
 
 

UNIVERSIDADE FEDERAL DE PERNAMBUCO 

CENTRO DE TECNOLOGIAS E GEOCIÊNCIAS 

DEPARTAMENTO DE GEOLOGIA 

PROGRAMA DE PÓS-GRADUAÇÃO EM GEOCIÊNCIAS 

 

 

 

 

SANMY SILVEIRA LIMA 

 

 

 

INTEGRAÇÃO DE DADOS AEROGEOFÍSICOS, GEOCRONOLÓGICOS E DE 

SENSORIAMENTO REMOTO PARA A CARACTERIZAÇÃO GEOLÓGICA DA 

PORÇÃO OESTE DO BATÓLITO IPOJUCA-ATALAIA (DOMÍNIO 

PERNAMBUCO-ALAGOAS) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Recife 

2021



 
 

SANMY SILVEIRA LIMA 

 

 

 

 

INTEGRAÇÃO DE DADOS AEROGEOFÍSICOS, GEOCRONOLÓGICOS E DE 

SENSORIAMENTO REMOTO PARA A CARACTERIZAÇÃO GEOLÓGICA DA 

PORÇÃO OESTE DO BATÓLITO IPOJUCA-ATALAIA (DOMÍNIO 

PERNAMBUCO-ALAGOAS) 

  

 

 

Tese apresentada ao Programa de Pós-

graduação em Geociências da Universidade 

Federal de Pernambuco como requisito parcial 

para obtenção do título de Doutor em 

Geociências.  

 

Área de concentração: Geoquímica, 

Geofísica e Evolução Crustal. 

 

 

Orientador: Prof. Dr. Adejardo Francisco da Silva Filho. 

Coorientadora: Profa. Dra. Ignez de Pinho Guimarães. 

 

 

 

  

 

 

 

 

 

  

Recife 

2021



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Catalogação na fonte: 

Bibliotecária Sandra Maria Neri Santiago, CRB-4 / 1267 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

L732i         Lima, Sanmy Silveira. 

Integração de dados aerogeofísicos, geocronológicos e de sensoriamento 

remoto para a caracterização geológica da porção oeste do Batólito Ipojuca-Atalaia 

(Domínio Pernambuco-Alagoas) / Sanmy Silveira Lima. – 2021. 

148 f.: il., figs. e tabs. 

 

Orientador: Prof. Dr. Adejardo Francisco da Silva Filho. 

Coorientadora: Profa. Dra. Ignez de Pinho Guimarães. 

Tese (Doutorado) – Universidade Federal de Pernambuco. CTG. Programa de 

Pós-Graduação em Geociências, Recife, 2021. 

Inclui referências. 

 

1. Geociências.   2. Província Borborema.   3. Domínio Pernambuco-Alagoas.   

4. SRTM.   5. Dados aerogamaespectrométricos.   6. Dados magnetométricos.   7. 

U-Pb em zircão.   I. Silva Filho, Adejardo Francisco da (Orientador).   II. 

Guimarães, Ignez de Pinho (Coorientadora).   III. Título. 

      

 

       UFPE 

 

551 CDD (22. ed.)     BCTG/2022-165 

 



 
 

 
 

SANMY SILVEIRA LIMA 

 

 

 

INTEGRAÇÃO DE DADOS AEROGEOFÍSICOS, GEOCRONOLÓGICOS E DE 

SENSORIAMENTO REMOTO PARA A CARACTERIZAÇÃO GEOLÓGICA DA 

PORÇÃO OESTE DO BATÓLITO IPOJUCA-ATALAIA (DOMÍNIO 

PERNAMBUCO-ALAGOAS) 

 

 

Tese apresentada ao Programa de Pós-

graduação em Geociências da Universidade 

Federal de Pernambuco, Centro de Tecnologia 

e Geociências, como requisito parcial para 

obtenção do título de Doutor em Geociências. 

Área de concentração: Geoquímica, Geofísica 

e Evolução Crustal. 

Aprovada em: 06/10/2021. 

 

BANCA EXAMINADORA 

 

 

 

Prof. Dr. Adejardo Francisco da Silva Filho (Orientador) 

Universidade Federal de Pernambuco 

 

 

Profa. Dra. Maria de Lourdes da Silva Rosa (Examinador Externo) 

Universidade Federal de Sergipe 

 

 

Profa. Dra. Adriane Machado (Examinador Externo) 

Universidade Federal de Sergipe 

 

 

Profa. Dra. Anelise Losangela Bertotti (Examinador Interno) 

Universidade Federal de Pernambuco 

 

 

Prof. Dr. José Batista Siqueira (Examinador Externo) 

Universidade Federal do Rio Grande do Norte 



 
 

 

AGRADECIMENTOS 

  

Ao Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq), pelo 

apoio financeiro através da bolsa de estudos e da taxa de bancada (Processo: 143557/2017-3). 

A Companhia de Pesquisas de Recursos Minerais (CPRM) pela concessão dos dados 

aerogeofísicos utilizados nesta pesquisa e as pessoas que contribuíram de maneira direta ou 

indireta para o término desta jornada.  

  



 
 

 

RESUMO 

 

Ao longo das últimas décadas, estudos geológicos, geofísicos e isotópicos na 

Província Borborema (NE, Brasil) evoluíram consideravelmente, principalmente nas 

subprovíncias Norte e Central. Entretanto, o Domínio Pernambuco-Alagoas, inserido na 

subprovíncia Sul, não dispõe de estudos geofísicos, isotópicos e geológicos em detalhe. O uso 

e interpretação de dados e imagens obtidos, através de sensores remotos permitem 

importantes aplicações nas geociências. Nesta pesquisa foram utilizados dados aerogeofísicos 

de alta densidade e dados SRTM (Shuttle Radar Topography Mission), para delimitar 

litologias e capturar indicadores lineares geológicos e geomorfológicos na porção oeste do 

Batólito Ipojuca-Atalaia. Este batólito ocorre de forma longitudinal à costa atlântica de Recife 

para as proximidades de Maceió e apresenta um formato triangular irregular, alcançando uma 

área próxima a 4.000 km2 de extensão. Os limites do batólito são marcados duas zonas de 

cisalhamento, a norte pela Zona de Cisalhamento Palmares e a sul, pela Zona de 

Cisalhamento Flexeiras. A utilização de dados de SRTM permitiu aplicar as metodologias de 

extração da hipsometria, grau de declividade, imagem sombreada e drenagem. O conjunto de 

produtos extraídos a partir desses dados possibilitou identificar os compartimentos 

geomorfológicos da área de estudo e como as estruturas geológicas imprimem um forte 

controle morfoestrutural na região. Nesse contexto, o controle estrutural do relevo é 

evidenciado pela dissecação das zonas de cisalhamento, onde a litologia granítica apresentou 

uma tensão maior ao longo do tempo geológico. O estudo aerogeofísico, por sua vez, permitiu 

delimitar os domínios litogeofísicos e os domínios magnéticos, além das principais direções 

dos lineamentos, zonas de cisalhamento e seu comportamento em profundidade através da 

continuação ascendente e da Deconvolução de Euler. O conjunto de dados magnetométricos 

integrados revelou que a região foi intensamente deformada por zonas de cisalhamento 

transcorrentes, com direção NE-SW. Os dados aerogamaespectrométricos possibilitaram o 

aprimoramento dos limites entre os plútons da porção oeste do Batólito Ipojuca-Atalaia. Após 

as etapas de sensoriamento remoto e interpretação dos dados aerogeofísicos foram escolhidos 

os principais litotipos, para a análise isotópica por Lu-Hf, geocronológica por U-Pb e 

litogeoquímica por rocha total. Os granitóides da porção oeste do Batólito Ipojuca-Atalaia 

apresentam feição metaluminosa a ligeiramente peraluminosa e estão associados a série 

magnesiana. As rochas estudadas são enriquecidas em LILE e LREE, mas depletadas em 

HFSE, indicando características de zonas de subducção de arco vulcânico. Os dados 

isotópicos de Lu-Hf indicaram três grupos, com diferentes idades TDM. O grupo 1, apresenta 



 
 

 

idade modelo TDM variando entre 0,9 e 1,1 Ga e valores de ɛHf(t) entre +4,26 e +54,36, 

sugerindo uma fonte Toniana juvenil; o grupo 2 é caracterizado por idade modelo TDM entre 

1,2 e 1,6 Ga e ɛHf(t) variando de -8,99 até 46,3; o grupo 3 apresenta idade modelo TDM 

variando entre 3.3 e 2.8 Ga e ɛHf(t) exclusivamente negativo (-27.47 até -3.96) indicando a 

geração por melting de uma crosta Arqueana para o Plúton Murici (sin-transcorrente). Sete 

amostras de metagranitóides foram analisadas por LA-ICP-MS. Os metagranitóides e plútons 

foram correlacionados a partir de suas idades e dos eventos tectônicos ocorridos na Província 

Borborema, sendo eles divididos em: (1) plúton sin-transcorrência (Pluton Murici – 578,3 ± 

2,4 Ma); (2) metagranitóides colisionais (Poço Feio – 620,6 ± 3,5 Ma; Manguape – 632,3 ± 

2,5; Munguba – 639,1 ± 4,3 Ma; Santana do Mundaú – 629,8 ± 4,2 Ma) e (3) metagranitóides 

Tonianos (Riacho Cabeça de Porco - 828 ± 7,6 Ma e Metagranitóide Toniano Migmatizado - 

957 ± 6,1 Ma). Assim, este estudo fornece bases sólidas para o entendimento e 

aprimoramento dos dados relativos ao plútons, zonas de cisalhamento e dinâmica tectônica da 

porção oeste do Batólito Ipojuca-Atalaia.  

 

Palavras-chave: Província Borborema; Domínio Pernambuco-Alagoas; SRTM; dados 

aerogamaespectrométricos; dados magnetométricos; U-Pb em zircão.  

  



 
 

 

ABSTRACT 

 

Over the last decades, geological, geophysical and isotopic studies in Borborema 

Province (NE, Brazil) have evolved considerably, mainly in the North and Central sub-

provinces. However, the Pernambuco-Alagoas Domain, located in the South sub-province, 

does not have detailed geophysical, isotopic and geological studies. The use and interpretation 

of data and images obtained through remote sensors allow important applications in 

geosciences. In this research, high-density aerogeophysical data and SRTM (Shuttle Radar 

Topography Mission) data were used to delimit lithologies and capture geological and 

geomorphological linear indicators in the western portion of the Ipojuca-Atalaia Batholith. 

This batholith occurs longitudinally from the Atlantic coast of Recife towards Maceió and has 

an irregular triangular shape, reaching an area close to 4,000 km2 in length. The boundaries of 

the batholith are marked by two shear zones, to the north by the Palmares Shear Zone and to 

the south by the Flexeiras Shear Zone. The use of SRTM data allowed the application of 

hypsometry extraction methodologies, slope degree, shaded image and drainage. The set of 

products extracted from these data made it possible to identify the geomorphological 

compartments of the study area and how the geological structures impose a strong 

morphostructural control in the region. In this context, the structural control of the relief is 

evidenced by the dissection of the shear zones, where the granitic lithology presented a 

greater tension over the geological time. The aerogeophysical study, in turn, allowed to 

delimit the lithogeophysical domains and the magnetic domains, in addition to the main 

directions of the lineaments, shear zones and their behavior in depth through the ascending 

continuation and the Euler Deconvolution. The integrated magnetometric dataset revealed that 

the region was intensely deformed by transcurrent shear zones, with a NE-SW direction. The 

aerogammaspectrometric data allowed the improvement of the boundaries between the 

plutons of the western portion of the Ipojuca-Atalaia Batholith. After the stages of remote 

sensing and interpretation of the aerogeophysical data, the main lithotypes were chosen for 

isotopic analysis by Lu-Hf, geochronological by U-Pb and lithogeochemistry by whole rock. 

The granitoids of the western portion of the Ipojuca-Atalaia Batholith have a metaluminous to 

slightly peraluminous feature and are associated with the Magnesian series. The studied rocks 

are enriched in LILE and LREE, but depleted in HFSE, indicating characteristics of volcanic 

arc subduction zones. Lu-Hf isotopic data indicated three groups, with different TDM ages. 

Group 1 has a TDM model age ranging between 0.9 and 1.1 Ga and ɛHf(t) values between 

+4.26 and +54.36, suggesting a juvenile Tonian source; group 2 is characterized by age model 



 
 

 

TDM between 1.2 and 1.6 Ga and ɛHf(t) ranging from -8.99 to 46.3; group 3 has a TDM 

model age ranging between 3.3 and 2.8 Ga and an exclusively negative ɛHf(t) (-27.47 to -

3.96) indicating the generation by melting of an Archean crust for the Murici Pluton (sin-

transcurrent). Seven samples of metagranitoids were analyzed by LA-ICP-MS. The 

metagranitoids and plutons were correlated based on their ages and the tectonic events that 

occurred in the Borborema Province, being divided into: (1) syn-transcurrent pluton (Pluton 

Murici – 578.3 ± 2.4 Ma); (2) collisional metagranitoids (Poço Feio – 620.6 ± 3.5 Ma; 

Manguape – 632.3 ± 2.5 Ma; Munguba – 639.1 ± 4.3 Ma; Santana do Mundaú – 629.8 ± 4.2 

Ma; Ma) and (3) Tonian metagranitoids (Cobra Cabeça de Porco - 828 ± 7.6 Ma and 

Migmatized Tonian Metagranitoid - 957 ± 6.1 Ma). Thus, this study provides solid bases for 

the understanding and improvement of data related to plutons, shear zones and tectonic 

dynamics of the western portion of the Ipojuca-Atalaia Batholith. 

 

Keywords: Borborema Province; Pernambuco-Alagoas Domain; SRTM; 

aerogammaspectrometric data; magnetometric data; U-Pb in zircon.  
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1 INTRODUÇÃO 

 

1.1 APRESENTAÇÃO, JUSTIFICATIVA E OBJETIVOS 

A caracterização do meio físico terrestre apresentou significativas mudanças a partir 

da introdução de novas ferramentas. O início da década de 60 é marcado pelo uso ostensivo 

de dados aéreos e orbitais, facilitando de forma significativa, a caracterização geológica. 

Recentemente, o estudo integrado de dados a trabalhos sistemáticos de campo, tornou 

possível compreender a evolução e os eventos geológicos presentes em uma determinada 

região. 

De acordo com Souza Filho e Crósta (2003), geotecnologia reúne o conjunto de 

ciências e tecnologias relacionadas à aquisição, armazenamento em bancos de dados, 

processamento e desenvolvimento de aplicações utilizando informações georreferenciadas. De 

modo mais específico, a geotecnologia engloba, de forma isolada ou em conjunto, o 

Sensoriamento Remoto, a Cartografia Digital, os Sistemas de Informações Georreferenciadas 

(SIG), a Aerogeofísica e a Geoestatística (Souza Filho e Crósta, 2003). De acordo com Rosa 

(2005) e Lima (2020), as soluções em hardware e software constituem importantes 

ferramentas para a delimitação e caracterização de unidades litológicas, bem como a tomada 

de decisões exploratórias.  

Novo e Ponzani (2001) afirmam que, o Brasil iniciou os investimentos na capacitação 

de profissionais e no desenvolvimento de infraestrutura que viabilizasse a aplicação das 

técnicas de sensoriamento remoto na década de 1960, com a implantação do Projeto 

Sensoriamento Remoto no Instituto de Pesquisas Espaciais (INPE). No início dos anos 70, 

todas as atividades concentraram-se na recepção e na utilização de imagens orbitais MSS dos 

satélites da série Landsat, possibilitando a identificação de feições específicas existentes na 

superfície terrestre (Novo e Ponzani, 2001). No final da década de 90, após 10 anos de 

desenvolvimento, o Brasil juntamente com a China lançou o satélite CBERS (China-Brazil 

Earth Resourses Satellite). Iniciando assim, um novo marco para a aquisição e interpretação 

de dados orbitais para as geociências no Brasil.  

Os primeiros levantamentos aerogeofísicos registrados no Brasil datam de meados da 

década de 50 e inicialmente restringia-se ao monitoramento das atividades do campo 

magnético, além das atividades sísmicas (Sordi, 2007). No final da década de 60, a geofísica 

estendeu suas atividades para o setor mineral e apresenta franca evolução até os dias atuais. 

Avanços tecnológicos como novos sensores, maior eficiência dos sistemas de posicionamento 

global e a velocidade de execução dos voos em áreas de difícil acesso ou com baixa 
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quantidade de afloramentos, fizeram da aerogeofísica uma ferramenta fundamental para a 

caracterização geológica.  

O uso de técnicas analíticas para a caracterização geoquímica e geocronológica 

obtiveram grande impulso na década de 60, onde foi montado o Laboratório de Geoquímica 

da Universidade da Bahia através o Departamento Nacional da Produção Mineral (DNPM), 

em colaboração com o Serviço Geológico dos Estados Unidos (USGS). A partir desse marco 

histórico houve a criação de diversos outros laboratórios em solo brasileiro. Os avanços 

tecnológicos que surgiram nas décadas posteriores indicaram a geoquímica e a geocronologia 

como ferramentas primordiais, para a caracterização e prospecção mineral em grandes áreas. 

Ao longo das décadas, o uso de dados geoquímicos, geocronológicos, aerogeofísicos e 

de sensoriamento remoto proporcionaram a caracterização regional da Província Borborema 

(PB; Almeida et al., 1977). A PB está situada no nordeste do Brasil e compreende uma área 

de aproximadamente 450.000 km2, correspondendo à porção oeste do Sistema Orogênico 

Brasiliano-Pan Africano formado a partir da convergência dos crátons Amazônico, São Luís-

Oeste Africano e São Francisco-Congo. Pesquisas recentes (Van Schums et al. 1998; Brito 

Neves et al. 2000; Osako, 2005 e Brito Neves e Silva Filho, 2019) indicam que a PB é 

constituída por um mosaico de blocos tectônicos, com proporções variadas de rochas do 

embasamento Paleoproterozoico, além de apresentar escassos núcleos arqueanos, rochas 

supracrustais e intrusões graníticas neoproterozoicas. O limite dos blocos ocorre através de 

lineamentos de idade neoproterozoica, os quais apresentam continuações registradas no lado 

africano. Segundo Osako (2005), essas continuações representam mais um elemento que 

denuncia a grande extensão do sistema orogênico em questão. 

A área de estudo está localizada na porção sul da PB, essa região corresponde ao 

Domínio Pernambuco-Alagoas (PEAL). De acordo com Brito Neves e Silva Filho (2019), o 

PEAL apresenta composição variada, com terrenos de alto grau, arqueanos, 

paleoproterozoicos, eo-neoproterozoicos, tratos metavulcanossedimentares, granitóides com 

variação em tipo e extensão e, localmente, no centro-sul, expressivo plutonismo de arco 

magmático. Inserido nesse contexto geológico, na porção leste do PEAL, foi descrito o 

Batólito Ipojuca-Atalaia (Silva Filho et al., 2002). Este batólito apresenta como limites sul, a 

Zona de Cisalhamento Flexeiras e norte, a Zona de Cisalhamento Palmares. 

Mesmo que, com os resultados apresentados neste trabalho, a cartografia e a 

caracterização geológica dos granitoides permaneçam deficientes, o conhecimento obtido 

permitiu levantar uma série de questões a respeito da gênese e tectônica da PB, que são 

apresentadas neste trabalho. 
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Este trabalho levanta a hipótese de uma orogênese acrescionária no limite entre a 

Província Borborema e o Cráton Congo-São Francisco (Gondwana Ocidental), onde o 

Domínio Pernamduco-Alagoas seria um equivalente de alto grau do Domínio Sergipano. A 

literatura indica que o PEAL engloba a maior área granítica da Província Borborema (Silva 

Filho et al., 2002, 2014; Brito Neves e Silva Filho, 2019), logo, o Batólito Ipojuca-Atalaia 

pode representar uma das áreas de crescimento crustal durante a amalgamção do Gondwana 

Ocidental no início da Orogenia Brasiliana. Resultados similares foram apresentados por 

Lima et al. (2021), para o extremo Oeste do PEAL, onde o Batólito Santana do Ipanema 

também seria outra área de crescimento crustal durante o início da Orogenia Brasiliana.  

O estudo geológico, geoquímico, geocronológico, geofísico e de sensoriamento 

remoto abordados nesta pesquisa auxiliarão no entendimento da evolução da Província 

Borborema, bem como a evolução da parte norte do Gondwana Ocidental. 

O objetivo principal desta pesquisa foi fornecer informações para a caracterização 

geológica, geoquímica, geocronológica e geofísica do embasamento e das suítes intrusivas 

que constituem a parte oeste do Batólito Ipojuca-Atalaia, além de avaliar o seu significado 

para a evolução crustal da Província Borborema.  

O presente trabalho foi dividido em três capítulos, onde cada capítulo representa um 

artigo. Os dois primeiros artigos foram submetidos e o terceiro está em vias de submissão.  

O primeiro artigo aplicou técnicas de sensoriamento remoto e dados aeromagnéticos 

para o entendimento da geomorfologia estrutural da área de estudo e sua correlação com a 

geologia. O segundo artigo apresenta a caracterização litológica e estrutural, com base em 

dados de campo, petrográficos e aerogeofísicos (magnetométricos e gamaespctrométricos). O 

terceiro artigo apresenta dados geoquímicos de rocha total, isotópicos (Lu-Hf em zircão) e 

geocronológicos (U-Pb em zircão), para avaliar a evolução crustal da porção Oeste do 

Batólito Ipojuca-Atalaia e suas implicações no PEAL e consequentemente, na PB.  

 

1.2 TRABALHOS ANTERIORES: a Província Borborema, o domínio Pernambuco-Alagoas 

e o batólito Ipojuca-Atalaia 

A Província Borborema (PB) foi inicialmente definida por Almeida et al. (1977) para 

designar a porção nordeste da Plataforma Sul-Americana, uma vasta região com mais de 

450.000 Km2 e nitidamente marcada pela atuação da Orogenia Brasiliana. Os primeiros 

estudos isotópicos realizados na Província Borborema, pelos métodos isotópicos K-Ar e Rb-

Sr, identificaram dois eventos: A Orogenia Transamazônica (Paleoproterozoico) e a Orogenia 

Brasiliana (neoproterozoico). Brito Neves (1975) compartimentou a PB em: (1) maciços 
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medianos (embasamento gnáissico-migmatítico representados pelos Maciços de Granja, 

Tróia, Rio Piranhas e Pernambuco-Alagoas); (2) sistemas ou faixas de dobramentos, sendo 

elas, sequências de rochas supracrustais deformadas e/ou metamorfizadas (faixas Médio 

Coreaú, Jaguaribe, Seridó, Piancó-Alto Brígida, Pajeú- Paraíba, Riacho do Pontal e 

Sergipana); (3) lineamentos tectônicos (e.g. Senador Pompeu, Patos e Pernambuco). 

A Província Borborema é parte integrante do extenso sistema orogênico 

Brasiliano/Pan-Africano gerado pela convergência dos crátons Amazônico, São Luiz-Oeste 

Africano e São Francisco-Congo durante o neoproterozoicos e responsável pela amalgamação 

do Gondwana Oeste. Segundo a literatura (Van Schums et al. 1998; Brito Neves et al. 2000; 

Osako, 2005; Brito Neves e Silva Filho, 2019; dentre outros), a PB é formada por um 

conjunto de grandes segmentos crustais, geralmente limitados por extensas zonas de 

cisalhamento, os quais comportam proporções variadas de rochas do embasamento 

Paleoproterozoico (com núcleos arqueanos preservados), rochas supracrustais meso a 

neoproterozoico e granitóides neoproterozoico (Van Schmus et al., 1998).  

A caracterização atual da PB é o resultado da compilação de informações geológicas, 

geofísicas e isotópicas disponíveis na literatura (Jardim de Sá,1994; Van Schmus et al.,1995, 

1998, 2003, 2008, 2011; Dantas et al.,1998; Brito Neves et al., 1975, 2000, 2003; Santos, 

1995; Oliveira & Medeiros, 2018; Silva Filho et al., 2002). Van Schums et al (2008) dividiu a 

PB em três sub-províncias: Norte, Central ou Transversal e Sul.  

A Subpríncia Norte está localizada entre os crátons São Luiz-Oeste Africano e a leste 

do Lineamento Sobral (Osako, 2005; Van Schums et al., 2008). A subprovíncia foi dividida 

nos domínios Médio Coreaú, Ceará Central e Rio Grande do Norte. De acordo com Santos 

(1999), o Domínio Médio Careaú foi gerado em um ambiente de arco magmático no 

Paleoproterozoico (2,3 a 2,5 Ga). 

A Subprovíncia Central ou Transversal está limitada pelas grandes zonas de 

cisalhamento Patos (a norte) e Pernambuco (a sul). A evolução desta subprovíncia está 

associada à fragmentação de um microcontinente paleoproterozoico e à formação de bacias 

Tonianas e Ediacarianas, no Neoproterozoico. De acordo com Santos et al. (2014), as 

unidades que constituem a Subprovíncia Central estão deslocadas para oeste por um conjunto 

de zonas de cisalhamento NE-SW. Brito Neves et al. (1995, 2000, 2003), apresentou os 

principais domínios que compõem essa área, sendo estes, o Rio Capibaribe, o Alto Moxotó, o 

Alto Pajeú, o Riacho Gravatá, o Piancó-Alto Brígida, o São José do Caiano e o São Pedro. 

 A Subprovíncia Sul compreende um dos principais segmentos tectônicos da Província 

Borborema e está localizada entre o Lineamento Pernambuco e o Cráton do São Francisco 
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(Brito Neves et al. 2000; Santos et al. 2000, 2010). Essa subprovíncia divide-se em Domínio 

Pernambuco-Alagoas e faixas Riacho do Pontal, Rio Preto e Sergipana, as quais apresentam 

continuidade lateral e características geológicas correlatas. De acordo com Lima (2018), as 

faixas móveis da Subprovíncia Sul compreendem sequências psamíticas-pelíticas, que mudam 

para pelíticas-carbonáticas e associações vulcanossedimentares em algumas regiões.  

O Domínio Pernambuco-Alagoas (PEAL) compreende um dos segmentos crustais 

mais importantes da Subprovíncia Sul da Província Borborema (Van Schmus et al. 2008). O 

PEAL limita-se ao norte com a Subprovincia Transversal, pelo Lineamento Pernambuco e ao 

sul, com a Faixa Sergipana por zonas de cisalhamentos indiscriminadas (Lima, 2018). De 

acordo com Silva Filho et al. (2002) esse domínio possui forma triangular com 

aproximadamente 70.000 km2, a qual é dividida em duas partes pelos sedimentos 

fanerozoicos da Bacia de Jatobá.  

Santos (1995), Medeiros & Santos (1998) e Medeiros (2000, 2004) subdividiram o 

PEAL em dois grandes complexos, o Complexo Belém do São Francisco, constituído por 

ortognaisses graníticos a granodioríticos migmatizados e o Complexo Cabrobó, uma unidade 

metavulcanossedimentar, metamorfizada na fácies anfibolito, composta por xistos, gnaisses e 

quartzitos (Lima, 2018). 

De acordo com Lima (2018) e Osako (2005), os complexos supracitados apresentam 

tectônica transpressiva e transporte para WNW e exibem migmatitos nas regiões de intensa 

deformação. Silva Filho et al. (2016), indicam que no PEAL ocorreram várias intrusões 

plutônicas neoproterozoicas tardias, as quais podem ser agrupadas em pré, sin e pós 

colisional. Silva Filho et al. (2002) classificaram as intrusões graníticas do PEAL em cinco 

batólitos: Buíque-Paulo Afonso, Águas Belas-Canindé, Maribondo-Correntes, Ipojuca-Atalaia 

e Jaboatão-Garanhuns. 

O Batólito Ipojuca-Atalaia, inicialmente definido por Silva Filho et al. (2002), 

apresenta uma forma alongada, segundo eixo NNE-SSW, entre as cidades de Ipojuca (PE) e 

Atalaia (AL). Este batólito constitui-se, predominantemente, por plútons cálcio-alcalinos, que 

intrudem ortognaisses e metatexitos proterozoicos. Estes plútons apresentam litologia variada 

destacando-se, granitos com álcali-feldspatos, sienogranitos, monzogranitos, quartzo sienitos 

e granodioritos (Brito Neves e Silva Filho, 2019). Silva Filho et al. (2016) apresentaram uma 

série de determinações Sm-Nd para as rochas graníticas deste batólito, com valores TDM 

distribuídos por todo o Proterozoico. Os principais plútons presentes na região são Cajueiro, 

Viçosa, Santana do Mundaú, Poço Feio, Manguape, Flexeira, União dos Palmares, Correntes, 

Murici, Chã Preta, Paulo Jacinto e Pindoba.  
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Mendes et al. (2008), Ferreira et al. (2016), Silva Filho et al. (2002, 2014, 2016) 

sugerem que os plútons do Batólito Ipojuca-Atalaia registraram os vários estágios da colisão 

da Orogenia Brasiliana, a saber: (1) plútons sin-colisionais caracterizados por forte foliação 

plana D2, por exemplo, o Plúton Santana do Mundaú - 636 ± 10 Ma (Ferreira et al., 2016) e o 

Plúton Cajueiro - 632 ± 13 Ma (Mendes et al., 2008); (2) plútons tardi-colisionais mostrando 

foliação D2 plana fraca, por exemplo, o Plúton Correntes próximo à área estudada com 610 

Ma (Silva Filho et al., 2016) e o Plúton Manguape - 613 ± 7 (Silva Filho et al., 2014); (3) 

plútons sin-transcorrentes mostrando foliação vertical D3, por exemplo, Plúton Viçosa - 580 ± 

5 Ma (Silva Filho et al., 2014). Esse magmatismo granítico também é descrito no Domínio 

PEAL e em outros domínios BP (Guimarães et al., 2004; Van Schmus et al., 2011; Silva Filho 

et al., 2014, 2016; Caxito et al., 2020). 

 

1.3 MATERIAL E MÉTODOS 

Para alcançar os objetivos propostos e consequentemente, a caracterização geológica e 

geomorfológica da porção oeste do Batólito Ipojuca-Atalaia, a presente pesquisa baseou-se 

nos seguintes métodos de trabalho:  

Sensoriamento remoto: nesta etapa foram realizadas uma série de filtragens a partir de dados 

SRTM, para a obtenção e classificação das estruturas e drenagem presentes na área de estudo. 

Todos os procedimentos foram realizados no Software ArcGis. A partir do modelo digital de 

elevação (MDE) foram extraídos os mapas hipsométricos e de declividade seguindo a 

metodologia abordada por Herz & De Biasi (1989), Menges (1990), Duncan et al. (2003), 

Camolezi et al. (2012) e Joshi et al. (2013). A drenagem foi obtida de forma automática 

utilizando a metodologia elaborada por Ros & Borga (1997). De acordo com os 

procedimentos metodológicos de Drury (2001), objetivando destacar os lineamentos da 

região, foi aplicada a filtragem direcional do tipo kernel 3x3, com diferentes azimutes de 

iluminação (45°, 90°, 180°). 

Aerogeofísica: o processamento dos dados geofísicos cedidos pelo Serviço Geológico 

Brasileiro - CPRM (Projeto Aerogeofísico Paulo Afonso–Teotônio Vilela obtidos em 2011) 

foram realizados no Software Osais Montaj. O processo para a obtenção dos dados, visou a 

correlação com os dados estruturais e litológicos existentes para a região. A partir do campo 

magnético anômalo (CMA) foram aplicados os filtros da amplitude do sinal analítico (ASA), 

seguindo a metodologia de Roest et al. (1992), para o realce de bordas de alvo magnéticos 

regionais e da derivada primeira derivada vertical (DZ) (Milligan & Gunn, 1997), com o 

intuito de realçar estruturas (zonas de cisalhamento, falhas, lineamentos) e corpos geológicos 
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da região. Com base no trabalho de Reid et al. (1990), foi aplicada a deconvolução de Euler, 

considerando-se índice 1, tolerância 5% e janela de 15, a fim de gerar um mapa de topos da 

profundidade de estruturas magnéticas. O espectro radial de potência, proposto por 

Bhattacharyya (1966) e reavaliado por Spector & Grant (1970), foi aplicado no CMA a fim de 

segregar resposta das fontes magnéticas entre rasas e profundas. Em seguida foi empregada a 

metodologia da continuação ascendente (Trompant et al., 2003), onde foi possível ressaltar 

estruturas de baixa frequência e altos comprimentos de ondas associados às fontes profundas. 

Cartografia geológica e geoprocessamento: esta etapa foi baseada no levantamento de 

pontos de afloramento. Em seguida foram obtidas a localização por GPS, identificação das 

litologias e estruturas, bem com a amostragem sistemática, dando subsídios a estudos 

posteriores (petrografia, geoquímica e geocronologia). No total foram visitados 106 

afloramentos compreendendo as principais litologias presentes na área estudada. O 

geoprocessamento foi utilizado para a confecção de um banco de dados contendo as 

informações supracitadas. Em ambiente SIG (Sistema de Informações Geográficas) foi 

possível extrair os lineamentos de forma visual e trabalhar com a metodologia de 

sobreposições de camadas (Braga et al, 2002) para a obtenção das melhores respostas para a 

área de estudo.  

Petrografia: As 31 lâminas delgadas foram prepadas nas dependências do Laboratório de 

Preparação de Amostras do Departamento de Geologia da Universidade Federal de 

Pernambuco (LPA-DGEO) e descritas no Laboratório de lentes e microscopia do 

Departamento de Geologia da UFPE em um microscópio petrográfico da marca Zeiss modelo 

Axio Lab. A1. A classificação segue os parâmetros propostos pela USGS, identificando os 

minerais principais e acessórios de cada litologia encontrada. 

Geoquímica de rocha total: foram obtidos dados de 28 amostras, sendo aproximadamente 

duas de cada litologia estudada. As amostras foram escolhidas de lascas frescas e livres de 

capa de alteração. Em seguida, no LPA-DGEO as amostras foram convertidas em pó, 

seguindo os procedimentos de britagem (britador de mandíbula modelo MA2015), 

quarteamento manual, e pulverização no moinho de disco (modelo: rs200) e posteriormente 

enviadas as dependências do Laboratório ALS, situado em Goiânia-Goiás, onde foram 

analisados os elementos maiores e traços a partir das técnicas de ICP-AES (Inductively 

Coupled Plasma Atomic Emission Spectroscopy) para elementos maiores e ICP-MS 

(Inductively Coupled Plasma Mass Spectrometry) para elementos menores e terras raras. 

Sistema isotópico U-Pb: 07 amostras representativas dos plútons foram coletadas e 

posteriormente selecionadas para a datação U-Pb. Com base na metodologia empregada por 
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Sato et al. (2008), os grãos de zircão usados para análises geocronológicas foram 

concentrados por técnicas convencionais de britagem, moagem, peneiramento, separação 

eletromagnética e catação manual feitas nas dependências do Laboratório de Isótopos Estáveis 

da Universidade Federal de Pernambuco (LABISE). Em seguida encaminhou-se os cristais de 

zircão para o Laboratório de Geologia Isotópica da Universidade Federal de Campinas 

(LAGIS-UNICAMP), onde foram montados em resina epóxi junto com o zircão de referência 

91500 para calibração externa e com o zircão Fish Canyon Tuff (564±4 Ma) para controle de 

qualidade das análises. Os mounts foram revestidos com carbono e fotografados por 

catodoluminescência (CL), para que as estruturas internas fossem investigadas, facilitando a 

seleção dos cristais e zonas a serem analisadas. 

Sistema isotópico Lu-Hf: as 70 análises foram executadas nas mesmas amostras de rocha 

onde foram obtidos os dados do sistema isotópico U-Pb e preferencialmente, nos mesmos 

pontos (spots) das análises geocronológicas. A preparação das amostras seguiu a mesma 

metodologia utilizada para as análises de U-Pb, uma vez que o mesmo mount foi utilizado 

para obtenção dos dados geocronológicos e para a aquisição dos dados do sistema isotópico 

Lu-Hf. As análises isotópicas de Lu-Hf seguiram os protocolos adotados no Laboratório de 

Isótopos da Universidade Federal de Ouro Preto (UFOP) e foram realizadas com uso do 

espectrômetro de massa multicoletor de alta resolução MC-ICPMS de marca Thermo 

Finnigan Neptune. O padrão para a calibração são o Mudtank (732Ma): 176Hf/177Hf = 

0.282507 ± 0.000006 Woodhead & Hergt (2005) e 91500(1062Ma): 

176Hf/177Hf=0.282307±0.000031. Os isótopos foram medidos simultaneamente durante as 

análises. 
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4 GEOCHRONOLOGICAL AND GEOCHEMICAL CHARACTERIZATION OF 

GRANITOIDS FROM THE WESTERN PORTION OF THE IPOJUCA-ATALAIA 

BATHOLITH, BORBOREMA PROVINCE, NORTHEAST OF BRAZIL 

 

Abstract: The Ipojuca Atalaia Batholith is located in the East portion of the Pernambuco-

Alagoas Domain, Southern subprovince of the Borborema Province. It comprises 

orthogneisses, granitoids and supracrustal sequences. U-Pb LA-ICP-MS zircon data showed 

that the studied area comprises: 1) migmatized orthogneisses of Early Tonian protolith 

crystallization age (957 Ma), restricted to an occurrence localized in the south part of the 

studied area, 2) Middle Tonian orthogneisses, comprising a large body, with 827 Ma protolith 

crystallization age; (3) Early Ediacaran pre- to syn-collisional plutons (Munguba Pluton - 

639.1 ± 4.3 Ma, Santana do Mundaú Pluton- 629.8 ± 4.2 Ma, Poço Feio Pluton - 620.6 ± 3.5 

Ma, Manguape Pluton- 632.3 ± 2.5), (4) syn-trancurrence intrusions (Murici and Viçosa with 

crystallization age of - 580 Ma). The Tonian granitoids of the studied area are like Tonian 

granitoids from the Central sub-province, with some geochemical distinctions recorded in the 

migmatized early Tonian orthogneisses, as lower HFSE, and REE contents. The recorded 

geochemical differences are interpreted as due to the migmatization be unable to melting the 

biotite, which is a common host phase of many accessory minerals in granitc magmas. The 

studied granitoids are metaluminous to slightly peraluminous, and predominantly of the 

magnesian series. The studied rocks are LILE- rich, and HFSE-depleted indicating 

characteristics a source with arc signature. The presence of Archean to Paleoproterozoic 

zircon grains in the Munguba orthogneisses, suggest the presence of an 

Archean/Paleoproterozoic crust north of the WD2 shear zone. The isotopic data indicated 

three groups with different TDM ages: Group 1, presents TDM model ages ranging from 1.6 to 

1.2 Ga and ɛHf(t) values between -8.99 to 6.91; Group 2, TDM model ages between 1.1 and 

0.9 Ga and positive ɛHf(t) values, Riacho Cabeça de Porco and Santana do Mundaú 

orthogneisses, suggesting a source of Tonian Juvenile; Group 3 presents TDM ages from 3.3 to 

2.8 Ga and negative values of ɛHf (t) (-27.47 to -3.96) indicating an generation by melting of 

Archean crustal source to Murici Pluton. The geochronological, isotope and geochemical data 

suggest that the Ipojuca Atalaia Batholith were build up by magmas generated from distinct 

sources, from Tonian to Ediacaran. 

Keywords: Pernambuco-Alagoas Domain; Whole-rock geochemistry; U-Pb geochronology 

in zircon. 

 

1. INTRODUCTION 

Gondwana amalgamation was the result of part of the Rodinia Supercontinent 

fragmentation (Hoffman, 1991; Dalziel, 1994; Dalziel et al., 2000; Urung, 1997) and the 

reassembly of cratonic blocks during the Neoproterozoic (Powell et al., 1993; Trompette, 

1997). In this scenario, uncertainties in time and structural mechanisms of collision events, 

between the different crustal blocks and cratons, in addition to the occurrence of ancient 
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unknown ocean basins and insufficient geochronological data for orogenic belts, are some of 

the issues that limit the understanding of the processes that occurred in Gondwana. 

Areas such as the Borborema Province (BP), located in Northeastern Brazil, that were 

formed from the convergence and collision of cratons remain poorly understood (Trompette, 

1994; Van Schums et al., 1995, 2008, 2011; Toteu et al., 2001; Dantas et al., 2003). 

Significant advances have been made in the last decade through the acquisition and 

interpretation of geochronological and geochemical data in the sub-provinces (North, Central 

or Transversal and South) that composes the BP (e.g. Sial et al., 2008; Van Schmus et al., 

2011; Silva Filho et al., 2014, 2016; Arthaud et al., 2008; Guimarães et al., 2016; Brito Neves 

et al., 2016), however, the Pernambuco-Alagoas Domain is apart from this progress in 

knowledge (Brito Neves & Silva Filho, 2019). 

The Pernambuco-Alagoas Domain (PEAL), located in the South sub-province, stands 

out as one of the most important crustal segments of the Borborema Province (Van Schmus et 

al, 2008). The Brasiliano granitoids emerged as large structural massifs (Silva Filho et al. 

2002, 2006, 2016; Brito Neves & Silva Filho, 2019) and have distinct characteristics, being 

divided into three batholiths: Buique-Paulo Afonso, Águas Belas-Canindé and Ipojuca-

Atalaia (Silva Filho et al. 2016). According to Lima et al. (2021) these granitic bodies are the 

final magmatic product of crustal differentiation and constitute a significant component in the 

production of the terrestrial continental crust. 

The studied area is located in the Western portion of the Ipojuca-Atalaia Batholith, 

which is a key area for understanding the processes occurring in the outheastern portion of the 

BP. 

The first U-Pb geochronological data for the Ipojca-Atalaia Batholith was obtained by 

Mendes et al. (2008), in a syenogranite of the Cajueiro Pluton (36°10'15.4"W/9°21'54.7"S) 

with an age of 632 ± 13 Ma. Silva Filho et al. (2013) also dated the Pluton Viçosa 

(36°12'51.7"W/9°20'35.4"S) at the age of 580 ± 5 Ma. Ferreira et al. (2016), dated the Santana 

do Mundaú Pluton, presenting the age of 636 ± 10 Ma as a result, these are the main ages 

found in the literature on the studied area. 

Through the different ages of metamorphic overgrowth in zircons, Silva Filho et al. 

(2014; 2015; 2016), Guimarães et al. (2004) and Brito Neves et al. (2014) identified four 

possible tectonic-metamorphic events related to Brasiliano collage. Therefore, the association 

of U-Pb geochronological data, Lu-Hf isotope data and geochemical recognition through 
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whole-rock geochemistry, represents a new mark in the knowledge, in order to contribute to 

the geotectonic and temporal understanding of these igneous bodies. 

Seven samples were analyzed by the Lu-Hf isotopic system previously dated by U-Pb 

zircon LA-ICPMS, six samples of the main metagranitoids (Murici, Cabeça de Porco, 

Manguape, Munguba, Poço Feio and Santana do Mundaú) and one analysis of the Early 

Tonian Migmatized Orthogneiss. The information presented and discussed supports the 

hypothesis defended in the literature of crustal growth during the Brasiliano Orogenic Cycle 

in the Borborema Province (Silva Filho et al., 2002, 2006, 2016; Brito Neves & Silva Filho, 

2019; Lima et al, 2021). 

2. GEOLOGICAL SETTING 

2.1. Borborema Province  

The Borborema Province (BP), initially described by Almeida et al. (1981), is formed 

by small Archean blocks surrounded by Paleoproterozoic domains (also called terrains or 

super terrains), in addition to the presence of meso to Neoproterozoic supracrustal sequences 

that partially cover the Archean lithology and Paleoproterozoic (Van Schmus et al., 1995, 

2003; Brito Neves et al. 2000, 2019; Fetter et al. 2003; Dantas et al. 2013, Araújo et al. 2014; 

Santos et al. 2015, 2020; Costa et al. 2018). Brito Neves (1975), Trompette (1994) and Van 

Schmus et al. (2008) presented studies on the reconstruction of Western Gondwana and its 

continuation on the African continent. Over time, BP has presented several subdivisions, but 

the most common is the one that divides the territory into the North, Central or Transversal 

and South sub-provinces (Van Schmus et al. 1995, Santos & Medeiros 1999, Brito Neves et 

al. 2000; Figure 1). 

According to Santos et al. (2020), the Brasiliano Orogenesis stages were abundantly 

registered in the BP granitic domains. Thus, these domanins are targets of intense studies over 

decades (eg Silva Filho et al., 2002, 2013, 2014; Guimarães et al., 2004; Brito Neves et al. 

2016). 

Brito Neves et al. (2014), based on geochronological and isotopic data of the granites 

that composes the BP, obtained in the literature (Brito Neves et al., 2000; Silva Filho et al., 

2002, 2014, 2016; Ferreira et al., 2004; Guimarães et al., 2004; Araújo et al., 2014; Silva et 

al., 2005; Van Schmus et al., 2011 and their references) classified the events and rocks of the 

Borborema Province as follows: (1) pulse one, Early Cryogenian (840 – 750 Ma), formed by 

calc-alkaline to high-K calc-alkaline granites; (2) pulse two, Neocryogenian-Early Ediacaran 

(650/600 –600/590 Ma), also formed by calc-alkaline to high-K calc-alkaline type-I granites; 
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(3) pulse three, Early – Middle Ediacaran (590 – 560 Ma), composed of calc-alkaline and 

shoshonitic granites; (4) pulse four, Cambrian Orogeny (540 – 490 Ma), constituted by post-

orogenic extension (type-A granites) and were associated with subvolcanic bimodal 

magmatism. 

 

Figure 1: Location map of the studied area. A) Simplified map of the Borborema Province 

area (Van Schmus et al., 2008); B) Map of the Pernambuco-Alagoas Domain (PEAL) (Silva 

Filho et al., 2016), indicating the studied area in red. Shear zones (SZ): BMJSZ - Belo Monte 

Jeremoabo, CSZ - Cajueiro, ISZ - Itaíba, MSZ - Maravilha, PSZ - Palmares, PESZ - 

Pernambuco, RSZ - Ribeirão, RCSZ - Rio da Chata. 

Araújo et al. (2014) and Santos et al. (2020) indicate that the North sub-province has a 

set of rocks with magmatic arc affinity and age ranging from Archean to Neoproterozoic. In 

turn, the Central or Transversal sub-province is interpreted as the result of a complex history 
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of crustal accretion during the Neoproterozoic, which is limited by NE-SW shear zones. The 

collisions of the various blocks limited by these shear zones are considered responsible for the 

construction of the Neoproterozoic crust in the area (Santos & Medeiros, 1999; Medeiros, 

2004; Santos et al. 2015, 2020; Brito Neves et al. 2014, 2016). 

The Southern Subprovince is constituted by the Pernambuco-Alagoas Domain and by 

the marginal folding belts (Sergipana, Riacho do Pontal and Rio Preto) that present a tectonic 

vergence towards the São Francisco Craton (Silva Filho et al., 2002, 2016; Santos et al., 

2020). In this sub-province, remnants of Archean to Neoproterozoic rocks can be found, 

however, it is the rocks related to Ediacaran subduction that are interpreted as the main 

shapers and markers of crustal evolution in this sub-province, as indicated in the literature 

(Silva Filho et al., 2002, 2010; Oliveira et al. 2010; Caxito et al., 2016; Lima et al. 2018, 

2019; Santos et al. 2020). 

2.2.Pernambuco-Alagoas Domain 

The Pernambuco-Alagoas Domain (PEAL; Figure 1B) occurs along the southeastern 

part of the Borborema Province in contact with the Sergipano Fold Belt (SFB) (Figure 1B). 

The PEAL is bounded to the north and south by faults that plunge into this domain and is 

characterized by high-grade gneisses, migmatites and Brasiliano granitoids that emerged as 

large structural massifs during the Brasiliano deformation (Silva Filho et al. 2002, 2006, 

2016; Van Schmus et al. 2008; Brito Neves & Silva Filho, 2019). 

The PEAL was originally designated in the Borborema Province (Brito Neves et al. 

1975; Van Schmus, 1995) as the “Pernambuco-Alagoas Massif” and portrayed as a set 

composed of Archean to Paleoproterozoic (Trans-Amazonian) granitic basements, with 

Brazilian granitic intrusions. Later, Silva Filho et al. (2002, 2006, 2016), Oliveira et al. 

(2008), Van Schmus et al. (2008) and Brito Neves & Silva Filho (2019) suggest that the 

Pernambuco-Alagoas Domain is an accretion of various terrains, with different ages. Sm-Nd 

model ages, 1.0 to 1.5 Ga, show that much of the protolith (including sources for several 

Brasiliano plutons) is mesoproterozoic or younger (Silva Filho et al. 2002, 2006), although 

many gneisses they also have Archean to late-Paleoproterozoic origin (Brito Neves & Silva 

Filho, 2019). 

Silva Filho et al. (2006) evaluated the crustal evolution of the Pernambuco-Alagoas 

Domain based on isotopic Nd data from Neoproterozoic granitoids, orthogneisses and 

supracrustal rock sequences, identifying three distinct crustal subdomains, namely: 

Garanhuns, Água Branca and Palmares. The Palmares Subdomain, where the studied area is 

located, is constituted by the Palmares metasedimentary sequence, granitoids intruded into it 
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and by the basement formed by the Ipojuca-Atalaia and Buíque-Paulo Afonso batholiths, of 

Proterozoic age. Batholiths have dozens of metaluminous and peraluminous calc-alkaline 

granitic plutons, with a TDM model age between 0.9 and 2.0 Ga (Silva Filho et al. 2002, 2006). 

2.3. Ipojuca-Atalaia Batholith 

The Ipojuca-Atalaia Batholith has an elongated shape, along the NNE-SSW axis, 

between the cities of Ipojuca (PE) and Atalaia (AL). It is limited to the West by rocks from 

the Garanhuns Subdomain, through the Palmares Shear Zone. It consists predominantly of 

peraluminous calcium-alkaline plutons, which intrude Neoproterozoic orthogneisses and 

metatextites (Silva Filho et al. 2002, 2006; Brito Neves & Silva Filho, 2019; Figure 1B). 

According to Mendes et al. (2008), Ferreira et al. (2016) and Silva Filho et al. (2002, 

2014, 2016), the plutons of the Ipojuca-Atalaia Batholith recorded various stages of the 

collision of the Brasiliano Orogeny; (1) Syn-collisional plutons characterized by strong flat-

lying foliation developed during D2: Santana do Mundaú Pluton - 636 ± 10 Ma (Ferreira et 

al., 2016) and Cajueiro Pluton - 632 ± 13 Ma (Mendes et al., 2008); (2) Late-collisional 

plutons showing weak flat D2 foliation: Pluton Correntes near the studied area with 610 Ma 

(Silva Filho et al., 2016) and Pluton Manguape - 613 ± 7 (Silva Filho et al., 2014); (3) Sin-

transcurrent plutons showing D3 vertical foliation: Pluton Viçosa - 580 ± 5 Ma (Silva Filho et 

al., 2013). Granitic magmatism with similar crystallization ages, are recorded in other areas of 

the Southern and Central subprovinces (Guimarães et al., 2004; Van Schmus et al., 2011; 

Silva Filho et al., 2013, 2014, 2016; Caxito et al., 2020). 

The lithotypes of the studied area (Figure 2) present are divided into: (1) 

metagranitoids displaying a flat-lying foliation cut by high-angle foliation and (2) late sin-

transcurrent metamonzogranite displaying a flat-lying foliation to middle angle foliation. 



88 

 

 

 

Figure 2: Simplified geological map of the studied area. PSZ - Palmares Shear Zone; PISZ - 

Palmeira dos Índios Shear Zone; CSZ - Cajueiro Shear Zone. 

The metagranitoids mafic mineralogy divided them into: amphibole + biotite 

orthogneisses of sienogranitc, mozogranitc, granodioritic compositions (Manguape; Santana 

do Mundaú; União dos Palmares, Riacho Cabeça de Porco) and biotite orthogneisses of 

Mozogranitic to granodioritic compositions (Cajueiro, Poço Feio, Munguba). These 

collisional granitoids have opaque minerals, zircon and titanite in the accessory phase, in 

addition, keeping records of migmatization close to the shear zones present in the region 

(Figure 2). 

The sin-transcurrent metagranitoids comprise the Viçosa and Murici plutons. In the 

Murici Pluton two petrographic facies were identified: (1) biotite + monzogranite and (2) 

Biotite + qaurtz-monzodiorite. Both facies of the Murici Pluton have a porphyritic, 

equigranular, grayish-colored rock, in addition to zircon and titanite in the accessory phase. In 



89 

 

 

the Viçosa Pluton two facies were also found, the first facies were identified as amphibole + 

bitote + monzogranite and the second facies as biotite + leucomonzogranite, this facies are 

porphyritic to equigranular showing many features of magma mixing (enclaves. and 

inclusions of quatz-sienites). The two facies present zircon and apatite in accessory phases. 

Epidote and allanite were displayed by Murici Pluton. Silva Filho et al. (2013), indicates that 

the syn-transcurrent plutons present vertical foliation caused by the movement that occurred 

in the last stages of the Brasiliano Cycle. In the studied area the Viçosa and Murici plutons 

presents a small occurrence de flat laying foliations in the center of de body, indicating that 

the crystallization of the granitic bodies started before the transcurrence event. 

The basement, of metagranodioritic composition, is predominantly composed of 

quartz, plagioclase, K-feldspar, biotite and hornblende, in addition to presenting zircon as an 

accessory mineral. This unit was found in a deep drainage channel and is migmatized. 

3. MATERIAL AND METHODOLOGY 

3.1. U-Pb zircon Geocronology 

Representative samples of seven lithotypes (xxxx) were collected and later selected for 

U-Pb dating. Based on the methodology employed by Sato et al. (2008), the zircon grains 

used for geochronological analysis were concentrated by conventional crushing, grinding, 

sieving, electromagnetic separation and manual picking techniques. Then, the zircon crystals 

were mounted in epoxy resin together with the reference zircon 91500 for external calibration 

and with the Fish Canyon Tuff zircon (564±4 Ma) for quality control of the analyses. The 

mounts were coated with carbon and photographed by cathodoluminescence (CL), thus, the 

internal structures could be investigated, facilitating the selection of crystals and zones to be 

analyzed. 

U/Pb data were obtained on an ICP-MS Element XR (Thermo Scientific) coupled to 

an Excimer 193 nm laser ablation system (Photon Machines), equipped with a two-volume 

HelEx ablation cell with a 25-micrometer laser beam. The procedures described here occurred 

in the premises of the NEG-LABISE (Laboratório de Isótopos Estáveis do Núcleo de Estudos 

Geoquímicos – UFPE) and LAGIS (Laboratório de Geologia Isotópica – UNICAMP) 

laboratories. The reduction of raw isotopic data was performed by the IOLITE program 

(Paton et al., 2010). the diagrams were prepared using the ISOPLOT 4.15 extension (Ludwig 

2009) installed in the Excel software, onde was selected spots, only the ones with a degree of 

discordance lesser than 5% were used to calculate the age. The Concordia diagrams with error 

ellipses reflcting 2 σ of uncertainty. 
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3.2.Whole-rock geochemistry  

Whole-rock geochemistry data were obtained from 28 samples, approximately two 

from each analyzed lithotype, indicating a geochemical reconnaissance study. 

The samples were chosen from fresh chips free from weathering. In the Sample 

Preparation Laboratory of Geology Departament from Federal University of Penambuco 

(LPA-DGEO) the samples were converted into powder, following the procedures of crushing 

(jaw crusher), quartering, and pulverizing in the disk mill. Later, the powder was sent to the 

ALS Laboratory, in Goiania - Goiás, where the major and trace elements were analyzed using 

the techniques of ICP-AES (Inductively Coupled Plasma Atomic Emission Spectroscopy) and 

ICP-MS (Inductively Coupled Plasma Mass Spectrometry). The geochemical diagrams were 

prepared using the Geochemical Data Toolkit (GCDkit) Software (Janoušek et al. 2006). 

3.3. Lu-Hf isotopic system  

For the analytical procedure, zircons with U-Pb ages in agreement (100±5%) were 

used. The analyzes were performed on the same lithotypes samples where the U-Pb data were 

obtained and preferably on the same points (spots) of the geochronological analysis. The Lu-

Hf isotope analyzes followed the protocols adopted at the Isotope Laboratory of the Federal 

University of Ouro Preto (UFOP) and were performed using the Thermo Finnigan Neptune 

high resolution multi-collector mass spectrometer MC-ICP-MS. The isotopes of Lu, Hf and 

Yb were measured simultaneously during the analyzes in the LA-MC-ICPMS. 

The sequence of analyzes used interspersed, when possible, ten grains from each of 

the eight samples with the main standard, Mudtank zircon, whose 176Hf/177Hf ratio is precisely 

known (0.282504 ± 0.000044 - Woodhead & Hergt, 2005) and as a secondary standard, the 

GJ-1, which has a 176Hf / 177Hf ratio of (0.282000 ± 0.000005, according to Morel et al. 2008). 

The isotope ratios measured during the analyzes were: 176Yb/177Hf, 180Hf/177Hf, 176Lu/177Hf, 

176Hf/177Hf and the energy used by the laser was approximately 5 J/cm2, with a repetition rate 

of 5 Hz and a size of 50 µm point for all analyses. To improve sensitivity, Ar and He gas (+ 

sample) was mixed in a gas mixer (Squid) before entering the torch. Typical signal strength 

was 10V for 180Hf. The data were processed in Lu-Hf-specific Excel spreadsheets (Bertotti et 

al. 2013) in order to calculate the TDM model age and the εHf(t) parameter of each analyzed 

zircon. 
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4. RESULTS 

4.1. LA-ICPMS U-Pb zircon dating 

4.1.1. Early Tonian Metagranodiorite 

Zircon grains were extracted from a sample of metagranodiorite (sample UDP-42; 

36°3'39,2"W/9°27'59,5"S) (Figure 2). The zircon grains range from subhedral to euhedral, 

some bi-pyramided, with length/width ranging from 4:1 to 2:1. Most grains show oscillatory 

zoning (Figure. 3) and some of them, narrow overgrowths. 

 

Figure 3: U-Pb data for the Early Tonian Metagranodiorite (UDP-42). (A) Concordia diagram 

showing all analyzed zircon grains of sample UDP-42. In read, the most concordant ages. (B) 

The most concordant ages constraint the crystallization age of the metagranodiorite protolith. 

(C) Cathodoluminescence image of analyzed zircon grains from the UBP-42 sample. 

Forty-nine spots, some including core and rim analysis, in thirty-five grains were 

analyzed. Most analysis are concordant and no significantly older inherited cores were 

recorded; the 206Pb/238U ages range continuously from 878 Ma to 1017 Ma and have Th/U 

ratios ranging between 0.45 and 1.12 (Table 1), suggesting magmatic source (Williams & 

Claesson, 1987). Analysis with % concordance < 95, were discarded. There are three 

populations among grains with % concordance > 95: (a) a group of 6 grains with ages 

between 1017 - 991 Ma, may reflect some cryptic inheritance; (b) 15 grains with ages ranging 

from 941 to 988 Ma and (c) 9 grains with ages ranging from 931 to 863 Ma, which are 

progressively more discordant. 
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Seven analyzed spots, located in the grains core, showing % concordance > 98, 

yielded a Concordia age of 957.4 ± 6.1 Ma (MSWD = 3.4; Figure 7B), interpreted as the 

crystallization age of the orthogneisses protholith. 

4.1.2. Riacho Cabeça de Porco Metagranodiorite 

The zircon grains were extracted from a sample of biotite, amphibole metagranodiorite 

(sample UDP-46 - 36°3’36.3” W; 9°12'57.1"S), collected in the Northeastern boundary of the 

intrusion, close to the contact with the União do Palmares. Most crystals are prismatic, 

subhedral, colorless to light brown, showing length/width ranging from 3:1 to 2:1 and some 

are nearly rounded. They usually show core with oscillatory zoning, with dark rim in 

Cathodoluminescence image (Figure 4), without zoning. Some grains have narrow 

overgrowths.  

Forty-two grains totaling forty-three spots were analyzed. Most of the analyzed spots 

have concordance between 104 - 93 interval with only 02 showing high discordant ages, 

which together with another 2 analyses showing low 206Pb/204Pb (<3000) were discarded from 

any consideration. The analyzed spots show a continuum 206Pb/238U ages from 880 to 591Ma 

in the concordia diagram. Sixteen spots with concordant ages ranging from 652 to 591 Ma, 

show low Th/U ratios (0.07 to 0.03) suggestive of metamorphic/tectonic source (Williams & 

Claesson, 1987). They yielded a concordia age of 645.3 ± 4.2 Ma (Fig. 4C; Table 2).  Six 

grains comprising 06 analyzed spots from core (05) and rim (01), showing concordance 

between 101 to 98, Th/U ratios ranging from 0.16 to 0.11, and 206Pb/238U ages ranging from 

718 to 639Ma, with 04 of them defining a concordia age of 649 ± 5.8 Ma with MSDW = 0.32. 

This age cannot be considered as the protolith crystallization age, due to similar age and 

aspects in the Cathodoluminescence images with lower Th/U ratios (< 0.1) zircon grains. 

 Six analyzed grains, totaling 6 spots, show concordant ages and high Th/U ratios 

(0.44 - 0.88) suggesting a magmatic source (Williams & Claesson, 1987). They yielded a 

concordia age of 828 ± 7.6 Ma (MSWD = 0.78; Fig. 4B), which is interpreted as the 

orthogneiss photolith crystallization age.  
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Figure 4: U-Pb data for the Riacho Cabeça de Porco Metagranodiorite (UDP-46). (A) The 

Concordia diagram for all analyzed zircon of sample UDP-46; (B) Concordia diagram for 

zircon grains with high T/U ratios (> 0.44); (C) Concordia diagram for metamorphic spots 

(Th/U < 0.1). (D) Cathodoluminescence image of analyzed zircon grains from the UBP-46 

sample. 

4.1.3. Munguba Metamonzogranite  

Zircon grains were extracted from a biotite metamonzogranite (sample UDP-64 - 

36°9'13,2"W/9°6'35,9"S). Most of them are euhedral, prismatic, bipyramid with length/width 

ratios ranging from 2:1 to 3:1, and show oscillatory zoning, and some of them have 

xenocrysts nucleus.  

Forty-two grains were analyzed totaling forty-five spots. Seven analyses were 

discarded due to low % concordance (< 90). Twenty analyzed spots, with % concordance 

from 98 to 102 have 206Pb/238U ranging from 609 to 675 and Th/U ratios (0.19 - 1.87) 

suggesting magmatic source (Williams & Claesson, 1987). The most concordant ages (101 - 

99) from this age group (Table 3), eleven spots, defined a concordia age of 639.1 ± 4.3Ma 

(MSWD = 0.13), interpreted as the crystallization age of the Manguba Pluton granitoids (Fig. 

5). The xenocrysts nucleus, define age groups as: Three core analyses show 206Pb/238U ages 

ranging from 1035 to 891 Ma, with Th/U ratios 1.26 to 0.75; 03 other core analyses show 

Archean to early Paleoproterozoic 207Pb/235U ages (2.99 to 2.44 Ga); One grain show core 
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with 207Pb/235U ages Paleoproterozoic (1.70Ga – Th/U = 0.38) age and another one with 

Mesoproterozoic (1.2 Ga – Th/U = 0.12). 

 

Figure 5: U-Pb data for the Munguba Metamonzogranite (UDP-64). (A) All U-Pb zircon 

analysis. (B) Zoom in the analyzes that fall on the concord curve. (C) Age of crystallization of 

Munguba Metamonzogranite. (D) Cathodoluminescence image of analyzed zircon grains 

from UDP-64 sample 

4.1.4. Manguape Metamonzogranite 

Zircon grains were extracted from an metamonzogranite (sample UDP-89 - 

36°9'11.5"W - 9°3'16.9"S). The zircon grains are prismatic euhedral to subhedral, colorless to 

light brown, some bipyramid, though some display rounded terminations. Most have 

oscillatory zoning (Figure 6), typical of a magma source grains and some display narrow 

overgrowths, that appears in the cathodoluminescence images as bright color rims. 
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Figure 6: U-Pb data for the Manguape metamonzogranite (UDP-89). (A) All U-Pb zircon 

analysis. (B) Diagram with 1 σ error showing the age of concordia formed from the junction 

of the two groups. (C) Group 1 concordia diagram. (D) Group 2 concordia diagram; (E) 

Cathodoluminescence image of analyzed zircon grains from sample UDP-89 

Thirty-six grains, totaling forty-five spots, were analyzed. Six of them show low 

concordance (0.87 to 0.67) and they were discarded from any consideration. Nineteen 

concordant core ages (conc. = 101 to 98; Table 4), with high Th/U ratios defined continuum 

ages, yield two clusters in the concordia diagram (Figure 6B) with ages of: 1) 644.7 ± 5.8 Ma 

(MSWD = 3.0) and 2) 624.7 ± 5.8 Ma (MSWD = 0.0099). No visual differences were 

observed among the grains of the two populations and when are analyzed together, they 

defined a concordia age of 632.3 ± 2.5 Ma (MSWD = 0.33).  

The ages obtained are interpreted as either distinct zircon crystallization during 

magmatic evolution, Pb-loss, or some inheritance. However, due to the occurrence of many 

granitoids with ages ~ 630 Ma reported just North of the studied area (Neves et al., 2021), the 

lower error and better MSDW, we suggest that 632.3 ± 2.5 Ma is the best estimation to the 

Manguape metamonzogranite crystallization age. 
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Table 1: U-Pb LA-ICPMS results from the zircon of Early Tonian Metagranodiorite (UDP-

42). 
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6.238
303 

0.11285
76 

0.06
94 

0.00
16 

1.58 
0.
03 

0.16
03 

0.00
29 

0.
37 

962 
2
7 

957 
1
6 

956 
1
4 

10
0 

z37c 
0.1
6 

209.7 
6.
9 

95.4 3 43.7 
1.
8 

0.4
5 

118
35 

6.269
592 

0.11792
34 

0.07
17 

0.00
18 

1.61 
0.
04 

0.15
95 

0.00
30 

0.
32 

100
6 

3
0 

952 
1
6 

970 
1
4 

98 

z39c 
0.1
4 

233.4 
8.
8 

128.9 
4.
5 

52.5 
2.
3 

0.5
5 

131
40 

6.234
414 

0.11271
7 

0.06
9 

0.00
16 

1.56 
0.
03 

0.16
04 

0.00
29 

0.
33 

937 
2
6 

959 
1
6 

950 
1
4 

10
1 

z40c 
0.0
8 

424 
1
6 

475 
1
4 

199.4 
6.
4 

1.1
2 

237
50 

6.285
355 

0.09876
422 

0.06
99 

0.00
14 

1.56 
0.
03 

0.15
91 

0.00
25 

0.
38 

938 
2
5 

950 
1
4 

953 
1
2 

10
0 

c: core; r: rim; conc: concordance.  

 

Table 2: U-Pb LA-ICPMS results from the zircon of Riacho Cabeça de Porco 

Metagranodiorite (UDP-46). 

Zirco
n 

f2
06 

U 
2
s 

Th 2s Pb 2s 
Th/
U 

206
Pb/ 

238U/ 2s  
207
Pb/ 

2s 
207
Pb/ 

2s 
206
Pb/ 

2s 
Rh
o 

207
Pb/ 

2
s 

206P
b/3 

2
s 

207
Pb/ 

2
s 

co
nc 

Spot 
(%
) 

(mg.g
-1) 

  
(mg.g

-1) 
  

(mg.g
-1) 

    
204
Pb 

206Pb   
206
Pb 

  
235
U 

  
238
U 

    
206
Pb 

  238U   
235
U 

  
(%
) 

z5c2 
0.5
2 54 

2.
5 34.5 

1.
4 16.84 

0.
99 

0.6
4 3580 

7.256
894 

0.2527
801 

0.06
66 

0.00
37 

1.23
8 

0.0
59 

0.13
78 

0.00
48 

0.
21 1085 

6
0 825 

2
7 815 

2
5 

10
1 

z6c 
0.1
1 340 

1
2 24.9 1 9.47 

0.
66 

0.0
7 

1630
0 

9.803
922 

0.2306
805 

0.06
18 

0.00
18 

0.87
4 

0.0
23 

0.10
2 

0.00
24 

0.
40 764 

3
2 625 

1
4 631 

1
3 99 

z10c2 

0.1

0 417 

2

6 23.19 

0.

87 9.01 

0.

67 

0.0

6 

1870

0 

9.718

173 

0.2738

844 

0.06

31 

0.00

17 

0.89

1 

0.0

25 

0.10

29 

0.00

29 

0.

48 787 

3

3 629 

1

7 641 

1

3 98 

z11c 
0.1
2 322 

1
6 21.29 

0.
57 10.16 

0.
66 

0.0
7 

1540
0 

9.354
537 

0.2625
221 

0.06
23 

0.00
18 

0.90
9 

0.0
25 

0.10
69 

0.00
3 

0.
49 760 

3
3 652 

1
7 655 

1
3 

10
0 

z14c 
0.1
2 351 

1
7 22.3 

0.
87 8.48 

0.
67 

0.0
6 

1575
0 

9.532
888 

0.2362
775 

0.06
09 

0.00
16 

0.88
9 

0.0
23 

0.10
49 

0.00
26 

0.
50 708 

3
1 642 

1
5 645 

1
2 

10
0 

z15c 
0.2
0 161 

6.
7 71.3 

1.
8 35 

1.
5 

0.4
4 9160 

7.429
421 

0.2042
263 

0.06
49 

0.00
22 

1.21
1 

0.0
4 

0.13
46 

0.00
37 

0.
39 872 

3
9 813 

2
1 796 

1
8 

10
2 

z16c 
0.1
6 261 

1
8 30.62 

0.
99 12.23 

0.
77 

0.1
2 

1140
0 

9.569
378 

0.2838
763 

0.06
3 

0.00
23 

0.89
5 

0.0
31 

0.10
45 

0.00
31 

0.
40 823 

3
9 639 

1
8 649 

1
7 98 

z19c 
0.1
1 404 

2
0 25 

1.
1 10.44 

0.
71 

0.0
6 

1675
0 

9.354
537 

0.2450
206 

0.06
2 

0.00
18 

0.91
4 

0.0
25 

0.10
69 

0.00
28 

0.
38 744 

3
2 653 

1
6 655 

1
3 

10
0 

z22c 
0.1
0 451 

2
1 33.7 

1.
6 11.35 

0.
8 

0.0
7 

1860
0 

9.587
728 

0.2206
189 

0.06
15 

0.00
17 

0.91
4 

0.0
24 

0.10
43 

0.00
24 

0.
41 720 

3
0 638 

1
4 656 

1
3 97 

z23c 
0.1
3 341 

1
2 36.84 

0.
81 11.45 

0.
73 

0.1
1 

1405
0 

9.532
888 

0.2181
023 

0.06
13 

0.00
17 

0.90
1 

0.0
24 

0.10
49 

0.00
24 

0.
37 725 

3
2 641 

1
4 653 

1
3 98 

z25c 

0.2

2 159 6 106.3 

3.

9 49.6 

2.

5 

0.6

7 8450 

7.230

658 

0.1934

449 

0.06

8 

0.00

24 

1.31

3 

0.0

42 

0.13

83 

0.00

37 

0.

35 930 

4

0 830 

2

1 845 

1

9 98 

z26r 
0.1
0 489 

2
0 32 

1.
3 8.81 

0.
71 

0.0
7 

1875
0 

9.514
748 

0.1629
548 

0.05
95 

0.00
14 

0.87
8 

0.0
2 

0.10
51 

0.00
18 

0.
35 622 

2
7 643 

1
0 635 

1
1 

10
1 

z28c 
0.1
0 484 

1
8 14.85 

0.
56 6.77 

0.
58 

0.0
3 

1855
0 

9.718
173 

0.2455
515 

0.06
09 

0.00
17 0.88 

0.0
23 

0.10
29 

0.00
26 

0.
39 724 

3
3 630 

1
5 637 

1
2 99 

z29c 
0.1
9 193 

7.
9 85 

3.
2 37.6 

1.
9 

0.4
4 9620 

7.230
658 

0.1934
449 

0.06
57 

0.00
22 

1.25
9 

0.0
41 

0.13
83 

0.00
37 

0.
41 860 

3
9 831 

2
1 821 

1
8 

10
1 

z30c2 
0.0
5 907 

5
2 54.3 

2.
4 20.1 

1.
4 

0.0
6 

3535
0 

9.671
18 

0.2525
356 

0.06
09 

0.00
15 

0.89
5 

0.0
22 

0.10
34 

0.00
27 

0.
52 679 

2
9 632 

1
5 645 

1
2 98 

z34c 
0.0
8 651 

2
6 28.6 1 10.31 

0.
81 

0.0
4 

2395
0 

9.460
738 

0.2416
65 

0.06
11 

0.00
16 

0.90
5 

0.0
22 

0.10
57 

0.00
27 

0.
47 711 

2
9 645 

1
6 650 

1
2 99 

z35c 
0.1
2 317 

1
4 278 11 134.9 

6.
5 

0.8
8 

1540
0 

7.147
963 

0.2094
828 

0.06
82 

0.00
22 

1.31
2 

0.0
4 

0.13
99 

0.00
41 

0.
39 931 

3
5 847 

2
3 847 

1
8 

10
0 

c: core; r: rim; conc: concordance.  

 

Table 3: U-Pb LA-ICPMS results from the zircon of Munguba Metamonzogranite (UDP-64). 

Zirco

n 

f2

06 
U 2s Th 2s Pb 2s 

Th/

U 

206

Pb/ 
238U/ 2s  

207

Pb/ 
2s 

207

Pb/ 
2s 

206

Pb/ 
2s 

Rh

o 

207

Pb/ 

2

s 

206P

b/3 
2s 

207

Pb/ 

2

s 

co

nc 

Spot 
(%

) 

(mg.g

-1) 
  

(mg.g

-1) 
  

(mg.g

-1) 
    

204

Pb 
206Pb   

206

Pb 
  

235

U 
  

238

U 
    

206

Pb 
  238U   

235

U 
  

(%

) 

z1c 
0.2
8 220 

1
1 210 

1
0 58.7 

2.
7 

0.9
5 6720 

9.363
296 

0.2016
44 

0.06
07 

0.00
22 

0.88
9 

0.0
28 

0.10
68 

0.00
23 

0.1
0 744 

3
9 654 

1
3 648 

1
5 

10
1 

z4c1 
0.2
4 251 

1
2 211.7 

9.
6 46.7 

2.
5 

0.8
4 7685 

9.319
664 

0.1997
691 

0.06
26 

0.00
24 0.89 

0.0
29 

0.10
73 

0.00
23 

0.2
8 757 

3
8 655 

1
3 648 

1
5 

10
1 

z8c 
0.2
4 245 

6.
6 235 

4.
6 66.4 

2.
2 

0.9
6 7650 

9.487
666 

0.1800
316 

0.05
99 

0.00
2 

0.89
4 

0.0
26 

0.10
54 

0.00
2 

0.1
4 752 

3
6 645 

1
1 648 

1
4 

10
0 

z9c 
0.1
4 440 

5.
7 479.9 

8.
2 126.8 

3.
3 

1.0
9 

1328
0 

9.652
51 

0.1583
906 

0.05
95 

0.00
14 

0.87
3 

0.0
19 

0.10
36 

0.00
17 

0.2
8 669 

2
8 634 

1
0 637 

1
0 

10
0 

z11c 

0.1

4 437 

1

2 342.9 

5.

1 88.3 

2.

5 

0.7

8 

1335

0 

9.633

911 

0.1577

808 

0.06

01 

0.00

14 

0.86

7 

0.0

19 

0.10

38 

0.00

17 

0.2

2 666 

2

9 636.1 

9.

8 635 

1

0 

10

0 

z16c 

0.1

3 463 

2

1 864 

3

3 251 

1

0 

1.8

7 

1450

0 

9.478

673 

0.1527

369 

0.06

06 

0.00

15 0.91 

0.0

22 

0.10

55 

0.00

17 

0.3

2 684 

2

8 647 

1

0 654 

1

1 99 

z23c 

0.2

0 319 

9.

9 99.5 

2.

4 28.3 

1.

5 

0.3

1 9490 

9.727

626 

0.1892

534 

0.06

05 

0.00

17 

0.87

2 

0.0

25 

0.10

28 

0.00

2 

0.4

6 677 

3

0 630 

1

2 633 

1

3 

10

0 
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z24c 

0.1

3 504 

2

8 95.1 

6.

9 23 

2.

1 

0.1

9 

1430

0 

9.737

098 

0.1896

222 

0.05

9 

0.00

2 

0.85

1 

0.0

25 

0.10

27 

0.00

2 

0.1

5 659 

3

7 629 

1

2 622 

1

4 

10

1 

z27c 

0.1

8 315 

2

4 512 

4

0 145 

1

2 

1.6

3 

1030

0 

9.708

738 

0.2262

23 0.06 

0.00

24 0.87 

0.0

3 

0.10

3 

0.00

24 

0.1

7 727 

4

0 631 

1

4 632 

1

6 

10

0 

z31c 

0.1

9 321 

8.

5 151.9 

5.

5 39.8 2 

0.4

7 9620 

9.624

639 

0.1760

04 

0.05

89 

0.00

17 

0.87

5 

0.0

23 

0.10

39 

0.00

19 

0.2

6 666 

3

1 636 

1

1 636 

1

2 

10

0 

z33c 

0.1

9 329 

2

1 96.6 

6.

2 24.8 

1.

8 

0.2

9 9700 

9.823

183 

0.2219

383 

0.05

81 

0.00

21 

0.85

7 

0.0

29 

0.10

18 

0.00

23 

0.2

3 757 

3

3 625 

1

3 625 

1

6 

10

0 

c: core; r: rim; conc: concordance.  

 

Table 4: U-Pb LA-ICPMS results from the zircon of Manguape Metamonzogranite (UDP-

89). 

Zirco
n 

f2
06 

U 2s Th 2s Pb 2s 
Th/
U 

206
Pb/ 

238U/ 2s  
207
Pb/ 

2s 
207
Pb/ 

2s 
206
Pb/ 

2s 
Rh
o 

207
Pb/ 

2
s 

206P
b/3 

2
s 

207
Pb/ 

2
s 

co
nc 

Spot 
(%
) 

(mg.g
-1) 

  
(mg.g

-1) 
  

(mg.g
-1) 

    
204
Pb 

206Pb   
206
Pb 

  
235
U 

  
238
U 

    
206
Pb 

  238U   
235
U 

  
(%
) 

z1c 
0.1
4 314 

1
6 310 

1
2 90.8 

4.
4 

0.9
9 

1385
0 

9.532
888 

0.2090
147 

0.05
96 

0.00
17 

0.88
8 

0.0
23 

0.10
49 

0.00
23 

0.3
5 686 

3
2 642 

1
3 647 

1
3 99 

z2c 
0.3
5 123.7 

7.
5 105.9 6 37.5 

2.
6 

0.8
6 5395 

9.337
068 

0.2441
064 

0.06
11 

0.00
24 0.92 

0.0
33 

0.10
71 

0.00
28 

0.2
7 783 

4
2 656 

1
6 655 

1
8 

10
0 

z3c 

0.3

5 133.9 

6.

1 129.6 

5.

3 39.9 

2.

2 

0.9

7 5370 

9.852

217 

0.2814

919 

0.06

03 

0.00

24 

0.86

3 

0.0

32 

0.10

15 

0.00

29 

0.2

8 829 

4

1 620 

1

7 622 

1

7 

10

0 

z4c 
0.1
8 256.3 

8.
7 238.4 

6.
6 71.3 

2.
8 

0.9
3 

1041
5 

9.970
09 

0.2385
665 

0.06
05 

0.00
19 

0.85
5 

0.0
23 

0.10
03 

0.00
24 

0.3
2 724 

3
5 614 

1
4 624 

1
3 98 

z8c 
0.1
3 370 

1
2 471 

1
5 121.2 

4.
3 

1.2
7 

1460
0 

9.460
738 

0.2148
133 

0.06
04 

0.00
16 

0.90
9 

0.0
22 

0.10
57 

0.00
24 

0.3
8 698 

3
0 646 

1
4 652 

1
2 99 

z9c 
0.1
4 350 

1
1 412.8 

9.
1 101 

3.
1 

1.1
8 

1301
5 

9.689
922 

0.2159
576 

0.05
69 

0.00
16 

0.84
4 

0.0
22 

0.10
32 

0.00
23 

0.3
7 599 

3
0 633 

1
3 621 

1
2 

10
2 

z10c 
0.1
6 345 

1
4 234.1 

5.
8 67 

2.
5 

0.6
8 

1191
5 

9.737
098 

0.2085
844 

0.05
88 

0.00
17 

0.86
9 

0.0
25 

0.10
27 

0.00
22 

0.2
9 700 

3
4 629 

1
3 631 

1
3 

10
0 

z11c 
0.1
4 383 

1
8 285 

1
2 90.4 

4.
8 

0.7
4 

1360
0 

9.541
985 

0.2094
138 

0.05
96 

0.00
17 

0.91
1 

0.0
24 

0.10
48 

0.00
23 

0.3
0 734 

3
4 641 

1
4 654 

1
3 98 

z14c 
0.2
2 253 

1
1 420 

1
5 153.9 8 

1.6
6 8690 

9.784
736 

0.2680
75 

0.05
9 

0.00
21 

0.85
1 

0.0
3 

0.10
22 

0.00
28 

0.4
2 728 

3
7 626 

1
6 618 

1
6 

10
1 

z17c2 
0.1
3 451 

1
5 282.5 

7.
1 71.1 

2.
9 

0.6
3 

1434
0 

9.980
04 

0.2290
828 

0.05
96 

0.00
17 

0.84
8 

0.0
23 

0.10
02 

0.00
23 

0.3
9 666 

3
1 614 

1
4 620 

1
2 99 

z20c 
0.1
6 329 

9.
9 288.6 6 70.7 

2.
5 

0.8
8 

1190
5 

9.478
673 

0.2335
976 

0.05
95 

0.00
16 

0.89
2 

0.0
24 

0.10
55 

0.00
26 

0.4
4 677 

3
3 644 

1
5 645 

1
3 

10
0 

z21c 
0.2
5 206 

7.
6 232.9 

9.
2 51 

2.
7 

1.1
3 7415 

9.560
229 

0.2467
746 

0.05
82 

0.00
2 

0.87
7 

0.0
3 

0.10
46 

0.00
27 

0.3
7 712 

3
6 640 

1
6 638 

1
6 

10
0 

z23c 
0.0
9 558 

2
0 376 

1
2 81.2 3 

0.6
7 

1990
0 

9.718
173 

0.1983
301 

0.05
74 

0.00
14 

0.84
9 

0.0
19 

0.10
29 

0.00
21 

0.3
4 613 

2
8 630 

1
2 623 

1
1 

10
1 

z24c 
0.0
8 632 

2
3 425 

1
3 90.9 

3.
8 

0.6
7 

2280
0 

9.990
01 

0.2195
607 

0.05
87 

0.00
14 

0.83
5 

0.0
2 

0.10
01 

0.00
22 

0.4
3 640 

2
7 614 

1
3 617 

1
1 

10
0 

z27c 
0.1
5 310 

1
7 294 

1
5 86.6 

4.
9 

0.9
5 

1260
0 

9.680
542 

0.2436
535 

0.05
99 

0.00
19 

0.88
2 

0.0
25 

0.10
33 

0.00
26 

0.3
4 714 

3
6 633 

1
5 640 

1
3 99 

z29c 
0.1
5 292 

1
6 228 

1
1 73.4 5 

0.7
8 

1250
0 

9.803
922 

0.2306
805 

0.05
84 

0.00
17 

0.85
6 

0.0
23 

0.10
2 

0.00
24 

0.3
9 667 

3
2 624 

1
4 632 

1
2 99 

z30c 
0.1
6 275 

1
7 281.6 

9.
5 89.8 4 

1.0
2 

1180
0 

9.775
171 

0.2293
295 

0.05
88 

0.00
17 

0.85
8 

0.0
24 

0.10
23 

0.00
24 

0.3
3 673 

3
2 626 

1
4 625 

1
3 

10
0 

z32c 
0.1
8 236.6 

7.
8 175.3 

5.
3 57.1 

2.
4 

0.7
4 

1063
0 

9.680
542 

0.2342
822 

0.05
78 

0.00
18 

0.85
4 

0.0
25 

0.10
33 

0.00
25 

0.4
0 633 

3
0 632 

1
5 624 

1
4 

10
1 

z34c 
0.1
6 265 

2
0 194 

1
6 53.3 

4.
7 

0.7
3 

1160
0 

10.04
016 

0.2620
925 

0.05
86 

0.00
2 

0.83
4 

0.0
26 

0.09
96 

0.00
26 

0.2
9 729 

3
8 611 

1
5 616 

1
4 99 

c: core; r: rim; conc: concordance.  
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4.1.5. Santana do Mundaú Quartz Metamonzonite 

To date the Santana do Mundaú, zircon grains were extracted from sample – UDP-65 

(36°11'48,2”W - 9°10'7,1”S) of quartz monzonite composition in the Southwest part of the 

body. The zircon crystals are colorless to light brown, prismatic to equant, with aspect ratios 

ranging from 1:1 to 3:1. Some grains display oscillatory zoning, and some have overgrowths 

that can be bright or dark in the cathodoluminescence images (Figure 7). 

 

Figure 7: U-Pb data for the Santana do Mundaú Quartz Metamonzonite (UDP-65). (A) All U-

Pb zircon analyses. (B) Diagram with one sigma error (1 σ) showing the age of concordia 

formed by 30 analyses. (C) Concordia diagram with eight high reliability analyzes (99-101%). 

(D) Cathodoluminescence image of analyzed zircon grains from sample UDP-65 

Forty-three grains, totaling 59 spots, were analyzed. Only spots with concordance 

within 95 - 104 interval were taken under consideration, which excluded ten analyzed spots. 

Except for 02 spots, the Th/U ratios range from 0.23 to 1.26, with higher than 0.5, suggesting 

a magmatic source for the zircon grains (Williams and Claesson, 1987). Two spots located in 

two grain cores display Th/U < 0.10, and 206U/238Pb of 631 and 628 Ma which should be 

associated to a metamorphic source according to Williams and Claesson (1987). On the other 

hand, one spot analyzed in a dark overgrowth (z10r), display Th/U ratio = 0.48 and 206U/238Pb 
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= 633 Ma. Thirty analyzed spots, with concordance between 98 and 100, defined a concordia 

age of 627.1 ± 2.0 Ma (MSWD = 2.1, and 1σ err, Figure 7B; Table 5), while eight spots with 

concordance between 99% and 101%, defined a concordia age of 629.8 ± 4.2 Ma (MSWD = 

1.8). Both ages are identical, and 627 ± 2.0 Ma we interpreted as the crystallization age of the 

Santana do Mundaú orthogneiss protolith. 

4.1.6. Poço Feio Biotite Metamonzogranite 

To constraint the crystallization age of the Poço Feio, zircon grains were extracted 

from a biotite monzogranite (UDP-48; 36°13'36,1”W/9°25'11,9”S), collected in the Central – 

East part of the studied area (Figure 2). They are colorless to light pink, equant to prismatic 

bipyramidal to rounded termination, with aspect ratios ranging from 1:1 to 4:1. Oscillatory 

zoning occurs in most zircon grains. Narrow overgrowths occur in almost all grains (Figure 

8).  

 

Figure 8: U-Pb data for the Poço Feio Biotite Metamonzogranite (UDP-48). (A) All U-Pb 

zircon analysis, in red zircon edge analysis and dark gray zircon core analysis; (B) Analyzes 

with concordance between 98 and 102%; (C) The most concordant spots in the concordia 

diagram to sample UDP-48; (D) Cathodoluminescence image of analyzed zircon grains from 

the UDP-48 sample.  
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Forty-one zircon grains, totaling forty-eight spots analyzed, show twenty-one with low 

concordance (<95%). Three grains core analyzed, one with low concordance (= 91%) displays 

206Pb/238U age of 871 Ma and Th/U ratio = 0.45, another two concordant (102% and 98%) 

display 206Pb/238U of 671Ma and 650Ma respectively with Th/U ratio of 1.04 and 0.79, and 

another concordant one (101%), without any evidence of zoning, displays Th/U ratio = 0.17 

and 206Pb/238U of 643 Ma. Similar ages occur in the others orthogneisses in the study area; 

thus, these ages suggest source inheritance and/or contamination during the Poço Feio 

protolith magma ascent. On the other hand, 04 concordant grains (95% – 96%) with Th/U 

ratios of 0.17 to 0.34, display 206Pb/238U ages ranging from 598 to 603 Ma, a concordant 

(96%) spot in the rim of grain z3r (Table 3) shows Th/U ratio = 0.16 and 206Pb/238U of 568 

Ma. Despite the assumption of Williams & Claesson (1987) that Th/U ratio > 0.1 characterize 

zircon of magmatic source, others evidence, as lack of oscillatory zoning, should be 

considered. We suggest that these ages 600 Ma and younger, recorded tectonic and/or 

magmatic event in the studied area. Seven concordant spots, six of them with 100% of 

concordance, and Th/U ratio ranging from 0.11 to 1.84, yielded a concordia age of 620.6 ± 

3.5 Ma (MSWD = 0,056; Figure 8C; Table 6), considered as the crystallization age of the 

Poço Feio protolith. 

4.1.7. Murici Pluton  

Zircon grains were extracted from a biotite metamonzogranite (Sample UDP-44; 

36°2’13,9”W/9°15’45,8”S). The grains are colorless to beige, subhedral, prismatic, most 

bipyramidal, with width/length ratios ranging from 1:2 to 1:4. In the cathodoluminescence 

images, the zircon grains show strong oscillatory zoning, suggesting a magmatic origin. Some 

grains show inherited core, characterized by dark color in the CL images (Figure 9), 

surrounded by rim with oscillatory zoning.  

Fifty-two spots (Figure 9A) analyzed in forty-one grains, included rims and cores. 

Fifteen analyses displaying high discordance were discarded. Five spots from dark inherited 

cores, display Th/U ratios within the 0.32 - 0.67interval, and 207Pb/235U ages ranging from 

2008 Ma to 2548 Ma, suggesting Paleoproterozoic contribution in the source of the Murici 

Pluton granitoids. Two core grain spots have ages of 905 and 910 Ma, suggesting that the 

Source of the Murici granitoids also received contribution of Tonian components or the 

magma interacted with Tonian rocks during ascent through the crust.  

Twenty concordant spots (97 – 104%), displaying Th/U ratios ranging from 1.49 to 

0.25 yielded a concordia age of 583.5 ± 2 Ma (MSWD = 0,095). The most concordant spots 
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(99 to 100%) defined a concordia age of 578.3 ± 2.4 Ma (MSWD = 0,030; Table 7), defined 

as the crystallization age of the Murici Pluton (Figure 9C). 

 

Figure 9: U-Pb data for the Murici Pluton (UDP-44). (A) U-Pb data for the Murici 

metamonzogranite (UDP-44). All U-Pb zircon analysis in red zircon edge analysis and in dark 

gray zircon core analysis. (B) Analyzes with concordance between 98 and 102%. (C) 

concordia diagram for spots with concordance between 97–104%. (D) Age of Concordia for 

the UDP-44 sample, in red: zircon edge analysis. (E) Cathodoluminescence image of analyzed 

zircon grains from UDP-44 sample. 
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Table 5: U-Pb LA-ICPMS results from the zircon of Santana do Mundaú Quartz 

Metamonzonite (UDP-65). 

Zirco

n 

f2

06 
U 2s Th 2s Pb 2s 

Th/

U 

206

Pb/ 
238U/ 2s  

207

Pb/ 
2s 

207

Pb/ 
2s 

206

Pb/ 
2s 

Rh

o 

207

Pb/ 

2

s 

206P

b/3 

2

s 

207

Pb/ 

2

s 

co

nc 

Spot 
(%

) 

(mg.g

-1) 
  

(mg.g

-1) 
  

(mg.g

-1) 
    

204

Pb 
206Pb   

206

Pb 
  

235

U 
  

238

U 
    

206

Pb 
  238U   

235

U 
  

(%

) 

z1c 

0.4

1 158 

7.

8 95.9 

5.

3 24.8 

1.

8 

0.6

1 4610 

9.920

635 

0.2558

894 

0.05

95 

0.00

26 

0.83

2 

0.0

32 

0.10

08 

0.00

26 

0.1

2 794 

4

8 618 

1

5 608 

1

8 

10

2 

z2c1 

0.2

2 309 

9.

8 268.9 

6.

9 70.9 

2.

6 

0.8

7 8645 

10.06

036 

0.1923

007 

0.05

94 

0.00

18 

0.82

6 

0.0

23 

0.09

94 

0.00

19 

0.3

1 690 

3

2 611 

1

1 610 

1

3 

10

0 

z2c2 

0.1

5 409 

1

8 261 

1

1 76.9 

3.

6 

0.6

4 

1245

0 

9.398

496 

0.1854

966 

0.05

94 

0.00

17 

0.90

3 

0.0

22 

0.10

64 

0.00

21 

0.2

2 665 

3

3 651 

1

3 649 

1

2 

10

0 

z3c1 

0.2

7 241 

1

2 206 

1

2 57.4 

3.

2 

0.8

5 6905 

9.708

738 

0.2262

23 

0.06

25 

0.00

23 

0.90

3 

0.0

29 

0.10

3 

0.00

24 

0.2

2 822 

3

9 632 

1

4 648 

1

5 98 

z5c 

0.1

4 462 

1

9 370 

1

6 105.1 

4.

9 

0.8

0 

1325

0 

9.765

625 

0.1907

349 

0.06

07 

0.00

17 

0.87

9 

0.0

22 

0.10

24 

0.00

2 

0.2

4 697 

3

1 628 

1

2 634 

1

2 99 

z10c 

0.1

0 630 

2

6 367 

1

3 110.2 

4.

5 

0.5

8 

1795

0 

9.487

666 

0.1710

3 

0.05

86 

0.00

15 

0.87

2 

0.0

2 

0.10

54 

0.00

19 

0.2

8 628 

2

6 646 

1

1 633 

1

1 

10

2 

z11c 

0.2

5 263 9 136.8 

5.

2 43.4 

2.

2 

0.5

2 7430 

9.689

922 

0.2253

47 

0.06

09 

0.00

22 

0.87

9 

0.0

28 

0.10

32 

0.00

24 

0.2

4 764 

3

9 633 

1

4 633 

1

5 

10

0 

z14c 

0.2

7 262 

1

6 209 

1

3 62.5 

4.

2 

0.8

0 6955 

9.803

922 

0.2691

273 

0.06

1 

0.00

25 

0.85

9 

0.0

3 

0.10

2 

0.00

28 

0.1

7 850 

4

1 625 

1

6 630 

1

6 99 

z15c 

0.2

2 294 

1

3 255.2 

8.

9 78.2 

3.

6 

0.8

7 8585 

9.699

321 

0.2257

844 

0.06

14 

0.00

22 

0.89

8 

0.0

29 

0.10

31 

0.00

24 

0.2

7 783 

4

0 633 

1

4 647 

1

5 98 

z18c 

0.2

5 273 

1

6 160.2 8 47.8 

2.

7 

0.5

9 7475 

9.900

99 

0.2548

77 

0.06

09 

0.00

25 

0.85

6 

0.0

32 

0.10

1 

0.00

26 

0.2

4 805 

4

7 619 

1

5 617 

1

7 

10

0 

z22c2 

0.1

1 664 

3

4 387 

1

8 112.6 

5.

7 

0.5

8 

1760

0 

9.920

635 

0.1771

542 

0.05

67 

0.00

13 

0.81

9 

0.0

19 

0.10

08 

0.00

18 

0.3

7 563 

2

7 619 

1

1 607 

1

0 

10

2 

z23c 

0.2

0 345 

6.

4 217.1 

9.

1 63.8 

3.

3 

0.6

3 9250 

10.25

641 

0.1893

491 

0.05

86 

0.00

17 

0.83

1 

0.0

23 

0.09

75 

0.00

18 

0.2

9 659 

3

2 600 

1

1 615 

1

2 98 

z27c 

0.1

6 427 

1

8 248 

1

0 77.9 

3.

9 

0.5

8 

1159

5 

9.900

99 

0.2254

681 

0.05

99 

0.00

19 

0.85

5 

0.0

25 

0.10

1 

0.00

23 

0.2

8 708 

3

5 621 

1

3 625 

1

3 99 

z28c 

0.3

2 220 

7.

8 278 

1

5 85 

4.

8 

1.2

6 5810 

10.09

082 

0.2545

615 

0.06

07 

0.00

23 

0.83

3 

0.0

28 

0.09

91 

0.00

25 

0.2

7 796 

4

3 608 

1

4 608 

1

5 

10

0 

z29c 

0.4

0 174 6 105.1 

3.

3 33.6 

1.

9 

0.6

1 4650 

9.990

01 

0.2894

209 

0.06

03 

0.00

25 

0.83

3 

0.0

31 

0.10

01 

0.00

29 

0.2

5 805 

4

3 614 

1

7 612 

1

7 

10

0 

z30c1 

0.3

0 220 

1

6 141.2 

9.

6 47.1 

3.

9 

0.6

4 6135 

9.823

183 

0.2798

353 

0.06

13 

0.00

27 

0.87

3 

0.0

36 

0.10

18 

0.00

29 

0.2

5 882 

4

8 623 

1

7 638 

1

9 98 

z31c2 

0.3

0 235 5 155.1 

2.

4 45.3 

1.

9 

0.6

6 6225 

9.900

99 

0.2156

651 

0.05

9 

0.00

21 

0.83

3 

0.0

27 

0.10

1 

0.00

22 

0.2

6 765 

3

8 620 

1

3 613 

1

5 

10

1 

z32c 

0.2

1 337 

1

3 231.3 

8.

4 71 

3.

2 

0.6

9 9110 

9.652

51 

0.2142

932 

0.05

84 

0.00

17 0.86 

0.0

25 

0.10

36 

0.00

23 

0.3

7 655 

3

4 636 

1

3 630 

1

3 

10

1 

z33c1 

0.2

8 249 

1

4 193 

1

0 59.2 

3.

7 

0.7

8 6570 

9.980

04 

0.2490

03 

0.05

94 

0.00

25 

0.83

8 

0.0

3 

0.10

02 

0.00

25 

0.1

9 783 

4

4 615 

1

4 610 

1

7 

10

1 

z33c2 

0.3

5 206 

7.

6 107.3 

3.

9 33.2 

1.

8 

0.5

2 5305 

10.09

082 

0.2647

439 

0.06

19 

0.00

25 

0.85

6 

0.0

32 

0.09

91 

0.00

26 

0.2

3 850 

4

6 607 

1

5 619 

1

7 98 

z35c 

0.3

4 204 

9.

6 143.1 

5.

9 50.2 

2.

6 

0.7

0 5495 

9.940

358 

0.2766

7 

0.06

18 

0.00

27 

0.85

8 

0.0

33 

0.10

06 

0.00

28 

0.2

3 837 

4

4 616 

1

6 624 

1

8 99 

z38c 

0.2

9 231 

5.

2 132.6 

3.

6 49 

2.

5 

0.5

7 6490 

9.451

796 

0.3216

112 0.06 

0.00

26 

0.88

5 

0.0

35 

0.10

58 

0.00

36 

0.3

1 789 

5

0 646 

2

1 640 

1

9 

10

1 

c: core; r: rim; conc: concordance.  

 

Table 6: U-Pb LA-ICPMS results from the zircon of Poço Feio Biotite Metamonzogranite 

(UDP-48). 

Zirco

n 

f2

06 
U 2s Th 2s Pb 2s 

Th/

U 

206

Pb/ 
238U/ 2s  

207

Pb/ 
2s 

207

Pb/ 
2s 

206

Pb/ 
2s 

Rh

o 

207

Pb/ 

2

s 

206P

b/3 
2s 

207

Pb/ 
2s 

co

nc 

Spot 
(%

) 

(mg.g

-1) 
  

(mg.g

-1) 
  

(mg.g

-1) 
    

204

Pb 
206Pb   

206

Pb 
  

235

U 
  

238

U 
    

206

Pb 
  238U   

235

U 
  

(%

) 

z6c 

0.2

3 239 

8.

1 274.4 

6.

9 82.1 

3.

2 

1.1

5 8250 

9.775

171 

0.2102

187 

0.05

86 

0.00

19 

0.83

9 

0.0

24 

0.10

23 

0.00

22 

0.1

9 698 

3

7 628 

1

3 613 

1

3 

10

2 

z15c 

0.1

0 556 

2

1 230.4 

4.

4 73.7 

2.

3 

0.4

1 

1840

0 

9.652

51 

0.1863

419 

0.05

97 

0.00

14 

0.86

9 

0.0

2 

0.10

36 

0.00

2 

0.3

8 638 

2

6 634 

1

1 633 

1

1 

10

0 

z22c 

0.0

9 707 

3

1 77.3 

3.

2 24.8 

1.

5 

0.1

1 

2200

0 

9.960

159 

0.1884

891 

0.05

91 

0.00

13 

0.84

4 

0.0

19 

0.10

04 

0.00

19 

0.4

3 636 

2

7 616 

1

1 619 

1

0 

10

0 

z25r 

0.1

2 507 

1

6 120.8 

4.

5 36 

1.

9 

0.2

4 

1577

0 

9.940

358 

0.1877

404 

0.05

89 

0.00

15 

0.83

6 

0.0

19 

0.10

06 

0.00

19 

0.3

0 632 

2

9 617 

1

1 615 

1

1 

10

0 

z33c 

0.1

1 563 

2

2 136.4 6 45.5 

2.

5 

0.2

4 

1700

0 

9.950

249 

0.2079

156 

0.05

97 

0.00

15 

0.84

1 

0.0

19 

0.10

05 

0.00

21 

0.3

6 647 

2

9 616 

1

2 616 

1

0 

10

0 

z34c 

0.2

3 268 

6.

4 492.8 

9.

6 157.9 

4.

3 

1.8

4 8285 

9.920

635 

0.2362

056 

0.05

99 

0.00

2 

0.84

2 

0.0

26 

0.10

08 

0.00

24 

0.3

1 754 

3

8 620 

1

4 621 

1

4 

10

0 

z40c 

0.1

0 612 

1

7 888 

3

0 242.1 

9.

1 

1.4

5 

1812

5 

10.01

001 

0.1603

205 

0.05

89 

0.00

14 

0.83

2 

0.0

18 

0.09

99 

0.00

16 

0.2

8 606 

2

6 613.7 

9.

3 

613.

3 

9.

8 

10

0 

c: core; r: rim; conc: concordance.  

 

Table 7: U-Pb LA-ICPMS results from the zircon of Muruci Pluton (UDP-44). 

Zirco

n 

f2

06 
U 2s Th 2s Pb 2s 

Th/

U 

206P

b/ 
238U/ 2s  

207P

b/ 
2s 
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2s 
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2s 
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o 

207P

b/ 

2

s 
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2

s 
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b/ 

2

s 

co

nc 
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) 

(mg.g

-1) 
  

(mg.g

-1) 
  

(mg.g

-1) 
    

204P

b 
206Pb   

206P

b 
  

235

U 
  

238

U 
    

206P

b 
  238U   

235

U 
  

(%

) 

z1c 

0.1

9 294.7 

7.

2 165.3 

2.

9 44.3 

1.

6 

0.5

6 9675 

10.85

776 

0.2711

494 

0.05

98 

0.00

18 0.77 

0.0

2 

0.09

21 

0.00

23 

0.3

9 716 

3

3 566 

1

3 581 

1

3 97 
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z1r 

0.1

2 446 

3

6 276 

1

6 77.9 

5.

2 

0.6

2 

1565

0 

10.61

571 

0.2479

253 

0.05

86 

0.00

18 0.77 

0.0

2 

0.09

42 

0.00

22 

0.2

9 700 

3

3 579 

1

3 577 

1

2 

10

0 

z2c 

0.1

9 298.5 

8.

2 168.2 

2.

6 43.8 

1.

5 

0.5

6 9765 

10.84

599 

0.2352

709 

0.05

79 

0.00

17 0.76 

0.0

2 

0.09

22 

0.00

20 

0.2

7 689 

3

6 568 

1

2 568 

1

2 

10

0 

z2r 

0.3

4 166.4 

5.

9 62.4 

2.

3 16.3 

1.

1 

0.3

8 5525 

10.46

025 

0.2844

838 

0.05

96 

0.00

25 0.77 

0.0

3 

0.09

56 

0.00

26 

0.2

2 806 

4

1 588 

1

5 574 

1

6 

10

2 

z4c 

0.2

0 279 

1

3 197.9 

8.

2 54.2 

2.

9 

0.7

1 9200 

10.72

961 

0.2762

991 

0.05

94 

0.00

2 0.76 

0.0

2 

0.09

32 

0.00

24 

0.2

7 741 

3

6 573 

1

4 571 

1

4 

10

0 

z5c 

0.1

1 500.9 

9.

6 452 

7.

5 118.3 

3.

3 

0.9

0 

1666

0 

10.97

695 

0.2409

868 

0.05

76 

0.00

15 0.74 

0.0

2 

0.09

11 

0.00

20 

0.4

5 597 

2

9 561 

1

2 560 

1

0 

10

0 

z7c 

0.2

5 222.6 

4.

7 157.7 

2.

1 43 

1.

6 

0.7

1 7430 

10.76

426 

0.2664

995 

0.05

84 

0.00
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4.2. Whole-rock geochemistry 

The geochemical recognition was constraint by 28 analyses (Table 8: Tonian 

Orthogneisses; Table 9: syn-collinionais orthogneisses; Table 10: syn-transcurrentes plutons) 

distributed as: 01 from the basement; 02 from the Cajueiro; 02 from the Poço Feio; 02 from 

the Manguape; 02 from the Riacho Cabeça de Porco; 02 from the Santana do Mundaú; 03 

from the Munguba; 04 from the União dos Palmares; 04 from the Murici Pluton; 06 from the 

Viçosa Pluton. To describe the geochemical signature of the studied granitoids we choose to 

divide them according to their crystallization ages obtained in this work, and those from the 

literature, as: 

1) Tonian metagranodiorite (957 Ma), comprise a small occurrence, recognized along of the 

drainage, in the South part of the studied area. One sample analyzed shows high SiO2, slightly 

peraluminous (Fig. 10) and fall in the magnesian series field in the Fe# versus SiO2 diagram 

(Frost et al., 2001), but close to the limit with the ferroan series field (Figure 10A). The Rare 

Earth Elements (REE) patterns normalized to the primitive mantle values (McDonough et al., 

1992) are fractionated with CeN/YbN = 11.94 and show negative Eu anomaly (Eu/Eu* = 0.44). 

The REE pattern shows low REE contents (Figure 11), when compared to the Tonian 

orthogneisses from the Southern Subprovince and are more fractionated and have even less 

REE contents, compared to the Tonian, the so-called Cariris Velhos orthogneisses, from the 

Central Subprovince. Incompatible trace element composition normalized to the values 

suggested by Thompson (1982), shows pattern characterized by troughs at Ba, Nb, Ta, Sr, P 

and Ti. The pattern is like the Tonian orthogneisses of both, Central and Southern 

subprovinces, except by deeper Nb and Ta troughs and lower REE contents (Figure 12; Table 

8). The recorded differences may be due to migmatization, which led to a biotite-rich residue 

enclosing zircon and others Nb-Ta and REE bearing accessory minerals. 

Table 8: Geochemical analysis of the Tonian Metagranitoids from the Western portion of the 

Ipojuca-Atalaia Batholith. Major elements in wt%, trace elements in ppm. 

UNIT Early Tonian Migmatized Orthogneiss Riacho Cabeça de Porco Orthogneiss 
Sample UDP-42 UDP-13 UDP-46 

SiO2 75.3 62.6 67.5 

Al2O3 13 14.5 14.85 

Fe2O3 2.39 7.35 4.75 

CaO 1.69 3.54 3.43 

MgO 0.51 2.88 1.94 

Na2O 4.14 4.56 5.19 

K2O 2.51 1.95 1.37 
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TiO2 0.2 0.91 0.54 

P2O5 0.06 0.2 0.13 

LOI 0.4 0.45 0.48 

Total 100.41 99.26 100.43 

Trace Elements (ppm) 

Ba 683 184 168 

Cs 2.82 10.25 9.14 

Sr 139.5 176.5 215 

Rb 72.4 83.7 50.2 

U 0.99 11.25 0.89 

Th 10.7 10.75 3.09 

Nb 7.2 18.7 8.1 

Ta 0.2 1.4 0.4 

Y 12.3 89.1 46 

Cr 230 190 180 

Zr 95 105 145 

Hf 3 3.3 3.9 

Ga 13.3 25.6 19.7 

La 24.9 23.6 16.3 

Ce 50.1 61 37.2 

Pr 5.48 9.44 5.33 

Nd 20 43.1 22.3 

Sm 4.35 12.9 7.01 

Eu 0.6 1.68 0.92 

Gd 3.65 13.95 7.62 

Tb 0.5 2.44 1.32 

Dy 2.72 16.2 8.99 

Ho 0.53 3.39 1.83 

Er 1.31 10.15 5.62 

Tm 0.2 1.42 0.78 

Yb 1.1 9.36 4.98 

Lu 0.2 1.28 0.64 
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Figure 10: (A) Aluminum saturation index (Shand, 1943) versus Agpaitic index, (B) 

Composition range of the studied granites in the FeOt/(FeOt+MgO) versus SiO2 diagram. 

Fields of Ferroan and Magnesian granitoids from Frost et al. (2001); (C) MALI (K2O + Na2O 

– CaO versus Si2O diagram with Fields after Frost et al. (2001); (D) AFM diagram (Irvane & 

Baragar, 1971; A: Na2O+K2O; F: FeOt; M: MgO) of the collisional orthogneisses of the 

western portion of the Ipojuca-Atalaia Batholith; (E) AFM diagram (Irvane & Baragar, 1971; 

A: Na2O+K2O; F: FeOt; M: MgO) of the syn-transcurrent granitoids of the western portion of 

the Ipojuca-Atalaia Batholith. 
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Figure 11: Primitive mantle-normalized (McDonough & Sun 1995) REE patterns for the (A) 

Tonian Metagranodiorites. The pale gray and red field were obtained from Guimarães et al. 

(2012; 2016) and Araújo et al. (2020); (B) Ediacaran Syn-collisonal metagranitoids; (C) syn-

transcurrent metagranitoids, the pale gray area was obtained from Neves et al. (2020). 
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2) Middle Tonian Metagranodiorite (828 Ma) - It is constituted by the Riacho Cabeça de 

Porco Metagranodiorite. Two analyzed samples show SiO2 contents of 62 and 67%wt, 

metaluminous (Figure 10B) and magnesian (Figure 10A) signatures. The Cabeça de Porco 

show REE patterns normalized to the primitive mantle (McDonough and Sun, 1995), near 

horizontal, with CeN/YbN ~1 and deeper negative Eu anomalies (Eu/Eu* =0.38), like swallow 

wing. Incompatible element diagrams normalized to the values suggested by Thompson 

(1982) are characterized by deep troughs at Ba, Ti, Sr, P and variable troughs at Nb and Ta 

like others Tonian orthogneiss patterns (Figure 12) from the Central subprovince (Guimarães 

et al., 2012; 2016) and Southern subprovince (Guimarães et al., 2016, Caxito et al., 2020)  

3) Ediacaran syn-collision metagranitoids (620 – 630 Ma). This group comprises the 

Manguape, Munguba, Poço Feio, União dos Palmares, Santana do Mundaú and Cajueiro 

intrusions (Table 9). They have SiO2 ranging from 74.5 to 62.5 with an enclave analyzed from 

the União dos Palmares Pluton with SiO2 of 58.3% wt. They are metaluminous to slightly 

peraluminous (Fig. 10), magnesian (Fig. 10A), and chemical analyses shift from calc-alkalic 

to alkalic-calcic to alkalic in the MALI (modified alkalis Index) versus SiO2 diagram (Frost et 

al., 2001). They display a general decrease in CaO, MgO, Na2O, Al2O3, Fe2O3, Sr and 

increase of Ba and K2O with SiO2 (Figure 13). In the AFM diagram (Irvine and Baragar, 

1971; Fig. 10D) the analyzed samples show a curved trend, reflecting crystallization under 

conditions of high oxygen fugacity, within the calc-alkaline series fields. They present 

primitive mantle normalized REE patterns characterized by variable degree of fractionation, 

with CeN/YbN ratios ranging from 4.17 to 66 and display negative Eu anomalies with Eu/Eu* 

varying from 0.44 to 0.88. Only one sample from the Cajueiro intrusion show slightly positive 

Eu anomaly (Eu/Eu* = 1.15) and the Poço Feio show low to absent Eu anomalies. In the 

chondrite-normalized incompatible trace element diagrams (Thompson, 1982) samples of 

Poço Feio, Manguape and União dos Palmares display comparable patterns, except by lower 

contents of Nb, Ta and Heavy REE (HREE), besides absence of negative Sr anomalies 

displayed by the Poço Feio and deeper negative Sr anomaly in a sample of the União dos 

Palmares. They are light REE (LREE)- and Large Ion Lithophile Elements (LILE)-rich and 

show negative Nb, Ta, Sr (except Poço Feio), P and Ti anomalies.  

Table 9: Geochemical analysis of the syn-collisional Orthogneisses from the Western portion 

of the Ipojuca-Atalaia Batholith. Major elements in wt%, trace elements in ppm. 

UNIT Cajueiro Manguape Munguba Poço Feio 
Santana do 

Mundaú 
União dos Palmares 

SAMP
LE 

UDP-
16 

CAJ-
01 

UDP-
84 

UDP-
89 

UDP-
22 

UDP-
25 

UDP-
64 

UDP-
48 

UDP-
50 

UDP-
65 

SMU-
01 

UDP-
01 

UDP-
20B 

UDP-
53 

UDP-
57 

SiO2 72.4 67.9 70.7 67 71.6 74.5 68.4 71.1 71.6 62.6 63.82 64.79 58.3 68.2 73.4 
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1 

Al2O3 14.85 
15.4

8 
14.5 15.35 15.6 13.8 13.35 15 14.7 16.5 15.55 17.22 19.2 15.1 13.95 

Fe2O3 2.12 3.26 2.97 3.82 1.48 1.24 4.43 1.52 2.52 5.58 4.9 2.74 5.63 3.16 2.15 

CaO 1.92 2.78 2.16 3.1 1.65 0.98 5.54 1.11 1.6 4.06 3.89 2.57 4.32 2.38 1.32 

MgO 0.5 1.07 0.96 1.31 0.49 0.24 1.32 0.48 0.61 2.18 2.61 0.62 1.74 1.17 0.3 

Na2O 4.12 4.13 3.3 3.99 4.13 3.49 4.37 3.41 4.19 4.45 3.62 4.42 5.82 3.87 3.19 

K2O 3.74 3.96 4.38 3.43 4.67 4.93 0.54 5.48 3.84 2.83 4.12 5.48 2.69 4.86 5.18 

TiO2 0.25 0.53 0.43 0.5 0.21 0.13 0.63 0.3 0.26 0.67 0.65 0.54 0.69 0.46 0.27 

P2O5 0.07 0.12 0.17 0.17 0.1 0.07 0.18 0.09 0.11 0.25 0.3 0.13 0.33 0.17 0.09 

LOI 0.29 0.8 0.49 0.74 0.37 0.63 0.4 1.08 0.55 0.67 1 0.8 0.53 0.72 0.37 

Total 
100.5

6 

100.

35 

100.4

7 
99.7 

100.5

9 
100.3 99.38 99.84 

100.1

9 

100.0

6 
100.8 99.36 99.55 

100.3

7 

100.4

4 

Trace Elements (ppm) 

Ba 1725 1243 2160 1095 1490 1215 106.5 1405 905 613 1325 
2474.

1 
746 995 1180 

Cs 3.36  3.88 11.65 3.1 8.11 0.71 2.81 5.36 4.09  22.2 17.85 4.21 1.6 

Sr 530  458 550 673 676 324 528 416 613  311.4 450 510 224 

Rb 97 126 95.9 131 174 156.5 12.4 151 120.5 112 130 176.3 89.8 135.5 158 

U 0.73 6.3 1.3 3.37 1.36 4.91 3.35 0.82 4.01 1.9 2.2 5.5 1.96 3.73 2.6 

Th 6.45 16 8.21 14.1 8.53 31.1 12.45 15.9 11 9.73 20.3 6.8 3.68 20.1 25.5 

Nb 2.7 10 7.3 12 4.6 5.4 21.7 10 4.9 14.2 16 22 16.3 14.1 11.2 

Ta 0.1 0.5 0.5 1.2 0.4 0.6 2 0.7 0.4 1.1 1.9 2.3 1 1.3 0.7 

Y 3.9 20 13.6 29.7 4.8 1.8 47.5 3.2 9 21.7 23 31 40.1 24.3 16.8 

Cr 150 14 190 150 180 250 310 10 130 180 70  80 230 160 

Zr 170 179 120 167 145 93 243 125 118 202 189 611 390 254 220 

Hf 4.6 5.8 3.4 4.8 3.7 2.8 6.1 3.5 3.5 5.3 5.5 15.6 9.6 7.1 6.1 

Ga 20.6  15.8 20.4 19.8 16.4 18.2 20.4 18.8 23.9  21.7 26.5 18.8 21.1 

La 27.8 45 43.6 36.9 19.8 5 33.4 29.9 27.9 28.2 49.6 17 26.5 40.8 73.9 

Ce 48.4 98 77.7 80.4 38.8 12.4 89.8 58 52.1 64.8 106 45.6 61.4 82.6 136.5 

Pr 5.32  8.28 9.92 3.88 1.02 12.3 5.52 5.6 7.53  6.33 8.76 9.55 15.05 

Nd 17.9  28.6 37 12.8 4 48.4 18.1 18.2 28  28.3 37.7 35.3 51.1 

Sm 2.55  4.89 7.76 2.02 0.74 10.9 2.53 3.05 5.72  7 9.03 6.92 9.41 

Eu 0.8 1.37 1.15 1.38 0.48 0.17 1.97 0.72 0.67 1.08 1.36 2.41 1.71 1.18 1.19 

Gd 1.47  3.24 5.93 1.29 0.36 8.89 1.5 2.11 4.48  6.01 7.8 5.15 6.18 

Tb 0.15  0.48 0.89 0.19 0.06 1.42 0.15 0.28 0.63  0.91 1.25 0.76 0.73 

Dy 0.81  2.58 5.05 1 0.37 8.63 0.86 1.56 4.01  5.07 7.86 4.35 3.71 

Ho 0.13  0.48 1.04 0.18 0.09 1.75 0.13 0.34 0.8  1.04 1.54 0.91 0.71 

Er 0.43  1.5 3.07 0.49 0.25 5.23 0.28 1.13 2.46  2.99 4.6 2.67 1.75 

Tm 0.06  0.21 0.41 0.06 0.04 0.78 0.04 0.14 0.35  0.43 0.63 0.38 0.23 

Yb 0.45 2.15 1.57 2.62 0.57 0.29 5.05 0.23 1.01 2.89 2.35 3.16 3.86 2.76 1.42 

Lu 0.07 0.31 0.19 0.4 0.08 0.05 0.75 0.04 0.17 0.37 0.35 0.45 0.55 0.39 0.22 
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Figure 12. Trace elements distribution normalized to the values suggested by Thompson 

(1982). (A) Tonian orthogneisses, the pale gray and red camp was stracted from Guimarães et 

al. (2012; 2016) and Araújo et al. (2020); (B) Ediacaran Syn-collisonal granitoids; (C) syn-

transcurrent granitoids, the pale gray camp was stracted from Neves et al. (2020). 
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Figure 13: Harker-type diagrams of the collisional orthogneisses of the Western portion of 

the Ipojuca-Atalaia Batholith. 

On the other hand, lack of Sr anomalies of the chondrite-normalized incompatible 

trace element patterns of the Santana do Mundaú, and Cajueiro, distinguishes them from the 

Poço Feio, Manguape and União dos Palmares metagranitoids. The Cajueiro patterns display 

the deepest Nb-Ta anomaly, lack of Sr anomaly and small negative Ba and Ti anomalies. The 

Munguba metamonzmogranite patterns display negative Ba anomalies peaks and troughs at 

Th, Sr, Ta and P, and deep to shallow negative Nb anomalies, with the most differentiated 

sample (SiO2 ~75 %wt), showing lower REE, negative Ba, Rb and positive Th, Sr anomalies, 

high Nb, Ta and LREE contents. The Santana do Mundaú patterns are characterized by lack 
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of noticeable negative Sr and Ta anomalies, small negative Nb and Ti anomalies and high 

HREE contents. 

4) Ediacaran syn-transcurrent metagranitoids (~580Ma), comprises two geochemical 

distinct intrusions: Viçosa and Murici plutons. The Murici granitoids display SiO2 contents 

ranging from 63 to 74%wt), are dominantly alkalic (Figure 10C) and ferroan, while the 

Viçosa granitoids have intermediate SiO2 contents (56.66 – 65.5%wt), are dominantly alkalic-

calcic In the MALI versus SiO2 diagram (Frost et al., 2001) and magnesian in the Fe# versus 

SiO2 diagram (Frost et al., 2001). The Murici grainitoids display negative trends for Al2O3, 

CaO, MgO, Na2O, Fe2O3, TiO2, K2O and positive to Rb in the Harker type diagrams, while 

the Viçosa granitoids show positive trends for Al2O3 and Na2O, and negative for CaO, MgO, 

Fe2O3, TiO2, Ba and Sr (Figure 14).  

 

Figure 14: Harker-type diagrams of the syn-transcurrent plutons of the Western portion of the 

Ipojuca-Atalaia Batholith. 
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Their REE patterns display important distinction, reflecting distinct degree of 

fractionation i.e., the Murici granitoids show higher LREE contents, with primitive mantle-

normalized (MacDonald et al., 1995) patterns characterized by CeN/YbN ratios of 17.3 to 15.6, 

and considerable negative Eu anomalies (Eu/Eu* = 0.39), while the Viçosa granitoids (less 

fractionated) have lower LREE contents, with CeN/YbN ratios of 15.0 to 8.0 and smaller 

negative Eu anomalies. The incompatible trace elements, normalized to the values suggested 

by Thompson (1982), display distinct patterns of Murici and Viçosa granitoids. The Murici 

granitoids display negative Ba, Nb, Ta, Sr, P and Ti anomalies and peaks at Th, Rb and 

LRRE, while lack of negative Sr and P anomalies and negative Th anomalies characterize the 

Viçosa granitoids patterns (Figure 12). 

Table 10: Geochemical analysis of the syn-transcurrentes plutons from the Western portion of 

the Ipojuca-Atalaia Batholith. Major elements in wt%, trace elements in ppm. 

UNIT Murici Viçosa 

SAMPLE MUR-01 MUR-02 UDP-12 UDP-44 VIC-01 VIC-02 VIC-03 VIC-04 UDP-32 UDP-34 

SiO2 65.98 62.19 74.2 74 64.58 63.91 56.66 59.75 60.8 65.5 

Al2O3 15.36 16.69 13.9 13.85 15.18 15.45 14.23 15.26 16.3 15.85 

Fe2O3 4.35 6.01 2.05 2.01 2.01 4.49 10.24 7.19 5.98 3.39 

CaO 3.04 4.21 1.18 1.18 2.41 1.87 3.55 3.07 4.52 1.72 

MgO 1.31 2 0.3 0.27 2.04 1.43 1.95 1.35 2.61 1.58 

Na2O 4.13 4.04 3.08 3.17 4.51 3.49 1.6 3.46 3.76 3.5 

K2O 4.22 3.35 5.32 5.32 5.68 7.3 7.62 6.87 3.72 7.89 

TiO2 0.68 0.64 0.26 0.23 0.37 0.45 1.08 0.84 0.83 0.45 

P2O5 0.29 0.11 0.07 0.09 0.39 0.35 0.37 0.41 0.28 0.34 

LOI 0.3 0.4 0.45 0.61 0.8 0.5 1.2 0.7 0.65 1.12 

Total 99.74 99.74 101.01 100.93 98.44 99.33 98.66 99.01 99.78 101.91 

Trace Elements (ppm) 

Ba 1546.8 1662.8 1160 989 3968 3298.6 6666.3 4661.3 1090 3030 

Cs 24.4 3.2 2.14 2.02  3.5 3.2 4.8 3.86 4.17 

Sr 717.7 560.2 194.5 187.5 997 1386.4 1879.8 1847.6 734 911 

Rb 144.8 83.5 170.5 176.5 197 216 209.6 187.5 103 211 

U 2.5 0.5 2.65 3 3.7 5 3.6 3.1 2.36 4.67 

Th 15.6 16.7 28.6 27.7 16.5 22.7 17.1 13.6 12.45 9.56 

Nb 12.5 7.9 13.1 13.5 12 15.2 22.9 20.9 11.9 15.4 

Ta 0.6 0.4 0.6 0.7 0.3 1 1.3 1 1.2 1.1 

Y 20.1 21.4 21.7 24.1 19 37.8 45.2 39.1 20.4 14.8 

Cr   150 200 20    130 160 

Zr 329.9 186.7 208 194 140 279 415.4 312.9 219 186 

Hf 10.3 4.9 5.8 5.8 9.5 7.3 9.9 8.2 5.9 5.1 

Ga 24.4 22.9 22.2 20.5  19.2 18.7 19.6 20.9 18.9 

La 49.3 129.6 75 71.8 56.6 46.6 70.5 45.6 35.4 37.5 

Ce 103.6 242.7 134 134 124 108.4 175.9 112.8 75.3 78.4 

Pr 11.52 21.84 15.35 14.9  12.98 22.12 15.05 9.23 9.45 

Nd 43.3 71.4 52.8 49.5 52 56.1 98.8 67.7 34.7 35.6 
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Sm 7.3 10.1 9.36 9.36 10.8 12.1 20.6 14.6 6.79 7.25 

Eu 1.88 2 1.07 1.06  2.71 4.62 3.57 1.32 1.59 

Gd 5.17 6.04 6.65 6.59  8.23 13.44 10.83 4.87 5.16 

Tb 0.71 0.9 0.92 0.95  1.22 1.99 1.53 0.7 0.62 

Dy 3.76 4.32 4.83 4.79  6.07 9.27 7.56 4.04 3.18 

Ho 0.64 0.7 0.84 0.93  1.04 1.38 1.13 0.75 0.55 

Er 1.78 1.99 2.36 2.57  2.83 3.43 2.97 2.21 1.34 

Tm 0.31 0.27 0.3 0.33  0.4 0.5 0.42 0.3 0.21 

Yb 1.61 1.74 2.03 2.25  2.69 3.12 2.69 2.22 1.37 

Lu 0.23 0.28 0.27 0.32 1.83 0.36 0.45 0.41 0.32 0.2 

 

4.3. Lu-Hf isotopical data 

From the samples used for the geochronology, 10 zircon grains were separated with 

high concordance (100±5%; Table 11) of each sample. The results indicated the presence of 3 

distinct groups, identified based on the TDM model ages. 

Table 11: Results of in situ Lu-Hf LA-ICPMS analyses. For samples below 1.0Ga, ages 

obtained by 206Pb/238U were used, and for samples above 1.0Ga, the ages of 207Pb/206Pb were 

used. 

SAMPLE SITE 176Lu/177Hf ±2 σ 176Hf/177Hf ±2 σ (176Hf/177Hf)t ±2 σ AGE (Ga) ɛHf(t) TDM 

Early Tonian Migmatized Orthogneiss (UDP-42) 

z4 core 0.00316 21 0.282356 33 0.28227275 1.65866 1.387 12.84 1.5 

z12 core 0.00111 7 0.282389 20 0.28237674 1.00685 1.084 9.36 1.4 

z15 core 0.00122 8 0.282388 29 0.28237455 1.46819 1.015 7.75 1.4 

z25 core 0.00123 9 0.282374 33 0.28236001 1.66911 1.334 14.19 1.4 

z31 core 0.00153 10 0.282346 20 0.28232843 1.00915 0.973 5.12 1.5 

z33 core 0.00183 11 0.282323 25 0.28230218 1.24888 0.957 3.76 1.6 

z34 core 0.00157 18 0.282343 26 0.28232525 1.28686 0.957 4.65 1.5 

z37 core 0.00177 12 0.282297 28 0.28227663 1.40204 1.006 3.92 1.6 

z39 core 0.00130 8 0.282331 26 0.28231606 1.27601 0.959 4.44 1.5 

z40 core 0.00230 15 0.282345 23 0.28231911 1.14718 0.95 4.10 1.5 

Riacho Cabeça de Porco (UDP-46)        

z5 core 0.00148 9 0.282587 26 0.28255712 1.31604 1.085 16.30 0.9 

z6 core 0.00111 7 0.282576 19 0.28256348 0.93854 0.625 6.12 1.1 

z10 core 0.00086 5 0.282542 24 0.28252126 1.22039 1.281 19.49 0.9 

z11 core 0.00079 8 0.282550 21 0.28254060 1.06620 0.652 5.92 1.1 

z14 core 0.00100 9 0.282567 22 0.28255480 1.12106 0.642 6.20 1.1 

z17 core 0.00070 5 0.282604 20 0.28259585 1.02288 0.638 7.56 1.0 

z19 core 0.00157 15 0.282587 21 0.28256822 1.02945 0.653 6.92 1.1 

z23 core 0.00107 7 0.282591 33 0.28257854 1.64202 0.641 7.01 1.1 

z25 core 0.00111 7 0.282604 17 0.28258702 0.87216 0.83 11.58 1.0 

z35 core 0.00285 20 0.282653 44 0.28260780 2.20147 0.847 12.70 0.9 

Munguba (UDP-64)          

z9 core 0.00073 5 0.282423 17 0.28241442 0.86719 0.634 0.95 1.4 

z11 core 0.00050 4 0.282404 22 0.28239772 1.08896 0.636 0.40 1.4 

z23 core 0.00110 7 0.282341 23 0.28232842 1.16231 0.63 -2.19 1.6 

z24 core 0.00144 9 0.282371 20 0.28235393 0.99521 0.629 -1.32 1.5 

z27 core 0.00137 10 0.282269 24 0.28225295 1.18053 0.631 -4.85 1.7 

z31 core 0.00077 7 0.282344 19 0.28233525 0.96962 0.636 -1.81 1.5 
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z33 core 0.00080 5 0.282450 25 0.28244040 1.24733 0.625 1.66 1.3 

z34 core 0.00049 3 0.280895 24 0.28086628 1.21283 3.075 2.03 3.3 

z39 core 0.00082 7 0.282320 29 0.28227597 1.45032 2.825 46.31 0.6 

z41 core 0.00028 3 0.282315 22 0.28231168 1.08437 0.66 -2.10 1.6 

Manguape (UDP-89)          

z2 core 0.00214 13 0.282469 27 0.28244211 1.33802 0.656 2.52 1.3 

z3 core 0.00128 8 0.282497 21 0.28248192 1.03360 0.62 3.12 1.3 

z8 core 0.00197 12 0.282556 18 0.28253172 0.88817 0.646 5.47 1.2 

z10 core 0.00152 9 0.282527 19 0.28250913 0.95156 0.629 4.29 1.2 

z15 core 0.00134 8 0.282481 22 0.28243117 1.08428 1.97 32.15 0.7 

z20 core 0.00119 7 0.282487 19 0.28247230 0.97556 0.644 3.32 1.3 

z21 core 0.00127 8 0.282520 25 0.28250489 1.24543 0.64 4.38 1.2 

z24 core 0.00090 5 0.282504 20 0.28249375 0.99883 0.614 3.40 1.2 

z30 core 0.00176 11 0.282483 33 0.28246281 1.66918 0.626 2.58 1.3 

z33 core 0.00095 6 0.282529 20 0.28251798 0.97618 0.619 4.37 1.2 

Santana do Mundaú (UDP-65)         

z3 core 0.00109 7 0.282552 27 0.28253868 1.36295 0.632 5.40 1.1 

z5 core 0.00102 8 0.282549 22 0.28253726 1.09651 0.628 5.26 1.1 

z11 core 0.00066 4 0.282537 23 0.28252931 1.12625 0.633 5.09 1.2 

z14 core 0.00066 6 0.282550 20 0.28254203 0.99539 0.625 5.36 1.1 

z18 core 0.00069 5 0.282585 24 0.28257710 1.22077 0.619 6.47 1.1 

z24 core 0.00062 4 0.282574 20 0.28254175 1.01037 2.751 54.36 0.1 

z28 core 0.00110 7 0.282609 24 0.28259658 1.21831 0.608 6.91 1.0 

z29 core 0.00071 5 0.282543 21 0.28253527 1.04314 0.614 4.87 1.2 

z32 core 0.00103 7 0.282557 24 0.28254500 1.20977 0.636 5.71 1.1 

z41 core 0.00049 4 0.282511 21 0.28250511 1.05004 0.634 4.26 1.2 

Poço Feio (UDP-48)          

z6 core 0.00052 3 0.282395 23 0.28238921 1.15532 0.628 0.02 1.4 

z8 core 0.00053 4 0.282404 19 0.28238261 0.92610 2.15 34.60 0.8 

z15 core 0.00042 3 0.282371 17 0.28236643 0.85114 0.634 -0.65 1.5 

z22 core 0.00034 2 0.282428 20 0.28242394 1.00567 0.616 0.98 1.4 

z25 rim 0.00024 2 0.282439 15 0.28243576 0.75553 0.617 1.42 1.4 

z28 core 0.00099 7 0.282192 22 0.28216995 1.07470 1.182 4.78 1.6 

z33 core 0.00076 5 0.282400 20 0.28239139 0.97734 0.616 -0.18 1.4 

z34 core 0.00091 7 0.282426 23 0.28241545 1.15894 0.62 0.77 1.4 

z40 core 0.00046 3 0.282396 20 0.28239081 0.99200 0.613 -0.26 1.4 

z41 core 0.00072 4 0.282182 21 0.28217410 1.02294 0.566 -8.99 1.9 

Murici (UDP-44)          

z2 core 0.00025 2 0.281674 23 0.28167124 1.12688 0.568 -26.75 2.8 

z5 core 0.00094 6 0.281685 22 0.28167527 1.09116 0.561 -26.77 2.8 

z19 core 0.00093 6 0.281082 26 0.28103652 1.31666 2.535 -4.27 3.3 

z21 core 0.00097 6 0.281874 21 0.28185793 1.07003 0.905 -12.56 2.4 

z22 core 0.00127 8 0.281076 18 0.28101284 0.92284 2.584 -3.96 3.3 

z24 core 0.00084 5 0.281668 38 0.28164725 1.90825 1.306 -10.94 2.6 

z25 core 0.00083 5 0.281659 23 0.28164981 1.12688 0.593 -26.95 2.9 

z33 core 0.00161 11 0.281664 22 0.28164710 1.08158 0.574 -27.47 2.9 

z35 core 0.00114 7 0.281671 29 0.28165851 1.44844 0.598 -26.53 2.9 

z36 core 0.00025 2 0.281859 25 0.28185620 1.24144 0.601 -19.46 2.5 

The group 1 shows values of 177Hf/176Hf vary among 0.282505 to 0.282653 and 

correspond to εHf(t) value ranges from +4.26 to +54.36, highlighting a mantle-derived source 
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(Table 11 and 12; Figure 15). The calculated Hf TDM age for this group shows a range from 

0.9 to 1.1 Ga. 

Table 12: lithotypes and metagranitic bodies divided according to their TDM ages. 

Group 
Age TDM 

(Ga) 
Derivation metagranites/Plutons 

1 0.9-1.1 
Mantle-derived Riacho Cabeça de Porco; 

Santana do Mundaú 

2 1.2-1.6 

Mantle-derived Basement; Manguape;  

Mantle-derived with 

crust contribution 

Munguba; Poço Feio 

3 2.8-3.3 Crust-derived Murici 

 

The second group has a TDM model age between 1.2 and 1.6 Ga. Based on the εHf(t) 

data, this group was subdivided into: (1) orthogneisses with positive εHf(t) (+2.52 to +32.15) 

indicating a mantle-derived source and (2) mantle-derived orthogneisses with contribution 

from the crust and εHf(t) ranging from -4.85 to +46.31. The crustal contribution was indicated 

as low negative values presented in samples UDP-48 (Poço Feio; zircon grains: z15, z33, z40, 

z41) and UDP-64 (Munguba; zircon grains: z23, z24, z27, z31, z41).  

 

Figure 15: (A) εHf versus time (Ga) diagram for zircons from the Western portion of the 

Ipojuca-Atalaia Batholith; (B) 177Hf/176Hf versus time (Ga) diagram for the sample of the 

studied area. 

The group 3 comprises the syn-transcurrent plutons. The values of 177Hf/176Hf vary 

among 0.28101284 to 0.28185793 and correspond to εHf(t) value ranges from –3.96 to -

27.47, indicating an exclusively crustal source. The calculated Hf TDM model age shows a 
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range from 2.4 to 3.3 Ga, indicating that its mantle extraction period is older than its 

crystallization period (Figure 15). 

5. DISCUSSION 

5.1. Timing of the magmatism and crustal growth in the western portion of the 

Ipojuca-Atalaia Batholith 

The Pernambuco-Alagoas Domain was marked by a series of tectonic, metamorphic, 

and magmatic events during the Brasiliano Orogeny (Silva Filho et al. 2002, 2016; Brito 

Neves & Silva Filho, 2019; Neves et al., 2020; Silva et al., 2017 among others). According to 

Lima et al. (2021) granite intrusions are excellent markers of these events. In the Borborema 

Province, Neoproterozoic-Cambrian granites are largely associated with a network of shear 

zones of two preferential directions: E–W and NE–SW (Silva Filho et al., 2002, 2016; 

Ferreira et al., 2004; Guimarães et al., 2004; Almeida et al., 2021; Neves et al., 2020 among 

others). 

In the western portion of the Ipojuca-Atalaia Batholith, U-Pb zircon data obtained in 

seven intrusions revealed a long magmatism history in the Western portion of the Ipojuca – 

Atalaia Batholith, from Tonian to Ediacaran.  

In the studied area, Early Tonian (957 ± 6 Ma) migmatized orthogneiss outcrops in the 

drainage, which is the lowest elevation point, 110 meters above sea level. Within the Central 

subprovince, orthogneisses with similar ages, the so-called Cariris Velhos, comprise a belt of 

NE-SW trending (Guimarães et al., 2012, 2016). According to Kozuck (2003), Brito Neves et 

al. (2001), Santos et al. (2010), Caxito et. al. (2020) the Early Tonian orthogneisses and 

associated metavolcanic rocks represent a volcanic arc. However, many others work 

published after that (Guimarães et al., 2012, 2016; Brito Neves et al., 2014, Araújo et al., 

2020, among others) suggest that they are extension related.  Oliveira et al. (2010) describe 

rocks of similar age in the northern portion of the Sergipano Fold Belt and correlate them with 

Tonian rocks described by De Witt et al. (2005 and 2008), in the Pan-African domains, 

located between Cameroon and Southern Sudan. 

Brito Neves et al. (2014) and Silva et al. (2005), marks the ~830-750 Ma period as the 

beginning of the Brasiliano collage in most Brazilian structural provinces. This period, in the 

studied area, is marked by the intrusion of the Riacho Cabeça de Porco orthogneisses 

protolith, which has a crystallization age of 828 ± 7.6 Ma. However, these orthogneisses 

display a much younger flat-lying foliation, that affected all rocks older than 590Ma, in the 

studied area. It suggests that the flat-lying foliation event started by 630Ma and ceased 

completely around 590 Ma. Tectonic/metamorphic event coeval with the Riacho Cabeça de 
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Porco orthogneisses protolith crystallization age was not revealed in the studied zircon grains. 

This evidence does not allow to interpret the emplacement of these orthogneisses during a 

contractional regime. On the other hand, zircon grains recorded in the Riacho Cabeça do 

Porco with ages ranging from 652 to 591 Ma, show low Th/U ratios (0.07 to 0.03), recording 

tectonic, magmatic, and metamorphic events as constrained in the studied area by the 

presence of flat-lying foliation and zircon grains showing rims with similar ages and Th/U 

ratios <0.1, in orthogneisses with protolith crystallization ages of 620 – 630Ma. The 630-590 

Ma age interval coincide with pre- syn- to late- contractional stage of the Brasiliano Orogeny 

reported in the Central and Southern subprovinces (Brito Neves et al., 2000, 2014, 2021; Silva 

Filho et al., 2002, 2014, 2016; Ferreira et al., 2004; Ganade de Araújo et al., 2014; Van 

Schmus et al., 2011; Lima et al., 2021 and references therein). 

The crystallization ages of syn-collisional (Munguba: 639.1 ± 4.3 Ma; Manguape: 

632.3 ± 2.5 Ma; Santana do Mundaú: 629.8 ± 4.2) and late-collisional (Pluton Poço Feio: 

620.6 ± 3.5 Ma) orthogneisses protoliths, suggest that they are coeval with the metamorphism 

of supracrustal sequences in the Rio Capibaribe domain (Neves et al., 2020). Most of the 

studied orthogneisses carry zircon grains with cores inherited from ages close to or greater 

than 750 Ma, indicating contribution from the Early Tonian Migmatized Orthogneiss and the 

Riacho Cabeça de Porco Orthogneiss in their source and a period of crustal growth. The 

sample analyzed from the Munguba orthogneisses displayed three zircon grains with Archean 

to Paleoproterozoic age 207Pb/235U ages (2.99 - 2.44 Ga), indicating a possible contribution of 

the Congo-San Francisco Craton rocks, suggesting the presence of an Archean crust in the 

north part of the Ipojuca Atalaia Batholith.  However, more data is necessary to infer the 

presence of Archean crust in the Region. 

The Murici and Viçosa granitoids have crystallization age of ~580 Ma, display high-

angle foliation and subvertical shear bands associated to strike-slip shearing truncating flat-

lying foliation and migmatization. Based on shear bands and high-angle mylonitic foliation 

truncating flat-lying foliation in granitoids of the Pernambuco – Alagoas Domain, Brito Neves 

et al. (2008, 2012, 2020) and Silva Filho et al. (2013) concluded that the transition between 

the contractional and transcurrent regime predate 587Ma. However, in the studied area the 

transition appears to last up to ~580Ma. 

5.2. Source and evolution considerations 

According to Niu et al. (2013) and Lima et al. (2021), continental collision zones are 

primary sites for crust growth. The literature suggests (Araujo et al., 2014, 2016; Oliveira et 
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al., 2010; Silva et al., 2015) that the convergence of the São Francisco Craton started at 

approximately 640 Ma, generating a volcanic arc with the presence of the syn-collisional 

granites. The closure and consumption of the Sergipano–Oubanguides Ocean initiated the 

release of sedimentary rocks in the São Francisco Craton and culminated with the placement 

of syn-transcurrent granites at ~ 570 Ma (Araújo et al., 2014; Oliveira et al., 2010; Silva Filho 

et al., 2010; Silva Filho et al., 2010; al., 2016; Lima et al., 2021) 

In the western portion of the Ipojuca-Atalaia Batholith the U-Pb geochronological data 

show ages in the 3 main pulses (~830-560 Ma) described by Brito Neves et al. (2014), in 

addition to the presence of the Early Tonian migmatized othogneiss (~950 Ma). Seventy 

isotopic analyses by Lu-Hf system were performed (10 per sample; Table 9) to obtain the 

model age of the granitic bodies in the studied area. The TDM age divided the samples in 3 

groups (Table 10).  

The Early Tonian migmatized orthogneiss presents characteristics and geochemical 

behavior (low REE content) registered by other orthogneisses present in the central and 

southern sub-province (Guimarães et al., 2012, 2016; Brito Neves et al., 2014, Araújo et al., 

2020). The calculated Hf TDM age, which is the age of the protolith differentiation from the 

mantle, ranges from 1.4 Ga to 1.6 Ga, as shown in figure 15. 

The Riacho Cabeça de Porco metagranitoids also have similar characteristics to the 

other Tonian orthogneisses described in this research and in the central and southern sub-

provinces (Guimarães et al., 2012, 2016; Neves et al., 2014, Ganade de Araújo et al., 2020). 

The εHf(t) value ranges from +5.92 to +19.49 (Mantle-derived; Table 9). The calculated Hf 

TDM age shows a range from 0.9 to 1.1 Ga. The crystallization age of the protolith of this 

orthogneiss is close to its extraction age, indicating a juvenile character of this sample, in 

addition the geochronological data suggest through the U/Th ratio (0.07 to 0.03) a 

metamorphic/tectonic event ranging from 652 to 591 (Figure 4), this being the allocation 

interval of syn-collisional and syn-transcurrent plutons. 

The Magnesian to slightly peraluminous nature of early orogenic magmatism indicated 

that sedimentary sources were not buried deep enough at this stage of the orogeny (Neves et 

al., 2020), so the syn-collisional orthogneisses were divided into two groups from the εHf 

data. The first group is exclusively mantle-derived (εHf: +2.52 to +32.15) and the second 

group is mantle-derived with crustal contribution (εHf: -4.85 to +46.31). Mantle-derived 

orthogneisses have two distinct TDM ages. The first TDM age ranges from 0.9 to 1.1 Ga and 
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is correlated to the Santana do Mundaú orthogneiss, which presents positive εHf(t) values, 

which is the same extraction age as the Riacho Cabeça de Porco orthogneiss. The second 

TDM age ranges from 1.2 to 1.6 Ga and is represented by the orthogneiss Manguape, which 

presents εHf(t) values ranging from +2.52 to +32.15, indicating juvenile character for the 

sample.  

The orthogneisses that present crustal contribution (Poço Feio and Munguba) are 

exclusively associated with the interval between 1.2 and 1.6 Ga and present a negative 

variation of Al2O3, CaO and TiO2 with SiO2 (Figure 13) associated to negative Eu and Sr 

anomalies suggest involvement of plagioclase, biotite ± amphibole in the genesis of this 

protoliths. A slightly negative to positive εHf(t) (-4.85 to +46.31) indicates a derivation from 

a mixed source, containing a mantle component and a crustal component. The 

geochronological data of these lithotypes indicate that the crustal contribution may have 

involved the units Early Tonian metamonzonite and Riacho Cabeça de Porco metagranitoid, 

in addition to Paleoproterozoic rocks. The Poço feio Biotite Metamonzogranite also keeps the 

record of a Tectonic and/or metamorphic event ~580 Ma, indicating the change of regime in 

the area. 

The intrusion of the Murici and Viçosa plutons mark the change from a contractional 

to a transcurrent configuration. The excessive growth and/or overgrowth of zircon in samples 

with low U/Th ratio values in the Poço Feio, Riacho Cabeça de Porco and Santana do Mundaú 

metagranitoids substantiate the occurrence of dynamic metamorphism related to the 

Transcurrent event that occurred at ~580 Ma, this event was described by Silva Filho et al. 

(2002, 2014, 2016), Neves et al. (2020) and Lima et al. (2021) for other regions of the 

Pernambuco-Alagoas Domain. The UDP-44 sample has εHf(t) value ranges from –3.96 to -

27.47, indicating an exclusively crustal source. The calculated Hf TDM age shows a range 

from 2.4 to 3.3 Ga, indicating that its mantle extraction occurs in Archean. Silva Filho et al. 

(2016) indicates through Nd isotopes that the source of the pluton Viçosa is also crustal, 

however the model ages of this granitic body are younger (~1.90 Ga). According to Neves et 

al. (2020) and Brito Neves et al. (2014) the injection of transcurrent plutons is one of the last 

stages of crustal growth linked to the Brasiliano Cycle. 

The magmatism of the Ipojuca-Atalaia Batholith is associated with the limit between 

the Pernambuco-Alagoas Domain and the Sergipano Fold Belt. This limit was exposed by 

aerogeophysical magnetometry data by Almeida et al. (2021), marking the position of a 

possible arc developed during the Brasiliano Orogeny (Brito Neves et al., 2014; Silva Filho et 
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al., 2002, 2016; Brito Neves & Silva Filho, 2019 and references therein). Similar thoughts 

were discussed for the Western portion of the Pernambuco-Alagoas Domain (Santana do 

Ipanema Batholith) where Lima et al. (2021) also indicate that the region shows evidence of 

crustal growth through a volcanic arc. To validate her hypothesis, she uses the gravimetric 

data presented by Oliveira & Medeiros (2018) for the border between the Southern Sub-

province and the São Francisco Craton, which revealed a wedge-shaped body with high 

density. According to Oliveira & Medeiros (2018), this body would be the remnant of an 

ancient oceanic crust associated with the closing of the Sergipano-Oubanguides Ocean. 

6. FINAL CONSIDERATIONS 

The geochemical, isotopical and geochronological recognition of the western portion 

of the Ipojuca-Atalaia Batholith raised new data on the process surrounding the Borborema 

Province and the collision of the São Francisco Craton. 

It is highlighted through the total rock data of Munguba, União dos Palmares, Riacho 

Cabeça de Porco and Manguape plutons that fractional crystallization was a dominant process 

for the compositional evolution of these orthogneisses, the same idea is suggested for the 

other plutons, however more lithogeochemical analyzes are needed to define a robust pattern 

for these intrusions. The chemically analyzed rocks corresponds to metaluminous to slightly 

peraluminous granites belonging to the Magnesian series. 

The isotopical and geochronological data indicated that the western portion of the 

Ipojuca-Atalaia Batholith has rocks from the first three magmatic pulses widely described in 

the literature, with emphasis on the rocks that composes the Pluton Riacho Cabeça de Porco 

with a crystallization age of 828 ± 7.6 Ma indicating the beginning of pre- to syn-collisional 

events at the southern of the Borborema Province.  

Geochronology has clearly shown that the Munguba, Santana do Mundaú, Manguape 

and Poço Feio metagranitoids are contemporaneous with the voluminous granitic magmatism 

(Santana do Ipanema and Serra do Catú) found on the boundary between the Pernambuco-

Alagoas Domain and the Sergipano Fold Belt. The Lu-Hf Isotopical data also show that most 

plutons have mantle-derived (juvenile) components and in some cases some crustal 

contribution was observed, indicating crustal growth in the south portion of the Borborema 

Province during the Brasiliano Orogenic Cycle. 
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5 CONSIDERAÇÕES FINAIS 

 

A avaliação e análise integrada de produtos aerogeofísicos e SRTM se mostrou uma 

importante ferramenta para a caracterização geológica da porção oeste do Batólito Ipojuca-

Atalaia. Dados aeromagnetométricos (CMA, ASA, DZ, deconvolução de Euler, espectro de 

potência radial médio e continuações ascendentes) juntamente com os dados 

aerogamaespectrométricos (Contagem individual dos radioelementos K, eTh e eU; Mapa 

ternário), dados SRTM e de campo indicaram as assinaturas contrastantes das principais 

unidades geológicas, bem como as principais estruturas regionais.  

Com base na metodologia empregada no capítulo 1 foi possível identificar nove 

compartimentos geomorfológicos e como as estruturas geológicas imprimem um forte 

controle morfoestrutural na região. Nesse contexto, o controle estrutural do relevo é 

evidenciado pela dissecação das zonas de cisalhamento, onde a litologia granítica sofreu uma 

maior tensão ao longo do tempo geológico. Os compartimentos geomorfológicos, por vezes, 

estão associados a unidades litológicas identificadas e descritas no capítulo 2. 

O uso integrado das imagens e dados indicaram evidências de deformação polifásica. 

As deformações foram interpretadas na área de estudo através dos dados SRTM (filtragem), 

da deconvolução de Euler e das imagens de continuação ascendente, marcando que as zonas 

de cisalhamento à norte (Zona de cisalhamento Palmares) e o sistema de zonas de 

cisalhamento à sul (WD-5, Palmeira dos Índios e Cajueiro) são os prováveis limites do 

Batólito Ipojuca-Atalaia dentro do Domínio Pernambuco-Alagoas, ou seja, estruturas de 

cunho regional. As zonas de cisalhamento WD (1, 2, 3, 4), por sua vez, demarcam uma 

movimentação rasa (mapa de soluções de Euler e imagens de continuação ascendente) 

podendo ter sido geradas após uma possível colisão entre blocos ocorrida nos últimos estágios 

tectônicos do Ciclo Orogênico Brasiliano. 

O reconhecimento geoquímico, isotópico e geocronológico da porção Oeste do 

Batólito Ipojuca-Atalaia, presente no capítulo 3, levantou novos dados sobre os processos que 

ocorreram na colisão entre a Província Borborema e o do Cráton do São Francisco. Os dados 

de rocha total dos ortognaisses Munguba, União dos Palmares, Riacho Cabeça de Porco e 

Manguape indicam que a cristalização fracionada foi um processo dominante para a evolução 

desses corpos graníticos. As rochas analisadas correspondem a granitos metaluminosos a 

levemente peraluminosos pertencentes à série Magnesiana. Os dados isotópicos e 
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geocronológicos indicaram que a porção Oeste do Batólito Ipojuca-Atalaia possui rochas dos 

três primeiros eventos magmáticos amplamente descritos na literatura. 

A geocronologia mostrou que os ortognaisses Munguba, Santana do Mundaú, 

Manguape e Poço Feio são contemporâneos ao volumoso magmatismo granítico (Santana do 

Ipanema e Serra do Catú) encontrado no limite entre o Domínio Pernambuco-Alagoas e a 

Faixa Sergipana, discutida no capítulo 2. As análises isotópicas também mostram que a 

maioria dos ortognaisses tem componentes derivados do manto (juvenis) e em alguns casos 

alguma contribuição (contaminação) crustal foi observada, indicando crescimento crustal na 

porção sul da Província Borborema durante o Ciclo Orogênico Brasiliano. 

De modo geral, as características geológicas e geomorfológicas foram favoráveis ao 

uso da metodologia apresentada nos três capítulos desta tese. Os produtos obtidos 

aprimoraram o entendimento das zonas de cisalhamento, plútons e demais rochas da porção 

Oeste do Batólito Ipojuca-Atalaia, logo os resultados aqui descritos clarificaram parte dos 

processos geológicos e geomorfológicos ocorridos na área de estudo. 
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