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RESUMO

Analises combinadas U-Pb e Lu-Hf in situ em uma mesma populag¢do de zircdo de rochas
magmaticas por LA-MC-ICP-MS permitem determinar a idade e assinatura isotopica dessas
rochas, fornecendo valiosas informagdes para estudos de evolugdo crustal. A aplicagao dessa
sistemadtica, devido a sua relativa simplicidade, sensibilidade e rapidez das andlises representa
atualmente uma das ferramentas mais eficazes e amplamente utilizadas para estudos
isotopicos e geocronoldgicos. O sudeste do Escudo das Guianas (EG) estd em grande parte
inserido na Provincia geotectonica/geocronoldgica Maroni-Itacaiinas (PMI) do Craton
Amazonico (CA). A PMI representa uma expressiva faixa orogénica consolidada no
Paleoproterozoico, durante o ciclo orogenético Transamazonico (2,26 - 1,95 Ga), que consiste
em grandes extensdes de crosta juvenil riaciana e alguns remanescentes arqueanos
retrabalhados. E formada principalmente por complexos granuliticos-migmatiticos-gnaissicos,
rochas metavulcanicas e metassedimentares deformadas e metamorfizadas na facies xisto-
verde a anfibolito (greenstone belts paleoproterozoicos) e granitoides riacianos (magmatismo
TTG e granitico). Trés dominios tectonicos sdo individualizados na PMI/EG em territorio
brasileiro: o Bloco Amapa (BA), na regido centro-sul do Amapa e noroeste do Pard, o
Dominio Lourengo (DL), no centro-norte do Amapa, e o Dominio Carecuru (DC), no noroeste
do Para. O BA ¢ um bloco continental neo-mesoarqueano intensamente retrabalhado no
Paleoproterozoico durante o Ciclo Transamazonico, enquanto o DL e o DC representam
terrenos dominantemente riacianos, com evolugdo envolvendo estagios de subducgdo de
litosfera oceanica em ambientes de arcos de ilha e/ou arcos magmaticos continentais, € com
reliquias retrabalhadas de crosta continental arqueana, seguida por acrecdo tectonica desses
arcos magmaticos. O objetivo desta Tese foi implantar o protocolo experimental da
metodologia combinada U-Pb e Lu-Hf em zircao por LA-MC-ICP-MS no laboratério Para-
Iso/UFPA e investigar, a luz dos novos dados U-Pb e Lu-Hf, os processos de acrecdo e
retrabalhamento crustal durante o Arqueano e Paleoproterozoico no extremo sudeste do EG.
Além do BA, alguns remanescentes esporadicos e zircdes arqueanos herdados tém sido
encontrados em granitoides paleoproterozoicos e levantam questionamentos quanto ao
envolvimento e extensao da crosta continental arqueana nos dominios DL e DC. Dados Sm-
Nd em rocha total tém confirmado o carater juvenil de grande parte da PMI. Entretanto, para
o DL e DC, recorrentes idades-modelo Nd-Tpy arqueanas tém sido identificadas e também
apontam participacdo e/ou mistura de material crustal neo-mesoarqueano na formagdo das

rochas destes dominios. Embora inimeros estudos isotdpicos e geocronologicos ja tenham
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sido realizados na regido sudeste do EG, a aplicagdo de andlises combinadas U-Pb e Lu-Hf
em zircdo ainda ¢é inédita. A implantacdo das metodologias Lu-Hf e U-Pb in situ em zircao,
foi realizada utilizando-se um MC-ICP-MS de alta resolu¢ao da marca Thermo Finnigan
modelo Neptune, equipado com uma microssonda a laser Nd:YAG 213 nm modelo LSX-213
G2 da marca CETAC. Os parametros de instrumentagdo e operagdo do ICP-MS e do laser
foram estabelecidos apds varias secdes analiticas de modo a se alcangar uma configuragao de
rotina satisfatoria. Os resultados obtidos para os materiais internacionais de referéncia
reproduziram os valores da literatura com a precisdo, acuracia e reprodutibilidade necessarias
ao estabelecimento em rotina da metodologia combinada U-Pb ¢ Lu-Hf no Para-Iso/UFPA
para analises in situ de zircdes por LA-MC-ICP-MS. A descri¢ao do protocolo experimental e
instrumentagdo utilizada para cada método, bem como os resultados das primeiras aplicagcdes
desenvolvidas em zircdes de granitoides/metagranitoides distribuidos nos trés dominios
tectonicos supracitados foram publicados na forma de capitulos de livro. Na sequéncia, foram
realizadas andlises isotdpicas em zircoes de dezoito amostras de unidades do BA e do DL/DC.
Os novos dados U-Pb consolidaram a identificacdo dos principais episodios magmaticos do
extremo sudeste do EG. Destacam-se os eventos arqueanos identificados no BA, dois no
Mesoarqueano (~3,2 e 2,85 Ga) e um no Neoarqueano (2,65-2,69 Ga), bem como aqueles
riacianos no DL (~2,18, 2,14, e 2,12-2,09 Ga) ¢ DC (2,15-2,14 Ga). Os dados Lu-Hf
apontaram para o predominio de processos de retrabalhamento crustal (€uge) < 0) durante a
formagdo do BA e do DL/DC. As idades-modelo Hf-Tpm© variaram de 2,99 até 3,97 Ga para
0 BA e subsidiaram a identificagdo de dois periodos de formagdo de crosta continental, um no
Eoarqueano (~4.0 Ga) e outro no Mesoarqueano (3,0-3,1 Ga). Este ultimo reconhecido em
escala global como um importante periodo de acres¢do crustal. O episodio Eoarqueano ¢
inédito para o sudeste do EG e indica que o crescimento crustal no CA se iniciou pelo menos
500 Ma antes do que previamente sugerido (3,51 Ga, Nd-Tpy em rocha total). Nos dominios
riacianos (DL/DC), as idades-modelo Hf-Tpy  revelaram-se arqueanas (98,4%) e, junto com
as assinaturas isotopicas Nd-Hf, apontaram a participacdo de material crustal do BA por
incorporacao de sedimentos em ambiente de arco de ilha (noroeste do DL), como igualmente
registrado no noroeste do Suriname e nos terrenos Birimianos em Gana (Craton Oeste
Africano), assim como por assimilacdo de crosta arqueana de diferentes idades e proporgdes

em ambiente de arco magmaético continental no sul/sudeste do DL e no DC.

Palavras-chave: U-Pb e Lu-Hf em zircio. LA-MC-ICP-MS. Provincia Maroni-Itacaitinas.

Escudo das Guianas. Craton Amazonico.
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ABSTRACT

Combined U-Pb and Lu-Hf in situ analyzes on zircon of magmatic rocks by LA-MC-ICP-MS
allow to determine the age and isotopic signature of these rocks, providing valuable
information for crustal evolution studies. The application of this systematic, due to its relative
simplicity, sensitivity and speed of analysis, is currently one of the most efficient and widely
used tools for isotopic and geochronological studies. The southeastern Guiana Shield (GS) is
part of the Maroni-Itacaitinas geotectonic/geochronological Province (MIP) of the Amazonian
Craton (AC). The MIP represents an expressive orogenic belt consolidated in the
Paleoproterozoic during the Transamazonian orogenic cycle (2.26-1.95 Ga), that includes
large segments of Rhyacian juvenile crust and some reworked Archean remnants. It consists
mainly of Paleoproterozoic granulitic-migmatitic-gneissic complexes, deformed and
metamorphosed metavolcanic and metasedimentary rocks and granitoids (granitic and TTG
magmatism). Three tectonic domains are individualized in Brazilian territory of the MIP/GS,
called Amapa Block (AB), south-central Amapa and northwest of Pard region, Lourengo
Domain (LD), north-central Amapé, and Carecuru Domain (CD), northwest of Para. The AB
is a Neo-Mesoarchean continental block intensely reworked during the Transamazonian
Cycle, while the other two domains represent dominantly Rhyacian landmass, with evolution
involving stages of subduction of oceanic lithosphere in island and/or continental magmatic
arc environments, with relics of reworked Archean continental crust, followed by a colisional
stage of tectonic accretion of the magmatic arcs. The objective of this thesis was to implement
the experimental procedures of the combined U-Pb and Lu-Hf methodology in zircon by LA-
MC-ICP-MS at the Para-Iso/UFPA laboratory and to investigate, in the light of the new U-Pb
and Lu-Hf data, the crustal reworking and accretion processes during the Archean and
Paleoproterozoic at the southeastern GS. In addition to the AB, some sporadic remnants and
inherited Archean zircons have been found in Paleoproterozoic granitoids and raise questions
about the involvement and extension of the Archean continental crust in the LD and CD.
Whole-rock Sm-Nd data have confirmed the juvenile character of much of MIP. However, for
the LD and CD, recurrent Archean Nd-Tpy model ages have been identified and also indicate
a participation and/or mixing of Neo-Mesoarchean crustal material in the formation of the
rocks of these domains. Although several isotopic and geochronological studies have already
been carried out in the southeastern GS, the application of combined U-Pb and Lu-Hf
analyzes in zircon is still unprecedented. The implantation of Lu-Hf and U-Pb in situ methods

in zircon was carried out using a high-resolution Neptune Thermo Finnigan MC-ICP-MS,



equipped with a CETAC Nd: YAG 213 nm laser microprobe model LSX-213 G2. ICP-MS
and laser instrumentation and operation parameters were established after several analytical
sections in order to achieve a satisfactory routine configuration. The results obtained for
international reference materials reproduced the literature values with the precision, accuracy
and reproducibility necessary for the routine establishment of both U-Pb and Lu-Hf
procedures for in situ analyzes of zircons by LA-MC-ICP-MS at the Para-Iso/UFPA. The
description of the experimental protocol and instrumentation for each method, as well as the
first results performed on zircon from granitoids/metagranitoids distributed in the three
tectonic domains mentioned above were published as two book chapters. Next, isotopic
analyzes were performed on zircon of eighteen samples of the AB and LD/CD units. The new
U-Pb data consolidated the identification of the main magmatic episodes in the
southeasternmost part of the GS. In the AB, two Mesoarchean (~ 3.2 and 2.85 Ga) and one
Neoarchean (2.65-2.69 Ga) magmatic events were identified, as well as those in the LD (~
2.18, 2.14, and 2.12-2.09 Ga) and CD (2.15-2.14 Ga). The Lu-Hf data pointed to the
predominance of crustal reworking processes (€nfr) < 0) during the AB and LD/CD formation.
The Hf-Tpy© model ages ranged from 2.99 to 3.97 Ga for AB and subsidized the
identification of two periods of continental crust formation, one in the Eoarchean (~ 4.0 Ga)
and the other in the Mesoarchean (3,0- 3.1 Ga). The latter is recognized at a global scale as an
important period of crustal accretion. The Eoarchean episode is unprecedent for the southeast
of GS and indicates that the crustal growth in the AC started at least 500 Ma earlier than
previously suggested (3.51 Ga, whole-rock Nd-Tpy). In the Rhyacian domains (LD/CD), the
Hf-Tpu"© model ages were found to be mostly Archean (98.4%). Together with the Nd-Hf
isotopic signatures, they indicated the participation of AB crustal material by sediments
incorporation in island arc environment in the northwest of the LD, as it has also been
recorded in the northwest of Suriname and in the Birimian terrains in Ghana (West African
Craton). In the south/southeast of the LD and in the CD assimilation of Archean crust of
different ages and proportions in a continental magmatic arc environment may account for the

Hf-Nd isotopic signatures and Hf-Tpy model ages of Rhyacian magmatism.

Keywords: U-Pb and Lu-Hf on zircon. LA-MC-ICP-MS. Maroni-Itacaitnas Province. Guiana

Shield. Amazonian Craton.



