Provincias
propostos, a area em questdao (DGC e DUA) pode estar englobada por duas (K'Mudku Shear Belt
e Tapajos-Parima) ou trés (Maroni-Itacaiinas, Ventuari-Tapajos e Amazonia Central) provincias
geocronoldgicas, demonstrando a sua real importancia no contexto dos modelos evolutivos
vigentes neste segmento do Escudo das Guianas. Apesar da inegével necessidade e aplicabilidade
destes modelos, os mesmos tém como base um limitado acervo de dados geocronologicos e
isotdpicos (em que pesem o aporte recente de dados), devendo ser analisados, sobretudo do ponto

de vista local, com prudéncia.
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3-METODOS UTILIZADOS
A obtencdo de dados desta pesquisa foi dividida basicamente em trés fases principais: a)
levantamento e revisdo do acervo geoldgico existente, b) trabalhos de campo e c¢) laboratoriais.

Estas fases, além dos recursos metodoldgicos empregados, sdo descritas a seguir.

3.1 - LEVANTAMENTO E REVISAO DO ACERVO GEOLOGICO PRE-EXISTENTE
Um conjunto significativo de dados e informagdes pré-existentes foi levantado e analisado, a

maioria deles provenientes de instituicdes como o Servico Geoldgico do Brasil e de algumas

universidades que atuam na regido. Entre as atividades desenvolvidas destacam-se:

a) Analise e atualizagdo de bancos de dados de afloramento, petrografia, geoquimica e
geocronologia existentes e sua comparag¢ao com os dados gerados nesta pesquisa;

b) Consulta e compilagdo de mapas geologicos pré-existentes, auxiliando na confeccdo do mapa
geologico da area em questao;

¢) Consulta a banco de amostras de rochas e de laminas petrograficas, implicando na reanalise e
reavaliagdo das unidades litoestratigraficas pré-estabelecidas;

d) Revisdo da literatura geoldgica do tema especifico (petrologia, geoquimica, geocronologia e
evolucdo crustal) e da geologia regional, continuamente atualizada ao longo do periodo de

execuc¢ao da pesquisa.

3.2 - TRABALHOS DE CAMPO E CARTOGRAFIA GEOLOGICA

Foram realizados mais de 2000 km de caminhamentos geologicos, sendo 180 km deles em
vias fluviais, culminando com a analise e descricdo de 352 afloramentos. Estes perfis geoldgicos
permitiram, ao mesmo tempo, a individualizagdo das grandes unidades litoestratigraficas
(informagdes na escala 1:250.000) e o mapeamento facioldgico dos granitéides Igarapé Azul,
Caroebe e Martins Pereira (informagdes na escala 1:100.000), além da coleta sistematica de
amostras de rocha (447 amostras no total) e selegdo posterior para estudos laboratoriais
subseqiientes.

Este mapeamento geologico regional integrado teve o apoio cartografico de sensores
remotos como imagens (fundidas ou nao) de radar (SRTM - Shuttle Radar Topography Mission;
JERS - Japanese Earth Resources Satellite), de satélite (landsat TM7 - Thematic Mapper;

Geocover) e aerogeofisicas (derivada 1°., sinal analitico, contagem total e ternario U-Th-K). O

Marcelo Esteves Almeida 2006 Tese de Doutorado (CPGG-UFPA)



CAPITULO 3 15

resultado final deste trabalho pode ser consultado nos anexos 1 (mapa de amostragem) e 2 (mapa
geoldgico).

O acervo de dados materializados pelos mapas matriciais e vetoriais, assim como todo o
conjunto de afloramentos e amostras de rocha coletadas encontram-se georrefrenciados e

armazenados em plataforma SIG (ArcView 3.2a).

3.3 - TRABALHOS LABORATORIAIS
3.3.1 - Analise Petrografica e Geoquimica Multielementar

A andlise petrografica detalhada de 234 secdes delgadas (p.ex. classificagdo textural e
composicional, descri¢do mineralogica, ordem aproximada de cristalizacdo, caracterizagdo de
paragéneses minerais), integrada com as informagdes de campo, constituindo subsidio basico
para a selecdo de elenco de rochas representativo visando obtencdo de andlises quimicas e
geocronoldgicas.

Apbs avaliagdo petrografica, os litotipos selecionados (28 amostras) foram submetidos a
analise quimica multielementar (rocha total) envolvendo método de espectrometria de massa por
ICP (Inductively Coupled Plasma) para determinagdo de elementos maiores, perda ao fogo, e
mais 42 elementos tragos, incluindo elementos terras raras (ACMELAB, Vancouver, Canada).

A preparagdo das amostras individuais seguiu o procedimento inicial de fragmentacgdo in
situ (no campo). No laboratorio de preparagao de amostras da CPRM (Manaus) estes fragmentos
foram britados (britador de mandibula), quarteados e pulverizados (moinho de porcelana) visando

a obtencdo de uma granulometria da ordem de 200 mesh.

3.3.2 - Analise Isotopica (Is6topos Radiogénicos)

As analises geocronoldgicas e isotdpicas foram realizadas no laboratorio da UFPA (Para-
Iso), utilizando-se dois espectrometros (Finnigan MAT262 e VG Isomass 54). A preparagao
quimica das amostras também foi efetuada nas dependéncias do Para-Iso, assim como parte da
preparacao dos minerais a serem analisados (CPRM e UFPA). A seguir serdo listados os métodos

empregados durante a fase analitica.

3.3.2.1 - Evaporacao de Pb em monocristais de zircao
O método de evaporacdo Pb em monocristais de zircdo em rotina no Pard-Iso (UFPA)

segue o mesmo principio do método desenvolvido por Kober (1986; 1987), utilizando-se um
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espectrometro de massa de ionizagao termal (Finningan MAT262). Segundo esses autores,
admite-se que a estrutura cristalina do zircao resista o suficiente para preservar as informacoes
isotopicas da época de sua cristalizag@o até o presente.

Os concentrados contendo os cristais de zircdo para analise foram obtidos apos processo
prévio de britagem, moagem e pulverizacdo das amostras de rocha, e subseqiiente peneiramento
nas fragdes de 60, 80 mesh (rochas plutonicas) e 100 mesh (rochas vulcanicas). Na fase final de
preparacdo os minerais passam por uma separacao magnética (imad de mao e separador magnético
isodind,ico Frantz) e por densidade (liquidos densos). Apos o processo de preparagdo, procedeu-
se a triagem manual dos cristais de zircdo através do uso de lupa binocular. Os cristais
selecionados tém ainda sua imagem capturada mediante equipamento fotografico acoplado a
microscopio petrografico, visando assim uma melhor avaliacdo das condi¢des fisicas dos graos.
No total foram analisadas 16 amostras de rochas por este método.

O método de evaporacdo de Pb utiliza um duplo filamento de rénio, sendo um deles
utilizado para o processo de evaporacdo, € o outro para a ionizagao. Os cristais escolhidos sdao
depositados individualmente nos filamentos de evaporagdo, introduzidos no espectrometro de
massa e, entdo, gradativamente aquecidos em diferentes etapas de evaporagdo. Com o aumento
da temperatura o Pb presente no reticulo cristalino do mineral é liberado (ou evaporado), ficando
retido no filamento de ionizagao (desligado durante a etapa de evaporacao). As temperaturas de
evaporagdo utilizadas sdo normalmente de 1450°C, 1500°C e 1550°C (ou mais, como por
exemplo, 1600°C), mas pode se flexivel e varidvel de acordo com as caracteristicas dos zircoes
analisados, podendo ser efetuada até que se esgote todo o Pb do cristal.

Numa etapa seguinte, desliga-se o filamento de evaporacao e inicia-se o aquecimento do
filamento de ionizagdo, em geral a temperaturas entre 950°C e 1150°C, dependendo do
comportamento de cada amostra. Em seguida, as intensidades dos diferentes isdtopos sdo
medidas com um contador de ions na seqiiéncia de massa 206, 207, 208, 206, 207 e 204, gerando
um bloco com 8 razdes **’Pb/**°Pb em cinco varreduras, em um maximo de cinco blocos por
etapa de evaporagdo. Para cada etapa de evaporagdo ¢ obtida uma idade a partir da média das
razdes ““’Pb/**°Pb. A idade de uma amostra é entdo calculada a partir da média das razdes
27pb/2%Ph obtidas, em geral, nas etapas de maior temperatura de evaporacio de cada grio

analisado. Nesse célculo, sdo utilizadas apenas idades similares, sendo descartados as etapas ou
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graos com idades inferiores (p.ex. perda de Pb apds a cristalizagdao, Vanderhaeghe ef al., 1998) ou
superiores (p.ex. zircao herdado proveniente de rochas mais antigas).

As razdes *’Pb/*"Pb sdo corrigidas por um fator de discriminagdo de massa de 0,12 +
0,03% por u.m.a. (unidade de massa atdmica), determinado a partir de andlises repetidas do
padrdo de Pb NBS-982. Corre¢des do Pb comum foram feitas através do modelo de evolucdo do
Pb na Terra em dois estagios (Stacey & Kramers, 1975). As médias ponderadas e erros
associados as determinagdes sdo calculados de acordo com Gaudette et al. (1998). Estimativas da
razdo Th/U inicial modelo foram feitas usando os valores atuais (medidos) corrigido do Pb
comum da razio ***Pb/**Pb (Klotzli, 1999; Bartlett et al., 1998): Th = [(***Pb/*°°Pb)/(\Th * T)-1]
+ (P%®Pb/?Pb); U = [(C®Pb/%°Pb)/(AU * T)-1] + (**°Pb/*”Pb); ATh = 4.94750 * 107 ; AU =
1.55125 * 107"

A idade dos cristais de zircdo ¢ calculada a partir das duas equacgdes de desintegracdo dos
is6topos, 25U em 27Pb e 2U em 29Pb: (a) 27Pb = BSUH( 55 _1); (b) X°Pb = 2BU*(?*" 1),
Onde, A - constante de desintegragdo; t — tempo decorrido entre o fechamento do sistema U-Pb e
a geracdo dos is6topos filhos intermedidrios; Az3s = 1,55125"‘10'10 € Ay = 9,8485"‘10'10 (Steiger
& Jager 1977). A partir dessas equagdes fundamentais obtém-se a razdo °’Pb/*°°Pb em fungéo da
idade: (c) *"Pb/*"Pb = 1/137,88*[(¢"***™ -1)/(c"***" -1)]. Com base na equagdo (c), apos a
correcio do Pb comum (***Pb) e independente da determinacdo do U, é possivel determinar a
idade do mineral em questao (idade “aparente”). Em um diagrama de Concoérdia, por exemplo, a
idade obtida corresponde a uma determinada inclinacdo da discordia, tracada entre o ponto na
Concordia e a origem dos eixos (vide item U-Pb em zircao por dilui¢do isotopica).

No entanto, apesar da impossibilidade de avaliar se tal ponto ¢ discordante ou concordante
- uma vez que qualquer ponto de natureza experimental localizado na discordia, definida pela
equacdo, fornece a mesma idade “aparente” - a repetitividade dos resultados mostra
estatisticamente que o método de evaporagdo de Pb em monocristais de zircdo fornece idades
proximas, sendo similares a idade de cristalizagdo da rocha obtidas por outros métodos (p.ex.
Macambira & Scheller, 1994; Soderlund, 1996; Gaudette et al., 1998).

Em suma o método de evaporagao de Pb em monocristais de zircdo possui, entre outras
vantagens, a capacidade de fornecer resultados rapidos, de baixo custo e de boa qualidade
analitica, pois nao héd necessidade de tratamento quimico prévio dos cristais. Além disso, os

valores absolutos mostram-se, em determinadas situagdes geoldgicas, similares ao obtidos em
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outras metodologias, inclusive aquelas de alta resolucdo, conforme atestam, por exemplo, os

resultados deste trabalho.

3.3.22 - U-Pb em zircdo por diluicdo isotdpica (ID-TIMS ou Isotope Dilution—Thermal
lonization Mass Spectrometry)

Duas amostras foram analisadas no Para-Iso (espectrometro de massa Finnigan MAT
262), utilizando-se o método U-Pb em zircdo por dilui¢do isotdpica modificado por Krymsky
(2002) a partir de Krogh (1973) e Parrish (1987). Os graos de zircdo apds triagem inicial foram
previamente pesados e submetidos a abrasdo por 30 a 40 minutos sob pressdo de 1,2 a 1,8 psi.
Posteriormente foram lavados no ultra-som com metanol e uma mistura de HCl + HNOs;. Em
seguida, as amostras foram dissolvidas em micro-cépsulas de teflon utilizando-se HF + HNOs e
HCI em duas etapas distintas. Em cada etapa as micro-capsulas foram colocadas em uma bomba
de Parr ¢ aquecidas em forno a temperatura a 245°C por cerca de 12 horas. Foi utilizado um
tragador misto 2*°U-**Pb (10 uL) visando determinar as concentragdes de uranio e chumbo.

O branco total medido foi de <30 pg para o chumbo e de <1 pg para o uranio e a repeti¢ao
das analises no padrio NBS-982 forneceram as seguintes razdes médias: ***Pb/*”°Pb =
0,0272145; *"Pb/**®Pb = 0,467041; ***Pb/**°Pb = 0,9998292. O fracionamento de massa para o
Pb foi estabelecido em 0,12 um.a. e 0,18 u.m.a. para o UO,, enquanto os calculos foram

efetuados através dos programas PbDat (Ludwig, 1993) e Isoplot (Ludwig, 2001).

3.3.2.3 - Sm-Nd em Rocha Total

Foram analisadas 22 amostras de rocha pelo método Sm-Nd em rocha total. O processo de
preparacdo das amostras seguiu 0 mesmo procedimento adotado para a realizacdo das andlises
geoquimicas multielementares, gerando aliquotas com cerca de 200 mesh. Os procedimentos
listados a seguir seguem a rotina desenvolvida por Oliveira (2002).

A abertura quimica dessas amostras (aproximadamente 100 mg) foi alcancada utilizando-
se sequencialmente os acidos HNO;, HF e HCL. Na solugdo resultante, o Sm ¢ o Nd foram
separados em duas etapas distintas através de cromatografia de troca idnica. A primeira etapa
consistiu na separagcdo dos ETR (Elementos Terras Raras) dos demais elementos, sendo a troca
ionica realizada em colunas de teflon contendo resina Dowex 50Wx8. Nesta etapa sdo

adicionados de modo sequencial HCI e HNO; em diferentes concentragdes.
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Na segunda etapa de separagdao cromatografica, Sm e Nd sdo separados dos demais ETR
através da combinagdo HNO;3; + metanol. A troca idnica ¢ realizada em resina Dowex AGlx4
eluida com HNOs-metanol, igualmente colocada em colunas de teflon. No processo analitico foi
utilizado tragador misto *°Nd-'**Sm, de modo a identificar as razdes isotopicas e o contetdo de
Sm e Nd. Durante a analise espectrométrica (Finnigan modelo MAT 262) na etapa de evaporacao
o Sm e o Nd sdo depositados em filamentos de tantalo, enquanto que a ionizagdo ¢ feita com
filamentos de rénio.

Os dados de Nd foram normalizados para a razio '**Nd/'**Nd de 0,7219. Durante o
periodo de andlises, razoes NJ/M*Nd médias de 0,5118339 = 9 € 0,5126335 + 5 foram obtidas
respectivamente para os padrdes La Jolla e BCR-01 e as concentracdes de Sm (6,56 ppm) e Nd
(28,58 ppm) para este também foram obtidas. Os brancos totais medidos foram de 0,160 ng para

o Sm e 0,587 ng para o Nd.

3.3.2.4 - Pb-Pb em feldspato

As amostras de feldspato analisadas foram obtidas, sobretudo de tipo porfiriticos, tendo
sido inicialmente fragmentadas no proprio afloramento e posteriormente pulverizadas em
laboratério em fragdes granulométrica entre 1 ¢ 2 mm. Foram selecionadas aliquotas com 30 a 50
mg de um total de 14 amostras. O método Pb-Pb feldspato por lixiviacao sequencial utilizado foi
modificado de Ludwig & Silver (1977) e Housh & Bowring (1991).

Inicialmente os fragmentos de feldspato foram lavados com HCl e HNOs e em seguida
lixiviados em varias etapas (de 3 a 8 etapas) com HF e HBr. A separacdo do Pb do restante dos
outros elementos foi feita através da adi¢ao sequencial monitorada de HBr e HCI em colunas de
teflon contendo resina Dowex AG1x8 (200-400 mesh). O Pb separado obtido foi depositado em
filamento de rénio com uma combinac¢do de 1uL de silica gel + H3;PO4 e a composi¢do isotdpica
das amostras foi medida no espectrometro de massa VG ISOMASS 54E com monocoletor.

Foram considerados para o estudo isotopico os resultados das etapas de lixiviagdo com
menor interferéncia de Pb estranho (em geral as ultimas), e que conseqiientemente refletem o Pb
inicial da rocha no tempo de sua formagao. Os brancos totais medidos variaram de 0,27 a 1,40 ng
e o tratamento dos dados e construcdo dos diagramas foi feito utilizando-se o programa Isoplot

(Ludwig, 2001).
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4 - ARTIGOS CIENTIFICOS

Os resultados obtidos ao longo desta pesquisa encontram-se materializados nos artigos
submetidos (ou em fase de submissdo) aos periddicos especializados. Estes serdo apresentados a
seguir, iniciando pelos litdtipos do dominio Guiana Central, proximos ao limite com o Dominio
Uatuma-Anaud, passando pelos resultados geologicos, petrograficos, geoquimicos e
geocronologicos obtidos nos granitdides deste Ultimo dominio, culminando com a assinatura
isotopica dos sistemas do Nd e Pb da crosta no sudeste de Roraima e elaboracdo de modelo de
evolugdo geologica.

Vale lembrar que os artigos submetidos, ou em vias de submissdo, disponiveis neste
volume representam o momento atual do conhecimento geologico, podendo ser objeto de

reavaliagdo e modificacdo até o momento final de sua publicagdo.
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RESUMO

Hornblenda e biotita (meta) granitdides, milonitos, leucognaisses e granulitos, com estruturas
preferencialmente NE-SW e E-W, ocorrem no Dominio Giiiana Central (DGC), proximo do limite com o
Dominio Uatuma-Anaua (DUA), regido central do Escudo das Giiianas, sudeste de Roraima (Brasil). Os
resultados fornecidos pelo método evaporagao de Pb (zirc2o) apontam idades de 1.724 +£ 14 Ma e 1.889 +
4 Ma, respectivamente, para hornblenda-biotita monzogranito foliado (granito sincinematico) e
granodiorito milonitico (Suite Agua Branca?). Desta forma, sugere-se, além dos eventos tectonicos
marcados pelo intervalo de 1,94-1,93 Ga (p6s-Transamazonico) e 1,35-0,98 Ga (K'Mudku), a existéncia
de outro evento tectonico em torno de 1,72 Ga (Evento Itd), provavelmente relacionado, nesta regido, a
evolugdo do Supercontinente Columbia. Além disso, os dados sugerem que o Sistema de Falhas do Ita
pode ter sido gerado ou reativado p6s-1,89 Ga e os protolitos ortoderivados estudados nesta porgdo do
DGC ndo se mostraram correlacionaveis aqueles de areas vizinhas (cujas idades variam de 1,96 a 1,93
Ga), indicando a necessidade de revisdo das propostas litoestratigraficas e dos limites entre os dominios
conhecidos.

Palavras-chave: Guiana Central, Roraima, Escudo das Guianas, Geologia, Geocronologia

ABSTRACT
Metagranitoid rocks, mylonites, leucogneisses and granulites occur in the Central Guyana Domain (CGD)
near the Uatumia-Anaud Domain (UAD) boundary, southeastern Roraima (Brazil). These rocks are
oriented along NE-SW and E-W trends and dip to NW and N, respectively. Single-zircon Pb evaporation
results yielded 1724 + 14 Ma and 1889 + 3 Ma for a syn-kynematic foliated hornblende-biotite
monzogranite and a granodioritic mylonite, respectively. These results point to a new tectonic event (Ita
Event) in the area in addition to the 1.94-1.93 Ga (late- to post-Transamazonian) and the 1.35-0.98 Ga
(K'Mudku) thermal tectonic events. This new event may be related, at least locally, with the evolution of
the Columbia Supercontinent. In addition, the Itd Fault System is younger than 1.89 Ga (granodioritic
mylonite age), contrasting with the Barauana high grade lineament and 1.94 Ga polydeformed rocks,
pointing to the needs of a major revision of lithostratigraphic column currently proposed for the CGD as
well as the CGD and UAD boundary.
Keywords: Central Guyana, Roraima, Guyana Shield, Geology, Geochronology
INTRODUCTION

The Central Guyana Domain (Reis and Fraga, 2000a, Reis ef al., 2003) or K'Mudku Shear
Belt (Santos ef al., 2000, 2006a,b) has been considered as the most important structural feature in
central-western Guyana Shield (Fig. 1). This major NE-SW-trending tectonic domain extends
over northernmost Brazil and large areas within Guyana and Surinam. This domain has been
interpreted as a collisional orogen (Hasui et al., 1984; Gibbs and Barron, 1993), although no
relicts of oceanic crust have been recorded. Nevertheless, some orthogneisses (calc-alkaline
crustal sources) that occur within this domain display typical subduction-related geochemical
signatures. According to CPRM (1999), this calc-alkaline signature is not directly associated with
mantle partial melting processes during the subduction-related, pre-collisional setting but may
reflect an origin associated with an ensialic mobile belt (Cordani and Brito Neves, 1982). As
such, CPRM (1999) suggested that the Central Guyana Domain was generated during an event in

late- to post-Transamazonian times (2.26-2.01 Ga; Santos et al., 2003a) previous to an oblique
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movement along the limits of two colliding lithospheric plates (ie. intrancontinental orogenic
belt). Further tectonic events, such as the K’'Mudku (Guyana) or the Nickerie (Surinam) ones,
would have erased the records of igneous and metamorphic processes that took place within the
present northern and southern limits of the Central Guyana Domain.

This paper presents geological data for granulites, orthogneisses, mylonites and
(meta)granitoid rocks and new zircon Pb geochronological data for mylonites and granitoid rocks
from the Central Guyana Domain in southeastern Roraima (Brazil). The aim of this study is to
put constraints in the southern limits of this domain as well as in chronology of the major
igneous, metamorphic and tectonic events that took place in the central portion of the Guyana

Shield.
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(1.87,1.81 and 1.75 Ga)
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[ Older calc-alkaline granites (~1.96 Ga)
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Fig. 1. Geological sketch map of the Guyana Shield (modified from Gibbs and Barron, 1993) and the location of the study area
showing southeastern Roraima. The lithostructural domains of Roraima after Reis and Fraga (2000a), Reis et a/. (2003) and CPRM
(2006) are also shown.
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GEOLOGY OF SOUTHEASTERN RORAIMA

Two main lithostructural domains can be depicted within southern Roraima state in Brazil:
the Central Guyana and Uatuma-Anaua (Fig. 1, Reis et al., 2003; CPRM, 2006). These two
domains correspond, respectively, to the K'Mudku Shear Belt and the Tapajos-Parima Belt
(Santos et al., 2000, 2006a,b). According to CPRM (1999), the Central Guyana Domain (CGD) is
essentially a shear belt composed of orthogneisses, metagranitoid rocks and minor granulites with
a strong NE-SW and E-W foliation (Fig. 2) dipping steeply to NW. Although the age and the
evolution of this shear-belt still remain uncertain, Fraga and Reis (1996) reinforced that its main
tectonic feature can be related to oblique thrust structures associated with a NW to SE main stress
component. The most common rocks that crop out in southern CGD are orthogneisses, mylonites,
metagranitoid rocks and subordinated lenses of granulites and leucogneisses (the Rio Urubu
Metamorphic Suite; CPRM, 1999) associated with low- and medium- (Cauarane Group, CPRM,
1999) to high-grade (Murupu Suite, Luzardo and Reis, 2001) metavolcanosedimentary sequences
and S-type granites (Curuxuim Granite, CPRM, 1999).

The Uatuma-Anaua Domain (UAD) is characterized by E-W to NE-SW-trending
lineaments and a metamorphic basement (Fig. 2) comprising TTG-like metagranitoid rocks and
orthogneisses, with metamafic to metaultramafic enclaves (Anaud Complex) that have been
associated with an island arc environment (Faria ef al., 2002). Metavolcano-sedimentary rocks
(Cauarane and Murupu related rocks) have also been associated with the basement rocks within
this area (CPRM, 2000).

The TTG and the supracrustal basement sequences were intruded by S-type (the Serra
Dourada Granite) and I-type calc-alkaline (Martins Pereira) granites (Fig. 2). Altogether, they
comprise the 1.96 to 2.03 Ga Martins Pereira-Anaud granitic terrain (Almeida et al., 2002) or the
Northern Uatuma-Anaua Domain (NUAD, Almeida and Macambira, 2006 in press) taken as the
“deformed” portion of the UAD.

Younger, unmetamorphosed and undeformed sequences are represented by the Caroebe
(Agua Branca Suite, Fig. 2) and Igarapé Azul calc-alkaline granitoid rocks. These granitoid rocks
were associated with the Iricoumé volcanic rocks (Macambira ef al., 2002; Reis et al., 2000) and
subordinate charnockitoid plutons (Almeida et al.,, 2002), and altogether comprise the
“undeformed” Igarapé Azul-Agua Branca granitic terrain (Almeida ez al., 2002) located on the

Southern Uatuma-Anaud Domain (SUAD, Almeida and Macambira, 2006 in press). Several A-
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type granite plutons (Fig. 2) are represented by the Moderna and Madeira (1.81 Ga), and

Mapuera and Abonari (1.87 Ga) granites that occur within the SUAD as well as the NUAD.
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// Uatuma-Anaua (south)

Pb-evaporation method)  IFS - It Fault System ¢ domains boundary

Fig. 2. Geological map of the southeasternmost Roraima state modified from CPRM (2000) and Almeida et al. (2002).

THE CENTRAL GUYANA DOMAIN (CGD) IN SOUTHEASTERN RORAIMA

Metagranitoid, high-grade metamorphic rocks and other metamorphic and granitoid rocks

found within the CGD nearby the UAD were grouped into the Rio Urubu Metamorphic Suite
(CPRM, 1999, 2000; Reis and Fraga, 2000b). The hypersthene-bearing gneisses (Barauana

granulite), leucogneisses (Igarapé Khalil leucogneiss), epidote-rich biotite mylonites (Ita

mylonite) and hornblende-biotite gneisses to foliated granitoid rocks of this suite were mapped
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along the southern limit of the CGD as part of the present work and will be described in the

following sections.

The Barauana granulite

In the Guyana Shield (Fig. 1; Gibbs and Barron, 1993), high-grade metamorphic domains
have been reported in the Imataca Complex (Venezuela), Kanuku (Guyana) and Bakhuis
Mountains and the Coeroeni area (Surinam), as well as in eastern Amapa and central-southern
Roraima (Brazil). Among these terrains, the Barauana Mountain represents a major granulite-
facies domain (CPRM, 2000) in southern Roraima (Fig. 2).

The Barauana Mountain is constituted of banded, polydeformed, locally migmatized
hypersthene-bearing gneisses with charnockite and enderbite composition. The migmatites show
stromatic, agmatic and schollen structures and anathectic mobilizates (Fig. 3). Thin section
analyses have shown that igneous textures have not been preserved in these rocks. The gneisses
show grano-lepidoblastic textures and a mineral assemblage composed of plagioclase, alkali
feldspar, hypersthene, quartz and brownish red biotite, as well as opaque minerals (mainly

magnetite), apatite and zircon (Fig. 4a-b).

b.n- i ; .‘:3'.‘:" : "‘:\-.' 2 ,--*; ".l. e
Fig. 3. Outcrop of banded charnockitic gneiss (Barauana
Granulite) with enderbitic enclaves as lenses (MA-207 outcrop).

On a regional scale, the NE-SW foliation (N60°E/80°NW to N35°E/90°) dips steeply to NW

and is generally parallel to the Central Guyana Domain regional trend. Similar trends are
observed in the Kanuku Mountains, in Guyana (McConnel, 1962; Gibbs and Barron, 1993), as
well as in the Bakhuis and Coeroeni Mountains, in Surinam (Bosma et al., 1983; De Roever et
al., 2003).

Rims of zircon crystals in the Barauana granulite (anatexite sample) were interpreted as

having a late metamorphic origin (1818 Ma, U-Pb SHRIMP), while the cores (1942 +7/-8 Ma, U-
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Pb SHRIMP) have been related to an anatectic event (igneous zircons) under granulitic

s " y o - - " - Y e Jf‘ 2 :{'
Fig. 4. Photomicrograph of charnockitic gneiss (Barauana Granulite) with bands of granoblastic charnockite (uppermost) and
granolepidoblastic enderbite (lowermost). (a) Cross-polarized light and (b) plane-polarized light (1.25x). Af. Alkali feldspar; Bi.
Biotite; Hy. Hypersthene; Op. Opaque minerals; Pg. Plagioclase; Qz. Quartz.

Syn-kynematic charnockites within the Central Guyana Domain (the Serra da Prata Suite,
as reviewed by Fraga, 2002) yielded ages between 1934 Ma and 1943 Ma (single-zircon Pb
evaporation). These ages are in general agreement with those of the Barauana granulite and all
these data suggest an important granulite-facies metamorphism and a pyroxene-bearing rocks
generation (anhydrous) event. Nevertheless, despite their (Barauana and Serra da Prata) similar
ages, a coeval origin is yet debatable. Those ages are also younger than the Amapa (2.06-2.05
Ga; Lafon et al,, 2001; Avelar et al., 2003) and Bakhuis (2.07-2.05 Ga and ~2.15 Ga inherited
component; De Roever et al., 2003) ultra high-temperature (UHT) granulites, revealing an
elapsed time (140 to 110 m.y.) related to diachronous high-grade metamorphic episodes in the
Guyana Shield (Fig. 1).

The Itd mylonite and the Igarapé Khalil orthogneiss

The Ita mylonite crops out near the RR-170 road, within the Itd Fault System, located on the
boundary of the CGD and the UAD (Fig. 2). According to CPRM (2000), older mylonites are
observed to the north, in the Lua Mountains (Vila Vilhena region), associated with fine grained
biotite gneisses. The Itd mylonite is a medium- to fine-grained augen gneiss with granodioritic to
monzogranitic compositions and abundant ovoid feldspar porphyroclasts (Fig. 5). These rocks
display a N75°E to N70°E S-C foliation (dextral sense), steep NW dipping, showing mineral
lineation (quartz ribbons and locally stretched feldspar) with medium-angle rake (N80°W/60°).
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Fig. 5. Granodioritic to monzogranitic biotite mylonite showing a
conspicuous mylonitic foliation with ENE-WSW trend and NW
steep dip (MA-42 outcrop).

The mineral assemblage is mainly composed of alkali feldspar, plagioclase and biotite (and
associated epidote). Epidote, quartz and feldspars are very fine-grained, recrystallized and,
locally, quartz and feldspar display a granoblastic texture (Fig. 6a-b). Other accessory minerals
are sphene, allanite, opaque minerals (mainly magnetite), apatite and zircon. Secondary minerals

are chlorite and subordinate sphene. Relict igneous textures are scarcely observed in these rocks.

Fig. 6. Photomicrograph of porphyritic granodiorite wihmylitic texture and conspicous foliation as well as a local fine-grained

matrix and feldspar relicts. (a) Cross-polarized light and (b) plane-polarized light (1.25x). Af. Alkali feldspar; Bi. Biotite; Ep.
Epidote; Op. Opaque minerals; Pg. Plagioclase; Qz. Quartz; Sph. Sphene.

The Igarapé Khalil orthogneiss crops out along the BR-174 highway being leucocratic,
equigranular, fine-grained and granolepidoblastic to locally protomilonitic textures with
subvertical N80E to N50°E foliation. The mineral assemblage is composed essentially of quartz,
microcline and plagioclase. Biotite and muscovite occur subordinately in this rock (~3 vol. %).
Accessory minerals are represented by allanite, primary epidote, zircon, apatite and opaque

minerals. Epidote, chlorite and sericite occur as secondary minerals.

The amphibole-biotite foliated granitoid rocks
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Biotite-amphibole gneisses and (meta)granitoid rocks are commonly found between the
Barauana Mountain and the Ita Fault System, along RR-170 road (Fig. 2). They comprise an
ENE-WSW trending, lens-shaped body with slightly higher radiometric features than ohers
orthogneisses in the CGD (CPRM, 1984). These rocks display a steeply NW dipping, N70°E to
N75°E conspicous foliation (Fig. 7) and a S-C fabric as a result of emplacement under

amphibolite-facies conditions and a dextral transpressive regime.

—— T At :
iotite granite (“streaky gneiss”™)
showing strong foliation and mineral lineation by magma flow
(MA-44 outcrop).

These rocks are grey in color and equigranular alghouth some display a few porphyry
surrounded by a fine-grained groundmass. They have monzogranitic to syenogranitic and rarely
granodioritic to quartz dioritic compositions. Biotite and amphibole (hastingsite) are the main
mafic minerals and sphene, allanite, epidote, opaque minerals, apatite and zircon constitute the
main accessory phases. These rocks display a mineral lineation defined by the preferred
orientation of amphibole and feldspars (mainly plagioclase), as well as a foliation given by the
subparallel orientation of biotite flakes.

With the exception of these structures, these granitoids seem to be strain-free or low
strained rocks, suggesting deformation in the presence of a melt phase (ie. syn-kynematic
emplacement). There is no evidence for dynamic and/or stactic conspicuous recrystallization and
the igneous mineralogy and textures are well preserved (Fig. 8a-b). Only a few quartz grains
show local grain reduction (dynamic recrystallization) and ondulatory extinction. On the other
hand, CPRM (1999, 2000) have pointed out to highly deformed (solid state) rocks of similar
compositions in the Barauana River and Lua Mountain, suggesting that the granite had been at

least partially crystallized at the time of deformation. According to CPRM (1999), these rocks
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(Barauana River and Lua Mountain) can be correlated with the Kusad and Corentyne (augen)

gneisses in southern Guyana.

Fig. 8. Photomicrograph of foliated hornblende-biotite monzogranite with low dynamic recrystallization texture and relicts of

igneous texture. (a) Cross-polarized light and (b) plane-polarized light (1.25x). Af. Alkali feldspar; Bi. Biotite; Hs. Hastingsite; Op.
Opaque minerals; Pg. Plagioclase; Qz. Quartz; Sph. Sphene.

In general, the petrographic and field features described for foliated amphibole-biotite
granitoid rocks suggest that they were at least partially molten by the time of their emplacement
in an active tectonic zone. According to Brown and Solari (1999), sheet-like, concordant to
subconcordant granites can be related with magma transport along planar conduits through an
AFZ (apparent flattening zone). These authors also state that the S > L fabrics observed in these

granites record the apparent flattening-to-plane strain, mainly in the case of “straight” belts.

SINGLE-ZIRCON Pb-EVAPORATION GEOCHRONOLOGY
Analytical procedures

Two to twenty kg of each rock sample were crushed (milled to 60-80 mesh), sieved,
washed and dried out for at least 12 hours. Heavy mineral fractions were obtained by water-
mechanical and dense liquid concentrations, and processed under a hand magnet and a Frantz
Isodynamic Separator. As much as possible, only alteration-free zircon grains were selected for
analysis (zircon descriptions are presented below). In order to remove impurities, the zircon
concentrates were washed with HNO3 at 100° C (10 minutes), taken to an ultrasound cube (5
minutes) and finally washed under twice-distilled H,O. After drying, the concentrates were
observed under the petrographic microscope and the zircon grains were selected by hand-picking.

Selected grains were then tied in Re-filaments and charged into a Finnigan MAT262 mass
spectrometer for isotope analysis. The **’Pb/**°Pb ratios were corrected for a mass discrimination
factor of 0.12% + 0.03 a.m.u’', determined by repeated measurements of the NBS-982 Pb-

standard. The **’Pb/ *"°Pb ratio was measured during three evaporation steps at temperatures of
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1450°C, 1500°C, and 1550°C. The average **’Pb/**Pb ratio obtained in the highest evaporation
temperature was taken for age calculations. The data were acquired using the ion-counting
system of the instrument. The Pb signal was measured by peak hopping in the 206, 207, 208, 206,
207, 204 mass order along 10 mass scans, defining one block of data with 18 2*’Pb/ *?°Pb ratios.
Outliers were eliminated using the Dixon's test. The **’Pb/*?°Pb ratio average of each step was
determined on the basis of five blocks, or until the intensity beam was sufficiently strong for a
reliable analysis. The ages were calculated with 2 sigma error and common Pb correction from
values derived from the Stacey and Kramers (1975) model in the blocks in which the ***Pb/*”°Pb
ratios were lower than 0.0004. The statistic levels are express by the USD or Unified Standard
Deviation (square root of MSWD — Mean Standard Weigth Deviation). The data were processed
using the DOS-based Zircon shareware (Scheller, 1998).

Samples, results and interpretation

Two fresh rock samples representing the Itd granodioritic mylonite (MA-42: 1°32'50"'N;
60° 19" 48"°'W) and the foliated biotite-amphibole monzogranite (MA-44: 1° 36" 35'N; 60° 21’
36""W) were collected and analyzed by the single-zircon Pb evaporation method.

Six zircon crystals from sample MA-42 (porphyritic granodioritic mylonite) were analyzed,
but only three (crystals #2, #4 and #5) gave results that led to age calculations. The zircon grains
were non-magnetic, euhedral, pale yellow to brown, transparent to translucent crystals showing
few inclusions and fractures. The crystals showed preserved faces, were 220-360 um in length
and bear a length:width ratio of around 3:1 to 2:1.

The analyzed crystals yielded a mean age of 1889 + 4 Ma (Fig. 9a, Table 1) and the
297pb/2%Ph individual ages obtained at higher temperature steps were rather uniform, showing
values between 1889 + 4 Ma (grain #2) and 1892 + 2 Ma (grain #5). Thus, the 1889 + 4 Ma was
interpreted as the crystallization age and the time of emplacement of the igneous protholith of the
MA-42 mylonite. The data obtained at the lower temperature steps were eliminated from the
calculation of the mean age for being less consistent, yielding younger ages (1828 = 10 Ma to
1879 + 8 Ma) and higher ***Pb/**°Pb ratios. The Th/U ratios ranged uniformily from 0.51 to 0.58
(Table 1), similarly to the other magmatic rocks.

The mean age (1889 = 4 Ma) is, at least, 20 Ma to 75 Ma younger than that of other igneous
protholiths from ortogneisses and mylonites commonly related to the Rio Urubu Metamorphic

Suite in the CGD, such as the Vilhena mylonite (1950 £ 9 Ma; magmatism age and 1879 + 4 Ma;
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metamorphism age) according to U-Pb zircon SHRIMP analysis (CPRM, 2002, 2003). Locally,
younger mylonites were described to the south, in the Alalat and Jauaperi rivers (CPRM, 2000),
yielding 1869 £ 9 Ma by the U-Pb zircon SHRIMP method (Santos et al., 2002; CPRM, 2003).
On the other hand, igneous ages of around 1.89 Ga to 1.90 Ga were only observed nearby the
Igarapé Dias (CPRM, 2003) and Caroebe granitoid rocks (Agua Branca Suite), both in the
southeast of Roraima. Thus, despite the difficulties concerning the protholith identification, the
1.89 Ga age in association with the mineral assemblage (e.g. biotite, epidote and calcic zoned
plagioclase), as well as granodioritic to monzogranitic compositions, suggest that the igneous
protholith of the Itd mylonite is a granitoid rock related with the Caroebe (Agua Branca Suite)
magmatism.

Twenty zircon crystals collected from sample MA-44 (foliated hornblende-bearing granite)
were analysed, but only five crystals (crystals #6, #8, #12, #14 and #18) gave results that led to
age calculations (Fig. 9b, Table 1). The zircon grains were euhedral crystals with 180-370 um in
length and length:width ratio of around 2:1. They showed slightly rounded vertices and slightly
irregular faces. The grains were pale yellow, transparent to translucent, with several inclusions
and fractures, being also weakly magnetic.

The analyzed crystals yielded a mean age of 1724 + 14 Ma (Fig. 9b), but the **’Pb/*”°Pb
individual ages obtained under the 1450°C to 1500°C evaporation steps were not homogeneous,
giving high errors, and values between 1707 £ 16 Ma (grain #8) and 1755 = 10 Ma (grain #12).
Thus, this mean age is interpreted as a minimum crystallization age of the analyzed crystals.
Grain #3 gave the oldest age (1827 + 23 Ma) and has been taken as an inherited crystal. This age
is similar to those obtained for the Moderna Granite (Santos et al., 1997). The Th/U ratios ranged
from 0.36 to 0.50 (Table 1), resembling those found in magmatic systems.

The mean minimum crystallization age of 1.72 Ga is at least 200 Ma younger than those of
the other orthogneisses and metagranitoid rocks correlated to the Rio Urubu Metamorphic Suite,
in the CGD (Gaudette et al., 1996; Fraga, 2002). These foliated granitoid rocks yielded Nd model
age (Tpwm) of 2.07 Ga and enggy = -0.91 (Teryst 1724 Ma), suggesting probably juvenile (depleted)
crustal protholiths with late-Transamazonian ages and no appreciable mantle contribution.

Ar-Ar ages on a muscovite crystal from sheared granitoid rocks within the UAD, close to
the boundary with GCD, yielded values between 1656 £ 4 Ma and 1710 = 4 Ma (CPRM, 2002),

recording an important cooling event (near 350°C Ar-Ar blocking temperature; Hodges, 1991) in
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southeastern Roraima. These Ar-Ar ages are in good agreement with the foliated amphibole-

biotite granite age (1724 £+ 14 Ma).

2000 MA-42A. Mylonitic biotite granodiorite; Mean age: 1889 + 4 Ma; USD: 1.?1%0 MA-44. Foliated hornblende granite; Mean age: 1724 + 14 Ma; USD:3.5
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Fig. 9. Single zircon Pb-evaporation age diagram of (a) mylonitic biotite granodiorite and (b) foliated hornblende-biotite
monzogranite. Filled circle - accepted blocks for age calculation. Square - blocks not used due to their higher or lower values of the
*Pb/“Pbratio inrelation to the mean. X - rejected blocks due to show *Pb/**Pb > 0.0004. Crystal numbers are indicated (see table 1).

TECTONIC SETTING OF THE CENTRAL GUYANA DOMAIN IN SOUTHEASTERN
RORAIMA: A DISCUSSION ON THE COLLISIONAL MODEL

The CGD has been taken as a major collisional orogen by many authors in the past years
(e.g. Cordani and Brito Neves, 1982; Hasui et al., 1984; Gibbs and Barron, 1993; Fraga and Reis,
1996; Costa and Hasui, 1997; CPRM, 1999; Santos et al., 2000, 2006a,b). In general, granulite
terranes in collisional orogens follow a clockwise PT path (e.g. Ellis, 1987; Brown and
Dallmeyer, 1996; Brown, 2001) and their exposure has been attributed to isostatic rebound as a
result of crustal thickening during one or more tectonic events (Ellis, 1987).

Nevertheless, many granulite terranes seem to have been too hot to have formed during
continental collision and may represent thickened hot orogens associated with underplating
processes within other tectonic settings (Collins, 2002a). For instance, granite generation in the
Paleozoic Lachlan Folded Beld and Circum Pacific regions was assisted by heat advected from
the mantle during protracted regional extension under low- to medium-P granulite facies (Collins,
2002b). These recent studies have pointed out that some granulites are unlikely to be related with
collisional tectonics. Furthermore, collisional orogens develop when an ocean closes between
continental blocks. However, many orogenic systems have not experienced collision, being called
accretionary (e.g. Coney, 1992), with the Lachlan orogen as an excellent example.

Even in classic collisional orogens, such as the European Alps and Himalayas, coeval
granites and granulites are rare. On the contrary, broad zones of anomalously high heat flow

occur in extensional and accretionary orogens, leading to widespread silicic magmatism, as in the
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Basin and Range Province, the Taupo volcanic zone, the Circum-Pacific orogens and some
Precambrian terranes (e.g. Central Australia, Collins, 2002a). These orogens are characterized by
voluminous granitic batholiths associated with repeated extensive-compressive events and are
underlain by granulites. The latter are only scarcely exposed (e.g. Ducea, 2001) because crustal
thickening rarely occurs. Even so, granulite xenoliths found in modern basalts in those orogens
point out to the existence of a granulite basement (e.g. Chen et al., 1998). All these data suggest
that granulites would have been more commonly associated with accretionary orogens than
collisional ones. Nevertheless other authors have argued that the association of granulite terranes
with repeated tectonic events has only local application, as in the case of the Lachlan orogen,
since it does not apply to other UHT and HP granulite terrains undoubtly related to collisional

tectonics as in the case of the Variscan, Brasilia and Grenville orogens (Brown, 2003).

CRUSTAL AMALGAMATION PROCESSES IN GLOBAL-SCALE: THE
SUPERCONTINENT THEORY AND ITS APPLICATION IN THE CENTRAL GUYANA
DOMAIN

The Amazonian Craton evolution has been closely associated with those of the Laurentia
and Baltic cratons in the northern hemisphere (e.g. Rogers, 1996). Lateral magmatic arc accretion
seems to have taken place in those cratons in Statherian times (Paleoproterozoic: 1.80-1.60 Ga)
as well as taphrogenic events within the pre-Statherian domains (e.g. Atlantica) onto the
Columbia supercontinent (Rogers and Santosh, 2002; Brito Neves and Almeida, 2003). These
Statherian events are well-recorded in the Yavapai (1.75-1.68 Ga; e.g. Duebendorfer et al., 2001)
and Cheyenne (1.78-1.75 Ga; e.g. Sims and Stein, 2003) orogens within Laurentia as well as in
the Rio Negro (1.82-1.52 Ga) and Rondonian-Juruena (1.82-1.54 Ga) provinces within the
Amazonian Craton (Santos et al., 2000, 2006a).

In the central portion of Guyana Shield in southern Roraima (Fig. 1), granitic magmatism is
unknown at Statherian times but could be represented by the syn-kynematic biotite-amphibole
granite emplaced around 1.72 Ga. In the western region of the Guyana Shield (Rio Negro
Province), Statherian rocks are represented by arc-related meta-quartz diorites with ~1.70 Ga
(Tassinari et al., 1996, zircon U-Pb ID TIMS;), ~1.75 Ga A-type granites (Almeida et al., 2006,
single-zircon Pb evaporation) and ~1.79 Ga basement rocks (CPRM, 2003, zircon U-Pb
SHRIMP). In the Central Brazil Shield, the Rondonian-Juruena (1.82-1.54 Ga) province has also
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tonalities, granites and coeval volcanic rocks with 1.79-1.75 Ga, all formed in an arc-related
tectonic setting (Alto Jauru orogen, Pinho et al., 1997; Geraldes et al., 2001).

This apparent scarcity of Statherian magmatism in Roraima contrasts with that of Laurentia
and Baltic cratons. For instance, in Laurentia zircon geochronology studies (U-Pb SHRIMP and
ID TIMS) gave ages of 1721 + 15 Ma for the Boulder Creek Batholith (Premo and Fanning,
2000) as well as 1737 + 4.3 Ma, 1719 + 1.2 Ma and 1721 + 2.4 Ma for the Big Wash, Diana and
Chloride granites, respectively (Duebendorfer et al., 2001). Similarly, ~1.70 Ga syntectonic
plutons (Wet Mountains; Siddoway et al., 2000) and muscovite and biotite Ar-Ar plateau ages
(~1.74-1.70 Ga) obtained for samples from the western Trans-Hudson Orogeny (Heizler et al.,
2000) closely resemble those in southeastern Roraima obtained for foliated hornblende-biotite
granites (1.72 Ga, this paper) and muscovite in shear zones (1.71-1.66 Ga, CPRM, 2002). These
data suggest the involvement of the southeastern Roraima lithosphere in the Columbia
supercontinent evolution at least on a local scale.

Accretionary and collisional orogens have also affected the Amazonian, Laurentia and
Baltica cratons in late Mesoproterozoic times. Geochronological Rb-Sr and K-Ar data (Pinson et
al., 1962; Barron, 1966; Priem et al., 1971; Amaral, 1974; Lima et al., 1974; Basei and Teixeira,
1975; Tassinari, 1996) showed that the K'Mudku Event (Barron, 1966) took place within the
1.35-0.98 Ga range as confirmed by recent Rb-Sr and Ar-Ar geochronology (Fraga, 2002; Santos
et al., 2003b). As such, the K’Mudku Event in Roraima can be interpreted as a far-field,
intracratonic effect of the continental collision (Grenvilian-Sunsas belt) within the southwestern
and northwestern Amazonian Craton. This event can also be related with the Rodinia
supercontinent amalgamation, according to Brito Neves (1999).

In summary, the data presented in this section strongly suggest that the central portion of
the Guyana Shield (northern Amazonian Craton) in southeastern Roraima has played a role in
repeated episodes of supercontinental amalgamation as follows: the Atlantica (1.94-1.93 Ga, late-
collisional stage?), Columbia (1.72-1.66 Ga, accretionary stage?) and Rodinia (1.35-0.98 Ga,
collisional stage) supercontinents. According Fraga (2002), the older (~1.94 Ga) and younger
(~1.20 Ga) tectonic events are related to higher (> 450° C) and lower (< 300° C) temperatures,
respectively. CPRM (1999) suggest also an intermediate tectonic event in age (not dated), named

as Macuxi event, this last one probably related to the 1.72-1.66 Ga interval age (this paper).

DISCUSSION AND CONCLUSIONS

Marcelo Esteves Almeida 2006 Tese de Doutorado (CPGG-UFPA)



CAPITULO 4 36

The gneissic and granitic rocks of the Central Guyana Domain in the studied area have been
distinctly affected by varied tectono-metamorphic processes. These rocks comprise at least three
of metaigneous types: 1) high-grade polydeformed granulitic rocks, with local retrograde low- to
medium-grade metamorphism (Barauana granulite), 2) leucogneisses and mylonitic rocks
affected by a single deformation phase under medium- to high-grade metamorphism (the Ita
Mylonite), and 3) low-grade metamorphic metagranitoids rocks and hornblende-biotite granites
with flow foliation and relict igneous fabric (foliated hornblende-biotite granite).

These rocks were originally taken as part of the Rio Urubu Metamorphic Suite (CPRM,
1999) but the ages obtained for the Ita mylonite (1.89 Ga) and the foliated hornblende-biotite
granites (1.72 Ga) are respectively 40-70 m.y and 200-240 m.y. younger than those obtained for
the magmatic protoliths found elsewhere within the Rio Urubu Metamorphic Suite (1.93 to 1.96
Ga). In addition, these rocks show post-1.89 Ga deformation episodes. The new geochronological
data presented in this paper indicate that the proposed lithostratigraphy for the CGD has to be
reviewed, including its boundary with the Uatuma-Anaua Domain.

The 1.72 Ga, syn-kynematic granitic magmatism (foliated hornblende-biotite granitoid
rocks) in the Central Guyana Domain as well as the Ar-Ar ages (~1.70 Ga, CPRM 2002) suggest
that a tectonic event intermediate in age to the late- to post-Transamazonian (~1.94 Ga, Fraga,
2002) and K'Mudku (~1.20 Ga, Fraga, 2002) events took place in the studied area. On a
preliminary basis, we suggest this to be named as the Itd Event, althought it may be related with
the Macuxi event as seen elsewhere (CPRM, 1999).

The K’Mudku Event has been detected in the area by means of several Rb-Sr (e.g. Amaral,
1974; Santos et al., 2000; Fraga, 2002), K-Ar (e.g. Amaral, 1974) and a few Ar-Ar (Santos ef al.,
2003b) ages. These ages are normally related with low to medium temperatures shear zones,
locally associated with pseudotachyllites (CPRM, 1999).

The 1.89 Ga Ita granodioritic mylonite is similar in composition with the Caroebe
granitoids (Agua Branca Suite), located in the Uatuma-Anaua Domain. The mylonite is probably
the result of greenschist to epidote-amphibolite metamorphism of the Caroebe granite within
wide shear zones. Thus, the E-W Ita Fault System post-dates these 1.89 Ga granitoids (K'Mudku
or Ita related events?), and the location of the Central Guyana Domain boundaries also need to be
reviewed. This boundary probably would be displaced to the north and placed along the older
NE-SW Barauana lineament trends, but detailed mapping and new geophysical airbone data are

still needed to test for this hypothesis.
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In conclusion, the data presented in this paper indicate that the structural pattern observed in
the Central Guyana Domain in southeastern Roraima can be related with a main 1.94-1.93 Ga
tectonic event affected by decoupled younger events (reactivation processes), namely the It
(1.72-1.66 Ga) and the K’Mudku (1.35-0.98 Ga) events. This implies that the studied area has
been subjected to major, recurrent tectonics in the the Central Guyana Domain, possibly related

with continental-scale processess in the central portion of the Guyana Shield.
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Table 1. Single-zircon Pb-evaporation isotopic data for mylonitic biotite granodiorite (MA-042)

hornblende-biotite monzogranite (MA-044) samples.

and foliated

sample/ —Temp. oo 204pp200py, 95 208pp2%pYL g 2TphAph 26 (PbA%Pb),, 26 age 26 Th/U
zircon number ("C)
Mylonitic biotite granodiorite
MA42/01  *1450 0/8 0.000116 26 0.18932 213 0.11578 63 0.11578 72 1868 11  0.54
MA42/02  *1450 0/28 0.000112 23 0.17927 74 0.11535 25 0.11354 64 1857 10  0.51
1500  36/36  0.000014 2 0.19437 71 0.11565 47 0.11559 50 1888 8 0.55
MA42/03 #1450 0/32 0.000651 41 0.20128 60 0.12094 23 0.11176 63 1828 10  0.58
MA42/04 1450  18/18  0.000154 12 0.19439 168 0.11663 38 0.11490 50 1879 8 0.55
1500  32/32  0.000016 9 020432 107 0.11578 49 0.11567 54 1891 8 0.58
MA42/05  *1450 0/20 0.000359 12 0.14187 189 0.11625 20 0.11159 26 1826 4 0.44
1500  38/38  0.000063 9 0.17983 160 0.11622 28 0.11528 33 1885 5 0.51
1550  26/26  0.000077 5 0.17843 63 0.11684 22 0.11575 22 1892 3 0.51
MA42/06  *1450 0/36 0.000157 26 0.18369 195 0.11334 39 0.11171 71 1828 12 0.57
*1500 0/8 0.000073 16 0.19334 296 0.11483 41 0.11385 47 1862 7 0.60
150 (282) mean age 1890 4 USD 1.7
Foliated hornblende-biotite monzogranite
MA44/03  *1450 0/16 0.000494 89 0.07691 73  0.10150 194  0.09526 110 1533 22  0.22
*1500 0/16 0.000086 2  0.17460 132 0.11172 139  0.11167 141 1827 23  0.50
MA44/05  *1450 0/8 0.000000 0  0.15711 169 0.10363 53 0.10363 53 1690 9 0.45
MA44/06 1450  22/22  0.000079 26 0.16616 3523 0.10633 370  0.10534 222 1721 77 0.48
MA44/07 #1450 0/8 0.000521 44 0.15396 118 0.11148 41 0.10437 73 1703 13 0.44
MA44/08 1500  14/14  0.000363 106 0.11318 224 0.10925 65 0.10459 179 1707 32 0.33
MA44/11  *1450 0/28 0.000375 3 0.13889 105 0.10778 30 0.10258 45 1672 8 0.40
MA44/12 #1450 0/8 0.001250 58 0.19704 106 0.11860 35 0.10153 88 1652 16  0.57
1500 8/8 0.000136 34 0.17190 192 0.10918 108  0.10733 118 1755 20  0.50
MA44/14 1450  26/26  0.000391 6 0.16686 70  0.11208 16 0.10666 26 1743 9 0.48
MA44/16  *1450 0/14 0.000314 6 0.15654 249 0.10736 16 0.10736 16 1684 6 0.45
MA44/17  *1450 0/28 0.000305 2 0.13550 37 0.10395 36 0.10395 28 1617 0.39
MA44/18 1450  26/26  0.000277 21 0.13612 113 0.10872 37 0.10492 29 1713 5 0.39
1500 8/8 0.0000092 12 0.12460 670 0.10618 268  0.10618 268 1735 46  0.36
104 (230) mean age 1724 14 USD 3.5

Notes: The total blocks analyzed are shown in brackets in the number of blocks column, but only the first figure (out of bracket) was used
for age calculation. Values in italic were not included in the age calculation of the grain (# - step not used due to scatter greater than two
standard deviations from the average age; * - step manually discarded due to higher or lower values of the 2*’Pb/*"Pb ratio in relation to
the mean). (,) ratios corrected for initial common Pb. Th/U ratios were calculated as such: Th = [(**Pb/2*Pb)/(ATh * T)-1] + ***Pb/**Pb);

U = [(*®Pb/%Pb)/(\U * T)-1] + (**Pb/"Pb); ATh = 4.94750 * 102 ; AU = 1.55125 * 10" (in Klotzli, 1999).

Marcelo Esteves Almeida

2006

Tese de Doutorado (CPGG-UFPA)



CAPITULO 4 45

4.2 - Geology and petrography of Paleoproterozoic granitoid rocks from
Uatuma-Anaua Domain, central region of Guyana Shield, southeastern

Roraima, Brazil

Marcelo Esteves Almeidal’z*, Moacir José Buenano Macambira
ICPRM - Geological Survey of Brazil, Av. André Aratijo 2160, Aleixo, CEP 69060-001, Manaus, Amazonas, Brazil
Isotope Geology Laboratory, Center of Geosciences, Federal University of Para, Rua Augusto Corréa s/n, Guama, CEP 66075-
110, Belém, Para, Brazil
* Corresponding author; ph.: +55-92-2126-0357, fax: +55-92-2126-0319, e-mail adress: marcelo_almeida@ma.cprm.gov.br

ARTIGO SUBMETIDO AO CORPO EDITORIAL DA

“REVISTA BRASILEIRA DE GEOCIENCIAS”
Words: summary (81), resumo (240), abstract (191), body text (8367), table (249) and figure (743) captions.
Total: 3 tables and 11 figures
RESUMO
ABSTRACT
INTRODUCTION
GEOLOGICAL SETTING
GEOLOGY AND PETROGRAPHY RESULTS
Northern area
BASEMENT ROCKS: TTG-LIKE ANAUA COMPLEX AND CAUARANE GROUP RELATED ROCKS
S-TYPE SERRA DOURADA GRANITE
MARTINS PEREIRA GRANITOIDS
Granodiorites and monzogranites
Blobs and lenses of leucogranites
Enclaves
Southern area
CAROEBE GRANITOIDS
Jaburuzinho facies
Alto Alegre facies
IGARAPE AZUL GRANITE
Common petrographic features
Vila Catarina facies
Saramandaia facies
Cinco Estrelas facies
Enclaves
A-type granites
MAPUERA GRANITE AND COEVAL GRANITOIDS
MODERNA GRANITE AND COEVAL GRANITOIDS
MINERAL OCCURRENCES
SUMMARY AND CONCLUDING REMARKS
Acknowledgements
References

Marcelo Esteves Almeida 2006 Tese de Doutorado (CPGG-UFPA)



CAPITULO 4 46

RESUMO

Mapeamentos geologicos na escala regional identificaram no Dominio Uatuma-Anaua (DUA), sudeste do
Estado de Roraima (Brasil), por¢do central do Escudo das Giiianas, um amplo dominio de granitdides
calcio-alcalinos a alcalinos, além de subordinados granitos peraluminosos de natureza crustal. Estes
granitoides estdo distribuidos em diferentes associagdes magmaticas com idades, estilos de deformacado e
afinidades quimicas distintos. Neste trabalho, mapeamento geoldgico de maior detalhe, apoiado por estudo
petrografico, propiciou a distingdo de algumas dessas associagdes que ocorrem em duas areas distintas
(norte e sul). Os granitdides deformados do setor norte do DUA (1,97-1,96 Ga) sdo representados pelos
granitos Martins Pereira (do tipo I, calcio-alcalino) e Serra Dourada (do tipo S), e em geral estdo
associados a amplas zonas de cisalhamento ductil destrais de dire¢do NE-SW a E-W. Ainda no setor norte
do DUA, remanescentes do embasamento (2,03 Ga) sdo representados por sucessdo
metavulcanossedimentar (Grupo Cauarane) e associagdo granitica do tipo TTG (Complexo Anaud). Os
granitoides do setor sul do DUA (1,90-1,89 Ga), que incluem os granitos lgarapé Azul e Caroebe da suite
Agua Branca (tipo I, calcio-alcalino), sdo isotropicos e estdo afetados apenas localmente por zonas de
cisalhamento NE-SW. Dois eventos graniticos tipo-A intrusivos ocorrem no DUA: granitéides Moderna
(~1,81 Ga) e Mapuera-Abonari (~1,87 Ga). Ocorréncias primarias de ouro estdo hospedadas nos
granitdides Martins Pereira (setor norte), ocorréncias aluvionares de Nb-Ta sdo encontradas no granito
Igarapé Azul (setor sul), enquanto que pegmatitos com ametista estdo presentes em corpos relacionados ao
granito Moderna.

Palavras-chaves: Granitoides, Petrografia, Roraima, Escudos das Guianas, Paleoproterozoico

ABSTRACT

Regional mapping carried out in the Uatuma-Anaud Domain (UAD), Guyana Shield, southeastern
Roraima (Brazil), has showed widespread calc-alkaline granitic to alkaline magmatism and local
peraluminous granites. These granitoids are distributed into several magmatic associations with different
Paleoproterozoic (1.97-1.89 Ga) ages, structural and geochemical affinities. In this paper, detailed
mapping and petrographic studies have distinguished two main subdomains in UAD. In the northern
UAD, the Martins Pereira I-type, calc-alkaline granitoids and Serra Dourada S-type granite (1.97-1.96 Ga)
are deformed and affected by NE-SW and E-W shear zones. Basement inliers (2.03 Ga) crop out to the
northeastern part of this area, and are formed by rocks from metavolcano-sedimentary sequence (Cauarane
Group) and TTG-like calc-alkaline association (Anaua Complex). Younger and undeformed (with local
discrete NE-SW shear zones) Igarapé Azul and Caroebe granites (I-type, calc-alkaline Agua Branca suite)
crop out in the southern UAD. A-type granites such as Moderna (1.81 Ga) and Mapuera (1.87 Ga) plutons,
cross cut both areas of UAD. Gold mineralization is observed in the Martins Pereira granitoids (northern
UAD), alluvial columbite-tantalite is related to the Igarapé Azul granitoids (southern UAD), and amethyst
is associated to pegmatites of the Moderna A-type granites.

Keywords: Granitoids, Petrography, Roraima, Guyana Shield, Paleoproterozoic

INTRODUCTION

Calc-alkaline I-type granitoids, including aluminous to alkaline A-type granites,
charnockitic rocks and minor S-type granites (CPRM 1999, 2000) are widespread in the central
portion of the Guyana Shield, southeastern Roraima State, Brazil (Fig. 1). The polycyclic
geological setting in the area presents strong differences between low- and high-grade terranes;
the tectonic regime is complex as there is overprinting of events whereas the relationship between
granitogenesis and the major Transamazonian orogeny is not well established. This uncertain

geological picture is mainly resulted from scarce geological mapping.
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Fig. 1. Geological sketch map of (a) Guyana Shield (after Gibbs and Barron 1993) and location of the studied area showing the (b)
southeast of Roraima and boundaries, including the lithostructural domains (after Reis and Fraga 2000, Reis ef al. 2003 modified by
CPRM 2006). For studied area details see fig. 2.

Nevertheless, recent regional geological mapping supported by lithostructural and
geochronology (Fig. 1; CPRM 2006, modified from Reis et al. 2003) outlined different
lithological associations in Roraima State related with four domains is proposed:

- The Surumu domain (north-northeastern Roraima) exhibits WNW-ESE and E-W
structural trends. In this domain calc-alkaline granites and volcanic rocks (1.98-1.95 Ga) show
local deformation at greenschist-facies. Cratonic sedimentary sequences (1.87-1.78 Ga) partly
cover the volcanic rocks. Late to post-Transamazonian supracrustal rocks (2.03-1.97 Ga?) are
exposed only in the southwestern part of this domain.

— The Parima domain (west-northwestern Roraima) includes extensive late to post-

Transamazonian granite—greenstone terranes and has predominantly NW-SE to E-W foliation.
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Granitic plutons and volcanic rocks, similar to those exposed in the Surumu domain, are
subordinated. Batholiths and stocks of rapakivi granite (1.55 Ga) as well as sedimentary covers
are also present.

— The Central Guyana domain (central Roraima) shows NE-SW structural trends, and
amphibolite-facies gneiss predominates over granulite-facies rocks (1.96-1.93 Ga). A typical
Mesoproterozoic Anorthosite-Mangerite-Granite association (1.56-1.53 Ga) intrudes the older
units.

— The Uatuma-Anaud domain (southeastern Roraima, northeastern Amazonas and northwestern
Para) comprises widespread granite magmatism (2.03-1.81 Ga) and supracrustal rocks with NW-
SE (and NE-SW) foliations and deformed at greenschist to amphibolite-facies conditions.

The studied area encompasses mainly calc-alkaline granitoids intrusive in the Uatuma-Anaua
domain (UAD), such as Martins Pereira (Almeida et al. 2002), Igarapé Azul (Faria et al. 1999,
Almeida et al. 2002) and Caroebe granites. Locally, they host ore mineral like gold and
columbite-tantalite.

In this paper, we summarize field and petrographic studies and propose a new geological map
based on the groups of granitoid rocks and related mineralizations, for the northwestern part of
the UAD, providing new insights about the tectonic significance of the granitoids in southeastern

Roraima.

GEOLOGICAL SETTING

The Uatuma-Anaua domain (UAD, CPRM 2006 modified from Reis and Fraga 2000, Reis
et al. 2003), also named as northern Tapajés-Parima belt (Uaimiri domain, Santos et al. 2000) or
northern Ventuari-Tapajos province (Tassinari and Macambira 1999), is characterized by
metamorphic basement and intrusive granitoids (Fig. 2).
According to Faria et al. (2002), in the northern Uatuma-Anaud domain (NUAD) the basement
rocks comprise an island arc setting (Anaua arc) formed by TTG-like metagranitoids and
orthogneiss with metamafic to metaultramafic enclaves (Anaud Complex), and inliers of
metavolcano-sedimentary rocks (Cauarane Group). The basement rocks occur in the northern part
of the studied area (Fig. 2), and is intruded by S-type (Serra Dourada) and I-type calc-alkaline
(Martins Pereira) granites, which correspond to the 2.03 to 1.96 Ga Martins Pereira-Anaua

granitic terrane (Almeida et al. 2002).
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In the southern part of the Uatuma-Anaua domain (SUAD, Fig. 2), the Caroebe and Igarapé

Azul calc-alkaline granitoids are ~70 M.y. younger than Martins Pereira and Serra Dourada

granites, and do not show regional deformation and metamorphic features (e.g. CPRM 2000,

Almeida et al. 2002). The Caroebe granitoids are coeval to volcanic rocks (Macambira et al.

2002) and both have similar geochemical characteristic (Reis et al. 2000). Locally, charnockitic

(Igarapé Tamandaré) and enderbitic (Santa Maria) plutons may occur. The SUAD comprises the

Igarapé Azul-Agua Branca granitic terrane proposed by Almeida et al. (2002).
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Fig. 2. Geological sketch map of southeastern Roraima (modified
plutonic mafic rocks, 2. A-type granites: a) Moderna (1.81 Ga), b) Mapuera (1.87 Ga); 3. Santa Maria
charnockite and undiscriminated charnockitoids; 4. Igarapé Azul granites (1.89 Ga): a) Vila Catarina, b
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Several A-type granitic bodies, such as the Moderna (~1.81 Ga, Santos et al. 1997), which
is correlated to Madeira intrusive suite (CPRM 2006) with 1.82-1.79 Ga ages (e.g. Costi et al.
2000), and the Mapuera and Abonari granites (~1.87 Ga, e.g. CPRM 2003), are widespread in the
UAD (Fig. 2) and cross cut the rocks described above. They are considered as related to a “post-
orogenic to anorogenic” setting. All interval ages presented above have been determined mainly

by single-zircon Pb evaporation, U-Pb ID TIMS and SHRIMP methods.

GEOLOGY AND PETROGRAPHY RESULTS
In this section will be describing the results of the mapping and the petrographical aspects
of the main granitic associations of the UAD, which was subdivided into northern and southern

arcas.

Northern area
BASEMENT ROCKS: TTG-LIKE ANAUA COMPLEX AND CAUARANE GROUP RELATED
ROCKS

The Anaua Complex (CPRM 2000) crops out along Anauéd and Novo rivers, and is mostly
composed of 2.03 Ga metagranitoids and metadiorites, chemically comparable to calc-alkaline
rocks of TTG terranes, enclosing mafic and ultramafic enclaves (Faria ef al. 2003). The Anaua
Complex rocks show two main deformational phases: a) D; dominant with N63°E/34°NW
foliation, and b) D, represented by a mylonitic foliation.

The Cauarane Group rocks are associated with the Anaud Complex and represent an
important metavolcano-sedimentary of low- to high-grade metamorphism, locally in anatexis.
Faria et al. (2002) suggest that these supracrustal rocks are a back-arc basin sequence, related to
Anaua island arc, developed in the first accretionary orogenic event of the Tapajos-Parima cycle
(Santos et al. 2000). According to CPRM (2000) this metavolcano-sedimentary sequence is
correlated to the Kwitaro Group, located in south Guyana (Berrangé 1972).

The Cauarane Group comprises mica schists, quartzites, paragneisses, metacherts, phyllites
and amphibolites with at least two deformational phases (CPRM 2000): a) S, main foliation
(N56°E/87°SE) and b) S,.; foliation (N45°E/70°NW). According to CPRM (2000), the
paragneisses are geochemically similar to immature clastic sedimentary rocks (graywackes and

arkoses); the amphibolitic rocks have high TiO, contents and MORB-REE pattern.
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Detrital zircon crystals from one Cauarane schist yielded two different age populations: 1)
2229 + 8 Ma (U-Pb ID-TIMS, CPRM 2003 modified from Gaudette et al. 1996) and ii) 2074 +
15 Ma and 2038 + 17 Ma (U-Pb SHRIMP, CPRM 2003), this last one interpreted as the
maximum age of the sedimentation. This data suggests basement sources related mainly to the

Transamazonian terrains, including probably rocks from the Anaua arc.

S-TYPE SERRA DOURADA GRANITE

The S-type granitoids of southeastern Roraima were initially described by Faria et al.
(1999). These authors have been included all granitoids with S-type tipology in the Igarapé Azul
granite unit. However, Almeida et al. (2002) and Almeida and Macambira (2003), based on
geochemical features and more detailed geological mapping in the type area, subdivided the
Igarapé Azul granite into three different granitic types: Serra Dourada granite (“truly” S-type),
Martins Pereira granite (older and deformed I-type high-K calc-alkaline) and the Igarapé Azul
granite (younger and undeformed I-type high-K calc-alkaline).

The S-type Serra Dourada granite has approximately 170 km? crops out near the
homonymous small town, and is intrusive in rocks from the Anaua Complex and Cauarane Group
(Fig. 2). These granitoids show monzogranitic and minor syenogranitic and granodioritic
compositions, with diagnostic aluminous minerals, equigranular texture and coarse to medium
grained (Fig 3a, Table 1). The mineral assemblage is composed of alkali feldspar (16-39 %),
quartz (18-31 %), plagioclase (19-39 %), biotite (1-21 %), muscovite (2-6 %), minor cordierite,
monazite, xenotime, opaque minerals, apatite, zircon and sillimanite, and secondary minerals are
epidote, titanite, chlorite and leucoxene (Table 1). Minor evidences of dynamic recrystallization
and planar fabric are also present.

Quartz shows commonly embayement contacts. The slight red-brown biotite is intergrown
with muscovite or occurs as subhedral isolated crystals showing several metamict mineral
inclusions. Muscovite rarely occurs as large separate crystals. Cordierite appears as crystals
around 2 mm long with sillimanite inclusions, partly to totally altered (pinitization and
sericitization) and commonly having a rectangular tabular habit. Ilmenite and magnetite are also
observed. Monazite and xenotime show pale yellow color to colorless and wide orange
pleochroic haloes in the host mineral.

The existence of associated supracrustal rocks and aluminous paragenesis suggests that the

Serra Dourada granite is derived from a metasedimentary source, involving anatexis in low
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(cordierite crystallization) to moderate H,O-activity (minor magnetite and biotite crystallization),
and low to medium pressure (cordierite) conditions (White 1992). Other S-type granite was dated
in Central Guiana domain by zircon U-Pb SHRIMP (CPRM 2003) that yielded ages of 1968 +

3.5 Ma (crystallization age) and 2.05 to 2.07 Ga (late-Transamazonian inheritance).
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Fig. 3. QAP (a) and QM(A+P) (b) diagrams (Streckeisen, 1976) for samples from Martins Pereira, Serra Dourada, Caroebe and
Igarapé Azul granitoids (including enclaves). For modal contents see the tables 1, 2 and 3. Q. Quartz, A. Alkalifeldspar, P.
Plagioclase, M. Mafic minerals. The average trends of some plutonic suites was taken of Lameyre & Bowden (1982) and Lameyre
and Bonin (1991). Fields: 3a. syenogranite; 3b. monzogranite; 4. granodiorite; 5. tonalite: 9. Monzodiorite/monzogabbro; 10.
diorite/gabbro; 8*. quartz monzonite; 9*. quartz monzodiorite/quartz monzogabbro; 10*, quartz diorite/quartz gabbro.

MARTINS PEREIRA GRANITOIDS

The Martins Pereira granitoids (up to 3780 km? in area) occur southward of the It system
fault and its main outcrops have been recorded around the Martins Pereira (type-area),
Rorainopolis and Sao Luis do Anaud towns (Fig. 2). This batholith is composed of medium-
grained porphyrytic gray granodiorites to monzogranites and locally by fine to medium-grained

dark gray tonalites showing a calc-alkaline granodioritic trend (Chile related; Lameyre and
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Bowden 1982, Lameyre and Bonin 1991) in the QAP diagram (Fig 3a, Table 1). Small intrusive

blobs and lenses of leucogranites are also associated with the batholith.

Granodiorites and monzogranites

In general, the granodiorites and monzogranites are slightly blueish gray and have
conspicuous porphyrytic (locally equigranular) texture with feldspar megacrysts (Fig. 4a and
4b), medium to coarse-grained groundmass and 10% to 18% of mafic minerals (Fig 3b, Table 1).
Foliation with local banding and subparalel (N75°E/80°SE) mylonitic foliation are common in
these granitoids (Fig. Sa). In spite of heterogeneous solid-state deformation, only locally quartz
shows in thin section high dynamic recrystallization features (Fig. Sb). Exceptionally, in ductile
narrow mylonitic zones, feldspars and quartz show granoblastic texture and corel-and-mantle
structure, which suggests metamorphic temperature over ca. 400°-500°C (e.g. Passchier and
Trouw 1996). The mineral assemblage of these rocks is composed by alkali feldspar (10-37 %),
quartz (21-35 %), plagioclase (23-53 %), biotite (4-12 %), muscovite (0.1-4 %) and minor
epidote, opaque minerals, titanite, allanite, apatite, zircon and rare tourmaline (Table 1).
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Fig. 04. Features of Martins Pereira Granite: a) Isotropic porphyrytic biotite monzogranite (outcrop MA-218), showing ovoid alkalifeldspar
megacrystals (< 80 mm in diameter). b) Photomicrography of slightly orientated biotite, dynamically recrystallized quartz and fractured
alkalifeldspar (Cross-polarized light, 1.25x). Obs: af. alkalifeldspar, pg. plagioclase, qz. quartz, biotite, om. opaque mineral.

Feldspar megacrysts (mainly alkali feldspar) have ovoid and tabular shapes (Fig. 4a),
ranging in size from 2 to 8 cm and presenting white to slightly pink colors. They are enclosed by
weakly to highly deformed and foliated groundmass. These megacrysts are parallel to the
foliation, including also types in which the groundmass does not have strong anisotropic fabric
(magma flow?). Plagioclase is weakly zoned and locally shows obliterated multiple twining.
Highly altered calcic cores are uncommon. Anhedral to subhedral quartz shows ondulatory
extinction or partially recrystalized grains. Drop-like quartz inclusions are common in the alkali

feldspar megacrysts. Subhedral biotite has brown-greenish to straw-yellow colors, medium grain
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size and is associated with epidote, opaque minerals, allanite, titanite and rarely with tourmaline
prysmatic crystals. Biotite crystals are frequently oriented, overcoat in highly deformed types. In
this case, the biotite cleavages are filled with iron-titanium oxides, locally wick and folded kink
forming bands. Biotite also occurs partially replaced by muscovite and chlorite. Muscovite occurs

as irregular grains, mostly associated with biotite. Prismatic or irregular muscovite crystals also

replace plagioclase and alkali feldspar megacrysts.

'3._\_.‘

" -

Fig. 5. Deformational features of tc: Martins Pereira granitoids: a)Biotitc monzogranite (porphyrytic facies) sllowin lylanilic folialin
(NT75°E/90° to N82°E/90°), rounded megacrysts with pressure shadows and locally quartz ribbons in dextral shear zone (outcrop MA-61). b)
Photomicrography showing protomylonitic texture. Note the local groundmass grain reduction by dynamic recrystallization, oriented mafic
minerals and rounded alkali feldspar megacrysts (cross-polarized light, 1.25x). Obs: af. alkali feldspar, pg. plagioclase, qz. quartz, bi. biotite.
Blobs and lenses of leucogranites

Leucogranites show granodioritic to syenogranitic compositions, equigranular and medium
to coarse grained texture. They are very restricted and crops out as blobs, veins and lenses with
few centimeters (rarely 5 meters) thick, subconcordant to the foliation of Martins Pereira host
rock. The contacts between leucogranites and foliated granitoid hosts are lobate to irregular,
occasionally diffuse, and progressively change to regular and concordant style (Fig 6). These
leucogranites are more commom near to the Igarapé Azul contacts.

The rocks are characterized by a grayish white color, generally with sugar-like and isotropic
fabric, locally showing dynamic recrystallization and cataclastic features. The mineral
assemblage is composed by alkali feldspar (21-55 %), quartz (27-33 %), plagioclase (8-42 %)),
biotite (1-5 %), muscovite (0.1-3 %), and minor epidote, opaque minerals, titanite, allanite,
apatite and zircon (Table 1).

Alkali feldspar is medium to coarse grained, subhedral to anhedral, and tabular, showing

locally microperthites and ondulatory extinction. It encloses plagioclase, quartz and muscovite.

Sericitization and fractures are also present. Plagioclase shows slight compositional zoning,
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locally marked by cores with secondary alteration (epidote, carbonate and sericite). It is tabular,
subhedral, locally embayed with alkali feldspar grains and shows slight ondulatory extinction.
Quartz has ondulatory extinction, is partially recrystallized, subhedral to anhedral and fine to
medium-grained with abundant embayement features. Biotite has moderate pleocroism, straw
yellow color, slightly ondulatory extinction, medium to fine-grain size. It is partially to totally
transformed into muscovite. Muscovite occasionally occurs as isolated crystals with ondulatory

extinction and associated with biotite and plagioclase. Tourmaline and igneous garnet are

uncommon.
Fig. 06. Outcrop ( > Marti granitoids
blobs and lenses of leucogranite (1) and monzogranite (2) in porphyrytic
biotite granodiorite (3) with N80°W/18°NE strike foliation locally
disrupted by NS normal faults (F).

Enclaves

Tonalitic (and minor granodioritic) rocks in the Martins Pereira granitoids may occur as
oblate and ellipsoidal enclaves concordant with the foliation of the host rock (Fig. 7a).
Furthermore, these enclaves have an internal structure visible at naked eye, emphasized by biotite
crystals, systematically parallel to the foliation of the host rock. These elongate biotite-bearing
tonalitic enclaves, and the leucogranitic blobs and lenses are concordant to subconcordant to the
structures of the host rocks, generating local banding.

The tonalitic enclaves are foliated and characterized by equigranular, medium to fine
grained (Fig. 7b) with local slightly ondulatory extinction in quartz and feldspar crystals,
although recrystallization and mineral stretching is not observed. They show high mafic mineral
contents (Fig. 3b, Table 1), such as epidote (0.1-13 %), titanite (1-4 %) and biotite (3-42 %), the
last one partially replaced by muscovite (1-6 %) and chlorite (0.1-14 %). Other accessory

minerals are allanite, apatite, magnetite and zircon.
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Other enclaves observed as xenoliths of amphibolites, hornblende-rich metaigneous rocks
of the Anaua Complex and paragneisses of the Cauarane Group, but they are rare. Amphibolitic
and metaigneous enclaves with dioritic to quartz-monzodioritic compositions are quite angular
with slightly rounded vertices, greenish and isotropic to foliated. They are locally disrupted by
tonalitic veins network, but both (amphibolitic and tonalitic types) are enclosed by Martins
Pereira granitoids. These xenoliths are equigranular, medium to coarse grained and have high
mafic contents (45 %). Plagioclase (40 %) and quartz (10 %) show ondulatory extinction and
local dynamic recrystallization features. The accessory minerals are mainly opaque minerals (3
%), epidote (1 %) and apatite. Paragneissic xenoliths with cm-scale, angular shape and fine to
medium-grained are very rare. They have an internal structure marked by micaceous bands and

metasedimentary relicts.

(outcrop MA-07). b) Photomicrography showing porphyrytic granodiorite host (uppermost) and biotite-bearing tonalite enclave (lowermost)
contact (cross-polarized light, 1.25x). Obs: pg. plagioclase, qz. quartz, bi. biotite, ep. epidote, py. pyrite.

Southern area
CAROEBE GRANITOIDS

Calc-alkaline granitic bodies in southern Roraima (Costi et al. 1984, Oliveira et al. 1996,
CPRM 2000, Almeida et al. 2002) has been associated to the Agua Branca suite (Aratjo Neto
and Moreira 1976, Veiga et al. 1979, Jorge-Jodo et al. 1985). The main granitic body of Agua
Branca suite in this region, named as Caroebe granite, is located south of Rorainépolis, Sdo Luiz
do Anaud, Sao Joao da Baliza and Caroebe towns in the region of the Jauaperi and Anaua river
basins.

The Caroebe granite has about 65000 km® (CPRM 2003) and extends to northwestern Para
and northeastern Amazonas states. Only the northwestern part (near to 4000 km?) of this pluton

has been studied up to now. This granitic batholith was emplaced along EW to ENE-WNW
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structures, parallel to Martins Pereira (meta)granitoids regional foliation, which is observed in
other minor and similar granitic bodies of the region (Fig. 2). Neogene sediments recover the
western side of the Caroebe granite. In the eastern and north sides it is in contact with coeval
volcanic rocks (Reis and Fraga 1996; Reis et al. 2000, Macambira et al. 2002) and is intrusive
into Martins Pereira (meta)granitoids.

The Caroebe granite is characterized by extended compositional granitic association and
calc-alkaline granodioritic series such as the Peru and Sierra Nevada trends (Lameyre and
Bowden 1982, Lameyre and Bonin 1991, Fig. 3a). They are subdivided into two main
petrographic facies: Alto Alegre and Jaburuzinho (Fig. 2).

Jaburuzinho facies

The Jaburuzinho facies consists of hornblende-bearing granitoids, such as granodiorites,
monzogranites and tonalites, with minor diorites, quartz monzodiorites and quartz diorites (Fig.
3a, Table 2). The main outcrops are located in Anaud (Jaburuzinho creek) and Jauaperi river
basins. They show homogeneous, equigranular to porphyrytic textures (10% to 15% megacrysts),
are medium to coarse grained and show gray color. The tabular alkali feldspar megacrysts show
white to slightly pinkish color, and 15 to 25 mm in length, locally up to 50 mm (ratio 1:3), and
ENE-WSW orientation, suggesting magma flow process.

These granitoids have also abundant mafic clots and rounded circular autholiths (Fig. 8a),
including variable mafic mineral contents (12%-65%, Fig. 3b). The mafic clots are sometimes
interlinked and slightly oriented, without solid-state deformation evidence, which points out also
to magma flow structure. On the other hand, granitoids submitted to solid-state deformation are
very rare, related with a strong ENE-WSW shear zone (Jauaperi fault system), that affects the
Jauaperi and Branquinho rivers. The mineral assemblage (Table 2) is formed by plagioclase (23-
54 %), quartz (4-30 %), alkali feldspar (2-35 %), biotite (6-20 %), hornblende (0.3-37 %), opaque
minerals (mainly magnetite: 0.7-4 %), titanite (0.2-5 %), epidote, apatite, zircon and allanite.
Muscovite and relicts of clinopyroxene are uncommon.

Plagioclase crystals are subhedral to euhedral, tabular, medium to coarse grained and shows
strong to normal oscillatory zoning (Fig. 8b), which is well marked by saussuritization in the An-
rich zones. Polysynthetic twinning is very common and eventually also occurs combined with
carlsbad twinning. Desequilibrum features are locally present in partially corroded (irregular and

embayment) rims. Subtle linear flow, parallel to that the mafic minerals (ENE-WSW to NE-SW),
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is also observed. Plagioclase enclosed by alkali feldspar megacrysts is subhedral, fine grained and
shows subtle normal compositional zoning.

Two quartz textural types are observed: a) interstitial, anhedral, medium grained, and b)
subhedral, fine to medium grained with slight ondulatory extinction. Under solid-sate
deformation (local mylonitic zones), the quartz shows variable recrystallization stages. Normally,
it shows fine grained subgrains outlining preserved ones, but granoblastic texture is also
observed. Quartz ribbons are rare.

Microperthitic alkali feldspar megacrysts (Fig. 8b) are anhedral (locally interstitial), tabular
and show several inclusions (plagioclase, drop-like quartz, biotite, apatite, opaque minerals).
Likewise plagioclase megacrysts, they show an ENE-WSW flow foliation. Tartan twinning,
occasionally combined with carlsbad twinning, is very common. Microfractures and myrmequite
are scarce. Alkali feldspar is not very abundant in groundmass and shows subhedral, tabular (1:1
to 1:2), weak tartan twinning and rare inclusions. In the deformed types, these megacrysts are
contourned by oriented mafic minerals and, in general, show core-and-mantle structure and
microfractures (normally filled by quartz).

Biotite is straw yellow to greenish yellow, subhedral to euhedral, and shows strong to
moderate pleocroism. It normally occurs in mafic clots associated with hornblende, titanite,
epidote, opaque minerals and apatite (Fig. 8b). Apatite, zircon and primary epidote inclusions are
very common. Biotite crystals occasionally are oriented, due to either by magma flow (most

common) or to solid-state flow, both with similar direction (ENE-WSW). Muscovite is

uncommon and partially replaces biotite.
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Fig. 08. Features of the Jaburuzinho facies from the Caroebe granite (outcrop MA-33): a) Hornblende-bearing tonalite showing rounded mafic
clots and mafic microgranular enclave (mme); b) Photomicrography of mafic clots (bi. biotite, hb. hornblende, mt. magnetite, tt. titanite and ep.
epidote) and coarse-grained feldspars and quartz fine-medium grained (af. alkali feldspar, pg. plagioclase, qz. quartz, my. myrmekite) in quartz-
monzodiorite (cross-polarized light, 2.5x).
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Hornblende is subhedral to euhedral, straw yellow, dark olive green to dark green and
shows strong to moderate pleocroism. Few inclusions are observed, such as apatite, opaque
minerals and minor titanite. Preserved clinopyroxene cores are very rare. Biotite and hornblende
appear as rounded aggregates. Titanite is the most important accessory mineral in the
Jaburuzinho facies. It occurs as euhedral to subhedral crystals, medium to coarse grained (Fig.
8b), and generally perfect losangle shape, associated to biotite, hornblende, opaque minerals and
epidote in mafic clots. It also occurs as euhedral fine grained crystals, included in biotite, and

anhedral grains bordering opaque minerals.

Alto Alegre facies

The Alto Alegre facies is mainly composed of biotite monzogranites (around 80%) with
subordinated granodiorites, syenogranites and tonalites (Fig. 3a; Table 2). These granitoids are
generally isotropic, equigranular, medium- to coarse-grained, and eventually porphyrytic. The
tabular alkali feldspar megacrysts are white to grayish and pale pinkish, showing 1 to 4 cm in
length (ratio 3:1), 5 to 30% (locally 50%) in volume and ENE-WSW orientation (magma flow).
Similarly to the Jaburuzinho facies, the Alto Alegre facies shows some portions with anisotropic
texture. Two anisotropic features are observed and may include remnants of the Jaburuzinho
facies: a) oriented tabular megacrysts and lenticular mafic enclaves that indicate magma flow
(predominate), and b) solid-state deformed minerals, including moderate recrystallization and
mineral stretching. Both structures have ENE-WSW to NE-SW strikes, parallel to the regional
trends.

The Alto Alegre granitoids enclose hornblende-bearing microgranular enclaves (dioritic to
granodioritic in composition) mainly near Jaburuzinho facies boundaries. These enclaves have 5
cm to 20 m in length and are elliptical, slightly rounded (Fig. 9a) and elongate (Fig. 9g), locally
with irregular and wispy terminations (Fig. 9c¢).

Felsic coarse-grained monzogranite enclaves are also enclosed by the Alto Alegre
granitoids. These enclaves are equigranular, pale gray, circular, rounded (Figs. 9a, b and c),
irregular, elongate or angular (Figs. 9d, f and, h), showing linear orientation (Figs. 9b and f).
These three magmatic phases (Alto Alegre granitoids, hornblende-bearing enclaves related to
Jaburuzinho facies and felsic coarse-grained monzogranite enclaves) show a complex physical

interaction (Fig. 9h), but chemical effects are also possible (Almeida and Macambira 2003).
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The angular and rounded forms observed in the felsic monzogranite enclaves suggest
different stages of assimilation. The contacts are sharp and chilled margins are not recorded. On
the other hand, the hornblende-bearing enclaves show lobate to crenulate (flame-like) contacts
with host monzogranite to granodiorite (Fig. 9¢), locally with “dropped” megacrysts, which
suggests that the amount of liquid was high at the time of emplacement. In detail, the boundaries
of these enclaves reproduce the overall contacts with the host granitoid (mimetization or ghost
structures), suggesting a probable incomplete mingling process. Furthermore, the abundance of
elongate to rounded enclaves and net veining in the mafic enclaves by the host granitoid, both
suggest according to Vernon et al. (1988) mingling and/or mixing of magmas at the site of
emplacement.

In this sense, only one outcrop of the Alto Alegre facies record field features of magma
mixing. The possible mixing magma conduit has nearly 2 m of length and shows strong to
extreme elongate enclaves (Fig. 9¢ and h) in which the distortion has been accomplished by
magmatic flow without solid state deformation, as evidenced by strong orientation of the
minerals, coupled with lack of microstructural evidence of intergranular plastic strain (Vernon et
al. 1988).

The Alto Alegre granitoids show mineral assemblage (Table 2) composed of plagioclase
(23-46 %), quartz (19-31 %), alkali feldspar (15-38 %), biotite (5-12 %), minor titanite, opaque
minerals, epidote, apatite, allanite and zircon. In some samples muscovite also replaces biotite.
The mafic mineral content is quite variable (Fig. 3b) and has biotite as the main mafic mineral.

Plagioclase is tabular, subhedral to euhedral, medium to coarse grained, locally as
megacrysts showing combined polysynthetic and Carlsbad twinning. These crystals exhibit
normal (mainly) to oscillatory compositional zoning, which stands out optically by secondary
alteration (saussuritization) in the An-rich portions. Some megacrysts are irregular and show
embayed rims in contact with alkali feldspar grains. Quartz is heterogranular, anhedral, and
sometimes occurs as monocrystalline aggregates. Inclusions of drop-like quartz are also very
common in the alkali feldspar megacrysts. Locally, it shows ondulatory extinction and dynamic
(fine grained subgrains) to static recrystallization (granoblastic texture) effects in the solid-state
deformed types.

Alkali feldspar shows two main generations. The first type is characterized by fine grained
crystals with euhedral to subhedral shapes and tartan twinning in the groundmass. The second

generation is marked by anhedral perthitic and poikilitic megacrysts encompassing several
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inclusions (biotite, drop-like quartz, plagioclase and first generation alkali feldspar). In the solid-
state deformed types, the alkali feldspar megacrysts are contoured by biotite trails, showing core-
and-mantle structure and eventually granoblastic texture, suggesting upper greenschist to

amphibolite-facies conditions.

Key
Aplitic veins

" gz Milky quartz pods

| Biotite granodiorite to monzogranite,
equigranular, medium-grained

' (Caroebe granite - Alto Alegre facies)

'+ + | Biotite monzogranite with low horblende

*+.*} contents (< 1%), equigranular, coarse

" grained (Caroebe granite - not mapped

~  Hammer lf_e;ciesi 5 g
- . o ornblende-bearing diorite to tonalite,
—F~  Aplitic veins - dip direction equigranular, fine grained (Caroebe

=@~ Magma flow - dip direction granite - Jaburuzinho facies)

Fig. 09. Mingling-mixing features in the Alto Alegre facies (Caroebe granite, outcrop MA-53). See text for details.
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Biotite is subhedral, medium grained, moderately pleocroic, and straw yellow to yellow
greenish. Normally, it forms crystal aggregates and has apatite, epidote, allanite, zircon and
opaque mineral inclusions, generally occurring as circular or irregular mafic clots. Locally, it is
slightly to strongly oriented; some crystals are partially altered into muscovite. Titanite is
medium to fine grained, euhedral, showing diamond shape or anhedral grains bordering opaque
minerals.

Alkali feldspar shows two main generations. The first type is characterized by fine grained
crystals with euhedral to subhedral shapes and tartan twinning in the groundmass. The second
generation is marked by anhedral perthitic and poikilitic megacrysts encompassing several
inclusions (biotite, drop-like quartz, plagioclase and first generation alkali feldspar). In the solid-
state deformed types, the alkali feldspar megacrysts are contoured by biotite trails, showing core-
and-mantle structure and eventually granoblastic texture, suggesting upper greenschist to
amphibolite-facies conditions.

Biotite is subhedral, medium grained, moderately pleocroic, and straw yellow to yellow
greenish. Normally, it forms crystal aggregates and has apatite, epidote, allanite, zircon and
opaque mineral inclusions, generally occurring as circular or irregular mafic clots. Locally, it is
slightly to strongly oriented; some crystals are partially altered into muscovite. Titanite is
medium to fine grained, euhedral, showing diamond shape or anhedral grains bordering opaque

minerals.

IGARAPE AZUL GRANITE

Based on petrographic (e.g. muscovite presence) and chemical (peraluminous character)
parameters, Faria et al. (1999) individualized a portion of the Agua Branca suite as a new granitic
body that they called Igarapé Azul granite, initially interpreted as an S-type granite. The Igarapé
Azul granite was revisited by Almeida et al. (2002) who noted that S-type granitoids in southeast
Roraima are restricted to the Serra Dourada region and not in the Igarapé Azul type-area.

In the type-area the Igarapé Azul granite is characterized only by (muscovite)-biotite
leucomonzogranites and monzogranites to rare syenogranites and granodiorites, generally with
low mafic contents (Fig. 3b), showing a compositional field in the QAP diagram similar to
granites of crustal origin (e.g. Lameyre and Bowden 1982, Lameyre and Bonin 1991, Fig. 3a,
Table 3), but no aluminous diagnostic minerals are described. The main granitic body has 1120

km? and shows also an important textural asymmetric zoning with three main granitic facies: Vila
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Catarina, Saramandaia and Cinco Estrelas (Fig. 2). Other minor correlated granitic bodies have
around 30 km® to 125 km®. Thus, all granitic bodies with these same characteristics must be

grouped in the Igarapé Azul Intrusive Suite (this paper).

Common petrographic features

Despite local textural variations, all facies of the batholith have similar composition (mainly
monzogranite and minor granodiorite to syenogranite) and mineral assemblages, including
accessory (epidote, allanite, opaque minerals, zircon and apatite) and secondary minerals
(epidote, chlorite and muscovite).

Subhedral and tabular plagioclase are medium to fine-grained, show polyssinthetic twinning
and normal zoning. Locally, its nucleus is partially altered to epidote and minor sericite and
chlorite. Euhedral megacrysts are rare and eventually show oscillatory zoning, biotite inclusion
and preferred orientation. Anhedral crystals with embayment are also observed and sometimes
they show obliterated zoning and twinning. Quartz is fine to coarse-grained, anhedral, sometimes
interstitial, locally fractured with ondulatory extinction and partially recrystallized (subgrains).

Alkali feldspar is partially altered to sericite and muscovite, and occurs as two different
types: a) subhedral to anhedral, fine to coarse grained (3-8 mm long), tabular crystals showing
tartan twinning, rarely combined with carlsbad twinning; b) tabular, anhedral and microperthitic
megacrysts (25-40 mm long), locally with embayed rims and drop-like quartz, very altered
plagioclase, biotite and locally opaque minerals and epidote inclusions. Myrmekite intergrowth is
also common.

Subhedral biotite is fine to coarse grained, moderate to strongly pleocroic and straw yellow
to brown greenish. Biotite with red brownish color is very uncommon. Eventually it occurs as
mafic clots associated to epidote and/or allanite, opaque mineral, zircon and apatite. In general, it
is slightly oriented and some crystals are partially or totally replaced by muscovite and/or
chlorite.

Epidote is the main accessory mineral in the Igarapé Azul granite. The crystals are fine to
medium grain size, subhedral to euhedral shapes, pale yellow to pale green and locally zoned,
showing cores of allanite. Anhedral crystals are commonly observed as inclusions in plagioclase.
Metamitic allanite shows pale brown to orangish brown colors. Twinned crystals are uncommon.
Sulfides and oxides are subhedral to euhedral, fined to medium-grained and show hexagonal and

square habits, normally associated with biotite. Rarely they show anhedral and interstitial forms.
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These petrographic characteristics in commom represent transitional features among
nucleus and margins facies of the Igarapé Azul pluton. This granite shows textural differences
only (e.g. feldspar megacrysts modal volume and groundmass grain-size), suggesting local Pyo

variations.

Vila Catarina facies

The Vila Catarina facies has nearly 340 km® and occurs in the center-western portion of the
Igarapé¢ Azul granite, showing several Nb-Ta alluvial mineral occurrences, including abundant
aplitic to pegmatitic dikes. It has also similar structural trend (NE-SW) to that observed in Cinco
Estrelas facies described below.

The Vila Catarina granitoids are characterized by mainly monzogranites and restrict
syenogranite (Fig. 3a) pale gray to pale pink, showing equigranular to slightly porphyrytic (<5%
alkali feldspar megacrysts), medium to coarse-grained texture and variable mafic mineral content
(always <10%). In thin section, the groundmass is granular, anhedral and, locally, encompasses
alkali feldspar megacrysts (1.5 to 2.0 cm long) and mafic clots. The mineral assemblage (Table
3) is composed of plagioclase (24-45 %), quartz (21-38 %), alkali feldspar (20-41 %), biotite
(0.6-8 %), locally transformed into muscovite (0.2-2 %), and opaque minerals, epidote, allanite,

zircon and apatite. The most important secondary minerals are epidote, chlorite and titanite.

Saramandaia facies

The Saramandaia facies has nearly 735 km® in area and occurs in the northern portion of the
batholith. This granitoid is cross-cut by dykes and blobs of the Cinco Estrelas and Vila Catarina
facies. In the Saramandaia facies, the granitoids have porphyrytic texture showing alkali feldspar
megacrysts (5% to 20%) with heterogeneous size (<1 to 5 cm long) and spatial distribution (Figs.
10a,b), similar to those of the Vila Catarina facies. These megacrysts are microperthitic, tabular,
euhedral, white to slightly pinkish and eventually are oriented due to magma flow. They are
enveloped by homogeneous and medium grained groundmass of monzogranitic to granodioritic
composition.

The megacryst direction is locally outlined by ellipsoidal biotite-bearing enclaves,
following ENE-WSW to NE-SW-trends. Similar trends are observed in the megacryst direction

of the Caroebe granitoids that are also subparallel to the regional foliation strikes observed in the
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host Martins Pereira granitoid. However, the low amount of megacrysts makes this flow to be
almost imperceptible.

In this facies, monzogranites are dominant; granodiorites are subordinated (Fig. 3a) as well
as leucogranites. The mineral assemblage (Table 3) is composed by plagioclase (26-44 %),
quartz (24.3-33.0 %), alkali feldspar (23.3-28.6 %), biotite (0.4-5.7 %), muscovite (0.2-1.0 %),
opaque minerals, primary epidote, allanite, and minor zircon and apatite. Epidote, chlorite and,

exceptionally titanite, are the main secondary minerals in the Saramandaia facies.

Cinco Estrelas facies

The Cinco Estrelas facies has 445 km?, located at the easternmost portion of the Igarapé
Azul batholith, showing granitoids with very low mafic contents, and equigranular, homogeneous
and fine to medium-grained texture (Figs. 10c,d). These granitoids are also whitish gray,
monzogranitic in composition with subordinated syenogranite, granodiorite and quartz monzonite
(Fig. 3a). They are emplaced according to a NE-SW structural direction and locally also occur as
blobs and dikes subconcordant with magma flow direction, as observed in the porphyrytic types
of the Saramandaia facies.

The Cinco Estrelas facies mineral assemblage (Table 3) is composed by plagioclase (11-52
%), quartz (16-38 %), alkali feldspar (18-36 %), biotite (1-5 %), totally or partially transformed
into muscovite (0.1-5 %), and opaque minerals, allanite, primary epidote, zircon and apatite. The

most important secondary minerals are epidote, chlorite and leucoxene.

Enclaves

The enclaves found in the Igarapé Azul granitoids are dominantly biotite-rich (Table 3)
with fine to coarse-grained muscovite crystals. These enclaves show sharp and irregular (Fig.
10¢) to elliptical (Fig. 10b) shapes, locally with gneissic texture. Several enclaves have also
elongated shapes and biotite trails and schlieren only. In general, these enclaves are parallel to the
magma flow defined by alkali feldspar megacrysts in the host granitoids (Fig. 10b). The contact
enclaves-host granitoid is normally sharp, however, sometimes it shows transitional and
gradational features.

The biotite-bearing enclaves show quartz dioritic, tonalitic and quartz monzodioritic
compositions (Fig. 3a, Table 3), equigranular fine to coarse grained texture, and black to gray

colors. They also show foliation defined by biotite and muscovite (Fig. 11), but it is not always
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observed at naked eye. Its mineral assemblage is composed by biotite (27.6-57.7 %), plagioclase
(12.5-40.0 %), muscovite (2.0-10.0 %), quartz (4.4-12.9 %), alkali feldspar (0.1-12.9 %), epidote

(0.4-4.7 %) and opaque minerals (1.0-6.7 %). Other minerals are rare, such as titanite, apatite,

zircon and allanite. Secondary epidote and sericite are common.

Fig. 10. Igarapé Azul granite outcrops: a) Slightly porphyrytic biotite monzogranite (Saramandaia facies) showing tabular alkali feldspar
megacrysts with approximately N60'E strike magma flow (outcrop MA-322); b) Tabular alkali feldspar megacrysts in leucogranodiorite
(Saramandaia facies) turning around elliptical tonalite gneiss enclave (outcrop MA-213); ¢) Irregular biotite-rich diorite gneiss enclave showing
fine grained equigranular texture surrounded by biotite leucomonzogranite (Cinco Estrelas facies). Note that the host granite fill the enclave
foliation planes (outcrop MA-147); d) Porphyrytic biotite granodiorite enclave (Martins Pereira granite) enclosed by the Igarapé Azul granite
(Cinco Estrelas facies). The enclave is rotated and biotite trails are observed in its extremities (outcrop MA-99). e) Rounded paragneiss enclave
showing strong compositional layering and local growing of biotite and muscovite. f) Rounded and circular mafic microgranular enclave with
porphyrytic texture (outcrop MA-322).
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Subhedral biotite is fine to coarse grained, brown greenish to straw yellow, locally reddish
brown, and moderately pleocroic. Inclusions such as zircon, apatite, epidote, and occasionally
allanite, are common. Muscovite is also subhedral, fine to medium-grained and aligned at the
same direction of biotite. Large individual crystals are intergrowth or replacing biotite.
Plagioclase shows two crystal generations: a) coarse grained (eventually megacrysts), subhedral
to anhedral (embayed contacts are very common), slight ondulatory extinction, normal zoning
(rarely oscillatory) with calcic zones steeply replaced by epidote, carbonate and minor sericite; b)
fine to medium grained, subhedral to euhedral, tabular, clear polyssinthetic twinning and rarely
replaced by secondary minerals. Fine to medium-grained subhedral quartz has ondulatory
extinction and locally shows dynamic recrystallization features. Subhedral to anhedral alkali
feldspar is very uncommon. Subhedral epidote and allanite occurs as inclusion in biotite and
plagioclase crystals. Opaque minerals occur as euhedral and tabular crystals and titanite is rare,
eplacing calcic portions of plagioclase cores, and biotite cleavages. Locally, titanite occurs as
subhedral, fine to medium-grained and isolate crystals.

Other enclaves are subordinated within the Igarapé Azul granite. Xenoliths similar to the
Martins Pereira granitoids (Fig. 10d) and Cauarane paragneiss with preserved banding (Fig. 10e)
are rotated, rounded and partially modified, with local “migmatitic” features, suggesting local
assimilation by the host rock. Mafic (porphyrytic) microgranular enclaves (Fig 10f) are observed
only locally.

show the growing and high concentration of biotite crystals from the biotite-
bearing gneissic enclave (quartz dioritic) close to the contact with isotropic
leucomonzogranite (Igarapé Azul Granite, Cinco Estrelas facies). This
biotite grain size increasing is probably due to static recrystallization related
to the high thermal gradient among host-enclave. The enclave foliation (Sn)
is also showed. Parallel-polarized light (1.25x).

A-type granites
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In general, the A-type granites in the southern Roraima and northern Amazonas states
cross-cut the basement rocks during two main magmatic events (Costi et al. 2000, CPRM 2000,
2003): Abonari-Mapuera (1.88-1.86 Ga) and Moderna-Madeira (1.82-1.79 Ga) granitic episodes.
The interval ages are determined mainly by single-zircon Pb evaporation and zircon U-Pb

SHRIMP methods.

MAPUERA GRANITE AND COEVAL GRANITOIDS

The Mapuera A-type granites (CPRM 2000, 2003) and coeval granitoids occur at the south
and southeast of the studied area (Fig. 2), in the Jauaperi and Murauau rivers, showing biotite
only as the mafic mineral. Three main granitic bodies were observed. The first one has 46 km®
and occurs near to the S3o Jodo da Baliza and Sao Luis do Anaud towns at the Jauaperi river
basin. It shows monzogranitic to syenogranitic composition, porphyrytic texture (locally with
ovoid megacrysts) and coarse to medium grain size. The second granitic body has 49 km” and
occurs along the Murauau River, being composed of monzogranites with equigranular to slightly
porphyrytic texture, and medium grain size. Locally in the northern portion it is steeply deformed
by NE-SW dextral shear zones. The Serra do Itd granite (520 km” in area) has E-W trend
emplaced near the Ita fault zone and in the headwaters of the Anaud, Dias and Pedras rivers.

The mineral assemblage is represented by microperthitic alkali feldspar, plagioclase
(eventually bordered by alkali feldspar), quartz and biotite, this last one in association with
accessory minerals such as titanite, zircon, apatite, opaque minerals and rarelly allanite, fluorite
and garnet. Locally quartz and feldspars show ondulatory extinction and dynamic
recrystallization. Granophyric texture and myrmekite are also commom. Secondary minerals are

sericite (and muscovite), chlorite, epidote and clay-minerals.

MODERNA GRANITE AND COEVAL GRANITOIDS

The Moderna (Santos et al. 1997) and coeval granitoids (Fig. 2) are dominantly
monzogranite to syenogranite, rarely alkali feldspar granite in composition, showing pale pink to
pale gray colors, equigranular to slightly porphyrytic texture, coarse grain size and amphibole
(hastingsite) and biotite mafic clots. Paragneissic xenoliths of the Cauarane Group and pegmatitic
and amethyst-bearing quartz veins are also observed.

At least, four granitic bodies related to the Moderna-Madeira granitic episode, all

structurally-controled by NW-SE trends, were mapped by aerogeophysical airbone and radar
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images: 1) the type-area of the Moderna granite occurs near the Moderna town, and has two main
plutonic bodies of 51 km” and 15 km? controlled by a NW-SE structure; 2) Serra da Tentativa
granite has 58 km? and crops out in the Jaburuzinho river; 3) Igarapé do Banho granite shows 210
km, cross-cuted by E-W dextral shear zones; and 4) northern Caroebe granite has 330 km” and is
also structurally controlled by an NW-SE trend.

The mineral assemblage shows microperthitic alkali feldspar, albite, plagioclase
(oligoclase), quartz, biotite and amphibole (intersticial hastingsite with local clinopyroxene
relics). The accessory minerals are opaque minerals, apatite, zircon, allanite, titanite (intregrown
with amphibole) and fluorite (as individual crystals or filling microfractures mainly in the

biotite). Secondary minerals are represented by clay-minerals, sericite and epidote.

MINERAL OCCURRENCES

Until few years ago, all mineral occurrences in the southern Roraima were associated to the
“Agua Branca” suite and “Igarapé Azul” granite (CPRM 2000). However, the results of
geological mapping and petrographic study in this work demonstrated that amethyst, columbite-
tantalite and gold occurrences are related with three different granitic types.

In the northern area (NUAD), the highly deformed, showing quartz-vein related to shear
zones, and hydrothermallized (muscovitization and tourmalinization) host rocks of the Anaua
small gold mine (Faria et al. 1996) overprint the igneous features. In other two sites, there has
been detected Au in alluvial sediments overlying Martins Pereira granitoids basement. Despite
the difficulty of recognizing the primary rocks, the host of mineralization shows composition,
texture and age (1972 + 7 Ma, zircon U-Pb SHRIMP, CPRM 2003) similar to the I-type Martins
Pereira granitoids. Furthermore, relationship among gold occurrences and S-type granites (e.g.
Serra Dourada granite) is uncommom (e.g. Neiva 2000).

In the SUAD, several columbite-tantalite occurrences in alluvial sediments have been
described (CPRM 2000); all of them are located in the Igarapé Azul granite region. The main Nb-
Ta occurrences are related to the central Vila Catarina facies, which is characterized by
pegmatites and alluvial fans with conglomeratic levels (0.5 m in average) showing angular and
subrounded fragments of columbite-tantalite were ranging from 80 mm to 0.2 mm in length. Also
in this area, the amethyst crystals occur in regular veins, pegmatites or in stockwork structures,
hosted by the A-type Moderna granitoids. According to CPRM (2000) this amethyst

mineralization probably has an epithermal origin.
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SUMMARY AND CONCLUDING REMARKS

Geological mapping and petrographic studies of granitoids in the north and south areas of
the Uatuma-Anaud domain provide new insights in the geologic framework of the central portion
of Guyana Shield (Fig. 1), including mineralization occurrence relationship, and implications for
the tectonic evolution.

The Martins Pereira and Serra Dourada granites in NUAD are characterized by penetrative
deformation and dextral shear zones associated with NE-SW to E-W-trendings, and both are
associated with metavolcano-sedimentary covers and older basement inliers (Anaud Complex and
Cauarane Group). The S-type Serra Dourada granite suggests, at least locally, a widespread
anatexis of dominant sedimentary sources in this region.

In the Martins Pereira granitoids, the petrographic similarities point out that the granitoid
host-rocks (monzogranites and granodiorites) and the biotite-bearing enclaves (tonalites) are
cogenetic. The origin of leucogranitic blobs is not well understood, but two explanations can be
envisaged: a) highly fractionated types from Martins Pereira calc-alkaline association, or b) new
granitic magmas from small-scale remelting of Martins Pereira granitoids (local anatexis).

The tectonic evolution is yet debatable, but the relationship of the NUAD granitoids with
the Anaud Arc (Faria ef al. 2002) is possible, due mainly the geographic aspects and features of
ntrusion. The I-type calc-alkaline and S-type granites chemistry and ages suggest that they could
be related to the final stages, or after, of the Anaua Arc (2.03 Ga) development. The ~60 Ma
elapsed time among Anaud arc formation and the emplacement of the Martins Pereira-Serra
Dourada granitoids point out a late(?)-collisional event at 1.97-1.96 Ga in the southeastern
Roraima.

On the other hand, the SUAD area is characterized by only undeformed calc-alkaline
Caroebe and Igarapé Azul granites (Agua Branca suite) and local coeval volcanic rocks, but no
arc-related metavolcano-sedimentary rocks and low-K calc-alkaline granitoids are recorded. A
petrogenetic evolution following fractional crystallization process was suggested by Oliveira et
al. (1996) for the Agua Branca suite, however, at least locally, other petrogenetic processes can
be involved in the genesis of the Caroebe granite (e.g. partial melting, magma mixing or
assimilation fractional crystallization).

The magma mixing hypothesis for the Alto Alegre facies of the Caroebe granite is based on

field observations, where two end-members, represented by felsic monzogranite and hornblende
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diorite-tonalite, produced an intermediate homogeneous granodioritic member (hybrid magma).
However, some authors (e.g. Chappell and McCulloch 1990, Chappell 1996) argue that this
petrogenetic process is related only to the small-scale granite generation and do not support large
bodies generation due to the large viscosity contrast between two magmas of contrasting
compositions that inhibit the mixing. According to them, magma mixing is limited in most
granitoid evolution. Magma mixing is an important petrogenetic model for granitoids generation,
but only mixing events could be recorded in the pluton, generating local hybrid rocks.

Other authors believe that large granitic batholiths are produced mainly by magma mixing
process, such as the Itaporanga batholith in northeastern Brazil (Mariano and Sial 1990) and H-
type granitoids in Spain (Castro et al. 1990, 1991). They are based on the geochemical and
experimental constraints mainly observed in volcanic rocks (e.g. Turner and Campbell 1986,
Gourgaud et al. 1989) and their application to plutonic rocks (e.g. Blake and Koyaguchi 1991).
According to Blake and Koyaguchi (1991), if hybrid volcanic magmas are produced in the
magma chambers (that are the precursors of plutonic rocks) then, the plutonic analogues of these
same chambers should contain hybrid facies. However, likewise the volcanic types, areas of
hybrid rock within pluton could record mixing events related to the intermittent generations of
batch melts. Thus, a geochemical study in the Caroebe granite is necessary for a better evaluation
of the petrogenetic model.

The Igarapé Azul granite also shows calc-alkaline affinity (Almeida and Macambira 2003),
but it is almost restrict to felsic monzogranites types, which are characterized by homogeneous
texture. These granitoids show similar compositional field of the crustal granite origin and
petrographic features to felsic granites occurring as lenses and blobs in the Martins Pereira
granite (e.g. monzogranitic composition, textural homogeneity, low modal content of mafic
minerals, biotite and late muscovite as the varietal minerals, and epidote and opaque minerals as
the main accessory minerals).

The magmatic flow and shape of granitic bodies with NE-SW to E-W-trends observed in
the Igarapé Azul and Caroebe granites suggest that the emplacement was probably structurally-
controlled by older lineaments, such as observed in the Martins Pereira granitoids.

The two generations of A-type granites which are widespread in UAD, are related to a post-
orogenic (1.87 Ga) to anorogenic (1.81 Ga) setting respectively, and mark the tectonic stability
period in the southeastern Roraima. The emplacement of these A-types granites has E-W and

NW-SE-trending structural-control, filling mainly brittle structures.
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Finally, the relationship between mineralization and the granitoid hosts in the UAD, as a
whole, opens new metaloctec perspectives, emphasizing the mineral potential of this region for
gold (Martins Pereira granitoids), columbite-tantalite (mainly in the central facies of Igarapé Azul

granite) and amethyste (Moderna granite, pegmatite).
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ABSTRACT

The understanding of the geological evolution of the Uatuma-Anaud Domain in southeastern Roraima,
central region of Guyana Shield, is of major significance in the study of the Amazonian craton. This
region lies between some Paleoproterozoic geological-geochronological provinces: Tapajos-Parima or
Ventuari-Tapajos (dominant), Maroni-Itacaiinas or Transamazon (northwest) and Central Amazonian or
Central Amazon (southeast and east). Geological mapping of the northern area of Uatuma-Anaua Domain,
integrated with whole rock geochemistry data and previous and new Pb-evaporation and U-Pb zircon
geochronology, point out for a plutonic collisional magmatic event (1975-1968 Ma) represented by I-type
high-K calc-alkaline (Martins Pereira) and S-type (Serra Dourada) granitoid rocks. This magmatism was
probably generated from crustal sources by partial melting during amalgamation of TTG-like Anaua
magmatic arc (2028 Ma) with Transamazonian (2.2-2.0 Ga) and Central Amazonian (older than 2.3 Ga)
terranes. Local cumulatic leucogranites fills planar structures of the Martins Pereira granites. These
leucogranites show younger ages (1909 Ma) and several inherited zircons (2354 Ma; 2134 Ma; 1997 Ma
and 1959 Ma), suggesting origin from crustal sources.

Keywords: Paleoproterozoic, Granitoids, Guyana Shield, Zircon geochronology, Geochemistry

INTRODUCTION

The Guyana Shield, with a surface area of nearly 1.5 million km?®, represents the
northernmost section of the Amazonian craton. This shield was predominately formed during
protracted periods of intense granitic magmatism, bracketed between 2.1 and 1.9 Ga (Fig. 1a-b;
e.g. Tassinari and Macambira, 1999, 2004; Santos et al., 2000, 2006). Despite representing an
intricate component of the Amazonian craton, the Guyana Shield has seen only limited attention
among the scientific community. Geological maps of the region are scarce (e.g. CPRM, 1999,
2000a; Delor et al., 2003), and only few petrographical, geochemical and geophysical studies are
available. Comparison between previous studies from the Guyana Shield has been hampered by a
lack of dependable age determinations, implying large errors (+ 50-100 Ma), which preclude any
attempt to establish a fine chronology of the magmatic and metamorphic events.

The study area is concentrates on the central part of the Guyana Shield, in southeastern
Roraima State (Brazil). Recent zircon geochronology data demonstrate that igneous rocks
cropping out in this region (c. 4970 km?®, Fig. 2) show ages of 2.03 Ga (Faria et al., 2002) and
1.97-1.96 Ga (Almeida et al., 1997, CPRM, 2003), similar to the Tapajés Domain in Central
Brazil Shield (Santos et al., 2000, Lamardo et al., 2002). However, the characteristics and
significance of these events and ages are not fully understood (CPRM, 2000a; Almeida and
Macambira, 2003). An example of this can be seen in the 2.03-1.96 Ga magmatic event which,
unlike the 1.90 Ga calc-alkaline magmatism, is uncommon in other regions of the world. In
addition the Tapajos Domain in Central Brazil Shield (southern Amazonian craton) and parts of
the Sao Francisco Craton, Paleoproterozoic tectonic and magmatic activity between c. 2.0 and 1.9

Ga is recorded in Western Australia (Gascoigne Complex, Dalgaringa Supersuite, 2005-1970 Ma,
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Sheppard et al. 2004) and southern Australia (Gawler Craton, Miltalie Gneiss, ca. 2000 Ma, Daly
et al. 1998). The Taltson Magmatic Zone of northern Canada (McDonough et al., 1993) and
Kora-Karelian orogen of northern Baltic Shield (Daly et al., 2001) also show 2.0-1.9 Ga
magmatic events.

The aim of this paper is to provide new geochemical and geochronological constraints on
the Martins Pereira and Serra Dourada granitoid rocks (Almeida et al., 2002). It is hoped that
such studies will contribute to a better understanding of the lithostratigraphy, origin and
geodynamic evolution of the northern part of the Uatuma-Anaua Domain, in the central portion
of the Guyana Shield (Fig. 1). These data will be integrated with previous geochemical and
geochronological data for other magmatic associations, mainly calc-alkaline granitoids older than
1.90 Ga. Particular focus will be placed on comparative geochemical and geochronology data

from previous studies in the same region and from the southern part of the Amazonian craton.

Nr s4W  63W  62W  B1W W 59w
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GEOLOGICAL SETTING

Regional geological maps (CPRM 2000a, Almeida et al, 2002) and zircon
geochronological data (Almeida et al., 1997, Santos et al., 1997, Macambira et al., 2002, CPRM,
2003) have shown that Paleoproterozoic granitoid and volcanic rocks (1.97 to 1.81 Ga) are
widespread in southeastern Roraima. These intrusive and extrusive rocks are emplaced within

poorly exposed basement rocks that have maximum ages of around 2.03 Ga (Faria et al., 2002).
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According to recent evolutionary models proposed for the Amazonian craton, the study
area can be divided into several provinces. According to the work of Tassinari and Macambira
(1999, 2004), the study area is largely enclosed in the Ventuari-Tapajos and Central Amazonian
provinces, with a subordinate northeastern section falling within the Maroni-Itacaitinas province.
Santos et al. (2000, 2006) argue that all provinces were collectively affected by the K'Mudku
Shear Belt in this same region (Fig. 1 a-b). These conclude that Paleoproterozoic orogenic belts
or magmatic arcs (e.g., Ventuari-Tapajés or Tapajos-Parima, and Maroni-Itacaiinas or
Transamazon provinces) were accreted to the Archean craton with time and/or represent a set of
rocks produced from melting of Archean crust (Fig. 1a-b; Cordani et al., 1979, Teixeira et al.,
1989, Tassinari 1996, Tassinari and Macambira, 1999, 2004; Santos et al., 2000, 2004, 2006).

The Tapajoés-Parima (or Ventuari-Tapajoés) Province is a Paleoproterozoic orogenic belt
trends north-northwest and includes geological units which range from ~2.10 to 1.87 Ga in age
(Santos et al., 2000, 2006; Tassinari and Macambira 1999, 2004). This province was subdivided
into four domains by Santos et al. (2000): Parima and Uaimiri, to the north, Peixoto Azevedo and
Tapajos, to the south. Southeastern Roraima belongs to the Uaimiri Domain. The Central
Amazonian Province of the study area (Fig. 1a-b) displays granitoid and volcanic rocks (1.88 to
1.70 Ga) lacking regional metamorphism and compressional folding (Santos et al., 2000,
Tassinari and Macambira 1999), and its basement is exposed scarcely. The age for this basement
has been estimated via Nd-model ages at around 2.3-2.5 Ga (Tassinari and Macambira, 1999,
2004). According to these authors, the recorded Archean rocks in the Amazonian craton are only
exposed in Imataca (Venezuela), Carajas and southern Amapa-northwestern Para (Brazil).

The Maroni-Itacaitinas (or Transamazon) Province is also an orogenic belt with Rhyacian
ages (2.25 to 2.00 Ga, Fig. 1a-b) and is correlated to the Birimian belt in West Africa (Tassinari
and Macambira, 1999, 2004; Santos et al., 2000; Delor et al., 2003). The K’'Mudku Shear Belt is
characterized by low grade mylonitic zones with ca. 1.20 Ga ages, and cross-cuts the Rio Negro,
Tapajos-Parima and Transamazon provinces (Santos ef al., 2000).

Taking into account lithological associations and geochronological data, Reis et al. (2003)
and CPRM (2006) divided Roraima into four major domains — Surumu, Parima, Central Guyana
and Uatuma-Anaua (Fig. 1¢). Each of these domains contains a wide range of rock types and
stratigraphic units. Southeastern Roraima is composed of the Central Guyana and Uatuma-Anaua
lithostructural domains, that correspond to the K'Mudku Shear Belt and Uaimiri Domain,

respectively (northern Tapajos-Parima Province) proposed by Santos et al. (2000).
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The Central Guyana Domain (CGD) consists primarily of granulites, orthogneiss, mylonites
and metagranitoids (Rio Urubu Metamorphic Suite) associated with low to high metamorphic
grade metavolcanosedimentary covers (Cauarane Group) and S-type granite (Curuxuim Granite).
The lineaments trend is strongly NE-SW (Figs. 1¢ and 2). The Uatuma-Anaua Domain (UAD) is
characterized by E-W to NE-SW lineaments and the northern part of the domain (NUAD) shows
an older metamorphic basement (Figs. 1 and 2) formed in a presumed island arc environment
(Faria et al., 2002). This basement is composed of TTG-like metagranitoids to orthogneisses
(Anaud Complex), enclosing meta-mafic to meta-ultramafic xenoliths, and is associated with
some inliers of metavolcano-sedimentary rocks (Cauarane-like). The basement rocks are intruded
by S-type (Serra Dourada Granite) and high-K, I-type calc-alkaline (Martins Pereira) granite
plutons of c. 1.98-1.96 Ga (see zircon geochronology section).

In the southern area of the Uatuma-Anaua domain (SUAD), intrusive younger granites
(with no regional deformation and metamorphism) are very common. The most prominent
magmatism is related to the calc-alkaline Caroebe and Igarapé Azul granitoids (Agua Branca
Suite) with coeval Iricoumé volcanic rocks. Locally igneous charnockitic (Igarapé Tamandaré)
and enderbitic (Santa Maria) plutons were also recorded. Several A-type granite bodies are
widespread in the Uatumi-Anau4 Domain (Fig. 2) represented by Moderna-Agua Boa (1.81 Ga)
and Mapuera-Abonari (1.87 Ga) granites.

ANALYTICAL PROCEDURES
Whole-rock Geochemistry Analysis

Whole-rock chemical analyses of 11 samples (milled under 200 mesh) were done at the
Acme Analytical Laboratories Ltd, Vancouver, British Columbia, Canada. The analytical
package includes inductively coupled plasma-atomic emission spectrometer (ICP-AES) analyses
after LiO, fusion for all major oxides (SiO,, TiO,, Al,O3;, MnO, MgO, CaO, K,0, Na,O, P,0s)
and LOI. Total iron concentration is expressed as Fe,Os. The trace elements were analyzed by
inductively coupled plasma-mass spectrometer (ICP-MS), with rare-earth and incompatible
elements determined from a LiBO; fusion and precious and base metals determined from an aqua
regia digestion. Additional 16 analyses were compiled (and partially reinterpreted) from CPRM
(2000a). These last whole-rock chemical analyses were done at the Geosol Laboratories S.A.,

Belo Horizonte, Minas Gerais, Brazil.
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Zircon Isotope Analysis
For isotope analysis, the zircon crystals were obtained from samples with 2 to 20 kg. After

crushing (milled to 60-80 mesh) and sieving, heavy mineral fractions were obtained by water-
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Fig.2. Simplified geological map of southeastern Roraima (mod. Almeida et a/., 2002; CPRM, 2000a, 2005). 1. Cenozoic sedimentary
covers; 2. Undiscrimined plutonic mafic rocks; 3. Foliated granitoids (1.72 Ga), mylonites (1.89 Ga), granulites, augen gneisses,
metagranitoids and orthogneisses (1.96-1.93 Ga, Rio Urubu Complex); 4. S-type Curuxuim (garnet) Granite (1.97 Ga?); 5. Metavolcano-
sedimentary sequence (Cauarane Group); 6. Proterozoic sedimentary cover (Urupi Formation); 7. a) A-type Moderna (1.81 Ga),
Mapuera granites (1.87 Ga) and minor charnockitoids (1.89 Ga); 8. Igarapé Azul-Caroebe granites and scarce volcanic rocks (1.90-1.89
Ga); 9. S-type Serra Dourada (cordierite) Granite (1.96 Ga); 10. High-K calc-alkaline Martins Pereira Granite: (a) normal to (b) high U,
Th, K contents (1.97 Ga); 11. Metavolcano-sedimentary sequence (Cauarane Group?) and TTG calc-alkaline Anaua Complex (2.03 Ga).

-mechanical and dense liquid concentrations, and processed under hand magnet and Frantz

Isodynamic Separator. In order to remove impurities, zircon concentrates were washed with
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HNO; at 100° C (10 minutes), submitted to ultrasound cube (5 minutes) and finally washed with
bidistilled H,O. The less magnetic zircon concentrates (from five magnetic fractions) were
preferred for hand-picking. Whenever possible only =zircon grains free of alteration,
metamictization features, inclusions and fractures were selected for analysis (see zircon
descriptions below). All selected grains for analysis were photomicrographed via a conventional
optical microscope.

Single-zircon dating by Pb-evaporation and U-Pb isotopic dilution in thermal ionization
mass spectrometry (ID-TIMS) methods was performed at the Isotope Geology Laboratory (Para-
Iso), Federal University of Pard (UFPA), Brazil. The U decay constants are those recommended
by Steiger and Jager (1977), and errors are given at the 95% confidence level. Ages of 5 samples
were obtained by the Pb-evaporation technique established by Kober (1986, 1987), and only one
sample was analyzed by U-Pb ID-TIMS. All isotope analyses were carried out on a Finnigan
MAT 262 mass spectrometer in dynamic mode, using the ion counting detector.

In the Pb-evaporation method on a single zircon, the selected grains were tied in Re-
“evaporation”-filament and introduced in the mass spectrometer. The Pb was normally extracted
from the crystals by heating in three evaporation steps at temperatures of 1450°, 1500° and
1550°C. The evaporated Pb was loaded on an “ionization” filament, which is heated for the
isotope analyses. In this technique, the data were dynamically acquired, using the ion counting
system of the instrument. Pb signal was measured by peak hopping in the 206, 207, 208, 206,
207, 204 mass order along 10 scans, defining one block of data with 18 **’Pb/*°Pb ratios. The
297pp/2%Ph ratio average of each step was based on five blocks or less, till the intensity beam was
sufficiently high for a reliable analysis. Usually, the average **’Pb/*’°Pb ratio obtained in the
highest temperature step was taken for age calculation, but the other steps are also considered.
Outliers were eliminated using Dixon's test. The *’Pb/*°°Pb ratios were corrected for a mass
discrimination factor of 0.12% + 0.03 a.m.u”, and results with ***Pb/**Pb ratios higher than
0.0004 were, in general, discarded. The ages were calculated with 2 sigma error and common Pb
correction was done using age values derived from the two-stage model of Stacey and Kramers
(1975). The obtained data were processed in software Zircon program (Scheller, 1998), DOS
system version.

The Pb-evaporation on a single zircon method yields apparent **’Pb/**Pb ages and the
degree of concordance of the analytical points is not possible to assess. Furthermore, zircon

grains exhibiting a complex history often yield mixed ages with no geological meaning
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(Dougherty-Page and Bartlett, 1999). With these uncertainties in mind, the age obtained for a
single grain is considered as a minimum age. This being the case, as has been proposed in several
studies (Kober, 1986; Andsell and Kyser, 1991; Macambira and Scheller, 1994; Soderlund,
1996), if a set of magmatic grains from the same sample yields similar ages, it is possible to
suggest that such similarities indicate the time of the magmatic crystallization or episodic Pb loss.

The U-Pb ID-TIMS procedures undertaken in the Para-Iso Laboratory followed those
presented by Krymsky (2002). All zircon fractions selected for analysis were previously air
abraded with pyrite crystals (20 mg and 0.1-0.5 mm diameter) in 1.2-1.8 p.s.i. pressure for 30-40
minutes. After abrasion the zircon grains were washed with HNO3 and HCl (100° C, 30 minutes)
and H,O-Millipore (3 times). The grains were then washed with metanol, weighed, spiked with
#3U-2%Pb tracer and dissolved with a mixture of HF and HCI in PTFE Teflon® bombs. Uranium
and lead were separated with anion-exchange resin (Dowex” 1x8 200-400 mesh) in HCI medium
in 50-70 pL columns. Uranium and Lead were loaded with Si-gel and H;PO,4 (1N) onto the same
out-gassed Re-filament and analyzed at 1400°-1600° C. For zircon analyses, blanks are <30 pg Pb
and <1 pg U. The obtained data were processed in ISOPLOT/Excel program version 2 (Ludwig,
1999). The ***Pb/**°Pb ratios were corrected for common Pb, using also the Stacey and Kramers
(1975) model. The quality statistics is express for USD or Unified Standard Deviation (square
root of MSWD value — Mean Standard Weigth Deviation).

The Pb-evaporation on a single zircon method yields apparent **’Pb/*’°Pb ages and the
degree of concordance of the analytical points is not possible to assess. Furthermore, zircons
exhibiting a complex history, often furnish mixed ages with no geological meaning (Dougherty-
Page and Bartlett, 1999). With these uncertainties in mind, the age obtained for a single grain is
considered as a minimum age. This being the case, as has been proposed in several studies
(Kober, 1986; Andsell and Kyser, 1991; Macambira and Scheller, 1994; Séderlund, 1996), if a
set of magmatic grains from the same sample yields similar ages, it is possible to suggest that
such similarities indicate the time of the magmatic crystallization.

The U-Pb ID-TIMS (Para-Iso Laboratory) procedure followed those presented by Krymsky
(2002). All zircon fractions selected for analysis were previously air abraded with pyrite crystals
(20 mg and 0.1-0.5 mm diameter) in 1.2-1.8 p.s.i. pressure for 30-40 minutes. After abrasion the
zircon grains were washed with HNO; and HCl (100° C, 30 minutes) and H,O-Millipore (3

235y 71 205
U-

times). The grains were then washed with metanol, weighed, spiked with Pb tracer and

dissolved with a mixture of HF and HCI in PTFE Teflon® bombs. Uranium and lead were
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separated with anion-exchange resin (Dowex”™ 1x8 200-400 mesh) in HCI medium in 50-70 pL
columns. Uranium and Lead were loaded with Si-gel and H;PO4 (I1N) onto the same out-gassed
Re-filament and analyzed at 1400°-1600° C. For zircon analyses, blanks are <30 pg Pb and <I pg
U. The obtained data were processed in ISOPLOT/Excel program version 2 (Ludwig, 1999). The

common Pb interference was corrected using also the Stacey and Kramers (1975) model.

WHOLE-ROCK GEOCHEMICAL RESULTS
Major and Minor Oxides, and Trace Elements Geochemistry

Analytical results of representative samples from Martins Pereira, Serra Dourada and Anaua
granitoid rocks of the Northern Uatuma-Anaud Domain, including leucogranite blobs and lenses,
are presented in Table 1 and plotted in diagrams in Figs. 3 to 7. Serra Dourada and Anaud results
are extracted form CPRM (2000a). Creporizao (CPRM, 2000b) and Old Sao Jorge (Lamardo et
al,, 2002) granitoid rocks data from Tapajos region are also plotted in some diagrams for
comparison with Martins Pereira granitoid rocks.

The Martins Pereira Granite consists of a compositionally wide series of rocks with SiO;
contents between 49.3 and 74.6 wt. % (Table 1). The associated leucogranite blobs and lenses
have high SiO; contents (72.9 to 73.9 wt. %), but in the Harker diagrams show no correlation
with the Martins Pereira Granite. For instance, leucogranites with the same SiO, contents as
Martins Pereira granitoid rocks, have low Na,O (Fig. 3g), MnO (Fig. 3d), Fe,O;+FeO (Fig. 3¢)
and very high K,O (Fig. 4a) values.

Rock samples from Martins Pereira Granite are also characterized by linear trends in the all
Harker diagrams (Fig. 3a-h). In these diagrams, excluding Na,O vs. SiO,, the statistic parameters
show negative linear correlations with regression agreement between 99% and 99.9%. Linear
trends can result from several petrogenetic processes, such as contamination, mixing, crystal
fractionation with no crystallizing phases change and partial melting (e.g. Cox et al, 1987,
Wilson, 1991). The lack of significant compositional gaps in Harker diagrams for Martins Pereira
samples suggests that the main petrogenetic process is related likely to partial melting or crystal
fractionation with no change in the mineral assemblage being fractionated. However this last one
requires a great volume of mafic parental magma, not detected in the region. The same is true for
fractional crystallization process with change in the crystallizing mineral phases (e.g. hornblende
out and biotite in), but in this case the result are usually curvelinear Harker-plot trends (e.g. Cox

et al., 1987, Wilson, 1991) that are not observed for Martins Pereira samples.
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Fig. 3. (a-h) Selected Harker variation diagrams for leucogranites, Anaud Complex, Martins Pereira and Serra Dourada

granites. Forreferences see table 1. Fields representing Creporizao (CPRM, 2000b) and Old Sao Jorge granites (Lamaréo et al.,

2002) of the Tapajos Domain are plotted for comparison. For the linear regression are used only the Martins Pereira samples.

In contrast to the Martins Pereira samples, the Anaud Complex and related rocks show
lower SiO, contents ranging from 41.3% to 59.8% (Table 1), and dispersion in the Harker

diagrams (e.g. TiO,, MnO, Al,0O3, Na,0O and Fe;O3;). When compared to the Martins Pereira
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granitoid rocks, the Anaua samples are characterized by lower K,O and P,Os contents (Fig. 4a,
3h), while having higher Na,O and MgO (Fig. 3e-g) contents. The Serra Dourada Granite shows
remarkable low Na,O (Fig. 3g) and K,O contents (Table 1).

Compared to the Martins Pereira granitoid rocks, the 1.99-1.96 Ga Old Sao Jorge and
Creporizao granites from the Tapajos Domain have lower TiO, (Fig. 3a), MnO (Fig. 3d) and
P,Os (Fig. 3h), and higher Na,O (Fig. 3g) contents. The corresponding Harker diagrams
demonstrate that the Creporizao granites have a shorter range and higher contents of SiO, (65.2
% to 73.4%, table 1), as well as lower MnO (Fig. 3d), Al,O; (Fig. 3b) and K,O (Fig. 4a)
contents.

In the log [CaO/(Na,O+K,0)] vs. SiO, diagram (Fig. 4b), all the studied granitoid rocks
(excluding Serra Dourada Granite) indicate calc-alkaline affinity, with the samples plotting in the
normal calc-alkaline andesitic field. Only the Old Sao Jorge Granite shows exclusive transitional
character between normal and mature arc series. Most of the granitoid samples also plot in the
high-K field (K,O vs. SiO, diagram, Fig. 4a), however, the Martins Pereira and Old Sao Jorge
granites have a transitional high-K to slightly shoshonitic character. It is also apparent from the
K0 vs Si0O; diagram that samples from the Creporizdo Granite display a transitional high-K to
locally medium-K trend, whereas Anaud types are medium-K to slightly low-K. The
leucogranites show high K contents (>7%) and a highly fractionated character.

The Martins Pereira and Creporizdo granite compositions are transitional between
metaluminous to peraluminous, while the Old S3o Jorge granite is metaluminous to slightly
peraluminous (Fig. 5a). Almost all these granites show A/NK molar ratios < 2. Only the Anaua
Complex rocks (A/NK molar > 2) and the lenses of leucogranite are metaluminous and
peraluminous. The Serra Dourada Granite is broadly peraluminous, plotting in the S-type granite
compositions. This granite body shows A/CNK molar ratios of 1.1 and 1.3, while some samples
of the Martins Pereira Granite also show locally high A/CNK values. In the Na,O vs. K,O
diagram, the Martins Pereira granitoid rocks plot on the I-type field, but several samples also plot
near to the S-type field boundary (Fig. Sb) showing, as well as the Serra Dourada Granite
samples, the lowest Na,O/K,0 ratios.

In the Rb vs. (Y+Nb) tectonic discriminator diagrams (Fig. Sc¢), the Martins Pereira granite
samples show transitional VAG (granites to granodiorites) to WPG (biotite-rich tonalites) trends.
Anaud rock-types generally plot in the VAG field, with correspondingly low Rb contents. The
Creporizao and Old Sao Jorge granites samples dominantly plot in the VAG field, falling near to
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the WPG boundary. Thus, excluding Anaua rocks, most of the analyzed samples fall in the
postcollisional field of Pearce (1996), which suggests an increasing in arc maturity (Brown ef al.,
1984, see Fig. 4a) or the beginning of the transition from calc-alkaline to alkaline magmatic

series in orogenic to post-orogenic tectonic settings (Bonin, 1990; Barbarin, 1999).
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Fig.4. Geochemical diagrams showing results from Martins Pereira Granite, leucogranites and Anaua Complex rocks (for
references see table 1). Fields representing Creporizao (CPRM, 2000b) and Old Sio Jorge granites (Lamardo et al., 2002) are
plotted for comparison: (a) K,O vs. SiO, contents displaying the shoshonite, high-K, medium-K and low-K fields (from
Peccerilo and Taylor, 1976; mod. by Rickwood, 1989). For the linear regression are used only the Martins Pereira Granite
samples. (b) log[CaO/(Na,0+K,0)] vs. SiO, contents (from Brown et al., 1984). Symbols as in Fig. 3.

In the (K,O + Na,0)/CaO vs. (Zr + Nb + Ce + Y) diagram (Fig. 5d), the calc-alkaline
Martins Pereira, Creporizao and Old Sao Jorge granites plot on the unfractionated S- and I-type
granites to transitional A-type fields. Concerning the Martins Pereira granitoid rocks, the higher
Zr, Y and Ce contents are probably related to the presence of accessory minerals such as epidote,
allanite and zircon, mainly in biotite-rich tonalite types. However, their metaluminous to
peraluminous nature (Fig. 5a) and VAG character (Fig. Sc¢) point to I-type granite affinity.
Samples from Anaud Complex plot in the unfractionated S- and I-type granites field with low
(K>0 + Na,0)/CaO ratios. Only the blobs of leucogranites and few Creporizao Granite samples
plot on the fractionated felsic granites field (Fig. 5d).

In the primordial mantle-normalized spidergrams, the Martins Pereira Granite (Fig. 6a)
exhibits depleted trace element patterns for some HFSE such as Ta, Nb, P, and Ti, and does not
show significant LILE depletion (e.g. Sr and Ba), as observed for alkali-calcic granitoid rocks of
more mature arcs (Brown et al,, 1984). This pattern is somewhat similar to those of the calc-
alkaline granitoid rocks from normal arcs (cf. Brown et al., 1984), though some samples of the

Martins Pereira Granite show strong Ti and P depletion, like the average of mature arc granitoid
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rocks. This geochemical behavior suggests that Martins Pereira Granite belongs to transitional

granitic magmatism, from normal to mature continental arcs (see also Fig. 4a).
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Fig.5. Martins Pereira and Serra Dourada granites, leucogranites and Anaua Complex samples plotted in the diagrams (for references
see table 1): (a) Molecular A1,O,/(Na,0+K,0) vs. molecular ALLO,/(CaO+Na,0+K,0) (Maniar and Piccoli, 1989; mod. Shand, 1927)
and (b) Na,O vs. K,O plots showing S-type and I-type granites compositional data from Lachlan Folded Belt (LFB); (c) Rb vs. (Y+Nb)
and (d) (K,0+Na,0)/Ca0 vs. (Zr+Nb+Ce+Y). Fields representing Creporizio (CPRM, 2000b) and Old Séo Jorge granites (Lamario
et al., 2002) are plotted for comparison. In (c), VAG (Volcanic Arc Granites), ORG (Ocean Ridge Granites), syn-COLG (Syn-
collisional Granites) and WPG (Within-Plate Granites) fields are from Pearce et al. (1984) and post-COLG (post-collisional granites)
from Pearce (1996); In (d), OGT (Orogenic granite types: unfractioned I- and S-type granites) and FG (Fractionated felsic I- and S-
type granites) fields are taken from Whalen ez a/. (1987). Compositional average of A-, M-, I-, S- and I-type are also represented.
SymbolsasinFig. 3.

The Anaua spidergram pattern (Fig. 6b) displays coherent Rb, Ba and K contents with
primitive arcs (Brown et al., 1984), however, U, Ta, Zr, Sm, Ti and Y are enriched in relation to
the primitive arc pattern. All other elements (Th, Nb, La, Ce, Sr, and P) in the Anaud rocks show
primitive to mature arcs transitional values. The spidergram pattern of the blobs and lenses of
leucogranite (Fig. 6¢) displays the higher Nb, Ta, La, Ce and Hf fractionated values and steeply
negative P and Ti anomalies. The leucogranites also show moderate to high Rb, Ba, Th and K

contents in relation to chondrite values. The Serra Dourada Granite (Fig. 6d) has Rb, Ba, Sr, P
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and Ti (locally Rb, Nb and P) patterns remarkably similar to the normal S-type average and La,
Ce and Y display more enriched contents than normal S-type granites (e.g. Chappell and White
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Fig.6. Primitive mantle-normalized multi-element diagrams (Wood et al., 1979) for (a) Martins Pereira granitoids (tonalites to
monzogranites); (b) Anaua Complex; (c) Blobs and lenses of leucogranites, and (d) Serra Dourada Granite. Data from granitoids
of primitive, normal and mature arcs (Brown et al., 1984) are also plotted for comparison. Symbols as in Fig. 3.

Rare Earth Element (REE) Geochemistry

The total REE contents of the studied granitoid rocks are relatively similar (Table 1), except
in the Anauad Complex (138 to 148 ppm) and leucogranites (100 to 153 ppm) samples. Martins
Pereira (97 to 624 ppm) and Creporizdo granites (104 to 541 ppm) show some REE enriched
samples, contrasting with Old Sao Jorge Granite which displays moderate to low REE contents
(52 to 244 ppm).

The REE chondrite-normalized pattern of the Martins Pereira Granite (Fig. 7a) is enriched
in the LREE (e.g. La with 80x to 400x the chondrite values), but the LREE fractionation
[(La/Sm), ratios range from 3.4 to 6.7, exceptionally 8.0] is similar to the Creporizao and Old Sao

Jorge granites (Fig 7b). By contrast, the Anaua Complex (Fig 6c) shows lower LREE contents
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(e.g. La with 50x to 100x the chondrite values) and low (La/Sm), ratios (1.9 to 4.6). The Anaua

REE pattern is probably controlled by hornblende and allanite-epidote fractionation.
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The Martins Pereira Granite shows variable HREE contents (e.g. Yb and Lu ranging 3x to
60x the chondrite values) and the degree of HREE fractionation [(Gd/YD),] is similar to the
Creporizao, Old Sao Jorge and Anaud granites (1.1 to 4.5). In the more HREE enriched granites,
the HREE patterns are normally flat. The wide HREE range in the Martins Pereira types is
probably associated to the variable residual zircon retention during partial melting and different

Zr saturation level of magma (Watson and Harrison 1983). The same is observed in the
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leucogranite samples, though these samples have atypical REE patterns, including positive to
weak negative Eu anomaly, which point out for cumulatic plagioclase occurrence (Fig 7d). These
REE patterns may be also related to high hydrothermal activity in the final stages of
crystallization or chemical heterogeneities related to source(s). The Old Sao Jorge (Fig 7b) and
Anaud (Fig 7¢) granitoid rocks exhibit the most HREE depleted patterns.

The Anaud types show discrete negative to positive Eu anomaly, with Eu,/Eu* ratios
ranging from 0.8 to 1.2 (Table 1; Fig. 7¢), suggesting occurrence of cumulate plagioclase and/or
hornblende fractionation. Overall, the REE and Eu anomaly patterns (Table 1; Fig. 7a, b) are
similar among Martins Pereira (Eu,/Eu* = 0.4-0.7), Creporizao (Euy/Eu* = 0.3-0.8) and Old Sao
Jorge (Euy/Eu* = 0.4-1.0) granites. In the case of Martins Pereira, the moderate to discrete
negative Eu anomaly probably demonstrates variable residual plagioclase retention in the restite.

The Serra Dourada S-type granite (Table 1; Fig. 7e¢) shows moderate total REE content
(205 to 223 ppm) and negative Eu anomaly (Eu,/Eu*= 0.5-0.3). The LREE fractionation
[(La/Sm), = 3.2-2.8] and HREE fractionation [(Gd/YD), = 3.6-3.8] are moderate to high.

MARTINS PEREIRA AND SERRA DOURADA GRANITES: PETROGENETIC
CONSIDERATIONS

The Martins Pereira Granite is one of the most prominent examples of Orosirian high-K
calc-alkaline plutonism in southern Roraima, outcropping in the Northern Uatuma-Anaua
Domain. The geological literature (e.g. Roberts and Clemens, 1993; Barbarin, 1999) shows that
high-K calc-alkaline granitoid rocks are very common in orogenic belts since Proterozoic times,
corresponding to 35%-40% of all post-Archean metaluminous granitoid rocks found around the
world. The two main tectonic environments envisaged for high-K magma generation are (Roberts
and Clemens, 1993): a) continental arc (Cordilleran- or Andean-type), and b) post-collisional
(Caledonian-type) settings.

In general, the tectonic setting discrimination diagrams (e.g. Pearce et al., 1984) diagnose
the settings in which the protoliths were formed better than the environment where the magma
was generated (e.g. Barbarin, 1999). This implies that these diagrams could denote geochemical
(and isotopic) characteristics of the sources (inheritance), irrespective of the residual mineral
components. In the hornblende-free Martins Pereira high-K calc-alkaline granitoid rocks, for
instance, linear and continuous trends in Harker diagrams and absence of coeval and large mafic

batholith, suggest that the rocks were generated by partial melting processes. However, the
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sources are not yet fully understood, despite a number of geochemical features (e.g. K, U, Th, Rb
and REE enrichment) pointing towards the importance of crustal rocks in the magma source.

Experimental data on the potential sources for high-K calc-alkaline granitoid rocks have
suggested several possibilities of crustal sources (e.g. Roberts and Clemens, 1993). These partial
melting hypotheses yield compositional differences among magmas produced by partial melting
of common crustal rocks, such as amphibolites, tonalitic gneisses, metagreywackes and
metapelites under variable melting conditions (e.g. Patifio-Douce, 1996, 1999). This
compositional variation can be visualized in terms of major oxides ratios (Fig. 8a-c) or molar
oxide ratios (Fig. 8d). It can be seen in these plots that partial melts derived from mafic to
intermediate source rocks have lower Al,O3/(FeO+MgO+Ti0,), (Na,0+K,0)/(FeO+MgO+TiO,)
and molar ALO;/(MgO+FeOyy) ratios relative to those originated from metapelites and
metagreywackes (Fig 8a-d).

The Martins Pereira Granite samples generally plot in the amphibolite and metabasalt-
metatonalite fields (Fig 8a-d), showing low ALO;3/(FeO+MgO+Ti0y),
(Na,O+K,0)/(FeO+MgO+TiO,) and molar Al,O3/(MgO+FeOy,) ratios, but exhibit relatively
high CaO/(FeO+MgO+TiO;). This feature, associated with relatively high Mg# values (32.5-
45.3), precludes a derivation from felsic pelite and/or metagreywacke for Martins Pereira Granite,
particularly the low-SiO, samples (<70%). Most SiO,-rich samples (>65%), however, have lower
Mg# values (24.7-30.7), higher Al,O3/(FeO+MgO+TiO;) and (Na,O+K,0)/(FeO+MgO+Ti0O,)
ratios, and lower Al,O3+FeO+MgO+TiO; (15-18%) and Na,O+K,0+FeO+MgO+TiO; (8-10%)
contents. These Martins Pereira SiO,-rich samples, as well as the Serra Dourada Granite samples,
also show low CaO+FeO+MgO+TiO; contents (2-4%) and plot in the metagreywacke field (Fig
8a-d), suggesting metasedimentary source contribution (at least locally) in the Martins Pereira
magma genesis. The most suitable metasedimentary source rocks available in the Northern
Uatuma-Anaud Domain are related to the Cauarane Group.

By combining the above mentioned geochemical features with petrographic and other
geochemical parameters, the Serra Dourada Granite is considered as dominantly derived from a
metagreywacke source by partial melting. In contrast to the Serra Dourada Granite, the Martins
Pereira granitic magma could be linked with the partial melting of metatonalite or amphibolite
sources, and further input of metagreywacke sources, either by partial melting or contamination-
assimilation processes. A similar hybrid origin was proposed by Sardinha (1999) for the 1.89 Ga
Igarapé Azul Granite (Almeida et al., 2002). Similarly, an origin for high-K, calc-alkaline I-type
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granitoid rocks by partial melting of metagreywacke-sources was also proposed by Barker et al.

(1992), Altherr et al. (2000) and Thuy Nguyen et al. (2004), in Alaska, Germany and Vietnam,

respectively.
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discussion.

ZIRCON GEOCHRONOLOGY

Five fresh granitic rocks of Northern Uatuma-Anaua Domain were sampled and analyzed

by Pb-evaporation and U-Pb ID-TIMS methods (Table 2). Three samples from Martins Pereira

Granite and one from leucogranite lenses were analyzed by zircon Pb-evaporation, whereas the

same sample from Serra Dourada Granite was analyzed by both methods.

Martins Pereira Granite (MA-172A, 061A and 007A samples)
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In the general sense, hornblende-free Martins Pereira (meta)granitoid rocks are composed
of porphyritic coarse- to medium-grained granodiorites, monzogranites and rare fine- to medium-
grained (epidote)-biotite-rich tonalites (calc-alkaline granodioritic trend in QAP diagram), locally
associated with small lenses and blobs of leucogranites. Three samples from the Martins Pereira
Granite were analyzed by the single-zircon Pb evaporation method (Table 2): cataclastic
porphyritic monzogranite (MA-172A), mylonitic granodiorite (MA-61A) and porphyritic
metamonzogranite (MA-007A).

The sample of cataclastic coarse-grained monzogranite (MA-172A) shows translucent
crystals with local opaque portions, pale brown to pale yellow colours, prismatic (length/width
ratios between 2.9:1 to 1.8:1) and 90-400 pum in length, exhibiting well-defined faces and
vertices. Mineral inclusions (such as apatite and Fe-Ti oxides) and fractures are common. A total
of 6 crystals were analyzed yielding a mean age of 1975 = 6 Ma (USD: 2.9) from 162 isotopic
ratios (Table 3, Fig. 9a). Individual ages of these analyses vary from 1988 Ma to 1962 Ma.

The MA-61A mylonitic biotite granodiorite was sampled along an ENE-WSW mylonitic
zone to the north of Sao Luiz do Anaud. Two different zircon populations were described in this
sample: a) prismatic (length/width ratios between 2.4:1 and 1.6:1), translucent and brown to pale
brown crystals showing fractures and rounded vertices; b) prismatic (length/width ratios between
3.8:1 and 2:1), transparent, pale yellow crystals showing few fractures and vertices, and well-
defined faces. Both zircon populations showed scarce mineral inclusions, crystals with 140-360
um in length and local irregular internal zoning, this last observation suggesting igneous
overgrowth and/or older inherited cores. The mean age of analyses of 8 crystals (264 isotopic
ratios) from both populations by the Pb-evaporation method yielded 1973 + 2 Ma (USD: 2.1)
(Table 3, Fig. 9b), exhibiting individual ages varying from 1978 Ma to 1962 Ma. Anomalous
ages were observed in crystals # 4 (2042 + 20 Ma, 1450°C and 1500°C step-heatings) and # 9
(1994 + 4 Ma, 1500°C step-heating), which could represent inherited components.

The sample of the porphyritic metamonzogranite facies (MA-007A) selected for dating is
locally foliated and banded. The zircon crystals are pale brown, transparent to translucent,
prismatic and bypiramidal, with 190-450 um in length (3.5:1 to 2.2:1 length/width ratios). They
show fractures, sometimes radial-like, well-defined faces and rounded vertices. Inclusions are
very rare in these zircon samples. A total of 4 crystals were analyzed, yielding individual ages

varying from 1973 Ma to 1967 Ma, and a mean age of 1971 + 2 Ma age (Table 3, Fig. 9¢). The
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25 blocks and 180 isotopic ratios show a very homogeneous pattern, yielding a well-defined
mean age (USD: 1.1).

The results obtained from Martins Pereira Granite show a small interval age (1980-1968
Ma) and local 1.99 Ga and 2.04 Ga inheritances, these last probably related to the Anaua
Complex. Other granitoid rocks from Martins Pereira Granite area, and equivocally related to
Agua Branca Suite and Igarapé Azul Granite, were dated by Almeida et al. (1997) and CPRM
(2003) yielding 1960 £ 21 Ma and 1972 + 8 Ma, respectively (Table 5). These ages are in
agreement with the results obtained in this paper (see Fig. 9a-c) and mark an important magmatic
event in southeastern Roraima, here named as Rorainépolis event. In general sense, these results
are uniform, homogeneous and establish a 1.98-1.96 Ga age range, despite the observed
heterogeneous textures (e.g. igneous, mylonitic and cataclastic), different geographical site

sampling, and different applied methodologies (Tables 2 and 5, Fig. 2).

MA-172A: porphyritic monzogranite Mean age: 1975 * 6 Ma; USD: 2.9 MA-061A: mylonitic monzogranite Mean age: 1973 + 2 Ma; USD: 1.4
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Serra Dourada Granite (MF-156 samples)
The S-type granitoid rocks in southeastern Roraima were initially described by Faria et al.

(1999) and incorporated into the Igarapé Azul Granite. However, Almeida er al. (2002)
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subdivided the Igarapé Azul Granite into three different types: Serra Dourada Granite (true S-
type), Martins Pereira Granite (I-type high-K calc-alkaline) and the proper Igarapé Azul Granite
(I-type felsic high-K calc-alkaline).

A monzogranite sample of Serra Dourada Granite (MF-156) with biotite, muscovite and
cordierite (Table 2), including monazite, xenotime, sillimanite and tourmaline as accessory
minerals, was analyzed by single-zircon Pb-evaporation method. This sample shows two zircon
populations with different features, however these differences are not reflected in the age results.
The first group is scarce and shows rounded vertices, irregular faces (corrosion?), light yellow
colour, 310-500 pm in length (length/width ratios between 2.3:1 to 1.5:1), translucent to
transparent opacity, and is generally free of inclusions. The second type of zircon shows slightly
rounded crystals, is light brown to brown, 170-340 pm in length (length/width ratios between
3.1:1 to 1.5:1), transparent and locally with few inclusions and fractures. This second type of
zircon is characterized by well-developed {211} pyramid, similar to zircon crystallized from
peraluminous melt (Pupin, 1980).

In the Pb-evaporation method, the zircon fractions yielded two different age patterns,
irrespective of the few analyzed grains and isotopic ratios obtained (Table 3). The lower age
(1948 = 11 Ma) was obtained from two blocks from two crystals. The higher age (2138 + 3 Ma)
was obtained from nine blocks of isotopic ratios from two zircon crystals (Fig. 10a), and is
interpreted as an age of inherited origin.

U-Pb ID-TIMS was carried out on the same sample with the aim of interpreting the ages
obtained by the Pb-evaporation method. The regression of four experimental points yields a
discordia line which indicates an upper intercept at 1962 + 2 Ma (Table 4, Fig. 10b), interpreted
as the crystallization age of the analyzed crystals and, similarly, that of the Serra Dourada
Granite. This age is very close to the age yielded with the Pb-evaporation method for the same
sample which, taking into account the errors, almost overlap one another.

The geological similarities between Serra Dourada (Uatuma-Anaua Domain) and Taiano
(Central Guyana Domain) S-type granites are also pointed out by our U-Pb and Pb-evaporation
zircon ages. The Taiano anathetic leucogranite yields 1969 + 3.5 Ma (zircon U-Pb SHRIMP,
CPRM, 2003) and the minimum crystallization age yielded by single-zircon Pb-evaporation
(1948 £ 11 Ma) and U-Pb ID-TIMS (1962 +2/-6 Ma) methods for the Serra Dourada type are

quite similar (Table 5), confirming an important anathetic process in central-southern Roraima
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occurred 1.98-1.96 Ga. Other S-type granitoid rocks in Roraima, such as Curuxuim and Amajari
granites (CPRM, 1999), could be related also to this same event, however they are not dated yet.

The inherited ages in both S-type granites also show ages ranging from 2138 + 3 Ma (Serra
Dourada Granite) to 2047 = 7 Ma and 2072 + 3 Ma (Taiano Granite), probably related to
sedimentary contribution. This hypothesis is partially confirmed by Transamazonian detrital
zircon crystals detected in the metavolcanosedimentary rocks from the Cauarane Group (Table
6), from which two paragneiss samples were dated by U-Pb ID-TIMS (2223 + 19 Ma, Gaudette
et al., 1996) and U-Pb SHRIMP (2038 & 17 Ma and 2093 + 62 Ma, CPRM, 2003) methods.
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Leucogranite (MA-246C2 sample)

Leucosyenogranite lens sample (MA-246C2) associated with Martins Pereira
(meta)granitoid rocks showed a complex set of results. All zircons were analysed based on 2
sigma = 0.0006, because 2 sigma = 0.0004 yielded ages with higher USD values and errors,
although the results are not so different. For instance, the younger zircon population yielded by 2
sigma 0.0006 and 0.0004, 1909 + 6 Ma (USD =4.1) and 1909 + 7 Ma (USD = 4.7), respectively.
Five groups of zircon occur in this sample, in decreasing age order (Table 5, Fig. 11a-b):

Group I is represented by only one pale brown, transparent to translucent zircon grain with
265 pm in length (length/width ratio 1.9:1), showing regular internal zoning, well-defined faces
and dark inclusions in the core. It yielded an age of 2354 + 6 Ma (crystal #1).

Group II exhibits pale yellow and transparent grains (locally translucent to opaque) being

250-330 pum in length (length/width ratios between 3.2:1 and 2.5:1). Cracks are common, but
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inclusions are rare. This group comprises 3 zircon crystals with individual ages varying from
2148 Ma to 2126 Ma, and yielded a mean age of 2134 + 15 Ma (crystals #10, 14, and 16).

Group III encompasses colorless to pale yellow crystals which are 166-180 pum in length
(length/width ratios around 2.7:1), with crystals locally exhibiting internal zoning and cracks in
the core. This group yielded 1997 = 8 Ma as a mean age (crystals #17 and 21).

In general, zircon crystals of group IV are characterized by brown to pale brown and
translucent grains with well-defined faces (locally broken) and 210-260 pum in length
(length/width ratios around 2.6:1). This group consists of 4 crystals with individual ages varying
from 1968 Ma to 1952 Ma, and yielded a mean age of 1959 + 5 Ma (crystals #7, 9, 13, and 23).

Zircon crystals of group V are 164-330 pum in length (length/width ratios between 3.1:1 and
1.8:1), are pale yellow to pale brown in colour, transparent, and show local cracks and inclusions.
This group displays a mean age of 1909 = 6 Ma from 5 crystals (#5, 6, 8, 18, and 19), with
individual ages varying from 1933 Ma to 1892 Ma. This lowest age (group V) is interpreted as
the crystallization age, whereas the higher ages (groups I, II, III and IV) probably represent
inherited zircon of different origins. However, this crystallization age may have, at least locally,
grains with younger border (igneous) and older cores (inherited), suggesting partial contribution
of isotopic content from different events (e.g. crystals #5 and 6). Another interpretation is related
to the high Pb loss of the 1.90 Ga zircon populations. In this last situation, the 1.96 Ga age
(Group IV) could be the crystallization age.

Despite the wide variety of zircon populations from sample MA246C2, including grains
with internal complexity or zoning (“mixing age”) or partial resetting, the results obtained by the
single-zircon Pb-evaporation method allow for the following interpretation:

a) The 1909 £ 6 Ma (group V) is interpreted as the minimum crystallization age of
leucosyenogranite. Other ages, around 1.89 to 1.90 Ga, which are related to Igarapé Azul and
Agua Branca granitoid rocks (e.g. CPRM, 2003, Almeida et al., 2002) are described in this
region, mainly in the southern Uatuma-Anaud Domain. These leucogranitic lenses also show
some petrographic similarities with Igarapé Azul granitoid rocks and were both probably
generated in the same magmatic event;

b) The 1997 + 8 Ma (group III) and 1959 + 5 Ma (group IV) ages probably correspond to
inherited components from the Surumu volcanics and Martins Pereira granitoid rocks (or Urubu
orthogneisses?), respectively; however the former are not exposed in the Uatuma-Anaua Domain

and correlated igneous rocks are not found there.
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MA-246C2 (lense of leucogranite)
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Fig.11. Single-zircon Pb-evaporation ages of lenses of leucogranite in association with Martins Pereira Granite. (a) [z;act‘l?li(;f;:s
I - Pre-Transamazonian (Siderian); 11 Transamazonian; III - Anauda Complex (?): IV - Martins Pereira granite, and (b) V -
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calculation; Square - blocks discarded due their higher or lower values of the Pb/""Pb ratio in relation to the mean; X - rejected
blocks due to “*Pb/**Pb >0.0006. Crystal numbers are indicated (see table 3). The scale bar is the same for all diagrams.

¢) The 2354 + 6 Ma (Siderian, group I) and 2134 + 15 Ma (Sthaterian, group II) ages suggest
local inheritance from older crust (not outcropping), respectively related to the pre-
Transamazonian and Transamazonian magmatic events. Transamazonian rocks with 2.26-2.01
Ga (Santos ef al., 2003a) have been described ~600 km northeast from the sampled site, in the
Maroni-Itacaiinas or Transamazon Province (Fig. 1). Transamazonian rocks mainly occur in
Brazil (Amapa State; Avelar et al, 2001, Rosa Costa et al, 2003), French Guyana
(Vanderhaerghe et al., 1998, Delor et al., 2003), Sao Luis Craton (Klein and Moura, 2001) and
(its extension) in the West Africa craton (Boher et al.,, 1992, Milési et al., 1992, Gasquet et al.,
2003). In the last case, they are related to Birimian (2185-2150 Ma) and Bandamian (2115-2100
Ma) events.

In West Africa, pre-Birimian ages (Burkinian, according to Lemoine et al, 1990) are
described by Gasquet et al. (2003) in Dabakala (Ivory Coast). The 2312 + 17 Ma age has seen
two interpretations by the previously mentioned authors. The first interpretation considers this
age representing an Archean inheritance (and not Siderian) based on the complex model of lead
loss in the analyzed zircon crystals. The second interpretation holds that this age is related to the

ca. 2.3 Ga pre-Birimian crust. According to these authors, the second hypothesis is more

consistent due to the systematically well-defined age patterns around 2.2-2.3 Ga (without
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evidence of older Archean ages). This second hypothesis gains additional support from the fact
that these rocks are not spatially close to the Archean core.

The Siderian age in Uatuma-Anaua Domain (Tapajos-Parima Province) is the first zircon
data reported in any section of the central-western Guyana Shield and suggests probably
contamination-assimilation of older country rocks with pre-Transamazonian and post-Archean
ages, not exposed in surface. The proximity with Central Amazonian Province (older than 2.3
Ga) is uncertain, because provincial boundaries are not precise. Although Siderian-Neoarchean
Nd model ages are describe (Faria et al., 2002; Costa, 2005) in the central Guyana Shield, this
province remains poorly investigated, while U-Pb and Pb-Pb geochronological data are scarce,
showing ages systematically lower than 2.3 Ga.

Other Siderian ages have been found in the Amazonian Craton, but not in the Guyana
Shield. Additionally, the Siderian age (2354 Ma) in Uatuma-Anaud is lower than the Siderian
inheritance (2380-2483 Ma) obtained by Santos et al. (2001) in Cuia-Cuitl rocks from the
Tapajos Domain (Brazil Central Shield). Other Siderian ages are reported in the Transamazonian
terrane (2.20 to 1.99 Ga, Vasquez et al., 2003) of Bacaja domain (to north-northwest of Carajas
Province) where zircon dating from Vasquez et al. (2003), Santos et al. (in Faraco et al., 2003),
and Macambira ef al. (2004) yielded 2.44-2.30 Ga, 2.47-2.31 Ga, and 2.36 Ga, respectively.

Thus, the several zircon inherited populations observed in the leucogranite analysed

preliminarily suggest multisource origin for these rocks, including metasedimentary ones.

TAPAJOS AND UATUMA-ANAUA DOMAINS: CHRONOSTRATIGRAPHY AND
GEOLOGICAL IMPLICATIONS FOR THE TAPAJOS-PARIMA (OR VENTUARI-
TAPAJOS) PROVINCE

Previous and new geochronological data have shown several similarities among granitoid
rocks from the Northern Uatuma-Anaua Domain and Tapajéos Domain (orogenic subdomain,
CPRM, 2000b) (Tables 5 and 6). The Orosirian primitive arc inliers, for example, are
represented by the Anaua (Northern Uatuma-Anaud Domain) and Cuiu-Cuiu (Tapajos) TTG-like
complexes and are the oldest rocks outcropping in these regions.

In Northern Uatuma-Anaua Domain, the Anauéd Tonalite is 2028 + 9 Ma old (Table 5, Fig.
12), but does not have inheritance evidence and shows €Nd, 03 ga of —0.20. This is interpreted as
being of juvenile origin (Faria et al., 2002), although only one sample had been analyzed. The
Cuiu-Cuit Complex of the Tapajos Domain shows an age range of 2033-2005 Ma and the older
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types are coeval to the Anaud granitoid rocks from the Northern Uatuma-Anaua Domain (Table
5, Fig. 12). In contrast to Anaua types, the Cuia-Cuitt Complex yields several inherited zircon
components (Table 6, Fig 12), in which, the main inheritance is from Transamazonian (2040-
2100 Ma), with minor Siderian to Archean records (2380-2483 Ma).

The well-defined interval age of Martins Pereira Granite (1980-1969 Ma) in the Northern
Uatuma-Anaud Domain is also very similar to that shown by the Creporizdo Suite (1980-1951
Ma) from the Tapajos Domain (Table 5, Fig. 12, CPRM, 2000b, Santos et al., 2000, 2001).
Similarly, the Old Sao Jorge Granite (Lamarao et al., 2002) of the Tapajés Domain is c. 10 Ma
older than the Creporizdo Suite, but both high-K calc-alkaline granites are related to the
Creporizdo Orogeny (1.98-1.96 Ga), according to Santos et al. (2004). The Pedra Pintada
granitoid rocks (Fraga et al., 1996) in the Surumu Domain (Orocaima event, Reis et al., 2000) are
also coeval (1958 Ma, CPRM, 2003) to the calc-alkaline Martins Pereira Granite.

In Northern Uatuma-Anaua Domain, lenses of leucosyenogranite are ~70 m.y. younger
than the Martins Pereira host-rock and show crystallization age (1906 + 4 Ma) similar to those of
the Igarapé Azul-Caroebe granitoid rocks (Agua Branca magmatism: 1906-1885 Ma) described
in the Southern Uatuma-Anaua Domain. Some similar inherited ages are also observed in both
granitic types, such as Martins Pereira granitoid rocks and Transamazonian inheritances (table 6),
whereas Siderian inheritance is restrict to the leucogranites. The same 1.90-1.88 Ga age interval
corresponds also to the Tropas and Parauari magmatism, in the Tapajés Domain (Table 5, e.g.
Santos et al., 2000; CPRM, 2000b)

In contrast with Roraima region - where S-type granites (e.g. Serra Dourada, Curuxuim and
Amajari), granulites (e.g. Barauana) and charnockites are relatively common - these rock types
are scarce in the Tapajos Domain. They are locally described as small garnet leucogranite bodies
(not mapped on the 1:250.000 scale) associated with Cuit-Cuitt metagranitoid rocks (Almeida et
al,, 2001) and have not been dated previously. The scarcity of S-type granites and granulite

metamorphism suggests that the collisional processes were less intense in the Tapajos domain.

CONCLUSIONS

Geological, geochronological and geochemical data available for granitoid rocks from
southeastern Roraima (Brazil) suggest Paleoproterozoic evolution in at least two stages: the
Anaud orogeny is related to 2.03 Ga TTG granitoid rocks (accretionary phase generating the

Anaua granitoid rocks and Cauarane metavolcanosedimentary cover), followed by crustal
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thickening and anatexis around 1.97-1.96 Ga (collisional phase generating Martins Pereira and
Serra Dourada granitoid rocks). A juvenile origin is envisaged for Anaua but scarce Nd isotopic
data do not make this hypothesis conclusive. The Northern Uatuma-Anaua crust, characterized by
Orosirian granitoid rocks, is mainly thought to have been generated by reworking of older
Transamazonian and minor Siderian crust, according to inherited zircon records.

The folowing magmatic events can be listed for the Northern Uatuma-Anaud Domain:

A) 2.03 Ga - crystallization of Anaua Tonalite within the TTG association, representing a
primitive arc (?) in southeastern Roraima with related back arc basins;

B) 1.98-1.96 Ga - Martins Pereira high-K calc-alkaline granitoid rocks and Serra Dourada
S-type granite showing similar crystallization ages. These granitoid rocks are probably related to
crustal thickening and anatexis in the latest (or after) stage of Anaud arc evolution;

C) ca. 1.90 Ga - meter to centimeter scale leucogranite blobs and lenses (low degree of
partial melting?). It is thought that these blobs in-filled older, planar structures in the Martins
Pereira granitoid rocks. A regional-scale magmatic event (1.90-1.89 Ga) is mentioned in the
southern Uatumi-Anaua Domain, and is believed to be related to the Igarapé Azul and Agua
Branca granitoid rocks and coeval volcanism (Almeida et al., 2002; Almeida and Macambira,
2003).

Furthermore, possibly two main periods are also recorded in inherited zircon:

A) Siderian (2.35 Ga) - only one zircon crystal with this age was detected in the lenses of
leucogranite, but it represents the first indication of Siderian crust (host-rock or material source)
in the central Guyana Shield. Alternatively, this Siderian age could be the result of an isotopic
mixing between “Transamazonian” and “Archean” components of the same zircon or partial
resetting of an older grain. On the other hand, similar ages are also recorded in West Africa
craton (2312 Ma, Gasquet et al., 2003), Bacaja (2359 [ 3 Ma, Macambira et al., 2004) and
Tapajos domains (2483-2380 Ma, Santos et al., 2001) in Amazonian craton.

B) Rhyacian (2.14-2.13 Ga, Transamazonian) - this age interval is yielded by the oldest
zircon crystals from the Serra Dourada S-type granite (two crystals) and group II from the lenses
of leucogranite (three crystals). Similar inheritance (2163-2100 Ma) was observed in Surumu,
Central Guyana and Tapajés domains (CPRM, 2003, Santos et al., 2001, 2003b).

Neoarchean inheritance is not recorded in the Northern Uatuma-Anaua Domain, but is
recorded locally in other domains of Tapajés-Parima Province, such as Tapajos (2852-2591 Ma,

Lamarao et al., 2002) and Parima (2872-2781 Ma, Santos et al., 2003c).
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Fig.8. Martins Pereira and Serra Dourada Granites samples plotted on the (a) ALO/(FeO+MgO+TiO,) vs.
Al,O,+FeO+MgO+TiO,, (b) (Na,0+K,0)/(FeO+MgO+TiO,) vs. Na,0+K,0+FeO+MgO+TiO,, (c)
CaO/(FeO+MgO+Ti0,) vs. CaO+FeO+MgO+TiO, and (d) molar ALO,/(MgO+FeO,,) vs. molar CaO/(MgO+FeO,,)
diagrams. Outlined fields denote compositions of partial melts obtained in experimental studies by dehydration melting of

felsic pelites, metagreywackes, amphibolites-metabasalts and metatonalites sources (Wolf and Wyllie, 1994; Patifio-

Douce, 1999; Patifio-Douce and Beard, 1996, Thompson, 1996, and references therein). Symbols as in fig. 03. See text for

discussion.

Previous studies have recognized three geochronological provinces in southeastern
Roraima, but new geological, geochronological and geochemical data presented here shows that
this region is very similar to the Tapajos Domain (Santos et al., 2004) and reinforce the Ventuari-
Tapajos or Parima-Tapajos provinces prolongation in southeastern Roraima, taking into account
that rocks older than 2.03 Ga are not exposed in the studied region. However, the Central
Amazonian and Maroni-Itacaitinas provinces seem to be important crustal sources for the rocks
of the Northern Uatuma-Anaua Domain, suggesting partial or total crustal recycling.

In summary, the I-type high-K calc-alkaline Martins Pereira (meta)granitoid rocks and S-
type Serra Dourada granites were generated in the Northern Uatuma-Anaua Domain (Ventuari-
Tapajos or Tapajos-Parima provinces), probably during amalgamation of TTG-like Anaua
magmatic arc (2028 Ma) with Transamazon (2.2-2.0 Ga) and Central Amazonian (older than 2.3

Ga) terranes.
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Some authors argue that most collision orogenic systems have a prior accretion history (e.g.
Van Staal et al.,, 1998), so it is easy to confuse the accretion and collision histories in ancient
examples, such as the Ventuari-Tapajos or Tapajos-Parima provinces. This makes it difficult to
rebuild the histoy of the Anaud orogeny and the hypothesis presented in this paper is only a

suggestion of the tectonic evolution of the central portion of the Guyana Shield.
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Table 2. Petrography summary and geographic coordinates of analyzed samples by the single-zircon Pb-evaporation and U-Pb
ID-TIMS methods.

Sample Stratigraphic Geog. Geog. . U-Pb ID Sinlge Zi
code unit coord. N coord. W Sample description TIMS MSWD Pb-evap USD
Biotite porphyritic monzogranite with abundant
MA- Martins o At qan coo ccr <qn  tabular and ovoid alkalifeldspar megacrystals.
172A  Pereira Granite 01 02 49" 39% 3351 o matrix is isotropic, coarse grained with ) ) 1975£6(6) 2.9

local cataclastic texture.
Biotite mylonitic granodiorite, fine- to medium
grained matrix with protomylonitic to mylonitic
01°01'43" 60°01' 29" textures and NE-SW foliation - - 1973+2@8) 14
(granolepidoblstic). Titanite and epidote are the
main accessory minerals.
Biotite porphyritic metamonzogranite, medium
to coarse grained matrix and accessory minerals
MA- Martins o caraan cno ~q~1n  Such as epidote, magnetite and minor apatite,
007A Pereira Granite 007 59739" 60° 24" 21 titanite, allanite and zircon. ENE-WSW B B 1971£2@) 11
foliation locally filled by subconcordant pods
and lenses of leucogranite.
Equigranular monzogranite coarse to medium-

MA- Martins
61A Pereira Granite

grained showing aluminous minerals such as 1962+ 6 1.7 1948 £ 11(2) 2.0
MF-  Serra Dourada 0 101 (1AM £A0 (N AN biotite, muscovite and locally cordierite (upper)
. 01°18' 03" 54°00' 20 o .
156 Granite (pinitized) and sillimanite. Dynamic 156 = 30
recrystallization and planar fabrics are (lower) - 2138+3(2) 0.1
subordinated.
White graysh, equigranular, leucogranite in - - 2354+6(1) 22
lenses and pods with isotropic fabrics, locally
MA- Pods and showing dynamic recrystalization and ) ) 2134x153) 33
246C2 lenses qf 01° 11" 11" 60° 17' 38" cataclasis. The mineral assemblage is composed - - 1997+8(22) 0.1
leucogranites by alkalifedspar, quartz, plagioclase, biotite, ) ) 195955 (4) 2.1
muscovite, epidote, and rare opaque minerals, ’
allanite, titanite, apatite and zircon. - - 1909+6(5) 4.1

Notes: In parenthesis the number of zircon analyses used to calculate the age. Key: U-Pb ID TIMS. Conventional U-Pb results, Pb-evap. Pb-
evaporation results.
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Table 3. Zircon single-crystal Pb-evaporation isotopic data from Martins Pereira Granite (MA-172A, 061A and 007A), Serra
Dourada Granite (MF-156), and lenses of leucogranite (MA-246C2) samples.

sample/zircon Temp. .o 204pp 200p, 5 WSpp2%pL oG 2Tph%ph g (YPbA%Phye 26 age 26 Th/U
number (©)
Martins Pereira Granite - Porphyritic (ovoids) biotite monzogranite
MA-172A/1 1550  8/8 0.000110 14  0.17363 181 0.12186 15 0.12186 15 1984 2 0.49
MA-172A/2 1500 34/34  0.000019 2 0.12364 21 0.12141 26 0.12119 29 1974 4 0.35
MA-172A/3 1450 30/38  0.000402 3 0.12353 30 0.12674 60 0.12094 40 1971 6 0.35
MA-172A/4 1450 20/20  0.000155 16  0.11822 39 0.12336 39 0.12089 20 1970 3 0.33
1500 34/34  0.000068 5 0.15392 19 0.12260 15 0.12169 12 1981 2 0.44
MA-172A/5 1500 36/36  0.000120 2 0.12514 28 0.12290 14 0.12131 14 1976 2 0.35
1550 16/16  0.000000 0 0.11807 95 0.12070 19 0.12070 19 1967 3 0.33
MA-172A/6 1500 30/30  0.000116 4 0.17099 111  0.12372 16 0.12216 21 1988 3 0.48
208 (216) mean age 1975 6 usd: 2.9
Martins Pereira Granite - Mylonitic biotite monzogranite
MA-061A/02 1550 40/40  0.000251 3 0.10772 23 0.12506 17 0.12117 36 1974 11 0.30
MA-061A/03 1450  8/8 0.000000 1 0.09694 97 0.12028 73 0.12028 73 1961 22 0.27
MA-061A/04 #1450 0/24  0.000456 44  0.10745 26 0.12590 11 0.12590 11 2042 2 0.30
*1500  0/6 0.000000 1 0.10825 112 0.12591 72 0,12590 722042 10 0.31
MA-061A/05 #1450 0/30  0.000647 15  0.22820 963  0.12116 23 0.12116 23 1848 21 0.65
MA-061A/06 1450  8/8 0.000052 6 0.16154 101  0.12162 15 0.12162 15 1970 6 0.46
MA-061A/07 1450 32/32  0.000085 3 0.14130 56 0.12211 15 0.12119 9 1974 3 0.40
MA-061A/09 1450 26/26  0.000267 8 0.11054 20 0.12485 17 0.12123 25 1975 7 0.31
*1500  0/8 0.000115 4 0.13236 32 0.12406 26 0.12253 27 1994 4 0.37
MA-061A/10 1450 28/28 0.000191 5 0.13814 32 0.12331 26 0.12117 33 1978 5 0.39
MA-061A/11 *1450 0/28  0.000168 6 0.11267 89 0.12126 31 0.12126 31 1941 9 0.32
MA-061A/12 1450  8/8 0.000361 26  0.21707 24 0.12526 15 0.12526 15 1963 11 0.61
1500  8/8 0.000075 1 0.19636 48 0.12124 43 0.12124 43 1960 13 0.56
MA-061A/13 1450 36/36  0.000129 1 0.16711 105 0.12264 14 0.12088 15 1969 5 0.47
1500 40/40 0.000121 2 023122 489  0.12259 10 0.12109 12 1973 3 0.67
1550 30/30 0.000170 13  0.15605 181  0.12312 21 0.12094 13 1970 4 0.44
264 (360) mean age 1973 2 usd: 2.9
Martins Pereira Granite - Porphyritic biotite metamonzogranite
MA-007A/01 1540 38/38  0.000071 5 0.14894 18 0.12198 34 0.12107 34 1972 5 0.42
1550 36/36  0.000082 10  0.15636 141  0.12195 66 0.12074 57 1967 8 0.43
MA-007A/02 *1450 0/34  0.000102 27  0.16074 447  0.12040 54 0.11883 89 1939 I3 0.46
MA-007A/04 1500 36/36  0.000081 4 0.24268 34 0.12158 43 0.12076 30 1968 4 0.69
MA-007A/05 *1450  0/28  0.000098 13  0.13021 20 0.11918 27 0.11773 32 1922 5 0.37
1500 32/32  0.000045 7 0.16279 18 0.12159 39 0.12099 48 1971 7 0.46
MA-007A/06 1500 38/38  0.000030 6 0.14321 283  0.12146 22 0.12110 22 1973 3 0.41
180 (242) mean age 1971 2  usd: 0.1
Serra Dourada Granite - Muscovite-biotite monzogranite with cordierite and sillimanite
MF156/12 1450 26/34  0.000000 O 0.12405 18 0.13301 23 0.13301 23 2138 3 0.35
MF156/15 1450 36/36  0.000037 2 0.08816 21 0.13360 13 0.13299 11 2138 1 0.25
62 (70) mean age 2138 3  usd: 0.1
MF156/06 1550  4/8 0.000078 7 047918 1656 0.12012 17 0.11907 19 1943 3 0.14
MF156/11 1550  6/6 0.000073 28  0.54277 132 0.12102 24 0.12004 44 1957 7 0.15
10 (14) mean age 1948 11 usd: 2.0
Pods and lenses - Leucogranite
MA-246C2/01 1500 24/24  0.000038 2 0.04358 104  0.15111 46 0.15066 52 2354 6 0.12
*1550  0/8 0.000044 2 0.04139 58 0.14857 78 0.14800 78 2323 9 0.11
24 (32) mean age (Group I) 2354 6 wusd: 2.2
MA-246C2/10 1500 36/36  0.000233 13  0.06005 30 0.13863 40 0.13533 56 2169 7 0.17
1550  8/8 0.000246 106  0.05694 47 0.13545 143 0.13254 47 2132 6 0.16
MA-246C2/14 1450  8/8 0.000423 26  0.10097 44 0.13804 694 0.13248 699 2131 92 0.28
MA-246C2/16 1500 38/38  0.000464 12  0.06177 32 0.13868 42 0.13209 31 2126 4 0.17
1550 24/32  0.000515 28  0.06177 26 0.13899 29 0.13207 60 2126 8 0.17
114 (122) mean age (Group II) 2134 15 wusd: 5.3
MA-246C2/17 1500 20/20 0.000116 102  0.05330 396  0.12487 87 0.12280 93 1998 13 0.15
MA-246C2/21 1500 34/34  0.000119 28  0.03507 14 0.12453 31 0.12273 68 1997 10 0.10
*1550  0/6 0.000000 0 0.03531 29 0.12630 148 0.12630 148 2047 21 0.10
54 (60) mean age (Group III) 1997 8 wusd: 0.1
MA-246C2/07 1500 20/20  0.000270 15  0.05075 55 0.12369 53 0.12004 56 1957 8 0.14
MA-246C2/09 1500 22/22  0.000236 9 0.10952 280  0.12285 &7 0.11972 57 1952 9 0.31
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Table 3 (Continued)
samplefzircon T(%ré‘f' ratios 2Pb2Pb 26 PbA%Pb 26 PbAPb 26 (PbPPb)e 26 age 26 Th/U
MA-246C2/13 1450 8/8 0.000099 4 0.04017 313 0.12051 117 0.11918 118 1944 18 0.11
MA-246C2/23 *1450 0/14  0.000551 22 0.04188 34 0.12441 74 0.11713 57 1913 9 0.12
1500 34/34  0.000408 4 0.11232 105  0.12535 27 0.12009 21 1958 3 0.32
1550 6/6 0.000392 18 0.10542 57 0.12604 30 0.12080 39 1968 6 0.30
90 (104) mean age (Group IV) 1959 5  usd: 2.1
MA-246C2/05 1500 36/36  0.000340 28  0.06289 153  0.12044 21 0.11578 29 1892 4 0.18
1550 36/36  0.000111 45 0.04114 280  0.11986 30 0.11842 49 1933 7 0.12
1580 8/8 0.000430 20 0.06177 158 0.12252 67 0.11674 72 1907 11 0.18
MA-246C2/06 #1450 0/16  0.001815 73  0.09369 108 0.13676 209 0.10994 108 1799 18 0.27
1500 38/38  0.000413 39  0.06081 62 0.12311 27 0.11721 45 1914 7 0.17
1550 36/36  0.000398 17 0.07336 570  0.12357 31 0.11822 33 1930 5 0.21
1580 32/32  0.000455 8 0.06004 19 0.12307 41 0.11703 50 1912 8 0.17
MA-246C2/08 1450  8/8 0.000579 40  0.04980 93 0.12373 66 0.11594 86 1895 13 0.14
1480 30/30 0.000147 4 0.05632 54 0.11870 22 0.11668 16 1906 3 0.17
1500 38/38 0.000164 11 0.06134 160 0.11910 24 0.11694 19 1910 3 0.19
1550 12/12  0.000179 2 0.05614 162 0.11889 100 0.11623 61 1899 9 0.17
MA-246C2/18 #1450  0/8 0.001175 176  0.07656 957  0.12798 513 0.11209 576 1834 93 0.24
1500 16/16  0.000368 148  0.05822 30 0.12204 143 0.11686 75 1909 12 0.18
MA-246C2/19 1500 8/8 0.000590 574 0.19248 833 0.12400 688 0.11607 1043 1897 162 0.60
298 (322) mean age (Group V) 1909 6 usd: 4.1

Notes: Crystal numbers are indicated. The column number of ratios shows the total of isotopic ratios used to the age calculation and, in
parenthesis, the total isotopic ratios measured. Evaporation steps in italics were not included in the age calculation of each grain due to: * too
much higher or lower values of the *’Pb/*”Pb ratio in relation to the average of the zircon, and # ***Pb/**Pb > 0.0004 (and ***Pb/***Pb > 0.0006
for the leucogranite sample). Th/U ratios are calculated by: Th = [(*®Pb/**Pb)/(ITh * T)-1] + (***Pb/*Pb); U = [(**Pb/*Pb)/(IU * T)-1] +
(*®Pb/*Pb); 1Th = 4.94750 * 107 ; IU = 1.55125 * 10™"" (in Klotzli, 1999).

Table 4. U-Pb isotopic zircon data (ID-TIMS) from Serra Dourada granitoid (sample MF-156).

Sample Concentrations Atomic ratios Ages (Ma)
I\ﬁfﬁggr “(/renlg)h t ppm U ppm Pb 21(1;6[1:3/1 Yoerr 2;)375})8;/ Yoerr 220368}3)?2/ Yoerr 220067}5]:];):!2 Yoerr 2;263};]6* 2;)273};]6* 2(:;}})}{;:«/2 * (%)
II\S/IGF-I 0.144 3520 1233 129.714 1.040 543.181 0.225 0.328881 0.079 0.119786 0.204 1833 1890 1953 94
11\5/[613—-2 0304 12.16 442 818.679 0.459 547.834 0.152 0.331237 0.118 0.119952 0.088 1844 1897 1956 94
11\5461:-4 0213  18.01 529 683428 0.366 436.517 0.324 0.266823 0.223 0.118652 0.234 1525 1706 1936 79
11\5/[613—-5 0.166 34.19 12.01 233.930 0.793 553.956 0.354 0.334560 0.347 0.120088 0.068 1860 1907 1958 95
II\S/IGF-;S 0.770  5.51 1.90  816.957 0.700 536.251 0.457 0.326122 0.394 0.119258 0.231 1820 1879 1945 94

Notes: Maximum total blanks for zircon analyses are 10 pg for Pb and 2 pg for U. Stacey and Kramers (1975) values were used.
¢! Measure ratios corrected for mass fractionation; “* Ratios corrected for spike, fractionation, blank and initial common Pb following Stacey and
Kramers (1975) model. Erros are at 2 s; ¢ Concordance in relation to Concordia curve: 100t(***Pb/**U)/t(**’Pb/**°Pb).
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Table 5. Summary of new and previous Pb-Pb and U-Pb (ID-TIMS and SHRIMP) ages yielded by zircon from volcano-plutonic
rocks older than 1900 Ma of the Ventuari-Tapajos (or Tapajos-Parima) Province.

Symbol RI\?ierSgrzzcre Rock Type Lithostratigraphic Unit Age (Ma) Reference Method
Guiana Central Domain
GCl 1 Hiﬁ?ﬁg‘i;ﬁ;gﬁgﬁ agrg:;:g\:)lth Rio Urubu "A-type" gneisses 1935+ 5 Fraga (2002) B
2 aﬂ;);?zl??;;gztgreaig?gnvggsl) Rio Urubu "A-type" gneisses 1937+ 5 Fraga (2002) B
GC2 3 Quartz jotunite Serra da Prata C-type 1933+2 Fraga et al. (2003) B
4 Cllnopyzﬁ;&ff:ci(i)trephyrytlc Serra da Prata C-type 1934+ 1 Fraga et al. (2003) B
5 Hypersthene quartz syenite Serra da Prata C-type 1934+ 3 Fraga et al. (2003) B
6 Cllnopyzﬁ;&ff:ci(i)trephyrytlc Serra da Prata C-type 1936+ 4 Fraga et al. (2003) B
7 Charnockite hydrothermalized Serra da Prata C-type 1943+ 5 Fraga et al. (2003) B
8 Quartz jotunite gneiss Serra da Prata C-type 1966 £+ 37 Fraga et al. (2003) A
GC3 9 Vilhena Mylonite Rio Urubu "I-type" gneisses 1932 + 10 CPRM (2003) D
10 Mucajai Metagranite Rio Urubu "I-type" gneisses 1938 + 9 CPRM (2003) D
11 Granitic gneiss Rio Urubu "I-type" gneisses 1943 =7 Gaudette et al. (1996) C
12 Granitic gneiss Rio Urubu "I-type" gneisses 1944 + 10 Santos & Olszewski (1988) C
13 Tonalite orthogneiss Rio Urubu "I-type" gneisses 1951 +24 Fraga et al. (1997) A
GC4 14 S-type leucogranite Taiano S-type 1969 £4 CPRM (2003) D
Surumu Domain
S1 15 Tabaco Mountain Dacite Surumu Group 1966 £ 9 Schobbenhaus et al. (1994) C
16 Tabaco Mountain Dacite Surumu Group 1977+ 8 Schobbenhéli)sRel\t/Ia(I.z(()i)939)4) mod. by C
17 Uraricaa Rhyodacite Surumu Group 1984 +7 Santos et al. (2003b) D
18 Cavalo Mountain Rhyodacite Surumu Group 2006 £ 4 Costa et al. (2001) B
S2 19 Orocaima Granodiorite Pedra Pintada Suite 1956 £5 CPRM (2003) D
20 Pedra Pintada Monzogranite Pedra Pintada Suite 2005 + 45 Almeida ef al. (1997) A
Parima Domain
Pl 21 Prainha meta-andesite Parima Group 1948 £ 6 Santos et al. (2003¢) D
Uatuma-Anaud Domain
UALI 22 Leucosyenogranite (ma246¢2) Pods of leucogranite 1909 + 6 This paper B
UA2 23 Monzogranite (mf156) S-type Serra Dourada 1948 £ 11 This paper B
24 Monzogranite (mf156) S-type Serra Dourada 1962+ 6 This paper C
25 Metamonzogranite Martins Pereira Granite 1938 £17 Almeida et al. (1997) A
UA3 26 Metamonzogranite Martins Pereira Granite 1960 £ 21 Almeida et al. (1997) A
27 Metamonzogranite Martins Pereira Granite 1972+ 7 CPRM (2003) C
28 Metamonzogranite (ma007a) Martins Pereira Granite 1971 £2 This paper B
29 Mylonitic monzogranite Martins Pereira Granite 1973 £2 This paper B
(ma061la)
30 Monzogranite (mal72a) Martins Pereira Granite 1975+ 6 This paper B
UA4 31 Metatonalite Anaud Complex 2028 £9 Faria et al. (2002) D
Tapajos Domain
T1 32 Granite Creporizdo Suite 1957+ 6 Santos et al. (2000) C
33 Creporizao Monzogranite Creporizdo Suite 1963 £ 6 Santos et al. (2001) D
34 JL Monzogranite Creporizdo Suite 1966 + 5 Santos et al. (2001) D
35 Joel Monzogranite Creporizdo Suite 1968 +7 Santos et al. (2004) D
36 km130 Monzogranite Creporizdo Suite 1968 + 16 CPRM (2000b) B
37 Ouro Roxo Metandesite 11 Creporizdo Suite 1974 £ 6 Santos et al. (2001) D
T2 38 Biotite leucomonzogranite Old Séo Jorge Granite 1981 £2 Lamario et al. (2002) B
39 Hornblende-biotite Old Sio Jorge Granite 1983 + 8 Lamardo et al. (2002) B
monzogranite
40 Granite Old Sédo Jorge Granite 1984+ 1 CPRM (2000b) B
T3 41 Trachyte Vila Riozinho Volcanics 1998 +3 Lamarao et al. (2002) B
42 Trachyte Vila Riozinho Volcanics 2000+ 4 Lamardo et al. (2002) B
T4 43 Rio Claro Monzogranite - 1997 +3 CPRM (2000b) B
44 Jamanxim Rapakivi - 1997+ 5 Santos et al. (1997) c
Monzogranite
T5 45 Cabrua Tonalite Cuiu-Cuiu Complex 2005 +7 Santos et al. (2001) D
46 Conceigdo Tonalite Cuiu-Cuiu Complex 2006 £ 3 Santos et al. (1997, 2004) C
47 Ouro Roxo Andesite Cuiu-Cuiu Complex 2012 £ 8 Santos et al. (2001) D
48 JL Tonalite Cuiu-Cuiu Complex 2015+9 Santos et al. (2001) D
49 Amana Monzogranite Cuiu-Cuiu Complex 2020 + 12 Santos et al. (2001) D
50 Cuiu-Cuiu Meta-tonalite Cuiu-Cuiu Complex 2033+7 Santos et al. (2001) D

Notes: A. Pb-evaporation on single filament; B. Pb-evaporation on double filament; C. U-Pb ID-TIMS; D. U-Pb SHRIMP. Reference Number 1 to 50 and
symbols GC1-T5 are the same as in Fig. 12.
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Table 6. Summary of ages and possible sources of the inherited zircons from volcano-plutonic and (meta)sedimetary rocks
older than 1900 Ma of the Ventuari-Tapajos (or Tapajos-Parima) Province.

. Reference Lithostratigraphic .
Domain Number Rock Type Unit Age (Ma) Interpretation Reference Method
Guiana Central Domain
GC4 14 Leucogranite  S-type Taiano Granite 2047 +7 Late CPRM (2003) D
Transamazonian
2072+ 3
- Taiano Paragneiss Cauarane Group ~ 2038 £ 17 Late . CPRM (2003) D
Transamazonian
2093 £ 62
2223+19 Barly —  Gaudette eral. (1996) €
Transamanzonian
GC3 9 Vilhena Mylonite 10 Urubu"l-type™ 45, Early CPRM (2003) D
gneisses Transamanzonian
Surumu Domain
Uiramuta Quartz Arai Formation Pedra
. sandstone (Roraima Supergroup) 1958+19 Pintada/Surumu Santos et al. (2003b) b
223414 Ay
Transamanzonian
2718 + 18 Archean
S1 17 Uraricda Rhyodacite ~ Surumu Group 2027 + 32 Late Santos (2002) D
Transamazonian
16 Surumu Rhyodacite Surumu Group 2163 £10 Early .
Transamanzonian
Parima Domain
, . . Pedra
P - Uatatas Quartzite Parima Group 19719 Pintada/Surumu Santos et al. (2003c) D
2008 = 16 Late
Transamazonian
201+10 By
Transamanzonian
2781+ 6 Archean
2872+ 6 Archean
Uatuma-Anaua Domain
S-type monzogranite S-type Serra Dourada Early .
UA2 23 (mf156) Granite 2138+ 11 Transamanzonian This paper B
Leucogranite Pods and lenses of . . .
UAl 22 (ma246c2) leucogranite 1959+ 5 Martins Pereira This paper B
1997 £8 Anaua?
2128+3 Early
Transamanzonian
2354+ 6 Siderian
Tapajés Domain
T1 34 JL Monzogranite Creporizdo Suite 2003 +5 Cuiu-Cuiu Santos et al. (2001) D
Vila Riozinho ~
T3 41 Trachyte Volcanic Rocks 2852+ 4 Archean Lamardo et al. (2002) B
25914+3  Late Archean
TS 47 Ouro Roxo Andesite Cuiu-Cuiu Complex 2040 £ 5 Late . Santos et al. (2001) D
Transamazonian
50 Cuid-Cuit Meta- 0 5 cuiy Complex 2056 + 7 Late
tonalite Transamazonian
48 JL Tonalite Cuiu-Cuiu Complex 2046+ 5 Late .
Transamazonian
2100+ 7 Early
Transamanzonian

2380+ 8 Siderian

2483 + 19 Siderian
Notes: A. Pb-evaporation on single filament; B. Pb-evaporation on double filament; C. U-Pb ID-TIMS; D. U-Pb SHRIMP. Reference
Number 1 to 50 and symbols GC1-T5 are the same as in fig. 12.
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4.4 - Evidence of the widespread 1.90-1.89 Ga I-type, high-K calc-alkaline
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ABSTRACT

The southern Uatuma-Anaua Domain (SUAD) in the SE Roraima State (Brazil), center-southern
portion of the Guyana Shield, is characterized by a widespread ca. 1.90 Ga calc-alkaline magmatism,
represented by the Agua Branca (1901 + 5 Ma), Caroebe (1898 + 2 Ma and 1891 + 2 Ma) and Igarapé
Azul (1891 + 6 Ma and 1889 + 2 Ma) granitoid rocks (Agua Branca Suite), Jatapu volcanic rocks (1893 +
4 Ma) and most rarely by the Santa Maria hypersthene-bearing Tonalite (1890 + 2 Ma). A-type granitoid
rocks are represented by the Murauat Granite (1871 £ 5 Ma), probably related to 1.88-1.87 Ga Mapuera
and Abonari magmatism. Beyond of crystallization ages, some zircons also yielded three main inherited
interval ages: a) 1972 + 3 Ma to 1963 + 4 Ma (Martins Pereira Granite) and subordinated b) 2142 = 10 Ma
(Transamazonian) and 2359 + 7 Ma (Siderian). The zircon geochronology results of SUAD show that
crystallization age range (and inheritances) is very similar to the calc-alkaline Parauari-(Tropas)-Iriri
magmatism (1898-1879 Ma) in the Tapajés domain (Brazil Central Shield). In general sense, these two
domains record an important period of Orosirian crustal growth in Amazonian craton, but their origin is
still a matter of debate. The Caroebe and Igarapé Azul granites (and coeval Jatapu volcanics) have I-type,
high-K calc-alkaline affinities, chondrite-normalized REE patterns moderately fractionated and small
negative Eu anomalies. For the hornblende-bearing facies of Caroebe granitoid rocks, the low AL,Os (or
Na,O + K,0) / (FeO + MgO + TiO,) ratios and relatively high Mg# values suggest an origin through
dehydration melting of amphibolites to metabasaltic-metatonalitic source rocks. The biotite-bearing facies
shows local chemical overlap composition with the Igarapé Azul granitoid rocks. These last exhibit
normally restricted rich-SiO, range and moderate to very low contents of Al,O; [or (Na,O+K,0) or
(Ca0)J+FeO+MgO+TiO,, suggesting that additional input of metagreywacke source play a role in their
genesis. The magmatic evolution picture is maybe compatible with volcanic arc setting, but the trace
element compositions are strongly dependent of protholith composition and, therefore, not necessarily
indicative of the tectonic setting of magma formation. The inherited zircons also suggest an older
basement involvement during the emplacement these granitoid rocks, however, isotopic data (e.g. Nd-Pb)
are not available, making difficult a better evaluation of the evolutionary models.
Keywords: Geochemistry, Geochronology, Paleoproterozoic, Granitoids, Guyana Shield

INTRODUCTION

The Guyana Shield corresponds to the northern segment of the Amazonian Craton in South
America (Fig. 1a-b) and was partially formed during periods of intense granitic magmatism in
the Proterozoic times at 2.1 to 1.5 Ga interval. However, scarce geological mapping and only few
petrographical, geochemical and geophysical studies are available (e.g. CPRM, 1999, 2000a;
Delor et al., 2003).

The studied area in this paper is located in the southeastern Roraima (Brazil), center-
southern portion of Guyana Shield, and shows expressive ca. 1.90 Ga calc-alkaline magmatism
(up to 64000 m’, Fig. 2), but its characteristic and significance are not fully understood (Oliveira
et al., 1996; Almeida et al., 2002; CPRM, 2003). Although only recently discovered in this
region, magmatism with 1.90-1.80 Ga ages is commonly recorded in the southern segment of
Amazonian Craton (Tapajos domain, Brazil Central Shield) and has been interpreted of different
ways for explain its tectonic evolution. The first hypothesis argues that this magmatism is

generated in subduction-related setting (Santos et al., 2000, 2004) but, in contrast, Almeida et al.
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(2001), Vasquez et al. (2002) and Lamarao et al. (2002) pointed out an alternative post-

collisional and intracontinental evolution.
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Magmatism with 1.90-1.80 Ga is described also in many other parts of the world, such as
northern Australia (e.g. Page, 1988, Griffin et al., 2000), northern America (Dunphy and Ludden,
1998; St-Onge et al., 1999) and Sweden (e.g. Billstrom and Weihed, 1996; Lahtinen and Huhma,
1996). This time interval is recognized as an important period of episodic crustal growth and
supercontinent formation (Condie, 1998).

This paper focuses the discussion on the origin of this widespread calc-alkaline magmatism
younger than 1.90 Ga in the center-southern portion of Guyana Shield (Fig. 1), using
geochemical and zircon geochronology results to further constraint its petrogenesis and

tectonostratigraphic history. The possible tectonic setting of these rocks is also discussed.

GEOLOGICAL SETTING

In the last years, regional geological mapping (CPRM 2000a, 2005, Almeida et al., 2002,
Almeida and Macambira, in press) and few zircon geochronological data (Almeida et al., 1997,
Santos et al., 1997a, Macambira et al., 2002, CPRM, 2003) have showed that Paleoproterozoic
granitoids and volcanic rocks (1.97-1.81 Ga) are widespread in southeastern Roraima, intruding

subordinated basement rocks with maximum ages around 2.03 Ga (Faria et al., 2002).
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According to recent evolutionary models proposed for the Amazonian craton, the study
area can be divided into different provinces. According to Tassinari and Macambira (1999,
2004), the study area is largely enclosed by Ventuari-Tapajos and Central Amazonian provinces,
with a subordinate northeastern section falling within the Maroni-Itacaitinas province. Santos et
al. (2000, 2006) argue that all provinces were collectively affected by the K"Mudku Shear Belt in
this same region (Fig. 1 a-b). These models point out that Paleoproterozoic orogenic belts or
magmatic arcs (e.g. Ventuari-Tapajos or Tapajos-Parima and Maroni-Itacaiinas or Transamazon
provinces) accreted to the Archean craton with time and/or represent a set of rocks produced from
melting of Archean crust (Fig. 1a-b; Cordani et al., 1979, Teixeira et al., 1989, Tassinari and
Macambira, 1999, 2004; Santos et al., 2000, 2004, 2006).

The Ventuari-Tapajoés (or Tapajos-Parima) Province is a Paleoproterozoic orogenic belt
showing north-northwest trends and includes geological units which range from ~2.10 to 1.87 Ga
in age (Santos et al., 2000, 2006; Tassinari and Macambira 1999, 2004). The Central Amazonian
Province (Fig. 1a-b) has granitoids and volcanic rocks (1.88 to 1.70 Ga) with no regional
metamorphism and compressional folding (Santos et al., 2000, Tassinari and Macambira 1999),
and its basement rarely crops out. The age for this basement has been estimated by some Nd-
model ages at around 2.3-2.5 Ga (Tassinari and Macambira, 1999, 2004). According to these
authors, the recorded Archean rocks in the Amazonian craton are only exposed in Imataca
(Venezuela), Carajas and southern Amapa-northwestern Para (Brazil) regions.

The Maroni-Itacaitnas (or Transamazon) Province is also characterized by an orogenic belt
with Rhyacian ages (2.25 to 2.00 Ga, Fig. 1a-b) and is correlated to Birimian belt in West Africa
(Tassinari and Macambira, 1999, 2004; Santos et al., 2000; Delor et al., 2003). The K'Mudku
Shear Belt is represented by wide mylonitic zones with ca. 1.20 Ga (low grade) and cross-cut at
least three provinces (Rio Negro, Tapajos-Parima and Transamazon, Santos et al., 2000).

Reis et al. (2003) and CPRM (2006) has been subdivided the center-southern Guyana
Shield into four major lithostructural domains: Surumu, Parima, Central Guyana and Uatuma-
Anaua (Fig. 1c). The southeastern Roraima is composed of the Central Guyana and Uatuma-
Anaué domains only.

The Central Guyana Domain (CGD) primarily consists of granulites, orthogneiss, mylonites

and metagranitoids (Rio Urubu Metamorphic Suite) associated with low to high metamorphic
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grade metavolcanosedimentary covers (Cauarane Group) and S-type granite (Curuxuim Granite).
The lineaments are strongly NE-SW trends (Figs. 1¢ and 2).

The Uatuma-Anaud Domain (UAD) is characterized by E-W to NE-SW lineaments and the
northern part of the domain (NUAD) shows an older metamorphic basement inlier (Figs. 1 and
2) formed in a presumed island arc environment (Faria et al., 2002). This basement is composed
by TTG-like metaigneous rocks (Anaud Complex), enclosing meta-mafic to meta-ultramafic
xenoliths, and is associated with some inliers of metavolcano-sedimentary rocks (Uai-Uai Group)
and intruded by S-type (Serra Dourada Granite) and high-K, I-type calc-alkaline (Martins
Pereira) granitic magmatism of around 1.98-1.96 Ga (Almeida et al. 2002). In the southern area
of Uatuma-Anaua domain (SUAD), intrusive younger granites (with no regional deformation and
metamorphism) are most common. The most prominent magmatism is related to the calc-alkaline
Caroebe and Igarapé Azul granitoid rocks (Agua Branca Suite) with coeval Jatapu volcanic
rocks. Locally igneous charnockitic (Igarapé Tamandaré) and enderbitic (Santa Maria) plutons
were also recorded. Several A-type granitic bodies are widespread in the Uatuma-Anaua Domain
(Fig. 2) represented by Moderna-Agua Boa (1.81 Ga) and Mapuera-Abonari (1.87 Ga) granites.

Some geochemical and geochronological data for the magmatism from SUAD will be
showed below, including a petrogenesis and evolution models discussion. The data was obtained
from Caroebe, Agua Branca and Igarapé Azul granites, including coeval Jatapu volcanics, and

Murauatl (Mapuera type) and Santa Maria hypersthene granites.

ANALYTICAL PROCEDURES
Whole-rock Geochemistry Analyses

Whole-rock chemical analyses of 18 samples (milled under 200 mesh) were done at the
Acme Analytical Laboratories Ltd, Vancouver, British Columbia, Canada. The analytical
package include inductively coupled plasma - atomic emission spectrometer (ICP-AES) analyses
after LiO, fusion for all major oxides (SiO,, TiO,, ALLO3;, MnO, MgO, CaO, K,0, Na,0O, P,0s)
and LOI. Total iron concentration is expressed as Fe,Os. The trace elements were analyzed by
inductively coupled plasma-mass spectrometer (ICP-MS), with rare-earth and incompatible
elements determined from a LiBO, fusion and precious and base metals determined from an aqua
regia digestion. Additional 16 analyses were compiled (and partially reinterpreted) from CPRM
(2000a). These last whole-rock chemical analyses were done at the Geosol Laboratories S.A.,

Belo Horizonte, Minas Gerais, Brazil.
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Zircon Geochronology Analyses

Samples of two to ten kg were crushed, powered and milled under 60 to 80 mesh, washed
and dried out. After that, heavy mineral fractions were obtained by water mechanical
concentration. These samples were then processed by means of a hand-magnet and a Frantz
Isodynamic Separator followed by mineral separation in dense liquid. The lowest magnetic zircon
concentrates (from five magnetic fractions) were then selected for hand-picking and
photomicrographed via a convensional optical microscope. As much as possible, only alteration-
free zircon grains with no metamictization features, inclusions and fractures were selected for
analysis (see zircon descriptions below).

The zircon single-grain dating by U-Pb isotopic dilution in thermal ionization mass
spectrometer (1 sample) - ID-TIMS - and step-wise Pb-evaporation (9 samples) analyses were
performed at the Finnigan MAT262 multicollector mass spectrometer (Laboratory of Isotope
Geology - Para-Iso - Federal University of Pard, Brazil) in dynamic mode using the ion counting
detector at the. The used U decay constants are those recommended by IUGS (Steiger and Jager,
1977) and errors are given at the 95% confidence level. In the Pb-evaporation method on single
zircon (Kober, 1986; 1987), the selected grains were tied in Re-filaments and analysed into mass
spectrometer for isotope analyses.

The ages were calculated with 26 error and initial common Pb corrected according to the
Stacey and Kramers (1975) model for those blocks of isotopic ratios (maximum of 18 ratios in 10
mass scans) in which the ***Pb/**°Pb ratios were lower than 0.0004. Those blocks which
presented values higher than 0.0004 were discarded. The quality statistics is express for USD or
Unified Standard Deviation (square root of the MSWD - Mean Standard Weigth Deviation). The
data were processed using the DOS-based Zircon shareware (Scheller, 1998). The Pb-evaporation
technique, including the complete procedures, is available in Klein and Moura (2001).

The U-Pb ID-TIMS procedures developed at the Para-Iso are described by Krymsky (2002).
All zircon fractions selected for analysis were air abraded in 1.2-1.8 psi pressure for 30-40
minutes. These grains were abraded together with pyrite crystals (20 mg and 0.1-0.5 mm
diameter). After the abrasion, the zircon crystals were washed in HNO; and HCI (IOOOC, 30
minutes) and after rinsed with HO-Millipore (3 times). The crystals were washed with metanol,
weighted, spiked with *°U-*Pb tracer solution (10 pL) and dissolved with a mixture of HF and
HCI which were carried out in Teflon bombs at 245° C.
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U and Pb were isolated from zircon solution with anion-exchange resin (Dowex”™ 1x8 200-

400 mesh Cl-form) in HCl medium in 50-70 pl columns and collected in different beakers. U and
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Pb from zircon were loaded onto the same outgassed Re-filament with SiO,-gel and 1IN H3POg4
and analyzed at 1400-1600° C. For zircon analyses, blanks are <30 pg Pb and <I pg U. The
obtained data are processed in ISOPLOT/Excel program version 2 (Ludwig, 1999). The
208pp/2%Ph ratios were corrected for common Pb using also the Stacey and Kramers (1975)

model.

WHOLE-ROCK GEOCHEMICAL RESULTS
Major oxides and trace elements

Representative chemical analyses of samples of Caroebe-Igarapé Azul granites (this study,
CPRM, 2000a) and Jatapu volcanics (CPRM, 2000a) are listed in Table 1. The bulk-rock
concentrations of Caroebe and Igarapé Azul granitoid rocks are characterized by the higher and
smaller range of Si0,% contents, respectively. The Jaburuzinho facies (hornblende-bearing) of
Caroebe granite shows the lowest contents of SiO; (49.50%-61.85%), whereas the Alto Alegre
facies (biotite-bearing) shows 65.95%-69.14% of SiO, and there is a compositional gap of 4% of
Si0, between them, while the highest SiO, contents are observed in the Igarapé Azul granites
(67.87%-72.25%). In Harker diagrams, the regression lines show the same mean trend for these
granitoid rocks, which exhibit TiO,, Al,O3, F203, MgO, CaO and P,0s abundances decrease (Fig.
3a-f) and K,O increase (Fig 4a) with SiO, increasing. In the Na,O vs. SiO; diagram, the samples
remain nearly constant but, in general, the data are scattered (Fig. 3g).

All samples are of subalkaline affinity (Fig. 4b) and belong to the calc-alkaline series (Fig.
4c; e.g. Irvine and Baragar, 1971), showing high-K affiliation (e.g. Peccerillo and Taylor, 1976),
locally plotting in the shoshonitic field, near to the high-K boundary (Fig. 4a). These rocks also
show similar patterns to the normal calc-alkaline andesites (e.g. Brown et al., 1984) of
continental margin in the log[ CaO/(Na,0+K,0)] vs. SiO; plot (Fig. 4d).

The Jaburuzinho facies of Caroebe Granite confirm its I-type character on the Na,O vs.
K,O diagram (Fig. 5b), plotting in the field outlined for typical I-type granite of the Lachlan Fold
Belt (White and Chappell, 1983), however, several samples plot out of the fields. Compared to
typical S-types (White and Chappell, 1983), the Alto Alegre facies shows also higher Na,O in the
same K,O contents (Na,O/K,0<1), and the Igarapé Azul Granite presents types more enriched in
K,O (Fig. 5b). The Na,O vs. K,O diagram suggests a transitional increasing of K,O contents

(with Na,O nearly constant) from Caroebe Granite (Jaburuzinho facies) to Igarapé Azul types.
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Fig. 4. Geochemical diagrams showing the calc-alkaline character of the Caroebe and Igarapé Azul granites (and coeval Jatapu
volcanic rocks): (a) Na,0+K,O vs. SiO, (for the linear regression are used only the Caroebe and Igarapé Azul granite samples) and
(b) AFM diagrams (Irvine and Baragar, 1971); (¢) K,O vs. SiO, plot displaying the shoshonite, high-K, medium-K and low-K fields
(from Peccerilo and Taylor, 1976 mod. by Rickwood, 1989); and (d) log[CaO/(Na,0+K,0)] vs. SiO, (from Brown et al., 1984).
Compositional fields of Tropas, Parauari, Young Sio Jorge (Tapajés Domain) and and Agua Branca related granitoids are also
plotted for comparison. References and symbols as in Fig. 3.

There is also a compositional overlap between the Alto Alegre facies and Igarapé Azul
granite in this diagram, as well as in other diagrams based on major elements (see Fig. 3a-h, 4a-d
and 5a). The geochemical affinity among coeval volcanic rocks of Jatapu region and Caroebe
granites (Fig. 3a-h, 4a-d and S5a-b), except for the lowest Na,O and highest MnO contents in the
ast, has been also discussed by Reis et al. (2000). The calc-alkaline granitoid rocks from Tapajos
Domain (e.g. Tropas granite), demonstrate also similarities with Caroebe granites, mainly the
Fe,0Ost, MgO and CaO contents (Figs 3 ¢, e and f), but Na,O is normally lower (Fig. 3g) in the
same SiO, content. On the other hand, the Parauari Granite shows higher SiO; (59%-76%) and

Fe,Ost (Fig. 3¢), and lower Al,O5 (Fig. 3b) and MgO (Fig. 3e and 4c).
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Fig. 5. Caroebe and Igarapé Azul granite samples (including coeval Jatapu volcanic rocks) plotted in the diagrams (for references see
table 1): (a) Molecular ALLO,/(Na,0+K,0) vs. molecular ALLO,/(CaO+Na,0+K,0) (Maniar and Piccoli, 1989; mod. Shand, 1927) and (b)
Na,O vs. K,O plots showing S-type and I-type granites compositional data from Lachlan Folded Belt (LFB); (¢) Rb vs. (Y+Nb) and (d)
(K,O+Na,0)/Ca0 vs. (Zr+Nb+Ce+Y). Fields representing Tropas, Parauari-Young Sdo Jorge (Tapajos Domain) and Agua Branca
related granitoids are plotted for comparison. In (c), VAG (Volcanic Arc Granites), ORG (Ocean Ridge Granites), syn-COLG (Syn-
collisional Granites) and WPG (Within-Plate Granites) fields are from Pearce ef al. (1984) and post-COLG (post-collisional granites)
from Pearce (1996); In (d), OGT (Orogenic granite types: unfractionated I- and S-type granites) and FG (Fractionated felsic I- and S-type
granites) fields are taken from Whalen et a/. (1987). Compositional average of A-, M-, I-, S- and I-type are also represented. References
and symbols as in Fig. 3.

In the FeO*/MgO vs. Zr+Nb+Ce+Y diagram (Fig. 5S¢, Whalen et al., 1987), the Caroebe
Granite samples plot partially on the OGT field, showing types with higher Zr+Nb+Ce+Y (e.g.
MA-178B, diorite). The Igarapé Azul granites plot out of OGT and FG fields (except the MA-88,
muscovite-bearing syenogranite), exhibiting subtle higher FeO*/MgO ratios and enrichment in
Zr+Nb+Ce+Y. On the Rb vs. Y+Nb diagram (Fig. 5d, Pearce et al., 1984) almost all Caroebe,
Igarapé Azul and Jatapu samples plot in the VAG field, suggesting chemical affinity with
volcanic arc magmatism. However, local magmatic differentiation and hydrothermal processes
(Pearce et al., 1984) could explain the crossing of VAG and syn-COLG (MF-10B) and WPG

(MA-88) boundaries by some samples of Igarapé Azul Granite. The same is not true for the
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samples of Caroebe Granite. This one cross over the VAG and WPG boundary, because the more
Y-rich samples are not the most differentiated types (e.g. MA-178B, diorite). The probable
explanation in this case could be related to the source composition and/or anomalous enrichment
in accessory minerals (e.g. allanite).

In this sense, the trace elements in the Caroebe and Igarapé Azul granites are considerably
more scattered than major elements, particularly for Ba, Sr, Zr and Nb Harker diagrams (Fig. 6b-
e). However, Rb plots a positive correlation with increasing SiO, contents (Fig. 6a). Contrasting
with this scattered pattern, the Jatapu volcanic rocks exhibit a linear trend in almost all these
diagrams. The volcanic rocks show Sr in negative linear trend and Nb, Zr, Ba and Rb in positive
correlation with increasing SiO, contents (Fig. 6a-e). The Mg# deeply decreases with the SiO,
increasing (Fig. 6f), with the Jaburuzinho facies exhibiting highest values (37.5-51.5)
comparatively to the Alto Alegre facies (34.1-43.0) and Igarapé Azul (21.5-37.8) granitoid rocks.

The primitive mantle-normalized multi-element diagrams or “spider diagrams” of the
Caroebe and Igarapé Azul granites show discrete differences (Fig. 7a-d). The Jaburuzinho facies
exhibits wider range contents and moderate enrichment in some large-ion lithophile elements
(LILE), such as Ba (50-400x), Th (50-150x) and U (25-120x), contrasting with low Rb (70-
100x), K (60-100x) (Fig. 7a) and high field strength elements (HFSE: e.g. Nb, Ta and Ti)
contents. The Alto Alegre facies shows “spider diagrams” with narrow range (Fig. 7b) and
generally exhibits similar patterns of Jaburuzinho facies, except for a more enrichment in Rb
(100-200x), K (110-120x), and for the moderately negative anomaly of P (7-15x) and Ti (0.4-3x).

The Saramadaia and Cinco Estelas facies of Igarapé Azul Granite (Fig. 7¢) show stronger
Sr (3-30x), P (3-10x), Ti (1.5-2x) negative anomalies in the “spider diagrams”. In contrast, they
are more enriched in Rb (150-300x) and Th (150-550x) and exhibit less pronounced Nb (20-35x)
and Ta (20-45x) negative anomalies. The Vila Catarina facies (Fig. 7d) presents the most
heterogeneous “spider diagrams”, ranging from low to high Nb, La, P, Sm and Tb contents.

Similarly to the Caroebe granites, the Jatapu volcanic rocks present “spider diagrams” (Fig.
7e) with low to moderate enrichment in Rb, Ba, K, Zr and Y and less pronounced Nb, Sr and P
negative anomalies, except for the MF-144B sample. The “spider diagrams” of Caroebe types
and Jatapu volcanics (Fig. 7a-b, e) are also chemical compatible with the granitoid rocks from
primitive to normal continental arcs (Brown ef al., 1984), showing locally HFSE enrichment (e.g.

Nd, P, Hf, Zr and Sm). The more heterogeneous patterns make the Igarapé¢ Azul “spider
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diagrams” have a transitional behavior from normal (e.g. Rb, K, Th, U, Nb and Ta) to mature
(e.g. Ba, Sr, P, Hf) arc granitoid rocks (Fig. 7c-d).

Contemporaneous calc-alkaline granitoid rocks from other areas of SUAD (e.g.
northeastern Amazonas, Presidente Figueiredo region) and from Tapajés Domain (Tropas and
Parauari granitoid rocks) has showed chemical similarities mainly with the Caroebe Granite. The
granitoid rocks of Presidente Figueiredo (Valério, 2006) and Tropas (Santos et al., 2004) regions
yielded Ti, Al, Fe, Mg, Ca (Fig. 3a-e) and “spider diagrams” (Fig. 7f) similar to the Caroebe
Granite, including locally lower values of P (Fig. 3h) and Na,O+K,O (Fig. 4a).

Y 1200 - A
400 : A
1000 A
E 300 o %
E ° £ 000t X A X
= > o X a .t & v =
% 200} & M0r e X\
3 A A e
400F s X \J\
100 F A E A A
200F * * o X
H @
i (@]
0 (a) OllllilllllllljI‘llllllllj‘llljllll(?)
F o
A Lo 2000
1700
A
A X 1600
1300 & ﬂﬁﬁ“Q‘a}
= % X .Cb E:lzou
o X A ) a A >
& 900 S 2 RS R
o P % 'y = 800
" <~ & N
500f e AA A
A ) ¢ 400f %
100E ; ; b4 ; ; o zoAE) 53- A CX;Z;J o s (d)
60 <@
s0f . % A
50 45F X At R
- _x"_.“_'_____.,_._. "
40f aof C g Q\
o % A A =%
£t A X A O
g 2 a5t X
8 30k @
o L A
£ LS o «*3
| s Xy 0% 25} ’ |
% ,&J" )
0 A e 20f 0
] o ‘,‘ e — @ -
0 oA @ sk, .., i i E e i 2.
45 50 55 60 65 70 75 45 50 55 ) 85 70 75
SIO, (Wt %) SI0, (wt %)

Fig. 6. (a-f) Selected Harker variation diagrams of trace elements and Mg# for the Caroebe and Igarapé Azul granites, including
coeval Jatapu volcanics. Obs: Mg#=[100 x molar MgOQ/(MgO+0.9Fe0Q,,). Symbols as in Fig. 3.

Marcelo Esteves Almeida 2006 Tese de Doutorado (CPGG-UFPA)



CAPITULO 4

137

10000 f

1000 .

-
(=]
o

rock/primordial mantle
iy
(=]

1000

-
(=1
o

rock/primordial mantle
°

0.1
10000

rock/primordial mantle

0.1
RbBaTh U K TaNbLaCe SrNd P Hf Zr SmTi Tb ¥ RbBa Th U K

1000 ..
F 1Y

-
[=]
o

-
o

- Jaburuzinho Facies
L1 Carobe Granite
Agua Branca Suite

Primitive island and
continental arcs

—___|Normal continental arcs

Quartz diorites to Monzogranites

| - Mature continental arcs (a) |

Monzogranites to granodioriteg

Alto Alegre Facies
Carobe Granite

Agua Branca Suite

(b)

Estrelas Facies
i Igarape Azul Granite

Saramandaia and Cinco |

Vila Catarina Facies
Igarape Azul Granite

Andesite basaltic to rhyolite
(mainly dacites)
Iricoume Volcanics

Monzogranites to diorites -
Agua Branca Suite from
Presidente Figueiredo (AM)

Ta Nb La Ce SrNd P Hf Zr SmTi Tb Y

Fig. 7. Primitive mantle-normalized multi-element diagrams (Wood et al., 1979) from Caroebe Granite: (a) Jaburuzinho and (b)
Alto Alegre facies, [garapé Azul Granite: (c) Saramandaia and Cinco Estrelas facies; (d) Vila Catarina facies; and (e) coeval
Jatapu volcanic rocks. References and symbols as in Fig. 3.

Rare-earth element (REE) geochemistry

All analyzed samples show fractionation between the light (LREE) and heavy (HREE) rare-

earth elements (REE) on the chondrite-normalized diagrams (Fig. 8). Similarly to the “spider

diagrams”, the Jaburuzinho facies of Caroebe Granite is characterized by wide range of REE

contents, reflecting its broad compositional spectrum, but the REE fractionation is the same of

Alto Alegre facies (Fig. 8a-b). Both facies demonstrate strong to moderate REE fractionation
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[(La/Yb)n = 11.26-29.32], nearly flattened HREE pattern [(Gd/Yb)n = 1.52-2.26] and low to
moderate Eu negative anomalies (Eu/Eu* = 0.60-0.78). Sometimes, the middle REE (MREE) are
depleted relative to HREE, inducing a mildly concave-upwards in HREE patterns (Fig. 8a-b),
mainly in the Jaburuzinho facies (MA-103, MF-068A and MJ-061B samples). Furthermore, the
Jaburuzinho facies also exhibit REE patterns (Fig. 8a) with no anomalies (MA-053C) to positive
Eu anomalies (MA-053B).

All petrographic facies of Igarapé Azul also exhibit moderate to weak negative Eu
anomalies (Eu/Eu* = 0.48-0.86), locally strong (Eu/Eu* = 0.36-0.39). Mildly concave-upward
HREE pattern [(Gd/Yb)n = 1.27-1.81] and moderate fractionated patterns [(La/Yb)n = 8.69-
21.94] are observed in the Saramandaia and Cinco Estrelas facies (Fig. 8¢). Only one sample
(MA-88) exhibit flatted HREE and wing-bird pattern (strong LREE depleted), but no amphibole
occurrence is described for these granites. In contrast, the REE patterns of Vila Catarina facies
(Fig. 8d) are highly fractionated [(La/Yb)n = 27.05-40.65], although the sample MA-02 also
shows concave-upward HREE pattern. In general sense, chemical changes caused by post-
magmatic processes (hydrothermal alteration) could be at least partially affected the REE system,
generating heterogeneous patterns in the Igarapé Azul Granite.

The Jatapu volcanic rocks (Fig. 8e) are characterized by REE patterns similar to those for
Caroebe granitoid rocks, such as negative Eu anomaly (Eu/Eu* = 0.62-0.83) and REE total
contents, but the formers are slightly most REE fractionated [(La/Yb)n = 22.63-60.09], mainly in
HREE [(Gd/Yb)n = 2.45-4.20]. The contemporaneous calc-alkaline granitoid rocks from Tapajos
Domain and northeastern Amazonas taken for comparison exhibit wide range of REE total
contents, moderate REE fractionation, weak (Parauari) to strong (Tropas) negative Eu anomalies
and flat (Tropas) to fractionated (Parauari) HREE patterns (Fig. 8f).

Further the major and trace elements geochemistry similarities, the Tropas and mainly the
Agua Branca granitoid rocks (Presidente Figueiredo region) shows REE patterns similarities with
the Caroebe granites (Fig. 8a-b, f). Such as the Jaburuzinho facies (Caroebe Granite), the
hornblende-bearing Presidente Figueiredo granite sample show similar total range of ETR and
local positive Eu anomaly. The hornblende-free granite samples show lower total contents of
REE, but the REE-pattern is compatible with the Alto Alegre facies (Caroebe Granite).

The Younger Sao Jorge Granite (Lamardo et al., 2002) shows contrasting REE patterns
(Fig. 8f) to those showed by Caroebe and Igarapé Azul granites (Fig. 8a-d). The former exhibits

Marcelo Esteves Almeida 2006 Tese de Doutorado (CPGG-UFPA)



CAPITULO 4 139

low REE contents, strong fractionated REE patterns, low HREE abundances, very weak negative
Eu anomaly, locally with no Eu anomaly (Fig. 8f). In addition to highly fractionated REE
patterns, the Younger Sao Jorge Granite also shows low Y (10 to 11 ppm) and moderate to high
Sr/Y ratios (25.5 to 122.7).
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and symbols as in Fig. 3.
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PETROGENETIC CONSIDERATIONS
Two broad petrogenetic concepts are extensively evoked in the geological literature for

explain the origin of calc-alkaline felsic magmas: 1) Derivation from basaltic parent magmas by
fractional crystallization or AFC processes (e.g. Grove and Donnelly-Nolan, 1986; Bacon and
Druitt, 1988); 2) Derivation from crustal rocks by partial melting (e.g. Bullen and Clynne, 1990,
Roberts and Clemens, 1993; Tepper et al., 1993; Guffanti et al., 1996).

The first concept requires high volumes of mafic mantle-derived magmas for generate, by
fractional crystallization, the extensive volume of rocks observed in southeastern Roraima and
northeastern Amazonas (Fig. 2). In this region, rocks with basaltic composition are also scarce,
identified locally in the Jatapu region (CPRM 2000a). Plutonic mafic counterparts are represented
only by some diorites (SiO, 49.5%-55.1%) in the Caroebe Granite, which is dominated by
granodiorites and monzogranites. More than 85% of Caroebe granitoid rocks samples have up to
58% SiO; content (Fig. 5, Table 1). Furthermore, the fractional crystallization concept is
normally associated to curvilinear trends in the Harker diagrams (e.g. El-Sayed et al., 2002, 2004,
Bakhit et al., 2005) but, in contrast, all studied calc-alkaline granitoid rocks exhibit well-defined
linear trends (Fig. 3a-h).

The restite unmixing model (White and Chappell, 1977) has been widely used to explain
linear trends on variation diagrams for granite suites by variable separation of residuum from
melt (e.g. Scambos et al., 1986; Wyborn and Chappell, 1986; Chappell et al., 1987; Barbero and
Villaseca, 1992; Burnham, 1992; Barton and Sidle, 1994). On the other hand, how widely the
restite unmixing model can be applied, however, is controversial. Wall et al. (1987), Clemens
(1989) and Bateman (1988) argue that, in many granite suites, linear variations are better
explained by fractionation, accumulation and magma mixing, and restite unmixing will usually
result in linear trends only if the restites are chemically homogeneous, which is improbable given
the large volumes of most granites and the likelihood of disequilibrium partial melting in the
source (Barbero et al., 1995).

The subtle compositional gap (4.10%) in SiO, observed in the Harker diagrams among
Jaburuzinho (more mafic end-member) and Alto Alegre (more felsic end-member) facies of
Caroebe Granite, associated to local field evidence, could suggest only subordinated participation
of magma mixing/mingling process in the granites genesis. Thus, the fractional crystallization
and mixing processes probably do not play important role in the Caroebe and Igarapé Azul

genesis and, partial melting could be dominantly process. In the most of chemical diagrams, the
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Igarapé Azul samples show good agreement with the Caroebe Granite, concerning linear trends.
Furthermore, in several plots, the Alto Alegre facies and Igarapé Azul Granite samples exhibit
commonly compositional overlap. Except for the Vila Catarina facies, there are similarities in the
“spider diagrams” and REE patterns. These features and the close spatial and temporal
association (see zircon ages discussion below), suggest that Caroebe (and Jatapu volcanics) and
Igarapé Azul granites can be linked to the same magmatic source by partial melting.

For the Caroebe Granite and Jatapu volcanics some chemical features suggest that
amphibole (local MREE depletion in relation to HREE) and titanite (e.g. negative Ti anomalies)
played a dominant role during the magma segregation. In contrast, the relative higher abundances
of Sr and local positive Eu anomaly point out for a smaller amount of plagioclase in their
residues. The petrographic facies of Igarapé Azul shows negative Eu anomalies that support the
plagioclase restrict presence in the residue of melting. Concave-upward HREE pattern is
observed in the Saramandaia and Cinco Estrelas facies, with only one sample exhibiting flattened
HREE and wing-bird pattern (strong LREE depleted), but no amphibole occurrence is described
in these granites. In contrast, the REE patterns of Vila Catarina facies are highly fractionated,
suggesting participation of residual garnet (?) during the role of magma segregation, but also no
garnet is described in these rocks. The sample MA-02 shows concave-upward HREE pattern,
suggesting possibly titanite and/or amphibole (Hoskin et al., 2000) as residual phases, however
titanite is very scarce and amphibole is not present in this facies.

In the Igarapé Azul Granite, chemical exchanges caused by post-magmatic processes
(hydrothermal alteration) could be at least partially disturbed the REE system, generating
heterogeneous patterns. The local high K/Ba (310-413) and low K/Rb (23-35) ratios observed in
the Igarapé Azul types also suggest that this granite was affected by hydrothermal alteration,
supporting the observed field and petrographic relationships.

However, the magmatic evolution of these granites (mainly Igarapé Azul type) seems more
complex, suggesting that other parameters, such as a source of different composition, variable
melting conditions and crustal contamination (e.g., Zorpi et al., 1989, 1991; Patifio-Douce, 1996,
1999; Petford et al., 1996; Poli et al., 1996), could be involved in their genesis. For example, the
three different petrographic facies of Igarapé Azul Granite provided two main REE patterns and,

in general, their chemical patterns are not so homogeneous in comparison with the Caroebe types.
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Roberts and Clemens (1993), Tepper et al. (1993) and Jonasson (1994) show that a variety
of granitoid rocks (including I-type calc-alkaline types) can be generated by partial melting under
different H,O contents of lower crustal metabasalts or another mafic to intermediate sources.
Several others experimental constrains are available (e.g. Patifio-Douce, 1996, 1999, and
references therein), yielding compositional differences of magmas produced by partial melting of
common crustal rocks, such as amphibolites, tonalitic gneisses, metagreywackes and metapelites
under variable melting conditions. This compositional variation can be visualized in terms of
major oxides ratios and molar oxide ratios in figures 9a-c and 9d, respectively, revealing melts
obtained from partial melting of three important crustal sources: felsic pelites, metagreywackes
and amphibolites, including metabasalts and metatonalites. For example, in these plots, partial
melts derived from mafic-intermediate rocks have lower ALO;/(FeO+MgO+TiOy,),
(Na,O+K,0)/(FeO+MgO+TiO,) and molar Al,O3/(MgO+FeOy) ratios than those originated from
metapelites-metagreywackes (Fig 9a-d).

The Caroebe Granite and Jatapu volcanic samples plot generally on the amphibolite and
metabasalt-metatonalite fields, showing low ALO;3/(FeO+MgO+Ti0y),
(Na,O+K,0)/(FeO+MgO+TiO,) and molar Al,O3/(MgO+FeOy) ratios, but exhibit higher
CaO/(FeO+MgO+Ti0,) ratios. This feature, associated with relatively high Mg# values (37.5-
51.4), precludes a derivation by felsic pelite or metagreywacke, mainly for the Jaburuzinho types
(Caroebe granitoid rocks). Only two samples of Jaburuzinho facies have higher
ALO;/(FeO+MgO+TiO,) ratios (MA-053B,C) and few mafic members of Caroebe Granite
present low-silica (<58%) and dioritic composition. Regardless of the degree of partial melting,
dioritic melts derived by dehydration melting of metabasaltic sources in excess of ca. 1100° C are
generally characterized by Mg# <44 and Na,O >4.3% (Wolf and Wyllie, 1994, Rapp, 1995, Rapp
and Watson, 1995, and references therein). However, the unfractionated HREE patterns and
moderate to high Sr/Y showed by Caroebe diorites preclude the involvement of substantial
amounts of residual garnet and point out the melting temperatures could have been lower.

The Alto Alegre facies (Caroebe Granite) show some samples plotting out of amphibolite
and metabasalt-metatonalite fields, overlapping locally the Igarapé Azul Granite compositions.
The Igarapé Azul Granite plots preferentially on the metagraywacke field (Fig. 9a-d), however,
the samples distribution is sometimes scattered, implying a local heterogeneous geochemical

pattern (Fig. 9d) and higher CaO/(FeO+MgO+TiO,) ratios. These granitoid rocks exhibit also
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normally restricted range and moderate to very low contents of Al,O3;+FeO+MgO+TiO,,
Na,0+K,0+FeO+MgO+TiO, and CaO+FeO+MgO+TiO; (Fig. 9a-c¢). This geochemical pattern
suggests that the input of metagreywacke source play important role in the Igarapé Azul Granite
genesis, reflecting probably the compositional heterogeneity in the metasedimentary source and
metabasalt-metatonalite source mixing?, including post-magmatic alterations. The Cauarane
metavolcano-sedimentary  sequence, represent the most suitable sources. Further,
metagraywackes with igneous parentage are also reported by CPRM (2000a), suggesting an
original heterogeneity in these sources. Records of probable restites (surmicaceous enclaves?) in
the Igarapé Azul granitoids are represented by (muscovite)-biotite-rich gneissic enclaves.

In these sense, combining these features with REE patterns, at least two origins can be
pointed out for the Igarapé Azul granitoids: a) similar REE patterns to those of Caroebe
granitoids (e.g. low to moderate fractionated REE, flat HREE and low negative Eu anomalies),
could be linked with metabasalt-metatonalite sources, and further wvariable input of
metagreywacke sources (Saramandaia and Cinco Estrelas facies); b) most fractionated total REE
and HREE (local higher negative Eu anomaly), suggesting retention of residual garnet in the
source indicate higher input of melts from metagreywacke sources (Vila Catarina facies),
although no garnet was observed in the petrographic studies.

Thus, the original melt of Igarapé Azul granitoids was probably generated by partial
melting of metabasalt-metatonalite and metasedimentary sources in different and unknown
proportions. This hypothesis is in agreement with the hybrid origin proposed by Sardinha (1999,
2001). The Igarapé Azul melt was also affected by important hydrothermal activity in the final
stages of crystallization, according with the field (pegmatite abundance), petrographic (epidote,
sericite, minor carbonate secondary minerals) and chemical (K/Rb and Ba/Rb ratios)
relationships. In addition, assimilation of host metagranitoids of Martins Pereira at least locally is
suggested for the Igarapé Azul genesis: a) evidence of host-rock xenoliths and b) 1.97-1.96 Ga
inherited zircon age records (see zircon ages discussion below).

The plots with experimental melts data suggest that the origin of Caroebe granitoids (and
Jatapu volcanics) involves partial melting of amphibolite source under water-rich conditions,
with low input of melt from metagreywacke source. As well as the Igarapé Azul granitoids, the
1.96-1.97 Ga inherited zircon yielded by Alto Alegre facies also implies local possibly of

assimilation of host Martins Pereira metagranitoids. The origin of high-K, calc-alkaline I-type
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granites generated also by partial melting of metagreywacke sources (reflecting sometimes
largely your igneous parentage) are supported by Barker ef al. (1992), Altherr et al. (2000) and
Thuy Nguyen et al. (2004) in the Alaska, Germany and Vietnam granitoids, respectively.
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ZIRCON GEOCHRONOLOGY RESULTS (Pb-EVAPORATION AND U-Pb ID-TIMS)
A total of 4 samples of Caroebe and Igarapé Azul granitoids were selected for dating,
including a biotite-rich enclave. Thus, Jatapu andesite, Agua Branca Granite (type area),

Murauat Granite and Santa Maria hypersthene tonalite samples were analyzed.

Caroebe (MA-121 and 053A samples) and Agua Branca Granitoids (HM-181 sample)
Two samples of Caroebe Granite (MA-121: Jaburuzinho facies; MA-053A: Alto Alegre

facies), correlated to the Agua Branca granitic magmatism, were analyzed by the single-zircon
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Pb-evaporation technique. One sample from Agua Branca granitoid (HM-181) of type-area was
also dated for comparison. The samples location and summary of petrographic description are
available, respectively, in the Fig. 2 and Table 2. The Pb isotopic data are showed in Table 3.

The zircon crystals of HM-181 sample are brown, with well-defined faces, locally with
rounded vertices, showing some inclusions in the cores and cracks on the borders. They are
transparent to translucent, exhibiting 120-310 pm in long and length/width 3.1:1 to 1.6:1 ratios.
Four crystals yielded individual ages varying from 1905 Ma to 1885 Ma (Th/U: 0.50-0.80),
resulting a mean age of 1901 + 5 Ma and USD: 1.2 (Table 3; Fig. 10a). Another one revealed to
be an inherited zircon with an age of 2142 + 10 Ma yielded for just one isotopic block of 8
isotopic ratios (Th/U: 0.65).

The crystallization age obtained in hornblende-biotite granodiorite sample (HM-181) from
Agua Branca Suite (Table 2) was similar to that of Jaburuzinho facies of the Caroebe Granite
(sample MA-121). Zircon crystals from hornblende-biotite quartz monzodiorite sample (MA-
121) of Jaburuzinho facies (Caroebe Granite, Table 2) has typical magmatic origin (Th/U: 0.49-
0.64, see Table 3), showing euhedral elongated prismatic shapes and parallel oscillatory zoning.
The crystals are pale yellow to pale brown, transparent, but locally few crystals are turbid and
have inclusions (apatite and Fe-Ti oxide minerals) in the core domains. Fractures are scarce.
They are 140-290 pum in long and length/width ratios are between 3.3:1 and 2.1:1. A total of 6
crystals were analyzed yielding individual ages varying from 1905 Ma to 1888 Ma, and a mean
age of 1895 + 3 Ma and USD: 2.1 (Table 3; Fig. 10b).

The crystals from the biotite granodiorite sample (MA-053A) of Alto Alegre facies
(Caroebe Granite, Table 2) are brown to pale brown, with well-defined faces and slightly
rounded vertices, with few inclusions and scarce cracks. They are transparent to translucent,
showing 100-320 pum in long and length/width ratios between 3.2:1 and 1.3:1. The individual
ages from 3 zircon crystals are between 1905 Ma and 1885 Ma (Th/U: 0.51-0.85), defining a
mean age of 1891 =2 Ma and USD: 1.4 (Table 3; Fig. 10c), which is slightly lower than the ages
of two samples previously presented. Inherited zircon age is recorded in 2 crystals, yielding a
mean age of 1963 + 4 Ma (Table 3, Fig. 10c). Despite of different ages and locally lower Th/U
(0.16-0.17) in the inherited zircon crystals, they show similar optical features in comparison with

the other analyzed ones.
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Igarapé Azul granitoids (MA-147A and 186A samples) and biotite-bearing enclave (MA-201b
sample)

Two samples of Igarapé Azul Granite (MA-147A: Cinco Estrelas facies; MA-186A:
Saramandaia facies) and one biotite-bearing quartz diorite (MA-210B: enclave) were analyzed by
the single-zircon Pb-evaporation technique. One sample of Igarapé Azul Granite was also
selected for U-Pb TIMS analysis. (See Fig.2 and tables 2 and 3).

Zircon crystals from fine-grained leucocratic monzogranite sample (MA-147A) of Cinco
Estrelas facies (Fig. 2, Table 2) show euhedral prismatic shapes, locally with bypiramidal edges,
exhibiting 270-360 um in long and length/width ratios between 2.8:1 and 1.3:1. Some crystals
display oscillatory zoning, parallel to external faces. They are pale brown to brown, transparent
but, locally in few crystals, cracks and inclusions are common (apatite and Fe-Ti oxide minerals).
A total of 6 crystals were analyzed yielding individual ages varying from 1902 Ma to 1882 Ma
(Th/U: 0.43-1.08), and a mean age of 1889 + 5 Ma and USD: 3.0 (Table 3; Fig. 11a). Only one
zircon recorded higher age (1 isotopic block of 4 isotopic ratios) of 1964 + 4 Ma (Th/U: 0.40).
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The zircon crystals from the porphyritic monzogranite sample (MA-186A) of Saramandaia
facies are brown, with well-defined faces, in general with rounded vertices, containing some
inclusions in the cores and scarce cracks. They are transparent to translucent, prismatic to stubby,
showing 90-350 pum in long and length/width ratios between 4.1:1 and 1.2:1. Three crystals from
this sample (Fig. 2, Table 2) showed individual ages varying from 1897 Ma to 1887 Ma (Th/U:
0.55-0.68), resulting a mean age of 1889 + 2 Ma and USD: 1.4 (Table 3; Fig. 11b) which is in
good agreement with the age yielded by the Cinco Estrelas facies sample. The Samandaia facies
sample shows more evident inheritance record, exhibiting 2 inherited crystals that yielded a mean

age of 1972 = 3 Ma (Th/U:0.38-0.48).

inherited age: 1964 + 4 Ma; USD: 0.0 inherited age: 1972 + 3 Ma; USD: 1.0
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One enclave sample (MA-201B, foliated biotite-bearing quartz diorite) was also selected for
single zircon Pb-evaporation analysis (Fig. 2, Table 2). The zircon crystals of MA-201B are
transparent to translucent and prismatic, showing 80-330 pum in long and length/width ratios

between 4.1:1 and 1.9:1. They are also pale yellow to brown, showing locally inclusions in the
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cores and scarce cracks. This sample yielded 2 different mean ages. The first one was yielded for
four crystals which individual ages varying from 1890 Ma to 1900 Ma (Th/U: 0.43-0.70),
resulting in a mean age of 1891 + 3 Ma and USD: 1.3 (Table 3; Fig. 11c). This age is identical to
those obtained in the host granitoid rocks, yielded by zircon from the fine granitic veins that
cross-cut the enclave. The second mean age was obtained from 2 crystals and is 1967 £ 6 Ma
(Th/U: 0.27-0.61). It probably represents the protolith age of foliated enclave (Table 3; Fig. 11c¢).

In function of the ambiguous results obtained in the sample MA-186A, four more zircon
crystals were analyzed by the U-Pb ID-TIMS method. In spite of the grains had been abraded, the
analytical points are very discordant and the discordia line yielded a superior intercept at 1913 +
4 Ma (Fig. 11d, Table 4). This comparatively higher U-Pb age (ca. 20 Ma) could be related to
the interference of common Pb or due to the small amounts of the inherited isotopic component

(observed in the Pb-evaporation analysis), resulting in a local mixing age.

Jatapu Volcanics (MA-208 sample)

Zircon from andesite (MA-208) sampled in the Jatapu river region (Table 2) shows
euhedral bypiramidal crystals, locally with broken edges and/or rounded vertices. They are
colorless, transparent and some crystals have inclusions, such as apatite and Fe-Ti oxide
minerals, exhibiting 70-390 um in long and length/width ratios between 3.7:1 and 2:1. The
inherited crystals show also corroded and rounded borders and lower 208pp/2%pp (< 0.15) and
Th/U (0.15-0.57) ratios in comparison with the younger crystals (***Pb/*°°Pb >0.15, Th/U: 0.43-
0.98).

The zircon from the andesite was analyzed by the single-crystal Pb-evaporation technique,
yielding a mean age of 1893 = 5 Ma and USD: 2.2 (Table 3; Fig. 12) from 4 crystals with
individual ages ranging from 1898 to 1886 Ma. This age is in good agreement with the results
obtained in dacite porphyry of this same region also by single-zircon Pb-evaporation (1893 =+ 2
Ma; Macambira et al., 2002). But, in contrast, some zircons analyzed in the andesite sample have
showed strong evidences of inherited age. For instance, others 4 crystals analyzed yielded
individual ages varying from 1970 Ma to 1960 Ma, and a mean age of 1966 + 3 Ma with a USD:
1.3 (Table 3; Fig. 12).

Santa Maria Enderbite (MA-198 sample)
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The undeformed hypersthene tonalite sample (MA-198) from ENE-WSW elongated Santa
Maria body (Fig. 2, Table 2) was analyzed by the single-zircon Pb-evaporation technique. The
sample exhibit prismatic to stubby crystals with 120-480 pm in long and length/width ratios
between 2:1 and 1.3:1, generally showing brown colors (colorless and pale yellow crystal are
rare), transparent to translucent and well-defined faces and vertices. They have also commonly
apatite and Fe-Ti oxide mineral inclusions, and scarce fractures.

A mean age of 1891 + 1 Ma and USD: 1.2 (Table 3; Fig. 13) was obtained from 6
individual crystals with homogeneous age range from 1894 to 1889 Ma (Th/U: 0.48-0.68, see
Table 3). This crystallization age falls down in the same age range of the others studied granitoid

rocks of SUAD (e.g. Caroebe and Igarapé Azul granites).

MA-208: crystallization age: inherited age:
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Fig. 12. Single-zircon Pb-evaporation ages for andesite from Jatapu
region. Filled circle - accepted blocks for age calculation.ﬁsqua}re -
blocks discarded due to their higher or lower values of the *’Pb/**Pb
ratio in relation to the mean. Crystal numbers are indicated (see table 3).

Murauau Granite (Mapuera Suite, MA-226 sample)

A circular-like body of pale pink porphyry granite intrudes the Caroebe Granite in the
Murauat river region (Table 2), but the northern area of this granite was strongly deformed by
dextral NE-trending brittle-ductile shear zones related to the Jauaperi Fault System (Fig. 2),
obliterating the intrusion field relationships. The granite from deformed area was sampled (MA-
226) for analysis with the objective of determines the crystallization age and the maximum age of
the shear zone.

Seven zircon crystals analyzed by single-zircon Pb-evaporation technique, yielding three
main age patterns showing individual crystals ages ranging from 2366 to 1866 Ma (Th/U: 0.35-
0.37, Table 3). The younger population (two zircon crystals) resulted in a mean age of 1871 + 5
Ma and USD: 2.6 (Table 3; Fig. 14), interpreted as the crystallization age of Murauatl Granite
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(Th/U:0.35-0.44). This crystallization age is ~20 Ma lower in relation to the Caroebe and Agua

Branca granites (1901-1892 Ma), but fall down in the Mapuera granitoids interval age (1880-

1860 Ma, see Table 5), reinforcing the initial petrographic and field correlations (CPRM, 2000a).

MA-198: hypersthene tonalite
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Fig. 13. Single-zircon Pb-evaporation ages for hypersthene
tonalite (Santa Maria Enderbite). Filled circle - accepted blocks for
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lower values of the “"Pb/*Pb ratio in relation to the mean. Crystal
numbers are indicated (see table 3).
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Fig. 14. Single-zircon Pb-evaporation ages for biotite sheared
monzogranite (Murauatu Granite, Mapuera Suite?). Filled circle -
accepted blocks for age calculation. Square - blocks discarded
due to their higher or lower values of the “’Pb/**Pb ratio in
relation to the mean. X - rejected blocks due to show ***Pb/"*Pb >

0.0004. Crystal numbers are indicated (see table 3).

In addition, two other crystal populations yielded a higher mean age of 1888 = 3 Ma with
USD: 1.8 (Th/U:0.35-0.42) and 2359 + 7 Ma with USD: 4.1 (Th/U:0.31-0.37), interpreted as

inherited origin (Table 3). No optical difference among these 3 populations of zircon was

detected in the binocular microscope. These crystals are prismatic, showing 110-250 um (in long)

and length/width ratios between 3.1:1 and 1.7:1. Generally, they are pale brown to colorless,

Marcelo Esteves Almeida

2006

Tese de Doutorado (CPGG-UFPA)



CAPITULO 4 151

transparent to translucent, with well-defined faces and vertices. Apatite and Fe-Ti oxide mineral

inclusions and fractures are scarce.

ZIRCON AGES AND GEOLOGICAL IMPLICATIONS
Zircon Geochronology constraints

Several authors have used field, petrographic and geochemical criteria (e.g. Costi et al.,
1984; Jorge-Jodo et al., 1985; Oliveira et al., 1996; CPRM, 2000a; Almeida and Macambira,
2003) for to correlate the undeformed hornblende-bearing granitoid rocks of southeastern
Roraima (and northwestern of Para State) to the Agua Branca Granite (Aratjo Neto and Moreira,
1976; Veiga Jr. et al., 1979) in the northeastern Amazonas (nearly 400 km far away to south).
Furthermore, the 1972 £ 7 Ma (U-Pb SHRIMP) to 1960 + 21 Ma (Pb-evaporation) zircon ages
obtained by CPRM (2003) and Almeida et al. (1997) in the southeastern Roraima, were
respectively misleadingly interpreted as “Igarapé Azul” and “Agua Branca” ages. New geological
mapping and preliminary geochronological data (Almeida et al., 2002) pointed out that these ages
were obtained from samples of Martins Pereira granitoids and not from the Agua Branca and
Igarapé Azul types. At that time, only two whole-rock Rb-Sr isochronic ages were available for
the Agua Branca granitoids (and correlated rocks). These isochronic ages were taken by Santos
and Reis Neto (1982) and Jorge-Jodo et al. (1985), yielding respectively 1942 Ma + 32 Ma and
1910 + 23 Ma (Sri: 0.70225 + 0.00031, MSWD: 1.26). The last one was obtained in hornblende
granitoid rocks of northwestern of Para (Table 5, Fig. 15).

More recently in the southeastern Roraima, the undeformed and ENE-trending elongated
hornblende-bearing granitoid body, with 105 km® (Igarapé Dias quartz monzodiorite) was dated
by U-Pb SHRIMP on zircon (CPRM, 2003), yielding concordant analytical points with mean age
of 1891 = 6 Ma (Table 5, Fig. 15). The zircon ages (1898-1890 Ma) obtained by Valério (2006)
in the northeastern Amazonas (hornblende-biotite granitoid rocks) are also very similar those of
Caroebe-Agua Branca granites (Table 5) and in general sense, all zircon ages are in good
agreement (within error limits) with the WR Rb-Sr isochronic age of 1910 + 23 Ma.

In the present study, the Igarapé Dias quartz monzodiorite age (1891 Ma) and northeastern
Amazonas (1898-1890 Ma) are included in same interval age (1901-1889 Ma) of the Caroebe,
Agua Branca and Igarapé Azul granites, suggesting that all these granitoid rocks could be

correlated to the Agua Branca magmatic event.
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The same is true for the volcanic rocks. The zircon ages of the andesite (1893 = 5 Ma, this
paper) and dacite (1893 + 2 Ma, Macambira et al., 2002) from the Jatapu region are in agreement
(within error limits) with the ages of volcanic samples of Iricoumé Group from the other regions
(e.g. 1896 + 7 Ma, CPRM, 2003). However, in northeastern Amazonas some authors (Costi et al.,
2000; Valério et al., 2005, Valério, 2006) pointed out that the Iricoumé volcanics with more acid
compostion (rhyolites) and alkaline chemical affinities are coeval and cogenetic with Mapuera-
Abonari granitoids, showing 1888 + 3 Ma and 1883 + 4 Ma ages (Table 5, Fig. 15). These data
suggest at least two main younger volcano-plutonic events in the SUAD: a) I-type, calc-alkaline
magmatism with 1901-1889 Ma interval age, enclosing Agua Branca, Caroebe, Igarapé Azul
granites and Jatapu volcanic rocks, and b) A-type, alkaline magmatism showing 1888-1871 Ma
interval age, represented by Mapuera granitoids and Iricoumé volcanic rocks.

Locally, charnockitic rocks also belong to this important calc-alkaline volcano-plutonic
event. Hypersthene tonalites (Santa Maria Enderbite) exhibit similar age (1891 = 1 Ma),
suggesting more dry conditions and highest temperatures on the granites formation in the SUAD.
The Santa Maria type (Table 5, Fig. 15) shows higher age in comparison with the charnockitoids
from the Jaburu river (1873 £ 6 Ma, zircon U-Pb ID-TIMS, Santos et al., 2001a). In the Central
Guyana Domain, two generation events of charnockites are also described: a) charnockites of
Mucajai Suite (AMG association revisited by Fraga 2002) with 1564 + 21 Ma (single-zircon Pb
evaporation, Fraga ef al., 1997); and b) older and locally deformed charnockites of Serra da Prata
Suite (1934-1943 Ma, single-zircon Pb evaporation, Fraga, 2002). All these data pointed out for
at least three charnockite generation events in the center-southern Roraima State: 1.94-1.93 Ga,
1.89-1.87 Ga (Table 5, Fig. 15) and 1.54 Ga.

The Murauat Granite (1871 = 5 Ma) is correlated to younger granites from Mapuera Suite,
which belongs to the 1.87 Ga A-type magmatism event recognized in the southeastern Roraima,
northeastern Amazonas and northwestern of Para (Fig. 15, Table 5). This A-type event is related
to the final stage of magmatic activity of the Agua Branca-Iricoumé magmatism and delimits the
start of the more crustal stability period of the UAD. However, the Murauai and Mapuera types
correlation must be regarded with care because key data to identifying the type and the origin
these granites (e.g. isotopic-geochemical data) were not sufficiently available. The younger A-
type ~1.81 Ga Moderna (Santos et al., 1997a) and Madeira (e.g. Costi et al., 2000) granitoid

rocks are also showed at the Fig. 15.
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All these geochronological data support that the granitoids and volcanic rocks of SUAD
belongs to the same magmatic event, responsible for a widespread calc-alkaline 1.90 Ga volcano-
plutonism (Fig. 15), showing a high magma volume generated on the relative little interval time
(1901-1873 Ma). The same is observed in the southern region of Tapajos-Parima belt or
Ventuari-Tapajos Province (Table S; e.g. Santos et al., 1997b, 2000, 2004; CPRM, 2000b,c;
Lamarao et al., 2002), located on the Tapajos domain (see discussion below).

The older and inherited ages (1972-1962 Ma) observed in all granitoids and volcanics dated
(except for Jaburuzinho facies and hypersthene granite), are very similar to the crystallization
interval ages (1975-1962 Ma) of Martins Pereira and Serra Dourada granitoids from NUAD
(Almeida et al., 2002). These abundant inherited records in the SUAD granitoid rocks (Table 6,
Fig. 15) pointed out a participation of the metagranitoids of NUAD in their genesis. Minor
evidences of Transamazonian (2142 + 10 Ma) and Siderian (2359 + 7 Ma) zircons are also
identified, respectively, in the Agua Branca and Murauau granites (Table 6, Fig. 15), suggesting,
at least locally, the presence of the Transamazonian and Central Amazonian crusts.

The magmatic rocks of Tapajos domain (TD) also present several inheritances from several
sources. The Iriri volcanics show 2.66-2.46 Ga, 2.01 Ga and 1.96 Ga inherited zircons,
suggesting, respectively, Central Amazonian crust, Cuiti-Cuit and Creporizdo provenances
(Table 6, Fig. 15). The Younger Sdo Jorge granite also exhibit Archean (2.73 Ga) and
Creporizao (1.96 Ga) inheritance ages and coeval Ingarana mafic rocks show Cuit-Cuit inherited
zircons ages (2.00 Ga). The Maloquinha granites show 4 generations of the inherited zircon
(Table 6): 2.84-2.46 Ga (Central Amazonian crust), 2.21 Ga (Transamazon or Maroni-Itacaiinas

crust), 2.00 Ga (Cuiu-Cuiu arc) and 1.98 Ga (Creporizao granitoids).

Tapajos and Uatuma-Anaua domains: Lithostratigraphy and Tectonic Evolution

The SUAD granitoid rocks and volcanics (1901-1873 Ma) show important chronological
similarities with the TD ones in the southern Tapajos-Parima orogenic belt or Ventuari-Tapajos
Province. However, the charnockites and high-K calc-alkaline Igarapé Azul granitoids-like are
not described in the TD. In the Tapajos region, the 1898-1870 Ma granitoid rocks (see Table 5,
Fig. 15) crop out in the post-orogenic domain (e.g. CPRM, 2000b, c), represented by Tropas,
Parauari, Younger Sao Jorge and Maloquinha granitoids, Ingarana mafic rocks and coeval

volcanics. The origin of this magmatism has been attributed to large-scale taphrogenesis that
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marked the break up of a large Paleoproterozoic continent (Vasquez et al., 2002, Lamarao et al.,
2002, 2005), contrasting with a arc-related orogenic origin (Tropas Orogeny, Santos et al., 2000).

For instance, in the SUAD, some chemical discriminant diagrams (Fig. 4, 5 and 7) pointed
out that Caroebe and Igarapé Azul granitoids belong to the “active continental margin™ setting
with variable crustal contributions. In the special case of Caroebe granitoids, they contain
hornblende and biotite, are metaluminous to weakly peraluminous, and have the characteristics of
I-type granites and high-K calc-alkaline series. This picture is compatible with volcanic arc
setting, but the trace element compositions are strongly dependent of protolith composition and,
therefore, can not necessarily be indicative of the tectonic setting of magma formation (e.g.
Roberts and Clemens, 1993).

This point of view is also corroborated by Barbarin (1999). According Barbarin (1999),
high-K calc-alkaline granitoid rocks (KCG) are present in various geodynamic settings and they
indicate much more a variation of the tectonic regimes than a specific geodynamic environment.
These granitoid rocks generally are good indicators of major changes in the geodynamic
environment, being normally abundant in the orogenic belts related to continental collision,
mostly when the collision is ending, either during periods of relaxation (separating periods of
culmination of collisional events) or transition from a compressional regime to a tensional regime
(e.g. Lameyre, 1988; Bonin, 1990).

Thus, the younger 1.90-1.89 Ga high-K calc-alkaline granitoid rocks (Caroebe, Agua
Branca and Igarapé Azul, as well as Tropas and Parauari types) could be associated with the
latest subduction related processes(?) or, alternatively, represent a intracontinental tectonic
evolution (e.g. Vasquez et al., 2002; Lamarao et al., 2002, 2005), suggesting a transition for more
stable tectonic crustal conditions, characterized by the 1.88-1.87 Ga A-type Mapuera and Abonari

granitoids.

CONCLUSIONS

The geochemical data support that Caroebe and Igarapé Azul granitoids origin can be
linked to partial melting of crustal protoliths with different compositions (amphibolite or
metatonalites and minor metagraywacke sources), leaving restites with variable proportions of
amphibole, titanite and plagioclase as result of melting under variable H,O contents. This H,O
variation can locally generate coeval hypersthene granitoid rocks (e.g. Igarapé Tamandaré and

Santa Maria), suggesting dry conditions and high temperatures on the granite formation.
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The geochronological constraints, based on the ages of inherited zircons (1.97-1.96 Ga),

show that the Martins Pereira granites from NUAD are locally related to the Caroebe (Alto

Alegre facies) and mainly of Igarapé Azul origin. Local evidence of inherited zircon with

Transamazonian and Siderian ages, suggest, at least partially, the involvement of Maroni-

Itacaitinas (or Transamazon) and Central Amazonian (or Amazon) Provinces in the generation of

some granites (e.g. Agua Branca and Murauat granites).
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In the SUAD, the zircon geochronology results point out that several granitoids (Agua
Branca, Caroebe, Igarapé Azul and Santa Maria) and the Jatapu volcanic rocks belong to the
same magmatic event (1901-1889 Ma). This age range is very similar to that of the calc-alkaline
Parauari-(Tropas)-Iriri magmatism (1898-1879 Ma) in the TD, despite in this last one the high-K
calc-alkaline granitoid rocks with metasedimentary source contributions (e.g. Igarapé Azul
Granite) and charnockitic rocks are absent. In general sense, The Agua Branca-(Caroebe-Igarapé
Azul)-Iricoumé (SUAD) and Parauari-Iriri (TD) magmatism represent an important period of
Orosirian crustal growth in the Ventuari-Tapajos (or Tapajos-Parima) Province and their origin is
still a matter of debate.

The magmatic evolution picture is maybe compatible with volcanic arc setting, but
metaturbitidic and ophiolite sequences are not observed in association with the calc-alkaline
granitoid rocks (and coeval volcanism) in the SUAD. Furthermore, the trace element
compositions are strongly dependent of source composition and, therefore, not necessarily
indicative of the tectonic setting of magma formation. The several inherited ages yielded by the
SUAD granitoid rocks also suggest an important crustal involvement during the emplacement
these granitoid rocks and a juvenile origin on the magmatic arc setting is unlike for this portion of
Guyana Shield. However isotopic data (e.g. Nd-Pb) are not available for these rocks, making

difficult a better evaluation of the evolutionary models.
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Table 1. Chemical compositions of main calc-alkaline associations of Southern Uatuma-Anaua Domain, such as
Caroebe and Igarapé Azul granitoids and volcanic rocks of Jatapu region. The geochemical data were obtained from
this study' and CPRM (2000a)°.

Caroebe Granite

Jaburuzinho Facies Alto Alegre Facies
Sample MF—2 MA—l MA—1 MEF- R MAI— MAI— MA—l MJ- R MAI— MA—1 MA—1 MA—l MAI— MAI—
073C~  178B°  053C"  068A 103 112 053B°  061B 121 144A°  053A° 119A 150 276
Rock Type QD QMzD Tn QMzD Gd Mgr QMz QMz QMzD| Gd Gd Mgr Gd Gd
Major elements (wt %)
Si0, 49.50 55.13 5831 59.09 59.60 6044 61.04 61.60 6185 | 6595 6624 68.03 6822 69.14
TiO, 1.29 1.09 0.46 0.93 0.65 1.05 0.40 0.26 0.68 0.53 0.62 0.40 0.37 0.39
ALO; 1639 1685 21.66 1600 17.19 1594 20.06 16.00 17.74 | 16.42 1570 1525 1670 15.81
Fe,O3* 11.38  8.61 3.21 8.40 5.29 5.84 2.88 5.53 3.93 3.45 4.00 3.01 1.85 2.53
MnO 0.15 0.15 0.04 0.17 0.09 0.09 0.05 0.24 0.07 0.06 0.07 0.07 0.05 0.07
MgO 6.00 2.73 0.96 2.70 2.19 2.57 0.90 2.80 1.57 0.98 1.51 1.05 0.49 0.66
CaO 8.30 5.98 6.85 570 475 5.33 5.69 530  4.66 3.19 3.42 3.12 2.54 2.18
Na,O 3.40 3.86 4.66 3.40 4.36 3.70 4.44 3.90 4.95 4.04 3.71 3.05 435 4.17
K,O 2.00 3.15 2.09 2.60 3.86 3.55 2.25 3.50 3.06 4.60 3.84 4.31 443 4.70
P,Os 0.18 1.17 0.34 0.22 0.33 0.61 0.30 0.55 0.40 0.32 0.25 0.20 0.21 0.19
LOI 1.38 0.90 0.80 0.76 1.20 0.50 1.80 0.54 0.60 0.80 0.50 0.90 0.80 0.60
TOTAL 100.02 99.62 9938 9997 99.51 99.62 99.81 100.22 99.51 | 100.34 99.86 99.39 100.01 100.44
Trace elements (ppm)
Ni - 16 8 - 20 25 8.2 - 20 5 23 7 3 4
Cr - 26 17 - 22 22 17 - 13 4 22 4 4 4
Rb 101 97 69 75 72 93 93.7 82 69 117 136 157 150 120
Cs - 0.91 2.13 - 1.20 1.00 3.90 - 1.20 1.31 5.50 6.40 1.71 1.60
Ba 433 1374 1088 803 3220 1457 813 764 1881 1893 937 710 1140 1582
Sr 714 683 1394 447 987 800 1105.6 288 1172 713 444 298 638 612
Ga 12 26 25 13 23 21 224 5 21 19 22 18 21 19
Ta - 0.71 0.71 - 0.30 1.30 0.40 - 0.40 0.70 0.50 0.81 0.91 0.90
Nb 8.0 18.0 7.5 14.0 52 20.8 6.2 7.0 9.0 10.6 11.1 9.2 13.3 13.9
Hf 19.98  3.65 - 7.00 1280  3.10 - 11.70 | 12.66  7.30 924 11.19 8.6l
Zr 109 956 128 169 290 470 95.3 139 486 470 300 286 379 305
Y 22 44 15 26 22 47 9 18 33 18 19 28 33 27
Th - 12.17  14.82 - 570  17.10  10.40 - 13.20 | 17.68 12.10 4724 17.04 2234
U - 2.03 3.35 - 0.70 1.80 3.20 - 2.50 2.81 5.70 6.40 3.43 2.50
La 27.55 12819 3044 4459 5470 99.10 2540 18.58 88.90 | 50.44 57.10 48.05 47.48 83.63
Ce 67.78 25193 67.59 100.08 91.20 186.20 48.50 4555 13250 | 87.52 91.10 101.18 87.60 124.40
Pr 0.00 24.63 6.97 0.00 10.79  21.97 5.10 0.00 15.54 9.58 9.71 9.66 9.52 14.03
Nd 40.50 8590 2456 4750 41.60 8230 1890 20.31 5450 | 33.26 3240 32.10 3589 48.08
Sm 6.81 11.97 4.06 7.06 6.90 13.80 3.10 4.13 7.50 533 4.90 5.28 6.96 6.91
Eu 151 2.52 1.22 1.48 1.56 2.08 1.15 0.71 1.64 1.18 1.10 1.11 1.28 1.30
Gd 6.08 9.77 3.16 5.74 5.53 10.05 2.00 2.90 5.26 3.81 3.46 4.48 5.52 4.82
Tb 0.00 1.29 0.54 0.00 0.65 1.35 0.31 0.00 0.72 0.62 0.51 0.65 0.83 0.69
Dy 5.58 7.26 2.44 4.71 3.37 7.55 1.39 2.13 3.84 2.70 2.75 3.60 4.80 2.99
Ho 1.14 1.41 0.50 0.91 0.61 1.36 0.34 0.43 0.73 0.58 0.53 0.82 1.07 0.70
Er 291 4.15 1.40 2.24 1.74 3.92 0.80 1.14 2.13 1.74 1.65 2.23 2.90 2.12
Tm 0.00 0.59 0.21 0.00 0.24 0.55 0.18 0.00 0.28 0.31 0.26 0.42 0.47 0.28
Yb 2.17 4.08 1.53 1.54 1.66  4.08 0.96 0.77 2.09 1.65 2.02 2.38 2.84 1.92
Lu 0.27 0.70 0.23 0.20 0.25 0.56 0.20 0.13 0.28 0.30 0.33 0.43 0.43 0.35
ETR total 162.30 534.38 144.84 216.05 220.80 434.87 108.33 96.79 31591 ]199.02 207.82 212.38 207.59 292.24
Mg# 5145 3891 3748 39.08 4548 4678 4126 50.15 4442 | 36.14 4296 4127 3453 34.06
Rb/Sr  0.14 0.14 0.05 0.17 0.07 0.12 0.08 0.28 0.06 0.16 0.31 0.53 0.24 0.20
Ba/Rb 4.29 1419 1576  10.71 45.03 15.70 8.68 9.32 27.14 | 16.19 6.89 4.53 7.60 13.18
Eugy/Eu*  0.70 0.69 1.00 0.69 0.75 0.52 1.32 0.60 0.76 0.76 0.78 0.68 0.61 0.66
(La/Sm), 2.54 6.74 4.72 3.97 4.99 4.52 5.15 2.83 7.46 5.96 7.33 5.72 4.29 7.61
(Gd/YDb), 2.26 1.93 1.66 3.01 2.69 1.99 1.68 3.03 2.03 1.86 1.38 1.52 1.57 2.02
(La/Yb), 8.56 2120 1339 19.52 2222 1638 17.84 16.18 28.68 | 20.64 19.06 13.63 11.26 29.32
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Tablel (Continued)

Igarapé Azul Granite

Vila Catarina Facies

Cinco Estrelas Facies

Saramandaia Facies

Sample MA-002" MF-010B> MF-006A% MA-102A

MA-079" MA-147A" MA-088'

Biotite-bearing gneiss (enclaves)
MA-186A" MA-201A" MA-201B MA-213B MA-085B

RockType LcMgr Mgr LcGd LcMgr QMz Mgr Sgr MgrP MgrP QD QMzD Gd
Major elements (wt %)
Si0, 67.87 70.80 71.50 71.63 69.09 70.86 72.25 70.44 71.64 50.94 59.77 63.33
TiO, 037 0.37 0.19 0.18 0.41 0.27 0.33 0.29 0.30 2.11 1.28 0.95
ALO; 16.13 14.50 15.10 15.04 16.16 14.61 14.24 15.27 14.45 18.97 16.63 13.56
Fe,O3*% 225 3.02 1.79 1.38 2.31 1.80 2.12 1.98 2.01 12.20 7.56 10.28
MnO 0.05 0.07 0.07 0.04 0.05 0.05 0.05 0.06 0.04 0.27 0.16 0.26
MgO  0.60 0.68 0.31 0.19 0.68 0.36 0.49 0.49 0.48 3.28 2.54 1.98
CaO  2.68 1.30 1.60 1.36 2.62 1.27 0.91 1.83 2.16 2.52 5.16 2.33
Na,O 3.97 2.80 4.30 3.68 4.06 331 2.71 3.53 3.61 2.75 3.76 3.34
K, 0 493 5.60 4.60 5.73 4.44 6.42 6.45 5.55 4.50 5.70 2.40 3.36
P,Os 0.16 0.14 0.07 0.05 0.22 0.05 0.09 0.09 0.06 0.87 0.69 0.52
LOI 0.70 0.51 0.31 0.60 0.70 0.70 0.80 0.30 0.50 2.20 0.90 1.10
TOTAL 99.72 99.79 99.84 99.88 100.74 99.70 100.44 99.83 99.75 101.80 93.28 90.73
Trace elements (ppm)
Ni 19 - - 20 3 20 5 20 20 17 26 9
Cr 4 - - 4 4 9 4 9 9 4 9 4
Rb 100 318 143 154 133 226 274 186 130 437 244 127
Cs 1.00 2.50 2.50 2.42 2.00 1.60 10.14 2.80 2.00 8.26 10.48 232
Ba 1834 526 1009 1377 1303 1064 363 1166 921 897 196 436
Sr 649 122 444 307 612 211 69 340 307 218 329 221
Ga 19 12 5 17 19 19 17 19 17 38 22 26
Ta 0.30 - - 0.30 1.40 1.40 2.11 1.60 1.60 1.45 1.31 1.61
Nb 59 24.0 6.00 7.4 13.5 17.6 18.3 20.5 12.7 61.8 24.0 27.7
Hf 10.30 - - 5.34 7.90 9.30 7.33 7.50 6.30 50.79 8.46 25.02
Zr 389 256 131 186 247 304 209 242 224 2127 326 949
Y 11 34 7 27 24 37 67 33 25 193 73 69
Th 15.60 - - 12.99 15.69 50.60 23.28 29.20 23.90 108.70 11.89 31.88
U 270 - - 3.73 2.20 6.90 9.53 10.40 7.60 9.60 2.82 9.58
La 65.80 63.31 29.90 213.36 54.88 117.80 31.11 61.00 40.20 277.80 54.79 116.53
Ce 114.20 155.04 59.32 34220 | 102.56 178.40 63.53 111.40 81.70 400.12 116.04  204.50
Pr 12.09 - - 42.29 11.77 20.78 7.52 12.36 9.81 67.19 14.86 22.39
Nd 40.10 68.50 25.20 147.88 44.28 68.90 29.00 44.10 38.50 254.57 60.74 79.90
Sm  4.80 10.50 2.88 19.64 7.80 9.70 6.72 7.70 6.90 56.05 13.40 13.72
Eu 1.07 1.74 0.61 3.02 1.51 1.13 0.80 1.32 0.96 4.16 1.79 1.21
Gd 243 7.38 2.08 11.44 6.23 7.29 6.98 5.85 4.90 48.50 12.18 10.72
Tb 031 - - 1.34 0.88 1.04 1.56 0.83 0.62 8.37 2.25 1.64
Dy 1.62 5.26 1.71 5.20 4.83 5.19 9.47 4.79 3.66 41.03 13.16 9.63
Ho 0.27 0.84 0.33 0.80 0.86 1.02 2.17 0.91 0.65 7.24 2.61 2.16
Er 0.96 1.95 0.81 2.02 2.39 3.36 7.15 291 2.29 18.45 7.48 6.78
Tm 0.17 - - 0.28 0.36 0.51 1.14 0.43 0.39 2.31 0.89 1.04
Yb 1.64 1.05 0.69 2.06 2.78 3.62 8.23 3.50 3.12 14.57 5.34 7.78
Lu 027 0.12 0.09 0.28 0.51 0.59 1.15 0.54 0.47 2.35 0.69 1.23
ETRtotal 245.73 315.69 123.63 791.81 241.62 419.33 176.54 257.64 194.17 1202.72  306.21 479.24
Mg# 34.76 30.98 25.70 31.41 36.84 28.60 21.51 33.00 32.33 34.05 39.76 27.41
Rb/Sr  0.15 2.61 0.32 0.50 0.22 1.07 3.95 0.55 0.42 2.00 0.74 0.58
Ba/Rb 18.34 1.65 7.06 8.92 9.77 4.71 1.33 6.27 7.07 2.05 0.81 3.42
Eugy/Eu*  0.86 0.58 0.73 0.57 0.64 0.39 0.36 0.58 0.48 1.08 1.91 1.35
(La/Sm), 8.62 3.79 6.53 6.83 4.43 7.64 291 3.66 4.28 3.12 2.57 5.34
(Gd/Yb), 120 5.67 242 4.49 1.81 1.63 0.68 1.35 1.27 2.69 1.84 1.11
(La/Yb), 27.05 40.65 29.13 70.00 13.31 21.94 2.55 11.75 8.69 12.86 6.92 10.10
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Tablel (Continued)
Jatapu Volcanics

Andesite Basaltic to Rhyolite
Sample MF-135A MJ-164A> SR-13C>  MIJ-134A> MF-142A> SR-13D’° MF-129B> MJ-133A> MF-144A> MF-144B>

RockType And Bas Tch And And Dac Dac Tch Dac Ph Dac Dac Ph Rhy
\Major elements (wt %)
Si0,  54.90 57.90 59.60 63.40 63.70 63.90 65.60 65.80 68.20 74.10
TiO,  0.53 0.68 0.83 0.55 0.55 0.51 0.50 0.29 0.39 0.29
ALO;  19.60 17.60 15.70 14.90 16.10 16.00 15.30 16.30 15.20 14.00
Fe,05*  7.13 7.76 7.59 6.80 5.62 5.50 5.04 4.29 3.82 1.23
MnO  0.17 0.17 0.15 0.23 0.16 0.18 0.09 0.20 0.10 0.04
MgO  2.70 3.10 3.60 2.10 1.70 1.50 2.00 0.95 1.30 0.13
CaO 730 4.70 5.00 3.90 3.60 3.40 3.60 3.40 3.00 0.44
Na, 0O  2.80 3.70 3.40 3.10 3.60 3.40 3.00 3.50 3.30 4.00
K0 220 2.80 3.00 3.60 3.30 4.70 3.70 3.90 3.50 4.80
P,0s  0.14 0.26 0.29 0.17 0.18 0.15 0.18 0.10 0.11 0.03
LOoI 217 0.97 0.40 0.91 1.14 0.46 0.57 0.85 0.64 0.65
TOTAL  99.64 99.64 99.56 99.66 99.65 99.70 99.58 99.58 99.56 99.70
Trace elements (ppm)
Ni 40 26 59 47 24 21 16 22 18 5
Cr 80 59 103 120 63 57 36 70 34 5
Rb 168 93 118 135 120 180 105 160 150 241
Cs - - - - - - - - - -
Ba 611 1129 939 1052 1029 973 1179 1195 1199 1476
Sr 770 886 1058 585 547 384 810 775 672 206
Ga - - - - - - - - - -
Ta - - - - - - - - - -
Nb 11.0 11.0 14.0 12.0 11.0 16.0 14.0 10.0 12.0 20.0
Hf - - - - - - - - - -
Zr 142 212 238 244 242 267 210 296 238 308
Y 22 19 24 25 26 42 18 18 26 48
Th - - - - - - - - - -
U - - - - - - - - - -
La 23.05 36.83 39.02 41.43 34.30 50.88 29.67 36.99 34.55 44.59
Ce 5137 83.16 91.92 93.58 78.52 111.60 71.06 72.30 69.60 91.30
Pr - - - - - - - - - -
Nd  20.60 34.26 44.23 37.68 31.11 46.41 30.65 20.61 28.89 44.60
Sm  3.39 5.46 7.71 6.02 4.84 7.20 4.83 2.94 425 8.14
Eu  0.69 1.26 1.57 1.11 0.95 1.32 1.09 0.67 0.83 1.34
Gd  2.06 3.19 423 3.52 2.69 4.60 2.85 1.81 2.30 4.46
Tb - - - - - - - - - -
Dy 146 2.35 3.19 2.71 1.93 3.88 2.20 1.08 1.66 4.60
Ho 0.26 0.44 0.61 0.53 0.36 0.76 0.43 0.20 0.31 0.92
Er  0.58 1.01 1.53 1.37 0.84 1.96 1.09 0.46 0.73 2.49
Tm - - - - - - - - - -
Yb 040 0.78 1.18 1.07 0.60 1.52 0.94 0.41 0.58 1.99
Lu  0.06 0.11 0.16 0.16 0.09 0.21 0.14 0.08 0.10 0.25
ETRtotal  103.92 168.85 195.41 189.18 156.23 230.34 144.95 137.55 143.80 204.66
Mg#  42.84 44.18 48.44 37.95 37.45 35.07 44.02 30.49 40.24 17.35
Rb/Sr 0.22 0.10 0.11 0.23 0.22 0.47 0.13 0.21 0.22 1.17
Ba/Rb  3.64 12.14 7.96 7.79 8.58 5.41 11.23 7.47 7.99 6.12
Eugy/Eu*  0.74 0.75 0.76 0.68 0.73 0.66 0.83 0.82 0.73 0.62
(La/Sm), 4.28 4.24 3.16 433 4.45 4.44 3.86 7.92 5.11 3.45
(Gd/Yb), 4.20 3.32 2.90 2.66 3.62 245 2.46 3.52 3.20 1.81
(La/Yb),  34.39 31.96 22.31 26.15 38.67 22.63 21.39 60.09 40.16 15.11

Abbreviations: Lc. leuco; P. porphyrytic; Ph. porphyry; And. andesite; AndBas.andesite basaltic; Dac. dacite; Gd. granodiorite; Mgr.
monzogranite; QD. Quartz diorite; QzM. Quartz monzonite; QMzD. Quartz monzodiorite; Sgr. syenogranite; Tn. tonalite; Tch. trachyte;
TchAnd. trachyandesite; Rhy. rhyolite.
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Table 2. Petrography summary and geographic coordinates of analyzed samples by the single-zircon Pb-evaporation
and U-Pb ID-TIMS methods.

. Single zi
sample  stratigraphic unit Geog. coord. sample description zi U-Pb ID MSWD Pb-evap USD
TIMS (Ma) (Ma)
Agua Branca Hombl;qde-biotite granodiorite mild.ly ) ) 2142£10
Suite (Agua 01°09' 10" 60° 20" 35" Porphyritic (feldspar megacrystals) with (1zi)
HM-181 Branca Granite: S W medium grained matrix and mafic-rich
type-area) ’ clots. Accessory minerals: titanite, epidote, _ _ 1901 * 5 1.2
magnetite, apatite, allanite and zircon. (4z1)
Agua Branca Hornblende-biotite quartz monzodiorite
Suite (Caroebe O o don cao < con  Showing equigranular, medium grained
MA-121 Granite; 00 i? 48" 59 5\2 38 texture and mafic-rich clots. Accessory - - 18(96;:; 2 2.1
Jaburuzinho minerals: titanite, epidote, magnetite,
facies) apatite and minor allanite and zircon.
Agua Branca Biotite monzogranite showing 1963 + 4
Intrusive Suite 1o 571 551 590 451 56 Squigranular, medium grained texture and - N (2zi) L1
MA-053A (Caroebe Granite; N W mafic-rich clots. Accessory minerals:
Alto Alegre titanite, magnetite, apatite and minor _ _ 1891+2 14
facies) epidote, allanite and zircon. (3zi) )
Leucomonzogranite with biotite (1.3%)
and muscovite (1.9%) showing 1964 £ 4
Tgarapé Azul equigranular-and ﬁne to medium—grained ) ) (1zi) )
MA-147A Granite (Estrela 00°43'59" 60° 13' 12" texture. Enrlched in secondgry minerals
Guia facics) N W such as epidote (4.6%), chlorite (3.4%) and
saussurite (6.1%). Acessory minerals: ) 1889+ 5 30
ilmenite, magnetite, epidote, allanite, (6zi) :
zircon and apatite.
Monzogranite with biotite (4.6%) and
Igarapé Azul muscovite (1.0%) showing porphyryticand |0 00615 - 1972£3 4
Granite 00° 51' 03" 60° 21' 45" medium-grained texture. Enriched in (2zi)
MA-186A (Saramandaia N W secondary minerals such as epidote (1.1%),
facies) saussurite (7.9%) and minor chlorite upper 1913 + 4 1889+ 2
(0.2%). Acessory minerals: ilmenite, (47i) 0.5 (37) 1.4
magnetite, epidote, zircon and apatite.
Biotite-bearing quartz diorite with
Enclave in musco(\il.ite (1.0%), showiqg e(;luigranular, _ _ 19(62725; 6 22
; 0 4RI 21N £OC A (13N medium- to coarse-grained texture.
MA-201B I(%f;rﬁz ﬁozslil(vﬂ a 00 4;3 21760720103 Acessory minerals: magnetite (6.7%),
Catarina facies) apa?lte '(1 .5%) and minor zircon, epldotsa 1891 +3
and titanite. Secondary minerals: saussurite - - (4zi) 13
(2.1%) and chlorite (0.4%).
Andesite with aphanitic texture enclosing 1966 + 3
some plagioclase (<50% An), amphibole - - (47) 13
. 00°50'02" 59° 18' 14" and pyroxene phenocrystals. The
MA-208 Jatapu Volcanic N w plagioclase and amphibole could be
replaced respectively by fined-grained and } . 1893 +5 29
xenomorphic crystals of saussurite and (4zi) ’
epidote, chlorite and opaque minerals.
Pyroxene-bearing tonalite showing
equigranular, coarse grained texture and
Santa Maria 00° 50' 05" 60° 34' 36" caramelish dark green coulour. Corona 1890 + 2
MA-198 Enderbite N W texture is also commom (pyroxenes - - (60) 2.1
surrounded by overgrowth of reddish
brown biotite). Accessory minerals:
magnetite, titanite, zircon and apatite.
Biotite monzogranite with equigranular ) } 2359 +7 41
and fine to medium-grained texture, deeply (2zi) :
. ; o211 20 cno (o 4on  Sheared (dynamic recrystalization, quartz +
MA-226 ?ﬁg;ﬁ:;;ﬁ?:% 00 3N3 39" 60 %%, 4 ribbon) and local banding. Relicts of zoned - - 18(%2;) 3 1.8
’ plagioclase grains are founded. Acessory
minerals: titanite, epidote, local magnetite _ _ 1871+5 2.6
and minor allanite, zircon and apatite. (2zi) )

Notes: In parenthesis the number of zircon analyses used to calculate the age. Key: U-Pb ID TIMS - Conventional U-Pb results. Pb-evap - Pb-
evaporation results.
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Table 3. Zircon single-crystal Pb-evaporation isotopic data for Agua Branca (HM-181), Caroebe (MA-121, 053A),
Igarapé Azul (MA-186A, 147A), Murauau (MA-226) and Santa Maria (MA-198) granitoids, biotite-bearing quartz

diorite enclave (MA-210B) and Jatapu volcanic rock (MA-209) samples.

San:f:};fgf‘m Temp.(°C) ratios 2Pb”%Pb 26 2Pb2%Pb 26 2PbP%Pb 20 (CUPb"Pb), 26 age 20
Hornblende-biotite granodiorite (Agua Branca Intrusive Suite, Agua Branca Granite, type-area)
HM181/04 1540 8/8 0.000000 2  0.22991 2885 0.13326 73 0.13326 73 2142 10
8(8) USD: 0.0 mean age 2142 10
HM181/04 1500 32/32 0.000039 4  0.22878 213 0.11669 47 0.11609 51 1897 8
HM181/08 1500 28/32 0.000170 5  0.20347 104 0.11822 75 0.11581 101 1893 16
HM181/09 1500 16/16 0.000059 10 0.22804 113 0.11683 36 0.11643 59 1902 9
1550 6/6  0.000000 2  0.28207 147 0.11677 56 0.11677 56 1908 9
HM181/13 #1450 0/8 0.000834 648 0.16652 216 0.11759 247  0.10625 927 1736 160
1500 840 0.000059 2  0.17693 88  0.11635 144  0.11555 144 1889 22
90 (144) USD: 1.2 mean age 1901 5
Biotite-hornblende quartz diorite (Agua Branca Intrusive Suite, Caroebe Granite, Jaburuzinho facies)
MA121/01 1500 34/34 0.000046 7  0.20714 210 0.11666 11 0.11604 8 1896 1
1550 28/28 0.000057 2  0.17310 96  0.11725 16 0.11647 14 1901 7
MAI121/04 1450 36/36 0.000008 4  0.18134 48  0.11604 22 0.11593 22 1889 4
1500 32/32 0.000011 1  0.22198 72 0.11592 23 0.11587 24 1894 4
MA121/07 1500 36/36  0.000054 10 0.22016 64  0.11673 15 0.11601 20 1896 3
1550 36/36 0.000030 2  0.22078 49  0.11646 12 0.11614 14 1893 4
1560 8/8 0.000000 0 0.21366 75 0.11629 14 0.11629 14 1900 2
MAI121/08 1450 14/14 0.000125 9  0.20966 67  0.11717 31 0.11549 34 1888 6
1500 36/36 0.000037 1  0.22480 31 0.11648 10 0.11602 11 1896 2
MAI121/09 1450 36/36 0.000071 4  0.18868 62  0.11707 21 0.11614 20 1898 3
1500 34/34 0.000053 2 0.23310 52 0.11668 31 0.11599 30 1896 5
1550 22/22 0.000031 6  0.22544 114 0.11671 13 0.11636 15 1901 2
MA121/10 *1450 0/34 0.000251 18 0.17284 223 011851 27 0.11504 15 1881 2
*1500 0/4  0.000000 1 016259 314 0.11871 35 0.11871 35 1937 5
MA121/11 1500 34/34 0.000038 3 0.21466 59  0.11690 15 0.11660 26 1905 4
434 (470) USD: 2.1 mean age 1895 3
Biotite monzogranite (Agua Branca Intrusive Suite, Caroebe Granite, Alto Alegre facies)
MAS53A/03 1450 8/8 0.000067 1 0.05674 16  0.12207 56 0.12118 56 1974 8
1500 4/4  0.000000 1  0.06020 43  0.12034 15 0.12034 15 1962 2
MAS3A/06 1550 14/14 0.000000 0  0.21336 99  0.12057 33 0.12057 34 1965 5
26 (26) USD: 1.1 mean age 1963 4
MAS53A/02 *1430 0/30 0.000236 7  0.16696 20 0.11731 &8 0.11429 25 1869 4
1500 26/32  0.000042 2 0.18518 43  0.11615 8 0.11555 8 1889 1
1550 32/32 0.000021 1  0.18057 38 0.11584 7 0.11555 7 1889 1
1580 38/38 0.000021 1 0.17945 24  0.11599 9 0.11571 10 1891 1
MAS53A/04 1450 36/36 0.000296 4  0.19825 56  0.11989 8 0.11586 13 1893 2
1500 36/36 0.000404 8 0.26129 107 0.1214 8 0.11587 10 1894 2
1550 16/16 0.000345 3 0.2999 78  0.12078 11 0.11609 25 1897 4
MAS53A/05 #1430 0/8 0.000257 1  0.17002 46  0.11822 17 0.11476 17 1876 3
1500 38/38 0.000045 1  0.20056 23  0.11632 10 0.11571 10 1891 2
1550 30/30 0.000053 5 0.20114 24  0.11632 17 0.11563 18 1890 3
252 (296) USD: 1.4 mean age 1891 2
Epidote leucogranite with biotite and muscovite (Igarapé Azul Granite, Estrela Guia facies)
MA147/01 #1450 0/36 0.000675 8 0.17537 35 0.11932 14 0.11027 10 1804 2
1500 4/4  0.000080 8  0.14060 43  0.12155 27 0.12048 29 1964 4
4 (40) USD: 0.0 mean age 1964 4
MA147/02 #1450 0/10  0.001202 158 0.18253 433 0.12223 25 0.10487 246 1712 43
1500 28/36  0.000041 4 023647 76  0.11677 10 0.11622 11 1899 2
MA147/03 1500 12/18 0.000000 0  0.15104 156 0.11639 21 0.11639 21 1902 3
MA147/04 #1450 /12 0.001020 19 0.20180 40  0.12254 30 0.10855 29 1776 5
1500 36/36 0.000043 4  0.20913 26  0.11601 12 0.11534 11 1885 2
MA147/05 #1450 0/36  0.002973 9  0.34956 147 0.13919 25 0.09836 40 1594 &8
1500 90/90 0.000188 5 037980 43  0.11783 10 0.11511 11 1882 2
MA147/06 1450 12/32  0.000154 7  0.21765 146 0.11657 22 0.11448 24 1882 4
*1500 0/8  0.000084 17 0.26827 89  0.11505 117  0.11391 120 1863 19
MA147/07 1450 26/30 0.000085 5 0.23781 173 0.11666 12 0.11555 20 1889 3
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sample/zircon

number Temp.(°C) ratios **Pb/”Pb 26 2®Pb/Pb 26 Pb/”Pb 26 (**'Pb/%Pb), 26 age 20
1500 32/32 0.000055 4 0.29694 36 0.11666 20 0.11583 14 1893 2
240 (380) USD: 3.0 mean age 1891 6
Biotite monzogranite with muscovite and epidote (Igarapé Azul Granite, Saramandaia facies)
MA186/1 #1450 0/28 0.001232 7 0.14034 23  0.13406 11 0.11765 18 1921 3
1500 24/24 0.000169 8  0.13142 37  0.12330 16 0.12111 17 1973 3
MAI186/5 #1450 0/36  0.000873 26 0.16921 23 0.12502 22 0.11472 53 1876 &8
1500 38/38 0.000180 10 0.16757 19 0.12337 9 0.12081 19 1969 3
1550 6/10 0.000177 7  0.16723 75  0.12354 22 0.12117 24 1974 3
68 (136) USD: 1.0 mean age 1972 3
MA186/4 1450 30/36 0.000091 2 0.21450 224 0.11673 8 0.11557 8 1889 1
1500 30/38 0.000094 1  0.20894 78  0.11665 10 0.11539 11 1886 2
MA186/7 1450 40/40 0.000435 7  0.23793 94  0.12132 8 0.11558 10 1889 2
*1500 0/40 0.000195 10 0.21916 115 0.11976 9 0.11714 19 1913 3
MA186/9 #1450 0/8  0.001829 11  0.20094 48 0.13380 29 0.10896 34 1782 6
1500 40/40 0.000288 12  0.19396 79 0.11973 18 0.11606 29 1897 4
140 (286) USD: 14 mean age 1889 2
Muscovite-biotite quartz diorite (biotite-bearing enclave in Igarapé Azul Granite host, Vila Catarina facies)
MA201B/3 1450 6/20  0.000000 0  0.13700 85  0.12092 32 0.12092 32 1970 5
1500 40/40 0.000023 3 0.09448 27  0.12053 27 0.12026 29 1960 4
1550 36/36  0.000024 7  0.09473 36  0.12134 38 0.12104 43 1972 6
MA201B/7 1450 26/34 0.000065 15 0.13976 143 0.12184 52 0.12098 60 1971 9
108 (130) USD: 2.2 mean age 1967 6
MA201B/2 1500 16/16 0.000012 8 0.17761 99  0.11576 28 0.11560 25 1890 4
1550 24/24 0.000034 7 0.18071 71  0.11614 67 0.11570 66 1891 10
MA201B/4 1450 8/8 0.000000 0 0.15066 128 0.11625 100  0.11625 100 1900 15
1500 34/34 0.000010 3  0.16836 146 0.11583 34 0.11571 40 1891 6
1550 8/8 0.000000 0 0.16394 81  0.11629 88 0.11629 88 1900 14
MA201B/8 1450 32/32 0.000072 4  0.19673 85 0.11661 69 0.11559 70 1889 11
1500 34/34 0.000039 5 0.19779 87 0.11668 39 0.11622 43 1899 7
MA201B/9 1500 36/36 0.000035 15 0.22993 53 0.11587 29 0.11542 28 1887 4
1550 28/28 0.000043 11 0.24776 167 0.11620 61 0.11563 70 1890 11
220 (220) USD: 1.3 mean age 1891 3
Andesite (Jatapu Volcanic rock)
MA208/7 *1450 0/14 0.000081 7  0.15664 12  0.12037 35 0.1192 35 1945 5
1500 34/34  0.00005 35 0.11339 10 0.12123 32 0.12082 31 1969 5
MA208/9 1450 28/28 0.000022 2 0.02024 19 0.12095 24 0.12063 21 1966 3
1480 28/36  0.000082 11 0.05157 139 0.12193 55 0.12089 56 1970 8
MA208/11 1450 16/22 0.000118 8  0.05429 216 0.12181 35 0.12025 37 1960 5
MA208/12 1450 8/8  0.00007 24 0.12551 61  0.12114 161 0.1202 164 1960 24
114 (142) USD: 1.3 mean age 1966 3
MA208/2 1450 32/36  0.000178 17 0.33144 982 0.11784 62 0.11558 34 1889 5
1500 38/38 0.000035 6  0.34356 378 0.11642 22 0.11587 22 1894 3
MA208/3 1500 30/36  0.000059 47 0.24595 483  0.1161 45 0.1154 25 1886 4
MA208/4 1500 22/22 0.000031 3 0.27797 88 0.11663 33 0.11612 22 1898 3
MA208/5 *1500 0/8  0,000000 2 0.34995 724  0.11357 179 0.11357 179 1858 28
MA208/6 *1450 0/4  0,000000 2 0.22383 372 0.11465 29 0.11465 29 1875 5
MA208/10 1450 8/8 0.000032 38 0.15001 72  0.11608 106  0.11565 118 1890 18
130 (152) USD: 2.2 mean age 1893 5
Pyroxene-bearing tonalite (Santa Maria Enderbite)
MA198/1 *1450 0/16 0.000239 11 0.15289 215 0.11188 42 0.1083 31 1830 7
1500 36/36 0.000042 3 0.21636 110 0.11624 13 0.11564 10 1890 2
1550 14/14 0.000067 8 0.21481 46 0.1163 37 0.11549 55 1888 9
MA198/2 1450 36/36 0.000036 5 0.17197 75 0.11597 24 0.11554 22 1889 3
1500 32/32 0.000012 1  0.19441 154 0.11545 27 0.11539 25 1886 4
1550 32/32 0.000024 2 0.20493 41  0.11609 8 0.11581 8 1893 1
*1600 0/4  0.000038 6 021786 88  0.11462 14 0.1141 16 1874 2
MA198/3 *1450 0/36  0.000047 2  0.13994 50 0.11539 18 0.11456 11 1886 3
1500 40/40 0.000027 1  0.16674 64  0.11592 11 0.11557 13 1889 2
1550 32/32 0.000027 4 0.17937 84 0.11608 8 0.11577 8§ 1892 1
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Table 3 (Continued)

sample/zircon

number Temp.(°C) ratios **Pb/”Pb 26 2®Pb/Pb 26 Pb/”Pb 26 (**'Pb/%Pb), 26 age 20
MA198/4 1450 28/28 0.000058 5  0.19464 275 0.11627 16 0.11556 16 1889 3
MA198/5 1450 36/36  0.000041 2 0.23494 36  0.11609 12 0.1155 14 1888 2

1500 32/32 0.000088 2 0.23966 43  0.11701 11 0.1159 9 1894 1
1550 34/34 0.000115 6  0.23739 85 0.11647 13 0.11498 11 1880 2
1600 34/34 0.000072 2 0.23677 29 0.11657 8 0.11555 7 1889 1
266 (392) USD: 2.1 mean age 1890 2

Mylonitic monzogranite (Murauau Granite)
MA226/10 *1450 0/6 0.000123 49 0.08105 57  0.14506 22 0.14347 67 2270 8
1500 32/32 0.000022 9 0.11179 77 0.15176 14 0.15176 14 2366 2
MA226/16 #1450 0/32  0.004657 51 0.27911 164 0.19585 49 0.13479 34 2161 4
1480 36/36  0.000029 1 0.11560 36  0.15111 10 0.15073 11 2355 1
1510 38/38 0.000009 1 0.13326 18 0.15129 14 0.15118 14 2360 2
106 (144) USD: 4.1 mean age 2359 7
MA226/12 1450 20/20 0.000221 1 0.13016 37 0.11840 11 0.11552 13 1888 2
1500 28/28 0.000080 3  0.12844 88  0.11667 14 0.11558 17 1889 3
#1550 0/12  0.000349 37 0.14478 68  0.11744 19 0.11272 54 1844 9
MA226/14 1500 22/28 0.000086 2  0.12237 53  0.11623 8 0.11510 9 1882 1
MA226/17 *1450 0/40 0.000280 2 0.14414 72  0.11794 11 0.11420 12 1868 2
*1500 028 0.000038 2  0.14879 40 0.11782 27 0.11734 27 1916 4
MA226/18 1500 38/38 0.000039 2  0.12377 14  0.11606 10 0.11552 10 1888 2
1550 38/38 0.000048 2  0.12261 14 0.11626 8 0.11563 8 1890 1
146 (232) USD: 1.8 mean age 1888 3
MA226/01 1500 36/36 0.000145 3 0.12202 14 0.11660 7 0.11463 9 1874 1
1550 32/32 0.000165 3 0.12276 46  0.11660 7 0.11430 13 1869 2
MA226/02 #1450 0/34 0.000365 7 0.11253 17  0.11742 15 0.11238 11 1839 2
*1500 0/36  0.000261 11 0.10639 48  0.11677 11 0.11341 11 1855 2
MA226/03 1500 38/38 0.000216 3 0.15026 63  0.11688 11 0.11410 12 1866 2
*1550 0/4  0.000251 2  0.15427 148 0.11697 30 0.11359 30 1858 5
106 (180) USD: 2.6 mean age 1871 5

Notes: Crystal numbers are indicated. The column number of ratios shows the total of isotopic ratios used to the age calculation and, in
parenthesis, the total isotopic ratios measured. Evaporation steps in italics were not included in the age calculation of each grain due to:
* too much higher or lower values of the **’Pb/”°Pb ratio in relation to the average of the zircon, and # **Pb/***Pb > 0.0004.

Table 4. U-Pb isotopic data (ID-TIMS) for zircon from Igarapé Azul granite sample (MA-186A).

Sample Concentrations Atomic ratios Ages (Ma)
L L R T
llvélgl;_] 0.56 1390 249 418.134 0.263 2.19649 0.272 0.146600 0.241 0.899070 0.108666 882 1180 1777 50
11\/;{/225-2 0.465 59.51 8.76 300.536 0.099 1.62097 0.402 0.114056 0.377 0.938852 0.103076 696 978 1680 41
Il\/gg;\-3 0.92 9.33 1.49 344.142 1.610 1.93824 2970 0.132913 2.870 0.974348 0.105764 804 1094 1728 47
Ilvé/g[;_z‘ 0.273 92.60 18.53 488.003 0.210 2.51441 0.422 0.166274 0.417 0.988353 0.109676 992 1276 1794 55

Notes: Maximum total blanks for zircon analyses are 10 pg for Pb and 2 pg for U. Stacey and Kramers (1975) values were used.
¢! Measure ratios corrected for mass fractionation; “* Ratios corrected for spike, fractionation, blank and initial common Pb following Stacey and
Kramers (1975) model. Erros are at 2 o; 4 Concordance in relation to Concordia curve: 100t°Pb/**U)/t(*"Pb/**°Pb).
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Table 5. Summary of new and previous zircon Pb-evaporation and U-Pb (ID-TIMS and SHRIMP), and local WR Rb-Sr isochron
ages, yielded from volcano-plutonic rocks younger than 1900 Ma of the Ventuari-Tapajos (or Tapajos-Parima) Province.

Symbol RI\?ier;T;)rzzcre Rock type (sample code) Stratigraphic unit Age (Ma) Reference Method
Uatuma-Anaua Domain (Southern Area)
1 Madeira Granite (PHR-178) Madeira Suite 1817+2 Costi et al. (2000) C
2 Madeira Granite (PHR-191) Madeira Suite 1820+ 1 Costi et al. (2000) C
UAIL 3 Madeira Granite (PHR-193) Madeira Suite 1822+2 Costi et al. (2000) C
5 Madeira Granite (PHR-125) Madeira Suite 1824 +£2 Costi et al. (2000) C
5 Europa Granite (PHR-192) Madeira Suite 1829+ 1 Costi et al. (2000) C
6 Moderna Granite (MJ-59A) Madeira Suite 1814 +£27 Santos et al. (1997b) B
7 Weathered gneiss (JO-05) Mapuera Suite? 1868 £8 Santos et al. (2002) E
8 Mylonitic granite (MF-17) Meretxa Granite (Mapuera Suite?) 1869 £ 10 CPRM (2003) E
9 Hastingsite syenogranite (km 199) Abonari Granite (Mapuera Suite) 1871 £5 Santos et al. (2002) E
UA2 10 Mylonitic monzogranite (MA-226)  Murauat Granite (Mapuera Suite?) 1871 £5 This paper C
11 Charnockite (MF-99) Jaburu Charnockite 1873+ 6  Santos et al. (2001a) E
12 Mylonite (JO-08) Alalat Granite (Mapuera Suite?) 1876 £ 4 Santos et al. (2002) E
13 Weathered granitoid (JO-07) Mapuera Suite? 1879£3 Santos et al. (2002) E
14 Weathered granitoid (JO-06) Mapuera Suite? 1880 £ 3 Santos et al. (2002) E
. . Iricoumé Volcanics -
UA3 15 Epizonal rhyolite (Presidente Figueiredo region) 1883+4  Valério et al. (2005) C
16 Rhyolite (PHR-06) Iricoumé Volcanics (Pitinga region) 1888 £ 3 Costi et al. (2000) C
17 Monzogranite (MA-186A) lgarape Azul %fcr:g; (Saramandaia gg9 , 5 This paper C
18 Monzogranite (MA-147A) Igarape Azul Gran}te 1889+5 This paper C
(Cinco Estrelas Facies)
UA4 Granitic veins in biotite-bearing Igarapé Azul Granite (Vila Catarina
19 enclave (MA-201B) facies) 18913 This paper C
20 Monzogranite (MA-186A) lgarape Azul %ﬁ;‘; (Saramandaia 93, 4 This paper D
s . Agua Branca Suite -
21 Mylonitic biotite granite (Presidente Figueiredo region) 1890 £ 2 Valério (2006) C
22 Enderbite (MA-198) Santa Maria Enderbite 1890 +2 This paper C
. Agua Branca Suite .
23 Monzogranite (MA-53A) (Carocbe Granite, Alto Alegre Facies) 1892 +£2 This paper C
. Agua Branca Suite
24 Quartz Monzodiorite (MF-68A) (Igarapé Dias Quartz Monzodiorite) 1891+ 6 CPRM (2003) E
- Agua Branca Suite .
UAS 25 Quartz Monzodiorite (MA-121) (Caroebe Granite, Jaburuzinho Facies) 1895+ 3 This paper C
S . Agua Branca Suite -
26 Porphyrytic biotite granite (Presidente Figueiredo region) 1895+ 6 Valério (2006) C
. . . Agua Branca Suite L
27 Mylonitic hornblende-biotite granite (Presidente Figueiredo region) 1898 +3 Valério (2006) C
. Agua Branca Suite .
28 Granodiorite (HM-181) ' (Agua Branca Granite, type-arca) 1901 £5 This paper C
29 ; Agua Branca S‘;;er a(;\l orthwestern of 1416, 93 Jorge-Jodo eral. (1985) A
30 Porphyry Dacite (MA-209) Jatapu Volcanics (Jatapu River) 1893 +2 Mac“(‘;‘g(‘)r;)e’ al C
UAG 31 Andesite (MA-208) Jatapu Volcanics (Jatapu River) 1893 £4 This paper C
32 Canoas Rhyodacite (MF-34) Jatapu Volcanics (BR-174, km 164) 1896 £ 7 Santos et al. (2002) E
Tapajos Domain
33 Carogal Granite Maloquinha Suite 1870 +4  Santos et al. (2001b) E
34 Pepita Alaskitic Granite Maloquinha Suite 1872+2  Santos et al. (2001b) E
T1 35 Barro Vermelho Granite Maloquinha Suite 1873 +£6  Santos et al. (2001b) E
36 Santa Rita Granite Maloquinha Suite 1874+7  Santos et al. (2001b) E
37 Leucomonzogranite Maloquinha Suite 1880+ 9 Lamardo et al. (2002) C
38 Syenogranite Maloquinha Suite 1882+4 CPRM (2000b) C
39 Rosa de Maio Granite Parauari Suite 1879+3  Santos et al. (1997a) D
40 Anortosite Ingarana Gabbro 1879 +3  Santos et al. (2001b) E
41 Gabbro Ingarana Gabbro 1880£2 Santos et al. (2004) E
42 Monzogranite Jardim do Ouro Granite 1880+3 Lamario et al. (2002) C
43 Crepori River Granite Parauari Suite 1883 £2 CPRM (2000b) E
T2 44 Penedo Granite Parauari Suite 1883 +4  Santos et al. (2001b) E
45 Cumaru Rapakivi Granite Parauari Suite 1883 £8 Brito et al. (1999) C
46 Gabbro Ingarana Gabbro 1887 +3 CPRM (2000b) C
47 Sao Jorge Monzogranite Younger Sao Jorge Granite? 1887+ 10  Santos et al. (2004) E
48 Monzogranite Younger Sao Jorge Granite 1891 £3  Lamardo et al. (2002) C
49 Ouro Roxo Tonalite Tropas Granite 1892 +£3 Santos et al. (2004) E
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Table 5 (continued)
Symbol RNelfliir;Cre Rock type (sample code) Stratigraphic unit Age (Ma) Reference Method
50 Abacaxis Monzogranite Tropas Granite 1892+ 6  Santos et al. (1997a) D
T2 51 Granite Parauari Suite 1893 £2 CPRM (2000b) C
52 Tropas Tonalite Tropas Granite 1898 +2  Santos ef al. (2000) E
53 Pacu Rhyodacite Tuff Iriri Volcanics 1870 £8  Santos et al. (2001b) E
54 Ignimbrite Moraes de Almeida Volcanics 1875+4 Lamario et al. (2002) C
55 Trachyte Moraes de Almeida Volcanics 1881 £4 Lamario et al. (2002) C
56 Rhyolite Iriri Volcanics 1888 £2 CPRM (2000b) C
T3 57 Alkali-rhyolite Iriri Volcanics 1888 +£2 Dall'Agnol et al. (1999) C
58 Rhyolite Iriri Volcanics 1888 £6 Moura et al. (1999) D
59 Rhyolite Moraes de Almeida Volcanics 1890+ 6 Lamardo et al. (2002) C
60 Dacite Iriri Volcanics 1893 +3 CPRM (2000c¢) C
61 Urua Tuff Iriri Volcanics 1897 £5 Santos et al. (2004) E
62 Basalt Iriri Volcanics 1898 +£7  Santos et al. (1997a) D

Notes: A. WR Rb-Sr isochron; B. Pb-Pb evaporation on single filament; C. Pb-Pb evaporation on double filament; D. U-Pb ID TIMS; E. U-Pb
SHRIMP. Numbers 1-62 are the same of fig. 15.

Table 6. Summary of ages and possible sources of the inherited zircon crystals from volcano-plutonic rocks
younger than 1900 Ma of the Ventuari-Tapajos (or Tapajos-Parima) Province.

. Reference . L Inheritance
Domain Number Rock type Stratigraphic unit ~ Age (Ma) Interpretation Reference Method
Uatuma-Anaud Domain (Southern Area)
UA6 31 Andesite (Jatapu river)  Jatapu Volcanic 1966 £3  Martins Pereira Granite This paper C
18 Monzogranite (Clnco Igarapé Azul 1964 +4  Martins Pereira Granite This paper C
Estrelas Facies)
UA4 19 Biotite-bearing meta- Igarapé Azul 1967+ 6 Martins Pereira Granite  This paper C
quartz diorite enclave
17 Monzog.ranlte' Igarape Azul 1972 +£3 Martins Pereira Granite  This paper C
(Saramandaia Facies)
Monzogranite (Alto  Agua Branca Suite . . . .
23 Alegre Facies) ( Caroebe Granite) 1963 +4  Martins Pereira Granite This paper C
UAS Agua Branca Suite
28 Granodiorite (Agua Branca 2142+ 10 Early Transamanzonian This paper C
10 Murauau Granite Mapuera Suite 1888 +3 Agua Branca Suite? This paper C
UA2 2359+ 7 Siderian (Central This paper C
Amazonian)
Tapajos Domain
T3 53 Pacu Rhyodacite Tuff Iriri Volcanic 1956 +7 Creporizao Suite Sa(nzt(())(s) le é)al. E
47 Monzogranite Younger Sao Jorge 1962 + 19 Creporizdo Suite Sar(x;cz)soit) al. E
T2 2733 £9 Archean E
41 Gabbro Ingarana Gabbro 2007+ 6 Cuit-Cuit Complex Sar(lg%soit) al E
.. . . . Santos et al.
+
62 Basalt Iriri Volcanic 1972 £ 15 Creporizao Suite (1997a) D
T3 61 Urua Tuff Iriti Volcanics 2014+ 11 Cuit-Cuit Complex Sal(l;%sojt) g
24577 Siderian E
2662 + 18 Archean E
36 Santa Rita Granite Maloquinha Suite 1983 + 19 Creporizdo Suite Sa(nzt(c))(s) le é)al. E
2459 + 11 Siderian E
2849+ 10 Archean E
T1 33 Carogal Granite Maloquinha Suite 1999 + 8 Cuiu-Cuit Complex Sa(nzt(())(s) le é)al. E
2634+9 Archean E
2679+ 10 Archean E
2714+ 8 Archean E
35 Barro Vermelho Maloquinha Suite 2207 +8  Early Transamanzonian Santos et al. E

Granite

(2001b)

Notes: Method references as in table 5. Reference Number 1 to 62 and symbols UA1-T3 are as in Fig. 15.
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ABSTRACT

Previous zircon geochronology from southeastern Roraima, central part of the Guyana Shield, show
that the granitoids from Uatuma-Anaua domain exhibits different magmatic events with distinct interval
ages. New Nd-Pb isotopic data yield convencing evidence of crustal origin. In the Northern Uatuma-
Anaud domain, the 1.97 Ga Martins Pereira Granite shows NdTpy model ages with 2.67-2.33 Ga range,
including negative eNd, o7 (-0.92 to -4.74) and high **’Pb/***Pb (15.58-15.70) ratios. This renders the
Martins Pereira granitoids a good example of high-K calc-alkaline magmatism generated by reworking
and recycling of a pre-existing, older crust (e.g. Archean Central Amazonian province sources), related
probably to the final stages of Anaud Arc evolution (collisional event). The S-type Serra Dourada Granite
is related to the early collisional stage (1962 Ma) and their NdTpy model ages (2.53-2.39 Ga) and eNd, g6
(-1.08 to -4.34) imply also older crustal-derived sources. The most suitable sources is the 1.96 Ga
metavolcano-sedimentary sequence (Cauarane Group-related) that shows similar NdTpy model ages
(2.46-2.27 Ga, local 2.64 Ga) and €Nd, 97 +1.23 to -4.16. In the southern Uatuma-Anaua domain, the 1.90-
1.89 Ga Caroebe Granite presents very homogeneous “*’Pb/***Pb ratios (ca. 15.54). The eNd; g0 (+0.46 to —
2.05, locally -2.60 to -4.27) and NdTpy model ages (2.29-2.16 Ga, locally 2.47-2.37 Ga) are similar to the
1.89 Ga Igarapé Azul granitoids (eNd; g9 -0.02 to -1.61 and NdTpy 2.28-2.14 Ga), however this last shows
more scattered *’Pb/***Pb ratios (15.42-15.65). Thus, no conspicuous juvenile pattern is identified and
mantle-derived origin is not probably a viable model for these granitoids. Their origin involves probably
Transamazonian TTG metaigneous rocks (juvenile crust?) and Orosirian metavolcano-sedimentary
sources by partial melting in association with older sialic crustal sources (e.g. Central Amazonian and
Archean provinces) in the extensional setting driven by underplating mechanism. This geological picture
is similar to other domains of the Ventuari-Tapajos (or Tapajos-Parima) geochronological province.
Keywords: Nd-Pb isotopes, high-K calc-alkaline granites, Guyana Shield, geodynamic evolution

INTRODUCTION

The Guyana Shield represents the northern segment of the Amazonian Craton in South
America, partially formed during periods of intense granitic magmatism between 2.1 and 1.5 Ga
(Fig. 1a-b). Geochronological and isotopic studies are scarce, which make hard to establish a
refined timing of the lithostructural, magmatic and metamorphic events up until the last decade.
The main crustal evolution models for this region (Fig. 1a-b; Cordani et al., 1979, Teixeira et al.,
1989, Tassinari 1996, Tassinari and Macambira, 1999, 2004; Santos et al., 2000, 2004) pointed
out that several Paleoproterozoic orogenic belts (e.g. Ventuari-Tapajos or Tapajos-Parima and
Maroni-Itacaiinas or Transamazon) provinces are accreted through time to an older Archean
craton (Central Amazonian Province).

The study area is located in the southeastern Roraima (Brazil), central portion of the
Guyana Shield and, despite of recent geological, geochemical and geochronological data (e.g.
Oliveira et al., 1996, Santos et al., 2000, Almeida et al., 2002, Almeida and Macambira, 2003,
CPRM 2000, 2003), its characteristic and geological significance are not fully understood. This
paper focuses on the crustal formation of the central portion of the Guyana Shield (Fig. 1), using

previous zircon geochronological data and new Nd-Pb isotopic signatures of granitoids to further
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constraints their lithostratigraphy, sources (mainly unexposed basement terranes) and
geodynamic evolution. Thus, the studied granitoids could allow the construction of tectonic
models, using isotope tracers in order to more clearly define the nature of the crust and relative

contributions of crustal-derived and/or mantle-derived melts.

REGIONAL GEOLOGY AND PREVIOUS GEOCHRONOLOGICAL DATA

Regional geological maps (CPRM, 2000, Almeida et al., 2002) and some few zircon
geochronological data (Almeida et al., 1997, Santos et al., 1997, Macambira et al., 2002, CPRM,
2003) have showed that Paleoproterozoic granitoids and volcanic rocks (1.97-1.81 Ga) are
widespread in southeastern Roraima, intruding inliers of basement rocks with maximum ages
around 2.03 Ga (Faria et al., 2002). According to the geochronological provinces models (e.g.
Tassinari and Macambira 1999, 2004, Santos et al., 2000, 2004, 2006) the study area is part of
the Ventuari-Tapajés (western part) or Tapajos-Parima and Central Amazonian (eastern part)
province, and probably of the Maroni-Itacaiunas Province and K'Mudku Shear Belt

(northeasternmost portion) (Fig. 1a-b).
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with north-northwest trend and include geological units which range from ca. 2.10 to 1.87 Ga in
age (Santos et al., 2000; Tassinari and Macambira 1999, 2004). The Central Amazonian Province

(Fig. 1a-b) includes granitoids and volcanic rocks with no regional metamorphism and
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compressional folding (Tassinari and Macambira, 1999, Santos et al., 2000). Tthe basement
rarely crops out and is poorly studied. Estimates of its formation age are yielded by some Nd
model ages at ca. 2.3-2.5 Ga and older (Tassinari and Macambira, 1999, 2004), but the Archean
rocks are only exposed in the Carajas region (southeastern Para, Brazil). The Maroni-Itacaiunas
(or Transamazon) Province is characterized as an orogenic belt with Rhyacian ages (2.25-2.00
Ga, Fig. 1a-b) and is correlated to Birimian belt in West Africa (Tassinari and Macambira, 1999,
2004; Santos et al., 2000; Delor et al., 2003). The K'Mudku Shear Belt (low grade) is
characterized by mylonitic zones with ca. 1.20 Ga and cross-cut at least three provinces including
Tapajos-Parima and Transamazon provinces.

The model of Reis et al. (2003) modified by CPRM (2006) is based only on lithostructural
features, taking into account the different lithological associations and geochronological data for
the Roraima and northeastern Amazonas. These authors subdivided this region into four major
domains with roughly estimated limits, each one containing a wide range of rock types and
stratigraphic units: Surumu, Parima, Central Guyana and Uatuma-Anaua domains (Fig. 1c).

According to Reis et al. (2003), the Central Guyana Domain (Figs 1¢ and 2) shows
essentially granulites, orthogneiss, mylonites and metagranitoids (Rio Urubu Metamorphic Suite)
associated with low (Cauarane Group) to high (Murupu Metamorphic Suite) metamorphic grade
metavolcano-sedimentary sequences, S-type granite (Curuxuim Granite) and a strong NE-SW
trend. The Uatuma-Anaud Domain in the northern area (Fig. 2) is characterized by E-W to NE-
SW lineaments and old metamorphic basement formed in an inferred island arc setting (Faria et
al., 2002). This basement is composed by metagranitoids to orthogneisses TTG-like (2028 Ma,;
Anaua Complex), enclosing metamafic to metaultramafic xenoliths, in association with inliers of
metavolcano-sedimentary rocks (Cauarane Group), and is intruded by S-type (Serra Dourada
Granite) and high-K, I-type calc-alkaline (Martins Pereira) granites (1975-1962 Ma, Table 1).

In the southern area of Uatuma-Anaua domain (Fig. 2), younger intrusive granites with no
regional deformation and metamorphism are the most common. The most expressive magmatism
is related to the calc-alkalines Caroebe, Agua Branca and Igarapé Azul granitoids (Table 1)
associated with coeval Iricoumé volcanic rocks (1901-1889 Ma), but locally it was also observed
igneous charnockitic (Igarapé¢ Tamandaré) and enderbitic (Santa Maria) plutons (1890 Ma).

Several A-type granitic bodies are widespread in the Uatuma-Anaua Domain represented by
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Moderna-Agua Boa (1.81 Ga) and Mapuera-Abonari (1.87 Ga) granitic events (e.g. Costi ef al.,

2000, Santos et al., 1997, CPRM, 2003).
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ANALYTICAL PROCEDURES

The isotopic ratios of Nd from whole-rock and Pb from feldspar were measured
respectively in a Finnigan Mat 262 and VG Sector 54 mass spectrometers at the Isotope Geology
Laboratory (Para-Iso) of the Federal University of Para (Belém, Brazil). For the Sm-Nd analysis,
rock powders (ca. 100mg milled under 200 mesh) were dissolved in high pressure teflon vials at
220°C for one week under HF+HNO3, further with HCI 6N and finally under HCI 2N at 145°C.
After evaporation, the REE were separated from matrix elements by cation exchange
chromatography (Dowex 5S0WX-8 resin).

Samarium and Nedimium were separated from the others REE by anion exchange
chromatography (Dowex AG1-X4 resin). A mixed "°Nd —'**Sm spike was used and the Nd data
were normalized to a '**Nd/"**Nd ratio of 0.7219. Procedural blanks were 0.160 ng for Sm and
0.587 ng for Nd. The La Jolla Nd standard yielded a '**Nd/'**Nd ratio of 0.5118339 + 9 and the
Sm and Nd concentrations for BCR-01 standard were 6.56 ppm and 28.58 ppm, respectively. The
crustal residence ages were calculated using the model of De Paolo (1981) for the depleted
mantle (Tpw).

Other isotopes systems, such as Pb, are also useful to study granite petrogenesis. Lead is a
common trace element in feldspars (Heier et al., 1967; Patterson and M. Tatsumoto, 1964), and it
is well known that the U/Pb and Th/Pb ratios of feldspar (especially K-feldspar) are low (e.g.
Doe, 1970). These attributes allow feldspar to record the isotopic composition of Pb that was
incorporated at the time of its formation and although multiple intracrustal processes produce
scatter in the initial Pb isotopic compositions of rocks, the variations can be studied. So, in order
to assess the initial Pb isotope composition of a rock, the feldspars are currently selected (see
references above), because they normally contain Pb but very minor U. In this case, for initial Pb
isotope composition analyses, low U is essential because any U present will have decayed to an
‘excess’ Pb radiogenic component.

Progressive leaching of feldspar grains shows a decrease in the amount of radiogenic Pb
that may indicate the preferential leaching of the more radiogenic reservoirs (Housh and
Bowring, 1991, McCulloch and Woodhead, 1993). Indigenous Pb vs. Pb introduced after
crystallization may be assessed using leach/residue pairs (Hemming et al, 1996). Sinha (1969)

found a general agreement between the least radiogenic isotope composition of feldspars and the
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Pb isotope composition of associated sulfides, suggesting that this method of severe leaching
could yield a good estimate of initial Pb isotopic composition.

For the Pb isotopic system, the evolution of lead in the Earth’s crust has been modeled on
the basis of the U/Th/Pb ratios in the different bulk reservoirs (Doe and Zartman, 1979, Zartman
and Doe, 1981; Zartman and Haines, 1988) and stages of isotopic homogenization (Stacey and
Kramers, 1975; Cumming and Richards, 1975). Despite these models have limited application at
the local and district scale, they are powerful tools for global and regional-scale studies, helping
to identify the main geochemical reservoirs.

The feldspar grains were picked under a stereomicroscope and a qualitative selection was
made taking into account the grain clarity, lack of inclusions, and absence of cracks. An initial
mass between 30 to 50 mg of pure feldspar grains was weighed for each sample. According to
Tomascak (1995), a single analysis by thermal ionization mass spectrometry (TIMS) requires 50—
100ng of Pb. Based on the expected concentration of Pb in the feldspars, only 10 to 20mg of
feldspar should be needed.

The method used for Pb feldspar leaching is based on Housh and Bowring (1991) and
Ludwig and Silver (1977), but with partial modifications. In the first stage of chemical
preparation, the grains are transferred into clean Teflon vials and a cleaning solution of HNOz**
7.5N (20 drops) is added. Vials are capped and transferred to a hot plate (100°C) for at least 20
minutes to remove surface contaminants and labile lead. This step is to help ensure that any lead
introduced after crystallization, either from the environment or through the actions of fluids
moving through the pluton, is removed before leaching. The grains are then rinsed with Milli-Q
water two times. The same process is repeated, now with HCI** 6N. In the second step, HF** 1N
is added to the grains and the vial is left in an ultrasonic bath for 5 minutes. After, the solution is
heated for 30 minutes (100°C) on a hot plate, and an aliquot of 0.5 ml is collected and HBr***
0.5 N is added (50 drops). This procedure is repetead until the grains are totally dissolved. In
general, 10 to 15 aliquots are collected by sample. Each sample solution was processed through
anion exchange column chemistry to isolate lead, that was loaded onto a Re-filament for TIMS
analysis.

Procedural blanks are processed using the same chemical preparation techniques as were
used for the grains to assess the ambient amount of lead introduced during sample processing

(0.27 ng for 37 mg). In order to obtain the isotope composition of the grain part not contaminated
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by external lead, a total of 50 analyses were performed on 14 selected samples (2 to 6 analyses
per sample). After a preliminary analysis for all samples, the choice of a new leached solution of
each sample was made given the previous isotopic results obtained on the same sample. The
results shown in Table 2 are those considered from the least contaminated parts of the grains

from external lead.

Nd AND Pb ISOTOPE RESULTS

The initial Nd and Pb ratios are used for granitoid rocks as the main indicator of the source
material. It is used together with some other geological criteria (geochronological, petrogenetic,
structural) in order to estimate the relative amount of continental crust accreted or recycled
during each interval of geological time, for the area studied in the Guyana Shield. The association
of the Sm-Nd and Pb isotopic measurements with the available geochronological data obtained
by other methods permitted an improved interpretation for the origin of the granitoid rocks under
examination.

Table 2 shows new (22) and previous (36) Sm-Nd isotopic results on whole-rock for
Uatuma-Anaud Domain (mainly granitoids), further new Pb isotope results from leached
feldspars (14) of Martins Pereira, Caroebe and Igarapé Azul granitoids. In Table 3 are shown
Sm-Nd isotopic data (96 results were compiled or modified) from several other geochonological
provinces (Ventuari-Tapajos or Tapajos-Parima, Maroni-Itacaitinas or Transamazon and Central
Amazonian) and respective domains (Carajas, Imataca, Central Amapa, French Guyana, Tapajos,
Surumu and Central Guyana). The summary of main geological features of Uatuma-Anaua

Domain granitoids rocks is also available in the Table 4.

Sm-Nd on whole-rock
Northern Uatuma-Anaud Domain: Martins Pereira and Serra Dourada granitoids

The main granitoids studied in the Northern Uatuma-Anaua Domain belongs to the Martins
Pereira (1.97 Ga) and the Serra Dourada (1.96 Ga) granites, including small bodies of younger
leucogranites with 1.90 Ga (lenses and pods with meter to centimeter-scale) filling the Martins
Pereira NNE-SSW trending foliation. The oldest rocks in this region are represented by the
Anaua Complex (2.03 Ga TTG-like association).

The Anaud Complex and the metavolcano-sedimentary rocks correlated to the Cauarane

Group (low to medium metamorphism grade) and the Murupu Metamorphic Suite (high
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metamorphism grade) are the oldest basement units known in the southeastern Roraima. For the
Anaua Complex only two samples has been analyzed (see tables 2 and 4), yielding coherent Tpym
model ages (2.37-2.33 Ga) and low to moderate negative eNd; 03 Ga (-0.19 and -2.21).

In the Northern Uatuma-Anaua Domain, no Nd data are available for the metavolcano-
sedimentary sequence, but the related rocks of Cauarane Group (see Table 3) in other areas (e.g.
Guyana Central Domain) exhibits two main isotopic patterns. The first is related to paragneiss
samples (e.g. garnet gneiss) with results showing moderate negative eNd, 7 ga (-1.12 to -4.16)
values and higher NdTpy model ages (2.46-2.41 Ga) including a Neoarchean NdTpy age (2.64
Ga). The second gneissic type shows e€Nd, 7 ga near to zero to positive (+0.35 to +1.23) and
lower NdTpy ages (2.32-2.27 Ga), probably related to the volcanic protholith signatures (juvenile
sources).

The Serra Dourada and Martins Pereira granitoids (1.98-1.96 Ga event) intrude this older
basement in the Northern Uatuma-Anaua Domain. The S-type Serra Dourada granitoids confirms
its wide crustal origin from partial melting of metavolcano-sedimentary sequence, showing
negative eNd; 96 ga Values (-1.08 and -4.34) and NdTpym of 2.53-2.39 Ga for its sources, which are
420 to 560 Ma older than the crystallization age of these granites (tables 1, 2 and 4, Fig. 3).

The same is true for the I-type, high-K Martins Pereira granitoids (tables 2 and 4, Fig. 3),
whose results show Tpy ages of 2.43-2.38 Ga and slightly negative eNd; .97 ga (-1.42 to -2.17),
including samples with higher Tpy ages (2.67-2.64 Ga) and €Nd, 97 ga negative values (-4.74 and
-3.89). The 1.90 Ga intrusive lenses of leucogranite (one sample) yielded negative eNd (-3.48)
and NdTpwm model age (2.38 Ga). These data are in agreement with Martins Pereira host results
and reflect the zircon inheritance origin recorded (at least 3 older populations) in the single-
zircon Pb evaporation for the leucogranite sample (Table 1). CPRM (unpubl.) Sm-Nd data
present a similar isotope pattern for the Martins Pereira granitoids (Table 2). The Nd data pointed
out moderate negative eNd; 97 g, values (-0.92 to -3.20) and NdTpy ages with 2.36-2.33 Ga range
(locally 2.57 Ga).

In summary, all of early Orosirian rocks of Northern Uatuma-Anaua Domain (2.03 to 1.96
Ga) show similar behaviour in the Sm-Nd isotopic system. The eNd is negative (-0.92 to -4.74)
and the dominantly Siderian NdTpy model ages (2.47-2.33 Ga), with subordinated Neoarchean
ages (2.67-2.57 Ga). This suggests an input from mainly older crustal sources for the Serra

Dourada-Martins Pereira genesis.
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Southern Uatuma-Anaud Domain: Caroebe and Igarapé Azul granitoids

The granitoids of the Southern Uatuma-Anaud Domain are intrusive in the older Northern
Uatuma-Anaud Domain rocks. They are represented mainly by the I-type Caroebe, Igarapé Azul,
Agua Branca granitoids and coeval Jatapu volcanism (1.90-189 Ga), including locally minor A-
type plutonic bodies of Mapuera (1.88-1.86 Ga) and Moderna (1.82-1.79 Ga) granitoids related
(Table 1). The Caroebe Granite and related plutons show two main facies named as Alto Alegre
(with biotite and no hornblende) and Jaburuzinho (with biotite and hornblende) and both facies
exhibit two different Nd isotopic patterns. The first pattern is characterized by moderate to high
negative eNd; g9 ga values (-2.05 to -4.27) and NdTpym model ages of 2.29 to 2.47 Ga. This pattern
1s most common in the Alto Alegre facies, although it is also observed in the Jaburuzinho facies.
The Agua Branca Granite in the type-area, far 300 km to the south of Caroebe Granite, also
shows moderate to high negative éNd, 99 ga values (-3.00) and Siderian NdTpy model age (2.39
Ga). Although petrographically similar to the Jaburuzinho facies, the Agua Branca Granite Nd
results are in agreement with those of the Alto Alegre facies (tables 2 and 4, Fig. 3).

The second pattern is dominant in the Jaburuzinho types (tables 2 and 4, Fig. 3) showing
eNd, g9 ga Values close to zero (+0.46 to -1.18) and relatively lower NdTpy model ages (2.16 to
2.26 Ga). The Igarapé Azul granitoids have a felsic character and only biotite (locally muscovite),
but their Nd signature (tables 2 and 4, Fig. 3) is similar to the Jaburuzinho types (hornblende-
bearing), exhibiting eNd; g9 ga close to zero (-0.02 to -1.61) and Rhyacian NdTpy model ages
(2.14-2.28 Ga). Such as the Igarapé Azul and Caroebe granitoids (mainly the Jaburuzinho facies),
the coeval Iricoumé volcanic rocks (Table 2, Fig. 3) show slight negative eNd values (-0.27 to -
1.76) and Rhyacian NdTpy model ages (2.19-2.28 Ga).

Despite differences in the crystallization ages, the A-type Mapuera (1.88-1.86 Ga),
Moderna and Madeira (1.82-1.79 Ga) granitoids and related rocks show Nd signatures based on
the Rhyacian NdTpy model ages and low negative eNd values (Table 3). The Mapuera samples
yielded eNd, 37 ga between -0.56 and -1.22 and NdTpy model ages of 2.17-2.28 Ga, whereas the
Moderna types show similar values of eNd;s; ga (-0.44 to -1.47) and NdTpm model ages (2.17-
2.28 Ga) (Table 2, Fig. 3).

In general, all granitoids of Southern Uatuma-Anaua Domain have dominantly Rhyacian
NdTpm model ages and low to moderate negative and, local positive eNd values, including

subordinated Siderian NdTpy model ages associated to the much more negative eNd values. This
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picture contrasts with the Martins Pereira and Serra Dourada isotopic Nd patterns in the Northern

Uatuma-Anaua Domain, characterized by Siderian (locally Neoarchean) NdTpy model ages and

highest negative ¢Nd values.
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Fig 3. eNd vs. time diagram for the rocks from NUAD (Anaua Complex, Martins Pereira and Serra
Dourada granitoids) and SUAD (Caroebe, Agua Branca, Igarapé Azul, Mapuera granitoids, Igarapé
Tamandaré charnockite, Iricoumé and Jatapu volcanic rocks). The Nd evolution field of Tapajos
domain is also plotted for comparison. For details, see text and tables. Tc: crystallization ages range.
Pb on leached feldspars
In this Pb isotope study, the Northern Uatuma-Anaua Domain is represented by the 1.97 Ga
Martins Pereira granitoid rocks and 1.90 Ga lenses of leucogranites, which yielded high Pb initial
ratios, mainly the 2’Pb/***Pb (15.70 to 15.57), which overlap those of the Southern Uatumi-
Anaua Domain granitoids Pb composition (Table 2). In the Southern Uatuma-Anaud Domain, the
Caroebe and Igarapé Azul granitoids show different behavior, although both exhibit 2*’Pb/*”°Pb
ratios above of the upper crust evolution curve in the Plumbotectonic model (Fig. 4; Doe and
Zartman, 1979, Zartman and Doe, 1981). Contrasting with the relatively more scattered pattern of
the Igarapé Azul granites (“*°Pb/***Pb: 16.62 to 15.87; **’Pb/**Pb: 15.65 to 15.42; ***Pb/**Pb:
36.18 to 35.59), the Caroebe Granite shows the less radiogenic types and more homogeneous Pb

initial ratios range (**°Pb/***Pb: 16.41 to 15.90; **’Pb/***Pb: 15.54; ***Pb/***Pb: 36.09 to 35.49).
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In summary, all studied granitoids show Pb radiogenic patterns, exhibiting **’Pb/***Pb
(15.70-15.42), *°°Pb/**Pb (16.87-15.87) and ***Pb/***Pb (36.18-35.49) initial ratios and they plots
generally above of the upper crust evolution curve in the Zartman and Doe (1981) model. This
behavior contrast with the Pb initial ratios of DM (Rehkamper and Hofmann, 1997), lower crust
average (Rudnick and Goldstein 1990) and EM II present-day reservoirs and points to dominant
crustal-derived reservoir contributions for the Martins Pereira, Caroebe and Igarapé Azul
granitoids with no mantle-derived lead. Only one sample (MA-101) shows **’Pb/**°Pb isotope
ratios near to the orogen global growth curve and the EMII and lower crust fields (Fig. 4; Doe
and Zartman, 1979, Zartman and Doe, 1981). In this same diagram, the granitoids samples also
show much more low Pb ratios than southwestern of United States of America basalts
(SWUSAB), these last considered as a paleopreoteroic mantle reservoir (~1.8 Ga) similar to

actual EMII reservoir (Kempton et al., 1991, Greenough and Kyser, 2003).
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Fig 4. Plots of Pb isotopic compositions of leached feldspars from Martins Pereira, Caroebe and Igarapé Azul granitoids: (a)
*Pb/*"*Pb vs. **Pb/***Pb; (b) **Pb/"*Pb vs. “Pb/**'Pb. The lead-isotope evolution curves are from Plumbotectonic model (version
IT) of Zartman and Doe (1981) and represent the isotopic composition of mantle, orogen, upper and lower crust reservoirs along the
time. Other reservoirs fields are plotted for comparison, such as DM (Rehkamper and Hofmann, 1997), EMI and EMII (Zindler
and Hart, 1986), mature arc primitive (Zartman and Doe, 1981) and continental crust (maximum and minimum average; Rudnick
and Goldstein, 1990). Proterozoic enriched mantle reservoir of the southwestern United States of America basalts (SWUSAB,
Kempton ef al., 1991 in Greenough and Kyser, 2003) are also plotted. Tick marks in the each curve indicate progressively older
time in 0.4 b.y increments. Symbols as in fig.3.

DISCUSSION
Nd isotope signatures of the Geochronological Provinces older than 1.8 Ga and their
boundaries in the southeastern Roraima

In the Nd isotope system, the Sm-Nd model ages (Tpym) are currently used in crustal
evolution analysis of a given terrain. Normally, these ages are related to the evolution of the

mantle during geologic time, admitting episodes of fractioning due to the extraction of basaltic
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magmas. This implies that the residual mantle sources become enriched gradually in Sm (higher
Sm/Nd ratio) and depleted in incompatible elements.

However, the Tpm ages must be interpreted very carefully (e.g. Arndt and Goldstein, 1987).
Chemical and isotopic variations in mantle material are attested by the existence of
geochemically distinct present-day reservoirs (DMM, HIMU, EMI, EMII, etc.), including also
the possibilities of mixtures between such different reservoirs and crustal sources (Zindler and
Hart, 1986). In this sense, the depleted mantle model is employed as a reasonable first
approximation.

Thus, the Tpy ages have been considered to be “crust-formation ages”, since they are
obtained calculating the time when a given sample had an isotopic composition identical to the
depleted mantle, presumed to be its “ultimate source”. But this is true when only a short time
elapsed between the formation of the mantle-derived magma and the final emplacement of the
differentiated material in the continental crust, including the not modification Sm/Nd ratio of the
sample by subsequent geological events. According to Arndt and Goldstein (1987), such
assumptions may be valid only in a limited number of cases, with the Sm-Nd systematic
generally providing an estimate of the average time that the material in the sample has been
resident in the continental crust.

In the Archean Central Amazonian (or Amazon) Province (Fig. 1), only in the Carajas
Block Nd data is available, contrasting with other areas, such as Iricoumé-Mapuera-Trombetas
(Guyana Shield) and Iriri-Xingu (Central Brazil Shield) regions, for which the isotope data are
very scarce. This province is interpreted in two different ways. The first model (Tassinari and
Macambira 1999, 2004) argue that this region is characterized by a "hidden” basement (>2.5 Ga),
inferred by the NdTpym model ages (3.0-2.5 Ga) and negative eNd values from widespread
younger intrusive granites and volcanics (1.88-1.81 Ga). Archean rocks crop out in the
southeastern portion (Carajas Block), showing 3.04-2.73 Ga NdTpy model ages range (Sato and
Tassinari 1997, Dall’Agnol et al., 1999) and eNd with +4.55 to —0.54 (Table 3; Fig. 5). The
second model (Santos ef al., 2000, 2004) does not recognize an older basement in the Iricoumé-
Mapuera and Iriri-Xingu regions and pointed out a domain of 1.88-1.70 Ga rocks based on the U-
Pb ages of the younger granites and volcanic rocks (underplating setting), although the range of
the NdTpym model ages (2.85-2.41 Ga) and eNd (+1.52 to -14.39) also indicate older sialic crustal

sources (Santos ef al., 2000).
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Archean terranes are also observed in the central Amapa (Brazil) and Imataca (Venezuela)
regions, considered as dominantly Rhyacian domains (Table 3 and Fig. 1). For the granitic-
granulitic association in the central Amapa, the crystallization (2.90-2.58 Ga) and NdTpym model
(3.42-2.92 Ga) ages reinforce an Archean origin (Fig. 5). In the Imataca region, the rocks are
Transamazonian in age (ca. 2.0 Ga), but keep several records about their Archean origin (NdTpy
model ages: 3.91-2.71 Ga) (Tassinari et al., 2004). In the Maroni-Itacaitinas (or Transamazon)
Province, Rhyacian crust occurs mainly in the easternmost region of the Guyana Shield, such as
French Guyana (e.g. Avelar et al., 2003; Delor et al., 2003). Based on the available Nd data
(Table 3; Fig. 5) this region is roughly subdivided in the northern and southern areas. The
southeastern of French Guyana (near to the Amapa boundary) is dominated by 2.16-2.10 Ga
granitic-migmatitic rocks with 2.58-2.24 Ga NdTpm model ages range and eNd varying from
+1.74 to —2.24. The northern area is characterized by 2.16-2.13 Ga granite-greenstone terrain
with juvenile signature (NdTpym model age: 2.29-2.19 Ga and eNd: +3.60 to +1.63).
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Fig 5. g, vs. time diagram showing Nd evolution of rock associations from Cauarane Group,
Archean (Carajas and Central Amapa) and Transamazonian (French Guyana) terranes. The
SUAD and NUAD sample fields are also plotted. For discussions and references see text and
tables. Symbols as in fig.3.
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In the Central Brazil Shield, a juvenile origin is also proposed for the Ventuari-Tapajos (or
Tapajos-Parima) Province based manly in Sm-Nd data from the Tapajos domain (Table 3, Fig.
5). This domain is represented by two main magmatic events (2.05-1.96 Ga and 1.90-1.87 Ga)
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showing 2.44-2.09 Ga NdTpy model ages and eNd yielding +2.22 to —4.16 range (Sato and
Tassinari, 1997; Santos et al., 2000). On the other hand, in the region near to the boundary of
Central Amazonian Province, Lamardo ef al. (2005) argue that the Nd signature of the granitoids
and volcanic rocks are not compatible with a mantle-derived origin. As shown in Table 3, they
obtained similar NdTpy model ages (2.46-2.28 Ga) to the other authors, but the eéNd are variously
negatives (-1.01 to —5.19). This different Nd pattern could be related to geographical differences,
whith the juvenile rocks being dominant in the westernmost areas of Tapajos Domain (Orogenic
Domain, 2.05-1.96 Ga) and the crustal sources being most common in the easternmost areas
(Post-orogenic Domain; 1.90-1.89 Ga), close to the Central Amazonian Province boundary.

The scenario pointed out by Lamarao et al. (2005) for the Tapajés domain is similar to the
Uatuma-Anaud domain in southeastern Roraima and except for two samples tentatively
correlated to the Agua Branca Suite (“post orogenic” domain), which yielded positive eNd; g9 Ga
(Table 3, Sato and Tassinari, 1997), all southeastern Roraima region does not show data
suggestive of mantle-derived magmas, including the correspondent “orogenic” domain. Santos et
al. (2006) revisited the Tapajos-Parima and Central Amazonian boundary in the Guyana Shield,
and proposed that it would be located to the east of study area, in the NW Para State (Fig. 1b).
Probably, all southeastern Roraima is included in the Ventuari-Tapajos (or Tapajos-Parima)
Province, with older provinces such Maroni-Itacaitnas (or Transamazon) and Central Amazonian

as sources of magmatism in the Uatuma-Anaua Domain.

Crustal formation and constraints on sources based on integrated use of the Nd-Pb
isotopes: Martins Pereira, Igarapé Azul and Caroebe granitoids examples

In general, Nd and Pb data are seen separately; however, these two systems combined on
one diagram (using eNd and **’Pb/***Pb) permit a more comprehensive assessment of possible
sources of the plutonic rocks, especially granitoids. The Martins Pereira, Igarapé Azul and
Caroebe granitoids have been taken as example, we try to estimate the most suitable source(s)
based on the Nd and Pb integrated analysis. In contrast with Nd data, the Pb isotopic data from
potential sources are not available, such as rocks of Cauarane Group, Anaud Complex (exposed
basement) and Central Amazonian and Transamazonian crusts (unexposed basement).

In this sense, the use of U-Pb system isotope system (initial Pb ratios) associated with Sm-
Nd system, and supported by previous geochronological data, allows a more comprehensive

evaluation about of origin of the granitoids under investigation. Therefore, these isotope tool
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yield important constraints about the discussion of “juvenile” derivation, formed by mantle
extraction-crust differentiation, “reworked” origin by melting of crustal protoliths, or reflecting
mixing of material derived from the mantle at different times (Arndt and Goldstein, 1987).

Tomascak et al. (2005) argued that ““’Pb/***Pb ratio is a more powerful tracer for
petrogenetic studies than *°°Pb/***Pb, especially in areas where magmatic source components
have significant time-integrated differences in U/Pb, such as for the Martins Pereira granitoids.
The *Pb/**Pb could vary considerably in mantle and crustal materials in response to small
changes in U/Pb, which changes may be unrelated to the nature of source materials.

However, in southeastern Roraima, this is only since recently that a reasonable number of
Nd isotopes data have become available (Costa, 2005; CPRM unpubl.) and Pb isotopic data do
not exist, making it difficult to determinate potential magamtic sources and crustal signatures.
Despite of this scarcity of data, Serra Dourada and Martins Pereira granitoids show Nd and Pb
signatures that confirm a crustal origin based on the Orosirian to Rhyacian metavolcano-
sedimentary sequence and Archean mixing sources (see Fig. S, tables 2 and 3).

For the Martins Pereira granitoids, the continental sources are older than those of the
Caroebe and Igarapé Azul ones. The restricted 1980-1967 Ma crystallization ages of Martins
Pereira granitoids and the low to moderate negative e€Nd; o7 g. values (-0.92 to -4.74), high
297pb/2%Pb and relatively high NdTpy model ages (2.33-2.67 Ga), suggest dominantly remelting
of Neoarchean sources. The same is true for the S-type Serra Dourada granites that pointed out
older metasedimentary sources, as recorded in the Cauarane sequence. In the Caroebe and
Igarapé Azul granitoids these isotope results give important constraints for the Arndt and
Goldstein (1987) discussion, involving a “juvenile” derivation (mantle extraction-continental
crust differentiation), “reworked” origin (remelting of previously crustal protoliths) or mixing of
material derived from the mantle at different times.

For the studied granitoids of southeastern Roraima, the crystallization ages and NdTpy
model ages are not concordant. Furthermore, positive (or slightly negative) eNd values and low
297pb/2**Pb initial ratios are absent and also preclude a derivation only from mantle sources.
Hence, three hypothesis are provided to explain the origin of the parental magmas: (1) mixture of
mantle-derived magmas or juvenile crust (Transamazonian) with subordinate liquids derived

from radiogenic crust (Archean); (2) derivation from an enriched mantle; (3) derivation from
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remelting of slightly older radiogenic crust (Transamazonian), which implies a dominantly
crustal source for the parental magmas.

A mixing origin from Transamazonian komatiites-peridotites of greenstone belt sequence
(depleted source) and Archean sialic basement (enriched source) could explain the Nd isotope
signatures. However, the elemental contents of these rocks, in particular the compatible elements,
are not consistent with a significant input of mantle material. The mantle-crust mixing scenario is
also less likely than derivation from a single (or multi) crustal source (e.g. lower crust and
juvenile crust). This picture is corroborated by data dispersion in samples from Martins Pereira,
Caroebe and Igarapé Azul granitoids in a eNd and SiO, plot (Fig. 6a), including the absence of
trends between compatible element contents and Nd isotopes (Fig. 6b) and their non-primary

nature (Fig. 6¢).
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A derivation from an enriched (paleo)mantle based on the Nd signatures is suggested by

some authors for the high-K (slightly shoshonitic) calc-alkaline rocks in the Tapajés domain (e.g.
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Vasquez et al., 2002) and could be a suitable model for the Caroebe and Agua Branca granites in
southeastern Roraima. The slightly negative eéNd values and NdTpy model ages of ca. 2.25 Ga
for the 1.90 Ga andesites and gabros of the Tapajos domain are interpreted as crustal enrichment
or contamination of the subcontinental litospheric mantle. The mantle contamination by crustal
material is also a possible hypothesis for the petrogenesis of Caroebe and Igarapé Azul granites,
perhaps indirectly related to the subduction process of the Anaua Arc through the time. Several
mantle geochemical reservoirs are plotted in the Fig. 7, including present-day (EMI and EMII)
and Proterozoic (SWUSAB) enriched mantle examples, however all analyzed granitoid samples
show lower "“Nd/'**Nd and *°°Pb/***Pb ratios. Only two samples (Igarapé Azul and Caroebe
granites) plot close to the field of EMI reservoir boundary (Fig. 4a).

In contrast, Nd and Pb data indicate that the parental magmas of these granites were
produced mainly by reworking/remelting of Paleoproterozoic crust and very locally by Archean
sialic sources. Two potential crustal sources, with different isotopic contents, are selected for
comparison: (i) Cauarane Group rocks of Northern Uatuma-Anaud Domain (back-arc basin
related to the Anaud arc?), and (ii) Transamazonian andesites and granite-migmatitic rocks from
French Guyana.

The metavolcano-sedimentary (Cauarane Group) rock samples present similar NdTpy
model ages (2.27-2.64 Ga) and eNd values (+0.21 to -5.40, at 1.97 Ga) of Caroebe and Igarapé
Azul granites at 1.89 Ga. The protholiths of the Cauarane Group also can be subdivided into 2
types in relation to Nd isotopic data: (a) sedimentary and (b) volcanic origin (Table 3). The first
exhibits radiogenic Nd signatures (eNd;.07 o -1.12 to -4.16) and much higher NdTpy model ages
(2.41-2.64 Ga), contrasting with the less radiogenic Nd contents (eNd; 07 ga +0.35 to +1.23) and
lower NdTpym model ages (2.27-2.32 Ga) of the second ones (Table 2).

The Caroebe and Igarapé Azul granitoids show dominantly negative (-1.31 to -4.37) eNd; g9
Ga, With only locally slightly positive and negative values (+0.37 to —0.59). These least radiogenic
Nd types exhibit also the youngest NdTpym model ages (2.16-2.24 Ga), showing the same Nd
isotope composition of the Transamazonian andesites and granite-migmatitic terrane of French
Guyana in the 1.89 Ga times (Fig. 3). This feature suggests that these rocks (e.g. andesites or
metatonalites) could be suitable sources for the Caroebe and Igarapé Azul granites, in agreement

with the petrogenetic models for the high-K calc-alkaline granites (Roberts and Clements, 1989).
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The most Nd radiogenic values yielded by Caroebe and Igarapé Azul granitoids show the
oldest NdTpy model ages (2.23-2.47 Ga). This characteristic could indicate progressive input of
older “enriched” material, such as Cauarane metasedimentary rocks, Martins Pereira granitoids
and/or Archean basement sources to the original melt produced by partial melting of
Transamazonian “depleted” source (Fig. 3). This hypothesis is reinforced by the geochemical
data and by the several 1.97-1.96 Ga inherited ages found in the Caroebe (Alto Alegre facies) and
mainly in the Igarapé Azul granites (Table 1). In this last type are also observed biotite-rich
gneissic enclaves with 1.96 Ga, negative eNd, 39 ga (-1.95 and -3.52) and higher Tpym model age
(2.51-2.72 Ga).
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Thus the lowest *’Pb/***Pb and locally high-eNd source component of Caroebe and
Igarapé Azul magmas, including local Pb and Nd isotopic heterogeneity, are interpreted as having
a dominantly crustal derivation. The granitoids origin is probably related to the remelting of the
Transamazonian more depleted source (andesites, metatonalites and amphibolites?) and addition
of crustal material (e.g. Cauarane Group and Martins Pereira granitoids). According to Tomascak
et al. (2005), it is likely that mantle heat was required to produce large-scale melting of the mafic
to intermediate, metaigneous lower crust, even if compelling evidence for mantle material

involvement is lacking.
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An outline of geodynamic evolution of the central Guyana Shield at the Orosirian times

The whole-rock Nd isotope and previous geochronological data (Costa, 2005, Lamarao et
al., 2005, CPRM unpubl., this study), pointed out for the similarities between the Uatuma-Anaua
(Guyana Shield) and Tapajoés (Brazil Central Shield) domains and both belong probably to the
same province (Ventuari-Tapajos or Tapajos-Parima) and has been experienced the same tectonic
evolution. According to Lamardo et al. (2002), the Tapajés domain records global scale
accretionary processes related to the formation of the Atlantica supercontinent in the early
Orosirian times times (2.04-1.96 Ga, Lamarao et al., 2002, Santos et al., 2000, 2004), followed
by a 1.90-1.87 Ga intracontinental taphrogenetic event. The tectonic setting of the Tapajos
domain is considered thus transitional, in time and space, between a subduction-related setting,
involving the generation of a magmatic arc, and a stable continental block affected dominantly by
vertical and extensional tectonics. The main examples of calc-alkaline granitoids generated in
post-collisional (or post-orogenic) and extensional setting are related to Basin-and-Range
province in the SW of USA (e.g. Hawkesworth et al., 1995, Coleman and Walker 1992) and to
Caledonian orogenic belt (e.g. Atherton and Ghani, 2002).

In contrast, Santos et al. (2000, 2004) included these 1.90-1.87 Ga granitoids (except
Maloquinha Granite) and coeval volcanic rocks in the arc-related orogenic setting (Tropas
Orogeny). These authors pointed out that the Tropas Orogeny has started with the arc island
Tropas magmatism (1898-1893 Ma), followed by formation of the Parauari continental arc
magmatism (1893-1879 Ma). The A-type Maloquinha granitoids are younger (1882-1870 Ma)
and correspond to the post orogenic setting. Others Paleoproterozoic terranes in the world also
comprise 1.9-1.8 Ga calc-alkaline granitoids, sometimes with associated coeval volcanics, such
as in northern Australia (Hooper and Lamboo Complexes, e.g. Page, 1988, Griffin ef al., 2000),
northern United States (Trans-Hudson orogenic belt, e.g. Dumphy and Ludden, 1998; St-Onge et
al., 1999), Sweden and Finland (Svecofennian Orogen, e.g. Billstrom and Weihed, 1996;
Lahtinen and Huhma, 1997). All these orogens have their geological history reasonably well
understood, including several isotopic, geochemical data and petrotectonic assemblage
compatible with the arc-island or arc-continental tectonic setting (e.g. turbidite and ophiolites
sequences), contrasting with the majority of Amazonian Craton provinces, including the Tapajos

domain.
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The Nd and Pb isotope data presented here show that the addition of mantle-derived
magmas, if really it occurred, was probably very limited in the Uatuma-Anaua Domain, although
over a wide orogenetic area, most granites may be accounted for a binary mixture between a
recycled crustal component and a depleted mantle-like component. But the isotope pattern
showed by Uatuma-Anaud Domain granitoids is better explained by the melting of older crust
(recycling) than by a mantle-crust mixing or a juvenile and arc-related origin. Thus, the regional
crustal melting was the dominant magmatic process in this region and this older crust could be
heterogeneous isotopically (e.g. Transamazonian granite-greenstone terranes, metavolcano-
sedimentary sequences, and local Archean TTG terranes), resulting in variable NdTpy and eNd
values.

For the Northern Uatuma-Anaud Domain (Fig. 8a), a primitive arc is admitted (Faria et al.,
2002; Anaua Complex, 2.03 Ga), although it crops out as inliers in the northeastern area and only
few isotopic analyses are available. The granitic rocks studied in the Northern Uatuma-Anaua
Domain probably correspond to the late continental arc (Martins Pereira, 1.97 Ga) to early
collisional (Serra Dourada, 1.96 Ga) transitional setting (Fig. 8b), generated from anatexis of
older continental sources (Transamazonian to locally Archean in age). This accretionary model is
in agreement with those of Lamarao et al. (2002) and Santos et al. (2000, 2004) for the Tapajos
domain. However Lamarao et al. (2005) discard a juvenile origin and pointed out an Andean-type
magmatic arc setting where the magmas could be modified by interaction with crust.
Alternatively, these authors consider that the 2.0 Ga high-K calc-alkaline magma types are
resulted of remelting of an older Paleoproterozoic juvenile arc with a small contribution from
Archean sialic sources in the post- to late-orogenic setting, thus questionning the existence of a
subduction zone.

In the Southern Uatuma-Anaua Domain, the 1.90-1.89 Ga granitoids and volcanic rocks
show isotopic data a little more heterogeneous, but in general sense also exhibit an isotopic
continental crust pattern (multicrustal sources). This feature, associated to the dominantly
Rhyacian NdTpwm ages, is in agreement with the petrogenetic model based on the melting of
tonalites, andesites and/or amphibolites sources, such as those observed in the Transamazonian
granite-greenstone terranes (juvenile sources). These magmas could be locally contaminated by
the metavolcano-sedimentary sequences or minor Archean sources. In contrast to Northern

Uatuma-Anaud Domain evolution, no ophiolites sequences (or ocean crust) remnants and arc-
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a) Crustal growth by magmatic accretion (magmatic arc stage): ~2.03 Ma
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granitoids , . ; s ] SE
* ~granites Transamazonian Provinces
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Fig. 8. Schematic paleotectonic model for the Orosirian in the Uatumi-Anaui Domain, southeastern Roraima, central Guyana Shield. (a) In the northern area
(NUAD), at ~2030 Ma oceanic crust subducts at the western margin of the continental or oceanic plate. Melting of the subducted oceanic crust generate TTG
magmas and fluids that ascent to the overlying mantle wedge and lower crust (Anaui Complex), enclosing ultamafic to mafic xenoliths. Back-arc basin are
associated to this environment and produce graywackes, arkoses and locally MORB basalts (Cauarane-like sequences); (b) At 1980-1960 Ma the Anaud arc
collides with Central Amazonian and Transamazon (or Maroni-Itacaiiinas) Provinces in the westside. This collision produce by partial melting crustal S-type
granites (Serra Dourada) and several magma pulses of high-K calc-alkaline granitoids (Martins Pereira). In more advanced collisional stage (1.94-1.92 Ga?)
blocks located to east could be collided with the Anaua Arc. In the boundaries (suture zone?) thrust sheets of granulites are locally exposed at middle-upper crust
levels; (c) After convergent dominant process (arc and collisional stages) in early Orosirian times, a major distensional event is dominant in the southern area
(SUAD) at 1900-1860 Ma interval. Similarly some Caledonian post-orogenic models (e.g. Atherton and Ghani, 2002), in this stage happen the slab rupture and
breakoff, or alternatively delamination and mantle plumes (?) processes, including upward astenosphere migration and magma mafic underplating at the
mantle-crust boundary. The lower crustal rocks melt yielding felsic magmas. Different degrees of interaction these magmas with others pre-existing crustal
rocks will result in the Agua Branca, Carocbe, Igarapé Azul and Mapuera granitoids with coeval voleanism (Jatapu and Iricoumé) and minor charnockitoids.

related sedimentation, including no metamorphism and deformation, are recorded in the Southern
Uatuma-Anaud Domain. Thus, following the Lamardo et al. (2005) hypothesis for the Tapajos
domain, the 1.90-1.89 Ga granitoids studied in Southern Uatuma-Anaua Domain have been to

large scale taphrogenesis marking the break up of a large Paleoproterozoic continent driven by
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underplating mechanism (Fig. 8c). Derivation of the original magmas from remelting of crustal
sources older than ca. 1.9 Ga and their association with a continental-scale extensional event are

consistent with the geological, geochemical and Pb-Nd isotopic data.

CONCLUSIONS

The relatively high NdTpm model ages and the negative engr) values observed in the
southeast of Roraima preclude an exclusive derivation from mantle sources. The isotopic data
discussed herein, indicate that the magma sources for the granitoids can be better explained as
dominantly Paleoproterozoic (Rhyacian) with limited Archean crustal contributions (e.g. Igarapé
Azul and Caroebe granitoids) or by Siderian to Archean sialic sources and negligible crustal
Paleoproterozoic contributions (e.g. Serra Dourada and Martins Pereira granitoids).

In the Northern Uatuma-Anauad Domain, the S-type (1.96 Ga, Serra Dourada) and older
high-K calc-alkaline (1.97 Ga, Martins Pereira) granitoids could be related to the early stages of
collisional phase after the Anaud arc amalgamation with older crustal sialic basement (Central
Amazonian and Maroni-Itacaiinas provinces) with Rhyacian to Archean age.

The absence of remnants of oceanic crust and arc-basin related sequences in the Southern
Uatuma-Anaud Domain suggests that [garapé Azul and Caroebe high-K calc-alkaline granitoids
(1.90-1.89 Ga) and Mapuera A-type granites (ca.1.87 Ga) were produced in the post-orogenic
setting related to an extensional tectonic driven by underplating mafic magma process from
dominant depleted (e.g. andesites, tonalites, amphibolites) and/or enriched (e.g. paraderived
rocks) crustal sources, both Rhyacian in age (Maroni-Itacaitinas or Transamazon province). This
model contrasts with arc-related hypothesis of Santos ef al. (2000), however, field detailed
mapping, structural and metamorphic analyses, including much more laboratory data, are
necessary for a construction of a more realistic model in the central segment of Guyana Shield.

The geochronological and isotope similarities between the Uatuma-Anaua and Tapajos
domains suggest that both belong to the same province (Ventuari-Tapajés or Tapajos-Parima)
and these constraints show that not all the province necessarily possess a juvenile origin, instead
(at least in the southeast of Roraima) rocks of crustal origin dominate. The similarities are related
especially to the crystallization age range of the main granitic events: (i) 2.03-1.96 Ga (Orogenic
Domain) and (ii) 1.90-1.86 Ga (Post-orogenic Domain). However, the absence of granulitic-
charnockitic rocks and the paucity of S-type granites in the Tapajos domain point out that the

collisional setting was less important in the Tapajos region compared to the Uatuma-Anaua
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domain. Furthermore, isotopic data suggesting Archean crust sources (Lamarao et al., 2005) are

more limited in Tapajos domain.
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5 - CONCLUSOES GERAIS

Os novos dados geoldgicos, petrograficos, geoquimicos, isotopicos e geocronoldgicos
apresentados no decorrer deste trabalho, rediscutidos e integrados com os dados disponiveis na
literatura, permitiram avangos do ponto de vista litoestratigrafico e petrologico acerca dos
granitdides do setor centro-sul do Escudo das Guianas, particularmente do sudeste de Roraima.
Apesar disso, este significativo acervo de dados ¢ ainda insuficiente para delinear hipdteses por
demais conclusivas. Mesmo porque algumas regides vizinhas, entre elas estdo, por exemplo, as
areas estaduais limitrofes entre Amazonas-Roraima e Roraima-Para e a divisa Brasil-Guiana as
quais constituem importantes pecas neste quebra-cabega geologico, carecem enormemente de
informagdes geologicas basicas. A seguir serdo listadas as principais conclusdes a partir dos
resultados obtidos nos granitdides dos dominios tectono-estratigraficos Guiana Central ¢ Uatuma-

Anaua, com énfase neste ultimo.

5.1 - DOMINIO GUIANA CENTRAL (DGC)

a) O Dominio Guiana Central, junto ao limite (materializado pelo sistema de falha do Itd) do
Dominio Uatuma-Anaud, apresenta dois grupos distintos de rochas ortometamorficas. O
primeiro ¢ constituido por ortognaisses granuliticos (1942 + 7 Ma) polideformados e
metamorfizados em alto grau, sendo correlacionaveis aos charnoquitdides sintectonicos da
Suite Serra da Prata (1943-1933 Ma). Estes destoam dos milonitos (1889 = 4 Ma) e granitos
foliados (1724 + 14 Ma) os quais, além de serem mais jovens, exibem apenas uma fase de
deformag@o normalmente associada a amplas zonas de cisalhamento NE-SW, em baixo a
médio grau (preservando muitas vezes suas caracteristicas igneas como por exemplo fluxo
magmatico). Milonitos e meta-granitéides mais antigos (1938-1932 Ma) também sao
descritos em outros setores do Dominio Guiana Central, sendo agrupados na Suite
Metamorfica (ou Complexo) Rio Urubu;

b) A idade de 1724 £ 14 Ma obtida em granitéide sintectonico (associada a idades Ar-Ar de
outros autores) confirma ainda a possibilidade da existéncia de um episodio tectonicamente
ativo entre 1,94-1,93 Ga e 1,20 Ga. Além disso, granitdides com caracteristicas petrograficas
e idade (1889 + 4 Ma) similares ao do Granito Caroebe, indica que estes intrudem o

embasamento do Dominio Guiana Central;
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c) Estes dados materializam uma ampla variedade de protélitos igneos que, aliada as diferentes e
complexas relacdes metamorfico-estruturais, dificultam o empilhamento estratigrafico das
unidades do Dominio Guiana Central. Sugere-se a redenominagao da Suite Metamorfica Rio
Urubu para Complexo, de modo a agrupar numa mesma unidade tal diversidade de litotipos
(igneos e metamorficos), de padrdes estruturais (polifasico vs. monofasico) e de grau

metamorfico (baixo a alto grau).

5.2 - DOMINIO UATUMA-ANAUA (DUA)

5.2.1 - Setor Norte

a) Além do conjunto representado pela associagdo TTG Anaud e pelas seqiiéncias
metavulcanossedimentares do tipo Cauarane, pouco investigado neste trabalho e que
materializa muito provavelmente um sistema de arco, o setor norte do Dominio Uatuma-
Anaud apresenta os (meta)granitos Martins Pereira e Serra Dourada como as unidades igneas
de maior abrangéncia territorial. A Uinica mineralizagdo de ouro explorada comercialmente
estd hospedada nestes granitoides (garimpo Anaud);

b) O Granito Martins Pereira constitui uma massa batolitica composta por monzogranitos,
granodioritos e raramente por tonalitos (frend calcio-alcalino granodioritico, similar aos tipos
chilenos), com textura em geral porfiritica e normalmente afetados por deformagdo
heterogénea penetrativa de escala regional, associada as zonas de cisalhamento destrais de
diregdo ENE-WSW. Quimicamente s3o rochas calcio-alcalinas, metaluminosas a
peraluminosas e de alto-K, exibindo enriquecimento em LILE (K, U e Th, por exemplo) e
ETR;

c) A utilizagdo de diagramas de variagdo (lineares), de petrologia experimental, aliado aos dados
isotopicos do Nd e Pb, sugerem para o Granito Martins Pereira uma origem a partir da fusao
parcial de fontes crustais anfiboliticas e\ou tonaliticas (enq -0,92 a —1,55, Tpym 2,38-2,33 Ga)
com localizada contribuicdo de metagrauvacas (exg —2,37 a —4,74, Tpm 2,64-2,43 Ga) e idades
supostamente arqueanas (e/ou siderianas?) a riacianas (transamazonicas), gerando idades-
modelo Tpy mistas. Xenolitos de rochas anfiboliticas e paragnaissicas, apesar de raros,
podem ser encontrados no Granito Martins Pereira. Datagdes em zircao (evaporagdo de Pb)
indicam também um intervalo de cristalizag@o curto e restrito entre 1975 e 1971 Ma para este

magmatismo;
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d) O Granito Serra Dourada constitui um batolito de menor expressio e ¢ composto
essencialmente por monzogranitos € sienogranitos a muscovita, cordierita e sillimanita.
Ocupam o campo dos granitos de fusdo crustal no diagrama QAP e apresentam quimismo
peraluminoso similar aos granitos tipo S normais. Embora em menor grau, também se
mostram afetados por deformagao heterogénea penetrativa de escala regional;

e) Dados petrograficos (mineralogia aluminosa), geoquimicos (cardter peraluminoso) e
isotopicos (eng —3,19 a —4,34, Tpm 2,53-2,38 Ga) obtidos no Granito Serra Dourada sugerem
fortemente uma origem a partir da fusdo parcial de metagrauvacas, também indicando
proveniéncia de fontes com idades supostamente arqueanas (e/ou siderianas?). Muito embora
as idades ao redor de 2,38 Ga possam ser provocadas por local contribui¢do de fontes
riacianas (transamazonica), produzindo ao menos localmente idades-modelo Tpy mistas (vide
Granito Martins Pereira). Datagcdes em zircdo (evaporacdo de Pb) do Serra Dourada indicam
cristalizagdo ao redor de 1962 + 6 Ma, em acordo com dados obtidos em zircdo por U-Pb
SHRIMP (1969 + 4 Ma) em outro granito tipo S existente no Dominio Guiana Central, sendo,
portanto, ligeiramente mais jovens que os granitdides tipo I, célcio-alcalinos de alto-K
Martins Pereira;

f) Lentes e bolsdes de leucogranitos ocorrem subconcordantes aos planos de foliacdo dos
metagranitdéides Martins Pereira, podendo ser resultado da fusdo parcial deste Gltimo durante
evento gerador dos granitdides da porcao sul em torno de 1900 Ma (vide discussdo abaixo). A
idade de cristalizacdo obtida em zircao pelo método de evaporagdo de Pb ¢ de 1909 + 6 Ma e
pelo menos quatro conjuntos de idades herdadas foram também detectadas: i) 1959 + 5 Ma
(Granito Martins Pereira?); i1) 1997 £ 8 Ma (Arco Anaud?); iii) 2134 £ 15 Ma (crosta
Transamazodnica) e iv) 2354 = 6 Ma (Crosta Amazonia Central);

g) Os dados disponiveis para o conjunto petrotectonico do setor norte do Dominio Uatuma-
Anaud permite a elaboragdo preliminar de uma proposta evolutiva baseada inicialmente num
modelo acrescionario em 2,03 Ga (sistema de arco magmatico Anaua e bacias associadas)
com subseqiiente colisdo entre blocos crustais (orogeno colisional). Esta colisdo teve inicio
entre 1,97-1,96 (granitdides Martins Pereira e Serra Dourada) e evoluiu ao longo tempo,
culminando mais a norte com a geracdo dos granulitos e ortognaisses do cinturdo Guiana
Central entre 1,94-1,93 Ga. Eventos tectono-metamorficos recorrentes podem ter afetado este

bloco (agora amalgamado) ao longo do Proterozoico (p.ex. ~1,72 Ga e ~1,20 Ga) ;
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h)

Modelo evolutivo similar envolvendo a geracdo de um arco primitivo em torno de 2,00 Ga
(arco Cuita-Cuiun) ¢ adotado igualmente no dominio Tapajos (parte sul do Craton Amazdnico,
Escudo Brasil Central), embora alguns autores (e.g. Santos ef al., 2004) admitam ainda um
segundo arco (continental) ao redor de 1,96 Ga (arco Creporizao). Apesar disso, o estdgio
acresciondrio parece nao ter evoluido para um estagio colisional de modo significativo na
regido supracitada, em fun¢do da ocorréncia restrita de granitos tipo S e auséncia de rochas

granuliticas.

5.2.2 - Setor Sul

a)

b)

A por¢do sul, ao contrario da por¢do norte, ndo registra efeitos deformacionais significativos,
exceto por zonas de cisalhamento destrais muito localizadas (p.ex. Sistema de Falhas do
Jauaperi). As principais anisotropias dizem respeito as estruturas de fluxo magmatico
representadas por enclaves e megacristais preferencialmente alinhados, observados na
maioria dos corpos graniticos. Dominam neste setor os granitos Caroebe e Igarapé Azul, além
de rochas wvulcénicas co-genéticas (Jatapu), charnoquitdides (Santa Maria e Igarapé
Tamandaré) e granitos tipo A (Moderna e Mapuera). As duas ocorréncias minerais mais
importantes deste setor estdo assentadas (columbita-tantalita em aluvido) ou hospedadas
(pegmatitos com ametista), respectivamente, nos granitdides Igarapé Azul e Moderna;

O Granito Igarapé Azul esta dividido em trés facies principais (Vila Catarina, Saramandaia e
Cinco Estrelas) e ¢ composto essencialmente por monzogranitos com baixo conteudo de
minerais maficos que se encontram em geral hidrotermalizados. Estes granitdides ocupam no
diagrama QAP o campo dos granitos crustais e quimicamente sdo rochas calcio-alcalinas com
alto-K, ricas em SiO, e ligeiramente peraluminosas, exibindo enriquecimento em LILE e
padroes variados de ETR. Sao caracterizados ainda por uma ampla gama de enclaves: 1) ricos
em biotita (surmicdceos); 2) metagranitico (Martins Pereira); 3) paragnaissico (tipo
Cauarane); 4) microgranulares tonalitico-granodioriticos.;

O Granito Caroebe apresenta volume de maficos superior (8-48%) e aspecto mosqueado que
o distingue do Granito Igarapé Azul. Além disso, duas facies distintas foram cartografadas
tendo como base a presenga de biotita acompanhada (facies Jaburuzinho) ou nao (facies Alto
Alegre) por hornblenda. A primeira facies ¢ caracterizada por um aspecto mosqueado mais
acentuado, em geral com textura equigranular, e tipos que variam de quartzo dioritos a

monzogranitos. A segunda apresenta tipos monzograniticos a granodioriticos em geral
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porfiriticos, com carater geoquimico similar ao dos granitdéides Igarapé Azul, muito embora
ndo apresentem efeitos hidrotermais significativos. Em termos geoquimicos o Granito
Caroebe apresenta envelope composicional mais amplo de ETR e elementos tragos,
mostrando conteudos mais baixos de Rb e K e localmente elevados de Ba, Th, U (LILE) e
Nd, P, Hf, Zr e Sm (HSFE);

d) As idades de zircao pelo método de evaporacao de Pb apontam idade de cristalizagdao entre
1891-1889 Ma para os granitoides Igarapé Azul e herangas entre 1972-1964 Ma, estas ultimas
muito proximas das idades de cristalizacdo obtidas nos granitdides Martins Pereira. Idade de
cristalizagdo (1891 + 2 Ma) e herangas (1963 + 4 Ma) similares sdo observadas também na
facies Alto Alegre do Granito Caroebe. O Enderbito Santo Maria (1891 £ 1 Ma) e as
vulcanicas daciticas e andesiticas Jatapu (1893 + 5 Ma, heranca de 1966 + 3 Ma) demonstram
fazer parte desse mesmo evento magmatico. A facies Jaburuzinho (1895 + 2 Ma) e o Granito
Agua Branca (1901 + 5 Ma) em sua éarea tipo apontam idades de cristalizagdo ligeiramente
mais antigas e, apesar de herangas em torno de 1,97 Ga nao terem sido observadas, resquicios
transamazonicos foram registrados localmente (2142 + 10 Ma). O Granito Murauau, provavel
representante do magmatismo Mapuera (tipo A) na regido, apresenta idade mais jovens (1871
+ 5 Ma) e duas populacdes herdadas (1888 + 3 Ma e 2359 + 7 Ma);

e) Os diagramas geoquimicos de variacdo e de petrologia experimental, em conjunto com o
contetido isotopico do Nd e Pb, indicam que os granitos Igarapé Azul, Caroebe e Agua
Branca podem ter uma origem comum a partir da fusdo parcial de fontes crustais anfiboliticas
e\ou tonaliticas-andesiticas com progressiva e variavel contribuigdo de fontes
metassedimentares (grauvacas) e talvez das proprias rochas encaixantes (Martins Pereira). A
contribuicdo de fontes crustais dominantemente transamazonicas sdo mais evidentes no
Granito Igarapé Azul (enxg -0,02 a -1,61, Tpm 2,28-2,14 Ga), nas facies Alto Alegre (eng -0,68
a -2,24, Tpy 2,26-2,17 Ga) e Jaburuzinho (eng 10,46 a -2,69, Tpy 2,32-2,16 Ga), além das
rochas vulcanicas Jatapu (eng -0,70 a -1,76, Tpym 2,28-2,21 Ga), embora localmente, incluindo
a area-tipo do Granito Agua Branca, ocorram idades siderianas (eng -2,60 a -4,27, Tpy 2,47-
2,37 Ga), indicando a presenca subordinada de fontes mais antigas;

f) Associacdo granitica céalcio-alcalina similar e contemporanea existente no dominio Tapajos
tem sido interpretada por alguns autores como originada em ambiente de margem ativa,

controlado por subduc¢do, muitas vezes desenvolvidos em varios estdgios, representados
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2

pelos arcos Tropas (1,90 Ga) e Parauari (1,88 Ga). Entretanto, no setor sul do DUA, além da
auséncia de sucessOes meta-vulcanossedimentares e/ou remanescentes de crosta ocednica
(sequéncia ofiolitica?) contemporaneas a geracdo de um provavel arco magmatico em 1,90
Ga e a falta de indicios de metamorfismo e deformagao, dificulta a vinculacdo dos granitdides
calcio-alcalinos do sul do DUA a um ambiente de subduccao cléssica (tipo-B). Nesse sentido,
a assinatura geoquimica dos granitoéides estaria muita mais vinculada as caracteristicas das
fontes do que propriamente ao ambiente geotectonico;

Portanto a proposta evolutiva aqui apresentada tem como base a ascensao local da astenosfera
(slab break-off e delaminagdo ou atuagdo de plumas mantélicas?) produzindo magmas
basalticos que estacionariam na base da crosta inferior, provocando a fusdo desta e gerando
um amplo volume de magmas. Estes ultimos ao interagir com o restante da crosta dariam
origem a uma diversidade de tipos graniticos (em diferentes condi¢cdes de pressdo de H,O)
entre 1,90 (granitos tipo I) e 1,87 Ga (granitos tipo A). Este modelo pds-colisional, baseado
num mecanismo controlado por underplating, também ¢ proposto no dominio Tapajés como
alternativa a origem acrescionaria descrita anteriormente.

Apesar dos dados apresentados contribuirem com o aumento do acervo referente a porgao

central do Escudo das Guianas, evidentemente as conclusdes expostas aqui ndo tém a pretensao

do carater definitivo. Muito pelo contrario, reconhece-se a necessidade de investigacdo mais

aprofundada, sobretudo do ponto de vista geoquimico-isotopico visando apoiar estudos

petroldgicos e evolutivos, associados a estudos metamorfico-estruturais.

Além disso, a auséncia de mapeamento geoldgico sistematico nas areas vizinhas (p.ex.

fronteira Brasil-Guiana, limites estaduais Amazonas-Para-Roraima) dificulta enormemente uma

correlacdo em escala regional, impedindo um melhor entendimento e extrapolacdo do modelo

proposto (p.ex. dindmica e geometria) e sua conexdo com o modelo de Provincias

Geocronologicas (Provincia Ventuari-Tapajos ou Tapajos-Parima).
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Mapa de Estacoes Geologicas
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ANEXO 2
Mapa Geologico
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