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RESUMO

Mateus Rodrigues de Vargas, 2019. Estudos Petrol6gicos do Complexo de Maurice Ewing
Bank. Dissertacdo de Mestrado, Programa de P6s-Graduacdo em Geologia, Universidade de
Brasilia, 167 pp. Data 17/05/2019. Orientador Farid Chemale Junior.

A evolucdo do Rodinia ainda possui diversas questdes que permanecem incégnitas, afetando
diretamente as interpretagdes paleotectbnicas dos eventos geoldgicos contemporaneos e posteriores.
Este é o caso, por exemplo, do papel da crosta Mesoproterozéica néo aflorante ou, ainda, de terrenos
remanescentes como Maurice Ewing Bank e suas relagdes com o evento formador do Rodinia. Este
trabalho visa refinar, definir e interpretar as rochas do Complexo de Maurice Ewing Bank (CMEB) com
aplicacdo de estudos petrolégicos e geoquimicos. Para assim definir sua trajetéria de
recristalizacdo/deformacédo, comparar CMEB com as principais unidades da orogenia de Natal-Maud
e tecer consideracbes sobre os blocos envolvidos no processo. CMEB consiste de um terreno
metamorfico polifasico com trés ciclos de recristalizag&o. O ciclo formador do Rodinia (R) tem um
episbédio de deposicdo e quatro episédios de recristalizacdo e/ou deformacdo progressiva
identificados: [1] deposicao de paraderivados, em ambiente de back-arc, proximo a area fonte (R0); [2
e 3] periodo de longa exposicdo a alta temperatura e pressao, relacionado com cinturdo de
cavalgamento e dobramento (R1 e R2); [4] fim do evento colisional, caracterizado pela ocorréncia de
granitéides pds-orogénicos (R4). Nos interpretamos que R1 e R2 coincidem com a mais velha idade
adquirida nos granitoides sin- a tardi-deformacionais de 1068 + 28 Ma. Um evento de exumacao
tectdnica, em R3, é relacionado com a idade dos granitdides sin- a tardi-deformacionais em 1032 + 12
Ma. Subsequentemente, o evento R4 é relacionado com delaminacéo crustal em 1006 + 13 Ma. O
reset nos sistemas Rb-Sr e K-Ar foi gerado por um ciclo metamérfico posterior, na facies Xisto Verde.
NOs o interpretamos como causado por anomalias termais distais associadas com eventos
Neoproterozdicos-Paleozdicos como orogenias Panantarticanas-Panafricanas-Gondwanides. O ciclo
anquimetamoérfico, abaixo de 300°C, é relacionado com eventos ainda incompreendidos de
rifteamento na regido, de idade Juro-Cretdceo. CMEB, na transicdo Meso- Neoproterozéico constitui a
frente deformacional da orogenia Natal-Maud, estando entre dos terrenos Margate e Heimefrontfjella.
Sugerimos que a colisdo entre os cratons de Kaapvaal e Coats-Patagbnia geraram ndo somente as
rochas Mesoproterozdicas de Dronning Maud Land Oeste, mas também as de CMEB, Provincia
Natal, Complexo de Cape Meredith e as rochas que geraram a anomalia de Beattie-A. O bloco de
Patagonia consiste de apéndice entre Laurentia e Coats-Land. Portanto, a orogenia de Natal-Maud
deve ser considerada como Grenviliana.

Palavras-chave: DSDP Sitio 330; Craton Kalahari; llhas Falkland-Malvinas; Bloco Falkland-Malvinas
Maurice; F2MT; Orogenia Natal-Maud, Orogenia Grenville; Supercontinente Rodinia.



ABSTRACT

Mateus Rodrigues de Vargas, 2019. Petrological Studies of Maurice Ewing Bank Complex.
Master Thesis, Programa de P6s-Graduacdo em Geologia, Universidade de Brasilia, 167 pp.
Date 05/17/2019. Thesis Advisor: Farid Chemale Junior.

The evolution of Rodinia still have several questions that remain incognito, which directly impact the
paleotectonic interpretation of coeval and posterior events. That is the case, for example, the role of
either the unexposed Mesoproterozoic crust or remnant micro-terranes such as Maurice Ewing Bank
and its relationship with the Rodinia-forming orogens. This works aims to characterize and interpret
the igneous-metamorphic basement of Maurice Ewing Bank Complex (MEBC), using petrology and
geochemistry. Thereby defining their recrystallization/deformation time path, comparing with the main
units from Natal-Maud belt orogeny, and extrapolating the blocks involved in the regional
metamorphism process. MEBC consist of a polyphasic metamorphic terrane with three
recrystallization cycles. The Rodinia-forming cycle (R) has one episode of deposition and four
episodes of recrystallization and/or progressive deformation identified: [1] deposition of immature
sediments, in a back-arc environment, close to the source rock (RO); [2 and 3] long-lasting high-
temperature, high-pressure metamorphic condition, related with a fold-and-thrust belt (R1-R2). [4]
metamorphic climax up-to granulite facies metamorphism (R3). [4] end of the collisional event,
characterized by post-deformational granitoids (R4). We interpret that R1-R2 coincides with the older
syn-deformational granitoid age of 1068 + 28 Ma. A tectonic exhumation in R3 is related to syn- to
tardi-granitoids at 1032 + 12 Ma. It was followed by an R4 event of crustal delamination at 1006 + 13
Ma. The reset in Rb-Sr and K-Ar systems were due to posterior metamorphic cycle, in the greenschist
facies. We interpret that as caused by far-field thermal anomalies of Neoproterozoic-Paleozoic
orogenic events, such as Panantarctican-Pananfrican-Gondwanides. The anchimetamorphic cycle,
below 300°C, is related to still uncomprehended Jurassic-Cretaceous events of rifting in the region.
MEBC constituted the deformational front of Natal-Maud orogeny by the end of Mesoproterozoic,
standing right on the middle of Margate and Heimefrontfjella terranes. We suggest that the collision of
Kaapvaal and Coats-Patagbnia cratons generated not only Dronning Maud Land Mesoproterozoic
rocks, but also MEBC, Natal Province, Cape Meredith Complex, and rocks that generates Beattie-A
anomaly. Coats-Patag6nia consisted of a Laurentian appendix. Thus, MEBC and Natal-Maud should
also be addressed as Grenvillian.

Keywords: DSDP Site 330; Kalahari Craton; Falkland-Malvinas Islands; Falkland-Malvinas-Maurice
Block; F2MT; Grenville Orogeny; Natal-Maud Orogeny, Rodinia Supercontinent.
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1 INTRODUCAO

Rodinia é uma palavra russa polissémica. De maneira geral, significa to beget
ou ainda to grow (Li et al., 2008; McMenamin e McMenamin, 1990). Isto &,
representa ndo apenas crescimento, mas também o desenvolvimento natural da
maturidade. Seu sentido foi incorporado a geologia, representando uma
configuragéo hipotética de massas continentais com apice entre a transicdo Meso-
Neoproterozoéico. Durante este periodo, diversos blocos se amalgamaram para
formar um supercontinente através de um processo chamado “orogeneses
formadoras do Rodinia” (a.k.a. Rodinia-forming orogens; Li et al., 2008; Roberts et
al., 2015). No entanto, diversas “crias” continentais de menor escala ainda séo
consideradas “bastardas”. Isto €, unidades geoldogicas que ainda nao sao
consideradas em reconstru¢cdes paleotectbnicas, devido a pouca representatividade
em area ou ainda desconhecimento geral acerca da area (Fuck et al., 2008; Li et al.,
2008).

Nesse contexto emerge 0 embasamento igneo-metamorfico recuperado ao
oeste do Platd de Falkland, mais precisamente no Banco de Maurice Ewing (Maurice
Ewing Bank), durante a campanha de perfuragdo do Deep-Sea Drilling Project
(DSDP) 330, foco deste estudo. Os dados geoldgicos, geoquimicos e
geocronologicos e interpretacdes iniciais foram apresentados em Barker et al.
(1977a, 1977b) e Beckinsale et al. (1977). Mais recentemente, Chemale Jr. et al.
(2018) realizam estudos geocronolégicos com maior precisdo e exatiddo, que
serviram de base para o presente estudo. As rochas recuperadas foram inicialmente
datadas por método Rb-Sr e K-Ar em rocha total como representativas do periodo
Ediacarano-Fortuniano por Beckinsale et al. (1977). No entanto, Chemale Jr. et al.
(2018), com aplicagdo do método U-Pb e Lu-Hf em zircdo, reinterpreteram-nas como
metamorfizadas e, quando aplicado, geradas por um evento regional de idade
Esteniano com contribuicdo de crosta juvenil e retrabalhada. Este fato levou a
reinterpretacdo tectbnica da regido, relacionando as rochas do embasamento de
Maurice Ewing Bank com as rochas de Cape Meredith Complex (llhas Falkland,;
Chemale Jr. et al., 2018). Os aspectos petrograficos, no entanto, foram estudados
unicamente por Tarney (1977), que identificou um evento metamorfico de alto grau.

Desde os estudos pioneiros de Tarney, as rochas de MEBC nédo foram revisitadas.
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12

1.1 Objetivos

Este trabalho visa estudar, definir e interpretar as rochas Mesoproterozodicas
advindas do embasamento de Maurice Ewing Bank (Maurice Ewing Bank Complex —
MEBC; Chemale Jr. et al., 2018), usando petrografia e geoquimica. Para que, deste
modo, defina-se 0 ambiente da formacdo das rochas, bem como a trajetéria de
recristalizacdo/deformacao ao longo do tempo (PTt) para que se possa estabelecer
com maior precisdo 0s processos tectono-metamorficos envolvidos na geracédo do
MEBC e, ao mesmo tempo, comparar com terrenos adjacentes da orogenia Natal-
Maud (1.2-1.0 Ga).
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2 GEOLOGIA REGIONAL

O Planalto das Malvinas é uma projecao submarina da margem continental da
Ameérica do Sul que se extende por aproximadamente 1800 km a leste das Ilhas
Malvinas. Ao norte, é limitado por uma escarpa transformante com tendéncia W-E,
chamada de Zona de Falha de Malvinas/Agulhas (Malvinas-Agulhas Fracture Zone -
MAF), que acomoda uma feicdo de 1400 km de extens&do que limita a interface
continente-oceano da Plataforma Argentina (Kimbell e Richards, 2008). Ao Sul, por
outro lado, é diretamente limitado pelo North Scotia Ridge (NSR). Possui suave
mergulho em direcdo leste. No entanto, em seu extremo leste, h4 uma estrutura
morfolégica chamada Maurice Ewing Bank (MEB; Barker, Dalziel e Wise, 1974;
Ludwig, Krasheninnikov et al.,, 1983). O sitio 330, realizado nas coordenadas
50°55.19’S, 46°53.00°'W, localiza-se a oeste desse alto morfoestrutural e consiste de

dois cores, 16 e 17 (Figura 1).
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Figura 1 — A) Localizacdo geografica do Maurice Ewing Bank e terrenos com
assinaturas isotopicas e/ou idades que remontam o Mesoproterozoico, utilizando a
Projecéao Antartica Conica de Lambert; B) Localizac&o do site 330 que engloba os
cores 16-17. Legenda das abreviacdes: DM - Deseado Massif, SCM: Somun Cura

Massif, CMC — Cape Meredith Complex, MEB - Maurice Ewing Bank, NgB -
Namaqua Belt, NtB — Natal Belt. Estruturas: MAFZ — Malvinas-Agulha Fault Zone,

NSR — North Scotia Ridge.

Apos ultrapassar uma lamina d’agua de 2626 m, foram perfuradas, entdo, 550
m de rochas sedimentares que representaram, em sua maioria, um registro
deposicional de idade sin- a pos-Jurassica. Apos perfuracdo e testemunhagem do
material sedimentar, 19,5 m de embasamento gnaissico-granitico foram atingidos,
claramente representando a infima parcela de um complexo igneo-metamorfico

continental de idade Pré-Cambriana, afetado por eventos termais em diversos
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momentos durante o Eratema Paleozdico (Barker et al., 1977a). O material utilizado
neste estudo derivara desta parcela do embasamento.

2.1 Bloco Falkland (Malvinas)

A Unica exposicdo Mesoproterozébica das llhas Malvinas consiste de delgada
secao aflorante, encontrada na porcado sul da West Falkland (Malvinas) Islands
(Figura 2), chamada de Cape Meredith Complex. Thomas et al. (1997) mapearam e
classificaram as rochas em duas unidades litoestratigraficas distintas.
Subsequentemente, Jacobs et al. (1999) as dataram. As unidades, conforme
Thomas et al. (1997), séo: i) Big Cape Fm., principalmente composta de anfibolitos
com idades “°Ar-3°Ar Bt variando de 1009 + 14 até 1015 + 6 Ma intercalados com
gnaisses félsicos de idade 1118 + 8 Ma. Esta unidade representa uma sequéncia
Vulcano-sedimentar que evoluiu durante a transicdo do Meso-Neoproterozdéico
(Jacobs et al., 1999); ii) Suite de Granitdides relacionada com trés eventos de
granitogénese distintos. O primeiro, nomeado G1, é principalmente composto por Bt-
Granodioritos localmente deformados que sugerem génese sin-deformacional, com
idades em torno de 1090 Ma (U-Pb em zircdo). O G2, composto sensu latu por
augen-ortognaisses, possui uma idade de 1135 *+ 11 Ma U-Pb nos nucleos de zircéo,
enquanto as bordas possuem idades de 1003 + 14 Ma. O leucogranito G3 intrude as
unidades mais velhas e possui uma idade de cristalizacdo (U-Pb em zircao) que
coincide com o evento metamoérfico de G2 (1003 £ 14 Ma) (Jacobs et al., 1999).

Portanto, o evento metamodrfico de G2 e a granitogénese de G3 sdo resultados de

um evento anatético regional (Jacobs et al., 1999; Thomas et al., 2000). 4°Ar-*°Ar em

muscovita e biotita com idades de 989 + 3 Ma e 989 + 7 Ma para G2 e G3,
respectivamente, sugerindo que Cape Meredith Complex provavelmente foi
submetido a um resfriamento abaixo dos ~300°C em apenas alguns milhées de anos
(Jacobs et al., 1999). Nao ha evidéncias direta de metamorfismo relacionado com
orogenias pO0s Mesoproterozéicas (Thomas et al., 2000, 1997). Diversos diques
lamprofiricos cortam o complexo, com idades que variam do Paleozbico ao
Mesozoico (Cingolani e Varela, 1976; Thistlewood et al., 1997; Thomas et al., 2000,
1998).
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Figura 2 — Mapa geoldgico do procurador aflorante do bloco Falkland (Malvinas),
Cape Meredith Complex. Retirado de Thomas et al. (1997).
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2.2 Bloco Agulhas

O Platdé de Agulhas Plateau € um alto oceanico situado 500 km SE do Cabo
da Boa Esperanca, onde, em seu maximo, possui 700 km de comprimento e 400 km
de largura (Parsiegla et al., 2008; Figura 3). Atualmente, Barrett (1977), Parsiegla et
al. (2008) e Scrutton (1973) sugerem, através de modelagem geofisica reversa, que
a porcdo norte do bloco tem uma composicdo de crosta oceéanica, com idades
variando de 80 a 100 Ma (Gohl e Uenzelmann-Neben, 2001; Uenzelmann-Neben et

al., 1999). Na parte sul, Parsiegla et al. (2008) identificaram um padrédo de crosta fina

que pode conter fragmento de crosta continental, sugerindo deste modo um

ambiente de crosta superextendida. As Unicas rochas de embasamento

testemunhadas na regido foram descritas por Allen e Tucholke (1981), estando
inseridas, na sua maioria, em um contexto de metamorfismo regional, indo de facies
xisto verde até eclogito. Eles dataram dois gnaisses, pelo sistema K-Ar em biotita,
obtendo idades de 1074 + 36 Ma e 1105 + 36 Ma, respectivamente. Essas idades
sédo relacionadas com o metamorfismo causado pelas orogenias formadoras do
Rodinia (Roberts et al., 2015). No entanto, duas amostras resultaram em idades de
478 £ 17 e 498 £ 17 Ma, provavelmente resultado de um reset termal relacionado
com as orogenias Panafricanas-PanAntarticanas que marcaram o final do
Neoproterozéico. E importante enfatizar que os autores se opdem a ideia que as

rochas foram transportadas por processos glaciotectonicos. Chemale Jr (pers.

commut.) datou-as, através do método U-Pb em zircdo, obtendo resultado que

variam de 1.2 a 1 Ga, portanto, comprovando a similaridade das rochas com o0s

eventos de amalgamacao do Rodinia.
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2.3 Provincia Natal

A Provincia igneo-Metamorfica Natal localiza-se ao leste da Africa do Sul e
consiste de trés terrenos acrescionados, produtos de diversos nappes com trend NE
Figura 4. Séo eles: Tugela, Mzumbe e Margate (Cornell et al., 2006). Esses terrenos
foram acrescionados na margem SE do craton de Kaapval no final do
Mesoproterozoico, sendo submetidos a metamorfismo na facies anfibolito superior
até granulito inferior. Posteriormente, foram submetidos a metamorfismo regressivo
para a facies xisto verde (Arima e Johnston, 2001; Cornell et al., 2006; Johnston et
al., 2001). Os terrenos Tugela e Mzumbe registram um magmatismo de arco de ilhas
entre 1200 Ma e 1160 Ma, seguido pela acres¢do na margem sul do craton Kaapval,
por volta de 1150 Ma (Arima e Johnston, 2001; Mendonidis et al., 2015). O terreno
Margate é relacionado com magmatismo de arco continental até aproximadamente
1120 Ma. Em sucesséo, ocorre um vulcanismo bimodal, resultado de eventos
extensionais, antecedendo a acrescéo do terreno na por¢ao sul de Mzumbe, por
volta de 1090 Ma. Préximo a zona de sutura, devido a esta configuragéo colisional,
ocorre um metamorfismo de alta temperatura e baixa pressdo, com evento de
anatexia regional, que levou a criagdo de grandes volumes de granitos derivados da
fusdo no limite arco-crosta (Cornell et al., 2006; Mendonidis et al., 2015; Mendonidis
e Grantham, 2003; Spencer et al.,, 2015). Spencer et al. (2015) identificaram que
apos a acrescdo e amalgamacdo do terreno, por volta de 1085 Ma, ocorreu um
colapso extensional, caracterizado pela intrusdo de corpos méficos e suites alcalinas
intermediarias, produto de tanto underplating quanto delaminacdo da crosta.
Is6topos de Nd e Hf sugerem que as rochas magméticas do Cinturdo Natal

derivaram de crosta continental juvenil, inicialmente gerada por um magmatismo de

arco de ilhas e, subsequentemente, retrabalhada por eventos acrescionarios
(Mendonidis et al., 2015a).
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Figura 4 Superior -
Localizacao da
Provincia Natal em
relacdo ao continente
Africano. Inferior (a) —
Divisdo dos trés
terrenos: Tugela ao
norte, Mzumbe no
centro e Margata ao
sul; (b) Detalhamento
da porcéo sul da
provincia. Retirada de
Spencer et al. (2015)

Constituindo 1/6 da &rea total do continente Antartico, Dronning Maud Land é

uma superprovincia geolégica formada por rochas dominantemente geradas durante

0 Mesoproterozoéico-Neoproterozoico, de génese complexa remontando acresgao e

posterior separa¢do de diversos terrenos, simbolizando orogeneses e tafrogéneses

de nivel intracontinental, impares na evolucdo de supercontinentes como Rodinia,

Gondwana e Pangea (Bisnath et al., 2006; Harris, 1999; Harris et al., 1995; Jacobs

et al., 2015; Figura 5).
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As Terras da Rainha Maud consistem, simplificadamente, de um nucleo
Paleoproterozéico, Grunehogna Craton, na qual acredita-se ser um bloco
pertencente ao Craton Kalahari (Jacobs et al., 2008). Adicionalmente, sdo formadas,
de oeste a leste, pelos terrenos Heimefrontfjella (Arndt et al., 1991), Kirwanveggen
(Harris, 1999), Sverdrupfijella (Board et al., 2005), Gjelsviksfiella (Bisnath et al.,
2006), Muhlig-Hofmannfjella (Owada et al., 2003), Central Dronning Maud Land
(Jacobs et al., 2003b) e Sgr Rondane (Masao et al., 1996). Genericamente, estes
terrenos, com excecdo dos dois Ultimos, representam principalmente a
amalgamacédo, na transicdo Meso-Neoproterozéico, de um bloco continental
desconhecido ao craton de Kalahari, com metamorfismo regional de alta pressao
associado a criacdo de expressivos volumes de magma (Jacobs et al., 2008). Os
blocos Central Dronning Maud Land e Sgr Rondane possuem rochas de assinatura
isotopica juvenil, além de idades U-Pb mais jovens que os terrenos adjacentes
(Jacobs et al., 2003a, 2003b, 2015). Jacobs et al (2015) atribuem estas rochas como
pertencentes a um arco de ilhas, de idade Steniana.

A grande maioria destes blocos foram submetidos, no final do
Neoproterozéico pelos processos decorrentes da orogenia Ross (Bisnath et al.,
2006), tais como overprint metamorfico e geracdo de expressivos volumes de
magma alcalino. Ainda, relacionado a abertura do Wedell Sea, j4 no Mesozoico, ha a
presenca de diversos diques maficos de idade dominantemente Jurassica (Bauer et
al., 2003a; Harris et al., 1991). Através do estudo de tracos de fissdo em apatita,
titanita e zircdo, além de isétopos do sistema U-Pb-He foi observado que as rochas
passaram por um rapido soerguimento na transicdo Mesozoico-Cenozoico,
interpretado como causado pela flexura isostatica causada pela massa das geleiras
do continente Antartico (Emmel et al., 2009, 2008).
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Figura 5 — Mapa de localizagéo do Dronning Maud Land em relagéo a Antartica.
Notar a relacdo de proximidade com o craton de Grunehogna. Retirado de Board et
al. (2005).

2.5 Coats Land

O bloco de Coats Land é uma entidade geoldgica distinta no dominio do Leste
da Antarctica (Loewy et al., 2011; Figura 6). Apenas dois afloramentos sao
acessiveis, compostos de riolitos e granoéfiros nao deformados com idade de 1112 +
4 Ma (Gose et al, 1997). No entanto, sua expressdo areal extende-se em
subsuperficie até os limites do Dronning Maud Land Central. Jacobs et al. (2015,
2008) consideram que 0s eventos geologicos ocorridos no Dronning Maud Land séo
resultado da colisdo entre Coats Land e craton de Grunehogna. Loewy et al. (2011)
identificaram que as rochas de Coats Land possuem similaridade isotdépica com
rochas da orogenia Grenviliana, no Laurentia. Ainda, o0s autores supracitados
coletaram dados de paleomagnetismo, demonstrando que, de fato, os terrenos

Grenville e Coats eram adjacentes. Da mesma forma, relacionam o terreno com
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206 duas unidades especificas: (i) embaiamento de Ouachita, no Texas-Novo México e

207 (ii) Terreno Cuyania, na Argentina.
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208
209 2.6 Shackleton Range
210 Shackleton Range é uma provincia na Antarctica Leste (Figura 7) composta

211 por trés terrenos distintos: i) o terreno sul possui zircdes detriticos com idades em
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torno de 2850 Ma, magmatismo entre 1850-1810 Ma, sendo submetidas a eventos
de metamorfismo de médio a alto grau em torno de 1700-1680 Ma, com reativacao
no Paleozobico, em 510 Ma; ii) terreno leste formado por granitéides com ca. 1060
Ma, com metamorfismo associado em torno de 600 Ma; iii) terreno norte,
caracterizado por diorites e granitos com idade de 530 Ma, intrudidos sob
paragneisses e rochas mafica-ultramaficas, onde, na passagem Neoproterozoico-
Paleoproterozéico, foram submetidos a eventos metamoérficos de médio a alto grau,

com climax em facies eclogito (Will et al., 2010, 2009).
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Figura 7 — Mapa geoldgico simplificado de Shackleton Range. Retirado de Will et al.
(2009).

2.7 West Antarctica

As Unicas rochas conhecidas de idade Proterozoica do oeste da Antartica sdo
gnaisses granodioriticos intrudidos por diques maficos e camadas de microgranitos
na regido conhecida como Haag Nunataks. Is6cronas de Rb-Sr em rocha inteira
tiveram idades de 1176 + 76 Ma para o0s gnaisses granodioriticos e 1058 + 53 Ma
para 0s microgranitos, respectivamente (Millar e Pankhurst, 1987). Conforme

apontado por Millar e Pankhurst (1987), essas rochas permaneceram tectonica- e
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termicamente impertubaveis durante o tempo. As assinaturas de 8Sr/%%Sr e ENd so

tipicas de crosta derivada de orogenias formadoras do Rodinia, demonstrando

similaridades com unidades de, por exemplo, Cape Meredith Complex (Thomas et
al., 2000).
Os granitdides do Jurassico que intrudem as rochas sedimentares do bloco

Ellsworth-Whitmore possuem idades de Tom entre 1370-1600 Ma. Esses valores séo

coerentes com o0s valores de Tobwm encontrados nos dranitdides Paleozbicos e

Mesozoicos da Patagdnia (Pankhurst et al., 2006).

Na Peninsula Antartica ha evidéncias estratigraficas que, abaixo das rochas
predominantemente Paleozdicas e Mesozoicas, ha um embasamento Proterozadico.
As idades mais antigas atestadas nessa regido sdo gnaisses de aproximadamente
640 Ma, 410 £ 15 Ma e 426 + 12 Ma (Rb-Sr em rocha total). No entanto, elas
possuem idades de Tom entre 900-1200 Ma (Wareham et al., 1998). Também, em
outras localidades da Peninsula Antarctica h& granodioritos e ortognaisses
granodioriticos Tridssicos com Tpm de 1100-1750 Ma.

2.8 Provincia Geol6gica Patagdnia

De acordo com Ramos (2008) e Ramos et al. (2004), o embasamento da
Patagonia € dividido em dois dominios tectdnicos (Figura 8): (i) Macico de Somun
Cura (a.k.a. Northern Patagonia Domain, basement, etc) e (ii) Macico de Deseado,
localizado ao sul. De maneira geral, a Patagonia é delimitada ao norte com o terreno
Chilenia e cinturdo de dobramento Sierra de La Ventana. Ao Sul, é delimitada por
bacias sedimentares Meso-Cenozdicas e rochas relacionadas a orogenia Andina. O
macico de Somun Cura € composto por rochas igneo-metamorficas com um trend
NW-WNW e idades que variam do Ordoviciano ao Permiano. O metamorfismo,
guando presente, é até a facies anfibolito (Basei et al., 1999; Llambias et al., 2002;
Ramos, 2008; Varela et al., 1999; von Gosen, 2003). A Bacia de Colorado a separa
do Macico de Deseado. Genericamente, é composto de rochas igneas que variam
entre 420 e 380 Ma (Basei et al., 2005). O metamorfismo, quando presente, ocorreu
por volta de 360 Ma (U-Pb em zircdo) e 375-310 Ma (K-Ar em titanita; Pankhurst et
al., 2006). As rochas geradas neste dominio sdo derivadas do processo tectono-
termal que afetou um hipotético arco magmatico durante o Eo-Paleozoico
(Pankhurst et al., 2006; Ramos, 2008).
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Mesmo que a cristalizacdo e idade de metamorfismo de ambos blocos de fato
indicam variacbes de génese e metamorfismo ao longo do Paleozoico, a unidade
apresenta idades modelo Tom entre 1.7 e 854 Ma. Este dado sugere que as rochas
da Patag6nia derivaram de uma crosta juvenil Mesoproterozoica, relacionada com
os eventos de formagdo do Rodinia (Pankhurst et al., 2006; Roberts et al., 2015;
Wareham et al.,, 1998). Além disso, métodos como 2&'Sr/®Sr e eNd também
demonstram mesma derivacdo Mesoproterozéica (Pankhurst et al., 2006). Diversos
trabalhos recentes fomentam este dado (e.g. Martinez Dopico et al. 2011; Mundl et
al., 2015), correlacionando xendlitos mantélicos encontrados tanto no terreno norte,
guanto no sul, com a crosta gerada no Rodinia e, ainda mais antiga, provavelmente
relacionada com a orogenia Grenviliana (Mundl et al., 2015). Martinez Dopico et al.
(2011) correlacionaram o macico Somun-Cura com o terreno Cuyania, até entédo
considerado al6ctone a evolugdo sul-Americana, e relacionavel, mais uma vez, com

a orogénia Grenviliana, no Laurentia.
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Figura 8 — Mapa simplificado dos macigos da Patagonia e terrenos sobrejacentes
como Chilenia, Cuyania, Pampia e Rio de la Plata. Retirado de Schilling et al. (2008)

2.9 Terreno Cuyania

O embasamento do terreno Cuyania é constituido de rochas com idade dos
eventos formadores do Rodinia (Kay et al., 1996). Thomas e Astini (1996) sugerem
gue o embasamento é similar ao Sistema Grenvilliano do Laurentia (Figura 8). A
idade U-Pb em zircdo varia de ca. 1200 a 1000 Ma em diferentes setores do terreno
(Casquet et al., 2001; Kay et al., 1996; Sato et al., 2004; Thomas e Astini, 1996). A
presenca de fauna tipica do Laurentia e dado paleomagnético confirmam o carater
aléctone do terreno (Benedetto, 2004; Rapalini e Astini, 1998). Ramos (2010) afirma
gue a auséncia de eventos magmato-metamorficos Pampeano ou Brasiliano indica

gue o terreno nao fez parte da amalgamacéo Neoproterozoéica do Gondwana.
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2.10 Terreno Chilenia

uma zona ofiolitica, de idade desconhecida, que separa este terreno de seu vizinho
a leste, Cuyania. ldades entre 1060 e 1080 Ma foram adquiridas na zona de Codon
del Portillo, através de U-Pb em zircdo, que séo coincidentes com o metamorfismo
existente, por exemplo no Western Dronning Maud Land (Arndt et al., 1991; Jacobs
et al., 2003c), Provincia Natal (Mendonidis e Armstrong, 2016; Spencer et al., 2015b)
e Falkland-Malvinas-Maurice Terrane (F2MT; Chemale Jr. et al., 2018; Jacobs et al.,
1999).
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3 RODINIA: ORIGEM, NOME E EVOLUCAO

Rodinia é uma palavra derivado do russo “rodit”, usada de modo a
homenagear o papel da pesquisa soviética no Pré-Cambriano(McMenamin e
McMenamin, 1990, p. 95). Sua polissemia, em inglés, é incorporada a trés verbos:
“to beget”, “to grow” ou ainda “to give birth” “To beget” € um verbo de dificil traducéo,
significa gerar algo, normalmente uma crianga, referindo-se especificamente ao
papel dos pais. No entanto, ndo parece completa sem “to give birth”, dar a luz e “to

2

grow”, o desenvolver natural da maturidade. Portanto, € ampla: Rodinia gerou os
supercontinentes, dando a luz aos primeiros animais. Suas margens serviram como
berco, um ambiente propicio para a evolucao da vida (McMenamin and McMenamin,
1990). No entanto, sua origem geoldgica € pretérita, advindo de Valentine e Moores
(1970), que teorizaram um supercontinente, chamado Pangea |. De idade Pré-
Cambriana, este supercontinente englobava todos os continentes da Terra, detendo
0s principais fatores para a diversificacao das formas de vida.

Hoje uma verdade geologica em pleno desenvolvimento, o supercontinente
Rodinia possui diversas teorias de evolucdo ao longo do tempo geolégico. No
entanto, a maior parte das reconstrugdes partem do pressuposto do Laurentia como
centro do mundo. Os principais modelos em voga sdao SWEAT (Dalziel, 1991,
Hoffman, 1991; Moores, 1991), Missing Link (Li et al., 1995), AUSWUX (Brookfield,
1993), SAMBA (Johansson, 2014, 2009) e WALahari (Pisarevsky et al., 2003; Powell
et al., 2001). Todos os modelos possuem, em algum ponto, potencialidades e pontos

fracos, haja visto nenhuma solucéo ser Unica (Li et al., 2008, Figura 10a).
3.1 Modelos da evolucgéao do Rodinia
3.1.1 SWEAT - SouthWest United-States East Antarctica

A correlacdo estratigrafica, metalogenética e paleomagnética de rochas Pré-
cambrianas do oeste do Canada e sul da Australia levou Bell e Jefferson (1987) a
proporem que estes dois blocos estavam originalmente conectados e, a partir de 1.2
Ga comecaram um processo de rifteamento e desenvolvimento de margem passiva.
Inspirado nessas similaridades, Dalziel (1991), Hoffman (1991) e Moores (1991),
propuseram o0 modelo Southwestern United States-East Antarctica (SWEAT),
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sugerindo que as rochas, até entdo de origem controversa, de terrenos encontrados
em Nimrod Glacier, Pensacola Mountains e Maud Belt, com idades entre =1.2-0.8
Ga, formavam uma extensdo das provincia Grenviliana, regido leste da Ameérica do
Norte. Enfase também foi dada para idades similares das rochas do Shackeleton
Range e o terreno adjacente de Coats Land aquelas caracteristicas da Provincia
Yavapai-Mazatzal (Figura 10). Moores (1991) sugeriu que os cratons do norte e
oeste australianos provavelmente ndo faziam parte da extensdo SWEAT até a
colisdo do final do Mesoproterozéico, caracterizado pelo cinturdo Albany-Fraser-

Musgrave.
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Figura 10 — Modelo SWEAT proposto por Hoffman (1991). A — Reconstrucao dos

grandes blocos continentais amalgamados, formando o primeiro mapa oficial do
supercontinente Rodinia, com a posicado dos continentes ha aproximadamente 700

Ma. B — Idealizagéo do break-up entre a margem Proto-andina e Laurentia ocorrido,

conforme o autor, ha aproximadamente 500 Ma.

Em uma visdo minuciosa das provincias cristalinas e proveniéncia das bacias,
Borg e DePaolo (1994), através da analise detalhada de dados isotopicos,
cronoldgicos e geoquimicos, identificaram descontinuidades na conexdao SWEAT.
Como resultado, de modo a manter o modelo SWEAT viéavel, os autores sugeriram
qgue os terrenos Mesoproterozoicos das Montanhas Transartaticas mais jovens que

ca. 1000 Ma eram provavelmente aloctones, sendo acrescidos as margens do
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Laurentia apés a abertura do oceano proto-Pacifico. No entanto, conforme apontado
por Li et al. (2008), ndo h& evidéncia geoldgica para o docking destes terrenos,
carecendo de deposicdo advinda de um periodo mais antigo que 668 + 1 Ma
(Goodge et al., 2002).

Li et al. (2008) apontaram outras evidéncias que nao fomentam o modelo
SWEAT, como: (i) falta de continuacdo da provincia magmaética transcontinental do
sul do Laurentia (1500-1350 Ma; até as Transartarctic Mountains; (ii) discrepancias
no evento de pluma mantélica do Neoproterozdico entre a conexao SWEAT (Li et al.,
1999; Park et al., 1995; Wingate et al., 1998); (iii) bacias do oeste da América do
Norte (e.g. Belt Basin) possuem areas fonte com idades de 1786-1642 Ma, 1600-
1590 Ma e 1244-1070 Ma, néo identificadas no Leste da Antartica (Ross et al., 1992;
Ross and Villeneuve, 2003); (iv) a conexdo SWEAT, inicialmente proposta por
Dalziel (1991) e Moores (1991), provou-se inatingivel tanto paleomagneticamente
(Gose et al., 1997), quanto geologicamente (Jacobs et al. 2003a; 2003b). No
entanto, cabe ressaltar que, conforme Li et al. (2008), o Laurentia se conectou com o
Kalahari em ca. 1090-1060 Ma, permanecendo deste modo até o break-up do
Gondwanaland (Jacobs et al., 2003b, 2003a; J. Jacobs et al., 2008). Li et al. (2008)
enfatizaram que se de fato houve cinturbes orogénicos conectando Laurentia,
Australia e East Antarctica, ou se conexao SWEAT existiu, ela deve ser Grenviliana
ou posterior. H4 a possibilidade da comprovacdo do modelo SWEAT, através de
dados paleomagnéticos, apos ca. 1050 Ma (Powell et al., 1993). No entanto, essa
conexdo nao é possivel em ca. 1200 Ma (Pisarevsky et al., 2003). Portanto, Li et al.
(2008) ndo aceitam uma conexdao SWEAT em momentos tardi-Paleoproterozoico,
isto &, ca. 1800-1600 Ma.

3.1.2 Missing link

Proposto inicialmente por Li et al. (1995), o modelo Missing Link coloca o
South China Block entre os blocos Australia-Leste da Antartica (Li et al., 2008;
Figura 11). O modelo foi concebido de modo a (i) preencher o vazio entre as
provincias crustais da Austrdlia - East Antarctica e o Laurentia; (i) devido as
similaridades estratigraficas observadas por Eisbacher (1985) entre o sul da China,
Australia e oeste do Laurentia; (iii) similaridades entre provincias crustais do bloco

Cathaysia e sul do Laurentia e (iv) a necessidade de uma area fonte para as Bacias
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cronocorrelatas do oeste norte-americano, com picos de idade de proveniéncia
similares aquelas encontradas no terreno de Cathaysia (Ling et al., 2003; Ross e
Villeneuve, 2003).

Por exemplo, ha diversas similaridades entre os depdsitos de rift encontrados
na parte sul da China e o leste da Australia. No entanto, dos 4 episédios de
magmatismo-rifting, apenas os 2 mais jovens sao documentados na Laurentia (ver Li
et al., 2008). Ainda, € interpretado que a colisdo entre a Laurentia-Cathaysia e bloco
Yangtzie é limitada a, no maximo, 1140 Ma e durou até o circa de 900 Ma
(Greentree et al., 2006; Li et al., 2003; Ling et al., 2003).
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Figura 11 — O modelo Missing-link conforme concebido por Li et al (1995) e
aprimorado por Li et al (2008).

De maneira geral, outra vantagem do modelo € que ndo necessita de um
apparent polar wander path (APWP) entre os continentes relevantes entre 1 Ga e

900 Ma. Com os dados paleomagnéticos disponiveis atualmente € possivel uma
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conexao entre os blocos da Australia-sul da China-Laurentia durante 820-800 Ma; no
entanto, a partir de 750 Ma, eles devem ser separados (Li et al., 2008).

3.1.3 AUSWUX — Australia-Southwest US

Inicialmente proposta por Brookfield (1993), o modelo Australia-Southwest US
(AUSWUX) foi concebido na equivaléncia de fraturas lineares supostamente
formadas durante o break-up do Rodinia nas margens leste do craton da Australia e
oeste do Laurentia (Figura 12). O modelo foi revisitado por Burrett e Berry (2000) e
Karlstrom et al. (1999), principalmente por correlacdo e provincias cristalinas e

estudo de proveniéncia entre os blocos.

;4 Archean cratons .
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Figura 12 — Modelo AUSWUX, conforme concebido por Brookfield (1993).

No entanto, Direen e Crawford (2003) identificaram que os lineamentos que
ocorrem na Australia ndo sdo mais antigos que 600 Ma. Conforme Li et al. (2008),
apesar de seus méritos, o modelo apresenta diversas dificuldades, tais como: (i)
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dificuldades em explicar os dados esparsos de metamorfismo Greenvilliano no oeste
do Laurentia, norte de Queensland, Tasmania e orogenia Ross; (ii) auséncia de
rochas graniticas e rioliticas com ca. 1400 Ma na Australia, como sdo encontradas
no sul do Laurentia; (iii) o comeco do rifte no Laurentia (ca. 750 Ma) é diferente do
observado no leste da Australia (ca. 825 Ma); (iv) ha uma incoeréncia nos dados de
paleomagnetismo de 1200 Ma com o modelo Pisarevsky et al. (2003). Em 1100-

1050 Ma, entretanto, os paleopdlos sdo coerentes.

3.1.4 SAMBA - South AMerica-BAltica

Através da interpretacdo de compilagbes de dados geoldgicos gerais e
modelos de reconstrucdo de placas, foi proposto por Johansson (2014, 2009) um
modelo onde correlaciona-se, durante o Rodinia, o bloco Baltica com o Amazonia.
Esta correlacdo, conforme o ja citado autor, ocorreu de 1.8 Ga até 0.8 Ga, onde, 0
craton West Africa servia como conexao entre o nordeste da Amazonia e sudeste de
Baltica. Deste modo, sera considerado como SAMBA a amalgamacao dos terrenos
Amazonia, Baltica e West Africa (Figura 13).

De maneira geral, em consonancia com boa parte das reconstrucdes ja
propostas, a parte noroeste do Baltica era conectada com o leste do Laurentia
(Greenland) de 1.9 Ga até 1.3 Ga. Johansson (2014) sugere uma configuracédo
como a proposta no modelo SWEAT (Moores, 1991). Deste modo, o craton Kalahari
era anexado ao sudoeste do Laurentia e junto com o East Antarctica, juntamente
com o craton do Congo, Tanzéania, Sao Francisco e Rio de la Plata.

Johansson (2009) sugere que para atingir o modelo padrdo do Rodinia, o
bloco Baltica deve ter se separado do Laurentia e, junto com o bloco Amazonia e
West Africa, rotacionar aproximadamente 75°, em sentido horario, em relacdo ao
Laurentia. De modo a encaixar no modelo proposto do Gondwana, exige-se a
rotacdo de diversos cratons (e.g. Laurentia-Kalahari, East Antarctica) em angulos
maiores que 90° no sentido anti-horario (Johansson, 2014). A separacédo do Rodinia
€ interpretada como ocorrida por volta de 0.6 Ga, em resposta as rotacdes em
escala global. Da mesma forma, a abertura do oceano Proto-Pacifico e as colisbes

Brasilianas/Panafricanas sao relacionadas a este evento.
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Rodinia configuration
S, (ca. 900 Ma)

North China 7 SIBERIA?
Soun Crina 7
Tarem?

1000 ¥m

Present-day coastal outlines

N EASTERN w—— Appraxmmate cratonc margns
Saharan h.’ — SO0UTH =
frwetasdnn (SR o WMERICA D Grenvillian fold belts
' 5 (Granvile - Sveconorwegian -
Sunsas. ...)
\ Subduction zone

Alima

Figura 13 — Reconstrucao do Rodinia (ca. 900 Ma) conforme modelo SAMBA
(Johansson, 2014, 2009).

Fuck et al. (2008), ainda, sugeriram que as provincias Ventuari-Tapajos e Rio
Negro-Juruena, chaves para a reconstru¢cdo do modelo, séo truncadas ao norte por
orogenias de idade Grenviliana. Este dado coloca em prova a estabilidade proposta
pelo modelo do superbloco SAMBA durante 1.8 até 0.9 Ma (Pisarevsky et al., 2014).

N&o séo consideradas neste modelo as unidades formadoras do arco de llhas
Steniano (TOAST; Jacobs et al., 2015 e Ruppel et al., 2018), localizadas tanto em
terrenos como Central Dronning Maud Land e Sgr Rondane (Jacobs et al., 2015;
Ruppel et al., 2018) e Terreno Madagascan (Archibald et al., 2018).

3.1.5 WALahari — Western Australia-KalLahatri

O modelo Western Australia-Kalahari (WALahari; Figura 14), inicialmente foi
concebido por meio de dados paleomagnéticos de Pisarevsky et al. (2003), Powell et
al. (2001) e Powell e Pisarevsky (2002). Subsequentemente, diversos dados
geocronologicos deram suporte hipétese, como Fitzsimons (2002, 2003).

A concepcéo é de que o Kalahari estaria localizado junto ao oeste do Western

Australia block, com o Maud-Belt adjacente a orogenia Pinjarra, de idade também
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Grenviliana (Ksienzyk e Jacobs, 2015). A principal base tedrica para a colisdo entre
o Western Australia e o Kalahari, no fim do Mesoproterozdico, foi a similaridade do
espectro de idades e caracteristicas estratigraficas observadas nos dois terrenos
(Ksienzyk e Jacobs, 2015).

Figura 14 — Modelo WALahari, conforme concebido por Pisarevsky et al. (2003).
|dealizac&o do Rodinia h4 900 Ma. Legenda: In — India; Ka — Kalahari, Au —
Australia; Ma — Mawson; T- Tarim; RP — Rio de La Plata; P — Pampean Terrane; SC
— South China; La — Laurentia; Si — Sibéria; Am — Amazonia; WA — West Africa; B —
Barentsia; Ba — Baltica; Ch — Chortis; Gr — Greenland; R — Rockall; O — Oaxaquia;
Ba — Baltica.

Essencialmente, Fitzsimons (2002, 2003) comparou dados de proveniéncia e
do Maud Belt de Arndt et al. (1991) e Harris (1999) e da orogenia Pinjarra do
Western Australia de Bruguier et al. (1999) e Cobb et al. (2001). No entanto,
Ksienzyk e Jacobs (2015b), com base em dados mais consistentes obtidos pelos
autores, do leste da Antéartica, e Ksienzyk et al. (2012), da orogenia Pinjarra,
concluiram que a comparacdo direta dos metassedimentos das duas areas
demonstra uma incompatibilidade de area fonte, sugerindo diferentes sequéncias

sedimentares.
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Apesar disso, o espectro de idades dos graos detriticos de zircdo encontrados
no metassedimento nao elimina a possibilidade do modelo WALahari ser aceitavel
(Ksienzyk e Jacobs, 2015). De qualquer forma, os autores consideram a posicao do
Kalahari adjacente ao SW Laurentia com o Namaqua-Natal-Maud Belt como a

contraparte colisional da orogenia Grenviliana.
3.1.6 TOAST — Tonian Oceanic Arc Super Terrane

Proposto inicialmente por Jacobs et al. (2015), o modelo TOAST (Tonian
Oceanic Arc Super Terrane) postula que as rochas de Central Dronning Maud Land
e Sgr Rondane representam um amplo terreno de arco de ilhas, que, durante 1000-
900 Ga nao faziam parte do supercontinente Rodinia (Figura 15). Conforme
apontado por Ruppel et al. (2018), a primeira evidéncia geolégica do TOAST é
relacionada a uma fase principal de subduccdo que formou rochas magmaticas de
assinatura juvenile em torno de 995-975 Ma. E seguida por uma fase de génese
similar, mas tenuemente mais jovem (960-925 Ma) nos terrenos localizados a SW do
Segr Rondane.

As unidades do TOAST, de maneira geral, possuem uma historia de
polimetamorfismo com geracéo de grandes volumes de magma, datados em ca. 630
até 500 Ma. De maneira geral, as idades do overprint metamérfico diminuem de
oeste para o leste. Isto é interpretado por Jacobs et al (2015) como evidéncia que o
TOAST colidiu com o Kalahari primeiro, antes de colidir com o terreno Rukerland
e/ou Indo-Antéartica em seu limite leste. Ainda, ha um overlap de idades entre as
rochas TOAST e as localizadas a leste, compreendendo rochas do Rayner Complex.
No entanto, trés principais diferencas emergem: i) longa histéria acrescional de
arcos de ilha formadores do Rayner Belt (entre 1400-900 Ma) que culminam em ii)
colisdo continente-continente em ca. 950 Ma; iii) 0 TOAST possui uma pronunciada
assinatura juvenil, carecendo de qualquer indicativo de herangca e overprint

metamaorfico imediatamente apds a formacéo da crosta (Figura 15).
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Figura 15 — Reconstrucao tectdnica em (a) 1000 Ma e (b) 950. North America,
vermelho (Ch, Chortis; G, Greenland; L, Laurentia); South America, azul marinho;
(Am, Amazonia; Bo, Borborema; Pp, Paranapanema; RDLP, Rio de la Plata; SF, S&do
Francisco) Baltica, verde; (Ba, Baltica); Siberia, grey; (Si, Siberia); India, continentes
do Indian Ocean e Middle East (oriente médio), azul claro (A-A, Afi—Abas Terrane;
Az, Azania; In, India); China, amarelo (Ca, Cathaysia, South China; NC, North
China); Africa, laranja (By, Bayuda; C, Congo—Tanzania—Bangweulu Block; H,
Hoggar; K, Kalahari; N-B, Nigeria—escarlate (NAC, North Australian Craton; SAC,
South Australian Craton); Antarctica, roxo (Ma, Mawson; Ra, Rayner); Arcos Meso-
Neoproterozoic, verde escuro; (DA, Dabolava Arc; Sl, Southern Irumide; SR, Sar
Rondane; TOAST, Tonian Oceanic Arc Super Terrane; UM, Unango—Marrupa; VC,
Vijayan Complex; WC, Wanni Complex; KC, Kadugannawa Complex). Retirada de
Archibald et al. (2018).

A sutura TOAST-Dronning Maud Land € considerada por Jacobs et al (2015)
como o limite TOAST-orogenias Grenvilianas na Antartica. Os limites sul e leste sdo

meramente especulativos.
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4 ROTAGCAO DAS ILHAS FALKLAND (MALVINAS) NO MESOzOICO

As llhas Falkland (Malvinas), localizadas na plataforma Argentina, 500 km a
leste da costa da Patagdnia, possuem ativa participacado na consolidacédo da Teoria
da Deriva Continental e evolu¢cdo do Gondwana. Conforme Ramos et al. (2017), trés
hipoteses sobre evolucdo tectbnica das ilhas foram inicialmente propostas: (i) Du
Toit (1937) colocou a ilha entre a América do Sul e Africa do Sul, (i) Adie (1952), em
contra partida, inverteu a posicao atual das ilhas, colocando-as na borda leste da
Africa do Sul, como um apéndice dos terrenos dobrados e um importante evento de
rotacdo ocorrido no Mesozoico; (iii) Borello (1963) teorizou que as ilhas se
mantiveram em uma posicao similar, em relacdo a América do Sul, conforme a
configuracéo atual (Figura 16).
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Figura 16 — Posicéo das llhas Falkland (Malvinas) no contexto pre-break up
conforme Du Toit (1937), Borello (1956) e Adie (1952). Retirada de Ramos et al.
(2017).

Diversas aproximacOes avaliaram / fomentaram / desvalidaram essas

hipoteses. Estas aproximacdes incluiram reconstrucdes paleogeogréficas, analises

paleomagnéticas, analise geocronologica dos diques Juro-Cretaceos (Mitchell et al.,
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1986; Stone et al., 2009, 2008; Taylor and Shaw, 1989) e embasamento (Cingolani
and Varela, 1976; Jacobs et al., 1999; Thomas et al., 2000, 1997), proveniéncia das
sequéncias sedimentares (Ramos et al. 2017, dentre tantas outras). No entanto,
ainda ndo ha consenso sobre a posicdo das ilhas durante sua evolugcdo entre o
Mesoproterozoico e, principalmente, durante o Mesozo6ico. Assim sendo, serdo
abordadas as principais caracteristicas de cada hipétese, da mais antiga para a mais

recente.
3.4.1 Hipodtese de Du Toit (1927)

As similaridades estratigraficas entre Sierra de La Ventana e Cape Fold Belt
levaram (Du Toit, 1927) a postular que as llhas Falkland (Malvinas) encontravam-se
na mesma latitude e no meio do caminho entre essas duas unidades. Conforme
pontuado por Ramos et al. (2017) esta hipdtese foi principalmente baseada nos
estudos de Keidel (1916, 1913) e comprovada apds a visita do pesquisador nos
depodsitos da América do Sul. O principal argumento baseava-se na correlacdo dos
tilitos encontrados nessas trés unidades, que além de mesma génese deposicional,
possuiam mesma idade.

Existem dois problemas na hip6tese de Du Toit. O primeiro, relacionado com
a vergéncia estrutural dos depositos Paleozéicos das llhas Falkland (Malvinas), sédo
opostas as da Ventania e Cape Fold (S-N). E conhecido que a vergéncia dos tilitos
das ilhas tem sentido SW (Adie, 1952a; Baker, 1924). O segundo € relacionado com
a falta de correlacdo entre a Patagbnia e as llhas Falkland (Malvinas). O motivo
principal baseia-se no fato de, no periodo em que o trabalho foi proposto, Du Toit
nao tinha conhecimento dos depositos glaciais Eo-Paleozoicos com idade de
deposicao similar aqueles encontradas nos tilitos das llhas Falkland (Malvinas;
Griffis et al., 2014).

3.4.2 Hipotese de Adie (1952)

A hipétese correlaciona as llhas Falkland (Malvinas) com o oeste da Africa do
Sul. No entanto, baseia-se na rotacdo de 180° das ilhas para que haja uma maior
consisténcia na correlacdo. E estruturada nas seguintes premissas: (i) a rotacéo de
180° facilita a associacdo das unidades Mesoproterozéicas das ilhas com o terreno
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Natal; (ii)) com a rotacdo, torna-se aceitavel a correlagdo das unidades estratigréaficas
presente nas duas regifes; (iii) afinidades paleontolégicas no mar Devoniano,
identificadas na fauna Malvinokafrica (Richter e Richter, 1942); (iv) a partir da
rotacdo as paleocorrentes das unidades glaciais do Eo-Paleozdéico passam a ser
iguais; (v) os digues basalticos presentes nas ilhas podem ser correlacionados com
os diques doleriticos; (vi) estilo do padrao de dobras das ilhas se tornam similares ao
do Cape Fold Belt.

Diversos estudos paleomagnéticos feitos nos enxames doleriticos das ilhas
suportam a hip6tese de Adie. Inicialmente, Mitchell et al. (1986) propuseram uma
paleolatitude similar ao Transkei, permitindo, desta forma, a localizacéo das ilhas ao
leste da Africa do Sul. Um estudo mais consistente foi efetuado por Taylor e Shaw
(1989), com resultados aproximados. Uma rotacdo de 120° ocorreu durante o
Jurassico, seguida por uma rotacdo de 60° no Cretaceo durante a abertura do
Atlantico Sul (Stone et al., 2009; Storey et al., 1999). Ben-Avraham et al. (1993),
baseados nessas interpretagdes, propuseram a existéncia da Microplaca de Lafonia.
Para acomodar 0s tensores necessarios para a rotacdo desta microplaca, foi
teorizada uma microplaca extra, chamada de Microplaca Patagbdnica. Esta
microplaca PatagoOnica era provavelmente conectada com a Microplaca Lafonia
através de uma grande zona de cisalhamento destral. Provavelmente, esta falha,
chamada de Sistema de Gastre (Rapela et al., 1991; Rapela and Pankhurst, 1992),
foi essencial agente de transporte da Microplaca de Lafonia. Marshall (1994),
partindo desta premissa, propds que ela deveria ser desconectada do Maurice
Ewing Bank (Barker et al., 1977a) e entdo rotacionada. Diversos autores amarraram
estes eventos entre 190 e 130 Ma (Barker, 1999; Stone et al., 2009; Storey et al.,
1999; Thomson, 1998). No entanto, observando diversos padrbes de rifteamento nas
bacias de Outenika e Northern Falkland (Malvinas) Basin, Thomson (1998) limitou
este periodo ao Valengiano (=134 Ma).

Da mesma forma que o modelo de Du Toit, hd ambiguidades neste modelo de
reconstrucdo. A estratigrafia, incluindo suas descontinuidades, é similar entre as
unidades expostas na Sierra Pillahuincé e Sierra de La Ventana (Pankhurst et al.,
2006). Ainda, a assembléia Malvinokafrica se extende ndo somente nas llhas
Falkland (Malvinas), mas também na Bacia do Parana (Clarke, 1913), Patagbnia
(Mancefiido and Damborenea, 1984), prisma acrescionario do Chile (Fortey et al.,
1992), além do ja citado Cape Fold Belt. As glaciacbes do Eo-paleozdico e a direcéao
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do fluxo das geleiras sdo similares aos depdsitos glaciais do centro da Bacia de
Tepuel-Genoa (Griffis et al., 2014). Além disso, a vergéncia observada nas ilhas é
diferente da vergéncia catalogada tanto no Cape Fold Belt, quanto no Sierra de La
Ventana Fold-belt; no entanto, conforme apontado por Ramos et al. (2017) possui o
mesmo trend observado em quartzitos na Patagonia (von Gosen, 2003).

O principal ponto fraco da hip6tese de Adie € a necessidade de uma rotacéo
de 180° das ilhas em tempos pré-Jurassicos, de maneira a acomodar as
similaridades ja citadas. Ramos et al. (2017) apontaram que, apesar de robusta, a
correlagdo entre as llhas Malvinas e Africa do Sul ndo consiste de Gnica solugéo
para a problematica da evolucdo da regido e mostram que ha similaridades

importantes com a Patag6nia que ndo devem ser descartadas.
3.4.3 Hipodtese de Borello (1963)

Borello (1963) apontou diversas similaridades das llhas Falkland (Malvinas)
com o terreno Patagbnico. Ramos et al. (2017) mostraram, através de uma
excelente revisdo bibliografica, seguida de um estudo isotopico e de proveniéncia, a
importancia de considerar o terreno setentrional sul-americano nas reconstrucoes.

E demonstrado, por exemplo, que o Sistema Gastre ndo possui evidéncias de
cisalhamento destral. De maneira oposta, € um sistema de falhas reversas com um
componente sinistral subordinado (Franzese e Martino, 1998; Ramos et al., 2017).
Provavelmente, esta zona de falhas reversas ducteis esté restrita ao Paleozoico, néo
podendo ser mais jovens que o Permiano. Portanto, os dados de Franzese e Martino
(1998) e von Gosen e Loske (2004) ndo corroboram a existéncia de um sistema de
cisalhamento destral intracontinental, tal qual concebido por Rapela et al. (1991) e
Rapela e Pankhurst (1992), que acomodasse 0S movimentos necessarios a rotacao
das llhas Falkland (Malvinas; Ramos et al., 2017). Desta forma, Ramos et al. (2017)
concordam com o inicialmente proposto por Rabinowitz e LaBrecque (1979), onde a
zona de falha da Agulhas/Malvinas, transformante em esséncia, foi de vital
importancia a separacdo do Falkland (Malvinas) Plateau do Agulhas Plateau. Esta
falha foi ativa durante a abertura do Atlantico Sul e, do lado sul-americano,
desaparece em direcao ao continente.

Ainda, h&a duas populacdes de diques doleriticos, com idades do Eo-Jurassico

e Eo-Cretaceo, respectivamente (Cingolani e Varela, 1976; Hole et al., 2015; Mitchell
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et al., 1986; Mussett e Taylor, 1994; Richards et al., 2012; Stone et al., 2009, 2008).
O mais antigo, Eo-Jurdssico, possui um trend directional que sugere esforcos
extensionais de natureza NE-SW; enquanto que os Eo-Cretaceos possuem
esfor¢cbes de natureza E-W. Conforme apontado por Ramos et al. (2017), o evento
Jurassico é provavelmente resposta a abertura do Mar de Wedell, enquanto que o
evento Cretaceo ocorreu devido a abertura do Atlantico Sul. Evidéncias destes
episodios sdo encontradas em bacias offshore, por exemplo Southern Rift System
(NW-SE) e North Falkland (Malvinas) Basin (N-S; Richards et al.,, 2012). Assim
sendo, os esforcos Mesozoicos das ilhas sdo dominantemente puros e, devido a
isso, podem ser associados a esforgcos de mesma natureza e idade encontrados na
Patagonia. Desta forma, é possivel relacionar a mudanca de tensfes a episodios
tectdnicos de escala continental distintos, ao invés da rotacdo do bloco.

De maneira a corroborar a hipotese de Borello (1963), Ramos et al. (2017),
fazendo um estudo de proveniéncia de unidades Siluro-Devonianas poés
desconformidade, identificaram uma assinatura Neo-Cambriana-Ordoviciana nos
zircoes. Esta assinatura € comum em quartzitos do sistema Sierra de La Ventana
(Alessandretti et al., 2013). Provavelmente, sdo derivados de rochas igneas de
mesma idade advindas do Macico Deseado (Moreira et al., 2013). Nao ha rochas
com essas idades advindas do sistema Cape Fold Belt, nem de Maud Belt. A
assinatura das rochas do Natal, no entanto, € marcada por zircbes Neo-, Meso- e

Paleoarqueanos (Ramos et al., 2017).
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MAURICE EWING BANK COMPLEX: NATAL-MAUD BELT MISSING
FRAGMENT AND ITS IMPLICATIONS FOR RODINIA RECONSTRUCTIONS

Mateus Rodrigues de Vargas!?, Farid Chemale Junior'?, Tiago Girelli?

Programa de Pds-Graduagdo em Geologia, Universidade de Brasilia, Brasilia-DF,
70904-970, Brazil

’Programa de Pés-Graduagdo em Geologia, Universidade do Vale do Rio dos Sinos,
Séo Leopoldo-RS, 93022-000, Brazil

Highlights:

Graphical Abstract:

Maurice Ewing Bank Complex underwent collisional granulite facies
metamorphism, with associated partial melting, related to Rodinia-Forming
orogeny;

Paragneiss protolith deposited in a back-arc environment, with sediments
transported from Margate-Maurice-Sivorg volcanic arc and Kaapvaal-
Grunehogna craton;

4 episodes of recrystallization-partial melting are related to Rodinia forming
orogens. The climax (R3) occurred close to the Stenian-Tonian boundary at 1
Ga, causing the peak metamorphism recrystallization event not only in
Maurice Ewing Bank, but also in Natal Province, and Cape Meredith Complex;
Maurice Ewing Bank constitutes a link between Natal and Maud belt.
Therefore, it is part not only of Kalahari Craton but also of Grenville orogeny.
Natal-Maud belt were generated due to the interaction of Patagonia-Coats
land and Kaapvaal-Grunehogna margins;

The complex underwent several thermal reactivations, up-to greenschist
facies, related to Neoproterozoic and Paleozoic events such as
Panantarctican-Panafrican, and Gondwanides.
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ABSTRACT

The evolution of Rodinia still have several questions that remain incognito, which
directly impact the paleotectonic interpretation of coeval and posterior events. That is
the case of the role of the unexposed Mesoproterozoic crust of remnant micro-
terranes such as Maurice Ewing Bank and its relationship with the Rodinia-forming
process at ca. 1 Ga. This works aims, by means of petrology and geochemistry, to
unravel the metamorphic history of the Maurice Ewing Bank Complex (MEBC), and
to determinate its role in the Laurentia-Kalahari evolution. MEBC consist of a
polyphasic metamorphic terrane with three recrystallization cycles. The Rodinia-
forming cycle (R) has one episode of deposition and four episodes of
recrystallization/progressive deformation identified: [1] deposition of immature
sediments, in a back-arc environment, close to the source rock (RO); [2 and 3] long-
lasting high-temperature, high-pressure metamorphic condition, related with a fold-
and-thrust belt (R1-R2). [4] granulite facies metamorphism (R3). [5] end of the
collisional event, characterized by post-deformational granitoids (R4). We interpret
that R1-R2 coincides with the older syn-deformational metagranitoid age of 1068 *
28 Ma. A tectonic exhumation in R3 is related to syn- to tardi-metagranitoids at 1032
+ 12 Ma. It was followed by an R4 event of crustal delamination at 1006 + 13 Ma. The
reset in Rb-Sr and K-Ar systems were due to posterior metamorphic cycle, up to
greenschist facies (<500°C). We interpret that as caused by far-field thermal
anomalies of Neoproterozoic-Paleozoic orogenic events, such as Panantarctican-
Pananfrican-Gondwanides. The anchimetamorphic cycle (<300°C) is related to
uncomprehend Juro-Cretaceous rifting events. MEBC was part of Natal-Maud
orogeny by the end of Mesoproterozoic, standing right in between Margate and
Heimefrontfjella terranes. We suggest that the collision of Kaapvaal and Coats-
Patagonia margins generated Natal-Maud belt, including MEBC. The true extension
of the collision could be extrapolate far west the Beattie-A anomaly, ending close to
the Chilenia-Cuyania-Llano at Laurentia.

Keywords: DSDP Site 330; Kalahari Craton; Falkland-Malvinas Islands; Falkland-
Malvinas-Maurice Block; F2MT; Grenville Orogeny; Natal-Maud Orogeny, Rodinia
Supercontinent.
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1 INTRODUCTION

Rodinia is a powerful polysemic Russian word (McMenamin and McMenamin,
1990). It means what it means: to beget or even to grow. By doing so, this word
represents not only procreation but also the natural development of maturity (Li et al.,
2008). Notwithstanding, in Earth Sciences, Rodinia represents a hypothetic
configuration of land masses that perpetuated from Mesoproterozoic (=1.1 Ga) to
Neoproterozoic (=0.7 Ga; Nance et al., 2014; Roberts, 2013; Roberts et al., 2015).
Rodinia-forming event had reached its apex around Stenian-Tonian period when
several continental blocks amalgamate to form a supercontinent through continental-
wide orogenic events (a.k.a Grenville Event; Li et al., 2008; Roberts et al., 2015).
Today, several available reconstruction models represent this cycle. These models
surround the threshold between creativity and scientific knowledge. Unfortunately,
they only consider large cratonic areas. As expected, several units of geological
relevance have not been considered in paleogeographical reconstructions whether
their limited areal extent or complete geological unawareness (Fuck et al., 2008; Li et
al., 2008). In other words, many of Rodinia continental “heir” is still considered
‘bastards.”

Ignore these still illegitimate terranes, such as Falkland (Malvinas) Island,
might lead to conflicting interpretations about Earth evolution. Despite its active role
for the consolidation of Continental Drift Theory and Gondwana evolution (Du Toit,
1927, 1937), there is still no consensus about Falkland (Malvinas) Island position
before Gondwana break-up. According to Ramos et al. (2017), there are three main
hypotheses about the tectonic evolution of the island. Du Toit (1937) argued that the
island was somewhere between South America and South Africa. Contrastingly, Adie
(1952) inverted the position of the island, placing it as an appendix of Cape Fold Belt,
in South Africa east side. Borello (1963) theorized that the island kept a similar
position as seen today, standing fixed to the South American plate. However, as
pointed out by Ramos et al. (2017), one effective way to reduce the several degrees
of freedom related to all interpretations is increase the knowledge about Maurice
Ewing Bank continental basement.

This feat has only made possible due to the Deep-Sea Drilling Program

(DSDP), which was, coincidentally proposed by Dr. Maurice Ewing (Ewing and
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Hayes, 1970). In 1974, DSDP leg 36 was planned to clarify the geologic history of the
southwest Atlantic Ocean, and Falkland (Malvinas) Plateau (Barker et al., 1977b).
During the expedition, lousy weather condition led to a re-evaluation of the selected
sites, which ironically resulted in the drilling of site 330 (Barker et al., 1977b). After
2626 m of the water column, and 550 m of Mesozoic-Cenozoic sedimentation, 19.5
m of the gneissic and granitic continental basement were drilled that comprehend the
only physical register of a whole crustal block (Tarney, 1977; Figure 1 - B).
Beckinsale et al. (1977) had dated these rocks as Ediacarian-Fortunian (Rb-Sr, and
K-Ar), and interpreted them as a thermal reactivation event during Paleozoic.
Nonetheless, the scientific community considered those ages as crystallization
events, which led to several misinterpretations about the Falkland (Malvinas) Plateau
evolution. Recently, Chemale Jr. et al. (2018), using U-Pb in zircon, reinterpreted the
age of Maurice Ewing basement rocks as metamorphosed and, when applicable,
generated by a Stenian-Tonian age regional event. This fact led to a debunking of
the region, relating Maurice Ewing Bank rocks with Cape Meredith Complex, located
at Falkland (Malvinas) Islands (see Chemale Jr. et al., 2018 for more detail). The
petrography aspects, however, were only studied by Tarney (1977), who identified a
high-grade metamorphism event. Since Tarney's pioneer study, the rocks have not
been revisited.

This work aims, by means of petrology and geochemistry, unravel the
metamorphic history of the MEBC to determine its role in the Natal-Maud belt, and
Greenville orogeny. Furthermore, after an extensive literature review, this work
purposes to hypothesize the terranes involved in the Natal-Maud generation to

diminish the degrees of freedom derived from Rodinia reconstructions.
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2 REGIONAL FRAMEWORK

The Falklands (Malvinas) Plateau is a submarine projection of the South
American continental margin that extends through approximately 1800 km east of the
Falklands (Malvinas) Islands, where gently pinches out through the Georgia Basin
(Figure 1 - A; Kimbell and Richards, 2008). Two continental-wide features bound the
Plateau, Falkland-Malvinas Escarpment (FME) and North Scotia Fault Zone (NSFZ),
both related with South Atlantic evolution and Pangea Breakup (Ludwig and
Rabinowitz, 1982; Rabinowitz and LaBrecque, 1979). There are two remarkable
morpho-structural highs located in the central part of the plateau: i) Falkland Islands
and ii) Maurice Ewing Bank. Recently, Schimschal and Jokat (2018), after seismic
refraction experiments, postulated that both highs are indeed continental crust
separated by a rifting event that had caused oceanic spreading before the Mesozoic-

Cenozoic filling of the Falkland Plateau Basin (Figure 1 — B).
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Figure 1 — Location of DSDP Site 330, Leg 36. A) Falkland-Malvinas Plateau map
with the main geomorphological features (modified from Chemale Jr. et al., 2018); B)
Simplified geological interpretation of A-A’ section following Schimschal and Jokat
(2019) scheme. Legend: FMB — Falkland-Malvinas Block, FME — Falkland-Malvinas
Escarpment, MEB — Maurice Ewing Bank, NSFZ — North Scotia Fault Zone.

Both blocks have physical evidence of this continental crust signature. In the
Falkland Islands side, there is a thin region located at West Island where these
continental crust rocks outcrop. The Cape Meredith Complex (CMC; Adie, 1952;
Baker, 1924) consists of a metamorphosed volcano-sedimentary sequence with ca.
1.1 to 1 Ga crosscut by several anatectic granites from Stenian-Tonian transition
(Jacobs et al.,, 1999; Thomas et al., 2000, 1997). Similarly, there is a register of
continental crust recovered at Maurice Ewing Bank block, during DSDP Site 330, leg
36 (Barker et al., 1977a). As CMC, MEBC rocks consist of a metamorphosed
volcano-sedimentary complex, with ca. 1.1 to 1 Ga, crosscut by several anatectic
granites from Stenian-Tonian (Beckinsale et al., 1977; Chemale Jr. et al., 2018;

Tarney, 1977, and this work). These similarities led Chemale Jr. et al. (2018) to
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hypothesize that, before the Mesozoic extension, MEBC and CMC were the same
crustal fragment, herein considered Falkland-Malvinas-Maurice Terrane (F2MT),
following suggestions first proposed by Tarney (1977). The impact of these recent
finds results in a critical review of the role of F2MT during supercontinent cycles
associated with Rodinia amalgamation, and Gondwana breakup.

Several reconstructions (Bisnath et al., 2006; Bisnath and Frimmel, 2005;
Frimmel, 2004; Jacobs et al., 2015; Joachim Jacobs et al., 2008) consider Falkland
(Malvinas) Island, and therefore F2MT, as part of Namaqua-Natal-Maud belt (Jacobs
et al., 1993). This belt forms a continental-wide continuum of Mesoproterozoic rocks,
product of collisional tectonics along the southern portion of Proto-Kalahari Craton
(Jacobs et al., 1993; Joachim Jacobs et al., 2008; Thomas et al., 1994). The Natal
Province consists of three arc terranes of ca. 1250-1150 Ma, accreted and
metamorphosed during 1150-1100 Ma with post-accretion extension at ca. 1080 Ma
and post-tectonic magmatism of ca. 1050-1030 Ma (Cornell et al., 2006; Mendonidis
et al., 2015a; Mendonidis and Grantham, 2003; Spencer et al., 2015a);
Heimefrontfjella, the Dronning Maud Land proxy, represents a complete volcanic-arc
system, composed by back-arc basin, volcanic rocks related to the arc itself, and
forearc basin sediments with protolith, and maximum deposition ages varying from
1200-1100 Ma (Jacobs, 2009; Jacobs et al., 1996). The region underwent two high-
grade metamorphism event, related to the orogenic event at ca. 1090- 1060 Ma and
ca. 500 Ma (Arndt et al., 1991; Jacobs et al., 2003a; Schulze, 1992). Both provinces
have post-deformational rocks from the Tonian-Stenian transition.
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3 RESULTS

3.1 Petrography

The samples employed for this work consist of 7,2 m of the recovered
basement from the DSDP expedition 330, leg 36, cores 16 — 17 (Barker et al.,
1977a). After the mesoscale description, 22 thin polished sections were made to
understand the relationship between minerals, textures, and their structural/spatial
patterns (Passchier and Trouw, 2005 - more info about sampling, check
Supplementary Material 1). We collected 300 points per sample, at regular intervals
of 1 mm, to obtain the statistic mode (Table 1 — see Supplementary Material 2).

Petrographically, the MEBC rocks have five distinct and wide classes,
hereafter considered sensu latu lithofacies: (Figure 2 - A) paragneisse, (B) pre-
deformational metagranite, (C) syn- to tardi-deformational metagranite, (D) post-
deformational granitoid, and (E) melanossome (Table 1 - to compare with Tarner,

1974 and Chemale Jr. et al 2018 interpretations Supplementary Material 3).

0 2cm

Figure 2 - — Lithofacies of Maurice Ewing Bank Complex. A - Paragneisse (#17R2-

06; 0.33-0.40m); B — Pre-deformational metagranite (#16R2-08; 0.50-0.56m); C —

Tardi-deformational granite (17R3-14; 0.83-0.90m); D — post-deformational granite
(#16R2-18; 0.69-0.77m); E — Melanossome (#16R2-11; 0.69-0.77m).

The lithofacies has medium to coarse-grained crystals, primarily composed by
guartz and feldspars in the quartzo-feldspatic (QF) domain, and biotites in the mafic
(M) domain. The main structure is gneissose, and the main texture is granoblastic.

The sum of these characteristics fits the definition of granulite rock, as suggested by
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Coutinho et al. (2007). There is a subgroup of this lithofacies, herein classified as
weathered paragneiss. In a broad sense, it contains euhedral diagenetic calcite, and
tabular tourmaline, despite all paragneisses characteristics. As expected in this
lithofacies, there are two main mineralogical domains i) quartz-feldspathic rich (QF),
and ii) mafic rich (M) in a well-formed primary foliation. There is a posterior subtle
foliation, mainly composed by platy biotite crystals, that crosscuts the main foliation.
This feature is indicative of a C-S fabric as already noted by Chemale Jr. et al.,
(2018).

The granitoids were classified as pre- (Figure 2 - B), tardi- (Figure 2 - C), and
post-deformational (Figure 2 — D). They vary from very fine to coarse-grained
crystals. In pre-deformational, grains tend to be fine-grained. The dominant crystal
size is medium in tardi-deformational; however, coarse-grained crystals can also
occur. In post-deformational, the crystal size, dominated by alkali feldspars, tends to
be coarse to very coarse.

The last unit has a brownish to black color, dominantly composed by relict
biotites, today replaced by green chlorites (Tarney, 1977; Figure 2 — F). All units are
cut to some extent by mm to cm thick subvertical to subhorizontal quartz or calcite
veins. For a description of microtectonics, the reader is referred to Supplementary
Material 4.

Table 1 — Summary of mineral assemblage and accessories according to each
lithofacies.

Lithofacies Paragenesis Accessories

Qtz + Kspar + Plag +

Paragneiss Grt + Sil + Tour + Cal Rut + Ap + Zrc + Mon
Pre-deformational Qtz + Kspar + Bt + Sil +
metagranite Grt + Plag = Cal £ Chl Chi + Ap + Zrc + Mon
Syn- to Tardi-
deformational Kspar + Qtz + Plag + Bt Chl + Ap + Zrc + Mon
' + Grt = Chl
metagranite
Post-deformational
Granitoid Kspar + Qtz + Bt Chl + Ap + Zrc + Mon
Melanossome Bt + Chl + Qtz Rut

3.1.1 Paragneisses

The metasedimentary rocks were classified as paragneisses and weathered

paragneisses, following the suggestions of Schmid et al. (2007). Generically, this unit
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is dominantly composed by quartz, alkali-feldspar, with minor plagioclase, and
sillimanite in the QF domain. Biotite mainly composes the mafic domain. Garnet does
also occur in the interface between QF, and M. Common accessories are zircon,
tourmaline, rutile, ilmenite, and apatite.

The quartz crystals tend to be allotriomorphic and granoblastic; while the
potassic feldspars are tabular and hypidiomorphic, being recurrently sericitized. The
tabular plagioclase, usually sericitized and calcitized, forms a minor constituent. The
overall plagioclase composition ranges from Abio2o0 (Beckinsale et al., 1977). This
high albite content is usually related to retrometamorphism in green-schist facies
(Moody et al., 1985).

The garnet porphyroblasts, usually located in the interface between QF and M
domain, have a variance of textures and geometries. The dominant one consists of
blastoid idiomorphic; nonetheless, some allotriomorphic minerals are present, as well
as minerals with core-and-mantle texture. Moreover, some garnet crystals are relict,
being partially or entirely substituted by biotite/chlorite. In a broad sense, they have a
uniform grain size and are usually fractured, with sparse inclusions of quartz, rutile,
biotite, ilmenite, and zircon. The occurrence of anomalous size grains is indicative of
crystal amalgamation, and thus, rapid growth rate.

There are several occurrences of Al2SiOs polymorph sillimanite and fibrolite,
demonstrating two different stages of growth with distinctive stress fields. Sillimanite
has a bladed geometry oriented according to mineral lineation. The fibrolite is either
oriented according to the mineral lineation or randomly arranged in fabric, even
occurring as a radiate pattern.

The M domain is composed of mm-thick layers mainly formed by idiomorphic
biotite. Those micas usually have a hexagonal habit, a characteristic reddish-brown
color, preferential intergrown at {001}, and several rutile inclusions. Those inclusions
fill the sagenic texture; that is, the rutile needles follow biotite {001} crystallographic
plane and are parallel to the {011} crystallographic axis (Shau et al., 1991). The
reddish-pleochroism from biotite usually is related to high Ti content. The enrichment
of this element is indicative of high-grade rocks, usually related to granulite terranes.
The sagenitic texture, however, is indicative of retrogressive metamorphism back to
green-schist facies (Shau et al., 1991).

Calcite occurs only close to the disconformity, between grain aggregates, as a
product of plagioclase weathering or recrystallization. The presence of this mineral
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attests a subaerial period in which MEBC rocks were exposed, a fact already
postulated by Tarney (1977).

3.1.2 Pre-, syn- to tardi-, and post-deformational granitoids

We classify the granitoid rocks into three units, due to their petrographic
characteristics: i) pre-deformational; ii) syn- to tardi- deformational; iii) post-
deformational. The term proposed by Tarney (1977; e.g., ol, 02, and so forth) will be
excluded to avoid jargon misunderstandings. The pre- and syn- to tardi-deformational
rocks are placed according to the primary foliation of the paragneiss. The post-
deformational, albeit, does not. Still, pre-deformational and syn- to tardi-
deformational have a distinctive mineral lineation that coincides with those observed
in the gneissic rocks, which was partially obliterated due to static recrystallization
processes. The post-deformational granitoids, again, do not have this preferential
alignment. Therefore, pre-, syn- to tardi-granitoids are in essence metamorphic;
whilst post-deformational granitoids are igneous.

The quantity of each mineral is variable. Nonetheless, the rocks have an
evolutionary trend ranging from granites and sienogranites (pre-deformational and
syn- to tardi-deformational) to sienites (post-deformational). All granitoids but post-
deformational, are composed by potassium feldspar, plagioclase, quartz, and
biotites. The post-deformational lacks plagioclase, being only constituted by
potassium feldspar, quartz, and biotite. Accessories minerals, disregarding their
lithofacies, are zircon, apatite, ilmenite, and monazite.

Alkali feldspars range in size from fine- to medium-grained, in pre-
deformational and tardi-deformational to very-coarse in post-deformational. Usually
hypidiomorphic, they have two distinct populations: microcline and sanidine. This
contrast is related to fractures regions. Microcline only occurs at high-strained
locations. Plagioclases, usually with albite twinning, are dominantly hypidiomorphic,
ranging from fine to medium grained. Commonly, they are sericitized. Plagioclases
from pre-deformational and tardi- post-deformational have different compositions.
The pre-deformational has a slightly more sodic composition, whereas tardi- post-
deformational, more calcic. Quartz crystals vary from very fine to coarse and are
usually allotriomorphic with undulose extinction. Biotite is the only mafic forming

mineral identified in all granitoids. The biotites crystals share those characteristics
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identified in paragneisses (i.g. hypidiomorphic, reddish pleochroism, sagenitic
texture).

Unlike post-deformational granitoids, pre-deformational meta-granitoid has
tabular sillimanite and acicular fibrolite. Still, both pre- and syn- to tardi-deformational
have granoblastic garnet inserted in a matrix that was affected by some extend to
ductile processes. These data suggest that the metamorphic peak affected not only

paragneisses but also those two granitoid units.

3.1.3 Melanosome

This lithofacies dominantly consists of relict idiomorphic biotites. Today, biotite
crystals are weathered to a greenish-clay mineral and unweathered reddish-brown
biotites. The relict idiomorphic biotites usually have a hexagonal habit, a
characteristic green color, and preferential intergrown at {001}. The reddish-brown
biotites share the characteristics from other units (e.g., sagenitic texture). Thus,
acicular rutile is a common accessory. There are no expansive clay minerals
identified in this lithofacies. However, the greenish-clay mineral identified by Tarney

(1977) consists of corrensite, a chlorite mineral (Supplementary Material 5).

Figure 3 — Thin section of Maurice Ewing Bank Complex lithofacies. A — Paragneiss;
B- Pre-deformational metagranite; C — Syn- to Tardi-deformational metagranite; D —
Post-deformational sienite; E — Melanosome.
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3.2 Geochemistry

Sample preparation and rock chemical analyses were made at Activation Labs
for major, and trace elements. The acquired geochemistry results obtained by Tarney
(1977) were assembled to our database to build a better statistical framework
(Supplementary Material 6). The statistical sample was made using GCDKit software
(JanouSEk et al., 2006) as well as the plotting of several geochemical diagrams.
When applicable, all samples were prepared considering a volatile free environment,
normalized to 100% total (Verma and Armstrong-Altrin, 2013). We utilized diagrams
proposed by Herron (1988), Roser and Korsch (1988), and Verma and Armstrong-
Altrin (2013) to understand the composition of protolith, in the rocks that have
sedimentary derivation (e.g., paragneisses and weathered paragneisses). Those
diagrams consist of the analysis of major and trace element concentrations to infer,
respectively, the initial sedimentary composition, the provenance, type of source-
area, and the geotectonic environment.

The criteria for lithofacies identification was based on major and trace element
analysis (e.g., chondrite REE normalized diagram from Boynton, 1984). As
petrography analysis, we interpreted 5 classes consisting of: i) paragneiss (non-
weathered and weathered); ii) pre-deformational metagranite; iii) tardi-deformational

granite; iv) post-deformational granite; and v) melanosome.

3.2.1 Paragneisses

The paragneisses share most of the oxide composition, despite being
separated into two sub-groups. They have high SiO2 content ranging from 58 to 82
wt%. The Al203 content is highly variable, ranging from 6 to 18.4 wt%. The TiOz is
low (0.591 to 1.31 wt%), as well as FeO (0.68 to 4.1 wt%), Fe203 (1.7 to 5.87 wt%),
MgO (0.28 to 2.16 wt%), MnO (0.01 to 0.16 wt%). The alkalis are relatively low. NaO
ranges from 0.6 to 2.02 wt%, and K20 from 1.23 to 6.58 wt%. CaO ranges from 0.24
to 9.55. We classify the paragneisses with high CaO content as weathered
paragneiss sub-group, following Tarney (1977).

The chondrite normalized patterns of REEs showed enrichment of LREES over
HREEs with LaN/YbN = 3.82 — 6.30. All analyzed samples have a strong enrichment
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in light rare elements (LREE; LaN/SmN = 2.69 — 3.02), flat HREE (GdN/YbN =1.21 —

1.52), and subtle Eu anomaly (Eu/Eu* = 0.65 — 0.78; Figure 4 - A).
Spider plot - REE chondrite (Boynton, 1984)
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In a broad sense, the paragneisses are related to immature rocks. The

protolith varies in composition from psammitic to pelitic in composition. There is a

predominance of wackes, litharenites, and arkoses (Figure 5 — A). Also, by using the

major element analysis diagram from Roser and Korsch (1988; Figure 5 — B), all

paragneisses fit into the recycled-orogenic field, whereas in tectonic discriminant

diagram, the samples fit into the arc/collisional environment (Figure 5 — C).
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period, for rocks with >63 wt% SiO2 (Verma and Armstrong-Altrin, 2013).
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3.2.2 Granitoids

We discriminate three classes of granitoids based on geochemistry, following
petrography analyses. They are pre-, syn- to tardi-, and post-deformational. The SiO2
from pre-deformational ranges from 70.1 to 71.88 wt. %. The tardi-deformational
granites are slightly richer in SiO2 content, with values ranging from 66.3 to 73.9 wt.
%. In the post-deformational, similar values for SiO2 are present, from 63 to 72.83 wt.
%. TiO2 tends to have lower values in pre-deformational granites than others. Al2O3
has values that range from 12.98 to 14.3 wt.%, 11.86 to 15.6 wt. % and 7.05 to 21.6
wt. % in pre-, tardi-, and post-deformational, respectively. K2O tends to become
enriched according to the fractioning varying from 5.65 to 5.92 wt% in the pre-
deformational, 6.42 to 8.61 wt.% in the tardi-deformational, and 4.39 to 10.94 wt% in
the post-deformational granite. The CaO has a composition from 0.31 to 0.52 wt. %,
0.27 to 1.00 wt% (with an outlier of 6.72) and 0.51 to 0.77 wt%.

The chondrite-normalized REE pattern for the pre-deformational metagranite
is similar to paragneisses (Figure 6 — A). There is an enrichment of LREE over HREE
(Lan/Ybn = 4.74) as well as enrichment in LREE (Lan/Smn = 3.16), flat behavior in
HREE (Gdn/Ybn =1.13), and subtle Eu anomaly (Eu/Eu* = 0.63). In tardi-
deformational granites, the LREE pattern and Eu anomaly are similar to either
paragneisses or pre-deformational meta granites (Lan/Smn = 2.39 — 2.66; Eu/Eu* =
0.5 - 0.88); however, there is a strong enrichment of LREE over HREE (37.08 — 106-
52) and HREE depletion (Gdn/Ybn = 10.29 — 25.02). The post-deformational granite
has the lowest LREE normalized values. Despite the overall low LREE content, this
unit follows the trend of MEBC (Lan/Smn = 2.81 — 3.22). However, two main
contrasting characteristics emerge i) lack of Eu anomaly (Eu/Eu* = 1.04 — 1.13) and
i) moderate HREE depletion (Eun/Ybn = 3.98 - 5.97). We interpret that the REE
pattern has similarities of arc granitoids, being generated during the first anatectic
pulses. Therefore, pre-deformational metagranite is probably the older migmatized
unit in the complex. Both sin- to tardi-deformational have a REE pattern similar to sin-
to post-orogenic granitoids. In post-deformational granite, the strong HREE depletion
probably reflects the lack of metamorphic minerals (e.g., garnets) in the assemblage,
and thus the absence of metamorphism. We interpret the lack of Eu anomaly and the

depletion of HREE as generated due to pegmatitic placement (Tarney, 1977). Thus,
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post-deformational granite is the youngest rock of the unit, probably generated close

to the liquidus-out in the system.
Spider plot - REE chondrite (Boynton, 1984)
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Figure 6 - REE Chondrite (Boynton, 1984) for MEBC granitoids.

There is a compositional evolution pattern from pre- to post-deformational
granites. According to Middlemost (1994) classification diagram (Figure 7 — A), we
classify the pre- and tardi-deformational granitoid as granites. The post-deformational
granite, however, ranges from granite to syenite. In the Rb vs. Y+Nb diagram, pre-
deformational metagranite falls into VAG field; whereas the other granites in the syn-
COLG field (Figure 7 - B1). On the other hand, all granites fall into Volcanic Arc
Granites (VAG) + syn- to tardi-collisional granite (syn-COLG) in Pearce Y-Nb tectonic
discrimination diagram (Figure 7 — B2). Therefore, pre-deformational metagranitoid
was generated in an arc environment; whereas, syn- to tardi-, and post-deformational
were generated in a collisional setting. There is an agreement between geochemical
and petrological description, thereby validating the interpretation. The granite
samples preserved the expected characteristics of thermal/anatectic pulses, being
useful markers for the tectono-thermal evolution of the complex (Chemale Jr. et al.,
2018).
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Figure 7- TAS classification diagram (Middlemost, 1994) and Granite discrimination
diagram (Pearce et al., 1984) for MEBC granitoid rocks.

3.2.3 Melanosome

The melanosome lithofacies has a composition that suggests a high
incompatible enrichment. SiOz2 is low, with a value of 39.15 wt%, whereas Al2Os is
high (22.03 wt.%). TiOz2 is also high, with 2.21 wt%, as well as Fe203 (17.05 wt%)
and MgO (2.97 wt%). CaO and NaO have respectively low values of 0.29 and 0.54.
K20 is high with a value of 5.14. Al20Os, K20, and TiO2 enrichment are mainly due to
the quantity of Ti-rich biotites. The lack of sialic minerals, such as feldspars, reflects
the SiO2 abundance.

There is a fractionated pattern with the highest identified REE abundances
(Lan/Ybn = 14.34) compared to the other rocks of the MEBC. The unit has a strong
enrichment in LREE (Lan/Smn = 2.78), moderate enrichment in HREE (Gdn/Ybn =
3.55), and strong Eu anomaly (Eu/Eu* = 0.15) when compared to paragneiss. The
normalized chondrite patterns of REEs of this unit is somewhat similar to the
paragneisses but enriched in all aspects. Additionally, it has a strong Eu anomaly
(Figure 4). Both data confirms that this lithofacies is indeed a melanosome, being
enriched in LREE and MREE, in this case liquidus incompatible, and highly depleted

in Eu.
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3.3 Mineral Chemistry

Mineral chemical data were obtained with an electron microprobe JEOL JXA-
8230 with one EDS and five WDS spectrometers, at the Instituto de Geociéncias da
Universidade de Brasilia, operating at 15kV and 15nA. Major elements were
calculated in garnet, white mica and biotite, plagioclase, alkali feldspar, opaques
(e.g., mostly magnetite and ilmenite), chlorite, and tourmaline, despite the rock unit.
The garnet was normalized to 12 oxygens. Additionally, a stoichiometric calculation
was done to convert Fewa to Fe203 and FeO. The mica group minerals were
normalized to 11 oxygens, and its H2O amount in the system estimated considering
that OH + Cl + F = 2. The feldspars group were normalized to 8 oxygens. The
software WinCCac (Yavuz et al., 2015) processed the data regarding chlorite
minerals. The software calculated the amount of H20 in each sampling, considering
14 oxygens in chlorite structural formula. Fe3* was not calculated. We applied the Al
geothermometer proposed by Kranidiotis and MacLean (1987), widely used when
chlorites that are associated with other alumino-silicates (Yavuz et al., 2015;
Supplementary Material 7). The software WinTCal (Yavuz et al., 2014) processed the
data acquired for tourmaline group minerals. The data was normalized to have either
15 cations at T + Z + Y position or the sum of OH + F + Cl = 4. The software
estimated either Fe3* content according to the normalization to O245 or H20 content
(Supplementary Material 8). The calculation for end-members was made according
the following formulas: (i) Garnet Xam = Fez2+ / (Fe++Mg+Mn+Ca), Xpy = Mg /
(Fe2++Mg+Mn+Ca); Xar= Ca / (Fe2++Mg+Mn+Ca); Xsps = Mn / (Fe2++Mg+Mn+Ca); (ii)
Feldspars: Xan= Ca / (CatNa+K); Xab = Na / (Ca+Na+K); Xkfs = K/(Ca+Na+K).

3.3.1 Garnet

The garnets from MEBC have mean composition of Fe?*226Mn<o.01
Mgo.62Cao0.06Al2.03Fe3*<0.01(Si04)3 (N=179) and a homogeneous composition. This
homogeneity is unit independent; that is, it occurs in all lithological units, except
those that do not have garnets in the system (e.g., melanosome and post-
deformational granitoid). The crystals are almandine rich, with mean Xam = 77 £ 0.12
(20; Supplementary Material 9). There is no distinct Zoning from the core to the rim
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(Figure 8A and 8B). The garnet composition fits well the garnets derived from
granulite terranes (Supplementary Material 10).
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Figure 8 — Compositional profile of two idioblastic garnets. A) Pre-deformational
metagranite: fractured garnet porphyroblast with elliptic-shaped quartz inclusions,
and microinclusions of ilmenite. Additionally, there is a subtle reaction rim formed by
pinite, a tardi-mineral phase (see text for discussions). B) Tardi-deformational
granitoid— Fractured garnet porphyroblast with thicker pinite reaction-rim. Note the
lack of quartz blobs and the presence of micro-ilmenites.

3.3.2 Feldspars

The analyzed feldspars are divided into four groups, three representing the
alkali feldspars series and one representing the plagioclase series (Figure 9 - A).
Each group is lithology dependent; that is, formed in a certain lithotype or a
combination of lithotypes. Feldspars with Xor range from 74 to 99, with a mean (n=38)
of 83 £ 2 (20), compose the first group, restrictedly occurring at paragneiss samples.
The second group occurs in weathered paragneiss and mostly consists of Xor ranging
from 58.7 to 96.9 with arithmetic mean of (n=9) 77 + 10 (20). The third group has an
arithmetic mean (n=20) of 85 + 3 (20), with Xor ranging from 77 to 99, coinciding with

pre-deformational granites. Rarely, do extreme Xor values occur in this specific group.
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If all alkali feldspars samples are analyzed (n=67). For Xor, the arithmetic mean of 85
+ 2 (20) is obtained.

The plagioclases range in composition from anorthoclase to albite/oligoclase
with Anoi-20 and Orzi-23. Anoe + 01 and Abss + 02 (20; n=35) composes the arithmetic
mean. The high variance observed in the plagioclase composition suggests crystal
instability. Additionally, the low Anorthite content might suggest late albitization,
related to greenschist-facies retrograde metamorphism (Moody et al.,, 1985;

Supplementary Material 11).

3.3.3 Mica

We identified three distinct classes for micas (Figure 9 - B): i) Mg-rich biotites
to Biotites; ii) Fe-Muscovite micas, and iii) lattice deficient micas. Each group is
lithology-dependent. The Mg-rich Biotite to Biotite group mostly occurs in paragneiss
(n=149), whether weathered or not. They have an Xmg arithmetic mean of 0.46 + 0.01
(20). The Ti (apfu) is considerably high, ranging from near zero to 0.92, with x=0.40 +
0.03 (20). On the other hand, in the pre-deformational granites (n=10) does only
occurs “Fe-rich Muscovites”, with Xmg ranges from 0.22 to 0.37 and X=0.33 = 0.001
(20; Supplementary Material 12). Despite of being characterized as “Fe-rich
Muscovites”, the micas from pre-deformational metagranite are indeed biotites in
either petrographical or chemical aspects. However, their high Ti content pushes
their composition to another field. The compositional contrast between groups | and ii
demonstrates two distinct phases of crystallization. We interpreted the former as
metamorphosed by high-temperature metamorphic processes. The Ti content
present in Biotite crystal lattice might suggest, among other things, high temperature
conditions (Henry, 2005; Henry and Guidotti, 2002). Whilst, the latter (tardi-
deformational granite) is a product of anactetic pulses. The Ti (apfu) varies from
close to zero values to 0.87 with X=0.3 + 0.16 (20). Micas found in the melanossome
lithofacies (n=26) have a different composition, while compared to other lithotypes
found in the MEBC. Xwmg varies from 0.15 to 0.54, with x=0.35 + 0.04 (20). This broad
range confirms the phlogopite composition identified in DRX analysis (Supplementary
Material 5). Additionally, the Ti (apfu) ranges from close to zero values to 0.52 with

x=0.16 = 0.07 (20). This difference in composition is largely due to weathering
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effects. In this case, relict biotites weathered to either chlorites or mica with deficient
lattices (Rieder et al., 1998).

Qr
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Figure 9 A —Ternary feldspar diagram classification (Smith and Brown, 1988). Note
three populations, two composed by alkali feldspars and one by plagioclase. A color
field represents each zone. B - Mica classification. Ternary diagram, as proposed by

Foster (1960). Note three distinct group populations, partially limited by lithological
units. The group | composes the acquired samples from paragneisses, classified as

biotites. Group Il composes the pre-deformational granitoid samples, mainly
composed by Fe-Muscovites. Group Il composes the mica with deficient lattice
samples, mostly found in the melanosome lithofacies. Asterisc represents the
arithmetic mean of each group.

3.3.4 Chlorite

Three distinct groups of chlorites were identified related with the MEBC
lithofacies: i) weathered paragneiss, ii) pre-deformational meta-granitoid, and iii)
paragneiss. The weathered paragneiss chlorites (n=4) have greater values of H20
when compared to others. Additionally, they have distinct values of Fe?*, Mg, while
almost negligible Mn. Pre-deformational meta-granitoid chlorites (n=5) lacks Mn in
their lattice; also, they have more Fe?* by the spend of less Mg. Chlorites from
paragneiss have two characteristics: they lack Mg and have moderate values of Fe?*,
while compared to other lithofacies. Following the scheme proposed by Zane and
Weiss (1998), all chlorites are tri-trioctahedral, because they have Rio-12 (sum of

octahedral cations), and U;.o (sum of vacant crystal lattice) According to Yavuz et al.

(2015) classification scheme, they are considered Chamosites. Noteworthy is the

variance in Al content, that results in contrasting temperatures of stability. The
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weathered paragneiss has values varying from 0.23 to 0.48, whereas the pre-
deformational meta-granitoid chlorites and paragneisses have values ranging from
0.42 to 0.65, and 0.85 to 1.05. As a result, the first group has the lowest modeled
temperatures, ranging from 132 to 177°C. The second group has similar
temperatures, varying from 176 to 225°C; whereas the chlorites from the latter have
the greatest temperatures, ranging from 273 to 316°C. We interpret that diagenetic
processes generated the first two group of chlorites. On the other hand, anchi-
metamorphic conditions generated the chlorites from non-weathered paragneiss

(Supplementary Material 6).

3.3.5 Trace elements in zircon

Trace elements in zircons were determined at Universidade de Ouro Preto by
LA microprobe Photon-machines ArF excimer Laser 193 (A = 193 nm) coupled to
Thermo-Fisher Element Il sector field (HR-SF-ICP-MS). For a detailed description of
the method, the reader is referred to Andrade et al. (2014). Twenty-six crystals were
analyzed in the paragneiss unit (#17-R2-A from Chemale Jr. et al., 2018). Ti-in
thermometer from Watson et al. (2006) was used to infer the temperature of
metamorphism. We interpret that samples above 1057°C are outliers; probably
originated by magmatic processes. Thus they were disregarded from descriptive
statistics. Mean confidence interval was calculated, assuming a 95% confidence
level. The acquired 207/206Pb ages (20) follows Chemale Jr. et al. (2018) analysis.
Detailed values of elements and isotopic ratio are in Supplementary Material 13.

Four zircon ages groups were identified (n=26; Figure 10): i) detrital derived
from Calymmian rocks (n = 2); ii) detrital derived from Stenian rocks (n=17); iii)
metamorphic zircon from Stenian-Tonian (n = 5) and iv) post-tectonic zircon (n=1)
from Stenian. Due to the nature of the region (i.g. deposition age concordant with
metamorphism), group ii and iii were combined for this interpretation. Groups i and iv
were discarded for this analysis.

After combining all groups, the Ti-in thermometer gave a mean temperature of
762 £ 42 °C (n = 25), with maximum and minimum of respectively 1021°C and 642
°C. By combining only group ii and iii, the mean temperature is 765 + 21 °C (n = 22)
with maximum and minimum of respectively 1021°C and 642°C. If only the

metamorphic zircons were considered, the temperature is 762 + 48 °C (n = 5) with
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maximum and minimum of respectively 666°C and 881°C. For the latter, we interpret
the maximum temperature as peak metamorphism temperature, whereas we
interpret the minimum as the liquidus-out. Likewise, we interpret the mean
temperature as representative of syn to tardi-tectonic metamorphism; as a result,

probably related to sin-deformational granite generation.
8

Paragneiss - Metamorphism m Other terranes
n=>5 ENMB

"l X=762 + 48 (20) B Metamorphic rim
Min = 666 °C B Post-metamorphic

s/ Max =881°C

S (5]

# of zircons

w

500 550 600 650 700 750 800 850 900 950 1000 1050 1100
T °C (Ti-in zircon)

Figure 10 — Ti-in zircon histogram from paragneiss. Four classes were identified
according to their ages, our data is concordant with data acquired by Chemale Jr. et
al. (2018) interpretation. By considering only the data from the metamorphic rim,
there is an agreement with liquidus-in trajectory throughout metamorphism.
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4 MINERAL EQUILIBRIA MODELING

Pseudosection was made using the software Theriak-Domino to get, besides
the PT grids, geothermobarometric interpretation by the isoplet intersection (de
Capitani and Brown, 1987; de Capitani and Petrakakis, 2010). The data-entry was
based on geochemical analysis representing pre-deformational metagranite
lithofacies. The conversion from wt. % to chemical formula was done disregarding
Mn. As a complexing agent, however, Fe3* was considered. Besides, O2 was
modeled to be free to come and go of the system. Water, on the other hand, was
steady through time, according to the values obtained in the whole rock chemistry
formula.

The thermodynamic equilibrium model here utilized was K20O-FeO-MgO-Al203-
SiO2-H20-TiO2-Fe203 (KFMASHTO) proposed by White, Powell e Clarke (2002).
Thermodynamics from plagioclase was according to Holland and Powell (2003).
Epidote, cordierite, staurolite, and chlorite was according to Holland and Powell
(1998). Garnet, biotite, and ilmenite-magnetite were according to White et al. (2007).
Next, garnet and feldspar isoplets were calculated. A mean crustal density of 2.8 x
103 kg/m?3 was used to calculate the geothermal gradient.

The correlation between observed textures and microstructures (e.g., two
distinct sillimanite habits, S-C fabric, granoblastic habit, to cite a few), coupled with
homogeneous garnet crystals with pinite rims are indicative of clockwise progressive
metamorphism (Figure 11). Each episode will be characterized in detail in the

subsequent section.
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Figure 11 — Pseudo-section based on the whole rock composition of sample 16R2-
5B pre-deformational meta granitoid according to Tarney (1977). It has a composition
of Si60.47 Ti0.05 Al14.54 Fe2+1.75 Fe3+1.32 Mg0.62 Mn0 Ca0.48 Nal.61 K6.54
H12.66 O?. It consists of a leucossome with posterior metamorphic recrystallization
(see petrography section for more information). Its genesis coincides with the first
anatectic pulse at R1. To check the paragenesis of small fields, please consult
Supplementary Material 14.

4.1 Metamorphic zones

The rock has five distinct zones. Exothermic processes of high entropy
characterize the transition between zones (Spear, 1993; Fig. 14). Nonetheless, the

isogrades may have a negative slope, characteristic of endothermic processes,
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mainly when processes of mineral-in or mineral-out occur in the system (e.g.,
liquidus-in, garnet-in, biotite-out; Spear, 1993).

The zones of pseudosection are, from low to high T: chlorite, biotite, garnet,
cordierite, and sillimanite. The chlorite zone is characterized by < 400°C
temperatures. The biotite zone ranges from 375°C to 800°C. In this model, due to its
high amplitude, the biotite zone is not a useful PT index (Spear and Peacock, 1989).
The garnet-in occurs above 0.35 GPa and 750°C, and the garnet-out in T conditions
above 900°C. In a broad sense, the garnet zone occurs after the liquidus-in in the
system. The liquidus increases the intergranular pressure, leading to garnet
nucleation and growth (Ague and Carlson, 2013). Sillimanite zone occurs above
550°C, and 1050°C, being partially dependent on pressure. There is no evidence of
cordierite zone assemblage, nor relict structures related to it. Thus, the complex has
not reached Barrovian type metamorphism during its evolution (Spear, 1993). All
other zones occur and are related to specific recrystallization event.

Table 2 — Summary of PT conditions of each recrystallization episode from MEBC as
well as Depth and Geothermal gradient. Note that the geothermal gradient, even with
the associated error, fits a collisional setting.

P o Geothermal
Gpay DePt(km)  TCC) o adient cCHkm)
R1 |03-09  10.9 700 21-64
R2 | 105 383 800 21
R3 [07-09 255  830-930 25.32
R4 [03-09 109 700 21-64

4.2 Liquidus-in and first recrystallization episodes (R1)

This episode has a primary foliation and, when applicable, partially obliterated
C-S fabric as characteristic textures. The former is result of a dominant pure shear
condition; whilst the latter is a product of progressive strain circumstances (Passchier
and Trouw, 2005). Nonetheless, both fabrics were partially obliterated during
subsequences recrystallization episodes. Therefore, it is not recognizable whether
the primary foliation cleavage obliterated the depositional strata or coincided with it.
Additionally, R1 is coinciding with the first anatectic pulses, related to the formation of
pre-deformational meta-granitoid. This specific rock is concordant with the primary
paragneiss foliation and has direct evidence of ductile deformation generated before
the static recrystallization. Thus, we interpreted that the first anatectic pulse might be
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generated around 700°C and between not less than 0.3 nor high than 0.9 GPa.
These PT conditions generate a geothermal gradient ranging from 21 to 64 °C*km-1,
which might be expected by either arc or continental orogenic belts (Spear, 1993;
Table 02).

4.3 Maximum pressure event (R2)

The maximum pressure event has two main petrographical textures. The
granoblastic pattern on minerals (i.g. quartz, plagioclases, and so on) from
paragneisses to tardi-deformational granite suggests that after the R1 event, the
minerals stayed in a quasi-steady temperature x stress for long periods. Thereby
generating static recrystallization textures (Passchier and Trouw, 2005). The static
recrystallization directly affects the geometric interface of grains boundaries, and can
obliterate any prior preferential mineral orientation created due to stress fields (Otani
and Wallis, 2006); thus, justifying the lack of foliation proposed to R1. Additionally,
the occurrence and quasi-homogeneity of garnets in almost all complex units mark
the maximum pressure event. Quasi-homogeneous garnets are time-temperature
dependent processes (=> 700°C; Spear and Peacock, 1989). The subtle
compositional variation of garnets reflects not only long periods of crustal residence
but also low uplifting rates (Jiang and Lasaga, 1990; Spear, 1991), as expected by
collisional granulites (Bohlen, 2015). The garnet isoplet intersection suggests a
crystal stabilization around 1.05 £+ 0.05 GPa and 800°C, coinciding with the textures
and proposed zones (Supplementary Material 15). These PT conditions generate a
geothermal gradient of 21°C*km-1, which is expected to continental orogenic belts
(Spear, 1993; Table 02).

4.4 Metamorphic climax (R3) event and isothermal decompression

Sillimanite and fibrolite characterize the metamorphic episode R3. The
presence of sillimanite attests high-grade metamorphism with associated partial
melting, as expected in Granulite Terranes (Spear, 1993). Usually, this aluminum
polymorph is associated with aluminum-rich sedimentary derived protolith (White et
al., 2002). The two distinct sillimanite habits demonstrate environmental contrasts.
We interpret that an isomorphic reaction with a preterit R2 kyanite probably formed
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the sillimanite with blade habit. Fibrolite, on the other hand, is usually related to either
anisotropy or process of a chemical reaction during the progressive strain
(Musumeci, 2002). The presence of fibrolite suggests reactions with the presence of
fluids and deformation (Digel et al., 1998; Musumeci, 2002; Vernon, 1979; Wintsch
and Andrews, 1988). The necessary fluid to fibrolite generation was available after
Biotite breakdown, that generates punctuate H20 enrichment.

As observed in thin section, fibrolite as well as ilmenite, alkali feldspar, and
melt are a product of the terminal reaction of Ti-rich biotite with garnet and

plagioclase (Equation 01).

Ti-rich Bt + Grt + Plag= Kspar + Grt + Sil + llm + Qtz + lig (Equation 01)

Alkali-feldspar, the by-product of Equation 01, has a strict composition that
suggests pressure of equilibrium around 0.8 £ 0.1 GPa and the temperature around
880 + 50°C (see Supplementary Material 15). These PT conditions generate a
geothermal gradient ranging from 25 to 32°C*km, which is expected to orogenic
belts exposed to high exhumation rates (Bohlen, 2015; Harley, 1989; Harlov, 2012,
Spear, 1993; Table 02). According to the modeled pseusection, temperatures close
to 900°C are characteristic of Biotite-out reaction, validating Eq. 01. Even after the
Biotite-out event, several biotites still occur in the analyzed sample. We interpret two
main possibilities: i) time-dependent terminal reactions between biotites and other
minerals, coinciding with fibrolite occurrence; ii) non-uniform temperature throughout
the complex, resulting in punctuate zones of dehydration, and thus, mineral absence
(e.g. biotite-out zone, “incipient charnockitization”), as expected in granulite terranes
exposed to partial melting (Frost and Frost, 2008; Grantham et al., 2012; Mendonidis
et al., 2015b; Mikhalsky et al., 2006).

4.5 Liquidus-out event and COz rich liquidus(R4)

Post-deformational granitoid (1006 + 13 Ma; Chemale Jr. et al., 2018); marks
the end-of Rodinia-forming orogen at MEBC. This unit indicates the very last
anatectic pulses that occurred in the complex. The lack of garnets, in opposition to
observed in the pre- and tardi-deformational granitoids, demonstrates that the melting

genesis occurred below the Garnet zone <750°C. Still, it suggests that this lithofacies
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did not undergo high-grade metamorphic recrystallization events. The modeled
liquidus-out isochore indicate a temperature between 700°C. The lack of garnets
suggests temperatures below 750°C. Several textures corroborate to this
observation. In post-tectonic granitoid, there are several occurrences of randomly
arranged mineral (e.g., mostly alkali-feldspar) that suggest an isostatic stress field
during their generation, in opposition to aligned minerals present in paragneisses,
pre-, and syn- to tardi-deformational counterparts. These data demonstrate a change
in the stress vector, probably related to the end of the collisional cycle. Igneous
coarse-grained feldspars are associated with the late stage of crystallization, as a
product of late-stage magmatic liquidus (Higgins, 1999; Johnson and Glazner, 2010).
Bohlen (2015) suggests that there is a CO2 enrichment related to last episodes of
granulite terranes evolution, mostly associated with the final chapter of an orogenic
cycle. CO2 enrichment is a rule in Natal-Maud orogen. There are several occurrences
of charnockites in Natal, Dronning Maud, and Falkland (Malvinas) Island that were
interpreted as generated by CO2 saturated liquidus (Grantham et al., 2012;
Mikhalsky et al.,, 2006; Thomas et al., 1997 and references therein). Thus, we
interpret that a late-stage magmatic liquidus with a probable high CO2 content might
generate coarse-grained feldspars present in post-deformation granitoid. However,
specific studies to prove this assertion must be done. This CO2 concentration, as well
as the lack of garnets, and the preferential mineral lineation in post-deformational

granitoid might be related to the end of the Stenian orogenic cycle at MEBC.
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5 DISCUSSIONS

Even with lack of regional mapping data (e.g., mineral lineation, rock fabrics,
meso- and macro-scale structures, and so on), the lithostratigraphic history of a unit,
and therefore, its tectonic environment, can be determined by using pseudosection
analysis and PT trajectory through time interpretation (Bohlen, 2015; Girelli et al.,
2018; Passchier and Trouw, 2005; Spear, 1993, 1993, 1991). MEBC consists of a
polyphasic metamorphic terrain with at least two metamorphic cycles. The first cycle
related to Rodinia forming orogen consists of a granulite-facies peak with a Stenian
age (Chemale Jr. et al., 2018). It comprises recrystallization events R1 through R4,
with a clockwise path. Granulite facies metamorphism with this trend is usually
related to collisional tectonics (Harley, 1989; Harlov, 2012; Rudnick and Fountain,
1995). The normal geothermal gradient for each episode suggests a continental
orogenic belt evolution (Table 2). All episodes (i.g., sedimentary deposition RO, and
recrystallization events R1 through R4) share their best age estimation with several
units throughout Natal-Maud Belt. At MEBC, we interpret these events as caused by
progressive regional metamorphism, related to the amalgamation of the Rodinia
supercontinent (Roberts et al., 2015). Except when specified, all ages consist of U-
Pb in zircon.

The other events are related to retrograde low-grade metamorphism from
other tectonic cycles. Retrograde metamorphism is tied to tectonic pulses dated from
the Neoproterozoic-Paleozoic transition such as Pan-African, Pan-Antarctican, West-
African Orogeny, among others (Pankhurst et al., 2006) or even younger events such
as Gondwanides and Gondwana break-up (Chemale Jr. et al., 2018; Ramos et al.,

2017). Those events will not be emphasized in this current study.

5.1 RO — Sedimentary Basin evolution

The sedimentary deposition at RO has detrital zircon with ages varying from
1745 + 10 (Peak 1), 1186 = 4.8 Ma (Peak 2), and a Peak 3 concordant with
metamorphic age, due to the tectonic context of the unit (Chemale Jr. et al., 2018).
Peak 3 ages probably derived from Kaapvaal-Grunehogna craton. It is important to
emphasize that either Peak 2 or Peak 3 group predominates, suggesting a juvenile
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source. Peak 2 ages occur in adjacent Mesoproterozoic terranes such as Haag
Nunataks (1176 + 76 Rb-Sr, Millar, and Pankhurst, 1987), East Antarctica (e.g.,
Heimefrontfjella, ca. 1170 Ma leuco-gneisses; Jacobs et al., 2003). Additionally, in
Natal Province, Thomas (2003) identified gneissic rocks with 1185 + 15 Ma from
Margate Terrane. Still, in Margate Terrane, there are garnet biotite gneisses with
ages of 1169 £ 14 Ma (Mendonidis et al., 2015; Figure 12). Both rock units are
related to arc magmatism (McCourt et al., 2006; Spencer et al., 2015b; Thomas,
1989), generated due to a N-S (present coordinates) subduction system. It was
hypothesized a back-arc basin southern of this arc (Grantham et al., 2012; McCourt
et al., 2006; Mendonidis et al., 2015b; Mendonidis and Grantham, 2003; Spencer et
al., 2015b).

It is important to emphasize that there are several occurrences of
metasedimentary gneisses at Heimefrontfjella, with kernel density probability plot
similar with that obtained by MEBC paragneisses by Chemale Jr. et al. (2018; see
Arndt et al., 1991; Johnston et al., 2001; Ksienzyk et al., 2007; Ross and Villeneuve,
2003; Spencer et al., 2015). These metasedimentary gneisses were deposited in
Sivorg back-arc basin, due to the erosion of Kottas arc rocks (Bauer et al., 2003b,
2003a; Jacobs, 2009 and references therein).

The integration of geochemical and provenance age data from MEBC
paragneisses suggests that, by the time of deposition, the protoliths were close to the
source area. The source area probably consisted of a volcanic arc, herein considered
Maurice Ewing Bank (MEB) Arc. Orogenic dynamics, related to arc tectonics,
exposed the source area. The arc-signature identified in paragneisses geochemistry
herein presented also endorse this hypothesis, as well as the predominance of
juvenile age zircons against others (see Chemale Jr. et al., 2018; Figure 13 - A). We
interpret that MEBC paragneisses were deposited in the same back-arc basin system
of Mzumbe-Margate, and Sivorg terranes.

In the Falkland (Malvinas) Islands, there are no occurrences of such ages
(Thomas et al., 2000; Figure 12). However, as postulated by Thomas et al. (1997),
Big Cape Fm. is composed by amphibolites interspersed with paragneisses. The U-
Pb in zircon ages of these two units are still unknown. The arc system of CMC, which
generates “felsic orthogneisses” only developed during ca. 1120 Ma (Jacobs et al.,
1999; Thomas et al., 2000, 1997).
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5.2 R1 and R2- Fold- and thrust-belt

The R1 and R2 are herein interpreted as caused by a fold- and thrust-belt
event. This event corresponds to a continent-continent collision and is related to the
first anatectic pulses at ca. 700°C and high-pressure, as well as a recrystallization
event around 1 GPa and 800°C. Negative e¢Hf signatures (Chemale Jr. et al., 2018),
protolith with a back-arc sedimentary deposition, followed by synchronous
metamorphism with high-pressure and temperature, as well as syn-orogenic melting,
validate this interpretation. The primary foliation, as well as the partially obliterated C-
S fabric coincides with the deformation processes between R1 and R2. R2,
according to our interpretation (e.g., static recrystallization, garnet homogenation,
and so on), represents the orogenic climax. The R2 events is interpreted as
generated by the 1068 =+ 16 Ma ages obtained by Chemale Jr. et al. (2018), as the
older syn- to tardi-deformational granitoid. This age coincides with the sinorogenic
climax of Natal-Maud belt (ca. 1080-1020 Ma). As a result, there are several age
occurrences found in sensu latu Natal-Maud belt (e.g., Natal, and Dronning Maud
Land Terranes) and other near blocks (e.g., Falkland Islands, Agulhas Plateau, and
Coats Land).

In Margate Terrane, southernmost Natal terrane, several coinciding
magmatism occurrences vary from ca. 1052 to ca. 1088 Ma (Mendonidis and
Armstrong, 2016; Spencer et al., 2015 and references therein). Granulite facies
metamorphism is usual, occurring at Margate Granite Suite (1044 + 11 and 1034 *
26 Ma), and Leisure Bay Granulites (1047 + 17 and 1046 + 19 Ma; Mendonidis and
Armstrong, 2016; Spencer et al., 2015). This dynamism also occurs at Mzumbe
Terrane, where magmatic rocks ranging from ca. 1100 to 1045 Ma coincides with
granulite facies metamorphism (Eglington et al., 2010, 2003, 1989). Tugela Terrane
has compatible ages at Khomo Formation (1181 + 126 Ma; Rb-Sr whole-rock) and
Ngoye Granite (1067 = 20 Ma; Barton, 1983; Figure 12). All these geological features
led McCourt et al., (2006 and references therein) to interpret that Natal Province, by
this time, as a thrust- and fold-belt environment due to the interaction between
Kaapvaal craton and an unknown block.

In Dronning Maud Land, there are several occurrences of synchronous
magmatism and metamorphism with MEBC fold and thrust belt. Jacobs et al. (1998)
identified a migmatite Augen gneiss with 1076 = 14 Ma. Jacobs et al. (2003) and
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Bisnath and Frimmel (2004) also identified high-grade metamorphic overgrowth with
respectively ca. 1080 and ca. 1070. Kirwanveggen has a migmatite Augen gneiss
with 1074 £ 11 Ma (Jackson, 1999), as well as leucogranites with 1007 + 57 Ma and
orthogneisses with 1035 + 18 Ma (Wolmarans and Kent, 1982). The metamorphism
in the region is high grade and dated as 1081 + 4 Ma by Jackson (1999) and 1061 +
14 Ma by Bisnath and Frimmel (2005). In Heimefrontfjella, several magmato-
metamorphic units occur from ca. 984 to 1090 Ma (Jacobs, 2009 and references
therein). Noteworthy is the occurrence of amphibolite facies metamorphism, dating
as 1031 + 27, 1060 = 8, and 1062 + 11 Ma (Arndt et al., 1991, Jacobs et al., 2003c).
H.U Sverdrupfjella has several magmato-metamorphic units dated from ca. 1040 to
ca. 1085 Ma (Grantham et al., 2008 and references therein). A paragneiss with 1044
+ 47 Ma coincides with “D2” recrystallization event of Board et al. (2005); Also, there
are zircon overgrowths dated as 1035 + 21 Ma, being a product of “D3” deformational
event. Generically, by this time, Western Dronning Maud Land terranes were
involved in a complete fold- and thrust belt evolution (Bauer et al., 2016, 2003b).
Additionally, a destral transcurrent system, related to tardi collisional processes had
already been developed (Bauer et al., 2016, 2003b).

Microterranes that might be part of Natal-Maud orogens, such as Agulhas
Plateau, Cape Meredith, and Coats Land, also have coinciding ages of
magmatism/metamorphism. Allen and Tucholke (1981) had analyzed a quartz-biotite
gneiss from Agulhas Plateau, using K-Ar in biotite, and obtained an isochron age of
1105 £ 36 Ma for the unit. We interpret this data as metamorphic age of this unit. G1
granodiorite and G2 mega crystal Augen gneiss from Cape Meredith Complex have
ages ranging from ca. 1090 and 1067 + 9 Ma, respectively (Jacobs et al., 1999).
Chemale Jr. et al. (2018) already correlated the herein considered MEBC fold and
thrust belt event with Cape Meredith Complex G1 and G2. In Coats Land,
undeformed granophyre rhyolite and diabase from Coats Land were dated as 1078 +
7 Ma by Storey et al. (1994).

The plethora of contemporary geological events points toward a regional
orogenic climax. The event of ca. 1080 — 1040 Ma in which Natal and Dronning Maud
Land are players, is related to Rodinia forming orogeny (Roberts et al., 2015). H.U.
Sverdrupfjella, Kirwanveggen, Heimefrontfjella, Margate, and MEBC, by this time,
stood right in the middle between Kalahari, “East Antarctica” craton collision (Bauer
et al., 2003a) and an unknown cratonic mass (Cornell et al., 2006; McCourt et al.,
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2006). Jacobs et al. (2015) and references therein credited that the metamorphism
and granitoid generation from DML are caused due to the collision between Kaapval
and Coats Land craton. Loewy et al. (2011) hypothesized that Coats Land Craton
and Grenville terrane, at Laurentia, have isotopic affinities; thus, being relatively
close to each other by the time of their development. We interpret that MEBC, and
thus its fold-and-thrust belt related metamorphism have strong age affinities not only
to Western Dronning Maud Land (Bauer et al., 2003b), but also to Natal Province
(McCourt et al., 2006). Cape Meredith Complex anatetic events could be related to
MEBC collisional event; nonetheless, it is possible that the Falkland (Malvinas)
basement represents a peripheric extension of collisional front (Figure 13 - B). The
synchronous geological activity of Agulhas Plateau should be investigated in other

studies to diminish the degrees of freedom about Rodinia evolution.

5.3 R3 - Orogeny exhumation and regional anatexis event

The R3 event marks the metamorphic climax in MEBC. A near-isothermal
decompression curve, and therefore, a clockwise path diagnosis, characterizes this
episode (Harley, 1989). We interpret that an over-thickened crust, followed by a rapid
exhumation process might generate this condition (Bohlen, 2015; Harley, 1989;
Rudnick and Fountain, 1995; Figure 13). Either erosion or rapid thinning, related to
the tectonic exhumation, causes the decompression event (Harley, 1989).
Thermodynamically, because of decompression at isothermal conditions, anatexis is
a typical process, generating significant volumes of liquidus. MEBC shares the typical
collisional granulites, which are felsic composition, correlation with paragneisses, and
relation with upper crustal levels (Rudnick and Fountain, 1995). Additionally, MEBC
fills the high-temperature granulite classification, being the first identified high-
temperature-pressure granulite in Natal-Maud belt. We agree that the syn- to tardi-
deformational granitoid age of 1032 £ 12 Ma, obtained by Chemale Jr. et al. (2018),
represents this recrystallization event.

There is a reduction in synchronous magmato-metamorphic ages from Natal-
Maud belt related to this episode; however, the ages related to this event are
associated with plutons of regional extent, and thus, a regional anatectic event. In
Margate Terrane, Oribi Gorge has ages of 1049 + 14, 1037 + 14, and 1025 + 8 Ma
(Eglington et al., 2003; Spencer et al., 2015b; Thomas, 1989). On the contrary, the
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age of metamorphism is 1029 + 8 (Eglington et al., 2003). Port Edward Pluton has
magmatic ages of 1034.4 + 0.6, 1039 £ 18, and 1025 + 8 Ma (Eglington et al., 2003;
Spencer et al., 2015b). Magmatic ages are ranging from 1042.6 + 4.4, and 1057 + 27
Ma at Margate Suite. (Mendonidis and Armstrong, 2016; Mendonidis and Grantham,
2003). Still, in Margate Suite, there are cataloged metamorphic ages of 1044 + 11
and 1037 + 13 (Mendonidis et al., 2015b; Mendonidis and Armstrong, 2016). Mbzana
and Margate “D2” granites have ages of 1026 + 3, and 1042 + 10 Ma (Grantham et
al., 2012; Mendonidis and Armstrong, 2016). Leisure Bay and Turtle Bay (mafic unit)
only have metamorphic ages that fit R3. They are 1047 + 17, 1046 + 16 Ma from
Leisure Bay, and 1042 + 7 Ma from Turtle Bay (Spencer et al., 2015b). There is only
one occurrence in Mzumbe Terrane from Fafa Pluton, which has 1037 + 10 Ma as an
igneous placement age (Eglington et al., 2003; Figure 12).

In Heimefrontfjella, there are several occurrences of monzonites (1045 + 8
Ma), amphibolites (1048 + 8 Ma), granodiorites (1045 + 9 Ma; Arndt et al., 1991).
Also, Bauer et al. (2003) identified a dike with 1033 + 7 Ma. Arndt et al. (1991)
identified that the rocks from Heimefrontfjella underwent a clockwise path, suggesting
continent vs. continent collision. In H.U. Sverdrupfjella, Jackson (1999), and Moyes
and Barton (1990) obtained an age of crystallization of 1050 + 10 and 1015 + 24 Ma
(Rb-Sr) for a leuco-pegmatite and an orthogneiss. Still in H.U. Sverdrupfjella, zircon
overgrowth with ca. 1044 and 1031 Ma were obtained and interpreted as the age of
peak metamorphism up to granulite facies (Board et al., 2005; Figure 12).

There is no age occurrence from Cape Meredith Complex, nor Agulhas
Plateau, nor Coats Land. However, it is noteworthy that Coats Land and Agulhas
Plateau are still unknown territories, being only dated by old methods. For example,
of 12 recovered lithofacies at Agulhas Plateau, only two gave results consistent with
Mesoproterozoic. Coats land has an extensive area to be mapped; however, of
critical access (Gose et al., 1997).

5.4 The end of Rodinia-forming orogen at Maurice Ewing Bank (R4) and tardi-

anatectic processes

The R4 event marks the end of Stenian-Tonian orogeny at MEBC. This event
is characterized by a retrograde metamorphism curve still on the liquidus-in zone,

result of an orogenic collapse at F2MT, as well as Natal-Maud belt (Figure 13). We
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agree that the post-deformational granitoid age of 1003 + 16 Ma, obtained by
Chemale Jr. et al. (2018), represents this episode. There is an increase in post-
deformational ages from Natal-Maud belt. Additionally, rapid cooling processes are
usual, being characteristic of the whole belt (Jacobs, 2009; Jacobs et al., 1999;
Mendonidis et al., 2015b; Spencer et al., 2015b; Will et al., 2010, 2009). However,
several portions of Dronning Maud Land, Shackeleton Range, Natal, and Maurice
Ewing Bank underwent thermal resetting due to posterior events (Jacobs, 2009;
Jacobs et al., 1999; Spencer et al., 2015b; Will et al., 2010).

In Natal Province, there is a dominant occurrence of low-grade
metamorphism. In Mzumbe Terrane, there are occurrences,at Melville Thrust Zone of
mylonitic Equeefa Dyke with Ar-Ar and K-Ar (Hornblende) ages of 988 + 3 Ma. Their
undeformed occurrences have ages of 1005 = 4 Ma (Ar-Ar; K-Ar in hornblende). In
the Jolivet, Shear zone occurs mylonitic amphibolites with ages of 1004 + 2 and 1002
+ 4 Ma (K-Ar, Ar-Ar in hornblende). In Lilani-Matigulu Shear zone, there are
occurrences of gabbros with Ar-Ar in Hbl of 1003 + 5 and 1009 + 5 Ma (Jacobs et al.,
1997, 1995; Figure 12).

There are occurrences in Heimefrondfjella of ages is varying from 972 to 1019
Ma. Jackson (1999) identified, at H.U. Sverdrupfjella and Kirwanveggen, a banded
gneiss with 994 + 22 Ma, a leucogranite with 990 + 12 and a porphyritic granite with
1011 + 8 Ma. Moyes and Hatrris (1996), identified a late felsic dike with 1011 + 8 Ma.
In Sivorg Terrane, there are muscovites derived from pegmatites with ca. 987 Ma (K-
Ar Muscovite). Ar-Ar in Muscovite, with ages of 987 + 21 Ma suggests that some of
the Heimefrontfjella rocks probably underwent a rapid cooling process (Jacobs et al.,
1998; Figure 12).

There are several age occurrences in Cape Meredith Complex, mostly related
to G3 group. Leucogranites have crystallization ages of 1003 + 14 Ma, while G3
granite has an age of 1003 + 16 Ma (Jacobs et al. 1999). Cape Meredith Complex
rocks also underwent a rapid cooling process, as demonstrated by Ar-Ar in
Hornblende in amphibolites with ages of 1015 + 6 and 1009 + 14 Ma, as well as Ar-Ar
Muscovite ages of 989 + 3 and 989.2 + 3.4 Ma and Ar-Ar Biotite ages of 989 *+ 7 and
989 * 6.5 Ma occurring at G3 granitoids(Jacobs et al., 1995; Figure 12).

Eastin and Faure (1971) by using whole rock Rb-Sr had dated the rhyolite unit
at Littlewood Nunataks, Coats Land, obtained 1001 £ 16 Ma. This data suggest that
the Littlewood Nunataks may also played a role in Natal-Maud event (Figure 12).
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Figure 13 — Tectonic environment of F2ZMT. A) The deposition of immature sediments
that generated MEBC paragneisses at ca. 1180 Ma; B) Orogenic climax coinciding
with R2 static recrystalliozation event at ca. 1060 Ma; C) Metamorphic climax,
isothermal decompression and generation of MEBC Tardi-metagranitoids. D)
Orogenic collapse, and post-deformational granitoids related to a extensional field at
ca. 1000 Ma.

5.5 Which terranes generate Natal-Maurice-Maud metamorphism

MEBC is part of Natal-Maud belt; therefore, it constitutes a missing fragment
of Kalahari Craton sensu Jacobs et al. (2008). However, the extent of Natal-Maud
belt orogeny might be more significant than previously thought and is possibly related
to Beattie-A magnetic anomaly, a subsurface structure that extends 1000 km E-W of
South Africa (Beattie, 1909; Thomas et al., 1992). Quesnel et al. (2009) interpreted

that granulite-facies mid-crustal rocks caused the anomaly. Lindeque et al. (2011)
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added that those rocks have a distinct north-dipping, relating them with Natal
Province. Additionally, the authors suggest a south-dipping subduction zone during
the Rodinia-forming orogen. Scheiber-Enslin et al. (2014), hypothesized that the
Beattie-A’'s strong signal is due to the high susceptibility of granulite facies
supracrustal rocks. The regional metamorphism of up to granulite facies is a
distinctive characteristic of Natal-Maud belt, being identified at Natal Province
(Cornell et al., 2006; Mendonidis et al., 2015b; Mendonidis and Armstrong, 2016;
Mendonidis and Grantham, 2003; Spencer et al., 2015b; Thomas et al., 2003), Maud
Belt (Bauer, 1995; Bauer et al., 2003a; Jacobs et al., 2015, 2003a, 2003c; Jacobs
and Thomas, 1999; Ksienzyk et al., 2007), Falkland (Malvinas) Islands (Jacobs et al.,
1999; Rex and Tanner, 1982; Thomas et al., 2000, 1997), MEBC (Chemale Jr. et al.,
2018; Tarney, 1977; this work). Henceforth, we suggest that Beattie-A anomaly is a
suture zone related to the collision between Kaapvaal and an unknown craton.

We disagree with the actual consensus of Falkland (Malvinas) Island, and its
180° rotation back to Rodinia amalgamation (e.g. (Jacobs and Thomas, 1999;
Ksienzyk et al., 2007, and several references therein).There is actually no need to
rotate Falkland (Malvinas) Island 180° to fit Falkland (Malvinas) Islands with regional
data, nor limit their correlation with outcropping Mesoproterozoic units in Natal
Province. Cape Meredith Complex can be considered as an eastward prolongation of
Mesoproterozoic rocks that causes Beattie-A anomaly and as a northward
prolongation of Coats-Patagonia Craton. By considering this assertion, Falkland
(Malvinas) Islands structures such as metamorphic foliation, and mineral lineation
coincides with those observed in Natal, thereby also demonstrating an SW-NE
collision (Thomas et al., 1997, 1992). Also, Cape Meredith Complex has lithologies
that are related to meta-volcanic-sedimentary arc (Jacobs et al., 1999; Thomas et al.,
2000, 1997) that underwent collisional metamorphism. In specific, the Big Cape
Formation is composed of layered gneisses, mostly consisting of amphibolites, felsic
gneisses, calc-silicates, and metapelites (Thomas et al., 1997). The latter is
composed by sillimanite, generated after a muscovite breakdown, suggesting high-
grade peak metamorphism. This stratigraphic succession is usual in volcanic arcs,
which partially justifies the Natal-Cape correlation. Jacobs et al. (1997) obtained
1118 + 8 Ma and 1135 = 11 Ma (U-Pb in zircon) for the felsic gneisses and inherited
zircons from G2 granites. However, the Margate-Vardeklattene arc was experiencing
a partial melting event. The partial-melting event registered at Cape Meredith
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Complex is somewhat younger than its northern counterparts, only occurring at
Maurice Ewing Bank due to peak metamorphism conditions. Recently, Chemale Jr.
et al. (2018) and this work found evidences that MEBC and Cape Meredith Complex
were indeed a single block in the Stenian-Tonian transition (F2MT). Schilling et al.
(2017) pointed out that Deseado Massif, southern Patagonia, and Falkland
(Malvinas) Islands still constitute a single block, named Patagonia-Malvinas terrane.
Therefore, Deseado Massif, Falkland (Malvinas) Islands and MEBC were a single
terrane since its generation, back to Meso-Neoproterozoic transition to Mesozoic.
Any reconstruction should be aware of this fact.

The continental margin that collided to Kaapval to generate Margate, Maurice
Ewing Bank, Cape Meredith, and Beattie-A metamorphism and granitogenesis is still
unknown. Nonetheless, there is a specific terrane that might fit this interpretation:
The Patagonian Geological Province (Ramos, 2008; Ramos et al., 2004). Despite the
lack of crystallization and metamorphism age from Mesoproterozoic, the province
has Towm ranging from 1.7 Ga to 854 Ma, as well as 8Sr/®Sr, and sNd data suggest
that Patagonian rocks derived from young Mesoproterozoic crust related with
Rodinia-forming orogens (Pankhurst et al., 2006; Wareham et al., 1998). Tom data
from Martinez Dopico et al. (2011) derived from North Patagonian massif also
supports this interpretation. Additionally, Schilling et al. (2008), suggest that xenoliths
recovered close to North Patagonian Massif are the roots from Cuyania Terrane.
Cuyania is currently interpreted as an allochthonous terrane related to
Mesoproterozoic units in Laurentia (Ramos, 2010, 2008; Ramos and Naipauer,
2014). Additionally, samples from the Deseado Massif gave depletion ages ranging
from 1.34 to 2.11 Ga (Schilling et al., 2008). Recently, Mundl et al. (2015), by doing
isotopic studies on mantle xenoliths, interpreted that rocks beneath Deseado Massif
are similar to Natal-Namaqua belt rocks; thus, being directly related to the assembly
of Rodinia. The rocks beneath the southernmost part of Deseado Massif has
idiosyncrasies that point toward an Archean to the mid-Paleoproterozoic signature
(Mundl et al., 2015; Schilling et al., 2008). Mundl et al. (2015) related them with the
Shackleton Range in east Antarctica. Nonetheless, they might also be related to the
still unknown Coats Land Block. We agree with the hypothesis postulate by Schilling
et al. (2008), which propose that Deseado Massif is related to Falkland (Malvinas)
Islands.
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During Stenian-Tonian transition, Patagonia was a missing-link between Coats
Land, in Antarctica, and Grenville orogen, in North America. This interpretation aligns
with data presented by Loewy et al. (2011) and this work, who identified similarities
between Coats Land and Laurentia. Moreover, we propose that Patagonia’s
southernmost part is related not only with F2MT (Schilling et al., 2017) but also to
Coats Land and Shackleton Range rocks (Will et al., 2010, 2009). The Northern
Patagonia Massif , together with Cuyania-Chilenia terrane (Benedetto, 2004;
Casquet et al., 2001; Kay et al., 1996; Mundl et al., 2015; Sato et al., 2004; Schilling
et al.,, 2008; Thomas and Astini, 1996), is connected to Laurentia Llano Uplift (Nelis
et al., 1989; Ramos, 2004; Sato et al.,, 2004). Coats-Patagonia craton has the
characteristics to fit the regional geology found in the region. collided to Kaapvaal,
generating the continent vs. continent metamorphism in Natal-Maud-belt. By
considering this interpretation, Mesoproterozoic Patagonia, consisting from Chilenia-
Cuyania rocks, as well as Northern and southern Massif basement consequently
becomes part of Grenville orogeny (Martinez Dopico et al., 2011; Ramos, 2010;
Ramos and Naipauer, 2014; Schilling et al., 2017, 2008).
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hypothetical landmass that collided to Kalahari Craton. Beattie-A anomaly and
extension to Antarctica according to Scheiber-Enslin et al. (2014). Kalahari Craton
extension according to Jacobs et al. (2008). Western Dronning Maud Land regional

foliation according to Groenewald et al. (1995). Natal Province regional foliation

according to Thomas et al. (1992). Cape Meredith Complex regional foliation
according to Thomas et al. (1997). Probably density plot (PDP) of the adjacent Natal
Province A) Tugela; B) Mzumbe; C) Margate, and Western Dronning Maud Land D)
Sverdrupfjella; E) Kirwanveggen; F) Heimefrontfjella. For a complete work reference
used for PDP, please check Supplementary Material 16. Legend: SF —
Sverdrupfjella; KV — Kirwanveggen; HF — Heimefrontfjella.

5.6 The printing of other tectonic cycles at MEBC

Several textures indicate a posterior low-grade retrograde metamorphism, as
already pointed out by Chemale Jr. et al. (2018) and Tarney (1977). The garnet
minerals usually have a late fluid phase (Pinite) in its edges. The substitution of
garnet by both chlorite and pinite, common in MEBC, is also an indication of
retrometamorphism processes. Albitization in plagioclases is conventional, related to
retrograde metamorphism in greenschist facies conditions (Moody et al., 1985 and
references therein) and might be related to the opening of the Rb-Sr system. Thus,
we interpret the whole rock Rb-Sr ages of 533 + 65 Ma, obtained by Beckinsale et al.
(1977) in paragneisses, as generated by a greenschist facies retrometamorphism as
already suggested by Wareham et al. (1998), which associated the Rb-Sr resetting
with Panafrican-Panantarctican thermal anomaly field. Biotite substitution to
muscovite, chlorite, or mica with deficient lattices, as well as the presence of
sagenitic texture also foment this interpretation (Henry, 2005; Henry and Guidotti,
2002). The later suggests conditions of metamorphism similar to those observed in
Greenschist Facies (300-500°C; Shau et al., 1991). This temperature range is also a
requirement to open K-Ar in the rock system. Beckinsale et al. (1977), obtained ages
of 287 + 7 and 399 + 10 Ma (whole-rock K-Ar) in granites and paragneisses, relating
these results with “several Paleozoic thermal reactivation events” related to Argon
loss. We agree with Beckinsale's interpretation.

The late anchi-metamorphic to a diagenetic event cataloged in MEBC is
probably related with a Jurassic pre- to syn-rift episode at Falkland Plateau. Calcrete
paleosols (weathered paragneiss; Barker et al.,, 1977a) suggests a subaerial
exposition within dry conditions back to its development, and thus a regional

sequence boundary. Sediments deposited after this disconformity demonstrate a



1764
1765
1766
1767
1768
1769
1770
1771
1772
1773
1774
1775
1776
1777
1778

89

fluvial to lacustrine environment of Oxfordian age (Late Jurassic; Barker et al.,
1977a), probably related to a syn-rift setting. These sediments have also been found
in site 550 (de Graciansky et al., 1985) and seismically extended into the Falkland
Plateau Basin (Marshall, 1994b). Similarly, syn-rift fluvio-lacustrine Jurassic
sediments are also found at North Falkland Basin (Jones et al., 2019; Richards and
Hillier, 2000), South Malvinas Basin (Foschi and Cartwright, 2016) and Agulhas zone
(Stanca et al., 2019). It is prone that the same event that caused the rifting in those
localities, also catalyzed the same process in MEBC during the Jurassic. In Falkland
(Malvinas) Islands, there is also a record of rifting event of Jurassic age; however,
not as sedimentation, but as mafic dykes placement. Mussett and Taylor (1994)
dated an NWW, and NE dikes, using whole-rock Ar-Ar, and obtained 188, and 193
Ma, respectively. Posteriorly, Stone et al. (2008), using whole-rock Ar-Ar, obtained an
age of 179 Ma for NE dike. However, specific information such as timing and

magnitude of Paleozoic through Mezozoic events still need more research.
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CONCLUDING REMARKS

The Maurice Ewing Bank Complex consists of igneous-metamorphic rocks
that experienced polyphasic metamorphism related to at least two orogenic cycles. In
a broad sense, we identified five lithofacies that represents a usual assemblage
associated with collisional granulitic terranes. Due to high-grade conditions, the
events of partial melting coexist with the metamorphism; thereby, generating igneous
rocks pre, syn-, tardi, and post-deformational.

The most abundant lithofacies consists of paragneisses. Their preterit detritus
was deposited in a back-arc environment. The source area is widely linked with
juvenile rocks derived from an exposed island arc. Paraderivated metamorphic rocks
of similar age and Genesis are found either on Natal Province (mostly Margate) or
Dronning Maud Land (mostly Kirvanveggen, Sverdrupfjella, and Heimefrontfjella).

The first metamorphic cycle comprehends four episodes of recrystallization. It
is interpreted as generated by the collision between the cratons of Kaapvaal and
Coats-Patagonia. It is also correlated with the Rodinia forming events (R). The
metamorphic evolution experienced by MEBC represents all normal orogenic cycles.

We interpret that R1 (ca. 700°C, between 0.3 to 0.9 GPa) and R2 (800°C;
1.05GPa) events as related to a fold-and-thrust belt evolution, product of
compressional tectonics that had its climax at R2, around 1068 + 16 Ma. Besides the
paragneisses lithofacies, the pre-, and syn- to tardi-metagranitoids also represents
this episode; we interpreted as caused by granulitization/partial melting, generated by
collisional processes related to arc-continent, and mostly continent-continent
collision. There are events of comparable magnitude and genesis in Mzumbe-
Margate, Natal Province, as well as Sivorg-Vardeklattene, Dronning Maud Land.

The event R3 is interpreted as caused by a thermometric decompression (ca.
0.8GPa, and 880°C), which occurred around 1032 + 12 Ma (age of syn-deformational
metagranitoid). It represents the metamorphic climax related to the generator of
Natal-Maud orogen. In a broad sense, it is associated with a regional exhumation
event where there is an increase in geothermal gradient at the expense of decrease
in pressure. Regions that experienced events of comparable conditions are
characterized by possessing significant volumes of intrusive magma generated by

partial melting. Thus, the diagnostic lithofacies of R3 is tardi-deformational granitoids.
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This decompression event is also correlated with large plutons located at Mzumbe-
Margate, Natal Province, and Dronning Maud Land.

The R4 event, occurred still at liquidus-in zone but below garnet zone,
between 700-750°C. It occurred during 1003 = 16 Ma, being correlated with post-
orogenic processes. Thus, R4 diagnostic lithofacies comprises post-deformational
granitoid. This event marks the end of the metamorphic cycle related to Rodinia
forming orogens at MEBC. Pegmatites, coarse-grained dykes, and alkaline stocks
have processes and genesis alike throughout Natal-Maud key players. Despite those
terranes, there is also significant volumes of partial melting related to Cape Meredith
Complex, Falkland-Malvinas Islands.

The MEBC, due to geological likelihood, constitute a parcel of Kalahari Craton.
During its generation and evolution, the complex stands between the Margate and
Heimefrontfjella terranes. The collisional event, consistent with those events that
occurred in the Antarctica (e.g., Western Dronning Maud Land) and South Africa
(e.g., Natal Province) counterparts, is interpreted as caused by the interaction of
Kaapvaal and Coats-Patagonia margins. The latter has geological characteristics that
match with Grenville orogen, located in Laurentia. Henceforth, MEBC is not only part
of Natal-Maud Belt, but also constitutes a crucial role in the understanding of
intercontinental Grenvillian orogeny.

Several indicators suggest retrometamorphism up to greenschist facies,
correlated with the second metamorphic cycle in which MEBC underwent. The
retrometamorphism experienced by MEBC is related to Rb-Sr, and K-Ar isotopic
system reset. The former occurred during 533 + 65 Ma, being interpreted as
generated by far-field anomalies associated with Panantarctican-Panafrican
orogenies. Neoproterozoic metamorphic/granitogenesis events are widely found not
only in East and West Antarctica but also as outcropping basement of Cape Fold-
Thrust Belt and Patagonia. The closure of the K-Ar system occurred in two stages,
287 £ 7 and 399 = 10 Ma, being correlated with “several reactivations during the
Paleozoic.”

There are events of recrystallization below 300°C. We interpret them as
generated due to the thermal instability catalyzed by Mesozoic rifting. Two rifting
events occur in or close to the MEBC, with Jurassic and Cretaceous age.
Nonetheless, their timing and reasons are yet uncomprehend. Therefore, we suggest
a profound study in the retrometamorphic-anchimetamorphic processes in MEBC to
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fathom the interplay between low-temperature metamorphism-diagenesis and the
evolution of Falkland-Malvinas Plateau.

This work shed light between Mesoproterozoic terranes of Natal-Maud, the
interaction with adjacent terranes, including Patagonia-Coats Land and Grenville
orogen. However, there are still several questions that remain unresolved, such as i)
the role of Haag Nunataks and Agulhas Plateau in the Mesoproterozoic; ii) Is the
easternmost portion of Maurice Ewing Bank Terrane part of Paleozoic-Archean crust
of Kaapvaal Craton? iii) What is the evolution of the Falkland Plateau and what
implications does it have to the positioning of Falkland (Malvinas) Islands during
Mesozoic? iv) The movement of the Patagonia Province, since its generation, back to

Mesoproterozoic until the present configuration.
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Table 3 — Sampling and logging information of DSDP Site 330. Lithofacies according to this work. Bold letter in classification refers

to classification according to Tarney (1977). Italic letters in classification refers to classification according to this work.

. Geochemistry Tarney . . P Thin Thin Section
Core Section Interval Code + Farid Lithofacies Classification Section A B Code
15 2 130-132 1 Peat / Coal / Black
Shale
15 2 132-135 > Organic medium
sandstone
15 2 135-137 3 Peat / Coal / Black
Shale
15 > 137141 4 Medium Sandstone w/
pebbles
15 2 141-143 5 Peat / Coal / Black
Shale
15 2 143-145 6 Peat / Coal / Black
Shale
15 2 145-150 7 Medium Sandstone w/
pebbles
Calcite-impregnated
16 1 26-31 1 #01 (18-22) Weathered Paragneiss metassedimentary
gnheiss
Calcite impregnated
. metasedimentary
16 1 31-37 2 #02 (30-38) Weathered Paragneiss gneiss with large
poikilitic calcites
16 1 40-46 3 Weathered Paragneiss
Syn- to tardi- Coarse K-feldspar-rich
16 1 46-53 4 #03 (52-55) deformational granite ~ pegmatitic vein (S2)
16 1 55-58 5 Weathered Paragneiss
16 1 58-61 6 Weathered Paragneiss
16 1 63-69 7 Weathered Paragneiss



16
16

16

16
16

16

16
16

16

16

16

16

16

16

16

16

69-77
77-92

87-94

94-97
97-105

105-106

106-113
113-118

118-123

123-126

126-129

129-134

134-137

137-139

139-142

142-146

13

14
15

16

17

18

19

20

21

22

23

#04 (71-78) Weathered Paragneiss
Weathered Paragneiss
16R1-10 Weathered Paragneiss

Weathered Paragneiss
Weathered Paragneiss

#05 (100-108) Weathered Paragneiss

Weathered Paragneiss
Weathered Paragneiss

Paragneiss / Syn- to
tardi-deformational
granite

Paragneiss

Paragneiss / Syn- to
tardi-deformational
granite

Paragneiss

Paragneiss / Syn- to
tardi-deformational
granite

Paragneiss / Syn- to
tardi-deformational
granite

Paragneiss

#06 (142-146) Paragneiss

Quartz-rich granular
gneiss

Chlorite-calcte bearing
epidote-biotite-gneiss

Quartz-rich
metasedimentary
gneiss with K-feldspar,
biotite, ore, siderite, and
garnet

Metassedimentary
gheiss with quartz,
plagioclase, K-feldspar,
biotite, and ore

16R1-10A

16R1-10B
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16

16

16

16

16

16

16

16

16
16

0-6 1
9-12 2
12-17 3
17-19 4
19-21 5
21-26 6
23-26 7
50-56 8
58,5-63 9
63-67 10

#07 (1-11) Restite

#07 (1-11) Restite

Paragneiss / Syn- to
tardi-deformational
granite

Post-deformational
granite / paragneiss
Post-deformational
granite / paragneiss
Post-deformational
granite
Syn- to tardi-
deformational
metagranitoid

Pre-deformational

#08 (43-50) metagranitoid

Paragneiss
Restite / Paragneiss

Pelitic gneiss, mainly
biotite and garnet
variably replaced by
chlorite - garnet-calcite-
chlorite bearing biotite-

gneiss; Restite 16R2-01

Pelitic gneiss, mainly
biotite and garnet
variably replaced by
chlorite

Ep bearing Plag-Qtz

Paragneiss 16R2-03A

Deformed early sigma0l
K-feldspar pegmatite
vein, with garnet,
guartz, plagioclase, and
biotite - chlorite-
sillimanite-garnet bearing
calcite-biotite-metagranite 16R1-08A
sl

16R2-03B

16R1-08B
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16

16

16

16

16

16
16

16
16

16

16

16

16

N N N DN

77-69
69-70,5

70,5-73

73-78

82-84

84-87

87-90
90-99

99-100
100-104

104-105

118-121

123-129

129-133

14

15

16

17
18

20

21

22

23

24

Restite
Paragneiss / Restite

16R2-13 Restite

Restite / Post-
deformational granite

#09 (74-78)
Paragneiss

Paragneiss / Syn- to
tardi-deformational
granite

Paragneiss
Paragneiss

Post-deformational
granite

Paragneiss

#10 (104-108) Paragneiss

#11 (117-124) Paragneiss

Post-deformational
granite

Paragneiss to Syn- to
Tardi deformational
granite

Biotitite

13A - Chlorite-rutile
bearing biotitite; (Restite)
13B - Quartzolite
16R2-13A

Banded semipelitic
gneiss, with quartz,
biotite, K-feldspar, and
plagioclase / Granite s3

Banded semipelitic

gneiss, with quartz,

biotite, K-feldspar,
plagioclase, and garnet

Metassedimentary
gneiss with quartz, K-
feldspar, biotite, garnet,
and tourmaline

A - Bt Monzogranite; B -
Chlorite-Calcite-
Sillimanite-Biotite Gneiss;

16R2-24A

16R2-13B

16R2-24b
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16

16

16

16
17

17

17

17

17

17

17

cc

cC

cc

136-138

138-141

141-145

145-150
04-11

19-24

24-25

57-61

63-69

69-72

72-75

25

26

27

28

#12 (136-144)

#12 (136-144)

#12 (136-144)

#24

17RCC-02

#25 & 17RCC-03

#13 (46-52) Abaixo
desta

#14 (58-63)

Paragneiss

Paragneiss

Paragneiss

Paragneiss

Syn- to tardi-
deformational granite

Paragneiss

Paragneiss

Paragneiss

Paragneiss

Paragneiss to Syn- to
Tardi deformational
granite

Paragneiss

Banded semipelitic
gheiss with quartz,
biotite, plagioclase, and
K-feldspar

Banded semipelitic
gneiss with quartz,
biotite, plagioclase, and
K-feldspar

Banded semipelitic
gheiss with quartz,
biotite, plagioclase, and
K-feldspar

Granite Pegmatite
sigma2
Ep bearing Plag-Qtz 17RCC-
Paragneiss 02A
Fine-grained
microsyenite, with
some quartz and
granite xenoliths.
Sericitized groundmass.
Secondary thin veins
filled with calcite and
quartz.
Garnet-bearing quartz
rich granular gneiss
with plagioclase and
biotite

Metassedimentary
gneiss with quartz, K-
feldspar, biotite,
plagioclase, garnet, and
tourmaline

17RCC-03

17RCC-02A

n
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17

17

17

17
17
17
17
17
17

17

17

17

17

17

17

PR R R R

75-78

78-81

83-89

93,5-101

101-104
104-107
107-113
113-119
119-126
126-132

132-136

136-139

139-141

141-149

01-06

08-10

10
11
12
13
14

15

16

17

18

Paragneiss to Syn- to
Tardi deformational
granite

Paragneiss to Syn- to
#15 (78-83) Tardi deformational
granite

#15 (78-83) Paragneiss

#16 (93-102) Paragneiss

Paragneiss
Paragneiss
Paragneiss
Paragneiss
?
Paragneiss

Paragneiss to Syn- to
Tardi deformational
granite

Paragneiss to Syn- to
Tardi deformational
granite

Paragneiss to Syn- to
Tardi deformational
granite

Paragneiss to Syn- to
Tardi deformational
granite

Paragneiss to Syn- to
Tardi deformational
granite

#17 (8-16) Paragneiss

Quartz-rich
metasedimentary
gneiss

Quartz-rich
metasedimentary
gnheiss
Quartz-rich
metassedimentary
gneiss

Foliated
metasedimentary
gneiss with garnet
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© 0N O O
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18
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17R2-10
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17R2-13

17R2-14

Paragneiss

Paragneiss

Paragneiss
Paragneiss

Paragneiss
Paragneiss
Paragneiss

Paragneiss to Syn- to
Tardi deformational

granite

Paragneiss

Paragneiss to Syn- to
Tardi deformational

granite

Paragneiss

Paragneiss

Paragneiss
Paragneiss
Paragneiss

Paragneiss to Syn- to
Tardi deformational

granite
Paragneiss
Paragneiss

Foliated
metasedimentary
gneiss with garnet

Foliated
metasedimentary
gneiss with garnet

Foliated semipelitic
gneiss with garnet

10A - Chlorite-Calcite-
Sillimanite-Biotite Gneiss;
10B - Rutile-bearing
Biotitite

17R2-10A

Foliated semipelitic
gneiss with garnet

13A - Sillimanite-Garnet-
Calcite bearing Biotite-
Gneiss; 13B - Garnet-
Sillimanite-Calcite bearing
Biotite Gneiss

17R2-13A

Sillimanite-Calcite-Biotite

Gheiss 17R2-14A

17R2-10B

17R2-13B

17R2-14B
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#20 (122-129)

#20 (122-129)

#21 (65-74)

#22 (90-100)

#23 (107-118) Abaixo
desta

Paragneiss

Paragneiss

Paragneiss
Paragneiss
Paragneiss
Paragneiss
Paragneiss
Paragneiss
Paragneiss
Paragneiss
Paragneiss
Paragneiss
Paragneiss
Paragneiss
Syn- to tardi-
deformational granite
Syn- to tardi-
deformational granite
Syn- to tardi-
deformational granite
Syn- to tardi-
deformational granite
Syn- to tardi-
deformational granite
Syn- to tardi-
deformational granite
Syn- to tardi-
deformational granite
Syn- to tardi-
deformational granite

Post-deformational
granite

Foliated semipelitic
gneiss
Foliated semipelitic
gneiss

Granite pegmatite
sigma2

A and B - Bt Granite 17R3-14A

Granite pegmatite
sigmaz2
Granite pegmatite

sigma2 coarse-grained
K-feldspar rich facies

17R3-14B
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SUPPLEMENTARY MATERIAL 2 - STATISTICAL MODE FROM EACH SAMPLE

Table 4 — Mineral counting per sample

Quantity

16R2-08A
16R2-08B

17RCC-02 125 | 41 0 0 12 0 29 | 15 7 0 0 0 0 16 | 55 300
17RCC-03 101 | 27 0 0 8 0 32 | 33 | 17 0 0 0 0 9 73 300
16R2-13A 0 0 0 0 |245]| O 12 | 16 0 0 0 27 0 0 0 300
16R2-13B 287 | 0 0 0 0 0 0 0 13 0 0 0 0 0 0 300
17R2-10B 15 0 0 0 |236| O 3 10 | 17 0 0 15 4 0 0 300
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Percentual Classification

Sample

16R2-08A FK-Metagranite
16R2-08B FK-Metagranite

17RCC-02 42 | 14 0 0 4 0 10 5 2 0 0 0 0 5 18 Paragneiss
17RCC-03 34 9 0 0 3 0 11 | 11 6 0 0 0 0 3 24 Paragneiss
16R2-13A 0 0 0 0 82 0 4 5 0 0 0 9 0 0 0 Ep-Chl beating Rut Biotitite
16R2-13B 96 0 0 0 0 0 0 0 4 0 0 0 0 0 0 Cal bearing Quartzite
17R2-10B 5 0 0 0 79 0 1 3 6 0 0 5 1 0 0 Ep bearing Rut-Qtz-Cal Biotitite
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SUPPLEMENTARY MATERIAL 3 - COMPARISON BETWEEN PETROLOGICAL
INTERPRETATION FROM TARNEY (1977), CHEMALE ET AL. (2008) AND THIS WORK

Table 5 — Comparison between petrological interpretation

Tarney (1977) Chemale Jr. et al (2008) This work
Metasedimentary Gneiss Granulite Paragneiss Paragneiss
Deformed Pegmatitic Gneiss Not observed Pre-deformational Metagranite
Granite Pegmatite T1 Pink granite Tardi-deformational Granitoid
Granite Pegmatite T2 Post-kinematic pink granite Post-deformational Granite
Microsyenite Intrusion Not observed Paragneiss

Thin Basic Veins Biotite layer Melanossome
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SUPPLEMENTARY MATERIAL 4 - MICROTECTONICS

< B o B ERar v
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Deformafion
Lamellae
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Figure 15 - Main textural and mineral features observed in the studied thin section. A —
16R2-10A (0.63-0.67m) Contact between the Syn-to tardi-deformational granitoid and
Paragneiss. Note the trachytic texture, according to Imin. Also notice the granoblastic texture
of quartz in both rocks, demonstrating time spam of static recrystallization. Between the
lithological interface, that is, the zone of weakness, it was generated a cataclastic zone with
horse-tailing structures. B — 17R2-14A (0.87-0.96m) Evidence of dynamic recrystallization —
Pinning and window indicative of grain boundary migration (GBM), and therefore high-
temperature processes; C — 17RCC-03 (0.34-0.35m) — Paragneiss - Chessboard and
deformation lamellae microtextures, demonstrating the momentum of overlapping during the
first episode of progressive deformation in quartz crystals. The former is indicative of
superposing factors such as high temperature, strain rates, differential stresses, and water
content in either crystal lattice or grain vs. grain interface. The latter is indicative of a
progressive attenuation of those factors. The overlap of those contrasting features suggests
processes of retrometamorphism that mitigate the crystal recovery. D - 17RCC-03 (0.34-
0.35m) — Paragneiss — Bulging (BLG) and undulose quartz extinction. superposing of low-
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temperature/low-grade dynamic recrystallization microstructures; E — 17R2-14B (0.87-
0.96m) — Foliation planes of paragneisses and C-S fabric, suggesting a progressive
deformation that after the generation of an Sn» plane, it was generated an oblique foliation
Sn+1, followed by an event of static recrystallization; F — 16R2-01B (0.00-0.06m) Weathered
Paragneiss generated after the nucleation and homogenisation of garnet. The highly
fractured porphyroblast type & has an eye-shaped pattern, indicative of high strain rates in a
destral motion. The presence of truncated biotite fishes also corroborates to a destral
movement, with the shearing band near the interface of porphyroblast mantle. G — 16R2-
08A (0.50-0.56m) - Garnet porphyroblasts amalgamated within the lineation plane. This
feature suggests that the Grt crystals superimposed each other, after the homogenization
event and during the event of metamorphic climax. Probably, this fabric is related to a
transtensional stress regime associated with the R3 episode; H — 16R2-08A (0.50-0.56m)
Isomorphic bladed sillimanite aligned according to Imin; | — 16R2-08A (0.50-0.56m) fibrolite
product of reaction Biotite + Garnet = limenite+Fibrolite+Alkali Feldspar+Quartz+Water.
Note that the Grt porphyroblast is partially consumed, whilst the Bt is entirely absent. This
in-situ reaction validates the modeled pseudosection; J — 16R2-01B (0.00-0.06m)
Idiomorphic Tabular tourmaline porphyroblast related to post-deformational events; K —
17R2-14A (0.87-0.96m) Sagenitic texture in Biotite, which represents low-grade
metamorphism, typical of medium to superior green-schist facies. L — 17R2-13B (0.79-
0.87m) Ruptile regime and cataclasis evidence — the presence of Riedel Shear indicator in
quartz porphyroclast, suggesting a destral sense motion during ruptile-ductile episodes. Mff
- microscopic feather features; M — 17R2-13B (0.79-0.87m) Extensional vein en-echelon
filled by a tardi calcite mineral, with distinctive pressure twinning, suggesting a destral shear
sense. Note in the superior right corner the presence of twin pair, suggesting deformational
processes in the supracrustal regime. In the superior left corner, there are antithetical
fractures in Qtz crystals, cogenetic with those of “M,” also indicative os destral sense; N —
17R2-14A (0.87-0.96m) Bookshelf microtexture in ptygmatic Cal vein, indicating a
progressive destral deformation even in tardi-deformational low-temperature processes.
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SUPPLEMENTARY MATERIAL 5 — X-RAY DIFFRACTOMETRY (XRD) OF
MELANOSOME.

We made x-ray diffractometry (XRD) whole-rock analysis at Instituto de Geociéncias
da Universidade de Brasilia (UnB) in sample #16R2-11 to identify whether there is the
presence of expansive clays or not. The sample was pulverized and compacted on the
glass section. After the XRD analyses were conducted on a Rigaku Ultima IV coupled with
DETEX, using Cuka radiation (A = 1.5418 A), a Be filter, a voltage of 35 kV, and a current of
15 mA. The scan speed was 2°/min, with steps of 0.05°, and the 28 interval between 3° and
80°.

The minerals identified using this technique agree with the petrographical description
of the melanosome. We interpret the peak in intensity at d=10 and d=3.34 as characteristic
of biotite. Rutile is also present, with two distinct peaks at d=3.3, and d=1.66. These
paragenesis fits the sagenitic texture, characteristic of this lithofacies. Additionally, chlorites
(i.g. corrensite) were also identified, with two peaks at d=31.49 and d=14.15. Thus, we
suggest that the green-mineral pointed out by Tarney (1977) is corrensite. There are two
late mineral phases in this lithofacies: i) calcite; ii) kaolinite. Their presence suggests low-

temperature processes (Figure 16).
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Figure 16 — RX Diffractogram of sample #16R2-11, which consists of melanosome
lithofacies.
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SUPPLEMENTARY MATERIAL 6 — WHOLE ROCK GEOCHEMISTRY OBTAINED BY TARNEY (1977) AND THIS WORK

Table 6 — Geochemistry from Paragneisse lithofacies. Bold letters refer to data acquired by this work. Samples with asterisc refer to
data acquired by Tarney (1977)

Sample | 17R1-2* 17R1-6* 17R1-8* 17R2-2* 17R2-6* 11';*2' 1?12*2' 17R2-10 17R2-13 17R2-14 16R1-10 172530' 17R3CC' 17chc-
Major wt.% Paragneisse
Si02 70.50 80.90 79.70 66.90 61.70 61.00 61.80 70.15 64.19 58.98 76.53 66.30 69.98 70.15
TiO2 1.19 0.82 0.78 1.23 1.13 1.15 1.19 0.59 0.82 0.68 0.88 0.87 0.64 0.72
Al203 13.00 7.00 7.10 13.60 15.40 15.20 15.30 11.43 14.37 11.72 7.44 13.30 11.86 12.04
Fe203 3.36 2.53 2.77 2.73 4.23 4.60 4.39 n.a. n.a. n.a. n.a. 2.04 n.a. n.a.
FeO 2.15 1.76 2.00 4.10 3.75 3.60 3.58 n.a. n.a. n.a. n.a. 4.01 n.a. n.a.
Fe203T n.a. n.a. n.a. n.a. n.a. n.a. n.a. 5.89 6.49 7.61 4.71 n.a. 6.63 5.88
MnO 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.04 0.02 0.07 0.04 0.01 0.07 0.06
MgO 1.40 0.97 0.92 2.16 1.87 0.28 1.87 1.08 1.56 1.24 0.65 2.18 1.78 1.92
CaO 0.24 0.73 1.21 0.56 0.78 1.65 0.47 1.57 0.99 5.28 2.23 1.01 1.17 1.03
Na20 0.74 1.75 1.83 1.09 1.13 1.04 1.08 1.88 1.21 1.36 0.92 1.23 1.93 1.66
K20 4.62 1.50 1.32 4,12 4.59 4.29 5.29 3.62 5.57 3.55 2.97 4.65 3.48 3.85
P205 0.05 0.06 0.07 0.09 0.11 0.03 0.11 0.13 0.05 0.30 0.03 0.09 0.09 0.09
H20 2.48 1.37 1.67 2.81 4.35 4.02 3.83 n.a. n.a. n.a. n.a. 2.89 n.a. n.a.
CO2 0.10 0.20 0.40 0.20 0.20 0.20 0.20 n.a. n.a. n.a. n.a. 0.80 n.a. n.a.
LOI n.a. n.a. n.a. n.a. n.a. n.a. n.a. 3.78 4.38 8.11 411 n.a. 2.57 2.44
Total 99.90 99.80 99.90 99.50 98.50 99.00 99.30 100.20 99.64 98.90 100.50 99.50 100.20 99.82
Trace (ppm)
S 106 98 128 325 95 115 103 n.a. n.a. n.a. n.a. 522 n.a. n.a.
Cl 180 200 290 160 680 540 720 n.a. n.a. n.a. n.a. 190 n.a. n.a.
Sc n.a. n.a. n.a. n.a. n.a. n.a. n.a. 9 14 17 6 n.a. 12 11
Be n.a. n.a. n.a. n.a. n.a. n.a. n.a. 2 3 2 <1 n.a. 1 2
\Y n.a. n.a. n.a. n.a. n.a. n.a. n.a. 85 112 140 67 n.a. 86 87
Ba 702 562 663 627 709 502 696 475 703 464 374 527 391 439
Sr 51 72 73 60 77 67 78 96 90 114 58 55 76 70
Y 20 20 18 21 28 23 27 28 32 38 24 22 24 20
Zr 230 281 235 206 174 164 163 205 201 194 493 170 244 167




Cr
Co
Ni
Cu
Zn
Ga
Ge
As
Rb
Nb
Mo
Ag
In
Sn
Sb
Cs
La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
Hf
Ta

T
Pb
Bi
Th

95
n.a.
43
<5
111
n.a.
n.a.
n.a.
159
14
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
20
32
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
29
n.a.

n.a.

74
n.a.
25
<5
106
n.a.
n.a.
n.a.
66
11
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
16
24
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
13
n.a.

n.a.

61
n.a.
27
<5
119
n.a.
n.a.
n.a.
57
13
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
19
33
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
11
n.a.

n.a.

106
n.a.
68
14
164
n.a.
n.a.
n.a.
127
14
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
25
44
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
34
n.a.

n.a.

114
n.a.
39
95
199
n.a.
n.a.
n.a.
135

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
21
37
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
45
n.a.

n.a.

103
n.a.
38
90
166
n.a.
n.a.
n.a.
138
10
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
22
35
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
24
n.a.

n.a.

103
n.a.
43
73
176
n.a.
n.a.
n.a.
158

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
27
49
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
37
n.a.

n.a.

80
12
30
70
100
14

<5
141

<2
0.9
<0.2

<05
54
19.8
42.6
5.09
20.2
4.6
1.24
51
0.9
54
11
3.2
0.48
3.2
0.48
4.2
0.5

0.9
19
<0.4
6.1
3.8

100
17
50
50

130
19

<5
227
10
<2
0.9
<0.2

<0.5
9.3
32.7
66.1
7.94
31.6
6.8
1.43
6.6
11
6.6
13
3.7
0.55
3.5
0.54
4.5
0.7

13
24
<0.4
9.7
4.6

90
18
40
80
120
16

<5
153

<2
0.9
<0.2

<05
14.8
30
64.7
7.85
30.8

1.72

1.3
8.3
1.6
4.8
0.73
53
0.82
4.2
0.7

17
<0.4
9
59

90
10
20
20
40

<5
102

<2
2.3
<0.2

<05
2.6
27.7
57.8
6.9
26.4
5.5
1.02
51
0.8
4.9

2.9
0.46
3.4
0.54
10
0.7

0.6
<04

8.9
3.5

80
n.a.
46
115
555
n.a.
n.a.
n.a.
178
16
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
28
50
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
33
n.a.
12
n.a.

90
19
40
100
200
17

<5
161
13

11
<0.2

<0.5
15
24
53.2
6.32
245
5.6
0.8
54
0.9
4.7
0.9
2.7
0.39
2.6
0.43
54
0.9
10
1.2
20
<04
20.5
5.8

120

90
18
40
70
190
18

<5
184
13
<2
0.5
<0.2

<0.5

26.3
55.1
6.75
25.1
59
0.89
5.2
0.8
4.3
0.8
2.5
0.38
2.6
0.37

<1
1.2
19
<04
10.9
4.2
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Table 7 - — Geochemistry from Weathered Paragneisse lithofacies. Bold letters refer to data acquired by this work. Samples with

asterisc refer to data acquired by Tarney (1977)

16R1- 16R1- 16R2- 16R2- 16R2- 16R2-
Sample 16R1-0* 16R1-2* 16R1-8* 13* 3% 14% o1* 2% oEx 17R1-0*
Major wt. % Weathered Paragneisses
Si0o2 67.10 71.20 79.60 78.90 70.90 63.40 59.80 58.00 64.60 81.30
TiO2 0.76 0.68 0.92 1.25 0.89 1.16 1.27 1.31 1.21 0.88
Al203 7.30 6.00 6.60 6.40 9.10 13.70 15.30 18.70 13.70 7.00
Fe203 1.70 2.36 2.65 3.71 4.48 5.42 5.87 4.56 4.58 2.67
FeO 1.54 1.36 0.68 2.37 2.26 3.74 3.53 3.62 3.46 1.38
Fe203T n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
MnO 0.15 0.16 0.11 0.12 0.12 0.11 0.12 0.11 0.12 0.12
MgO 0.65 0.59 0.69 0.96 1.20 1.85 1.76 1.59 1.66 0.80
CaO 9.55 8.62 2.32 0.98 2.16 0.83 1.34 0.32 0.80 0.62
Na20 0.83 0.60 1.02 0.85 1.29 0.86 1.41 0.78 1.56 2.02
K20 2.35 2.24 2.72 2.15 3.32 3.74 4.08 6.58 3.73 1.23
P205 0.04 0.01 0.34 0.01 0.03 0.01 0.38 0.11 0.07 0.06
H20 1.97 1.82 1.69 2.65 3.15 4.23 4,12 3.76 3.43 1.60
CO2 5.94 4.70 1.00 0.40 0.90 0.60 0.70 0.10 0.27 0.10
LOI n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Total 99.80 100.30 100.30 100.70 99.80 99.60 99.70 99.50 99.20 99.80
Trace (ppm)
S 129 193 108 158 115 67 86 79 121 103
Cl 570 490 260 360 750 470 730 350 390 410
Sc n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Be n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
\Y n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Ba 306 421 574 608 518 354 489 688 527 574
Sr 67 64 62 42 63 47 85 73 78 66
Y 30 31 46 19 21 17 56 27 28 22
Zr 256 271 428 549 336 172 195 179 189 335
Cr 68 66 77 117 61 106 101 113 91 71
Co n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Ni 30 31 24 28 39 55 56 49 91 29




Cu
Zn
Ga
Ge
As
Rb
Nb
Mo
Ag
In
Sn
Sh
Cs
La
Ce
Pr
Nd
Sm
Eu
Gd
Th
Dy
Ho
Er
Tm
Yb
Lu
Hf
Ta

Tl
Pb
Bi
Th

115
54
n.a.
n.a.
n.a.
56

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
13
26
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
11
n.a.

n.a.

180
56
n.a.
n.a.
n.a.
57

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
14
35
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

n.a.

n.a.

<5
39

n.a.
n.a.
n.a.

96
11

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

20
46

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

n.a.

n.a.

20
72

n.a.
n.a.
n.a.

68
14

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

20
35

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

n.a.

11

n.a.

19
80

n.a.
n.a.
n.a.

93
11

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

35
59

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

19

n.a.

24

n.a.

36
137
n.a.
n.a.
n.a.
127

18
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

21

38
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

14
n.a.

11
n.a.

<5
119
n.a.
n.a.
n.a.
119
14
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
51
98
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
15
n.a.

n.a.

<5
141
n.a.
n.a.
n.a.
189
11
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
33
57
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
32
n.a.

n.a.

138
n.a.
n.a.
n.a.
118
12
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
30
54
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
17
n.a.

n.a.

<5
86

n.a.
n.a.
n.a.

53
14

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

15
33

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

n.a.

n.a.

122
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Table 8 - Geochemistry from Pre-, syn- to tardi-, and post-deformational granitoid lithofacies. Bold letters refer to data acquired by
this work. Samples with asterisc refer to data acquired by Tarney (1977)

Sample | 16R2-8* 16R2-08 16R1-4* 115*3' 115*3' 17?90' 17R3-14 17R1CC- 17R3-12 17R3-09 17R3-14 1;5*3' 16R2-18 16R2-07
Major wt. % Prel\-/ldeeil;?grrrgﬁitllgnal Syn- to tardi-deformational Granite Post-deformational Granite
Si02 70.10 71.88 66.30 71.60 71.50 73.90 70.85 72.28 71.63 72.77 71.61 63.00 71.17 84.43
TiO2 0.08 0.09 0.02 0.14 0.19 0.35 0.22 0.19 0.15 0.16 0.21 0.01 0.33 0.01
Al203 14.30 12.98 12.30 15.40 15.60 13.30 13.37 13.41 14.00 13.81 14.58 21.60 12.76 7.05
Fe203 2.03 n.a. 0.95 0.66 0.86 1.37 n.a. n.a. n.a. n.a. n.a. 0.10 n.a. n.a.
FeO 2.42 n.a. 0.03 0.02 0.10 0.22 n.a. n.a. n.a. n.a. n.a. 0.05 n.a. n.a.
Fe203T n.a. 4.80 n.a. n.a. n.a. n.a. 1.98 1.67 1.93 0.96 1.35 n.a. 2.92 0.49
MnO 0.12 0.05 0.12 0.01 0.01 0.01 0.02 0.02 0.01 0.00 0.01 0.01 0.02 0.01
MgO 0.48 0.44 0.19 0.28 0.39 0.54 0.36 0.42 0.31 0.30 0.37 0.04 0.38 0.07
CaO 0.52 0.31 6.72 0.67 0.44 0.32 1.00 0.58 0.51 0.27 0.34 0.73 0.77 0.51
Na20 0.96 1.34 1.37 2.27 2.70 2.29 2.28 2.58 2.53 1.99 2.16 2.14 1.20 1.07
K20 5.92 5.65 6.68 7.77 6.72 6.42 7.54 7.08 7.38 8.30 8.61 10.94 7.66 4.39
P205 0.30 0.14 0.06 0.13 0.13 0.12 0.16 0.18 0.16 0.18 0.17 0.15 0.05 0.08
H20 2.20 n.a. 0.90 0.72 0.79 0.79 n.a. n.a. n.a. n.a. n.a. 0.46 n.a. n.a.
CO2 0.20 n.a. 4.50 0.10 0.10 0.10 n.a. n.a. n.a. n.a. n.a. 0.10 n.a. n.a.
LOI n.a. 1.96 n.a. n.a. n.a. n.a. 1.33 0.84 0.71 0.60 0.66 n.a. 1.49 0.53
Total 99.60 99.63 100.10 99.80 99.60 99.80 99.11 99.26 99.32 99.34 100.10 99.40 98.76 98.65
Trace (ppm)
S 64 n.a. 395 117 87 90 n.a. n.a. n.a. n.a. n.a. 72 n.a. n.a.
Cl 290 n.a. 260 390 340 400 n.a. n.a. n.a. n.a. n.a. 440 n.a. n.a.
Sc n.a. 7 n.a. n.a. n.a. n.a. <1 2 <1 <1 <1 n.a. 3 <1
Be n.a. <1 n.a. n.a. n.a. n.a. <1 <1 <1 <1 <1 n.a. <1 <1
V n.a. 9 n.a. n.a. n.a. n.a. 7 14 8 8 8 n.a. 26 <5
Ba 641 564 594 599 558 627 480 455 469 515 569 610 563 405
Sr 83 87 125 104 113 96 96 106 108 100 108 126 101 60
Y 29 22 21 7 5 6 6 7 6 4 4 5 7 4
Zr 72 90 11 85 99 103 99 114 99 29 75 8 43 5
Cr 13 20 17 10 1 90 <20 20 30 20 30 9 40 30
Co n.a. 6 n.a. n.a. n.a. n.a. 3 4 4 3 3 n.a. 6 <1




Ni
Cu
Zn
Ga
Ge
As
Rb
Nb
Mo
Ag

In
Sn
Sb
Cs
La
Ce
Pr
Nd
Sm
Eu
Gd
Th
Dy
Ho
Er
Tm
Yb
Lu
Hf
Ta

Tl
Pb
B

Th

18

32
n.a.
n.a.
n.a.
161

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
10
20
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
49
n.a.

n.a.

<20
10

<30
18

<5
189

<2
<0.5
<0.2

<0.5
6.7
21.1
43.4
5.04
17.7
4.2
0.86
4.2
0.7
3.9
0.8
2.3
0.42

0.52
2.4
<0.1

13
27
<04
14.8
6.7

1400
29
n.a.
n.a.
n.a.
214

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

12
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
36
n.a.

n.a.

<2

<5

28
n.a.
n.a.
n.a.
252

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
13
24
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
76
n.a.

n.a.

<5

32
n.a.
n.a.
n.a.
229

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
11
24
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
69
n.a.
11
n.a.

<5

72
n.a.
n.a.
n.a.
201

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
22
42
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
66
n.a.
17
n.a.

<20
<10
<30
15
<1
<5
244

<2
<0.5
<0.2

<0.5
1.5
25.8
55.2
6.52
23.6
6.1
1.02
5.2
0.6
2.1
0.2
0.5
0.06
0.3
0.06
2.3
0.2

1.7
39
<04
12.9
3.5

<20
10

<30
13
<1
<5
230

<2
<0.5
<0.2

<0.5
1.3
22
48.2
5.77
22
5.8
1.06
51
0.5
1.8
0.2
0.4
0.05
0.4
<0.01
3
0.2
2
1.7
40
<04
10
4.2

<20
<10
40
16
1
<5
257
2
<2
<0.5
<0.2
2
<0.5
1.7
29.3
64.1
7.81
27.9
7.2
1.05
5.8
0.7
2.1
0.2
0.4
<0.05
0.3
<0.01
2.4
0.1
<1
1.7
51
<04
18.1
4.3

<20
<10
30
16
<1
<5
279
2
<2
<0.5
<0.2
1
<0.5
1.9
15.8
335
4.09
14.7
3.9
1
3.1
0.3
1.1
0.1
0.2
<0.05
0.1
<0.01
0.7
0.9
<1
1.9
50
<04
9.4
2.5

<20
<10
30
16
1
<5
274
4
<2
<0.5
<0.2
3
<0.5
1.8
27.4
59
7.18
25.5
7.1
1.2
5.7
0.6
2
0.2
0.3
<0.05
0.2
<0.01
2.8
0.2
<1
2.1
57
<04
15.7
3.7

<2
<5

n.a.
n.a.
n.a.
331

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
108
n.a.
1
n.a.

<20
20

<30
14

<5
234

<2
<0.5
<0.2

<05
2.6
17.4
311
4.04
151
3.4
1.07
2.9
0.4

0.3
0.8
0.14
0.9
0.13
1.2
0.3
<1
1.2
39
<04
8.4
1.4
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<20
<10
<30

<5
151
<1
<2
<0.5
<0.2
<1
<0.5
0.9
5.8
11.5
1.39
4.8
1.3
0.42

0.1
0.5
<0.1
0.2
<0.05
0.2
<0.01
0.2
<0.1
<1
0.6
14
<04
2.1
0.3
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Table 9 - Geochemistry from Melanossome lithofacies. Bold letters refer to data acquired by this work. Samples with asterisc refer
to data acquired by Tarney (1977)

Sample 16R2-1* 16R2-1

Major wt.% Melanossome
Si02 43.30 39.15
TiO2 2.41 2.21

Al203 20.40 22.03
Fe203 6.82 n.a.
FeO 7.84 n.a.
Fe203T n.a. 17.05
MnO 0.13 0.04
MgO 2.28 2.97
CaO 1.06 0.29
Na20 0.38 0.54
K20 6.91 5.14
P205 0.01 0.04
H20 7.58 n.a.
CO2 0.70 n.a.
LOI n.a. 9.11
Total 99.80 98.56
Trace (ppm)
S 31 n.a.
Cl 690 n.a.
Sc n.a. 25
Be n.a. 6
\Y n.a. 275
Ba 698 695
Sr 44 81
Y 30 47




Zr

Cr
Co
Ni

Cu
Zn
Ga
Ge
As
Rb
Nb
Mo
Ag

Sn
Sb
Cs
La
Ce
Pr
Nd
Sm
Eu
Gd
Th
Dy
Ho
Er
Tm
Yb
Lu
Hf

323
223
n.a.
87
12
163
n.a.
n.a.
n.a.
214
26
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
28
56
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

574
220
46
110
30
190
49

<5
306
44
<2
2.7
<0.2

<05
17.6
100
213
25.7
99.8
22.6
1.09
20.7
2.7
12.2

51
0.71
4.7
0.71
13.6
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Ta

Tl
Pb
Bi
Th

n.a.
n.a.
n.a.

13

n.a.

14

n.a.

2.2
<1
1.4
13
<04
29.8
17
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SUPPLEMENTARY MATERIAL 7 — CHLORITE CHEMICAL DATA

Table 10 — Chlorite mineral analyses

Paragneiss n= 12

Weathered Paragneiss n=4

Pre-deformational
metagranitoid n=5

wt. % X o Cl (20) X o Cl (20) X o Cl (20)
SiO2 25.61 0.59 0.38 36.16 1.71 2.72 30.62 1.14 1.42
TiO2 0.03 0.02 0.01 0.03 0.03 0.05 0.01 0.01 0.02
Al203 18.42 0.50 0.32 19.42 3.08 4.90 15.96 0.42 0.52
V203 0.08 0.03 0.02 0.01 0.01 0.02 0.03 0.01 0.01
Cr20s3 0.06 0.06 0.04 0.01 0.02 0.04 0.07 0.04 0.05
FeO 32.65 2.26 1.44 33.45 0.43 0.68 37.19 0.75 0.93
MnO 8.76 1.53 0.97 0.84 0.46 0.74 0.03 0.01 0.02
MgO 0.25 0.06 0.04 4.74 0.99 1.57 2.04 0.06 0.08
Na20 0.01 0.01 0.01 0.05 0.07 0.11 0.06 0.02 0.02
K20 0.05 0.03 0.02 0.21 0.34 0.55 0.53 0.09 0.11
F 0.02 0.02 0.01 0.02 0.02 0.04 0.00 0.01 0.01
O=ClI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N.A.
Total 83.58 0.86 0.55 93.00 5.83 9.28 84.00 1.10 1.36
H20 9.93 0.14 0.09 11.98 0.86 1.36 10.36 0.23 0.28
apfu
Si 3.04 0.07 0.04 3.59 0.10 0.16 3.50 0.08 0.10
Ti 0.00 0.00 N.A. 0.00 0.00 N.A 0.00 0.00 N.A
Al 2.54 0.07 0.04 2.23 0.20 0.32 2.10 0.05 0.06
Fea+ 3.25 0.25 0.16 2.80 0.21 0.34 3.55 0.14 0.18
Mn 0.86 0.14 0.09 0.06 0.04 0.06 0.00 0.00 N.A
Mg 0.00 0.00 N.A. 0.63 0.09 0.14 0.31 0.07 0.09
F 0.00 0.00 N.A. 0.00 0.00 N.A 0.00 0.00 N.A
Cl 0.00 0.00 N.A. 0.00 0.00 N.A 0.00 0.00 N.A
OH 8.00 0.00 N.A. 8.00 0.00 N.A 8.00 0.00 N.A
Tetrahedral
Si 3.04 0.07 0.04 3.59 0.10 0.16 3.50 0.08 0.10
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Al 096  0.07 0.04 041  0.10 0.16 050  0.08 0.10

Total Tetrahedral| 4.00  0.00 N.A. 400  0.00 N.A 400  0.00 N.A.
Octahedral

Alvi 158  0.07 0.04 1.81  0.10 0.16 1.60  0.08 0.10

Fez: 325  0.25 0.16 280 021 0.34 355  0.14 0.18

Mn 086  0.14 0.09 006  0.04 0.06 0.00  0.00 N.A

Mg 0.00  0.00 N.A. 0.63  0.09 0.14 031  0.07 0.09

Total Octahedral | 569  0.06 0.04 530  0.00 0.01 5.45  0.08 0.10

Octahedral 031  0.06 0.04 070  0.00 0.01 055  0.08 0.10

vacant
OH 8.00  0.00 N.A. 8.00  0.00 N.A 8.00  0.00 N.A
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SUPPLEMENTARY MATERIAL 8 - TOURMALINE CHEMICAL DATA

Tourmaline group minerals were analyzed using the software WinTCal (Yavuz et al.,
2014). They were normalized to have either 15 cations at T + Z + Y position or the sum of
OH + F + Cl=4. The Fe®" content was estimated according to the normalization to Oz24.5 and
stoichiometric calculation of H20 content made on software.

All crystals fit the alkaline tourmaline zone with two distinctive populations (hydroxy-
and fluor). They have a significant amount of YMg?* in comparison with other elements that
can fit Y-site. Also, there is an exotism of the allocated element in the X-site (i.g. K*).
According to Henry et al. (2011) classification scheme they are classified as Potassium Rich

(Fluor)-Dravites (Figure 17).

ca” OH" F" 2Li"
& ®
Hydroxy Fluor
species S@cies
Elbaite
Oxy
species
X-vacant Alkali Schorl Dravite
group group
- S e
X-site vacancy Na" (+K") 0* "Fe* " M

Figure 17 - Tourmaline classification according to Henry et al. (2011). A — Ternary diagram
of Tourmaline Primary Group, according to the element that fits the X-site vacancy. Note
that K1+ occupies the vacancy, instead of Nal+. B — Ternary diagram of tourmaline
species, according to the element that fits the W-site vacancy. Note two distinct populations:
OH1- rich near the crystal center, and F1- near the crystal rim. C- Ternary diagram of alkali
elements that fit the Y-site. Note that the analyses have a trend from Mg-rich nucleus to Fe-
rich borders.

A variety of environments can generate tourmalines. The tourmaline crystals have a
wide stability range using PT, fluid composition, and whole rock composition (van Hinsberg
et al., 2011). Here, we interpret the tourmaline as generated during the post-kinematic event
(e.g., the post-kinematic blade shape of its crystals). Additionally, it is identifiable that the
tourmaline has a metamorphic origin; thereby, being related to metapelites, Ca-poor
metapelites, and metapsamites (Figure 18 - A e B). There is no relationship with the
tourmalines and greisenization processes or contact metamorphism (Figure 19 - C). Thus,

the tourmalines were generated by tardi-fluid-rich metamorphism. This data suggests that,
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by the time of tourmaline generation, the metamorphism generated the granitogenesis, not

the opposite.

M tot
A AlEIbaite Eavit;g1 % 3 X / Fe

‘Oxy-schorl’ Magneyjo foitite
Foitite

2 /4 \\
Schorl .
Buergerite, : Dravite
3 6 8
Uvite
Liddicoatite
AlsoFesu AlsoMgso Ca
Cl1.00 -
Endogranitic
to
Proximal
1
0,80 — (1)
(2)
Proximal
to
060 — intermediate [ @ 88@)
—T 1 T Surfacd
(3) .Y
0,40 — i
i Vei
@ )
N
0,20 — A\ ! UL Endograisen (3)
. _ Distal
0,00 — L

0,00 2,00 4,00 6,00 8,00 10,00
MgO (wt%)

Figure 18 - Tourmaline classification. A and B) Ternary diagrams proposed by Henry and
Guidotti (1985) to predict the geotectonic environment in which the tourmaline were
generated. Legend: A) 1-Li-rich granitoid pegmatites and aplites; 2—Li-poor granitoids and
their associated pegmatites and aplites; 3—Ferric iron-rich quartz-tourmaline rocks
(hydrothermally altered granites); 4—Metapelites and metapsammites coexisting with an Al-
saturating phase; 5—Metapelites and metapsammites not coexisting with an Al-saturating
phase; 6—Ferric iron-rich quartz-tourmaline rocks, calc-silicate rocks, and metapelites; 7—
Low-Ca meta ultramafics and Cr, V-rich metasediments; B) 1-Li-rich granitoid pegmatites
and aplites; 2-Li-poor granitoids and associated pegmatites and aplites; 3-Ca-rich
metapelites, metapsammites, and calc-silicate rocks. 4-Ca-poor metapelites,
metapsammites, and quartz-tourmaline rocks; 5-Metacarbonates; 6-Metaultramafics. C)
Binary diagram proposed by Pirajno and Smithies (1992) to estimate the proximity with a
granitic source, based on major elements. Modified from Yavuz et al. (2014).
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Table 11 — Tourmaline mineral analyses
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Sio2 TiO2 Al203 V203 Cr203 FeO MnO MgO CaO Na20 K20 F H20 B203 F Total
36,738 3,49 19,28 0,174 0 15 0.022 9.5040 0.08 0,374 8,812 0,904 3.245 9.938 0 102.183
36,526 3,912 19,222 0,194 0 15 0.064 9.2070 0.229 0,28 9,004 0,781 3.453 10.035 0 104.488
36,116 4,286 18,359 0,202 0,009 16.29 0.03 9.4850 0.033 0,311 9,05 0,933 3.461 10.083 0 105.544
% 35,878 4,105 17,891 0,202 0 16 0.067 9.9220 0.043 0,328 9,221 0,823 3.417 9.83 0 103.248
g 35,85 3,834 17,956 0,198 0,032 16 0.058 9.9780 0.087 0,343 8,978 0,999 3.211 9.743 0 100.954
o 35,908 3,739 18,168 0,193 0,036 16.33 0.077 10.4040 0,044 0,354 9,308 1,044 2,981 10.052 0.421 104.613
E» 36,209 3,569 18,353 0,188 0 15 0.036 10.8880 0,036 0,311 8,89 1,04 2.793 10.071 0.421 103.444
%’ 35,983 3,849 17,904 0,206 0,136 15 0.064 10.3880 0,099 0,327 8,724 0,884 3.207 9.722 0 99.929
36,958 3,143 20,087 0,17 0,134 13 0.03 9.1120 0,085 0,314 8,934 0,898 3.251 9.978 0 102.23
37,444 3,649 21,006 0,205 0 13 0.025 8.1930 0,078 0,249 9,19 0,583 3.456 10.058 0 104.514
36,333 3,121 17,89 0,187 0,153 16 0.039 10.9160 0,082 0,318 9,037 1,064 2.961 9.935 0.421 103.475
35,162 3,272 17,633 0,186 0,091 16 0.095 10.6620 0,107 0,354 8,916 1,212 2.767 9.916 0.421 102.262
Si Ti Al Fe(3+) Fe(2+) Mg K F B (%) H20 OH F Total
6.296 0.395 3.916 1.394 0.654 2.346 1.785 0 2.996 3.245 3.785 0 3.785
6.235 0.391 3.878 1.496 0.676 2.324 1.988 0 2.994 3.453 3.989 0 3.989
6.205 0.519 3.657 1.619 0.687 2.313 1.979 0 2.996 3.461 3.979 0 3.979
6.188 0.532 3.542 1.738 0.628 2.372 2.03 0 2.999 3.417 4.03 0 4.03
5 6.243 0.402 3.574 1.78 0.607 2.393 1.821 0 3.016 3.211 3.821 0 3.821
% 6.051 0.39 3.668 1.891 0.423 2.577 1.985 0.547 3.024 2.981 3.438 0.547 3.985
6.212 0.389 3.661 1.737 0.427 2.573 1.761 0.546 3.019 2.793 3.215 0.546 3.761
6.257 0.403 3.582 1.758 0.335 2.665 1.824 0 3.014 3.207 3.825 0 3.825
6.271 0.393 4.106 1.231 0.663 2.337 1.778 0 2.989 3.251 3.778 0 3.778
6.394 0.39 4.277 0.94 0.939 2.061 1.984 0 2.958 3.456 3.984 0 3.984
6.298 0.395 3.505 1.802 0.392 2.608 2.009 0.553 3.005 2.961 3.455 0.553 4.009
6.135 0.395 3.512 1.958 0.387 2.613 1.789 0.554 3.033 2.767 3.235 0.554 3.789
KX)  Total(X) Ti(Y) Fe2+(Y) Mg(Y) | Total(Y) AZ)  Fe3+2) Mg(Z) | Total@) Sim | Total(T) OH(V)  OH (W) (chr;'v) F (W) o W) (\T/f’fvav')
1.785 1.785 0.395 0.654 1.656 2.704 3.916 1.394 0.69 6 6.296 6.296 3 0.785 3.785 0 0.215 4
1.988 1.989 0.391 0.676 1.698 2.765 3.878 1.496 0.626 6 6.235 6.235 3 0.989 3.989 0 0.011 4
1.979 1.979 0.519 0.687 1.589 2.795 3.657 1.619 0.724 6 6.205 6.205 3 0.979 3.979 0 0.021 4
2.03 2.03 0.532 0.628 1.652 2.812 3.542 1.738 0.72 6 6.188 6.188 " 3 1 4.03 0 0 4
§ 1.821 1.821 § 0.402 0.607 1.748 2.757 § 3.574 1.78 0.646 6 § 6.243 6.243 % 3 0.821 3.821 0 0.179 4
k>7<) 1.985 1.985 g 0.39 0.423 2.136 2.949 ”N_’ 3.668 1.891 0.441 6 "’__7 6.051 6.051 % 3 0.438 3.438 0.547 0.015 4
1.761 1.761 0.389 0.427 1971 2.788 3.661 1.737 0.602 6 6.212 6.212 > 3 0.215 3.215 0.546 0.239 4
1.824 1.825 0.403 0.335 2.005 2.743 3.582 1.758 0.66 6 6.257 6.257 3 0.825 3.825 0 0.175 4
1.778 1.778 0.393 0.663 1.673 2.729 4.106 1.231 0.664 6 6.271 6.271 3 0.778 3.778 0 0.222 4
1.984 1.984 0.39 0.939 1.277 2.606 4.277 0.94 0.784 6 6.394 6.394 3 0.984 3.984 0 0.016 4
2.009 2.009 0.395 0.392 1.915 2.702 3.505 1.802 0.693 6 6.298 6.298 3 0.447 3.455 0.553 0 4
1.789 1.789 0.395 0.387 2.083 2.865 3.512 1.958 0.53 6 6.135 6.135 3 0.235 3.235 0.554 0.211 4
Group Species | Dominant Dominant | _ Dominant di-\r/gtlzlnt Dd?\glgi?t Total Dc_Jminant Total quinant _Total Dc_)minant Total Dc_)minant _Total quinant Total Dominant
name (X- series cation (X- OH/(O_H+O) anion (V- Sl/(S|+_B+AI) cation (T- cation cation d|\_/alent dl\_/alent dlyalent d|\_/alent trlva_lent trlva_lent trl\_/alent trl\_/alent trl\_/alent trl\_/alent que_id. q_uad.
site) (W-site) site) (V-site) site) (T-site) site) (Y+Z (Y+Z catlpn (Y- catlc_)n (Y- cathn (z- catlpn (z- catl_on catlpn catlpn (Y- catlc_m (Y- cauqn (z- canpn (z- caupn canpn Yz
sites) sites) site) site) site) site) (YZ sites)  (YZ sites) site) site) site) site) (YZ sites) sites)
Alkali Hydroxy- K 1 OH 1 Sid+ 3 Mg2+ 231 Mg2+ 0.69 Mg2+ 5.31 Al3+ 0 n.a. 5.31 Al3+ 0.395 Tid+
Alkali Hydroxy- K 1 OH 1 Sid+ 3 Mg2+ 2.374 Mg2+ 0.626 Mg2+ 5.374 Al3+ 0 n.a. 5.374 Al3+ 0.391 Tid+
Alkali Hydroxy- K 1 OH 1 Sid+ 3 Mg2+ 2.276 Mg2+ 0.724 Mg2+ 5.276 Al3+ 0 n.a. 5.276 Al3+ 0.519 Tid+
Alkali Hydroxy- K 1 OH 1 Sid+ 3 Mg2+ 2.28 Mg2+ 0.72 Mg2+ 5.28 Al3+ 0 n.a. 5.28 Al3+ 0.532 Tid+
Alkali Hydroxy- K 1 OH 1 Sid+ 3 Mg2+ 2.354 Mg2+ 0.646 Mg2+ 5.354 Al3+ 0 n.a. 5.354 Al3+ 0.402 Tid+
Alkali Fluor- K 1 OH 1 Si4+ 3 Mg2+ 2.559 Mg2+ 0.441 Mg2+ 5.559 Al3+ 0 n.a. 5.559 Al3+ 0.39 Tid+
Alkali Fluor- K 1 OH 1 Si4+ 3 Mg2+ 2.398 Mg2+ 0.602 Mg2+ 5.398 Al3+ 0 n.a. 5.398 Al3+ 0.389 Tid+
Alkali Hydroxy- K 1 OH 1 Sid+ 3 Mg2+ 2.34 Mg2+ 0.66 Mg2+ 5.34 Al3+ 0 n.a. 5.34 Al3+ 0.403 Tid+
Alkali Hydroxy- K 1 OH 1 Sid+ 3 Mg2+ 2.336 Mg2+ 0.664 Mg2+ 5.336 Al3+ 0 n.a. 5.336 Al3+ 0.393 Tid+
Alkali Hydroxy- K 1 OH 1 Sid+ 3 Mg2+ 2.216 Mg2+ 0.784 Mg2+ 5.216 Al3+ 0 n.a. 5.216 Al3+ 0.39 Tid+




Alkali Fluor- K 1 OH 1 Si4+ 3 Mg2+ 2.307 Mg2+ 0.693 Mg2+ 5.307 Al3+ 0 n.a. 5.307 Al3+ 0.395 Tia+
Alkali Fluor- K 1 OH 1 Si4+ 3 Mg2+ 2.47 Mg2+ 0.53 Mg2+ 5.47 Al3+ 0 na. 5.47 Al3+ 0.395 Tia+
Total
R1 R2 R3 R+ R2+ R3+ Mg* Al* Na* OH* T-site Z-site Y-site X-site Cation
charge
0 4.394 4.441 1.785 3 5.836 2.605 6.099 1.785 0.785 25.183 17.31 6.198 1.785 50.475
0 4.496 4.398 C 1.989 3 5.895 2.609 6.156 1.989 0.989 24.939 17.374 6.312 1.989 50.614
c
S 0 4.619 4.346 S 1.979 3 5.967 o 2.481 6.313 1.979 0.979 . 24.822 17.276 6.626 1.979 50.703
s 0 4.738 4.25 g 2.03 3 5.989 5 2.468 6.344 2.03 1 = 24.752 17.28 6.688 2.03 50.75
2 0 4.78 4.109 g 1.821 3 5.891 £ 2.598 6.159 1.821 0.821 5 24.973 17.354 6.318 1.821 50.466
()
< 0 4.891 4.187 = 1.985 3 6.079 £ 2.61 6.339 1.985 0.985 2 24.205 17.559 6.678 1.985 50.426
= 0 4.737 4.179 = 1.761 3 5.917 | 2.611 6.177 1.761 0.761 » 24.85 17.398 6.354 1.761 50.363
© 0 4.758 4.118 © 1.825 3 5.878 2.597 6.146 1.825 0.825 25.028 17.34 6.293 1.825 50.485
0 4.231 4.628 1.778 3 5.86 2.607 6.122 1.778 0.778 25.082 17.336 6.245 1.778 50.441
0 3.94 4.795 1.984 3 5.736 2.61 5.996 1.984 0.984 25.575 17.216 5.992 1.984 50.768
0 4.802 4.03 2.009 3 5.834 2.605 6.097 2.009 1 25.191 17.307 6.194 2.009 50.701
0 4.958 4.038 1.789 3 5.997 2.605 6.261 1.789 0.789 24.538 17.47 6.522 1.789 50.319
Fe3+/ (Al
O/(0+ Al/(Al+ Total Total Total )
T-site Z-site Y-site X-site Fe(tor) / (Fe Na/(Na+Ca) Al/(Al+Mg) Al/(Al+Si) AllAl+Fe — Ca/(CatFe OH+F) Fe3+Cr) *Fes+ Si excess | Normalizat. (Z+Y (T+Z+Y  (T+Z+Y+X | Subgroup Tourm_allne
(tot) +Mg) (tot)+Mg)  (tot)+Mg) . . Cr) (z- ) . . species
(W-site) (Z-site) site) sites) sites) sites)
Full Full Deficiency Full 0.466 1 0.625 0.383 0.471 0 0.215 0.738 0.262 0206 | 12caons g0, 15 16.785 | Subgroup Potassium-
(T+Z+Y) 1 dravite
Full Full Deficiency Full 0.483 1 0.625 0.383 0.463 0 0.011 0.722 0.278 0235 | 1>calions g 265 15 16.989 | Subgroup Potassium-
(T+Z+Y) 1 dravite
Full Full Deficiency Full 0.499 1 0.613 0.371 0.442 0 0.021 0.693 0.307 0205 | 18caions g oqg 15 16.979 | Subgroup Potassium-
(T+Z+Y) 1 dravite
Full Ful  Deficiency  Full 0.499 1 0.599 0.364 0428 0 0 0671 0329 | o1ss |12Caons  gaqy 15 17.03 | Subgroup Potassium-
(T+Z+Y) 1 dravite
c
(] . .
= Full Ful  Deficiency  Full 0.499 1 0.599 0364  0.428 0 0.179 0.668 0332 | o243 |150CEHONS 5oy 15 16.821 | Subgroup Potassium-
S (T+Z+Y) 1 dravite
= -~ 15 cations subgroup Potassium-
s Full Full Deficiency Full 0.473 1 0.587 0.377 0.429 0 0.015 0.66 0.34 0051 | “Gio%y 8949 15 16.985 1 it
2
- 15 cations subgroup Potassium-
Full Full Deficiency Full 0.457 1 0.587 0.371 0.436 0 0.239 0.678 0.322 0212 | Gi5%y 8788 15 16.761 ) ot
. 15 cations subgroup Potassium-
Full Full Deficiency Full 0.44 1 0.573 0.364 0.429 0 0.175 0.671 0.329 0257 | 35Sy 8743 15 16.825 ) ot
. 15 cations subgroup Potassium-
Full Full Deficiency Full 0.448 1 0.637 0.396 0.493 0 0.222 0.769 0.231 0271 | G5Ry 8729 15 16.778 ) e
. 15 cations subgroup Potassium-
Full Full Deficiency Full 0.477 1 0.675 0.401 0.521 0 0.016 0.82 0.18 0304 | 370y 8606 15 16.984 1 it
Full Full Deficiency Full 0.457 1 0.573 0.358 0.422 0 0 0.66 0.34 0208 | 12calions g4, 15 17.009 | Subgroup Potassium-
(T+Z+Y) 1 dravite
Full Ful  Deficiency  Full 0.473 1 0573 0364 0415 0 0211 0642 0358 | 0135 |12CaONs  ggeg 15 16.789 | Subgroup Potassium-
(T+Z+Y) 1 dravite
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SUPPLEMENTARY MATERIAL 9 — COMPOSITION OF GARNETS FROM MEBC

Table 12 — Garnet mineral analyses

All =179 Paragneiss n=58 Pre-deformational (fe%g-rrfa;%ggl
- 9 - metagranite n=52

granite n=69
X o ¢l X o ¢l X o ¢l X o cl
wt. % (20) (20) (20) (20)
SiO2 37.49 044 0.06 |37.50 0.28 0.07 [37.32 0.68 0.19 [37.59 0.24 0.06
TiO2 0.02 0.02 0 0.02 0.02 0 0.01 0.02 0 0.02 0.02 0

Al203 2151 028 0.04 |2153 019 0.05 [21.40 041 0.11 [21.57 0.19 0.04
Cr20s 003 005 001|003 006 001|003 005 001|003 005 001
Fe20s <0.01 <0.01 <0.01 |<0.01 <0.01 <0.01 |<0.01 <0.01 <0.01 [<0.01 <0.01 <0.01
FeO 33.78 0.33 0.05 |33.77 037 0.10 [33.75 0.28 0.08 [33.82 0.31 0.07
MgO 521 021 0.03 | 520 021 0.05 |516 016 0.04 |526 0.23 0.05
CaO 0.70 0.10 0.01 |068 0.08 0.02 |079 0.08 0.02 | 065 0.08 0.02
TOTAL 98.73 0.82 0.12 |98.73 057 0.15 [98.45 1.26 0.34 |98.95 0.44 0.10

apfu
Si 3.00 0.01 0 3.00 0.01 0 3.00 0.02 000|300 001 0.0
Ti 0.00 0.00 0 0.00 0 0 0.0 0.0 0.0 0.0 0.0 0.0
Al 2.03 0.01 0 2.03 0.01 0 203 0.02 00 |203 001 0.0
Cr 0.00 0.00 0 0.00 0 0 0.0 0.0 0.0 0.0 0.0 0.0
Fe3* <0.01 0.01 0.01 |<0.01 0.01 0.01 |{<0.01 0.01 0.01 |<0.01 0.01 0.01
Fe?* 2.26 0.02 0 226 0.02 001|227 003 0.01 226 002 0.01
Mg 0.62 0.02 0 062 0.02 001|062 002 00 |0.63 003 0.01
Ca 0.06 0.01 0 0.06 0.01 0 0.07 0.01 00 | 006 0.01 0.0
Total 7.98 0.01 0 7.98 0 0 7.98 0.0 00 | 798 0.0 0.0
Mole

fractions




XFe? (VIll) | 0.77 0.01 <0.01| 0.77 0.01 <0.01|0.77 0.01 <0.01|0.77 0.01 <0.01
XMg (VIIl) | 0.21 0.01 <0.01|0.21 0.01 <0.01|0.21 0.01 <0.01|0.21 0.01 <0.01
XCa (VIII) 0.02 <0.01 <0.01| 0.02 <0.01 <0.01| 0.02 <0.01 <0.01| 0.02 <0.01 <0.01
XFed (VI) |[<0.01 <0.01 <0.01 |<0.01 <0.01 <0.01 |<0.01 <0.01 0.01 [<0.01 <0.01 <0.01
XCr (VI) <0.01 <0.01 <0.01 |<0.01 <0.01 <0.01 |<0.01 <0.01 <0.01 |<0.01|<0.01 <0.01
End-
members
Almandine 77 0.80 0.12 77 0.79 0.20 77 0.72 0.20 77 0.84 0.20
Pyrope 21 084 0.12 21 0.86 0.22 21 059 0.16 21 095 0.22
Grossular 2 0.29 0.04 2 0.22 0.06 2 0.25 0.07 2 0.22 0.05
Andradite 0 0.04 0.01 0 0.03 0.01 0 0.05 0.01 0 0.03 0.01
Uvarovite 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00

136



137

SUPPLEMENTARY MATERIAL 10 — GARNET DERIVATION ACCORDING TO ITS
CHEMISTRY
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Figure 19 - Ternary Diagrams utilized by Krippner et al. (2014) to discriminate which rock
the garnets derived from a) Diagram proposed by Wright (1938). Maurice Ewing Bank
Garnets fall into granite and granites pegmatites garnets.

b) Diagram proposed by Mange and Morton (2007) where A - High-grade rocks, mainly
granulite or charnockites and igneous intermediate or felsic rocks; B — Metasedimentary
rock that underwent to amphibolite facies; Bi — igneous intermediate or felsic rocks; Ci —
high-grade metamorphic mafic rocks; Cii — High-Mg rocks such as metapyroxenites and
metaperidotites; D — metasomatic rock, very low-grade rocks and calc-silicates from ultra-
high-temperature metamorphism. Note that garnets from MEBC fall into either field A or B,
being related to granulites or igneous intermediate or felsic rocks.

c) Diagram proposed by Aubrecht et al. (2009). A — High pressure terranes and ultra-high
pressure terranes; B — Eclogite or Granulite facies rocks; C — Amphibolite rocks. C1 — from
upper amphibolite to granulite transition; C2 — Amphibolites but also blue-schists, skarns,
serpentinites, and igneous rocks. The lithologies where garnets came from are: 1 — ultra-
high eclogite terranes or peridotites; 2 — high-pressure eclogite and high-pressure mafic
granulite; 3 — intermediate to felsic granulite; 4 — garnets from gneisses of upper amphibolite
to granulite facies; 5 — garnets from amphibolites of upper amphibolite to granulite facies; 6
— garnets from gneisses of upper amphibolite facies. Note that MEBC garnets fall into field
4, suggesting a gneiss as host rock, metamorphosed in upper-amphibolite to granulite
facies metamorphism.

d) Diagram proposed by Teraoka et al. (1998, 1997). L — low-grade rocks; la — intermediate
grade rocks (amphibolite facies); H — high-grade rocks; Igl and Ig2 - intermediate grade
rocks (granulite facies); E — eclogites, G — granodiorites. Note that garnets fall into granulite
facies rocks.

e and f) Diagram proposed by Suggate and Hall (2014). Note that either in e or f, garnets do
fill intermediate facies derivatives.
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SUPPLEMENTARY MATERIAL 11 — COMPOSITION OF FELDSPAR GROUP

MINERALS

Table 13 — Feldspars mineral analyses

Alkali Feldspars

Plagioclase

139

All units n=77 Paragneiss n=38 PaY\;Z?]t:iz;er?:Q P(r}(i;?tf;rc}lrza;f;g I Paragneiss n=35
wt. % X g Cl (20) X g Cl (20) X g Cl (20) X g Cl (20) X g Cl (20)
SiO, |64.39 0.63 0.15 [(64.29 0.47 0.15 [63.89 1.02 0.67 [64.82 0.45 0.20 |64.15 248 0.82
TiO, |<0.01 <0.01 <0.01 0 0 N.A. 0 0 N.A. | <0.01 <0.01 <0.01 | 0.01 0.02 0.01
Al,O; |18.81 0.35 0.08 |[18.79 0.24 0.07 [18.89 0.58 0.38 [18.82 0.40 0.18 | 21.23 1.33 0.44
FeO 0.09 0.17 0.04 0.10 0.22 0.07 0.10 0.08 0.05 0.07 0.07 0.03 0.71 0.86 0.28
MnO | 0.01 001 <0.01 | 001 001 0.00 |[002 002 001 |001 001 000 | 001 0.02 0.01
MgO | 0.01 003 001 [001 003 001 [001 0.02 001 |001 001 0.00 | 014 0.23 0.07
CaO | 013 011 003 | 011 0.08 002 | 017 011 0.07 | 014 0.15 0.07 1.15 0.73 0.24
Na,O | 1.78 083 020 | 171 050 016 |[250 169 110 | 1.60 066 0.29 | 9.03 0.83 0.27
K,O 1411 1.25 0.30 [14.29 0.77 0.25 |[12.79 2.53 1.66 |14.38 0.77 0.34 1.82 0.77 0.26
TOTAL | 99.34 0.72 0.17 |99.31 0.54 0.17 [98.38 0.42 0.27 |99.84 0.66 0.29 9825 141 0.47
apfu
Si 298 0.02 <0.01 | 298 0.01 <0.01 | 297 0.03 0.02 298 0.02 0.01 289 0.07 0.02
Ti <0.01 <0.01 <0.01 0 0 0 0 0 0 0 0 0 0 0 0
Al 1.03 0.02 <0.01 | 103 0.01 <001 | 1.04 0.03 0.02 | 1.02 0.02 0.01 1.13 0.07 0.02
Fe <0.01 0.01 <0.01 |[<0.01 0.01 <0.01 [<0.01 <0.01 <0.01 |<0.01 0.00 <0.01 | 0.03 0.04 0.01
Mn <0.01 <0.01 <0.01 |<0.01 <0.01 <0.01 {<0.01 <0.01 <0.01 |<0.01 <0.01 <0.01 [<0.01 <0.012 0.00
Mg |[<0.01 <0.01 <0.01 [<0.01 <0.01 <0.01 [<0.01 <0.01 <0.01 |<0.01 <0.01 0.00 | 0.01 0.02 0.01
Ca 0.01 001 <0.01 | 0.01 <0.01 <0.01 | 001 0.01 <0.01 | 0.01 <0.01 <0.01 0.06 0.04 0.01
Na 0.16 0.07 002 | 015 004 001 |022 015 0.10 | 0.14 0.06 0.03 | 0.79 0.06 0.02
K 0.83 008 002 |084 005 001 |076 016 010 | 0.84 005 0.02 | 011 0.05 0.01
TOTAL| 5.01 0.01 <0.01 | 501 001 <001 |500 001 001 |500 001 0.01 | 500 0.02 0.01
Or 84.64 8.38 1.84 |82.70 8.34 2.38 |76.53 15.62 10.21 |85.01 6.01 2.63 |11.15 484 1.60
Ab 14.78 8.13 1.78 |16.70 8.06 230 |22.62 1526 9.97 |14.29 5.90 258 |83.01 5.27 1.75
An 058 052 011 | 060 043 012 | 085 053 034 |069 073 032 | 584 363 1.20




SUPPLEMENTARY MATERIAL 12 -MICA MINERAL ANALYSES

Table 14 — Mica mineral analyses

Paragneiss n=149

Syn- to Tardi-deformational
Granitoids n=10

Melanossome n=26

140

wt. % X o] Cl (20) X o Cl (20) X o Cl (20)
SiO2 36.77 2.29 0.37 40.18 3.74 2.32 39.56 4.74 1.82
TiO2 3.44 1.52 0.24 2.58 2.08 1.29 1.39 1.55 0.6
Al203 18.1 2.64 0.42 24.49 3.07 19 21.22 6.42 2.47
FeO 16.14 2.28 0.37 12.5 4.05 2.51 16.65 8.27 3.18
MnO 0.03 0.02 0 0.02 0.03 0.02 0.04 0.03 0.01
MgO 8.01 1.92 0.31 3.37 0.75 0.46 4.87 2.69 1.03
CaO 0.11 0.11 0.02 0.09 0.03 0.02 0.35 0.23 0.09
Naz20 0.16 0.06 0.01 0.13 0.06 0.03 0.22 0.12 0.05
K20 7.79 1.87 0.3 4.21 1.15 0.71 6.38 2.71 1.04
F 0.56 0.26 0.04 0.04 0.03 0.02 0.23 0.23 0.09
Cr20s3 0.07 0.08 0.01 0.02 0.04 0.02 0.05 0.08 0.03
H20* 3.63 0.19 0.03 3.83 0.23 0.15 3.74 0.36 0.14
Subtotal 94.77 2.83 0.45 91.48 2.11 1.31 94.7 3.29 1.26
O=F,Cl 0.21 0.13 0.02 0.13 0.1 0.06 0.18 0.12 0.05
TOTAL 94.56 2.85 0.46 91.35 2.13 1.32 94.52 3.33 1.28
apfu
Si 5.71 0.24 0.04 6.04 0.33 0.2 6 0.31 0.12
AV 2.29 0.24 0.04 1.96 0.33 0.2 2 0.31 0.12
AV 1.03 0.62 0.1 2.38 0.7 0.44 1.75 1.07 0.41
Al total 3.31 0.41 0.07 4.34 0.41 0.25 3.74 0.81 0.31
Ti 0.4 0.18 0.03 0.3 0.26 0.16 0.16 0.18 0.07
Cr 0.01 0.01 0 0.01 0.01 0.01 0.01 0.01 0
Fe 2.1 0.32 0.05 1.6 0.63 0.39 2.21 1.2 0.46
Mn 0 0 0 0 0 0 0.01 0 0
Mg 1.86 0.44 0.07 0.76 0.18 0.11 1.13 0.63 0.24
Ca 0.02 0.02 0 0.01 0.01 0 0.06 0.04 0.01
Na 0.05 0.02 0 0.04 0.01 0.01 0.06 0.03 0.01
K 1.55 0.37 0.06 0.81 0.2 0.13 1.22 0.49 0.19
OH* 3.76 0.15 0.02 3.85 0.12 0.07 3.79 0.14 0.05
F 0.24 0.15 0.02 0.15 0.12 0.07 0.21 0.14 0.05
Y total 5.41 0.2 0.03 5.05 0.29 0.18 5.26 0.67 0.26
X total 1.61 0.37 0.06 0.86 0.22 0.14 1.34 0.47 0.18
Total Al 3.31 0.41 0.07 4.34 0.41 0.25 3.74 0.81 0.31
TOTAL 19.02 0.45 0.07 17.91 0.33 0.21 18.6 0.54 0.21
AV'+ Fe¥* +
Ti 1.43 0.48 0.08 2.68 0.49 0.3 191 0.96 0.37
Fe?* + Mn 2.11 0.32 0.05 1.6 0.63 0.39 221 1.2 0.46




SUPPLEMENTARY MATERIAL 13 - ZIRCON TRACE ANALYSES

Table 15 — Trace elements analyses from zircon

Spot Event Age 2s Th/U 206Pb 208Pb  Th (ppm) U (ppm) Ti (ppm) T°C
1 Post-met? 866.10 20.57 0.58 1131.65 62.60  734.10 1272.36  29.31 845
2 981.46 11.86 0.01 452.50 1.45 3.31 630.21 5.00 683
3 1019.77 20.19 0.03 887.16 6.73 26.56  873.40 6.32 702
4 Rodinia Event 4333 47 20.95 0.28 45343  16.96  140.14  496.07  3.97 666

Metamorphism

5 / Vulcanic Arc 1058.83 20.01 0.02 742.25 2.49 16.58  880.62  40.04 880
6 1059.36 19.95 0.44 666.94  17.24  361.62 820.86  40.68 881
7 1060.44 22.90 0.02 294.33 3.90 1012 447.12

8 1139.21 19.20 0.37 536.89  21.47 22952  621.99 10.34 744
9 1142.28 19.16 0.89 728.80 69.85  826.65 928.69  104.84

10 1146.36 19.62 0.01 742.67 4.27 12.17 980.48 3.98 666
11 1146.87 19.36 0.04 322.21 3.00 19.59  460.45 2.86 642
12 1149.16 20.35 0.72 923.79 69.80  693.66 969.36  200.73

13 1150.69 19.31 0.06 926.81 7.13 71.68 119570  5.56 692
14 1159.05 19.96 0.28 272.87 11.92 95.12  342.01 5.57 692
15 1171.88 19.05 0.31 785.21 24.25 264.14  853.53 12.67 762
16 NMB Derived 1172.89 19.03 0.50 504.19 1423  409.05 825.92 18.07 796
17 1181.13 19.93 0.34 351.58 16.17 140.57  416.05 6.80 708
18 1183.37 19.65 0.69 314.06 3237 29246  420.84  12.56 761
19 1197.23 19.47 0.33 294.67 14.01  121.28  362.42 3.78 662
20 1239.29 18.95 0.20 915.73 4.64 256.82 1287.06 12.87 764
21 1270.86 20.67 0.19 262.01 6.06 80.62  428.92 13.72 770
22 1277.85 28.05 0.33 147.41 7.44 54.65 164.33 9.49 736
23 1288.13 19.28 0.44 214.42 13.96  126.82 287.14 121.73 1021
24 1307.02 18.72 0.40 888.46  26.98  490.86 1231.16  24.89 828
25 Other Terranes 1466.56 18.59 0.08 521.32 6.50 34.66  446.94 4.21 670
26 Derived 1630.82 41.41 0.54 146.96 1046  66.45  124.08  8.35 725
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1 Chl + llm + Cpx + Liq + Qtz + Phl + Mic + Rut + Law
2 Chl + llm + Cpx + H20 + Qtz + Prl + Mic + Rut + Law
3 Plag + Bt + ilm + Qtz + Ep + Ky + Lig + H20

4 Plag + Grt + Ilm + Qtz + Ep + Ky + Liq

52Plag + Bt + Ep + llm + Qtz + Ky + Liq + Grt

6 2Plag + Grt + [Im + Lig + Qtz + Ky

7 2 Plag + Bt + llm + H20 + Qtz + Ky + Liq

8 Plag + Iim + Crd + Liq + Qtz + Sil

9 Plag + Ilm + Qtz + Crd + Liq

10 Plag + Ilm + Qtz + Crd + Liq

11 2Plag + Grt + Bt + llm + Crd + Liq + Qtz + Sil

12 2Plag + lIm + Qtz + Crd + Sil + Liq

13 2Plag + Bt + Ilm + Qtz + And + Crd + H20 + Liq
14 2Plag + lIm + Crd + H20 + Qtz + And
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SUPPLEMENTARY MATERIAL 14 — REACTION BOXES DESCRIPTION

15 2Plag + Bt + llm + Qtz + And + Crd + H20

16 2Plag + Bt + llm + Crd + Liq + H20 + Qtz + Sil

17 2Plag + Bt + llm + Crd + H20 + Qtz + Sil

18 2Plag + Bt + llm + Qtz + Sil + H20 + Liq

19 Plag + Bt + lim + H20 + Qtz + And + Ab + Mic

20 Plag + Bt + Chl + llm + H20 + Qtz + And + Ab + Mic
21 Plag + Bt + Chl + llm + H20 + Qtz + Ky + Ab + Mic
22 Plag + Bt + llm + H20 + Qtz + Ky + Ab + Mic

23 Bt + Chl + lim + Ep + H20 + Qtz + Ky + Ab + Mic
24 Bt + llm + Ep + H20 + Qtz + Ab + Mic

25 Chl + llm + Ep + H20 + Qtz + Prl + Alb + Mic + Rut
26 Chl + llm + H20 + Qtz + Prl + Alb + Mic + Rut + Law
27 Chl + lim + Lig + Qtz + Prl + Ab + Mic + Rut + Law

Figure 20 — Reaction boxes from Pseudosection analyses.
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SUPPLEMENTARY MATERIAL 15 - GARNET AND ALKALI FELDSPAR
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Figure 21 — Garnet isoplets. A - Xre isoplets, demonstrating a high-temperature
inverse proportionality with almandine series; B - Xmg component, demonstrating
a PxT direct proportional relationship with pyrope series. C - Xca suggesting
either an inverse proportion between grossular series. Numbers represent
recrystallization events. Arrows represent a simplified P x T trajectory.
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Figure 22 — Alkali-feldspar isoplets. A — Xrk; B — Xab; C - Xan.
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Table 16— Alkali feldspars close to Bt-out reaction identified in #16R2-08.

#16R2-08B
Number 1 2 3 4 5 6
Sio2 64.99 64.84 64.57 64.99 64.38 64.48
TiO2 0.00 0.00 0.00 0.00 0.00 0.00
Al203 18.78 18.76 19.01 18.79 18.75 18.90
FeO 0.01 0.08 0.13 0.07 0.15 0.01
MnO 0.02 0.00 0.00 0.00 0.00 0.00
MgO 0.01 0.01 0.01 0.01 0.00 0.00
CaO 0.08 0.20 0.12 0.08 0.27 0.66
Na20 1.59 1.35 1.44 1.45 1.54 1.51
K20 14.51 14.93 14.90 14.68 14.41 14.39
TOTAL 99.99 100.18 100.19 100.06 99.51 99.94
Si 2.99 2.98 2.97 2.99 2.98 2.97
Al 1.02 1.02 1.03 1.02 1.02 1.03
Fe 0.00 0.00 0.00 0.00 0.01 0.00
Mn 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.00 0.01 0.01 0.00 0.01 0.03
Na 0.14 0.12 0.13 0.13 0.14 0.13
K 0.85 0.88 0.87 0.86 0.85 0.85
Total 5.00 5.01 5.02 5.00 5.01 5.01
XOr 85.35 87.09 86.64 86.58 84.86 83.48
XAb 14.25 11.92 12.76 13.04 13.80 13.31

XAn 0.40 0.98 0.61 0.39 1.35 3.20
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SUPPLEMENTARY MATERIAL 16 —= AUTHOR REFERENCES

We made the Natal-Maud Belt age distribution chart using the software
Isoplot (Ludwig, 2012). The ages from Agulhas Plateau are according to Allen
and Tucholke (1981). Coasts Lands and West Antarctica ages are according to
Eastin and Faure (1971), Gose et al. (1997), Millar and Pankhurst (1987), and
Storey et al. (1994). Meredith Complex ages are according to Jacobs et al.
(1999), and Rex and Tanner (1982). The ages from Sverdupfjella Terrane are
according Bisnath and Frimmel (2005), Board et al. (2005), Grantham et al.
(2008), Groenewald et al. (1995, 1991), Harris (1999), Harris et al. (1995),
Jackson (1999), Moyes et al. (1993), Moyes and Barton (1990), and Moyes and
Harris (1996). The ages from Kirwanveggen Terrane are according Bisnath and
Frimmel (2005), Groenewald et al. (1995), Harris (1999), Jackson (1999), and
Wolmarans and Kent (1982). Heimefrontfjella ages are according to Arndt et al.
(1991), Bauer et al. (2003a, 2003c, 2003b, 2016), Gose et al. (1997),
Groenewald et al. (1995), Jacobs et al. (1996, 2003a, 2003c, 2003b), and
Jacobs (2009). The ages from Natal Province are according Barton (1983),
Cornell and Thomas (2006), Eglington et al. (2010, 2003), Evans et al. (2007),
Grantham et al. (2012), Harmer (1979); Jacobs and Thomas (1996), Johnston
et al. (2001); Mendonidis et al. (2015, 2002); Mendonidis and Armstrong (2016,
2009), Spencer et al. (2015), Thomas (1989), Thomas et al. (2003, 1996), and
Thomas and Eglington (1990).
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CONCLUSOES

. As rochas do embasamento de Maurice Ewing Bank consistem de um
complex formado por rochas metamorficas polifasicas e contrapartes igneos
intrusivos.

. Cinco litofacies magmato-metamorficas foram descritas em detalhe,
representando uma assembléia comum de terrenos granuliticos colisionais, onde
processos igneos e metamoérficos coexistem em uma intrinseca relacéo.

o Mesmo com a caréncia de elementos de mapeamento, os dados
obtidos e interpretados coincidem com dados de terrenos adjacentes como Provincia
Natal (majoritariamente Margate) e Dronning Maud Land (majoritariamente
Kirvanveggen, Sverdrupfjella e Heimefrontfjella).

. Os protdlitos da litofacies paragneiss foram depositados proximos a
fonte, em um context de back-arc. Os detritos derivaram de rochas juvenis expostas
devido a tectbnica collisional em uma elongacdo do arco meta-vulcanossedimentar
de Margate-Sivorg.

. A primeira fase de recristalizagdo, relacionada com o0s eventos
Grenvillianos, é dividida em 4 episodios de recristalizacdo / deformacgéo. A evolugéo
experienciada pelo MEBC contempla o espectro esperado de um ciclo orogénico.

. Os eventos Rodinia 1 (R1) e R2 séo relacionados com um episédio de
dobramento e cavalgamento Gerado pela colisdo de duas massas cratbnicas. Esse
evento gerou os granitos pré- e sin-deformacionais. Mzumbe e Margate, na provincia
de Natal, e Sivorg-Vardeklettane, em Dronning Maud Land, também registraram
eventos de génese similar, relacionado com granolitizacdo e geracdo de fusdo
parcial.

. O evento R3 é interpretado como o climax metamoérfico, chegando a
facies Granulito. Entre R2 e R3 ha um episédio de descompressao termométrica,
interpretada como gerada por exumacao tectbnica. Como resultado da
descompressdo, granitdides sin- a tardi-deformacionais, produto de expressivos
volumes de fusdo parcial, sdo a litofacies caracteristica. Este evento
descompressivo também é registrado, através da ocorréncia de grandes plutons em

Mzumbe-Margate e Dronning Maud Land.
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. O evento R4 é correlacionavel com processos tardi-anatéticos e possui
como litofacies caracteristica os granitoides pos-deformacionais. Este evento marca
o fim da orogénese formadora do Rodinia no MEBC. Nas regibes adjacentes ha
diversas ocorréncias de pegmatites, diques de grao-grosso e stocks alcalinos
interpretados como gerados por processos pos-tecténicos.

o Portanto, nés interpretamos que MEBC é originalmente derivado do
craton de Kalahari, estando entre os terrenos de Margate e Heimefrontfiella da
Provincia de Natal e Maud Land, respectivamente.

. NOs propomos que as duas massas cratbnicas que geraram o0 evento
collisional formados da orogenia Natal-Maud consistiu do craton de Kaapvaal e
craton de Coats-Patagonia. Em especial, o craton de Coats-Patagonia representava
uma extensdo da orogenia Grenville, localizada no Laurentia. Portanto, MEBC € néo
somente parte do cinturdo de Natal-Maud, mas também o cinturdo Natal-Maud é
parte da orogenia Grenville.

o O segundo ciclo tectdnico € relacionado com o resseting dos sistemas
Rb-Sr e K-Ar nas rochas de MEBC. De maneira geral, o complex possui evidéncias
gue apontam a eventos de retrometamorfismo na facies xisto-verde. O reset do
Sistema Rb-Sr € interpretado como Gerado por anomalias térmicas far-field
relacionadas com a orogenia Ross, amplamente distribuido nos blocos da Antartica
Leste e Oeste, além do embasamento aflorante do cinturdo de Cabo e Patagdnia. O
reset do Sistema K-Ar é interpretado como produto de “diversas reativacdes termais
durante o Paleozdico”.

. Ha eventos de recristalizagdo relacionados com temperaturas abaixo
de 300°C e , como consequencia, regime ruptil. Nés os interpretamos como produto
da instabilidade termal ocasionada por eventos de rifteamento Mesozéico. Nas
adjacéncias de MEBC h& um evento extensional do Jurassico e um do Cretaceo; no
entanto, 0s processos catalizadores e seus timings ainda ndo sédo compreendidos.

. Ainda h& diversas questdes que mantém-se nao resolvidas: i) Qual o
papel de outros micro-blocos, tais como Haag Nunataks e Agulhas Plateau no
Mesoproterozoico? Seria 0 extremo leste do alto de Maurice Ewing Bank
pertencente a uma crosta Paleoproterozoica-Arqueana do craton de Kaapvaal? iii)
Qual a evolugdo do Platd de Falkland e quais as implicacdes sobre o
posicionamento das llhas Falkland (Malvinas) durante o Mesozd6ico? iv) Qual a
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65 cinematica da Provincia da Patagbnia entre sua gerac¢do, no Mesoproterozdico e
66 posicionamento préximo ao atual, no Mesozéico?
67
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