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RESUMO

Nesta tese foi investigada a origem e evolucdo dos complexos metavulcano-
sedimentares do Cinturdo Irumide Sul na Provincia de Tete, noroeste de Mogambique.
Os complexos Zambugé, Fingoé, Cazula e Chidzolomondo foram selecionados para o
estudo de proveniéncia de zircdo detritico com a datacdo U-Pb e avaliacdo das
composicdes isotopicas Lu-Hf, geoquimica de rocha total e quimica mineral. O Cinturdo
Irumide Sul consiste em um cinturéo de idade Mesoproterozoica formado a margem norte
do Créton do Zimbébue e que compdem o conjunto de cinturdes orogénicos do Ciclo
Grenviliano na regifo sudeste da Africa. A sua evolugdo registra um Ciclo de Wilson
completo com a abertura e o fechamento de um oceano existente entre os cratons
Zimbabwe e Bangweulu entre 1400-1000 Ma, caracterizando a Orogénese Irumide. Os
complexos supracrustais do cinturdo foram interpretados como bacias de margem passiva
e bacias de arco deformadas e metamorfizadas durante a colis&o entre os dois cratons. O
Supergrupo Zambué compreende uma sucessao de ortoguartzitos e meta-arc6seos com a
ocorréncia subordinada de xistos calci-silicaticos, marmores e um complexo basal de orto
e paragnaisses. Os complexos Fingoe e Cazula sdo compostos por meta-arenitos, Xistos
calci-silicaticos e metapelitos intercalados com rochas metavulcanicas félsicas, maficas e
ultraméaficas. O Complexo Chidzolomondo compreende gnaisses basicos a intermediarios
de origem wvulcanica, gnaisses peliticos, calci-silicaticos e quartzo-feldspaticos
migmatiticos, metamorfizados na facies granulito. A datacdo U-Pb em zircdo detritico de
cinco amostras metassedimentares dos complexos estudados mostraram areas fonte
principais mesoproterozoicas com idades entre 1360 e 1080 Ma. As determinacdes
isotopicas Lu-Hf em zircdo mostraram valores de g¢Hf(t) predominantemente positivos
entre +2 e +10 e as idades modelo Hfrpm entre 2,0 e 1,2 Ga, indicando uma assinatura
isotdpica juvenil, relacionada ao magmatismo de arco do cinturdo. As contribuicdes
menores de cristais de zircdo Arqueano e do Paleoproterozoico evidenciam a proximidade
do arco com um nucleo cratdnico, ou mesmo a existéncia de um embasamento ensialico
para o cinturdo. As idades maximas de deposi¢cdo variaram entre 1121 e 1077 Ma,
caracterizando um padrdo de proveniéncia marcado por picos de idade muito préximos
as idades méximas de deposicdo, atestando que os complexos foram formados como
bacias relacionadas ao arco magmatico. A datacdo das bordas dos cristais de zircdo
obtidas em amostras de gnaisse pelitico, metagabro e gnaisses charnoquiticos do

Complexo Chidzolomondo evidenciaram a ocorréncia de ao menos trés eventos



metamorficos no cinturdo. Estes eventos registram a transicdo da fase acrescionaria para
a fase colisional da Orogénese Irumide. O evento M € relacionado a fase acrescionéria e
ao magmatismo sin-colisional com idade de 1092 Ma. O evento M: registra o
metamorfismo do pico da colisdo continental em ~1060 Ma. O evento M3 registra o
metamorfismo de contato associado a intrusdo dos corpos gabroicos e charnoquiticos no

ambiente pos-colisional com idades de magmatismo e metamorfismo em ~1025 Ma.



ABSTRACT

This thesis investigated the origin and evolution of the metavolcano-sedimentary
complexes of the Southern Irumide Belt in Tete Province, northwest Mozambique. The
Zambug, Fingoe, Cazula and Chidzolomondo complexes were selected for evaluation of
the source areas through detrital zircon U-Pb dating and Lu-Hf isotopic determination,
whole-rock geochemistry and mineral chemistry. The Southern Irumide Belt consists of
a Mesoproterozoic orogenic belt formed to the north of the Zimbabwe Craton which
makes up the Grenvillian orogenic Cycle in southeastern Africa. The evolution of the belt
records the opening and closure of an ocean between the Zimbabwe and Bangweulu
cratons between 1400-1000 Ma, characterizing the Irumide Orogeny. The supracrustal
complexes of the belt were interpreted as deformed and metamorphosed passive margin
and arc-related basins. The Zambué Supergroup comprises a succession of
orthoquartzites and meta-arkoses with subordinate occurrence of calcic-silicatic schists,
marbles and a basal complex of ortho and paragneisses. The Fingoé and Cazula
complexes are composed of metasandstones, calcic-silicatic schists and metapelites
interlayered with felsic, mafic and ultramafic metavolcanic rocks. The Chidzolomondo
Complex comprises basic to intermediate granulitic gneisses of volcanic origin, pelitic,
calcic-silicatic and quartz-feldspathic gneisses. U-Pb detrital zircon dating from five
metasedimentary samples of the complexes show similar source areas, with ages between
1360 and 1080 Ma. The Lu-Hf zircon isotopic determinations showed predominantly
positive gHf(t) values between +2 and +10 and the Hfrpm model ages between 2,0 and
1,2 Ga showed predominantly juvenile isotopic signatures related to the arc magmatism
of the belt. Minor Archean and Paleoproterozoic ages evidence the proximity of the arc
to a cratonic core or even the existence of an ensialic basement for the belt. Maximum
depositional ages vary between 1121 and 1077 Ma. The provenance pattern marked by
age peaks very close to the maximum depositional ages shows that the complexes were
formed as arc-related basins. The dating of metamorphic rims in zircon crystals from a
pelitic gneiss, a metagabbro and a charnockitic gneiss of the Chidzolomondo Complex
evidenced the occurrence of at least three metamorphic events in the belt. These events
record the transition from the accretionary phase to the collisional phase of the Irumide
Orogeny. The My event is related to the accretionary phase and syn-collisional
magmatism at ca. 1092 Ma. The M event records the peak metamorphism of the
continental collision at ~1060 Ma. The Mz event records the thermal metamorphism



related to the intrusion of gabbroic and charnockitic bodies in the post-collisional setting

with metamorphism and magmatism ages at ~1025 Ma.
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CAPITULO |

1. Introducéo

Esta tese de doutorado esta estruturada em um capitulo introdutério e integrador dos
resultados e um capitulo contendo dois artigos cientificos submetidos ao periodico
internacional Precambrian Research (Qualis-CAPES Al), conforme as normas estabelecidas
pelo Programa de Pés-Graduagdo em Geociéncias da Universidade Federal do Rio Grande do
Sul. O projeto de pesquisa foi apoiado através de bolsa de doutorado (CNPq, processo n°
141319/2017-8), além de projeto de pesquisa Pro-Africa “Evolucdo tectdnica da por¢o norte
do Cinturdo Mogambique, regido de Tete” (CNPq, processo n° 440126/2015-0).

1.1. Objetivos

Esta tese teve como objetivo principal determinar a origem, 0os ambientes tecténicos e
a evolucdo dos complexos metamorficos Zambué, Fingoe, Cazula e Chidzolomondo no
contexto do cinturdo Mesoproterozoico Irumide Sul na Provincia de Tete. A integracdo das
diferentes metodologias permitiu uma reavaliacdo sobre a histdria evolutiva dos complexos,
desde o ambiente de formacao da bacia sedimentar, as relacdes estratigraficas com as unidades
adjacentes, as condi¢des de metamorfismo e 0 seu contexto litoestratigrafico no cinturdo. Os
objetivos especificos foram:

- Determinar a proveniéncia das rochas metassedimentares através da datacdo U-Pb;

- Determinar as fontes do magmatismo através da determinacdo das razbes Lu-Hf em
cristais de zircéo detritico;

- Determinar a idade de cristalizacdo U-Pb em zircdo e a composi¢do quimica e
mineraldgica das rochas metavulcanicas para definir a idade e a natureza do
vulcanismo da bacia;

- Determinar as idades de metamorfismo dos complexos através da datacdo U-Pb das
bordas metamorficas em cristais de zircéo;

- Determinar a idade de cristalizagdo U-Pb em zircdo e a composi¢do quimica e
mineraldgica dos charnockito e gabros intrusivos nos complexos metamorficos para
definir a idade e as caracteristicas do magmatismo pés-colisional;

- Determinar as condigdes de P-T do metamorfismo através de estudos de
geotermobarometria por pseudosec¢éo;

- Auvaliar as condic¢Ges de captura das associagdes vulcano-sedimentares pelas suites
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graniticas encaixantes atraves de relacOes estratigraficas de campo e da literatura,
como tipo de relagGes de contato, relacGes de intruséo e inclusdo, cronologia relativa

de estruturas, entre outras.
1.2. Contexto geoldgico

Esta tese inivestigou os complexos metavulcano-sedimentares do Cinturdo Irumide
Sul situados na Provincia de Tete, regido noroeste de Mogcambique, que se insere no contexto
tectdnico da regido sudeste da Africa. O arcabouco geoldgico do embasamento Pré-Cambriano
da regido SE da Africa é caracterizado por nicleos craténicos de idade arqueana (ex:
Zimbabwe, Bangweulu, Tanzania, entre outros) envoltos por cinturdes orogénicos de idade
paleoproterozoica (ex. Magondi, Ubendian), mesoproterozoica (ex. Nampula, Namaqua,
Irumide) e neoproterozoica (ex. Zambezi, Mocambique, Damara). O Cinturdo Irumide Sul tem
idade mesoproterozoica, e sua formacdo resultou da convergéncia entre 0s cratons Zimbabwe
e Bangweulu (Fig. 1). O cinturdo tem um formato triangular com dimensdes aproximadas de
600 x 300 km e tem sua maior extensdo nas regides sudeste da Zambia e noroeste de
Mocambique, com uma pequena porcdo ao norte do Zimbabue e ao oeste do Malawi. E
delimitado por zonas de cisalhamento ducteis de escala crustal, ao norte e noroeste a Zona de
Cisalhamento Mwembeshi, ao sul a Zona de Cisalhamento Sanangoé e a leste a Zona de
Cavalgamento Angdnia. O cinturdo é composto principalmente, por complexos metavulcano-
sedimentares cercados por suites granitoides sin- a tardi-orogénicas (po6s-colisionais).

A evolucéo tectonica do Cinturdo Irumide Sul registrou a formacéo de crosta oceanica
a partir de ~1400 Ma, a deposicao de bacias de margem passiva, a convergéncia e subducgéo
de crosta ocednica com formacdo e evolugdo de arcos magmaticos (intra-oceanicos e/ou de
margem continental) entre ~1328 e 1080 Ma. Os processos colisionais e pds-colisionais que se
seguiram, ocorreram entre 1080 e 1000 Ma. Os eventos de subduccdo e a acrescdo do
magmatismo juvenil ocorreram ao norte do Craton Zimbabue, e a colisdo continental envolveu
a margem passiva ao sul do Craton Bangweulu, o Cinturdo Irumide. Esta sequéncia de eventos
caracteriza a Orogénese Irumide, que registrou um Ciclo de Wilson completo ao longo do
Mesoproterozoico. O Cinturdo Irumide Sul integra o sistema de cinturdes orogénicos
Mesoproterozoicos que circundam o Craton Kalahari (ex. Nampula, Namaqua) e remontam a
formacéo do supercontinente Rodinia. As associagdes petrotectonicas do Cinturdo Irumide Sul
foram retrabalhadas por eventos relacionados as orogéneses Pan-Africanas (880-470 Ma) e, de
um modo geral, a deformacédo e o metamorfismo sdo limitados as proximidades das grandes

zonas de cisalhamento dulcteis e 0 magmatismo granitico € restrito a batolitos graniticos de
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peguena expressao.
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Figura 1. Mapa tecténico simplificado do sul da Africa, adaptado de Hanson (2003). (A) Mapa
de localizagcdo no continente Africano; (B) Localizacdo de Mogambique na porcdo sul da
Africa; (C) Mapa geotectonico com as principais unidades da Africa central e do sul. CKB —
Bloco Choma-Kalomo; LB — Cinturdo Ldrio; MB — Cinturdo Magondi; MzB — Cinturdo
Mogambique; ZB — Cinturdo Zambezi; BA — Arco Barue; UsB — Cinturdo Usagaran; UbB —
Cinturdo Ubendian.

O mapeamento geoldgico mais recente da Provincia de Tete, realizado pelo Servigo
Geoldgico da Finlandia (GTK Consortium, 2006) e pelo Conselho de Geociéncias (CGS),
Africa do Sul em colaborag&o com a Dire¢do Nacional de Geologia (DNG) e com o Ministério
dos Recursos Minerais e Energia (MIREME) da Republica de Mocambique (CGS, 2007),
resultou na individualizacdo e caracterizacdo das unidades litoestratigraficas com base nas
relacbes de campo e suas especificidades litoldgicas, metamérficas, estruturais, geoquimicas e
geocronoldgicas. O mapeamento foi realizado na escala de 1:250.000 e é uma das poucas
referéncias disponiveis sobre a geologia da regido e sobre os complexos estudados. A regido
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compreende complexos metavulcano-sedimentares metamorfizados em condigdes de facies
xisto-verde a granulito, envoltos e suportados por suites granitoides de natureza sin- a tardi-
orogénicas (Fig. 2). O magmatismo pds-colisional do cinturdo inclui o0 magmatismo bimodal
do complexo acamadado gabro-anortositico da Suite Tete e dos charnockitos da Suite Castanho,

além de intrusGes de corpos menores de gabros.
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[] cinturdes Grenvilianos H Tete [ Gabros (1080-1020Ma)  SUPergupo Zambud _

[] Ginlrtos Ebumeancs 5 . : B e oot
E -un Granitos sin-orogenicos (1200-1080 Ma) \ ) Paragn: PO

. Craton Arqueano © | a) Rio Capoche, b) Suite Cassacatiza Orto- e paragnaisses

Figura 2. Mapa tectdnico simplificado do Cinturdo Irumide Sul com as unidades litoldgicas
adaptadas e modificadas de Johnson et al. (2006, 2007) e GTK Consortium (2006). CG — Grupo
Cazula; ChC — Complexo Chidzolomondo; FS — Supergrupo Fingoé; MT — Zona de
Cavalgamento Mchimadzi; MSZ — Zona de Cisalhnamento Mwembeshi; NSZ — Zona de
Cisalhamento Nyamadzi; RT — Granito Rio Tsafuro; RD — Granito Serra Danvura; SC — Granito
Serra da Chiuta; SSZ — Zona de Cisalhamento Sanangoeé.

Para a realizacdo dos estudos desta tese e inser¢do das sequéncias supracrustais no
contexto tectdnico do Cinturdo Irumide Sul foram selecionados quatro complexos
metavulcano-sedimentares da Provincia de Tete, incluindo os supergrupos Zambué e Fingoe, o
Grupo Cazula e 0 Complexo Chidzolomondo. A escolha dos complexos e o trabalho de campo
foram orientados com base nas informacgdes e nos mapas geoldgicos de GTK Consortium
(2006) e CGS (2007), também levando em consideracao as limitagGes de acesso em cada regido.
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A seguir apresentamos uma descri¢do detalhada dos complexos estudados nesta tese.

1.3.1. Supergrupo Zambue

As rochas do Supergrupo Zambué afloram ao extremo norte da Provincia de Tete, junto
a fronteira com a Zambia, sob a forma de um cinturdo continuo com 140 km de comprimento
e 60 km de largura. O supergrupo compreende a sequéncia metassedimentar basal de natureza
siliciclastica do Grupo Malowera, que inclui meta-arcéseos, quartzitos, gnaisses peliticos,
gnaisses migmatiticos e, subordinadamente rochas metavulcanicas. No topo ocorre uma
sequéncia carbonéatica de marmores e gnaisses calci-silicaticos compondo o Grupo Muze, que
tem sua ocorréncia controlada por estruturas N-S.

O Grupo Malowera é composto pelas formacdes Rio Mese, Metamboa e Sale-Sale. A
Formacao Rio Mese é a unidade basal do supergrupo e compreende uma assembleia de orto e
paragnaisses migmatiticos muito deformados. A Formacdo Metamboa € a unidade
litoestratigrafica de maior ocorréncia no Supergrupo Zambugé, composta por uma sequéncia de
meta-arcdseos, com foliacdo metamdrfica bem desenvolvida e granitizados nas por¢des de
borda junto aos granitoides intrusivos da Suite Cassacatiza. No topo do Grupo Malowera ocorre
a Formacdo Sale-Sale, que consiste em sequéncia de ortoquartzitos, quartzitos arcoseanos e
metapelitos. As rochas do Grupo Malowera encontram-se fortemente deformadas e
metamorfizadas na facies anfibolito, localmente anfibolito superior.

O Grupo Muze é composto pelas formagdes Musamba e Caduco, que ocorrem restritos
a um cinturdo de forma alongada e arqueada com direcdo aproximada N-S. A Formacéo
Musamba consiste em marmores puros de granulometria média a grossa, enquanto a Formacao
Caduco compreende gnaisses calci-silicaticos. As sequéncia de rochas siliciclasticas do
Supergrupo Zambue é interpretada como uma bacia de margem passiva depositada entre 1400
e 1250 Ma antes da formacao dos arcos magmaticos do Cinturdo lrumide Sul. E considerada a

hipotese da sequéncia carbonatica do Grupo Muze ter idade neoproterozoica.

1.3.2. Supergrupo Fingoé

O Supergrupo Fingoé compdem um cinturdo de dobramentos e cavalgamentos de
direcdo NE-SW (N50°E) com cerca de 150 km de comprimento e até 25 km de largura. O
supergrupo é subdividido nos grupos Monte Messuco, composto predominantemente por uma
sequéncia basal de rochas vulcanicas basicas a intermediarias, e 0 grupo Monte Tchicombe,
que compreende uma sequéncia sedimentar siliciclastica. As rochas estdo deformadas e

metamorfizadas na fécies anfibolito e, localmente, na facies granulito. Observa-se que as
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unidades do Supergrupo Fingoe foram afetadas por dois eventos principais de metamorfismo
com formacéo da foliagdo metamorfica S1. Esta foliagdo esta deformada por um evento de
deformacgdo mais jovem e constitui dobras F2 recumbentes do tipo isoclinais e apertadas de
escala regional. Este evento gera uma intensa crenulacao e transposicao da foliacdo S1, gerando
a foliacdo metamorfica S2. As foliagBGes anteriores estdo afetadas por dobras F3 com formas
abertas a fechadas e normais, com eixos de disposi¢do sub horizontal e superficies axiais
subverticais. As dobras F3 estdo deformadas, com preservacdo parcial, comumente afetada por
falhas normais mais jovens. Os contatos com 0s granitoides das suites Cassacatiza e Monte
Sanja indica que sdo intrusivos no supergrupo e tem seu posicionamento controlado pelas
estruturas subverticais mais jovens.

O Grupo Monte Messuco compreende as formacdes Monte Rupanjaze e Monte
Muinga, além de marmores e paragnaisses indiferenciados (GTK Consortium, 2006). A
Formacdo Monte Rupanjaze &€ composta por rochas metavulcénicas méficas a félsicas
intercaladas com mica xistos e metatufos. As rochas metavulcanicas maficas ocorrem
principalmente na porcdo central do Supergrupo Fingoé e compreendem anfibolitos e Xistos
anfiboliticos de protdlito basaltico composto por plagioclasio e hornblenda com quartzo,
epidoto e biotita como minerais acessorios. A Formagdo Monte Muinga consiste de rochas
metavulcanicas méficas a intermediérias e félsicas e, subordinadamente, brechas e aglomerados
vulcénicos, intercalados com rochas metassedimentares clésticas. Os metatufos félsicos
predominam e ocorrem intercalados com as rochas metavulcanicas maficas, que consistem de
anfibolitos foliados e bandados com epidoto e, localmente, porfiroblastos de granada. O Grupo
Monte Tchicombe compreende as formagdes Rio Mucanba e Monte Puéque, além de marmores
e rochas metavulcanicas indiferenciadas (GTK Consortium, 2006). A Formacdo Rio Mucanba
€ composta por quartzitos, metarenitos e metaconglomerados. Os metarenitos sdo finos e tem
composicdo quartzo-feldspatica, com estrutura xistosa e/ou pouco bandada. Os
metaconglomerados sdo clasto suportados, polimiticos e possuem clastos bem arredondados
com mais de 40 cm de diametro de quartzitos, metarenitos e granitos, e provavelmente podem
representar um conglomerado intraformacional do topo da sequéncia vulcano-sedimentar. A
Formagdo Monte Puéque é composta por xistos e gnaisses calcisilicaticos. Os gnaisses
apresentam um bandamento irregular e pouco desenvolvido, localmente refletindo o
acamadamento primario. Os xistos sdo muito foliados e ndo apresentam estruturas primarias.
Séo compostos por plagioclasio, quartzo e epidoto e, localmente, contém fragmentos de rochas
vulcénicas félsicas.

A composicdo geoquimica das rochas metavulcanicas do Supergrupo Fingoé das

15



formag6es Monte Rupanjaze e Monte Muinga mostram uma série expandida incluindo basaltos,
andesitos, riodacitos e riolitos subalcalinos e compostos por um grupo de rochas de afinidade
toleitica, com feicdes composicionais de arcos de ilhas, e outro calcico-alcalino relacionado a

arcos continentais.

1.3.2. Grupo Cazula

As litologias do Grupo Cazula ocorrem como seis corpos de formato irregular com até
40 km de comprimento e 15 km de largura em meio aos granitoides pos-colisionais da Suite
Furacungo. Os contatos dos xenolitos com os granitoides encaixantes sao interlobados e foram
definidos principalmente através da geofisica, caracterizada pelos baixos valores nos mapas de
aerogamaespectroscopia. Devido ao isolamento e escassez dos afloramentos, poucos dados de
campo estdo disponiveis e ndo existe uma subdivisao interna do grupo. O Grupo Cazula é
composto por metarenitos, quartzitos, gnaisses quartzo-feldspaticos, gnaisses calci-silicaticos
e anfibolitos. As litologias predominantes sdo 0s metarenitos quartzosos e quartzo-feldspaticos,
com estrutura xistosa ou gnaissica e textura granoblastica equigranular fina a média. Os
anfibolitos tém cor preta e estrutura macica, com textura blastoporfiritica definida por
fenocristais reliquiares de feldspatos. Os corpos de anfibolitos constituem lentes deformadas e
continuas, com ocorréncia irregular e espessuras centimétrica a métrica. E observado o
incremento da deformacdo nas rochas para leste, onde sdo mais afetadas por zonas de
cisalhamento de direcdo NW-SE, que também afetam as rochas da Suite Furacungo e sdo
relacionadas aos cavalgamentos sentido oeste das orogéneses Pan-Africanas.

Os xistos do Grupo Cazula possuem uma foliagdo regional com dire¢do média segundo
NW-SE, com planos de cisalhamento sub-horizontais com abundantes injecdes dos granitos
intrusivos da Suite Furacungo. Estes granitos apresentam uma foliacdo ignea pouco
desenvolvida, paralela ao contato com os Xistos, o que indica que a colocacao dos granitoides
ocorreu em um estagio tardi-cinematico da deformacdo que afetou os xistos (GTK Consortium,
2006). Estas relacGes indicam que a intrusdo dos granitoides da Suite Furacungo (~1040 Ma)

foi sin-cinematica em relacdo a deformacdo do Grupo Cazula.
1.3.3. Complexo Chidzolomondo

O Complexo Chidzolomondo esté situado na porcao norte da regido de estudo e ocorre
sob a forma de dois cinturdes alongados com orientacdo N70°E. O grupo corresponde a um

terreno metamorfico de alto grau composto principalmente por gnaisses de composicao basica
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e intermediaria de origem vulcanica (GTK Consortium, 2006). Em campo, 0s gnaisses
apresentam um bandamento metamérfico irregular, com niveis finos e descontinuos definidos
por agregados de minerais maficos, principalmente, piroxénio e anfibolio. O bandamento tem
direcdo NE-SW e apresenta estreitas zonas de cisalhamento concordantes e com uma lineacéo
de estiramento do tipo dip. Estas estruturas sugerem que o bandamento metamorfico foi gerado
por processos tectdnicos associados a eventos de metamorfismo orogénico colisional. As
relacdes de contato com os granitoides encaixantes revela a sua natureza intrusiva em relacéo
aos gnaisses do complexo. A forma alongada dos corpos graniticos e a presenca de uma foliacéo
magmatica concordante sugere que os mesmos foram posicionados durante a fase sin- a tardi-
cinemética. Os dados aerogeofisicos radiométricos e magnéticos mostram uma
compartimentacdo do Complexo Chidzolomondo entre as suas por¢des norte e sul (GTK
Consortium, 2006). A porc¢do norte consiste de um corpo alongado de direcdo E-W com cerca
de 120 km de comprimento e 30 km de largura. Nas imagens de satélite e de aerogeofisica sdo
identificadas estruturas lineares de direcio ENE-WSW a E-W e um forte sinal magnético
associado a uma baixa assinatura gamaespectrométrica, o que indica uma composicao basica
para os granulitos. Neste corpo predominam as litologias de composicdo gabroica com
granulacdo média a grossa e textura equigranular macica. Foram descritos piroxénio granulitos,
anfibdlio granulitos e granulitos tonaliticos com ortopiroxénio, clinopiroxénio, biotita,
hornblenda e plagioclasio. Os granulitos com bandamento gnaissico e veios pegmatiticos
quartzo-feldspaticos sdo mais comuns na porcao leste do corpo. A porcdo sul do Grupo
Chidzolomondo é composta por quatro corpos com dimensdo total de cerca de 30 km de
comprimento e 15 km de largura, que ocorrem envoltos por granitoides mesoproterozoicos. O
corpo situado ao leste compreende rochas metassedimentares quartzo-feldspaticas, localmente
muito deformadas e cisalhadas, com intercalacbes de rochas metavulcanicas de origem
piroclastica e rochas calci-silicaticas (GTK Consortium, 2006). Na sua porcdo oeste sdo
descritos granulitos migmatizados de composicdo intermediaria associados com quartzitos
laminados. Também sdo descritos gnaisses granuliticos de protolitos peliticos com cordierita,
granada, biotita, plagioclasio e ortopiroxénio na porcdo sul do grupo. Pequenos corpos
graniticos intrusivos da Suite Castanho ocorrem dispersos cortando os gnaisses do Grupo
Chidzolomondo.

Os gnaisses granuliticos basicos do Grupo Chidzolomondo foram classificados a partir
de sua composicdo geoquimica, como uma série de composigdo expandida incluindo basaltos,
andesitos, riodacitos e riolitos de afinidade subalcalina com afinidade toleitica dominante, com

um grupo subordinado de rochas calcico-alcalinas (GTK Consortium, 2006). Os gnaisses
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granuliticos basicos da por¢do norte do grupo sdo interpretados como rochas metavulcénicas
bésicas a intermediarias geradas em um ambiente de arco de ilhas imaturo (GTK Consortium,
2006).

2. Estado da arte

O escopo desta tese consistiu no posicionamento estratigrafico e no significado
tectbnico dos complexos Zambug, Fingoe, Cazula e Chidzolomondo no Cinturdo Irumide Sul
da Provincia de Tete. O estado da arte elaborado apresenta uma sintese sobre os trabalhos
anteriores e as hipoteses propostas sobre a origem e evolucdo do Cinturdo Irumide Sul em
Mocambique e na Zdmbia.

Os primeiros estudos geoldgicos em Mocambique foram desenvolvidos ainda no século
XIX com foco principal nas ocorréncias de carvdo, importante recurso energético na época e
abundante na regido da Provincia de Tete. A partir da década de 20 passaram a ser realizados
levantamentos geolégicos pelo Servigo Geoldgico de Mogambique, 0s quais resultaram em uma
primeira sintese da geologia de Mogambique somente em 1976. Com a independéncia do pais
em 1975 passaram a ser implementadas campanhas sistematicas de reconhecimento geoldgico
do territério mocambicano em colaboracdo com instituicGes e organizacdes internacionais
como o Servico Geoldgico da Franca (BRGM) e da Finlandia (GTK). Os primeiros trabalhos
tinham foco na prospec¢édo de recursos minerais, logo se valeram principalmente de técnicas
como mapeamento geoldgico, geofisica e geoquimica.

O mapeamento geoldgico sistematico da Provincia de Tete permitiu a Hunting (1981,
1984) e BRGM (1987) propor a primeira divisdo litoestratigrafica da regido, através da
identificacdo e individualizacdo de sequéncias supracrustais e suites graniticas. Nesta divisdo
os complexos supracrustais foram interpretados como as unidades mais antigas do cinturao,
desconsiderando os gnaisses do embasamento, e 0 Supergrupo Fingoe foi tomado como um
marcador estratigrafico, sendo os granitos subdivididos como pré ou pés-Fingoe. Nesta época
ja havia conhecimento da idade das rochas da regido e, com base em escassas e esparsas idades
K-Ar e Rb-Sr, BRGM (1987) subdividiu o embasamento cristalino em trés periodos:

e Arqgueano e Paleoproterozoico - unidades situadas no extremo oeste junto a fronteira
com o Zimb&bue, compostas por greenstone belts e associa¢bes granito-gnaissicas;

e Mesoproterozoico-Neoproterozoico - unidades formadas ao final do Mesoproterozoico,
correlacionadas ao Cinturdo Irumide da Zambia (1300 Ma) e retrabalhadas durante as

orogéneses do Cinturdo Mogambique (1100 - 850 Ma);
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e Neoproterozoico - unidades relacionadas ao ciclo orogénico Pan-Africano (850 - 450

Ma).

Concomitantemente, na década de 80 o Servico Geoldgico da Zambia realizava o
mapeamento geoldgico de reconhecimento do seu territorio. Diversos relatorios foram gerados,
que resultaram nos trabalhos publicados de Barr et al. (1977, 1978), Daly et al. (1982, 1984),
Daly (1986), Johns et al. (1989), entre outros. Dentre eles, o trabalho de Johns et al. (1989)
sintetiza os relatorios gerados para o Cinturdo Irumide Sul na Zambia e apresenta um esboco
da estratigrafia com base nas relacdes de campo e nas fei¢des estruturais identificadas na regiao.
Neste trabalho é reconhecida a descontinuidade entre o Cinturdo Irumide e o Cinturdo lIrumide
Sul, que até entdo era interpretado como a sua extensdo ao sul. A diversidade litolégica do
Cinturdo Irumide Sul, contrastante da monotonia de metassedimentos (Supergrupo Muva) e
granitos intrusivos do Cinturdo Irumide, era atribuida ao retrabalhamento durante as orogéneses
Pan-Africanas, sendo este incorporado ao Cinturdo Mogambique em alguns trabalhos (ex. Daly
et al.,, 1984). Foram descritos cinco eventos deformacionais e 0s autores propuseram a
existéncia de trés sequéncias estratigraficas de orto e paragnaisses no cinturdo separadas por
zonas de alta deformacédo, correlacionando a sua extensdo no Malawi e em Mocambique. A
sequéncia “complexo do embasamento” foi descrita como a sequéncia mais antiga do cinturao
composta por granulitos, charnockitos, quartzitos, orto e paragnaisses de médio a alto grau e
com ocorréncia restrita a regido de Chipata (Fig. 2). A sequéncia dos “Xistos Chitundula e
Formagao de quartzitos” eram atribuidas principalmente as rochas metassedimentares do
cinturdo como marmores, xistos peliticos e calci-silicaticos, anfibolitos e gnaisses quartzo-
feldspaticos. Esta sequéncia foi correlacionada aos metasedimentos do Supergrupo Muva do
Cinturo Irumide. A sequéncia mais jovem a “Forma¢do Mwami” compreende os metapelitos,
metarenitos e marmores. Estas rochas sdo as mais jovens da regido, correlacionadas ao Cinturdo
Zambezi.

A troca de conhecimento geoldgico entre os dois paises durante estas campanhas de
mapeamento geoldgico parece ter sido limitada, apesar da evidente continuidade das unidades
para além de suas fronteiras. Grande parte destes trabalhos néo foi publicada e disso resultou o
conhecimento fragmentado do Cinturdo Irumide Sul entre as regides na Zambia e em
Mocambique. Esta fragmentacdo persiste até hoje mesmo com o grande volume de dados
geocronoldgicos, geoquimicos e isotopicos disponiveis.

Uma das primeiras datacGes U-Pb em zircdo disponiveis para o Cinturdo Irumide Sul
foi de um plagiogranito de 1393+22 Ma intrudido em uma sequéncia ofiolitica no extremo oeste

do cinturdo e publicada por Oliver et al. (1998). Esta é a idade mesoproteozoica mais antiga
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reportada para o cinturéo e foi interpretada como a idade de formacéo de um oceano marginal
e inicio da formacdo de arcos de ilhas. Esta hipotese foi suportada pelos artigos de Johnson e
Oliver (2004) e Johnson et al. (2005) ambos definindo a idade de magmatismo de arco entre
1090-1040 Ma na regido oeste do cinturdo. Estes foram os primeiros trabalhos publicados que
dissociaram definitivamente os cinturdes Irumide e Irumide do Sul, mostrando de forma clara
0s ambientes tectonicos distintos entre os dois. Johnson e Oliver (2004) propdem um modelo
de evolucéo para a regido com a formacao de arcos de ilhas a partir de 1400 e sua acresc¢do a
margem sul do Craton Bangweulu em 1040 Ma.

Uma proposta de subdivisdo do Cinturdo lrumide Sul na Zambia foi apresentada por
Johnson et al. (2006, 2007), sendo amplamente adotada nos trabalhos realizados na regido desde
entdo. O artigo faz referéncia a dois trabalhos apresentados em congressos (Mapani et al. 2001,
2004) e um artigo submetido a revista Tectonophysics, que teriam concebido a subdivisdo do
cinturdo em terrenos amalgamados a margem sul do Craton Bangweulu. A proposta de
subdivisdo do cinturdo em terrenos foi mantida por Johnson et al. (2006, 2007) apesar dos dados
indicarem uma evolucdo sincrona entre 1100 e 1040 Ma e ambientes correlatos de margem
continental ativa e/ou arcos intra-oceanicos para estas regides do cinturdo. A proposta respeita
a fronteira da Zambia e desconsidera a regido da Provincia de Tete. Foram propostos quatro
terrenos distintos com base nas associagc0es de rocha encontradas, sendo eles (de oeste a leste):
Chipata, Petauke-Sinda, Luangwa-Nyimba e Chewore-Rufunsa.

O Terreno Chipata ocorre na porcao oeste da regido, proximo a fronteira entre a Zambia
e 0 Malawi, e apresenta uma ampla diversidade litoldgica compreendendo granulitos maficos,
félsicos e peliticos, hornblenda-biotita gnaisses, granitoides deformados e sienitos. Os
granitoides sdo atribuidos a um ambiente de arco magmatico continental com idade entre 1080
e 1040 Ma. A presenca de granulitos com granada e cordierita e granitos charnockiticos indica
o metamorfismo de alta temperatura no terreno e a datacdo de monazitas metamarficas resultou
em idades entre 1050-1010 Ma. As idades apresentadas evidenciaram a sincronicidade entre o
magmatismo e o metamorfismo de alta temperatura na regido, suportando o ambiente de
margem continental ativa segundo os autores.

O Terreno Petauke-Sinda é composto principalmente por paragnaisses € ortognaisses
deformados a muito deformados. Os ortognaisses s@o calci-alcalinos formados em um ambiente
de arco de ilhas com idade de cerca de 1120 Ma e ambiente de margem continental ativa até
1040 Ma. Estes ortognaisses sdo recobertos por paragnaisses e ortognaisses graniticos de
aproximadamente 740 Ma. O terreno conta com bat6litos graniticos de dimensdes variaveis de

natureza pés-tectonica do ciclo Pan-Africano, como a Suite Sinda.
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O Terreno Luangwa-Nyimba compreende uma sequéncia de metapelitos migmatiticos
e quartzitos com horizontes subordinados de metavulcanicas maficas a intermediérias (Johnson
et al., 2006). A avaliacdo da proveniéncia de zircoes detriticos de duas amostras apresentou
picos de frequéncia em 2.6, 2.2 e 2.0 Ga, com a predominéancia das areas fonte do embasamento
paleoproterozoico (Johnson et al., 2006). A datagdo dos sobrecrescimentos dos zircdes resultou
em uma idade metamdrfica de 1060 Ma, com isso a deposi¢do dos sedimentos ocorreu entre
2.0 e 1.06 Ga (Johnson et al., 2006).

O Terreno Chewore-Rufunsa situa-se no extremo oeste do Cinturdo Irumide Sul. O
terreno é composto por Xxistos e gnaisses calci-alcalinos méficos a félsicos, rochas
metavulcénicas, metapelitos e quartzitos (Johnson et al., 2007), além da sequéncia ofiolitica do
Complexo Chewore (1393 Ma). Foi proposto o ambiente de margem continental ativa com
idade entre 1090 e 1040 Ma. O magmatismo do terreno foi atribuido a um ambiente de margem
continental ativa com idades entre 1090 e 1040 Ma e expressiva contribuicdo de crosta
paleoproterozoica. O metamorfismo varia da facies xisto verde a granulito com o aumento do
grau metamorfico para sul controlado por estruturas relacionadas ao Cinturdo Zambezi. O
metamorfismo mais jovem da regido (~550-500 Ma) é restrito as proximidades destas zonas de
cisalhamento e evidencia a sobreposicdo de estruturas relacionadas as orogéneses Pan-
Africanas com magmatismo subordinado.

Uma breve comparacao das associa¢fes de rocha do Cinturdo Irumide Sul na Zdmbia
com as associacBes da Provincia de Tete evidencia as semelhancas e correlacbes mais
evidentes. Por exemplo, o terreno Luangwa-Nyimba e o Supergrupo Zambue, ou os granulitos
e charnockitos da regido de Chipata e os granulitos do Complexo Chidzolomondo e adjacéncias
(antigo Grupo Luia).

Os trabalhos realizados por GTK Consortium (2006), resultado das atividades de
pesquisa realizadas entre 2002 a 2007 em parceria entre 0s Servicos Geoldgicos de
Mogambique e da Finlandia (GTK), apresentaram uma caracterizacao detalhada do territdrio
de Mocambique, definidos em folhas geoldgicas em escala 1:250.000. Neste projeto foram
integrados todos os dados geoldgicos disponiveis, combinados com dados geofisicos, de
imagens de satélites, analises geoquimicas e dados isotopicos (U-Pb com TIMS e SHRIMP e
analises Sm-Nd). De um modo geral a estratigrafia proposta anteriormente por Hunting (1984)
foi mantida, apenas com a adequacdo da nomenclatura litoestratigrafica. Destacam-se duas
alteracOes relacionadas no tema da tese. As rochas de alto-grau metamorfico, incluindo
granulitos, migmatitos, ortognaisses e granitos que proximos a regido de Tete e entdo

incorporadas ao Grupo Luia foram desmembradas em novas unidades, o Grupo
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Chidzolomondo, Granito Rio Capoche, Grupo Cazula e Granito Mussata. Além disso o critério
de classifica¢do dos granitos como “pré- ou pos-Fingoe”, que tinha como base a suposta relagdo
estratigrafica dos granitoides com o Supergrupo Fingogé, que foi substituida por uma analise
embasada na idade absoluta e/ou relativa das intrusfes e 0 seu ambiente de formacdo inferido
através da petrologia dos granitos.

Os dados geocronolégicos obtidos durante este projeto sdo pouco representativos,
dispersos e ndo atendem as dimensdes e a complexidade da geologia na regido de estudo.
Diversas unidades tiveram seu posicionamento estratigrafico definido a partir de observacoes
de campo e dados geofisicos. Foram reconhecidas por GTK Consortium (2006) na Provincia
de Tete, sequéncias de rochas supracrustais metamorfisadas, rochas plutonicas de arco de ilhas
ou de margem continental ativa (~1.3-1.08 Ga), granitoides sub-alcalinos sin-tectonicos (~1.05-
1.04 Ga) e subordinadamente, por suites intrusivas relacionadas a orogénese Pan- Africana.

Com base nos aspectos composicionais, petrograficos, estruturais e geocronoldgicos, 0s
granitoides foram subdivididos em nove suites intrusivas que compde as Suites Intrusivas
Irumides (GTK Consortium 2006). As suites sdo: (1) Serra Chiuta; (2) Rio Capoche (~1.2 Ga);
(3) 46 Rio Tchafuro (~1.12 Ga); (4) Serra Danvura; (5) Monte Capirimpica (~1.09 Ga); (6)
Cassacatiza (~1.08 Ga); (7) Monte Sanja (~1.05 Ga); (8) Mussata e (9) Furacungo (~1.04 Ga).
Além das suites graniticas, o Bloco Tete-Chipata também inclui as rochas méficas estratiformes
da Suite Tete e as rochas intrusivas associadas, descritas como uma associacao anortosito-
mangerito-charnockito-granito.

A sintese das pesquisas geoldgicas realizadas por GTK Consortium (2006) foi publicada
no volume de artigos Special Paper 48 de 2008, do Servi¢o Geoldgico da Finlandia. A partir da
conclusdo e publicacdo do resultados do consércio GTK, alguns trabalhos de autoria dos
pesquisadores que fizeram parte da equipe tém sido publicados em revistas internacionais de
prestigio. Contudo, estes trabalhos tém foco principalmente na regido NE de Mocgambique,
agregando novos dados geocronolégicos aplicados a evolucdo das entidades geotectdnicas
regionais e bacias Neoproterozoicas relacionadas a elas (Viola et al., 2008; Bingen et al., 2009;
Thomas et al., 2010; Grantham et al., 2013; Macey et al., 2010; 2013).

3. Andlise integradora

Os trabalhos de pesquisa desenvolvidos para a elaboracédo desta tese resultaram em
dois artigos submetidos a revista Precambrian Research, os quais apresentam resultados

coerentes entre si e contribuem significativamente para o entendimento do Cinturdo Irumide
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Sul. O ARTIGO 1 apresenta os resultados do estudo de proveniéncia pelos métodos U-Pb e Lu-
Hf em zircdo detritico dos complexos Z&mbue, Fingoé e Cazula. Os resultados de proveniéncia
mostraram areas fonte principais relacionadas ao arco magmatico com idades entre e
assinaturas isotépicas Hf predominantemente juvenis com limitada contribuicdo crustal. As
contribui¢des subordinadas de areas fonte arqueanas e paleoproterozoicas, inclusive nas idades
modelo Hfrpm, mostram uma limitada participacdo de material crustal para o arco, a0 menos
no registro sedimentar. Os resultados obtidos sugerem a deposicdo em bacias de arco
magmatico, possivelmente arcos de ilhas intra-oceanicos.

O ARTIGO 2 apresenta os resultados das analises isotopicas U-Pb e Lu-Hf em zirces
detriticos, igneos e metamorficos dos granulitos do Complexo Chidzolomondo e de zircoes
igneos de platons intrusivos de charnockitos e gabros, além da avaliacdo das condi¢cdes de
metamorfismo e a comparacdo geoquimica com os charnockitos da Suite Castanho. Os
resultados permitiram estabelecer a temporalidade dos eventos de transicao da fase acrecionaria
para a fase colisional do ordgeno, através da idade de deposicdo das bacias de arco, da idade do
magmatismo e metamorfismo sin-orogénico, do metamorfismo colisional e do magmatismo e

metamorfismo pds-colisional.

4. Conclusoes

- Os dados de proveniéncia de zircdo detritico dos complexos estudados mostraram a
ampla predominancia (>95%) de areas fontes constituidas por rochas do Mesoproterozoico com
idades entre 1250 e 1090 Ma, e participacdo subordinada de areas fontes paleoproterozoicas e
arqueanas.

- Os complexos Zambue, Fingoe, Cazula e Chidzolomondo apresentaram padrdes de
proveniéncia de zircao detritico muito similares e marcados pelo pico principal com idade muito
proxima a idade maxima de deposicao estimada para a bacia. Este é um padréo tipico de bacias
de arco como os complexos estudados;

- O ambiente de arco magmatico, provavelmente arcos de ilhas intra-oceénicas, também
é suportado pela assinatura das razdes Lu-Hf dos zircOes detriticos, caracterizadas por valores
positivos de gHf(t), indicando fontes juvenis com pouca influéncia crustal;

- As idades de metamorfismo obtidas nos granulitos do Complexo Chidzolomondo
evidenciam trés eventos metamarficos no cinturdo. Evento M1 relacionado a fase acrescionaria;
Evento M2 registrando o metamorfismo do pico da colisdo continental e do magmatismo sin-

colisional; Evento Mz registrando o metamorfismo de contato relacionado aos corpos intrusivos

23



de gabros e charnockitos que marcam o periodo pés-colisional;

- A integracdo dos mapas geoldgicos disponiveis, acrescidos das observagdes obtidas
durante e fase de campo, resultou em um novo mapa geoldgico integrado para a regido de Tete,

- A integracdo do conhecimento e da cartografia geoldgica disponiveis para 0s paises
limitrofes com a Provincia de Tete, que caracteriza a porcdo NW de Mocgambique (Zambia,
Zimbabue e Malawi), resultou em um novo mapa integrado do Cinturdo Irumide Sul, com a
correlacdo regional entre unidades e eventos nas diferentes regides do cinturdo e unidades
tectdnicas adjacentes;

- Os dados obtidos nesta tese, com a compilacdo e integracdo dos dados geocronoldgicos
e isotdpicos disponiveis para o Cinturdo Irumide Sul, permitiu propor um modelo evolutivo
inédito no qual o Cinturdo Irumide Sul preserva o registro de um Ciclo de Wilson completo
durante 0 Mesoproterozoico. Os eventos sdo: (i) abertura de um oceano e deposicdo de
sequéncias de margem passiva entre 1393 e 1327 Ma; (ii) subduccdo da crosta oceanica e
formacéo de arcos de ilhas intra-oceéanico entre 1327 e 1133 Ma; (iii) evolucédo do edificio do
arco com o magmatismo sin-orogénico intrudindo e metamorfizando as sequéncias vulcano-
sedimentares; (iv) colisdo continental em ~1080 Ma com o pico do metamorfismo colisional
em ~1060 Ma; (v) magmatismo plutdnico mafico e acido poés-colisional, com gabros,
anortositos, charnockitos e granitos CA alto-K com idades entre 1060 e 1020 Ma.
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ARTICLE INFO ABSTRACT

The supracrustal rocks from the Zambue and Fingoe Supergroups and the Cazula Group in the Mesoproterozoic
Southern Irumide Belt (SIB) of NW Mozambique provides a sedimentation record associated with the Rodinia
supercontinent. The Zambué Supergroup comprises a succession of thick massive orthoquartzites and meta-ar-
koses, with minor calc-silicatic schists, marble, and a basal complex of ortho- and paragneisses. The Fingoe
Supergroup and Cazula Group are composed of dstones, calc-silicatic schists, and metapelites interlay-
ered with felsic, mafic, and ultramafic metavolcanic rocks. U-Pb and Lu-Hf isotopic determinations of detrital
zircon from five key samples show similar ages for the main source rocks. Detrital zircon from the Zambue
Supergroup range between 1208 and 1086 Ma in age, with a restricted contribution of Paleoproterozoic source
rocks. The maximum depositional age was established at 1110 + 2 Ma. The Fingoe Supergroup shows zircon ages
between 1233 and 1106 Ma, with a subordinate contribution of Paleoproterozoic and NeoArchean zircon grains.
The calculated maximum depositional age of 1142 + 6 Ma is similar to the crystallization age of 1094 + 9 Ma
obtained from a meta-andesite, and indicates the syn-orogenic nature of these volcanism. In the Cazula Group
samples, the zircon ages range between 1164 and 1076 Ma, with minor Paleoproterozoic contributions. The
maximum depositional ages were established at 1076 + 1 Ma and 1139 + 1 Ma. The Lu-Hf data show pre-
dominantly positive eHf() values (+2 and +10) and Thw ages ranging between 1.75 and 1.50 Ga, indicating
isotopic signatures of juvenile sources, with limited older continental crust contributions. The age results, the
well-defined young age modes of the detrital zircon associated with the arc magmatism of the Southern Irumide
Belt and the Hf isotopic composition demonstrate that the Zambué and Fingoe Supergroups and Cazula Group
represent arc-related basins. Structural data indicate a complex and polyphasic evolution, with the development
of the metamorphic foliations associated with Mesoproterozoic transpressional oblique tectonics, related to
accretionary and collisional phases of the Irumide Orogeny (1200-1000 Ma).

Keywords:
Detrital zircon

) i P

Juvenile magmatism
Irumide Orogeny
Rodinia assembly

1. Introduction

Comparable to other continental regions, the geology of the central
and southern portions of Africa is characterized by Archean-
Paleoproterozoic cratonic cores, surrounded, and aggregated by Meso-
proterozoic orogenic belts. The Southern Irumide Belt (SIB) is one of
these belts, located between the Zimbabwe and the Central African
cratons in a key area for the understanding of the regional tectonic
evolution related to accretionary and collisional processes of the

* Corresponding author.
E-mail address: thales.petry@ufrgs.br (T.S. Petry).
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Irumide Orogeny (~1330-1000 Ma) that refers to the Rodinia Super-
continent formation (Johnson et al., 2006).

The SIB extends as an N70°E trending belt through the southeast
portion of Africa from SE Zambia and NW Mozambique to NW
Zimbabwe and W Malawi. The belt is composed of low- to medium-
grade metavolcano-sedimentary and metasedimentary complexes,
high-grade para- and orthogneisses immersed and surrounded by syn-
orogenic granitic suites (ca. 1200-1080 Ma). These units were intruded
by a wide late- to post-collisional magmatism, including suites of
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granites, charnockites, and gabbros ca. 1060-1020 Ma. The SIB has been
interpreted as an assembly of exotic terranes (intra-oceanic and conti-
nental arcs) accreted to the southeastern margin of the Central African
Craton (Bangweulu, Tanzania and Angola-Kasai cratons) during the
Irumide Orogeny (Johnson et al., 2006, 2007; Westerhof et al., 2008a).

In the Tete Province, NW region of Mozambique, the Fingoe supra-
crustal rocks are exposed in a WSW-ENE trending fold belt extending
along approximately 180 km, from Monte Atchiza to the west to about
30 km east of Fingoe town. The eastern part of this supracrustal belt
includes a continuous and fragmented set of exposures, as roof pendants
supported by the syn-orogenic granites of the Cassacatiza and Monte
Capirimpica suites. To the northwest of the Fingoe supracrustal belt, the
Zambue Supergroup includes a thick and massive package of ortho-
quartzite interlayered with meta-arkoses. These units are involved in the
extreme west and east, by the high-grade para- and orthogneisses of the
Rio Meze Formation.

The supracrustal rocks from Zambué and Fingoé Supergroups and

Precambrian Research 381 (2022) 106860

the Cazula Group were interpreted as Mesoproterozoic arc-related as-
sociations of the SIB. Their successions of clastic and chemical sedi-
mentary rocks interlayered with volcanic associations (basalts, andesites
and acid pyroclastic rocks) are characteristic of arc-related basins (GTK
Consortium, 2006; Westerhof et al., 2008a). These units were poorly
studied due to their occurrence in isolated areas. In this article, we
present structural, stratigraphic, and petrographic information sup-
ported by U-Pb and Lu-Hf detrital zircon data of four representative
metasedimentary samples, the crystallization age of a meta-andesite of
the Fingoe Supergroup and the xenocrystic zircon grains of a dolerite in
Cazula Group. The data obtained allowed to reassess the origin and
tectonic significance of each association, as well as the role of these units
in the evolution of the SIB and the implications for the ultimate assembly
of Rodinia. On a broader scale, the integration with geochronological
data from the SIB and SE Africa units exposed new perspectives about
the regional tectonic evolution with identification of subduction pro-
cesses and continental convergence and docking.

® ®
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2. Geological context

The Precambrian basement of the Tete Province has a protracted
tectonic evolution with the superposition of at least three orogenic
events, preserved by the Mesoproterozoic Southern Irumide (NE-SW and
NW-SE trend), and by the Neoproterozoic Mozambique (N—S trend) and
Zambezi (E-W trend) belts (GTK Consortium, 2006; Westerhof et al.,
2008a; Chatique et al., 2017, 2019) (Fig. 1). The main crustal growth
events exposed at the Tete Province are related to subduction and
magmatic arc building processes (1328-1080 Ma) and the following
continental collision that occurred in the Late Mesoproterozoic
(1080-1060 Ma) (GTK Consortium, 2006; Westerhof et al., 2008a).
These events characterize the Irumide Orogeny of the SIB. The belt was
reworked and affected by thrust systems and high-angle transcurrent
shear zones, with the imbrication of the Neoproterozoic units of the
Zambezi and Mozambique belts surrounding the northeastern portion of
the Zimbabwe Craton.

The SIB (also called Tete-Chipata Belt, GTK Consortium, 2006;
Westerhof et al. 2008a) composes a Mesoproterozoic magmatic arc
system extending through northernmost Zimbabwe, SE Zambia, and NW
Mozambique (Fig. 2). Further east in Malawi, NE Mozambique and
southern Tanzania, the Marrupa and Unango complexes are the
continuation of the SIB (Bingen et al., 2009, Hauzenberger et al., 2014;
Thomas et al., 2016). The belt is bounded by two major continental-scale
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shear zones. The Mwembeshi Shear Zone at the north shows a NE-SW
trend and defines the boundary between the Southern Irumide and the
Irumide belts representing a Mesoproterozoic suture zone (Johnson
et al., 2006; Sarafian et al., 2018). The southern boundary of the SIB is
characterized by the E-W trending Sanangoe Shear Zone, a south-
verging oblique structure that thrusted the SIB units over the
Zimbabwe Craton. The continuity of the belt to the east is affected by the
NW-SE trending and southwest-verging Angonia Shear Zone (Grantham
et al. 2007; Westerhof et al., 2008a; Bingen et al. 2009). In NW
Mozambique, the SIB is exposed as a continuous belt between the
Zambezi Belt to the south, and the Mozambique Belt to the east. The
contact between the SIB and Zambezi Belt is overlain by the sedimentary
and volcanic rocks of the Karoo Supergroup (Upper Carboniferous to
Lower Jurassic) of the Mid-Zambezi Basin.

The voluminous Stenian (1.2-1.0 Ga) magmatism of the SIB is rep-
resented by an initial episode of juvenile magmatism and accretion,
followed by collisional and post-collisional events involving limited
reworking of an Archean-Paleoproterozoic crust. The former period
characterizes the accretionary phase marked by oceanic crust subduc-
tion and the building of intra-oceanic and continental magmatic arcs
(Johnson and Oliver, 2004; Johnson et al., 2005, 2006; Westerhof et al.,
2008a, 2008b). This arc system was developed at the border of a
continent, commonly assigned to a cryptic cratonic core, referred to as
Niassa Craton (Andreoli, 1984; Daly, 1986; Sarafian et al., 2018; Celli
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et al.,, 2020) or Rushinga Microcontinent (Begg et al., 2009; Alessio
et al., 2019a), or also to the Central African Craton (Johnson and Oliver,
2004; Johnson et al., 2005; Alessio et al., 2019a, 2019b). The relics of
the basement are diffused in the belt and their nature and extent remains
poorly constrained (Johnson et al., 2006, 2007; Westerhof et al., 2008a;
Alessio et al., 2019b). These arc associations were reworked by colli-
sional processes involving the Zimbabwe, Bangweulu-Angola-Kasai, and
Antarctica cratons during the Rodinia assembly (Dalziel, 1997; Dalziel
et al., 2000; Meert, 2002; Li et al., 2008; Goscombe et al., 2020). Later,
the SIB was affected by Neoproterozoic ic and
events related to the Pan-African orogenic cycle and the Gondwana as-
sembly (GTK Consortium, 2006; Fritz et al., 2013; Chatique et al., 2017,
2019).

The geological knowledge of the SIB remains fragmentary and most
of published data is concentrated on the southern and eastern Zambia
regions, where the belt was subdivided into thrust-stacked terranes. The
SIB complex internal architecture and lithological diversity is a result of
deformation, exhumation, and development of shear and thrust zones,
due to the Irumide and Pan-African orogenies (Johnson et al., 2006). In
the NW portion of Mozambique, the belt is constituted by supracrustal
metamorphic complexes surrounded by syn-orogenic granitoids and
intruded by voluminous late-orogenic magmatism comprising concor-
dant plutons of high-K granites, charnockites, and gabbro-anorthosite
complexes (GTK Consortium, 2006; Westerhof et al., 2008a).

»rphic

2.1. Supracrustal complexes

The Zambue (ZS) and the Fingoe (FS) Supergroups constitute NE-SW
trending elongated and continuous belts, while the Cazula, Chidzolo-
mondo and Mualadzi, and Groups occur as roof pendants and xenoliths
in the Stenian granites of the Irumide Suites (Fig. 2). The Zambue Su-
pergroup is disposed as a belt in the northwestern portion of the studied
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area and extends to the north into the Nyimba and Rufunsa regions of
Zambia (Fig. 2). The ZS comprises the basal ortho- and paragneisses of
the Rio Meze and Rio Mepembe formations (basement inliers?), and the
dominant meta-arkoses, quartzites and pelitic gneisses of the Malowera
Group. These units were covered by the marbles, calc-silicate gneisses
and impure quartzites of the Muze Group (GTK Consortium, 2006). The
Malowera Group units were considered as a passive margin sequence
deposited over the basement rocks before the accretionary phase. The
maximum depositional age was established at ca. 1300-1200 Ma (GTK
Consortium, 2006; Westerhof et al., 2008a). The Muze Group units are
disposed as a curvilinear NW-SE trending belt, tectonically overlying the
above-mentioned units, and are probably a younger Neoproterozoic
sequence, as stated by Johnson et al. (2006) for the correlated Sasare
volcanic units in the Petauke region of Zambia.

The Fingoé Supergroup (FS) is an N30°E trending deformed
metavolcano-sedimentary sequence, mainly exposed as an elongated
belt 180 km long and up to 25 km wide (Fig. 3A). The FS was subdivided
into two groups (GTK Consortium, 2006). The lower Monte Messuco
Group comprises the marbles, mica schists, metachert, banded ironstone
and mafic to ultramafic metavolcanic rocks of the Monte Rupanjaze
Formation, and the acidic metatuffites and other metapyroclastic rocks,
with minor amphibolites (metabasalts) and meta-andesites of the Monte
Muinga Formation. The metavolcanic rocks range between tholeiitic
basalts, to calc-alkaline meta-andesites and metarhyolites (GTK Con-
sortium, 2006). A meta-andesite yielded a U-Pb SHRIMP zircon age of
1327 + 16 Ma (GTK Consortium, 2006, Manttari, 2008). The upper
Monte Tchicombe Group comprises the Rio Mucamba Formation,
constituted by felsic metavolcanic rocks, metaconglomerates, meta-
sandstones and quartzites, and at the top, the Monte Puéque Formation
exposes gneisses and calc-silicate schists. The metamorphic conditions
vary from upper-greenschist to lower-amphibolite facies (GTK Con-
sortium, 2006). The supracrustal rocks were strongly deformed and

Stratigraphic column
[ Phanerozoic cover
[ Neoproterozoic-Cambrian granites.

Monte Sanja Sulte (1050 Ma)
[ Granites, granodiorites and az-diorites

[75] Acid metavolcanic, metatuff and agglomerates
=" | [ Calc-siicate gneisses and schists

| M Tehicombe Group_|

Fingoé Supergroup
"Monte Messuco Group

MG

Zimbué S.
MLG

Fig. 3. A) Geological map of the Fingoé Supergroup region (extracted and modified from GTK Consortium, 2006). Legend: MLG- Malowera Group, MG- Muze Group;
B) Geological cross-section A-B; C) Geological cross-section C-D (modified from GTK Consortium, 2006).
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generally show steep to vertical metamorphic NE-SW trending foliations
(Fig. 3B, C). Early deformational events generated the S; and S; folia-
tions, preserved as centimetric to metric, tight to isoclinal recumbent Fy
and F; folds, deformed by kilometer-scale open to close normal F folds.
The main deformational events defined the NE-SW structural trending of
the Fingoe Supergroup. The contact of the FS with the surrounding
Cassacatiza Suite, Serra Danvura and Monte Capirimpica granitoids are
concordant, as indicated by the magmatic and tectonic foliations. The FS
was partially segmented by NW-SE and E-W trend normal faults asso-
ciated with the deposition of the Karoo Supergroup during the Phaner-
ozoic (Fig. 3C). Small occurrences of supracrustal rocks within the
adjacent granitoids manifest a far wider extension than the relatively
narrow Fingoe fold and thrust belt. The FS was interpreted as a
magmatic arc dating to ca. 1300 Ma, encompassed by the younger
magmatism of the Cassacatiza Suite (1117 + 12 Ma, 1077 + 2 Ma),
Monte Capirimpica (1086 + 7 Ma) and Serra Danvura granitoids
(Westerhof et al., 2008a, Manttari, 2008). The supracrustal rocks are
intruded by the granitoids of the Monte Sanja Suite (1050 -+ 8 Ma) and
by the Neoproterozoic Monte Inchinga Granite.

The rocks of the Cazula Group (CG) are distributed in the eastern
portion of the studied area as six irregular-shaped xenoliths up to 40 km
long and 15 km wide, included in the Furacungo Suite granitoids
(mainly in the Desaranhama Granite) (Fig. 2). The CG is constituted by
quartz-feldspathic schists (metapsamites), calc-silicatic schists, quartz-
ites and amphibolites, interpreted as metabasalts (GTK Consortium,
2006). The metasediments have a NW-SE trending schistosity, concor-
dant with the magmatic and mylonitic foliation of the Desaranhama
Granite. We studied the westernmost bodies of this group (Fig. 4). The
late-orogenic Desaranhama Granite (ca. 1040 Ma) constraints the time
of deformation of the Cazula Group.
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2.2. Irumide intrusive suites

The supracrustal units are surrounded and supported by the granit-
oids of the Cassacatiza and Serra Danvura suites and by the Monte
Capirimpica, Rio Capoche, and Serra da Chitita granites. These litho-
demic units are concordant with the metamorphic and deformational
trend of the belt and represent the syn-orogenic plutonic arc magmatism
of the Irumide Orogeny emplaced between 1201 and 1080 Ma (GTK
Consortium, 2006; Westerhof et al., 2008a; Makitie et al. 2008). In
contrast, the intrusive late-orogenic Mussata, Chacocoma and Fur-
acungo Suite granitoids show crystallization ages between 1060 and
1020 Ma (GTK Consortium, 2006; Westerhof et al., 2008a; Manttari,
2008). The felsic magmatism is coeval with the charnockites of the
Castanho Granite and with the mafic rocks of the Tete Suite, and with
the Chipera, Rio Chiticula, Muenda and Ualadze gabbros. This younger
bimodal magmatism represents the post-collisional phase of the Irumide
Orogeny (Westerhof et al., 2008a, b). These intrusive suites occur pre-
dominantly to the north of the Tete Suite, comprising NW-SE trending
elongated plutons with concordant magmatic foliation. The syeno- to
monzogranites have porphyritic textures with variable contents of K-
feldspar megacrysts, as well as biotite and hornblende (Makitie et al.,
2008). The common presence of mafic enclaves and dioritic to gabbroic
bodies demonstrates the mixing and mingling between granitic and
mafic magmas. The granites show a high-K calc-alkaline composition
while the mafic rocks have a tholeiitic (E-MORB) signature.

Besides the voluminous Stenian magmatism, there are records of
Neoproterozoic magmatism in the Tete Province (Makitie et al., 2008;
Westerhof et al., 2008a). The Tonian rocks (860-780 Ma) comprise the
mafic-felsic Matunda, Atchiza and Guro Suites. This tholeiitic to calc-
alkaline magmatism was conditioned by NE-SW to E-W extensional
structures and is related to the Rodinia break-up (Westerhof et al.,
2008a; Ibraimo and Larsen, 2015). The Late Ediacaran-Cambrian
(550-470 Ma) granites occur as restricted plutons and represent the

Stratigraphic col
Rukore Suite (180 Ma)
[l Vafic dykes

[l Muenda Gabbro

Castanho Granite (1050-1020 Ma)

[ Hypersthene-bearing granites

Furacungo Suite

Desaranhama Granite (1064-1029 Ma)

l:l Porphyritic and equigranular
bt-granite and granodiorite

] Mylonitic granites and gneisses

Rio Ponfi Granite

u Equigranular and yritic
qz-monzonite and gz-diorite

Nacoco Granite

x] Ea(x:,igranular granodiorite, diorite

q

Mussata Granite (1062-1037 Ma)
D Myilonitic porphyritic bt-granite
Cazula Group

=i Metasandstone, calc-silicatic
schists, quartzites and metabasalts

@® Dated samples

Geographical legend and structures

O Cz-Cazulavilage X Bedding
*s, Roads X Foliation
U Lineation
“\ Fold axis

Fig. 4. Geological map of the Cazula Group (modified from GTK Consortium, 2006) with the location of the analyzed samples. Legend: Cz- Cazula village.
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late- to post-collisional magmatism of the Pan-African Orogenic Cycle
(Westerhof et al., 2008a; Goscombe et al., 2020).

3. Methods

To investigate the origin and tectonic setting of the supracrustal as-
sociations from Zambué and Fingoé Supergroups and Cazula Group,
were selected four samples of metasedimentary rocks to detrital zircon
provenance, one dolerite sample and one sample of meta-andesite for U-
Pb and Lu-Hf zircon isotopic determinations. To evaluate the results and
support the interpretations we compiled geological, geochemical and
isotopic data from the SIB regions of Zambia and Zimbabwe.

The zircon grains were extracted using conventional techniques of
heavy mineral concentration, by means of jaw crushers, milling, manual
panning and hand-picking under a binocular microscope. After separa-
tion, the zircon grains were mounted onto epoxy resin discs and polished
to expose the grain centers. Prior to U-Pb analysis, the morphology and
internal structure of zircons grains were characterized by SEM-
cathodoluminescence (CL) in a JEOL 6510 Scanning Electron Micro-
scope at DEGEO/UFOP. The CL images were used to examine morpho-
logical characteristics of zircon grains and to select areas for spot
analyses. U-Pb analyses were carried out at the Isotopic Geochemistry
Laboratory, the Universidade Federal de Ouro Preto, using a Thermo-
Finnegan Neptune multi-collector ICP-MS coupled with a Photon-
Machines 193 nm excimer laser system (LA-MC-ICP-MS). Data were
acquired using peak jumping mode with background measurement
during 20 sec, zircon ablation during 20 sec and 30 pm spot size. Ana-
lyses were conducted over several analytical sessions. The GJ-1 zircon
standard (Jackson et al., 2004) was used as a primary standard for this
study with the Plesovice zircon standard (2%pp/238y = 337 Ma,
207pb/235y = 337 Ma and 2”Pb/?%Pb = 339 Ma; Slima et al., 2008) asa
secondary standard. Data reduction was done in GLITTER® Software
(Van Achterbergh et al., 2001), whereas the concordance, probability,
radial and Concordia diagrams, and the weighted average ages were
generated by the Excel Isoplot software (Ludwig, 2003) and the Isoplot-
R Software (Vermeesch, 2018) according to procedures discussed and
proposed by Spencer et al. (2016), Vermeesch (2018, 2021) and Barham
et al. (2022). Probability density plots (PDP) and Kernel (KDP) plots, as
well as, the weighted average ages, were calculated based on the
207ph/2%ph ages, to present the most representative data of the
analyzed zircons, since most of the ages obtained are ~ 1.2 Ga or older.
The cut-off age varies somewhat within the literature (~between 1.0
and 1.5 Ga), with ages 2°°Pb/?*®U representing the youngest zircons
(Gehrels et al., 2008, Spencer et al. 2016, Vermeesch, 2021). Maximum
depositional ages (MDA) were calculated using the ‘Maximum Likeli-
hood Age’ (MLA) method (Vermeesch, 2021) and the results were
compared with all the Maximum Depositional Age (MDA) methods
discussed and revised by Coutts et al. (2019). For comparison purposes,
an average age of the main population of younger concordant grains was
obtained by the Tera-Wasserburg Concordia method and a 2°’Pb/2%°pb
weighted average age. The complete U-Pb zircon data of two sessions of
analysis and the reference material results are given in Supplementary
Table S1.

The Lu-Hf isotopic analyses of the previously dated zircon grains
were conducted in the Isotopic Geochemistry Laboratory of Ouro Preto
Federal University (UFOP). The Lu-Hf data were acquired using a
Thermo-Finnigan Neptune multicollector ICP-MS instrument coupled
with a Photon-Machines 193 nm Excimer Laser System (LA-MC-ICP-MS)
following the methods of Gerdes and Zeh (2006). The analysis used a
bunch of standard zircons such as Temora (Black et al., 2003, Wu et al.,
2006), GJ-1 (Jackson et al., 2004), Plesovice (Slama et al., 2008), Mud
Tank (Black and Gulson, 1978, Woodhead and Hergt, 2005), 91,500
(Goolaerts et al., 2004), which yielded 7°Hf/'77Hf of 0.282677 +
0.000013 (n = 2), 0.282007 + 0.000005 (n = 5), 0.282473 + 0.000013
(n = 10), 0.282497 + 0.000004 (n = 12), 0.282325 + 0.000003 (n =
12), respectively (+2SD) (Supplementary Table S2).
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For the calculation of eHf values, we used the '7%Lu decay constant of
1.867 x 10! (Soderlund et al., 2004) and the values of '7°Hf/!7"Hf =
0.282785 and '7®Lu/!7’Hf = 0.0336 for the present-day chondrites
(Bouvier et al., 2008). For calculation of the depleted mantle evolution
curve and the two-stage Hf model ages (T3y), we adopted the values
176H£/177Hf = 0.28325 and 7°Lu/'77Hf = 0.0388 of present-day
depleted mantle (Griffin et al., 2000; updated by Andersen et al.,
2009). The analytical data are available in Supplementary Table S2.

4. Results
4.1. U-Pb geochronology

We selected four metassedimentary samples including a metasand-
stone (MB-182) from the Zambue Supergroup, a calc-silicate schist (MB-
179) from the Fingoeé Supergroup, a metasandstone (MB-135) and a grt-
bt-gz schist (MB-138) from Cazula Group, and two igneous samples
including a meta-andesite (MB-181) from Fingoeé Supergroup and a
dolerite (MB-137) from the Cazula Group. A total of 366 analyses were
performed and 301 concordant or near concordant U-Pb zircon ages
were obtained for the analyzed samples.

4.1.1. Zambue Supergroup

The medium-grained metasandstone MB-182 sample was collected
from a slab outcrop in a small window of Zambue Supergroup within the
Cassacatiza Suite granitoids (UTM: 36 L, 368,568 E/8338292 S). The
feldspathic meta-arkose shows a light brown color and a weakly foliated
structure associated to a medium-grained lepidoblastic texture with
oriented muscovite aggregates. The main texture is polygonal to inter-
lobate granoblastic, constituted by quartz and microcline, with subor-
dinated plagioclase (Fig. 5A). We analyzed 96 zircon grains that resulted
in 68 concordant ages. The zircon crystals have euhedral prismatic
shapes with pyramidal terminations. The size ranges from 120 to 320 pm
and aspect ratio from 3:1 to 2:1. In CL images all crystals show oscilla-
tory zoning (Fig. 6A. Th/U ratios range between 0.36 and 1.02 and are
indicative of igneous zircon. The probability density plot shows
207pp,/206p}, ages between 1208 and 1086 Ma, with a single grain of
1867 Ma (Fig. 7A). A main peak of 1110 + 2 Ma (MSWD = 1.0, n = 34)
was defined by a 2%7Pb/?°°Pb weighted average age, confirmed by a
Concordia (Tera-Wasserburg) age of 1111 + 2 Ma (MSWD = 0.65, n =
28) (Fig. 7A). The MLA (Maximum Likelihood Age) calculation of
sample MB-182 yielded a maximum depositional age of 1110 + 2 Ma
(Fig. 7A).

4.1.2. Fingoe Supergroup

The medium-grained calc-silicatic schist sample (MB-179) was
collected from a boulder along the road close to the Fingoé town (UTM:
36 L, 376,725 E/8322954 S). The calc-silicatic schist has a light green
color and preserved primary compositional banding (S0) defined by the
alternation of millimeter (5-20) thick layers rich in epidote, garnet and
muscovite, and quartz-feldspathic-rich layers (Fig. 5B). The felsic levels
are dominant and show polygonal granoblastic texture defined by a
quartz, epidote, garnet and plagioclase arrangement (Fig. 5C, D). This
banding was folded and transposed to a spaced S; schistosity charac-
terized by a medium-grained lepidoblastic texture (Fig. 5E). We
analyzed 51 zircon grains from the cale-silicatic schist of which 37
concordant ages were obtained. The zircon crystals have prismatic and
equidimensional shapes, often fragments of larger grains, with rounded
pyramidal and straight terminations. Grain size ranges from 108 to 220
pm and aspect ratio from 3:1 to 2:1. In CL images, the crystals reveal
internal igneous textures, including oscillatory zoning (Fig. 6B). Th/U
ratios of 0.26-1.10 are common in magmatic zircon grains (Belousova
et al., 2002). The 2°7Pb/?°°Pb zircon ages range from 2635 Ma to 1106
Ma, with a main population between 1199 and 1106 Ma (Fig. 7B). The
probability density plot shows a narrow spectrum of 27Pb/?%°pb ages
with graphical age peaks at 1096, 1230 and 1987 Ma. A 2°7Pb/?°°pb
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weighted average age of 1143 + 6 Ma (MSWD = 0.52, n = 13) was
defined by the main younger population (Fig. 7B) and a Concordia
(Tera-Wasserburg) age of 1138 + 4 Ma (MSWD = 1.0, n = 13). The MLA
(Maximum Likelihood Age) calculation of the sample MB-179 yielded a
maximum depositional age of 1110.97 + 8.36 Ma (Fig. 7B).

The meta-andesite MB-181 sample was collected from an outcrop
close to the Fingoe village (UTM: 36 L, 378,525 E/8322077 S) and
represents the intermediate volcanism of Monte Muinga Formation
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Fig. 5. A) meta-arkose of the Malowera
Group (Zambue Supergroup) with blastop-
samitic texture defined by subrounded clast
of microcline and quartz involving by
granoblastic  polygonal fabric (crossed
polarizer), B) Compositional layering (S0) in
calc-silicate schist (MB-179), C) Ep-hb-pl-qz-
gros schist (MB-179) from the Fingoe Su-
pergroup. showing a discontinuous and
spaced schistosity and epidote (Ep) and
grossular (Gt) porphyroblasts (plane-polar-
ized light), D) Same section with crossed
polarizer, E) Detail of F1 fold with deforma-
tion of the compositional layering (S0) and
formation of the S1 axial surface (plane-
polarized light) (MB-179), F) Blastopor-
phyritic texture with relicts of plagioclase
phenocrysts in the dated meta-andesite (MB-
181); G) Same rock with relict of euhedral
plagioclase (P1) phenocrystal involved by
medium-grained  polygonal  granoblastic
texture with plagioclase and epidote, and
lepidoblastic texture with biotite (Bt), chlo-
rite and muscovite (plane-polarized light),
H) Same section at crossed polarizer.

(GTK Consortium, 2006). The rock has a porphyritic texture defined by
euhedral lath-type plagioclase porphyroclasts (0.5-1.5 mm) (Fig. 5F).
The fine-grained matrix is constituted by plagioclase, hornblende, bio-
tite and low contents of quartz, with nematoblastic texture characterized
by oriented amphibole (Fig. 5G, H). The zircon crystals show euhedral
prismatic shapes with straight terminations and sizes ranging between
120 and 220 pm, with aspect ratio from 3:1 to 2:1 (Fig. 8A). Th/U ratios
between 0.69 and 1.18 confirm the magmatic origin. Were analyzed six
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Fig. 6. CL images of the analyzed zircon grains. A) meta-arkose (MB-182) from Malowera Group (Zambue Supergroup), B) Calc-silicate schist (MB-179) from Fingoe
Supergroup, C) Metasandstone (MB-135) from Cazula Group, D) Garnet-biotite-qz schist (MB-138) from Cazula Group and E) Intrusive dolerite (MB-137) in the
Cazula Group. Yellow circles show the spot location of the U-Pb analysis, while the white circle show the spots of the U-Pb and Lu-Hf analysis. Legend of the spot
results. First line: number of the analyzed spot in the table of data, Second line: U-Pb age, and Third line: epsilon Hf(t) value.
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Fig. 8. A) Concordia age for the meta-andesite (MB-181) of the Fingoé Supergroup, B) La/10 x Y/15 x Nb/8 diagram (Cabanis and Lacolle, 1989) for the meta-
volcanic rocks from Fingoe Supergroup and for the Chewore, Kaourera and Mualadzi complexes, showing an orogenic trend. Data from: Oliver et al. (1998), Johnson

and Oliver (2004), GTK Consortium, 2006a; Johnson et al. (2007).

zircon grains from the meta-andesite and most of the analyzes show
some degree of discordance, two were discarded. The values obtained
considering the four grains and the two most concordant analyzes vary
around ~ 5 Ma. Three more concordant analysis yielded a 2°’Pb/2%ph
weighted average age of 1098 + 8 Ma (MSWD = 0.46), while the two
concordant zircons generated a Concordia (Tera-Wasserburg) age of
1095 + 10 Ma (MSWD = 0.68) (Fig. 8A).

4.1.3. Cazula Group

The sample MB-135 corresponds to a fine- to medium-grained met-
asandstone collected from a road cut outcrop in a ten of meters-size
xenolith of the Cazula supracrustals in the Desaranhama Granite, close
to the contact with Mussata Granite (UTM: 36 L, 570,701 E/8285581 S).
The metapsamite shows light gray color and a plane-parallel structure
defining a compositional banding of centimetric thickness (Fig. 9A).
Internally, a weakly foliated structure is defined by orientation of bio-
tite. The main texture is fine-grained granoblastic polygonal with
quartz, plagioclase and microcline. We analyzed 76 zircon grains and
obtained 73 concordant ages. The zircon crystals are predominantly
equidimensional, many fragments of larger grains, with subrounded
terminations. The size ranges from 40 to 330 pm and aspect ratio from
3:1 to 1:1. In CL images, the crystals show oscillatory and sector zoning
(Fig. 6C). Th/U ratios range between 0.23 e 1.01, indicating magmatic
origin. The probability density plot shows a narrow spectrum and a
single graphical age peak with 207pp,/206pp, ages ranging between 1157
and 1052 Ma (Fig. 7C). These zircons show a 207pp, /206p}, weighted
average age of 1077 + 1 Ma (MSWD = 0.78, n = 59) and a Concordia
(Tera-Wasserburg) age of 1082 + 1 Ma (MSWD = 0.08, n = 68)
(Fig. 7C). The MLA (Maximum Likelihood Age) calculation of the sample
MB-135 yielded a maximum depositional age of 1077 + 1 Ma (MSWD =
0.77, n = 59) (Fig. 7C).

The grt-bt-qz schist sample (MB-138) was collected from a road cut
outcrop in a large xenolith of Cazula Group close to Cazula town (UTM:
36 L, 568,291 E/8309001 S). The schist has dark grey color and spaced
schistosity marked by medium-grained lepidoblastic texture defined by
orientation of biotite (Fig. 9B). The garnet occurs as subhedral por-
phyroblasts with internal syn-kinematic fine trails preserved by in-
clusions of quartz and opaque minerals (Fig. 9C, D). Were analyzed 90
zircon grains and obtained 81 concordant ages. The zircon crystals have
euhedral and elongated prismatic shapes with pyramidal terminations.
The grain size ranges from 82 to 230 pm and aspect ratio from 4:1 to 1:1.
In CL images, the grains exhibit igneous texture and oscillatory zoning
(Fig. 6D). Th/U ratios range between 0.18 e 1.40. The probability

density plot shows 27Pb/?Pb ages ranging from 1875 to 1034 Ma,
with a main age peak defined by a narrow interval of ages between 1187
and 1114 Ma (Fig. 7D). This main interval of results yielded a
207ph,/206ph weighted average age of 1139 + 1 Ma (MSWD = 0.77, n =
54) and a Concordia (Tera-Wasserburg) age of 1137 + 2 Ma (MSWD =
0.62, n = 22) (Fig. 7D). A maximum depositional age of 1084 + 19 Ma
(MSWD = 140, n = 90) was obtained by the MLA (Maximum Likelihood
Age) method (Fig. 7D).

The dolerite sample (MB-137) is intrusive in the Cazula Group
supracrustals and was collected from an outcrop in a small stream along
the road close to the Cazula town (UTM: 36 L, 568,133 E/8307994 S).
The diabase occurs as a sill and has dark grey color and a fine-grained
massive texture. The rock is composed of plagioclase, pyroxene and
opaque minerals arranged in an intergranular texture. (Fig. 9E, F). Were
analyzed 47 zircon grains and obtained 38 concordant ages. The zircon
crystals have euhedral and elongated prismatic shapes with pyramidal
terminations. Most of the grains have incipient rounded faces, suggest-
ing sedimentary reworking. We interpreted these zircon grains as
inherited xenocrysts with the youngest cluster indicating the maximum
emplacement age. The grain size ranges from 100 to 200 pm and aspect
ratio from 3:1 to 2:1. In CL images, the grains exhibit igneous texture
and oscillatory zoning (Fig. 6e). Th/U ratios range between 0.23 e 1.01.
The probability density plot shows a single graphical age peak with
207ph/26ph ages ranging from 1189 to 1042 Ma (Fig. 7E). The
207ph,/2%ph weighted average ages shows three distinct ages intervals.
The younger zircons yielded a weighted average age of 1082 + 3 Ma
(MSWD = 0.29, n = 14) and a Concordia (Tera-Wasserburg) age of 1082
+ 3 Ma (MSWD = 0.0047, n = 15) (Fig. 7E). The MLA (Maximum
Likelihood Age) calculation of the sample MB-137 yielded an age of
1082 + 3 Ma (MSWD = 0.29, n = 14) (Fig. 7E).

4.2. Lu-Hf isotopic data

The same zircon crystals investigated by U-Pb were analyzed to Lu-
Hf compositions. The analyses were conducted in the same spots of
the previous U-Pb investigation. A total of 118 Lu-Hf determinations
were obtained. The results show a similar isotopic composition of ju-
venile mantle magmas with mixing of isotopically evolved continental
crust.

4.2.1. Zambue Supergroup

We determined the Lu-Hf isotopic compositions of twenty-four
zircon grains from the metasandstone (MB-182). The analyzed crystals
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Fig. 9. Macroscopic and microscopic features of the Cazula Group rocks. A) Compositional layering (S0) in metasandstone (MB-138) alternating continuous and
irregular felsic levels of qz-feldspathic-rich composition and biotite-rich mafic levels, B) Detail of the SO in fresh rocks surface, C) Garnet-biotite schist (MB-138) with
syn-S2 garnet porphyroblasts and lepidoblastic texture of biotite (plane-polarized light), D) Same section in crossed polarizer, E) Intergranular texture of the intrusive

dolerite (MB-137), F) Same section in crossed polarizer.

have ages between 1180 and 1102 Ma and positive eHf(t) values be-
tween +9.88 and +2.03 (Fig. 10). These grains show T ages between
1.70 and 1.26 Ga.

4.2.2. Fingoe Supergroup

Fifteen zircon grains from the calc-silicate schist (MB-179) were
analyzed. Twelve zircon grains with ages ranging between 1199 and
1119 Ma show eHf(t) values ranging from +9.04 and —0.67 (Fig. 10a).
These grains show T3y ages between 1.89 and 1.34 Ga. Two Paleo-
proterozoic grains dated at 2211 and 1991 Ma yielded eHf(t) values of
~7.71 and —1.94 (Fig. 10) with T3y ages of 2.80 and 2.94 Ga, respec-
tively. The three analyzed zircon grains from the meta-andesite (MB-

181) have ages of 1148-1117 Ma and positive eHf(t) values between
+4.31 and +2.34 (Fig. 10). The Tayi ages vary between 1.69 and 1.60
Ga.

4.2.3. Cazula Group

We determined the Lu-Hf isotopic compositions of thirty-one zircon
crystals from the metasandstone (MB-135). The analyzed crystals have
ages between 1110 and 1060 Ma and eHf(t) values varying between
+6.46 and —12.24 (Fig. 10). The Ty ages range from 2.45 to 1.43 Ga.
From the zircon crystals of the gt-bt-qz schist (MB-138), twenty-nine Lu-
Hf isotopic compositions were obtained. The analyzed crystals have ages
between 1328 and 1034 Ma and eHf{(t) values between -+9.73 and —0.64
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(Fig. 10). The T%M ages range from 1.87 to 1.21 Ga. The zircon grains
from the intrusive dolerite (MB-137) have ages between 1170 and 1071
Ma and eHf(t) values varying between +6.20 and +1.19 (Fig. 10). The
T3y ages range from 1.73 to 1.52 Ga.

5. Discussions

The NW region of Mozambique and its border with the eastern
portion of Zambia, northern Zimbabwe, and western Malawi host the
various units of the Southern Irumide Belt. The Fingoé Supergroup and
the Cazula Group were the first metasediments from arc-related basins
recognized in the SIB of NW Mozambique. These units were mapped and
defined by the GTK Consortium (2006), but its stratigraphy, geochro-
nology and tectonic significance has been poorly investigated. The
detrital zircon grains from the rock associations of the Zambué, Fingoe,
and Cazula show euhedral prismatic shapes and well-preserved
magmatic oscillatory zoning, indicating igneous sources and short
sedimentary transport.

The supracrustal associations are the older units of the SIB and show
a regional metamorphic foliation in the NE-SW direction. The schistosity
to incipient gneiss banding records a complex and polyphasic evolution
characterized by the development of the S; and S; foliations under low-
to medium-grade metamorphic conditions. Both Zambue and Fingoe
Supergroups are bounded by oblique and transcurrent ductile shear
zones and are cut by late-orogenic bodies of porphyritic granitoids,
charnockites, and gabbro-anorthosite complexes with emplacement
ages between 1060 and 1020 Ma (GTK Consortium, 2006, Westerhof
et al. 2008a). The Fingoe Supergroup constitutes an elongated belt of
N60°E direction, separated from the Zambue units by the syn-orogenic
granites of the Cassacatiza Suite and of the Serra Danvura and Monte
Capirimpica, with ages between 1117 Ma and 1086 Ma (GTK Con-
sortium, 2006, Westerhof et al. 2008a). The Fingoé Supergroup com-
prises basic to acid metavolcanic rock associations with subordinate
metapelites, metaconglomerates, calc-silicate schists and marbles.
Geochemical data from the Fingoe and other correlated metavolcanic

rocks of NE Zambia, when plotted in the diagram of Cabanis and Lacolle
(1989) (Fig. 8B), shows an orogenic trend and a composition like mantle
magmas generated in subduction zones. Two samples of intermediate
metavolcanic rocks showed crystallization ages of 1328 Ma (MOS-34,
GTK Consortium, 2006) and 1098 Ma (MB-181).

The granites of the Cassacatiza suite, Serra Danvura and Monte
Capirimpica constitute elongated bodies concordant with the NE-SW
oriented ductile shear zones. The trace of the magmatic foliation of
these granitoids can be observed on the map in Fig. 3, confirming the
syn-tectonic character of the magmatism positioning and its contempo-
raneity with the D; and D, deformation events and in part, with the
orogenic metamorphism at ca. 1080 Ma (GTK Consortium, 2006). The
granites of the Monte Sanja and Castanho Granite suites are intrusive in
the metamorphic rocks of the Zambue and Fingoe Supergroups, and in
the syn-orogenic granite suites. These bodies show elongate shapes and
crystallization ages between 1060 and 1020 Ma, suggesting the reac-
tivation of ductile shear zones during the late-orogenic stages of the SIB
(GTK Consortium, 2006, Westerhof et al. 2008a).

5.1. Isotopic data and source areas

The metasediments of the Zambue and Fingoe Supergroups and of
the Cazula Group show dominance of Stenian (1200-1086 Ma) detrital
zircon grains with minor Ectasian (1364-1203 Ma) and very subordi-
nate Paleoproterozoic and one Archean age (Fig. 7). The detrital zircon
patterns indicate that these supracrustal sequences received contribu-
tions mostly from the Mesoproterozoic units that characterize the Fingoe
magmatic arc of the SIB.

The bulk of the analyzed detrital zircon grains presented Stenian ages
ranging between 1250 and 1080 Ma, broadly corresponding to the syn-
orogenic arc magmatism of the SIB in the Tete Province (Fig. 11)
(Manttari, 2008; Westerhof et al., 2008a). The vertical array of positive
eHf(y) values (+2 to +10) and the Ty ages ranging between 1.75 and
1.30 Ga indicate juvenile sources, with limited contributions of crustal
reworking (Fig. 10). Some zircon grains show M ages between 2.95
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and 1.70 Ga reflecting higher amounts of assimilation of isotopically
evolved continental crust.

Assingle NeoArchean grain was identified in the calc-silicatic schist of
the Fingoe Supergroup, possibly indicating an Archean source of sedi-
ments or relics of Archean crust within the arc. In the Nyimba region of
Zambia, a dioritic gneiss presented a LA-ICPMS U-Pb zircon age of 2608
+ 14 Ma, the oldest dated basement rock of the SIB (Cox et al., 2002).
This orthogneiss is correlated to the Rio Mepembe Complex of the
Zambué Supergroup. Two of these grains showed negative eHf,) values

13

similar to those presented by Alessio et al. (2019a, b) for basement
orthogneisses and quartzites from the Chipata and Rufunsa regions at
southeastern of Zambia (Fig. 2). Paleoproterozoic detrital zircon grains
recorded in the Fingoé Supergroup and Cazula Group were likely asso-
ciated with similar orthogneisses inliers described by Alessio et al.
(2019b) in the Chipata region (Fig. 2). The evolved isotopic signatures
indicate that the Paleoproterozoic sources were formed by the rework-
ing of Archean crust.

Early Ectasian detrital zircon grains were found in the MB-138 grt-bt-
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qz schist from the Cazula Group, with an age peak of 1366 Ma (Fig. 7D).
Ages from this period are subordinate in the SIB and correspond to the
first magmatism phase in the Choma-Kalomo Block (Glynn et al., 2017),
southernmost Zambia and in Kibaran Belt (Tack et al., 2013), at Congo
and Tanzania (Fig. 11). The bulk of the analyzed detrital zircon grains
presented ages ranging between 1164 and 1125 Ma, broadly corre-
sponding to the syn-orogenic arc magmatism of the SIB in the Tete
Province (Manttari, 2008; Westerhof et al., 2008a). The vertical array of
predominantly positive eHf() values (+2 to +10) and the Téum ages
ranging between 1.75 and 1.30 Ga indicate isotopic signatures of juve-
nile sources, with limited contributions of crustal reworking (Fig. 10).

5.2. Tectonic setting and depositional age

The U-Pb and Lu-Hf detrital zircon data from the Zambué and Fingoe
Supergroups and Cazula Group reveal the same source rocks and anal-
ogous tectonic settings. A narrow provenance spectrum and an age peak
close to the presumed depositional age are characteristic of arc-related
basins (Cawood et al. 2012, Marschall et al., 2013, Barham et al.
2022) (Fig. 12B). The Zambue Supergroup shows a distinct kind of
sedimentary succession, with a thick meta-arkose package interlayered
with quartzites and minor metapelites, marbles and calc-silicate
gneisses, with minor volcanic contribution. The preserved sedimentary
structures and facies associations are suggestive of a more mature suc-
cession, likely deposited in a continental passive margin environment or
in a foreland basin. New zircon grains from the K-feldspar-rich meta-
sandstone (MB-182) presented, however, a dominant range of ages be-
tween 1208 and 1086 Ma (Fig. 7), with positive eHf(t) values (+9.88 to
42.03) (Fig. 10). The Ty ages range between 1.70 and 1.20 Ga. Pre-
viously, the SHRIMP dating of eighteen detrital zircons from a meta-
arkose (MOS-33) from the Malowera Group recorded a heterogeneous
population, including prismatic to oval, transparent to translucent,
reddish-brown to colorless prismatic grains (GTK Consortium, 2006).
The crystals have rounded or corroded cores, with internal oscillatory
zonation. The igneous cores presented Archean (~2700-2500 Ma) and
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Paleoproterozoic (~2100-1900 Ma) ages. Four euhedral zircons yielded
ages of 1300 and 1200 Ma, interpreted as the maximum depositional
age. Homogeneous outer fringes around a rounded zoned core indicated
ages around 1070 Ma were interpreted as related to a metamorphic
event (Manttari, 2008). Also, the quartzite and metapelite samples
analyzed by Alessio et al. (2019a) in the eastern portion of Zambia
which are possibly correlated with Zambue Supergroup show broad
Archean and Paleoproterozoic sources (Fig. 11). The compositional and
structural features of the Zambué Supergroup indicate that the rocks
were deposited in a divergent setting. However, the contribution of the
arc-related sources identified in the meta-arkose sample (MB-182) sug-
gests the spatial and temporal relation with the arc, at least in the upper
units of Malowera Group. Besides, the Zambué Supergroup may include
distinct sedimentary sequences as passive margin and arc sequences and
even foreland sediments, deformed during the Irumide Orogeny.

The Fingoe Supergroup was previously interpreted as an intra-
oceanic island arc around 1330 Ma (Fingoe Arc), based on rock associ-
ation, whole-rock geochemistry and in a U-Pb SHRIMP zircon age of
1327 + 16 Ma from a felsic/intermediate metavolcanic rock (GTK
Consortium, 2006, Westerhof et al. 2008A; Ménttari, 2008). The new
results of detrital zircon data for the calc-silicatic schist (MB-179) show a
narrow spectrum of ages between 1164 and 1118 Ma and a maximum
depositional age of 1110 Ma. The crystallization age of 1094 + 10 Ma
obtained in the meta-andesite (MB-181) may indicate that the rocks of
the Fingoe Supergroup can record two magmatic episodes related to
distinct tectonic events.

The predominantly positive eHf(t) values between +9.04 and —0.67
and the T3y ages ranging from 1.89 to 1.34 Ga corroborate the juvenile
origin. The Fingoe Supergroup is coeval to the active margin phase of the
SIB and the stratigraphic sequence resembles those formed in basalt
floored back-arc basins (GTK Consortium, 2006, Westerhof et al.
2008a). The lower volcanic sequence of the supergroup was interpreted
by GTK Consortium (2006) as representative of the initial stage of the
basin formation associated with active subduction and marked by the
basaltic and andesitic to rhyolitic magmatism.
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Compared with the Fingoe Supergroup, the metavolcano-
sedimentary complexes of the Kaourera Arc in the Rufunsa region, NW
Zimbabwe, are aligned in a NE-SW trend, indicating a possible spatial
continuity (Fig. 2). The Kaourera complexes also presents mafic to felsic
metavolcanic rocks with tholeiitic to low-K calc-alkaline composition
and igneous crystallization ages of ca. 1080 Ma (Johnson and Oliver,
2004; Johnson et al., 2007). The Kaourera complexes rocks show LILE
enrichment and negative Nb, P and Ti anomalies (Johnson et al., 2007).
This chemical signature was interpreted as related to assimilation of
continental crust by arc-setting mantle magmas generated in a subduc-
tion zone system (Fig. 8B). The predominantly negative eNd(t) values
(-0.62 to —~13.47) and the Ndrpy ranging between 2500 and 1740 Ma
demonstrate the assimilation of older continental crust. The acidic
metavolcanic rocks show a similar REE pattern when compared to the
andesitic and basaltic metavolcanic rocks. These features suggest poor
crustal assimilation and strong influence of metasomatic processes
related to the fluid released in an evolved subduction zone. Back-arc
basalts generally show transitional composition between MORB and
OIB and this trend was observed in the Kaourera Arc metabasalts. In this
scenario, the development of the Fingoe-Rufunsa arc system started at
approximately between 1328 and 1100 Ma, as established by the early
volcanism ages. The few published geologic data about the Cazula
Group lithologies and the rock association are less indicative of the
depositional setting. The U-Pb zircon data show a similar provenance
pattern with a dominant age interval between 1157 and 1052 Ma and
1187-1114, and maximum depositional ages of 1084 -+ 19 Ma and 1077
+ 3 Ma.

5.3. Tectonic implications

The characterization of the Zambué and Fingoe Supergroups and the
Cazula Group as arc-related basins reveals insights on the Irumide
Orogeny and provides evidence about the origin and evolution of the
SIB. Geochronologic and isotopic data from the tectonic units of SE
Africa support three Proterozoic orogenic cycles: (i) Eburnean
(2200-1800 Ma), (ii) Irumidian (1300-950 Ma) and Pan-African
(850-500 Ma) (GTK Consortium, 2006). The immature character, the
restricted zircon sources and the juvenile isotopic composition confirm
the Fingoe, Zambué and Cazula associations as arc-related sequences of
the SIB in the NW region of Mozambique. The spatial relationship and
the geochemical and isotopic characteristics of the supracrustal associ-
ations (Zambué, Fingoe, Cazula, Rufunsa and Chipata) record the gen-
eration of magmatic arcs in the convergent tectonic setting during the
Mesoproterozoic (Fig. 12A, B, C). The occurrence of these units in the
northern portion of the Zimbabwe Craton supports the continuity of a
subduction zone situated to the SW proposed by Jacobs et al. (2008)
(Fig. 12D).

The Archean-Paleoproterozoic basement of the SIB was interpreted
as an exotic cratonic fragment with respect to the adjacent Zimbabwe
and Central African Craton (Angola-Kasai, Tanzania, and Bangweulu
cratons) (Andreoli, 1984; Sarafian et al., 2018). However, the SIB
basement orthogneisses show a strong chronological affinity with the
Eburnean cycle belts that surround these cratons (Fig. 11). Goscombe
et al. (2000) proposed that the SIB basement composes an extension of
the Magondi Belt to the north of the Zimbabwe Craton. This belt records
accretionary and collisional events of the Magondi Orogeny between
2100 and 1900 Ma. Furthermore, the evolution of this belt is like the
Usagaran and Ubendian belts, located between the Tanzania and
Bangweulu cratons. These orogenic belts record synchronous collisional
events at ~ 2000 Ma. Similar orthogneisses were described as basement
inliers by Alessio et al. (2019b), within supracrustal complexes in the
southeast of Zambia.

The Mesoproterozoic belts of SE Africa present evidence of the
breakup and dispersal of Columbia Supercontinent. Early Ectasian
detrital zircon grains were found in the grt-bt-qtz schist from the Cazula
Group, as well as in the Irumide and Kibaran belts and in the Choma-
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Kalomo Block. The oldest Mesoproterozoic age of the SIB is from a
plagiogranite dyke of 1393 + 22 Ma intruded in the Chewore Ophiolite
of Rufunsa region, NW Zimbabwe (Fig. 2) (Oliver et al., 1998; Johnson
and Oliver, 2004). The subordinate Ectasian magmatism was thought to
record a protracted period of development and accretion of continental
and island arcs at the southern margin of the Bangweulu Craton
(Johnson and Oliver, 2004; Johnson et al., 2006, 2007; Westerhof et al.,
2008a). In a regional context, the Late Calymmian to Early Ectasian
events are commonly related to the Kibaran/Irumidian orogeny and
linked to the global Grenville orogeny (e.g. Hanson et al., 2003; Koko-
nyangi et al., 2004). However, they occurred approximately 300 Ma
before the Rodinia assembly and are indicative of extensional processes.
We refer to “Kibaran events’” for the anorogenic, alkaline magmatism in
the Usagaran Belt (Tanzania) (~1360 Ma, Vrana et al., 2003;
~1430-1400 Ma, Thomas et al., 2016, 2019), the oceanic crust forma-
tion in the Rufunsa region of the SIB (~1400 Ma; Oliver et al., 1998), the
rift and passive margin sequences of the Democratic Republic of Congo
and Burundi (~1420-1370 Ma, Kokonyangi et al., 2006, 2007;
Fernandez-Alonso et al., 2012), and the mafic-ultramafic bimodal
magmatism in the Kibaran Belt and the Choma-Kalomo Block in Zambia
(~1370 Ma; Kokonyangi et al., 2004; Maier et al., 2007, 2008; Tack
et al., 2010; Glynn et al., 2017). The regional extensional magmatism
are related to the Columbia breakup and establish the minimum age for
the formation of ocean basins at ca. 1400 Ma (Chaves, 2021).

In the SIB, the Chewore Ophiolite establishes the age of the ocean
crust formation and hence the minimum depositional age for the passive
margin sediments. Close to NW Mozambique border, detrital zircon
from basement quartzites and metapelites from the Rufunsa and Chipata
regions in SE Zambia showed sources with ages between 3400 Ma and
1700 Ma (Alessio et al. 2019a, 2019b). These samples are associated
with basement inliers and compose passive margin sediments of the
Irumide Orogeny. Their provenance patterns mimic those of the Muva
Supergroup of the Irumide Belt in northern Zambia (Fig. 11), leading the
authors to suggest a link between the SIB and the Irumide Belt in the
Mesoproterozoic. Compared with our detrital zircon data, these samples
do not represent arc sequences like Fingoe and Cazula. The plate
convergence and onset of subduction triggered the accretionary phase of
the Irumide Orogeny in the SIB around ~ 1328 Ma (GTK Consortium,
2006).

The SIB records little magmatic activity during the Ectasian
(1400-1200 Ma) and increases the magmatism from approximately
1200 Ma (Fig. 13). Compared to other regions of the SIB, the Tete and
Fingoe regions present older syn- and late-orogenic intrusive suites and a
wider interval of magmatism between ca. 1201-1080 and 1060-1040
Ma. Detrital zircon signatures from the Zambué and Fingoe Supergroups
and Cazula Group provide evidence of the accretionary phase of Irumide
Orogeny. The provenance data show that most of the older arc magmatic
rocks were reworked or eroded and deposited in arc-related basins. The
small difference between the crystallization age (CA) and the deposi-
tional age (DA) of the detrital zircon spectra support the hypothesis of
sedimentary sequences associated with volcanic arcs generated in
convergent tectonic settings associated with an orogenic belt (Fig. 12B)
(Cawood et al. 2012). The geochemical and the isotopic juvenile char-
acter of the metavolcanic rocks also confirm the formation of the NE-SW
arc-related basin systems, including the metavolcano-sedimentary se-
quences of the Fingoe, Cazula and Chidzolomondo in the Tete Province
and the Rufunsa and Chipata in Zambia.

The stratigraphic relationships concepts were developed based on
preserved primary structures observed in outcrops, regional sections,
and thin section microscopy data. In most of the area, the rock units
were deformed and dismembered due to the shortening and thickening
associated to the collisional processes of the Irumide Orogeny. The
volcanic and sedimentary rocks associated with the arc magmatism, as
well as the syn-orogenic granitic suites, were generated in the active
convergent setting associated to subduction zones (Johnson et al., 2006,
2007: Westerhof et al., 2008a). The synchronicity of events throughout
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the SIB suggests a common tectonic evolution between approximately
1250-1080 Ma. The detrital zircon data from the analyzed samples of
the SIB supracrustal associations set the maximum depositional ages
from 1110 to 1080 Ma, slightly earlier to the continental collision
metamorphism of the Irumide Orogeny.

The Zumbo and Fingoe regions, and the SE portion of Zambia,
comprise a wide Mesoproterozoic crustal area constituted by concordant
belts of metamorphic supracrustal complexes, with different lithodemic
assemblages and orogenic granitic belts. These units record the northern
margin of the Zimbabwe Craton and the Fingoe magmatic arc.

The SIB composes the network of Ectasian-Stenian orogenic belts
that surround the central and southern of Africa cratons and were
formed during the Rodinia assembly (Hanson, 2003), such as the
Namaqua-Natal and Nampula-Maud belts (Bisnath et al., 2006; Eglinton,
2006; McCourt et al., 2006; Jacobs et al., 2008; Macey et al., 2010,
Barham et al. 2022) (Fig. 12D). The tectonic evolution of these active
continental margin and island arc terranes is broadly coeval (Fig. 13).
Both the SIB and Namaqua-Natal belts record a complete Wilson Cycle
(Cornell et al., 2015), with rifting and formation of oceanic basins be-
tween ~ 1400-1250 Ma, oceanic crust subduction and accretionary syn-
orogenic magmatism between ~ 1250-1080 Ma, and late- to post-
collisional magmatism around ~ 1060-950 Ma. The evolution of these
orogenic belts as intra-oceanic and continental arcs was very similar,
with few differences in the time span of the subduction and accretionary
processes.

6. Conclusions

The Zambué and Fingoe Supergroups and the Cazula Group show a
dominance and a well-defined young age modes of the spectra of zircon
U-Pb provenance, characteristics of convergent tectonic settings and
associated with arc magmatism of the orogenic belts. The dominantly
Stenian ages (1.20-1.08 Ga) indicate that the SIB arc magmatism was
the main source of the detrital zircon. The dominantly positive eHf(t)
values and the T3y ages support a restricted contamination of the
mantle magmas by variable amounts of older continental crust, a char-
acteristic observed in active continental margin arcs or in intra-oceanic
arcs close to the continent. These metavolcano-sedimentary sucessions

16

compose the fragmented Fingoe-Rufunsa arc basin system of the SIB.

The compositional features of the syn-orogenic mafic volcanic
component, particularly in the Fingoé Supergroup, set the final depo-
sition of the arc-related basin systems around 1080 Ma. These basins
were filled by sediments derived from the erosion of volcanic and
plutonic rocks of the orogenic arc of 1200-1080 Ma. The restricted
zircon provenance pattern and the predominantly juvenile Hf isotopic
compositions confirm the local source of sediments and a maximum
depositional age of 1111 and 1080 Ma.

The zircon provenance and the Hf isotopic compositional data, in-
tegrated with the geological mapping results, supported by stratigraphic
and structural data, evidence the Mesoproterozoic Wilson Cycle of the
SIB. The Zambué, Fingoe and Cazula supracrustal associations represent
fragments of an arc-related basin systems, tectonically interlayered with
the other units of the SIB. We support the Southern Irumide Belt as a
Grenvillian orogenic belt accreted to the continental margin of the
Zimbabwe Craton in the Stenian period.
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to collisional orogen in the SIB. This is the first detailed geochronological study performed in
the high-grade gneisses of Chidzolomondo Complex and the post-collisional charnockitic and
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and metamorphic zircon. The obtained data allowed to set: (i) the maximum depositional age
of the Chidzolomondo Complex and correlated arc-related basins at 1120 Ma; (ii) the syn-
orogenic magmatism until ca. 1080 Ma; (iii) peak-collisional metamorphism at ca. 1060 Ma;
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Highlights

U-Pb and Lu-Hf zircon data from granulite of Chidzolomondo Complex.
Provenance spectra and Hf signatures indicate deposition in arc-related basin.
Polyphasic metamorphic evolution recording transition from accretionary to
collisional orogen.

Post-collisional metamorphism due to charnockite intrusion.
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19  grade gneisses from the Chidzolomondo Complex, provide constraints about the transition
20 from accretionary to collisional stage of the Irumide Orogeny. The granulitic complex

21  comprises a volcano-sedimentary succession intruded by syn-orogenic granitoids,

22  metagabbros and charnockitic gneisses. Detrital zircon from a pelitic gneiss showed ages

23 between 1344-1098 Ma and minor Paleoproterozoic and Archean contributions. The

24  maximum depositional age was established at 1121 + 2 Ma. The variable ¢Hf{t) values (-10
25 to +7) and the Tpwm® ages ranging 1.41-2.44 Ga indicated source areas with juvenile to

26 evolved signatures. The crystallization age of a metagabbro (1133 + 15 Ma) and a

27  charnockitic gneiss (1097 + 3 Ma) represent the syn-orogenic magmatism. The positive

28  gHf(t) values (+1.5 to +4.5) indicate a juvenile signature, and the Tpm® ages ranging between

29  1.6-1.8 Ga support the limited contribution of continental crust for the magmatism. Phase
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equilibria modeling indicates that the granulite facies conditions were reached between 785—
795 °C and 3.7—-4.2 kbar. Dating of zircon overgrowths from the high-grade gneisses
characterizes three distinct metamorphic events. The M event at 1092 +5 Ma was identified
in the pelitic gneiss and is coeval to the syn-orogenic magmatism. The M2 event was
identified in all samples and is thought to record the peak of the collisional metamorphism at
ca. 1060 Ma. The M3 event at 1023 +12 Ma records the contact metamorphism identified in
the metagabbro sample near a charnockite intrusion. A charnockite and a gabbro record the
post-collisional magmatism with ages of 10264 Ma and 1026+12 Ma. The results allowed to
establish the timing of the last events of the Irumide Orogeny: (i) maximum depositional age
of the Chidzolomondo Complex and correlated arc-related basins at 1120 Ma; (ii) syn-
orogenic magmatism until ca. 1080 Ma; (iii) peak-collisional metamorphism at ca. 1060 Ma;
(iv) post-collisional magmatism between 1050-1000 Ma.

Keywords: Rodinia assembly, Irumide Orogeny, continental collision, high-temperature

metamorphism, charnockitic magmatism.

1. Introduction

The high-grade metamorphic rocks provide constraints of the geodynamic evolution of
accretionary and collisional orogens (Harley, 1998; Brown, 2007, 2009; Brown and Johnson,
2018, 2019a,b; Kelsey, 2015). The U-Pb geochronology of metamorphic zircon and monazite
to P-T points or path segments promoted great improvement in the metamorphic petrology
and in the geodynamic modeling studies (Harley et al. 2007; Kelsey et al. 2015). Most of the
geodynamic models suggest that regional high temperature and UHT metamorphism is,
principally, related to subduction, coupled with elevated crustal radiogenic heat generation
rates or associated to deep portions of collisional belts (Harley et al. 2007, 2008; Kelsey et al.
2015;). In association with the stratigraphic and structural data, the time relations between the

orogenic metamorphism and the generation of the granitic magmatism provides the necessary
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elements to define an accretionary-, collisional- or intracontinental-type orogen (Cawood et
al. 2022).

The Southern Irumide Belt (SIB) records the transition of the Grenvillian Cycle in the
SE Africa. The SIB is located between the Zimbabwe and the Bangweulu cratons and record
the ocean closure and continental collision between these plates during Rodinia assembly.
The initial subsidence processes associated to an extensional event, and the evolution of the
accretionary to collisional-type orogen characterize the Irumide Orogeny (1400-1000 Ma),
the registry of a complete Wilson Cycle in the SIB. A large range of magmatic and restricted
metamorphic ages were reported defining the main activity of the belt between 1200 and
1000 Ma (GTK Consortium, 2006; Johnson et al. 2006, 2007; Westerhof et al. 2008;
Mianttiri, 2008; Bingen et al. 2009; Alessio et al. 2019a, b; Petry et al. 2022; Philipp et al.
2023). However, the timing of transition from accretionary to collisional orogen remains
controversial.

We investigated the stratigraphic and temporal relationship of the high-grade
supracrustal rocks of the Chidzolomondo Complex and the intrusive charnockitic to gabbroic
post-collisional magmatism. To understand the tectonometamorphic evolution of the
paragneisses of the complex we present petrological data including P-T estimations, whole
rock geochemistry and U-Pb and Lu-Hf zircon data from igneous, detrital and metamorphic
zircon. The results, integrated with published data, indicate the timing of the Irumide
Orogeny last events: (1) maximum depositional age of Chidzolomondo Complex arc-related
basin at 1121 + 2 Ma; (2) accretionary phase extending until ca. 1080 Ma with associated
magmatism and metamorphism; (3) granulite-facies metamorphism and collisional peak at
1060 Ma; (4) intrusive post-collisional granitic and mafic magmatism between 1050-1000
Ma. The juvenile Hf signatures of the syn- to late-orogenic magmatism and the post-

collisional magmatism suggest the continuous contribution of mantle magmas during the
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evolution of the SIB.

2. Geological setting

The Precambrian basement of the Tete Province has a polycyclic evolution preserved
by the Mesoproterozoic Southern Irumide (NE-SW and NW-SE trend), and by the
Neoproterozoic Mozambique (N-S trend) and Zambezi (E-W trend) belts (GTK Consortium,
2006; Westerhof et al., 2008; Chatque et al., 2017, 2019, Petry et al., 2022) (Fig. 1). The
main crustal growth events are related to subduction and arc accretion followed by the
continental collision in the Late Mesoproterozoic. These events characterize the Irumide
Orogeny in the SIB.

The SIB composes a Mesoproterozoic magmatic arc system extending through the SE
portion of Africa from SE Zambia and N Zimbabwe to NW Mozambique and W Malawi
(Fig. 1). The belt is located between the Zimbabwe and Central Africa cratons bounded by
two E-W to NE-SW continental-scale shear zones, the Mwembeshi Shear Zone (MSZ) at the
north, representing a Mesoproterozoic suture zone (Johnson et al., 2006; Sarafian et al.,
2018), and the Sanangoé Shear Zone (SSZ) at the south. To the east, the NW-SE trending and
SW-verging Angonia Shear Zone separate it from the Marrupa and Unango complexes, the
eastern continuation of the SIB (Bingen et al., 2009, Hauzenberger et al., 2014; Thomas et al.,
2016). The belt comprises metamorphosed supracrustal complexes surrounded by syn-
orogenic granitoids and intruded by late- to post-collisional high-K calc-alkaline granites,
charnockites, and gabbro-anorthosite complexes with relics of Paleoproterozoic to Archean
high-grade gneissic rocks (GTK Consortium, 2006; Johnson et al., 2006; Alessio et al.,
2019a, b; Westerhof et al., 2008a) (Fig. 2). The prevailing tectonothermal events in the SIB
are the late Mesoproterozoic metamorphism, corresponding to the syn-orogenic to post-
collisional magmatism of the SIB. The rocks associations were locally affected by the

deformation, metamorphism and magmatism of the Pan-African orogenic cycle and
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Gondwana assembly between 880-500 Ma (GTK Consortium, 2006; Fritz et al., 2013;
Chatque et al., 2017, 2019).

INSERT FIGURE 1

The supracrustal complexes were interpreted as deformed and metamorphosed passive
margin and arc basins deposited between ca. 1350-1080 Ma (Johnson et al., 2007; Westerhof
et al., 2008; Petry et al., 2022). They include metavolcanic rocks ranging from basalts to
rhyolites, and metassedimentary rocks including calc-silicate schists and gneisses, quartzites,
metasandstones and metapelites. The metamorphic conditions vary from greenschist to
granulite facies. In the Tete Province, the Chidzolomondo, Fingoe, Cazula, Mualadzi and
Zambué supracrustal complexes were individualized by GTK Consortium (2006) and
previous workers due to their lithological, metamorphic and structural specificity. Detailed
descriptions of the supracrustal complexes of the Tete Province can be found in GTK
Consortium (2006), Westerhof et al. (2008) and Petry et al. (2022).

INSERT FIGURE 2

The Chidzolomondo Complex (ChC) occurs as two distinct NE-SW elongated and
discontinuous belts (Fig. 2). The northern exposure is a belt of 120 km length and 10 to 20
km width comprising basic to intermediate gneisses of volcanic origin interlayered with
subordinate calc-silicate gneisses. The orthogneisses are dark gray to greenish gray, fine- to
medium-grained equigranular, massive or banded pyroxene and two-pyroxene gneisses (GTK
Consortium, 2008). Lithological classification diagrams plot as basalt and andesite with
minor felsic members and a subalkaline tholeiitic to slightly calc-alkaline affinity (GTK
Consortium 2006). The southern exposure consists of five contiguous bodies with ca. 20 km
length and 15 km width, comprising migmatitic quartz-feldspathic and calc-silicate gneisses,
metavolcanic rocks, with minor metapelitic lenses and metagabbro intrusions (GTK

Consortium, 2006). The mineral assemblages and geothermobarometry of orthopyroxene-
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garnet-bearing granulites and two-pyroxene gneisses indicated peak metamorphism with P-T
conditions of 700-800 °C and 3.5-4.8 kbar for the basic granulites of the northern exposure of
the ChC (Westerhof et al., 2008). The intrusion of late- to post-collisional granites and
gabbros causes intense retrograde assemblages related to contact metamorphism superposed
over the orogenic metamorphism (GTK Consortium, 2006).

INSERT FIGURE 3

The supracrustal complexes are encompassed by the voluminous late-Mesoproterozoic
magmatism comprising syn-orogenic and late- to post-collisional suites (Fig. 3). In the Tete
Province the syn-orogenic Rio Capoche, Serra da Chiuta, Rio Tsafuro, Monte Capirimpica
granites and the Cassacatiza and Serra Danvura granitic suites have ages between ~1200-
1080 Ma (GTK Consortium, 2006; Manttari, 2008; Philipp et al. 2023). They compose NE-
SW elongated batholiths with concordant magmatic foliation, locally deformed and
metamorphosed (GTK Consortium, 2006). The average rock types are medium to coarse-
grained porphyritic biotite (+hornblende) granites and granodiorites. The presence of variable
size (cm to km) xenoliths of metasediments and amphibolites of the supracrustal complexes
are common.

The younger intrusive suites (<1080 Ma) reflect the partial melting of the continental
crust and the ascension of the asthenosphere in the post-collisional extensional environment
(Westerhof et al., 2008). The Mussata and Chacocoma granites and the Furacungo Suite
(Desaranhama, Nacoco, Rio Ponfi and Monte Dezenza gneisses) characterize the late- to
post-collisional granitic magmatism in the Tete Province, with U-Pb zircon ages between
1060-1000 Ma (GTK Consortium, 2006; Westerhof et al., 2008; Philipp et al. 2023). The
most common rock type are K-felspar porphyritic granitoids, locally mylonitized and
deformed. Concurrently, the charnockitic magmatism of the Castanho Suite and the basic

stratiform rocks of the Tete Suite and the Chipera, Rio Chiticula, Muenda and Ualadze
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gabbros show ages between 1060-1000 (GTK Consortium, 2006; Philipp et al. 2023). The
Castanho Suite charnockites and layered gabbro-anorthosite bodies are restricted to the ChC
domain and were thought to have formed by melting of the (dehydrated) lower crust

(Westerhof et al., 2008).

3. Methods

3.1. Geochemistry analysis

We selected seven samples of ortho and paragneisses of the ChC and twelve samples of

the Castanho Suite charnockites for whole-rock chemical analysis. The geochemical analyses
were conducted at the ACME Analytical Laboratories, Canada, by the ICP technique
(Inductively Coupled Plasma — Emission Spectrometry) for major elements, with 0.01%
detection limit, and for Sc, Be, V, Ba, Sr, Y, and Zr, with the detection limit between 1 and 5
ppm. For the remaining trace elements and rare earth elements (REEs), the ICP-MS
technique (Inductive Coupled Plasma — Emission Spectrometry Mass) was used, with a
detection limit of 0.005-2 ppm. The whole-rock geochemical data, including major, minor,

trace, and rare earth elements, are given in Supplementary Data - Table 1.

3.2. Mineral Chemistry

The chemical analysis of garnet and biotite in one sample of pelitic gneiss was made
with the Electron Probe Micro Analyzer (EPMA), Cameca SX Five model, directly into the
thin sections coated with carbon at the Laboratory of Electronic Microprobe in the
CPGq/UFRGS. The energy conditions of the analysis by EPMA were of 15 kV and 15 nA,
with a beam of 5 pm diameter. The chemical composition of the garnet and biotite is

available in the Supplementary Data - Table 2.
3.3. Phase equilibria modeling

Isochemical phase equilibria diagram was constructed for bulk composition
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representative of an pelitic gneiss from the Chidzolomondo Complex Group using the
Perple_X software (Connolly, 2005) and the internally consistent thermodynamic database of
Holland and Powell (2011) (hp11ver.dat, tc-ds61in Perple_X). The bulk rock composition of
the sample was obtained from X-ray fluorescence analyses. The minerals involved in phase
diagram construction include: garnet, clinopyroxene, orthopyroxene, white mica, staurolite,
biotite, cordierite, feldspar, magnetite, ilmenite and silicate liquid (melt). The following
solution models were used: Gt(W), Bi(W), Mica(W), St(W), Crd(W), Opx(W) melt(W)
(White et al., 2014), Cpx(HP) (Holland and Powell, 1996), feldspar (Fuhrman and Lindsley,
1988) and IIHm(A) (Andersen and Lindsley, 1988). The H>O content was estimated so that
the modelled rock composition was saturated in H>O immediately below the solidus (cf.,
White et al., 2001) and the contents of P2Os was neglected due to the its low concentration.
The calculations were undertaken in the NCKFMASHTO chemical model (Na>O-CaO-K»O-
FeO-MgO-Al>,03-Si0,-H>0-Ti0,-0>).

To obtain the bulk rock composition prior to melt loss, the modeled bulk composition
was recalculated above the solidus using the single-step melt-reintegration method (Bartoli,
2017; White et al., 2004). The modeled bulk composition was recalculated by adding the
corresponding amount of 8 vol.% of melt, taking the melt composition produced in
experimental melting of a metapelite sample under conditions of 775 °C, 6 kbar and 2 wt.%
of added water (Patiiio Douce and Harris, 1998). The definition of the P and T conditions of

the orogenic metamorphism were obtained from the XMg of garnet and biotite.
3.4 U-Pb zircon geochronology and Hf isotopic composition

To carry out LA-ICP-MS U-Pb zircon analysis, we selected three samples from the
ChC including a high-grade pelitic gneiss (MB-146, mc-crd-bt-grt-qz-pl-opx gneiss), a
metagabbro (MB-144), and an opx-bearing qz-monzonite gneiss (MB-148), and two samples

of the surrounding and intrusive rocks, including a opx-bearing qz-monzonite (MB-141) of

61



204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

the Castanho Suite and a gabbro (MB-147) of the Rio Chiticula Gabbro. All these samples
are located in the same geological section that cuts through the village of Chidzolomondo.

The zircon grains from the selected samples were extracted using conventional
techniques of heavy mineral concentration, by means of jaw crushers, milling, manual
panning and hand-picking under a binocular microscope. After separation, the zircon grains
were mounted onto epoxy resin discs and polished to expose the grain centers. Prior to U-Pb
analysis, the morphology and internal structure of zircon grains were characterized by SEM-
cathodoluminescence (CL) in a JEOL 6510 Scanning Electron Microscope at
DEGEO/UFOP. The CL images were used to examine morphological characteristics of
zircon grains and to select areas for spot analyses. U-Pb analyses were carried out at the
Isotopic Geochemistry Laboratory, the Universidade Federal de Ouro Preto, using a Thermo-
Finnegan Neptune multi-collector ICP-MS coupled with a Photon-Machines 193 nm excimer
laser system (LA-MC-ICP-MS). Data were acquired using peak jumping mode with
background measurement during 20 sec, zircon ablation during 20 sec and 30 umspot size.
Analyses were conducted over two analytical sessions. The GJ-1 (Jackson et al., 2004),
Plesovice (Slama et al., 2008) and BB (Santos et al., 2017) zircon standards were used for
this study. Data reduction was done in GLITTER® Software (Van Achterbergh et al., 2001),
whereas the concordance, probability, radial and Concordia diagrams, and the weighted
average ages were generated by the Isoplot-R Software (Vermeesch, 2018). The maximum
depositional age (MDA) of the paragneiss were calculated using the ‘Maximum Likelihood
Age’ (MLA) method (Vermeesch, 2021) and the results were compared with all the
Maximum Depositional Age (MDA) methods discussed and revised by Coutts et al. (2019).
The complete U-Pb zircon data of two sessions of analysis and the reference material results
are given in Supplementary Data - Table 3.

The Lu-Hf isotopic analyses of dated zircon grains were conducted in the Isotopic

62



229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

Geochemistry Laboratory of Ouro Preto Federal University (UFOP). The Lu-Hf data were
acquired using a Thermo-Finnigan Neptune multicollector ICP-MS instrument coupled with a
Photon-Machines 193 nm Excimer Laser System (LA-MC-ICP-MS) following the methods
of Gerdes and Zeh (2006). The analysis used a bunch of standard zircons such as GJ-1
(Jackson et al., 2004), PleSovice (Slama et al., 2008), Mud Tank (Black and Gulson, 1978,
Woodhead and Hergt, 2005), BB (Santos et al., 2017), which yielded '7*Hf/'7"Hf of
0.282482+0.000013 (n=7), 0.282000+0.0000005 (n=10), 0.282504+0.0000044 (n=11),
0.281671+0.0000028 (n=8), respectively (¥2SD).

For the calculation of eHf values, we used the '"®Lu decay constant of 1.867 x 107!
(Soderlund et al., 2004) and the values of '7°Hf/"7"Hf = 0.282785 and '7°Lu/'"’Hf = 0.0336 for
the present-day chondrites (Bouvier et al., 2008). For calculation of the depleted mantle
evolution curve and the two-stage Hf model ages (Tpwm?), we adopted the values '"°Hf/'""Hf =
0.28325 and '7°Lu/'""Hf = 0.0388 of present-day depleted mantle (Griffin et al., 2000;
updated by Andersen et al., 2009). The analytical data are available in Supplementary Data

- Table 4.

4. Results
4.1. Mineralogy and microstructures

The summarized petrographic features of representative samples are described below.
The rock samples were selected to investigate the metamorphic conditions that affected the
ChC and include three metapelitic rocks, a calc-silicate gneiss and a metagabbro.
Representative photomicrographs of the rocks are shown in Figures 4 and 5. The pelitic
gneisses are dark brown, fine grained with irregular and continuous banding, locally
presenting lenses of garnet porphyroblasts aggregates. The calc-silicate gneiss is greenish to

greenish brown, fine grained with regular compositional banding and subordinate lenses of
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metapelitic gneiss. They are rich in plagioclase and diopside, with variable amounts of quartz,
biotite, cordierite and titanite, indicating carbonatic protoliths in the primary sedimentary

sequence. The mineral abbreviations are based on Whitney and Evans (2010).

4.1.1 Pelitic gneisses

The high-grade pelitic gneisses consists of bt-mc-qz-pl-opx gneiss (MB-143A), crd-qz-
bt-pl-opx migmatitic gneiss (MB-145) and mc-crd-bt-grt-qz-pl-opx gneiss (MB-146). The
irregular mafic and felsic banding partially preserved the primary bedding. The felsic levels
are continuous (2-6 mm) and show polygonal granoblastic texture comprising recrystallized
polygonal-type plagioclase, microcline and quartz crystals, with variable amounts of
interstitial cordierite and orthopyroxene. The mafic bands comprise aggregates of
orthopyroxene (0.2-1 mm) and fox-red biotite (0.3-1 mm) with variable amounts of garnet.
Subidioblastic garnet porphyroblasts (1-4 mm) contain numerous biotite, quartz, zircon,
monazite and opaque minerals inclusions. The cordierite forms xenoblastic to subidioblastic
prismatic and poikiloblastic crystals (0.3-1 mm). Orthopyroxene occur as subidioblastic
polygonal or prismatic crystals. The biotite shows reddish-brown pleochroism and partial
melting features with thin quartz films surrounding the grains.

Concordantly to the banding, injections of quartz-feldspathic composition (5-30 mm)
show massive structure and medium-grained equigranular texture constituted by plagioclase,
quartz and cordierite. Thin quartz films surround the biotite and quartz grains of the pelitic
gneisses close to these injections showing the partial melting of these minerals. Very fine
biotite fringes were observed close to the larger biotite crystals. The symplectic intergrowth
of cordierite and diopside are subordinate in the gneisses. The cordierite occur as fine and
vermiform films associated with the plagioclase or constituting larger crystals associated with
vermiform aggregates of diopside. These disequilibrium textures were interpreted as a

product of the reaction of plagioclase and garnet during abrupt decompression.
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INSERT FIGURE 4

INSERT FIGURE 5

4.1.2 Calc-silicatic gneiss

The ti-qz-pl-opx-di gneiss (MB-143B) have poorly defined compositional mafic and
felsic banding and medium-grained polygonal granoblastic texture. The felsic levels are
continuous (2-6 mm) composed of plagioclase and quartz, with subordinate microcline and
interstitial orthopyroxene and clinopyroxene. The mafic levels are discontinuous (0.5-3 mm)
composed by diopside and low contents of phlogopite, titanite and opaque minerals with
interstitial plagioclase, quartz and microcline. The pyroxenes form nematoblastic to
polygonal granoblastic aggregates of short prismatic crystals or xenoblastic porphyroblasts.
Phlogopite crystals show reddish- to orange-brown pleochroism and occur as interstitial
aggregates associated with the clinopyroxene. The plagioclase is polygonal, subidioblastic to
idioblastic, and the microcline are equigranular and subidioblastic. Quartz is interstitial,
constituted by polygonal-shape recrystallized grains and deformed subgrains with regular
extinction.

The primary bedding is partially preserved by four compositional levels: (i) pelitic
levels rich in garnet and orthopyroxene (+biotite); (ii) aluminous calci-silicatic levels rich in
diopside and phlogopite; (iii) psammitic levels with quartz, plagioclase and variable K-
feldspar amounts; (iv) siliceous calci-silicatic levels with plagioclase, quartz, cordierite and

few diopside and orthopyroxene.

4.1.3 Metagabbro

The metagabbro (MB-144) have dark green color, medium- to coarse granulometry
with an incipient banding. The rock is predominantly composed of reliquiar prismatic to

plagioclase crystals (1-2 mm) with apatite inclusions and ophitic texture with augite and
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orthopyroxene as interstitial aggregates. The main texture is blastointergranular, constituted
by relics of plagioclase aggregates and interstitial clinopyroxene and orthopyroxene. The
main mafic mineral is the augite with short prismatic habit (0.5-2 mm). Rare globular olivine
crystals (0.5-1 mm) with fine orthopyroxene and augite coronas surrounded by hornblende
were observed. The mafic minerals are partially included in the plagioclase characterizing the
subophitic texture. The igneous fabrics were partially recrystallized and involved by fine
bands of medium-grained granoblastic polygonal-type plagioclase, diopside and

orthopiroxene grains.

4.1.4 Charnockitic gneiss

The charnockitic gneiss (MB-148) shows medium- to coarse-grained and
inequigranular texture with mafic and felsic compositional banding. The mafic bands (1-3
mm) are discontinuous and constituted by orthopyroxene, hornblende, biotite and opaque
minerals aggregates. The felsic bands comprise microcline and plagioclase aggregates with
interlobate to polygonal granoblastic textures. Idioblastic interstitial orthopyroxene (0.1-0.3
mm) are disseminated in the felsic bands. Large porphyroclasts of microcline, plagioclase and
quartz (1-3 mm) are involved by metamorphic fabric characterizing the blastoinequigranular
texture. Hornblende and opaque minerals replacing the orthopyroxene suggest the re-
equilibrium of the orthopyroxene. The myrmekitic texture developed along the main foliation
indicates medium amphibolite facies conditions. The recrystallization of the protolith, an
opx-bearing monzogranite, and development of polygonal granoblastic texture with Mc + PI

+ Opx + Hb mineral assemblage indicate at least conditions of upper amphibolite facies.

4.1.5. Castanho Suite charnockites

The Castanho Suite includes several intrusive plutons of charnockites of typical brown

color (the castanho in Portuguese). These rocks don’t have incipient evidence of deformation
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and metamorphism. The syenite and monzonites from Castanho Suite show massive structure
or an incipient igneous foliation defined by the alignment of ortopyroxene and hornblende
aggregates. The main texture is medium- to coarse-grained equigranular constituted by
prismatic crystals of K-feldspar (or and mc) and plagioclase, with ameboid quartz, and
interstitial aggregates of clinopyroxene (aug) and subordinate orthopyroxene (hy), biotite and

magnetite.
4.2. Whole-rock geochemistry

Major and trace elements compositions of the studied rocks are presented in Figures 6,
7 and 8. The gneisses from Chidzolomondo Complex are represented by subalkaline
metavolcanic and metavolcanoclastic rocks of expanded composition including metabasalts,
meta-andesites and metarhyolites as exposed in the TAS and Q-P (DeBon and Le Fort, 1983)
diagrams (Fig. 6A, B, C). However, the protoliths of the studied samples of the southern
segment of the ChC were interpreted as meta-epiclastic volcanogenic rocks as pelites and
calc-silicatic rocks metamorphosed in high-grade conditions. The Al-alkalis relations
observed in the Shand (1943) and A-B (DeBon and Le Fort, 1983) diagrams shows a
metaluminous to slightly peraluminous trend (Figs. 6d, e). In the Fe-index and MALI
diagrams (Frost and Frost, 2008, 2011) the metavolcanic association shows composition
equivalent to magnesian granites from calcic-alkalic to calcic series (Fig. 6f, g). In the
tectonic diagrams as Rb vs. Y+Nb (Pearce, 1996)(Fig. 8a), R1-R2 (De la Roche et al. 1980)
the samples plot in the active continental margins volcanic arc or pre-plate collision field
(Fig. 8B). In the diagrams of Th/Yb vs. Ta/Yb (Pearce, 1982), Th vbs. Ta, Th/Hf vs. Ta/Hf
and Th/Ta vs. Yb (Gorton and Schandl, 2002) the samples of ChC plot in the oceanic arc or
in the active continental margin (Fig. 8C, D, F, G). The evaluation of the source rocks in the
diagram of Laurent et al. (2014) shows the metavolcanic and metavolcaniclastic rocks of the

ChC were derived from low-K to high-K mafic rocks, suggesting a partial melting of the E-

67



351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

MORB and/or OIB sources.

INSERT FIGURE 6

INSERT FIGURE 7

The Castanho Suite comprise two groups of rocks, the main association is constituted
by opx-bearing granitic rocks from subalkaline and monzonitic trend, including monzonite
and gz-monzonite, syenite and granite, while the subordinate association of the mafic
microgranular enclaves, is constituted by tholeiitic gabbros, as exposed in the TAS (Le Bas et
al. 1986) and Q-P (DeBon and Le Fort, 1983) diagrams (Fig. 6A, B, C). The Al-alkalis
relations observed in the Shand (1943) and A-B (Debon and Le Fort, 1983) diagrams shows a
well-defined and distinct metaluminous trend for the granites and mafic enclaves (Fig. 6D,
E). In the Fe-index and MALI diagrams (Frost et al. 2001, Frost and Frost, 2011) the
charnockites show composition of ferroan granites from alkali-calcic series, while the mafic
enclaves are magnesian (Fig. 6F, G). The alkaline composition and the whitin-plate tectonic
setting was confirmed in the tectonic diagrams as Rb vs. Y+Nb (Pearce, 1996) (Fig. 8A), R1-
R2 (De la Roche et al. 1980) (Fig. 8B), Th/Yb vs. Ta/Yb (Pearce, 1982), Th vs. Ta, Th/Hf vs.
Ta/Hf and Th/Ta vs. Yb (Schandl and Gorton, 2002) (Fig. 8C, D, F, G), and in the A-type
diagrams of Whalen et al. (1987) (Fig. 81, J, K). In the diagram of Laurent et al. (2014) to
evaluate the magma sources, the charnockites show a derivation from high-K mafic rocks,
suggesting the partial melting of E-MORB.

INSERT FIGURE 8

The trace element patterns of the ChC gneisses and the Castanho Suite charnockites are
similar. In the NMORB normalized trace element plots (Fig. 7A, C), the samples are
characterized by enrichment of large lithophile elements (LILEs) such as Rb, Ba and K,
suggesting fractional crystallization. The rocks show negative Nb, Ta, P and Ti and rather

constant high field strength elements (HFSE). In the chondrite normalized REE plot (Fig. 7B,
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D), the samples are characterized by enrichment of light REE and flat heavy REE, suggesting
fractional crystallization. Most samples present negative Eu anomaly and some present

positive Eu anomaly, suggesting the plagioclase fractionation and accumulation, respectively.

4.3. Phase equilibria modeling

A sample of high-grade pelitic gneiss (MB-146, mc-crd-bt-grt-qz-pl-opx gneiss) from
Chidzolomondo Complex was selected for phase equilibria modeling. The calculated phase
equilibria diagram shows the subsolidus fields dominated by assemblages containing garnet,
biotite Al-rich phase, quartz and feldspar. The solidus occurs between 700 and 750 °C and
has a steep negative slope in low pressure Al-free fields. The peak metamorphic assemblage
is represented by the field biotite + garnet + plagioclase + orthopyroxene + cordierite +
quartz + rutile + magnetite + melt and is stable between 778 to 813 °C and 3.1 to 5.8 kbar.
The peak assemblage field was contoured with compositional isopleths of XMg in garnet and
biotite and the measured compositions indicate conditions of 785-795 °C and 3.7-4.2 kbar
(Fig. 9A, blue field).

Garnet occurs as syn-tectonic porphyroblasts to the gneiss banding, with subidioblastic
globular shapes and poikiloblastic relationships defined by inclusions of quartz, biotite and
opaque minerals (Fig. 4). The analysis profiles to evaluate the variation of the composition of
garnet consisted of 20 to 25 points disposed in a continuous way from one extremity to the
other of the grain (Fig. 9B). These crystals are associated with more mafic levels, where
garnet is accompanied by orthopyroxene and biotite (Fig. 4). The felsic levels are also
aluminous and consist of cordierite-rich aggregates, with subordinate contents of plagioclase,
K-feldspar and quartz (Fig. 4). The result of the microprobe analysis of the garnet along of
the investigated profiles showed a homogeneous composition with no variation in contents of

Mg, Fe, Ca and Al
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4.4. U-Pb geochronology

We selected three samples of high-grade gneisses from the Chidzolomondo Group
including the metagabbro (MB-144), the mc-crd-bt-grt-qz-pl-opx gneiss (MB-146) and the
charnockitic gneiss (MB-148), one sample of charnockite from the Castanho Suite (MB-141)
and one sample from the Rio Chiticula gabbro (MB-147). A total of 251 analyses were
performed and 203 concordant U-Pb zircon ages were obtained for the analyzed samples (see
Supplementary Data - Table 3). The spots were selected based on the zircon internal
textures to determine the ages of detrital and igneous cores and the metamorphic rims. The
figure 10 presents CL images of representative zircon grains. The cut-off age is 1.3 Ga, so
most of the ages obtained are expressed as *?°Pb/***U age.

INSERT FIGURE 10

The zircon grains from the mc-crd-bt-grt-qz-pl-opx gneiss (MB-146B) are translucent,
colorless or light brownish, prismatic with rounded terminations to oval. They have a size
range of 90-250 um and an aspect ratio of 3:1 to 1:1. The CL images show prominent
irregular shape detrital cores surrounded by three types of metamorphic rims (Fig. 10A). The
most internal rims are discontinuous and thin (<10 um of width) with cloudy texture and
bright in CL. The intermediary rims comprise continuous and oscillatory zoning overgrowths
with dark gray CL appearance. The external overgrowths are homogeneous and light gray in
CL. We analyzed 108 spots and data from eighty-four spots yielded concordant ages (<5%
discordance). These concordant or near-concordant ages vary from 2649 to 1061 Ma (Fig.
11A) and characterizes detrital and metamorphic domains in the zircon grains. Their U
content and Th/U ratios are in the range of 60-891 ppm and 0.05-4.31, respectively. The first
domain comprises 70 detrital cores varying from 2649 to 1093 Ma and Th/U ratios between
0.06-4.31. The main age peak is around 1130 Ma and the maximum depositional age (MDA)

calculated with the youngest zircon population yielded an age of 1100+6 Ma (n=11,
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MSWD=0.15) (Fig. 11B) slightly younger than the Maximum Likelihood Age (MLA)
(Vermeesch, 2021) of 112142 Ma (Fig. 11C). The second analyzed domain comprises 15 Cl-
gray rims with ages of 1113-1072 Ma and Th/U ratios between 0.05-2.32. The analyses
yielded a concordia age of 1092+5 Ma (MSWD=0.042) and a weighted mean average of
1092+5 Ma (MSWD=1.8). The third domain comprises three CL-bright rims with ages of
1066-1061 Ma and Th/U ratios between 0.37-1.18. The concordia age of 1064+10 Ma
(MSWD=0.005) and the weighted mean average of 1064+5 Ma (MSWD=0.074) were
obtained for these analyses.

INSERT FIGURE 11

Zircon grains from the metagabbro (MB-144) are translucent, colorless or light
brownish, idioblastic with common inclusions, and partly rounded. They have a size range of
180-300 um and an aspect ratio of 4:1 to 2:1. Most of the crystals show a recrystallized core
with fir-tree, polygonal and sector zoning surrounded by concentric or homogenous gray rims
(Fig. 10B). The external overgrowths are bright in CL with features of dissolution in the
internal zones. Forty-six spots were analyzed and data from 38 spots yielded concordant ages
(<5% discordance). These concordant or near-concordant ages vary from 1140 to 1021 Ma
(Fig. 12A) characterizing three domains in the zircon grains. Their U content and Th/U ratios
are in the range of 55-797 ppm and 0.18-4.14, respectively. The first domain comprises three
igneous cores of 1140-1115 Ma and Th/U ratios of 3.9 and 1.6, respectively. Two of them
yielded a concordia age of 1133+15 Ma (MSWD=0.06) (Fig. 12A) and a weighted mean
average of 1133+7 Ma (MSWD=0.99) (Fig. 12B). The second domain comprises the
metamorphic cores and the CL-gray rims and includes 33 concordant spots varying in age
from 1085 to 1038 Ma with Th/U ratios between (.18-4.14. This group yielded a concordia
age of 10613 Ma (MSWD=0.01) and a weighted mean average of 1061+3 Ma

(MSWD=1.7). The third domain includes two analyses of the CL-bright rims with 1030 and
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1019 Ma and Th/U ratios of 2.57 and 2.12, respectively. This domain yielded a concordia age
of 1023+13 Ma (MSWD=0.01) and a weighted mean average of 1023+12 (MSWD=0.28).

INSERT FIGURE 12

The zircon grains from the charnockitic gneiss (MB-148) are translucent, colorless and
prismatic, commonly fractured. The CL images show the predominant oscillatory zoning
surrounded and reabsorbed by homogeneous light gray metamorphic rims (Fig. 10C). We
analyzed 47 spots and data from 42 yielded concordant ages (<5% discordance). These ages
vary from 1495 to 1047 Ma and characterizes two domains in the zircon crystals. Their U
content and Th/U ratios are in the range of 38-838 ppm and 0.92-3.30, respectively. The older
age was obtained from inherited zircon grain of 1495 Ma. The bulk of the analysis comprises
38 igneous cores with ages from 1134-1071 Ma and Th/U ratios between 1.04-2.91. They
yielded a concordia age of 1097+3 Ma (MSWD=0.16) (Fig. 12C) and a weighted mean
average of 109743 Ma (MSWD=3.4) (Fig. 12D). The second domain comprises four CL-
gray rims with ages of 1070-1047 Ma and Th/U ratios between 0.92-3.30. The concordia age
of 1060+10 Ma (MSWD=0.058) and the weighted mean average of 1060+10 Ma
(MSWD=1.7) were obtained for this domain.

The zircon grains from the charnockite sample (MB-141) are prismatic with irregular
and corroded edges, size ranging between 380-180 um and aspect ratios of 5:1 to 2:1.
Oscillatory zoning is the main texture and the CL images reveal resorption features including
the external bright rims (Fig. 10D). We analyzed 35 spots and data from 25 yielded
concordant or near concordant ages (<5% discordance) between 1063-980 Ma. The U content
and Th/U ratios are in the range of 37-209 ppm and 0.10-1.01, respectively. We obtained 21
ages in the igneous cores varying from 1063 to 1012 Ma which yielded a concordia age of
10264 Ma (MSWD=2.3) (Fig. 13A). Four CL-bright rims yielded a concordia age of

1002+12 Ma (MSWD=2.9).
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The zircon grains from the gabbro sample (MB-147) are prismatic with size ranging
from 250 to 150 um with aspect ratios of 3:1 to 2:1. The crystals present broad oscillatory
zoning. We analyzed 15 spots and data from 9 yielded concordant ages (<5% discordance).
Their U content and Th/U ratios are in the range of 46-503 ppm and 0.15-1.05, respectively.
The ages vary from 1048 to 998 Ma and yielded a concordia age of 1026+9 Ma
(MSWD=0.1) interpreted as crystallization age of the gabbro (Fig. 13B).

INSERT FIGURE 13
4.5. Lu-Hf isotopic data

The same zircon spots of U-Pb analysis were investigated for determination of 36 Lu-
Hf isotopic compositions (see Supplementary Data - Table 4). For the Mc-cord-flog-grt-qz-
plg-diop gnaisse (MB-146B) we determined nine Lu-Hf compositions. We analyzed the
detrital cores domain with ages between 1716-1104 Ma and the eHf(t) values range between
+8.15 and -10.46 (Fig. 14). These grains show Tpm> ages between 2.44 and 1.41 Ga. Twelve
zircon grains from the metagabbro sample (MB-144) were analyzed. The analyses were
performed in the recrystallized cores with ages from 1083-1046 Ma yielding positive eHf(t)
values between +4.56 and +2.17. The Tpm? ages vary from 1.65 and 1.54 Ga. From the
syenogranitic gneiss (MB-148) fifteen Lu-Hf isotopic compositions were determined. We
analyzed the igneous cores of the zircon grains in the range of 1495-1043 Ma with positive
eHf(t) values between +11.59 and +1.44. The Tpm?* ages range between 1.70 and 1.48 Ga.

INSERT FIGURE 14

5. Discussions

For this study we integrated the geological mapping and structural information with
petrological data, and laboratory analysis including the chemical composition of rocks and

minerals, and U-Pb-Hf zircon geochronology and isotopic composition. The geological
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mapping, stratigraphic and contact relationships between the units of the Chidzolomondo
Complex and the adjacent intrusive gabbros of the Rio Chiticula Gabbro and the charnockites
of the Castanho Suite were evaluated based on the survey conducted by GTK Consortium
(2006). New field work was carried out for detailed description of lithotypes and sampling.

The Chidzolomondo Complex gneisses occurs as six nearly continuous xenoliths within
the syn-orogenic to post-collisional magmatic rocks of the SIB. The aerogeophysical images
indicate two compositionally distinct segments of the ChC (GTK Consortium, 2006a). The
northern segment shows strong magnetic and low radiometric signatures delineating the well-
developed ENE-WSW to E-W linear structures. The geophysical signature contrasts with the
surrounding granitoids evidence the basic to intermediate composition of these rocks. The
rocks of northern segment comprises banded pyroxene and two-pyroxene gneisses with
subordinate plagioclase, garnet, biotite and quartz. The regular compositional banding and the
prismatic porphyroclasts of plagioclase and clinopyroxene support the volcanic and
volcaniclastic nature of the protoliths. The P-T conditions were estimated around 700-800 °C
and 3.5-4.8 kbar (Westerhof et al., 2008).

The southern segment is characterized by the absence of magnetic signal,
distinguishing it from the adjacent granites. On the other hand, their radiometric signatures
(Th-K) are similar, suggesting that granitic intrusions may be abundant in the southern
segment of the ChC, or strongly affected it (GTK Consortium, 2006). The complex mostly
comprises paragneisses with minor mafic metavolcanic and metaplutonic rocks, locally
deformed by ductile shear zones. We conducted the field work in a NE-SW geological
section crossing the southeastern xenolith of the Chidzolomondo Complex extending from
Chiuta Hills, Chidzolomondo village until Furacungo locality. The continuity of the
expositions and the coherence of the structural data allowed the interpretation of the ChC as a

roof pendant inside the intrusive granites and gabbro suites. The main sequence of this body
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comprises intercalated pelitic migamtitic gneisses and calci-silicatic gneisses, with syn-

orogenic (meta)gabbro and (meta)charnockite intrusions.
5.1. Petrogenesis

The observed paragneisses show regular compositional and textural banding composed
of continuous felsic levels and discontinuous mafic lenses, partially preserving the primary
bedding. Discontinuos mafic layers constituted by orthopyroxene, garnet and biotite were
developed in aluminous-rich pelitic lenses, with the quartz-feldspathic levels representing
psammitic layers. The calci-silicatic layers are rich in diopside and phlogopite and represent
the mixed pelitic and carbonatic layers evidencing the original carbonate-siliciclastic
sedimentary sequence (metamarls). The ChC samples show a wide range of composition
from basic to acidic gneisses with calcic to calc-alkaline affinity and were interpreted as
metavolcanic and metavolcaniclastic rocks by GTK Consortium (2006). In the southern
segment of the ChC the paragneisses were interpreted as meta-epiclastic rocks generated by
erosion and short transport of the arc-related volcanic rocks. These rocks plot in the volcanic
arc and active continental margin settings in the geotectonic diagrams (Fig. 8). The syn-
orogenic nature of the sedimentary and volcanic protoliths are well characterized and in
agreement with the observed in other supracrustal complexes of the SIB (Johnson et al.,
2007, Westerhof et al., 2008; Petry et al., 2022).

The well-developed medium grained polygonal granoblastic texture and the mineral
assemblage with crd + gt + opx + bt in metapelitic and pl + mc + qz + di + phl + opx in calc-
silicatic gnaisses are indicative of granulite facies metamorphic conditions (~700-800° and 2-
6 kbar). More precisely, the phase equilibria modeling revealed high-temperature and low-
pressure peak metamorphic conditions (785-795 °C and 3.7—4.2 kbar) in the central zone of
the southern segment. Similar P-T conditions were estimated for basic orthogneisses of the

northern segment of the ChC (Westerhof et al., 2008). The increasing abundance of cordierite

75



549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

and the degree of migmatization indicate the raising of metamorphic grade to SW in the
studied section. The partial melting features include concordant quartz-feldspathic injections
along the gneissic banding and thin films of quartz and feldspar around the biotite, quartz and
cordierite. The growth of cordierite and orthopyroxene at the expense of garnet and
plagioclase indicate post-peak isothermal (high-T) decompression, as previously indicated by
the GTK Consortium (2006) for the northern segments of the ChC.

Syn-orogenic gabbroic (MB-144) and charnockitic (MB-148) intrusions of variable size
(up to 50 m) were identified within the ChC supracrustals. They partially preserve the
magmatic fabrics and mineralogy and intrude the sedimentary sequence prior to the high-
grade metamorphism. The metagabbro metamorphic assemblage of Pl + Di + Hy is indicative
of granulite facies (>800° C) and low-pressure conditions (4-6 kbar) (Bucher and Grapes,
2011). The charnockitic gneiss shows evidence of ductile deformation and recrystallization in
conditions of upper amphibolite to granulite facies. The charnockitic gneiss identified within
the ChC doesn’t belong to the Castanho Suite.

Several plutpons of charnockites from Castanho Suite charnockites and gabbros from
Rio Chiticula Gabbro intrude the granulitic gnaisses of the Chidzolomondo Complex. The
charnockitic rocks are intimately associated with the ChC granulites forming a
granulite/charnockite domain in the Tete Province. The plutons of Castanho Suite were
thought to be formed by melting of the dehydrated and high-grade lower continental crust
under thermal influence of underplated magmas (GTK Consortium, 2006; Westerhof et al.,
2008). The charnockites in general sense is used to refer to the opx-bearing granitoids,
including opx-qz monzonite and opx-monzogranites terms. The bulk chemistry is a
significant compositional parameter and would reflect the mechanisms that produce
charnockitic magmas (Frost and Frost, 2008). The main composition of the analyzed

charnockites is alkali-calcic and ferroan plotting as within-plate and A-type magmas, which
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suggests the derivation of E-MORB sources with minor crustal components. In this scenario,
the charnockitic magmatism of the Tete Province was probably originated by the
differentiation of underplated magmas in the post-collisional extensional setting, hence is a
thermal source for the HT to UHT metamorphism and not its consequence. This hypothesis is

supported by contemporary igneous and metamorphic U-Pb zircon ages.
5.2. Zircon geochronology

New metamorphic zircon can grow, overgrow and recrystallize the original zircon from
the protolith zircon under high-grade conditions or in lower T but under high PH>O and O,
frequently resulting in a complex textural pattern of zircon growths (Rubatto, 2017, Kunz et
al., 2018). In this case, if little or not disturbed, the zircon crystals keep a polyphasic
chronological story. Lower Th/U ratios (<0.1) were usually adopted as an indicator of
metamorphic zircon. However, many studies show higher and scattered Th/U values (>0.1),
especially under high-grade metamorphic conditions (Hoskin and Black, 2000; Kunz et al.,
2018; Laurent et al., 2018). Zircon grown near the peak of metamorphism is expected to have
elevated Th/U ratios (Yakymchuck et al., 2018). In this case, the textural features show
imperative evidence of the zircon growth record to guide the analysis site selection (Vavra et
al., 1996, 1999). The U-Pb analysis of metamorphic zircon often exhibits a spectrum of ages
due to concealed Pb-loss, partial recrystallization and dissolution-reprecipitation, or mixed
analyses domains. Detailed investigation of zircon crystals from the granulite samples
revealed distinct core-rim proportions, types and internal textures (Rubatto, 2017). In the
high-grade gneisses of ChC, the different crystal domains show a coherent range of ages
indicating three metamorphic events: i) M| - 1092+5 Ma; ii) Mz - 1061+3 Ma; iii) M3 -
1023+13 Ma. We interpreted the M and M: as related to orogenic metamorphis, and a M3
event associated to a new metamorphic conditions related to development of the transcurrent

ductile shear zone
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The results obtained in the 70 detrital zircon cores from the mc-crd-bt-grt-qz-pl-opx
gneiss (MB-146) show dominance of Mid- to Late-Mesoproterozoic ages (1332—1093 Ma)
with subordinate Paleoproterozoic and Archean contributions. The main source areas are
related to the syn-orogenic magmatism of the SIB and maximum depositional age was
established at 1121+2 Ma (Fig. 11C). The detrital cores are surrounded by three types of
rims. The innermost rim is bright in cathodoluminescence, cloudy and discontinuous, too thin
to analyze (Fig. 10A). This overgrowth appears to be related with corrosion along the contact
between the nucleus of the zircon and have textural features of zircon grown by dissolution—
precipitation processes under low-grade conditions (Rubatto, 2017; Kunz et al., 2018). The
second rim is a gray isometric overgrowth with homogeneous or weak oscillatory zoning and
up to 50 um. The concordia age of 1092+5 Ma was determined in this domain, representing
the older M metamorphic event identified in the ChC related to the accretionary phase. The
outer CL-bright rims are strongly luminescent and with resorption features. This type of rim
was described by Vavra et al. (1999) as surface-controlled alteration and is often related to
fluid-induced recrystallization from the outside inward to the interior of the crystal. This
domain was assigned to the Mz event and defined by a Concordia age of 1064+5 Ma.

The bodies of metagabbro amd charnockitic gneiss are intrusive in the granulitic
gneisses of the complex and their crystallizations ages characterize the syn-orogenic
magmatism of the SIB. The metagabbro (MB-144) have xenocrystal zircon grains with broad
oscillatory zoning, which yielded a Concordia age of 1133£15 Ma interpreted as the age of
the igneous crystallization. They also occur as tiny xenocrysts within metamorphic zircon
(Fig. 10B), suggesting the dissolution of smaller zircon grains by the Ostwald ripening
process (Rubatto, 2017). The metamorphic cores comprise oval to slightly prismatic and
multifaceted CL-gray nucleus with polygonal and fir-tree textures surrounded by isometric

darker overgrowths up to 70 um. This textural feature is common in prograde paths and
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indicates the shift from the amphibolite (prismatic and multifaceted) to the granulite facies
(rounded and isometric) (Vavra et al., 1999; Rubatto, 2017). These domains don't differ in
age and compose the metamorphic cores yielding an age of 1061+3 Ma, characterizing the
peak-collisional metamorphic event (M2). The outer CL-bright rims present resorption
features and yielded a Concordia age of 1023+12 Ma interpreted as the age of the M3
metamorphic event coeval with the movement of the main ductile shear zones and associated
to the the nearby charnockite intrusion (MB-141), the most probable heat and/or fluid source.

The igneous zircon of the intrusive charnockitic gneiss (MB-148) shows well-preserved
igneous prismatic shapes and well-developed oscillatory zoning (Fig. 10C). The zircon
crystals are rather fractured, the probable cause for the slight discordance of some analysis
and the greater age dispersion. The Concordia age of 109743 Ma, interpreted as the igneous
crystallization age of the charnockite and coeval with the M| metamorphic event. The thin
outer CL-bright rims present in some zircon grains show resorption features. The analysis
performed in the rims yielded a Concordia age of 1060£10 Ma, interpreted as the age of the
M: metamorphic event.

The igneous zircon grains of the charnockite from Castanho Suite and the gabbro
sample from the Rio Chiticula Gabbro yielded identical crystallization ages of 1026+4 Ma
and 1026+9 Ma, respectively. Both plutons present a local igneous foliation and show
intrusive contact relationships with the granulitic gneisses and orthogneisses of the ChC.
These obtained ages are contemporary with the post-peak metamorphic event M3 identified in
the outer rims of the zircon crystals from metagabbro sample, reinforcing the hypothesis of
contact metamorphism. The charnockite zircons grains present CL-bright rims with
resorption features that yielded a younger metamorphic age of 1002+12 Ma, which is also in

the range of the M3 metamorphic event.
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5.3. SIB granulite domains

The lithological diversity and the complex structural/metamorphic architecture of the
SIB led some authors to support the collage of exotic terranes (Johnson et al., 2006;
Westerhof et al., 2008), consequently dissociating their origin. In this scenario, the granulite
terranes were thought to compose older crustal fragments (Westerhof et al., 2008). However,
the geochronological and isotopic data evidence a common tectonic evolution for the SIB in
the late-Mesoproterozoic. Rather than an exotic terranes the belt shows
structural/metamorphic domains bounded by internal shear and thrust zones (Petry et al.,
2022). From this perspective we briefly compare the tectonometamorphic events of the
granulite domains of the SIB, the Chidzolomondo Complex, the Chipata Complex and the
Granulite Terrane of Chewore Complex in the Rufunsa region (Fig. 2).

To the west of the SIB, in northern Zimbabwe, the Granulite Terrane (GT) of the
Chewore Complex comprises anhydrous sillimanite or orthopyroxene-bearing quartz-
feldspathic gneisses and granitic orthogneisses with minor metapelite and mafic granulites
(Goscombe et al., 1994, 2000). The maximum depositional age of the Chewore Complex is
constrained by the U-Pb zircon age of a dacite of 1082+7 Ma (Johnson and Oliver, 2004). A
granitic orthogneiss yielded U-Pb zircon crystallization age of 1087+9 Ma and metamorphic
ages of 1068+21 Ma and 526+17 Ma (Goscombe et al., 2000). The stratigraphic relationships
and these ages unveil the same framework identified in the ChC, with syn-orogenic granitic
bodies intruding the host volcano-sedimentary sequence prior to the collisional
metamorphism at ca. 1060 Ma. The peak metamorphic assemblages such spinel-garnet-
sillimanite migmatitic metapelite, two-pyroxene gneisses and opx-gt qz-feldspathic gneisses
indicate P-T conditions of >800°C and 4-5 kbar. The GT lithologies experienced peak
metamorphic conditions of 690-810°C and 3.3-5.5 kbar (Goscombe et al., 1998), the same

range of the ChC granulites. The HT-LP metamorphism was accompanied by two isoclinal
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folding events supporting their syn-tectonic nature. The younger metamorphic age records the
partial re-equilibration under mid-amphibolite conditions restricted to the proximity of the
south verging shear zones related to the Zambezi Belt.

In the northern portion of the SIB, in Zambia, the Chipata Complex (CpC) comprises
mafic, felsic and pelitic granulites, metagabbros, hornblende-biotite gneisses. The complex is
intruded and surrounded by K-feldspar porphyritic granites and charnockites. The
lithostratigraphic framework resembles those identified in the ChC region. The metapelitic
granulites of the CpC experienced HT-UHT peak metamorphic conditions at mid crustal
depths conditions of 870-1000°C and ~6 kbar, followed by the isobaric cooling (Karmakar
and Schenk, 2016). The in situ monazite revealed that the peak metamorphic conditions must
have occurred between 1031-1013 Ma, with a slightly older metamorphic age at 1067£15
Ma. Karmakar and Schenk (2016) postulated the relationship between the charnockitic
magmatism and the UHT metamorphism in the Chipata Complex, which is now confirmed in
the ChC. Two charnockites from Chipata yielded crystallization ages of 1040+5 Ma and
1039+6 Ma (Alessio et al., 2019a), not in the range of monazite ages, but in the context of the
post-collisional metamorphic event (M3). The granulite/charnockite domain of the Chipata
Complex is bounded and crosscut by N-S to NW-SE high-strain shear and thrust zones
(Johnson et al., 2006). It must compose the northwestern extension of the same structural
granulite/charnockite domain of the Tete Province (Fig. 2).

The metavolcano-sedimentary complexes of Rufunsa region, the Fingoé Supergroup
and the Chidzolomondo Complex are aligned in a NE-SW trend, indicating a possible spatial
continuity (Petry et al., 2022). In short, we support that granulite domains of the SIB
comprise arc-related volcano-sedimentary sequences, possibly passive margin too, intruded
by syn-orogenic granites, deep buried and metamorphosed under HT-LP conditions during

the collisional events of the Irumide Orogeny. The granulite domains were locally reworked

81



698

699

700

701

702

703

704

705

706

707

708

709

710

711

712

713

714

715

716

717

718

719

720

721

during the Pan-African orogenies. The final uplift and exhumation placed the high-grade
metamorphic rocks side-by-side with their lower grade correlates, like the Chidzolomondo

Complex and the Fingoe Supergroup in the Tete Province.
5.4. Tectonic implications

The SIB is a wide Mesoproterozoic crustal area constituted by concordant belts of
metamorphosed supracrustal complexes, with different lithodemic assemblages, and orogenic
granitic suites. The magmatic arcs of the SIB are represented by metavolcano-sedimentary
associations and granitic to gabbroic syn-orogenic suites recording the volcanic arc (island
and/or continental) formation and evolution behind a subduction zone bordering the northern
margin of Zimbabwe Craton (1350-1080 Ma). The protoliths of the dated granulite samples
originated in the accretionary phase of the SIB. The final accretion and collision with the
southern margin of the Bangweulu Craton, the passive margin sequences of the Irumide Belt,
occurred at ca. 1080 Ma. The peak of metamorphism, estimated around 1060 Ma, was
followed by the emplacement of voluminous late- to post-collisional granitoids and massive
bimodal magmatism from 1060 to 1020 Ma (Westerhof et al., 2008). The Chidzolomondo
Complex provided time constraints of the final evolution of the Irumide Orogeny, especially
the metamorphic events, whilst the charnockites and gabbros mark the post-collisional stage.
The compiled detrital, magmatic and metamorphic data presented in Figure 14 support the

timing of events.

5.3.1 Accretionary phase

The arc-related rocks of the SIB comprise metavolcano-sedimentary sequences and
granitic to gabbroic syn-orogenic suites. Supposedly, the oldest Mesoproterozoic rocks of the
belt are the layered basic to acidic metavolcanic rocks with subordinate, metavolcanoclastic,

metaconglomerates, metapelites and calc-silicatic schists and gneisses (GTK Consortium,
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2006; Westerhof et al., 2008; Petry et al., 2022). A plagiogranite dyke of 1393422 Ma from
the Chewore Complex (Oliver et al., 1998) and a felsic metavolcanic rock of 1327+6 Ma
from the Fingoe Complex (GTK Consortium, 2006) mark the time of ocean crust formation
and the onset of subduction, respectively. The early volcanism probably occurred in juvenile
island-arcs with limited crustal influence and precedes 100 Ma of apparent tectonic
quiescence.

The detrital zircon from the ChC paragneiss sample mainly presented Mesoproterozoic
ages broadly corresponding to the arc rocks of the SIB and setting the maximum depositional
age at 112142 Ma. The narrow provenance spectrum and the age peak close to the presumed
depositional age are characteristic of arc-related basins (Cawood et al. 2012). The granulitic
paragneiss provenance pattern mimics those from the Zambue, Fingoe¢ and Cazula complexes
reported by Petry et al. (2022), indicating their association as arc-related basins. The
Mesoproterozoic detrital zircons show positive eHf(t) signatures (+2 to +10) with limited
influence of crustal material, favoring the proposed intra-oceanic arc setting and the
accretionary phase.

With time, the volcanic arc edifice has grown and matured and its roots thoroughly
invaded by syn-orogenic granitic batholiths and gabbroic intrusions with crystallization ages
between 1201 and 1077 Ma (GTK Consortium, 2006, Manttari, 2008). The structural
continuity of the metamorphic complexes and their concordant fabrics with the main
magmatic foliations support the contemporaneity of the development of arc-related volcano-
sedimentary complexes and the syn-orogenic magmatism. These stratigraphic relationships
are well preserved and described in the Rufunsa region of the SIB (Goscombe et al., 2000;
Johnson and Oliver, 2004; Johnson et al., 2007). We reported two new igneous ages in this
range, metagabbro (1133+15 Ma) and the charnockitic gneiss (109743 Ma). The

crystallization age of the metagabbro suggest a slightly older MDA for the ChC supracrustals.
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The crystallization age of the charnockitic gneiss intruded in the ChC is coeval with the M
event dated in the paragneiss sample (1092+5 Ma). This metamorphic event must be related

with magma loading in the upper and mid crustal levels in the active arc setting.

5.3.2. Continental collision

Following arc-accretion, the final phase of Mesoproterozoic orogenic activity
corresponds to deformation of the arc edifice and regional orogenic collisional
metamorphism. Previous studies argued that the ocean closure and collision with the passive
margin sediments (Irumide Belt) of the southern border of Central Africa Craton occurred at
ca. 1040 Ma (De Waele et al., 2006; Johnson et al., 2006, 2007; Karmakar and Schenk,
2016). This assumption was based on the peak of tectonic activity in the SIB between ~1090-
1040 Ma (in Zambia regions), supposedly syn-orogenic, and the “migration” of the
magmatism toward the Irumide Belt between 1040-1020 Ma, soon after the continental
collision. In this scenario, the main peak of magmatism and metamorphism were related to
the ending of the accretionary phase in an evolved island arc, as evidenced by the mixed
juvenile and more evolved isotopic signatures. On the other hand, Westerhof et al. (2008) set
the collision around 1070 Ma, based on the post-collisional nature of the bimodal magmatism
in the Tete Province dated between ~1050-1020 Ma.

The set of U-Pb zircon ages of the SIB (igneous, metamorphic and detrital), support the
second hypothesis and set the collision even earlier, at ca. 1080 Ma. The metamorphic zircon
from the granulite samples yielded ages close to 1060 Ma, the inferred age for the peak
collisional metamorphism. The noticeable decrease in the magmatic activity between 1080-
1060 Ma marks the probable period of major crustal thickening. The HT-LP peak
metamorphic conditions of the SIB granulites suggests a hot collisional orogen like the
Himalayan orogen. The inherited thermal structure of the prolonged oceanic crust subduction

and the slab breakoff processes can be envisaged as a cause to the elevated thermal gradients
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(Zhang et al., 2022).

5.3.3. Late to post-collisional magmatism

The late to post-collisional granitic magmatism shows ages between ca. 1060-1000 Ma
(GTK Consortium et al., 2006). Concurrently, the bimodal magmatism of the SIB initiated at
1050 Ma with the emplacement of the gabbro-anorthositic stratiform complex of the Tete
Suite and the charnockitic magmatism (Westerhof et al., 2008). The charnockitic magmatism
is prolonged with ages between 1050 to 1000 Ma (GTK Consortium, 2006; Alessio et al.,
2019b; Manda et al., 2019; Tsunogae et al., 2021), possibly extending until 949+13 Ma
(Bingen et al., 2009). We reported two new igneous ages in this range, a charnockite from
Castanho Suite (102644 Ma) and a gabbro from Rio Chiticula Gabbro (10269 Ma). The
Castanho Suite show A-type geochemical characteristics, interpreted to have been generated
in a late to post-orogenic extensional setting from 1050 Ma. The massive magma
underplating and the intrusion of high-T charnockitic melts caused the contact metamorphism
in the ChC (M3 metamorphic event).

The high thermal gradient in the collisional orogen triggered the crustal melting in the
Irumide Belt resulting in extensive S-type granitic magmatism and HT-LP metamorphism
from 1040 Ma (De Waele, 2006). The alleged diachronism in the magmatism of the Southern
Irumide Belt and Irumide Belt is not supported by the geochronological data. Instead, the
major peak of magmatism and metamorphism of both is simultaneous and evidently post-
collisional (Fig. 15), supporting the continental collision of Zimbabwe and Bangweulu

cratons around 1080-1070 Ma.

6. Conclusions

The U-Pb-Hf zircon data from the Chidzolomondo Complex granulites and Castanho

Suite charnockites and Rio Chiticula gabbro revealed insights on the evolution of the arc-
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related basins, recording the accretionary related orogenic metmorphism and the transition to
syn-collisional metamorphism, succeeded by a broad post-collisional magmatism and
metamorphism of the SIB. The complex textural patterns of metamorphic overgrowths above
igneous and detrital zircon cores allowed to characterize the polyphasic metamorphic
evolution of the granulite belt. The well-defined young age mode of detrital zircon spectra
from the ChC paragneiss is characteristic of convergent tectonic settings and associated with
the accretionary magmatism. The dominant Late-Mesoproterozoic ages (1250-1100 Ma) and
the positive eHf{(t) signatures confirm the predominance of arc sources and set the maximum
depositional age of the arc-related basin at 1121 Ma.

The syn-orogenic magmatism is related with the first metamorphic imprints in the
volcano-sedimentary sequence at ca. 1095 Ma (M| metamorphic event). In the light of the
new geochronological data, integrated with the published ages, we support that the Irumide
Orogeny continental collision occurred around 1080 Ma. This is a period of crustal
thickening, deformation and metamorphism of the supracrustal complexes under greenschist
to granulite conditions with apparent quiescence of the magmatism in the SIB. The zircon
grains from the granulite samples showed a concise range of metamorphic ages with peak at
ca. 1060 Ma (M> metamorphic event), characterizing the climax of the collisional
metamorphism or early post-collisional phase.

The major peak of magmatism in the SIB is characterized by high-K granitic
magmatism and bimodal basic and charnockitic magmatism. They reflect the partial melting
of crustal sources and the charnockitic magmatism over 50 Ma in the post-collisional
extensional setting. The emplacement of basic intrusions and high-T charnockitic melts at
1026 Ma is concurrent with the contact metamorphism in the ChC (M3 metamorphic event).
The Chidzolomondo Complex comprises a deeply buried arc-related basin of the Southern

Irumide Belt in the Tete Province. Intimately associated with Castanho Suite charnockites,
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they form a structurally bounded granulite/charnockite domain.
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Figures captions

Figure 1. A) Location in the African continent. B) Location of Mozambique in southern
Africa. C) Simplified tectonic map of southern Africa, adapted from Hanson (2003). Red
dashed lines in the Kalahari Craton region show inferred position of the tectonic boundaries.
Legend: 1: western edges of the Archean cratons; 2: boundaries between Eburnean and
Grenvillian orogenic belts; 3: boundaries between Grenvillian and Pan-African orogenic
belts; 4: western edge of the Pan-African orogenic belts. Legend of tectonic and stratigraphic
units: ATZ- Angonia Thrust Zone; BA- Barue Arc, CK- Choma-Kalomo Block, LB-
Limpopo Belt, MB- Magondi Belt, MzB- Mozambique Belt, R- Rehoboth Inlier, RI-
Richtersveld Terrane, S- Sinclair Sequence, UB- Ubendian Belt, UsB- Usagaran Belt, ZB-
Zambezi Belt. Shear Zones: ASZ- Angdnia, MSZ- Mwembeshi, SSZ- Sanangoe. The black

rectangle shows the location of the map of the figure 2.

Figure 2. Simplified tectonic map of the Southern Irumide Belt with lithological units

adapted and modified from Johnson et al., (2006, 2007) and GTK Consortium (2006). In the
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boxes, compiled U-Pb ages (references available in Supplementary Data - Table 5). Legend
of the lithostratigraphic units: CC- Chewore Complex, CG- Cazula Group, ChC-

Chidzolomondo Complex, CpC- Chipata Complex, FS- Fingoe Supergroup, MC- Mualadzi

Complex, RT- Rio Tsafuro Granite, SC- Serra da Chitta Granite, SD- Serra Danvura Granite.

Structural legend: ASZ- Angénia Thrust Zone, MSZ- Mwembeshi Shear Zone, MT-
Mchimadzi Thrust, NSZ- Nyamadzi Shear Zone, SSZ- Sanangoe Shear Zone. The black

rectangle shows the location of the map of the figure 3.

Figure 3. Geological map of the Chidzolomondo Complex region. Extracted and modified

from GTK Consortium (2006).

Figure 4. Photomicrographs of the MB-146 mc-crd-bt-grt-qz-pl-opx gneiss sample. A)
Interleaving of felsic bands with granoblastic texture constituted by pl+qz+mc and
crd+qz+pl+opx, interspersed with mafic-rich levels with opx+grt+bt., B) and C) Detail of the
compositional banding of metapelitic gneisses, D), E) Detail of relict compositional banding
(S 0), F), G) H) Detail of felsic levels with polygonal granoblastic texture and garnet
porphyroblasts. The yellow arrows show thin quartz lamellae indicative of partial melting, I)
Cordierite (crd) grain detail, J) Opx detail, K) Partial melting features of biotite defined by
thin quartz lamellae, L) Opx+crd+plag assembly. Yellow arrows indicate thin films of albite
suggesting partial melting of plagioclase.

Figure 5. Photomicrographs of the MB-144 metagabbro sample. A), B) Granoblastic texture
with plagioclase+opx+diopside, C) Relict crystal of augite surrounding by granoblastic
plagioclase, D) Relict of euhedral olivine involving by augite and hornblende in a coronitic

texture, E), F), G), H) Photomicrographs of the MB-148 charnockitic gneiss sample.

Metapelitic gneiss cutting by injection of deformed charnockite.
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Figure 6. Classification diagrams of Chidzolomondo Complex gneisses and Castanho Suite

charnockites.

Figure 7. Trace elements and REE spider diagrams of Chidzolomondo Complex gneisses and

Castanho Suite charnockites.

Figure 8. Geotectonic diagrams of Chizolomondo Complex gneisses and Castanho Suite

charnockites.

Figure 9. A) Isochemical phase diagram of mc-crd-bt-grt-qz-pl-opx gneiss (sample MB-146)
with metamorphic peak assemblage defined by garnet + melt + opx + biotite + cordierite +
feldspar + mf + quartz + rutile. B) Chemical composition profile of the analyzed garnet and

the BSE image.

Figure 10. CL images of representative zircon grains from the analyzed samples. A) Mc-crd-
bt-grt-qz-pl-opx gneiss (MB-146); B) Metagabbro sample (MB-144); C) Charnockitic gneiss
(MB-148); D) Charnockite (MB-141). The circles show the spot location of the U-Pb and Lu-
Hf analysis. Legend of the spot results. First line: number of the analyzed spot in the data

table; Second line: U-Pb age; Third line: epsilon Hf(t) value.

Figure 11. A) Wetherhill concordia diagram of the U-Pb analysis (concordant and
discordant) from sample MB-146 and the concordia ages; B) Weighted mean average
diagram of the concordant ages with zircon grains showing the analysis domains; C)
Histogram and radial plots of the detrital ages.

Figure 12. A) Wetherill concordia diagram of the U-Pb analysis (concordant and discordant)
from sample MB-144 and the concordia ages; B) Weighted mean average diagram of the
concordant ages of sample MB-144 with zircon grains showing the analysis domains; C)
Wetherill concordia diagram of the U-Pb analysis (concordant and discordant) from sample

MB-148 and the concordia ages; B) Weighted mean average diagram of the concordant ages
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of sample MB-148 with zircon grains showing the analysis domains.

Figure 13. A) Wetherill concordia diagram of the U-Pb analysis (concordant and discordant)
from sample MB-141 and the concordia age; B) Wetherill concordia diagram of the U-Pb
analysis (concordant and discordant) from sample MB-141 and the concordia age of the most

concordant data.

Figure 14. Diagram eHf versus U-Pb ages. The average crust fields were calculated using the
average continental crust '"®Lu/"""Hf ratio of 0.015 (Griffin et al., 2004) and the black dashed
lines classify fields of juvenile material (0—5 €-units below DM), moderately juvenile (5—12
€-units below DM) and evolved (> 12 €-units below DM) like proposed by Reimann et al.
(2010).

Figure 15. Kernel Density Plots (KDP) of compiled detrital, igneous and metamorphic U-Pb
age data of the SIB. The symbologies represent the absolute ages of the samples and the

references are available in Supplementary Data - Table 5.

100



Figure 1 Click here to access/download;Figure;Figure 1.tif £

Bangwoulu a5
Craton 8
'/ LA
,

Geotectonic Units
[ Phanerozoic cover

[0 e sty ondetimedy
[E] Pan-Atncan orogenic bets (850450 Ma)
] Eastem-Granustic Cabo-Delgado Nappe Cpx
.WMW(WSOW}
[N

2) Grenvilian orogenc beits (1.35-1 0 Ga)

| b) Southem Irumide Belt (1.35-1.0 Ga)

Cl Eburnean orogenic bets (2.2-1 8 Ga)
-mmpz.sm)

101



Figure 2

14'S
1

Click here to access/download;Figure;Figure 2.tif £

28:5 R'E ME
' 1
NS,
i
. m
Lufilian Arc w v
117
MsZ \
\
\
Zambezi Balt & o = ’
! 2 i - Ay
v 5 3 AS"’ 3 .
s e ' 88z oo '\
N e A}
0 -t o I
-~
ZIMBABWE \‘ Q N
. \
S$SZ 3 s : S \
.q g = N
ot R X s o ) 100K
/ / - i ——\11
um l. mmm .c:.mumwlu Structures. Geochronology
Phanerozoe cover [¥g Post-orogenc grantes (1060-1000 PSSP Ductie 20008
[ ] Pan-Atrican orogenic belts 1D...,M,.._.‘m - Dw iswauw e -
a .mmummu SOPN NRgRf & b Tectonic vergence ?
g (B Yoo Comptux [ Gattos;(1000-4020 Moy SCuoston mda Mare Omg) ”’ ' lwwﬂ
[ Ebumean orogenc bets ] EERER Synorogenc grankes (1200-1080 Ms) ED. ‘ : - -
-mw e Capocte &) Camsaca Sk mnm A o age

102



Figure 3 Click here to access/download;Figure;Figure 3.tif £

Furacungo Suite (1064-1029 Ma)
Mussata Granite (1062-1037 Ma)

103



Figure 4 Click here to access/download;Figure;Figure 4.tif £

104



Figure 5 Click here to access/download;Figure;Figure 5.tif

Sl Melapeinic ger * ’
P ¢
Ay

105



Figure 6 Click here to access/download;Figure;Figure 6.tif £

Chidzolomondo Complex gneisses and Castanho Suite charnockites
Classification Diagrams ‘ Costaio St
® Q! ‘ Chidzolomondo Complex
Sg, m
. ® Acid rooks (GTK)
28, © Ackd moks (M8)
.4 @ Intormediato rocks (MB)
‘g @ intermediate rocks (GTK)
(4 ® Basic rocks (GTK)
o8 Castanho Granite
| Granito (M8)
= O Hy diorite, gz-syenite and syerie (MB)
u Mafic encive (GTK)

a»  Okhy gabiro, gaboro (GTK)
®_ ®

L B § '

- 334 ’
g- z

M-
PR ¥ ;
% .
o <%
> s v v
w

00 300
BeFeeMg el

)
S0, w1 % $i0;

106



Click here to access/download;Figure;Figure 7.tif £

Figure 7

oo0i
@

T

5

“:-r- A »-:-. -

TTTR

TTTH A RN (17T 0 o
] 1

34

001 o 0004
800 GHOWN Pdwes (@)}

107



Figure 8 Click here to access/download;Figure;Figure 8.tif

Chidzolomondo Complex gneisses and Castanho Suite charnockites

Geotectonic Diagrams
® ®§ ‘ Castanho Suite
g / ¢ £ cridzoiomondo Complox
LG weo -~
> 8 p “na Lagene
8 ™ -2 - Chidzolomondo Cpx.
*1 - z . @ Ackd rocks (GTK)
& . g & & o :mm(a:”m
¢ ’ pom T © Intemociate rocks (GTK)
24 I”g‘ \ ® Basic rocks (GTX)
’ i Castanho Granite
- s Mool S Al —" - B sy e, -yt o e (4
" -
@ ' " vu.'w - @'w ."..‘;..'?f:..g?”.ﬁ.? " 8 bty gabbro, gadbeo (GTX)
8 e % R C ® s

0 01 02 03 04 05 08
Tant

0]
g
2 #
S !
it Fon ] ‘
e 148
bt
°ﬂ o 5000 s (] 2

10000 G

108
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Figure 10
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7. ANEXOS

Artigo 1.

* concentration uncertainty ca. 10%
** data corrected/not corrected for common-Pb
*** Concordance calculated as (206Pb-238U age/207Pb-206Pb age)*100
Decay constants of Jaffey et al. (1971) used
The bold typed analysis were used to calculate the MDAs

Supplementary Data Table S$1. Results of the LA-ICP-MS U-Pb zircon analysis

~NMNNNNwNA:NNNNNN»\:NNNNNMNNNNNN»NEI
©

Isotope ratio** Ages
Session U-Pb spot Comm u Thiu 207Pb 12s 207Pb 2s 206Pb 2s Rho 207Pb 2s 206Pb 12s 207Pb +2s

206Pb (g g-1)* 206Pb (%) 235U (%) 238U (%) 206Pb  (Ma) 238U  (Ma) 235U  (Ma) Conc™*
15 0,0079 235,68 0,59 0,07567 2,03515 1,91053 3,73384 0,18311 3,13045 0,83840 1086 M 1084 31 1085 25 100
0 1,0000 314,39 0,51 0,07575 3,31630 1,94494 4,63504 0,18622 3,23816 0,69863 1088 66 1101 33 1097 32 101
89 0,0008 187,11 0,52 007576 2,05915 1,86996 3,69541 0,17902 3,06854 0,83037 1089 4 1062 30 1071 25 99
92 0,0609 200,83 049 0,07597 2,03335 1,88213 3,71861 0,17967 3,11344 0,83726 1094 M 1085 N 1075 25 99

1,0000 161,94 0,45 0,07599 3,32170 1,94086 4,64384 0,18524 3,24524 0,69883 1095 67 1096 33 1095 32 100
m 0,0000 8243 0,58 0,07608 2,05047 1,85335 3,74325 0,17668 3,13169 0,83662 1097 M 1049 31 1065 25 99
30 1,0000 339,85 0,50 0,07612 3,31622 1,98877 4,64445 0,18950 3,25171 0,70013 1098 66 1119 34 112 32 101
90 00000 154,76 0,70 0,07615 2,04859 1,90437 3,72945 0,18138 3,11643 0,83563 1099 41 1074 31 1083 25 99
53 0,0056 298,06 0,44 0,07621 2,02090 1,99370 3,69582 0,18975 3,09436 0,83726 1100 40 1120 32 113 25 101
88 1,0000 242,76 0,51 0,07626 3,32590 1,90868 4,67172 0,18152 3,28076 0,70226 1102 67 1075 33 1084 32 99
kil 1,0000 95,61 0,81 007629 3,32492 1,86360 4,66806 0,17718 3,27654 0,70191 1103 66 1052 32 1068 31 99
34 0,1054 139,97 0,42 0,07631 2,06289 1,93359 3,70524 0,18377 3,07787 0,83068 1103 a“ 1088 kil 1093 25 100
52 1,0000 209,74 0,48 0,07632 3,30732 2,00700 4,64426 0,19072 3,26048 0,70205 1104 66 1125 34 1118 32 101
135 0,0066 219,67 0,95 0,07638 2,04236 1,89054 3,74396 0,17951 3,13783 0,83811 1105 41 1064 31 1078 25 99
36 0,1002 232,10 0,55 0,07639 2,03289 1,96077 3,69131 0,18615 3,08109 0,83469 1105 a“ 1101 3 1102 25 100
70 1,0000 113,71 091 0,07640 3,33597 1,87601 466428 0,17808 3,25988 0,69890 1106 67 1056 32 1073 31 99
38 0,0246 339,53 0,43 0,07642 2,01618 2,00154 3,67294 0,18995 3,07010 0,83587 1106 40 121 32 1116 25 101
118 1,0000 229,56 0,46 0,07647 3,31712 1,95832 4,69130 0,18574 3,31738 0,70714 1107 66 1098 34 1101 32 100
131 0,0000 164,14 0,52 0,07647 2,04002 1,89842 3,74394 0,18005 3,13934 0,83851 1107 M 1067 31 1081 25 99
100 0,0261 408,36 0,59 0,07647 2,01502 1,99086 3,71428 0,18882 3,12018 0,84005 107 40 115 32 112 25 100
19 0,0004 77,67 0,82 0,07659 2,06294 1,90244 3,75503 0,18015 3,13760 0,83557 " a9 1068 3 1082 25 99
137 0,0080 322,67 0,61 0,07661 2,03629 1,98798 3,75222 0,18819 3,15162 0,83993 1mmnm a4 112 32 1 26 100
112 01194 5111 044 0,07663 2,11115 1,88311 3,78434 0,17823 3,14075 0,82993 1112 42 1057 31 1075 25 98
13 0,0444 442,53 0,53 0,07664 2,03889 1,97635 3,57561 0,18704 293733 0,82149 112 a4 1105 30 1107 24 100
74 0,1097 110,88 0,39 0,07668 205455 1,86029 3,72985 0,17596 3,11298 0,83461 1113 M 1045 30 1067 25 98
130 0,0000 4454 0,76 007670 2,11213 1,89844 3,79152 0,17952 3,14873 0,83047 113 42 1064 kil 1081 26 929
55 1,0000 276,11 0,36 0,07672 3,30605 1,99467 4,64852 0,18856 3,26784 0,70298 114 66 114 34 114 32 100
8 0,0449 189,99 051 0,07673 203659 1,95224 3,67858 0,18454 3,06337 0,83276 1114 M 1092 kXl 1099 25 99
97 0,0402 413,96 0,52 0,07676 2,00901 2,01534 3,70666 0,19042 3,11499 0,84038 115 40 1124 32 121 26 100
110 0,0000 90,02 0,48 0,07681 2,05702 1,86512 3,77421 0,17611 3,16438 0,83842 1116 Ll 1046 31 1069 25 98
19 0,0771 212,90 0,39 0,07682 2,04060 1,98713 3,68389 0,18761 3,06708 0,83257 1m17 a1 1108 3 1M 25 100
73 0,0195 216,30 0,51 0,07693 202832 1,94585 3,70729 0,18344 3,10320 0,83706 1120 40 1086 3 1097 25 99
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0,11921
0,12224
0,12235
0,12601
0,13866
0,17808

0,07631
0,07683
0,07771
0,07786

6:67868
6:0844+

0,07440
0,07447
0,07459
0,07460
0,07461
0,07463
0,07468
0,07478

0,07489
0,07489
0,07492
0,07495
0,07498
0,07498
0,07498
0,07501
0,07506
0,07508
0,07511
0,07511
0,07511
0,07514
0,07514
0,07515
0,07519
0,07520
0,07520
0,07522
0,07523
0,07525
0,07526
0,07527
0,07528
0,07528
0,07530
0,07531
0,07532
0,07539
0,07540
0,07543
0,07548
0,07549
0,07552
0,07555
0,07555
0,07558
0,07559
0,07559
0,07560
0,07563
0,07566
0,07567
0,07568

2,05576
2,06712
2,10470
2,03496
3,24603
2,08581
2,69665
2,04710
2,05846
2,04332
2,03164
2,06866
2,04417

2,07377
3,30153
2,06564
2,05810

208472
2:09740

1,08937
1,26011
1,21701
1,27153
1,16200
1,05460
1,01574
1,03669

1,10324
1,23944
117739
1,33416
1,01481
1,21072
1,50829
2,09704
1,30453
1,04688
1,30546
1,20858
1,16784
1,08592
1,14022
1,16979
1,15301
1,54384
1,61400
1,04589
1,06364
1,11156
1,15207
1,16547
1,43631
1,15041
1,16691
1,10065
1,17822
117711
1,16342
1,20442
1,04054
1,09445
1,13452
1,20899
1,33657
1,36302
1,16044
1,09297
1,07933
1,28119
1,29415
1,06483
1,32075

2,09783
2,08121
2,02226
2,13345
2,00223
2,36169
5,28117
5,76439
6,06625
6,05418
6,44934
767525
12,23179

1,92006
1,97146
1,94700
1,96253

71220
2:42606

1,87046
1,95527
1,83721
1,85879
1,83854
1,84925
1,83785
1,88387

1,85608
1,88690
1,90638
1,85092
1,83857
1,88777
1,90365
1,85670
1,86753
1,91208
1,87365
1,87938
1,88000
1,88855
1,89603
1,92656
1,87104
1,88618
1,85260
1,84343
1,89655
1,89184
1,89127
1,87988
1,87639
1,88941
1,88502
1,89201
1,85421
1,86545
1,90204
1,89555
1,93100
1,91906
1,91973
1,90498
1,90204
1,90072
1,88094
1,90912
1,92609
1,90357
1,89379
1,91829
1,89576

3,74673
3,80195
3,80541
3,75405
4,66909
3,73519
415743
3,77075
3,74245
3,75472
3,75522
3,85056
3,74373

3,77573
4,69001
3,76209
3,77816

3F8H2
379832

4,22482
4,16230
4,39978
441118
4,22116
4,30040
4,19921
4,20841

4,27951
4,26246
4,21941
4,49820
4,27899
4,26772
4,31632
4,74346
4,32066
4,00511
4,29919
4,31279
4,27899
4,21972
4,29237
4,26279
4,26622
4,62028
4,32666
4,32185
4,25543
4,23548
4,27976
4,33991
4,42824
4,23504
4,33210
4,20477
4,26149
4,30558
4,33110
4,25648
4,21197
4,26117
4,32426
4,23430
4,30533
4,23459
4,18284
4,22350
4,32212
4,42590
4,26257
4,21222
4,22582

0,19256
0,19024
0,18467
0,19432
0,18136
0,21021
0,33554
0,35071
0,35991
0,35888
037119
0,40146
0,49815

0,18249
0,18611
0,18171
0,18282

6;45782
6:18267

0,18234
0,19042
0,17863
0,18071
0,17871
0,17972
0,17849
0,18272

0,17975
0,18274
0,18455
0,17911
0,17785
0,18260
0,18413
0,17951
0,18045
0,18470
0,18092
0,18147
0,18153
0,18228
0,18300
0,18594
0,18047
0,18191
0,17866
017775
0,18283
0,18235
0,18227
0,18115
0,18079
0,18203
0,18155
0,18220
0,17855
0,17946
0,18296
0,18226
0,18554
0,18437
0,18436
0,18288
0,18259
0,18239
0,18047
0,18317
0,18477
0,18254
0,18153
0,18385
0,18167

3,13238
3,19089
3,17039
3.15466
3,35615
3,09855
3,16422
3,16669
3,12549
3,15004
3,15818
3.24769
3,13638

3,15525
3,33107
3,14428
3,16839

3;45648
345742

4,08724
3,96697
4,22812
4,22395
4,05807
4,16908
4,07451
4,07872

4,13486
4,07828
4,05181
4,29579
4,15691
4,09238
4,04422
4,25475
4,11902
3,95903
4,09620
4,13999
4,11654
4,07760
4,13816
4,09915
4,10746
4,35472
4,01435
4,19338
4,12035
4,08701
412179
4,18049
4,18883
4,07580
4,17198
4,05816
4,09537
4,14155
417191
4,08252
4,08141
4,11822
417278
4,05803
4,09260
4,00923
4,01865
4,07962
4,18519
4,23640
4,06136
4,07541
4,01412

0,83603
0,83928
0,83313
0,84033
0,71880
0,82956
0,76110
0,83980
0,83514
0,83896
0,84101
0,84343
083777

0,96744
0,95307
0,96098
0,95755
0,96136
0,96946
0,97030
0,96918

0,96620
0,95679
0,96028
0,95500
0,97147
0,95892
0,93696
0,89697
0,95333
0,96677
0,95278
0,95993
0,96204
0,96632
0,96407
0,96161
0,96279
0,94252
0,92782
0,97028
0,96826
0,96495
0,96309
0,96327
0,94594
0,96240
0,96304
0,96513
0,96102
0,96190
0,96325
0,95913
0,96900
0,96645
0,96497
0,95837
0,95059
0,94678
0,96075
0,96594
0,96832
0,95719
0,95280
0,96752
0,94990

172
1181
1183
1188
1199
1233
1867

1989
1991
2043
21
2635

1103
117
1139
1143

1052
1054
1058
1058
1058
1058

1062

IBHBEBLEBEEEBL vE8SY

2a2g2

135
123
1092
1145
1074
1230
1865
1938
1982
1977
2035
2176
2606

1081
1100
1076
1082

1080
1124
1060
1071
1060
1065
1059
1082

1066
1082
1092
1062
1055
1081
1090
1064
1069
1093
1072
1075
1075
1079
1083
1099
1070
1077
1060
1055
1082
1080
1079
1073
1071
1078
1075
1079
1059
1064
1083
1079
1097
1091
1091
1083
1081
1080
1070
1084
1093
1081
1075
1088
1076

33
32
33
33
35

53

56

68

LRPLEIILEEEL R

L3 34

32

1148
1143
123
1160
1116
1231
1866

1985
1984
2039
2194
2622

gRgRRieIaaeis

1071
1100
1059
1067
1059
1063
1059
1075

1066
1076
1083
1064
1059
1077
1082

1070
1085
1072

98
97
99

100
100
100
100
100

99
100

CEBEBRERBBLRRE

102
103
101
102
101
101
101
102

101
102
102
101
101
102
102
101
101
102
101
101
101
101
102
102
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
102
101
101
101
101
101
101
101
101
101
101
101
101

120



12
118

0,2364

0,0575
0,0000
0,0000
0,0007
0,0000

132,33
206,38
115,76
122,17
190,69
117,94
146,11
81,30
68,71
103,91
285,11
97,67
75,54
68,47
180,77
204,77
150,62
278,98
231,03
236,74

552:86
54:63
7962

1846,93
41347
239,35
149,57
126,51
358,33
152,83
282,21
126,00
154,25
197,14
434,75
337,79
608,84
246,52
265,57
97,35
345,65
138,55
105,42

278,56
120,89
551,15
448,90
328,36
294,00
587,29
143,60
803,53
113,65
60,28
130,13
97,97
531,90
366,41
77,66
321,76
434,47
419,67
740,90
214,49
196,44
79,36
332,96
183,93
558,89
242,94
164,90
511,57
215,89
234,55
170,39
128,17
564,10
306,38
89,25
394,49
713,84
134,28
200,33
269,57
76,99
350,97
341,81
116,25

0,73
0,37
0,85
0,97
0,27
0,82
0,68
0,51
0,73
0,75
0,61
0,88
0,86
0,94
0,72
1,65
0,92
0,71
0,96
1,99

0,30
0,67
0,81
0,77
0,53
0,52
0,96
032
0,92
0,89
047
0,40
0,39
0,88
032
1,40
0,79
0,18
0,39
0,80

1,21
1,05
061
032
0,53
0,64
0,35
0,63
0,35
1,06
0,53
0,89
0,55
0,46
0,51
1,57
0,32
084
049
0,19
0,64
084
0,55
0,48
0,71
041
0,93
0,39
0,28
117
0,76
0,76
0,55
0,33
0,90
0,45
0,48
049
0,58
087
0,90
0,54
1,68
037
0,33

0,07570
0,07575
0,07579
0,07585
0,07590
0,07592
0,07592
0,07593
0,07610
0,07611
0,07617
0,07635
0,07641
0,07643
0,07658
0,07663
0,07676
0,07736
0,07762
0,07842

6:67534
8:67645
8:67570

0,07371
0,07671
0,07682
0,07692
0,07698
0,07700
0,07703
0,07705
0,07706
0,07708
0,07711
0,07714
0,07717
0,07720
0,07722
0,07724
0,07725
007727
0,07730
0,07731

007732
0,07733
0,07733
0,07735
0,07735
0,07739
0,07753
0,07753
0,07753
0,07756
0,07758
0,07761
0,07761
0,07763
0,07766
0,07768
0,07771
0,07776
0,07776
0,07776
0,07778
0,07782
0,07782
0,07785
0,07786
0,07789
0,07792
0,07793
0,07796
0,07796
0,07798
0,07799
0,07800
0,07801
0,07802
0,07803
0,07805
0,07810
0,07810
0,07818
0,07820
0,07832
0,07868
0,07868
0,07890

1,10482
1,32150
1,26514
1,23722
1,20051
1,12858
1,23606
1,26276
1,62177
1,15251
1,08463
1,17568
1,16139
1,21447
1,17208
1,05151
1,23864
1,04167
1,06439
1,10562

408313
+62068
+37429

0,99977
1.05039
1,04900
1,20674
1,08652
1,04650
1,05932
115171
1,22434
1,42510
1,03175
1,05003
1,03093
1,03477
1,03025
1,02997
1,12226
282914
1,08689
2,85709

1,05310
1,10803
1,04208
1,02863
1,01543
1,01489
1,01735
1,10512
1,01302
1,13098
1,27531
1,06453
1,11710
1,01370
1,02443
1,27363
1,03688
1,03620
1,03620
1,02308
1,07541
1,03552
1,21903
1,02201
1,08738
1,00838
1,46630
1,13874
1,00746
1,05979
1,02027
1,04630
1,20309
2,80224
1,20277
1,29412
1,00827
1,02402
1,12316
1,04371
1,04343
121125
1,15375
1,15375
1,07304

1,91342
1,89217
1,89811
1,93044
1,93142
1,89409
1,89556
1,92664
1,90908
1,90523
1,99819
2,00706
1,97089
1,99791
1,99990
2,04166
2,01744
2,06598
2,08196
2,10817

466156
491572
493169

1,79760
2,04411
2,00206
2,01120
2,01641
2,06502
2,06180
2,04723
2,02916
2,03376
2,06249
2,08689
2,06668
2,04941
2,05013
2,08151
2,04689
2,07803
2,05258
2,04621

2,08489
2,05209
2,08232
2,11629
2,10626
2,07434
2,08780
2,10955
2,12358
2,05189
2,09100
2,05217
2,08014
2,15472
2,13504
2,06081
2,09823
2,10036
2,11496
2,12968
2,04080
2,05466
2,11205
2,08708
2,09800
2,13841
2,09876
2,10842
2,00881
2,16018
211745
2,10889
2,10734
2,11845
2,155
2,10903
2,15356
2,15452
2,12509
2,15528
2,15476
2,19019
2,19231
2,21546
2,19795

4,25522
4,42332
4,46235
4,32654
4,20485
4,22782
4,27593
4,33558
4,61108
4,31692
4,10523
4,27335
4,29370
4,24567
4,38017
4,20814
4,31834
4,23619
4,22485
4,25606

4:350966
460966
449279

4,05597
416731
4,13116
4,33388
4,16224
41711
4,06232
4,12515
4,31257
4,25149
4,04797
4,05965
4,11294
4,15783
4,08602
4,11857
4,21813
4,98589
4,18018
5,05610

4,13237
4,20804
3,99530
4,03049
4,05494
4,06544
4,07872
4,11073
3,97376
4,08573
4,08839
4,11016
4,11238
4,04072
4,07967
4,02817
4,16232
4,16075
4,14364
3,98665
4,18313
4,04746
4,20091
4,07641
4,08387
4,04169
4,21319
4,27907
4,04696
4,15498
4,06698
4,05991
4,14549
4,92176
4,34435
4,18100
4,09027
4,08594
4,06680
4,11279
4,13405
4,16084
4,32086
3,88376
4,10888

0,18331
0,18117
0,18165
0,18459
0,18456
0,18095
0,18109
0,18403
0,18194
0,18155
0,19025
0,19066
0,18708
0,18959
0,18940
0,19323
0,19062
0,19370
0,19453
0,19498

6:45448
6;48245
648500

0,17687
0,19325
0,18903
0,18964
0,18998
0,19451
0,19413
0,19270
0,19099
0,19136
0,19399
0,19622
0,19423
0,19254
0,19254
0,19544
0,19216
0,19506
0,19259
0,19197

0,19556
0,19247
0,19531
0,19844
0,19750
0,19441
0,19532
0,19734
0,19865
0,19187
0,19548
0,19177
0,19439
0,20130
0,19938
0,19240
0,19582
0,19589
0,19725
0,19862
0,19031
0,19150
0,19685
0,19445
0,19544
0,19912
0,19536
0,19623
0,19526
0,20097
0,19694
0,19612
0,19595
0,19696
0,19629
0,19603
0,20012
0,20008
0,19734
0,19994
0,19984
0,20283
0,20208
0,20421
0,20205

4,10929
422131
4,27925
4,14586
4,02714
4,07440
4,09337
4,14762
4,31647
4,16023
3,95935
4,10844
4,13365
4,06826
4,22044
4,07465
4,13688
4,10612
4,08857
4,10994

422207
431536
427744

3,93082
4,03276
3.99576
4,16248
4,01793
4,03770
3,92177
3,96112
4,13512
4,00552
3,91428
3,92150
3,98164
4,02701
3,95401
3,98770
4,06610
4,10550
4,03640
417148

3,99593
4,05954
3,85700
3,89702
3,92575
3,93672
3,94980
3,95939
3,84247
3,92607
3,88439
3,96991
3,95774
391150
3,94895
3,82152
4,03110
4,02966
4,01199
3.85314
4,04253
391275
4,02015
3,94622
3,93644
3,91387
3,94980
4,12476
3,91956
4,01755
3,93693
3,92277
3,96708
4,04613
4,17453
3,97568
3,96456
3,95554
3,90863
3,97816
4,00020
3,98064
4,16398
3,70843
3,96629

0,96571
0,95433
0,95897
0,95824
0,95774
0,96371
0,95731
0,95665
0,93611
0,96370
0,96447
0,96141
0,96272
0,95822
0,96353
0,96828
0,95798
0,96930
0,96774
0,96567

6:96865
8:93616
8:95207

0,96914
0,96771
0,96722
0,96045
0,96533
0,96802
0,96540
0,96024
0,95885
0,94215
0,96697
0,96597
0,96808
0,96854
0,96769
0,96822
0,96396
0,82342
0,96561
0,82504

0,96698
0,96471
0,96539
0,96689
0,96814
0,96834
0,96839
0,96319
0,96696
0,96092
0,95010
0,96588
0,96240
0,96802
0,96796
0,94870
0,96847
0,96849
0,96823
0,96651
0,96639
0,96672
0,95697
0,96806
0,96390
0,96838
0,93748
0,96394
0,96852
0,96692
0,96802
0,96622
0,95696
0,82209
0,96091
0,95089
0,96927
0,96809
096111
0,96726
0,96762
0,95669
0,96369
0,95486
0,96530

1087
1088
1089
1091
1092
1093
1093
1093
1098
1098
1100
1104
1106
1106
1110
112
115
1130
137
157

1034
114
1116
119
121
121
122
1123
123
123
1124
1125
1126
1126
127
1128
128
128
129
129

1130
1130
1130
1130
1130
1131
1135
1135
135
1136
1136
137
137
1138
1138
1139
1140
141
141
141
141
1142
1142
1143
1143
1144
1145
1145
1146
1146
1146
147
1147
1147
1147
1148
1148
1149
1149
1152
1152
1155
1164
1164
170

1085
1073
1076
1092
1092
1072
1073
1089
1078
1075
1123
125
1106
119
1118
1139
125
141
1146
1148

1050
139
116
1119
121
1146
1144
1136
127
1129
1143
1155
1144
1135
1135
1151
133
1149
135
1132

1151
1135
1150
1167
1162
1145
1150
1161
1168
1132
1151
131
1145
1182
172
134
1153
1153
1161
1168
1123
1130
1158
1145
1151
17
1150
1155
1150
1181
1159
1154
1154
1159
1155
1154
176
176
1161
1175
1174
1191
1186
1198
1186

1045
130
1116
1119
121
137
1136
131
1125
127
1136
1145
1138
1132
1132
1143
131
1142
1133
131

1144
1133
1143
1154
1151
1140
1145
1152
1156
1133
1146
133
1142
1167
1160
1136
1148
1149
1154
1158
129
1134
1153
1145
1148
1161
1148
1152
1148
1168
1155
1152
1151
1155
1153
1152
1166
1167
157
1167
1167
178
179
1186
1180

101
101
101
101
101
101
101
101
101
100
102
102
101
102
101
102
101
101
101
101

101
101
100
100
100
101
101
100
100
100
101
101
101
100
100
101
100
101
100
100

101
100
101
101
101
100
100
101
101
100
100
100
100
101
101
100
100
100
101
101

100
100
100
100
101
100
100
100
101
100
100
100
100
100
100
101
101
100
101
101
101
101
101
101

121



1 95 0,0000 480,03 042 007896 1,11097 221176 4,10754 0,20316 395444 0,96273 17 22 1192 43 1185 29 101

1 74 0,0000 8127 0,85 007917 1,28833 2,23865 4,09612 0,20507 3,88824 0,94925 176 26 1203 43 1193 29 101

1 94 0,0000 186,61 0,88 0,07934 1,07997 2,21795 4,12587 0,20276 3,98202 0,96513 1181 21 1190 43 1187 29 100

1 92 0,0000 5241 0,51 0,07961 1,17873 2,24731 4,19109 0,20473 4,02192 0,95964 1187 23 1201 44 1196 30 100

1 58 0,1050 166,92 035 0,08026 107572 2,28950 4,10543 0,20689 3,96199 0,96506 1203 21 1212 44 1209 29 100

1 920 0,5377 100,23 0,73 0,08043 1,88850 2,35533 4,61373 0,21239 4,20953 0,91239 1208 37 1242 48 1229 33 101

1 87 0,0000 250,71 034 008078 1,09848 2,37605 4,26686 0,21332 4,12303 0,96629 1216 22 1246 47 1235 3 101

1 12 0,0000 191,02 081 0,08094 1,03340 2,19140 4,05177 0,19637 391777 0,96693 1220 20 1156 42 178 28 98

1 34 0,0000 202,48 117 0,08096 1,07093 2,35845 4,20650 0,21128 4,06789 0,96705 1220 21 1236 46 1230 30 100

1 108 0,0000 350,83 1,24 0,08101 1,08285 2,38041 4,08503 0,21312 393890 0,96423 1222 21 1245 45 1237 29 101

1 33 0,0024 473,06 0,67 0,08103 099450 2,26232 4,05172 0,20250 392778 0,96941 1222 20 1189 43 1201 29 99

1 m 0,0000 80,08 1,33 008200 1,11954 2,43576 4,18830 0,21544 403590 0,96361 1245 22 1258 46 1253 30 100

1 38 0,0000 379,57 0,52 0,08226 1,02914 2,45545 4,04769 0,21648 3,91467 0,96714 1252 20 1263 45 1259 29 100

1 109 0,0000 259,32 0,40 0,08557 1,03707 2,71483 4,14557 0,23011 4,01376 0,96820 1328 20 1335 49 1333 31 100

1 96 0,0000 214,22 0,80 0,08718 1,05300 2,85880 4,13758 0,23783 4,00135 0,96707 1364 20 1375 50 1371 3 100

1 120 0,0000 291,88 1,75 0,11466 1,08531 548701 4,10030 0,34708 3,95405 0,96433 1875 20 1921 66 1899 36 101
Rejected data

1 # 6;1688  664:8% 839 067968 +:09435 +92826 423518 O:17686 409135 696604 4 22 1656 40 469+ 29 96

1 28 BrH444 25760 4t 868532 +11857 226935 422478 0619200 467401 6;96431 4323 22 H37 43 4203 30 95

1 5+ 6188+ 3794 483 88876+ +1H20 228600 411108 6719656 395805 696278 436+ 22 24 4t 4208 29 93

1 ¥ 84693 83923 O44 8:68337 +08547 202262 465790 6:17596 391063 6:96356 4278 24 1045 38 4423 28 93

1 47 64556  233:86 879 009067 +48080 243141 4:1923% 019449 392208 6:93554 +440 28 1446 4t 1252 30 92

1 +H* 05247 45098 248 010298 440154 245958 406789 0O:17323 378458 693035 1678 28 1030 36 4260 30 82

1 407 6:6000 8392 85+ 007764 414203 200437 418372 019564 402458 6;96196 4438 23 #52 43 47 29 400

1 88 686000 3624+ 86+ 067886 +:13916 2;18880 430999 020147 415672 6;96444 67 23 83 45 HHF 30 466

1 46 68000  463:19 840 6:08855 115104 272347 408168 6:22308 301576 6:95035 4394 22 4298 48 4335 3 97
MB-137

1 151 0,0000 282,56 0,47 0,07403 1,15962 1,87491 4,12181 0,18368 395533 0,95961 1042 23 1087 40 1072 28 102

1 150 0,0000 287,69 0,77 0,07506 1,35899 1,88122 4,39927 0,18177 4,18410 0,95109 1070 27 1077 42 1074 29 101

1 140 0,0000 296,59 0,81 0,07509 1,18359 1,91679 4,31678 0,18513 4,15135 0,96168 1071 24 1095 42 1087 29 101

1 148 0,0753 396,24 071 0,07526 1,14528 1,83348 4,11655 0,17669 3,95403 0,96052 1075 23 1049 38 1058 27 100

1 180 0,0000 344,44 0,36 0,07528 1,32832 1,90336 4,17835 0,18339 3,96158 0,94812 1076 27 1085 40 1082 28 101

1 157 0,0000 309,35 0,43 0,07528 1,31491 1,91053 4,14969 0,18408 3,93585 0,94847 1076 26 1089 40 1085 28 101

1 179 0,1209 346,27 045 007531 1,19814 1,83502 4,26226 0,17673 4,09039 0,95968 1077 24 1049 40 1058 28 100

1 7 0,0588 280,77 0,64 0,07535 1,30970 1,90197 4,38769 0,18307 4,18766 0,95441 1078 26 1084 42 1082 30 101

1 136 0,0000 270,35 0,49 0,07536 1,20627 1,88450 4,41621 0,18137 4,24828 0,96197 1078 24 1074 42 1076 30 100

1 173 0,0000 351,60 0,51 0,07536 1,08565 197340 4,19965 0,18993 4,05690 0,96601 1078 22 121 42 1108 29 102

1 155 0,0243 888,67 0,68 0,07536 1,19462 1,84681 4,19366 0,17774 4,01991 0,95857 1078 24 1055 39 1062 28 100

1 156 0,0000 537,79 0,55 0,07541 1,16528 1,89794 4,30499 0,18255 4,14428 0,96267 1079 23 1081 4 1080 29 101

1 133 0,1464 114,26 0,54 0,07544 1,21636 1,86385 4,33228 0,17919 4,15802 0,95978 1080 24 1063 4 1068 29 100

1 178 0,0000 648,60 0,41 0,07546 1,31174 1,91285 4,36027 0,18386 4,15828 0,95367 1081 26 1088 42 1086 29 101

1 153 0,0000 300,63 0,53 0,07547 1,33833 1,87114 4,16100 0,17982 3,93990 0,94686 1081 27 1066 39 1071 28 100

1 168 0,0000 143,39 0,61 0,07554 1,36382 1,89051 4,43771 0,18152 4,22295 0,95160 1083 27 1075 42 1078 30 100

1 152 0,0000 143,64 0,94 0,07558 1,26954 1,87536 4,15765 0,17996 3,95907 0,95224 1084 26 1067 39 1072 28 100

1 188 0,1451 349,17 0,46 0,07559 1,75371 1,89660 4,54525 0,18198 4,19331 0,92257 1084 35 1078 42 1080 31 100

1 175 0,0000 223,20 0,38 0,07564 1,26853 1,90671 4,34894 0,18283 4,15982 0,95651 1086 26 1082 42 1083 29 100

1 189 0,0058 614,27 0,44 0,07567 1,42817 1,92693 4,22589 0,18468 3,97725 0,94116 1086 29 1092 40 1090 29 101

1 137 0,0492 641,60 0,83 0,07582 1,03399 1,91608 4,19212 0,18328 4,06260 0,96910 1090 21 1085 a1 1087 28 100

1 169 0,0000 206,51 0,49 0,07584 1,46491 1,92771 4,50085 0,18435 4,25578 0,94555 1091 29 1091 43 1091 30 101

1 159 0,0000 154,98 079 0,07596 1,17006 1,89085 4,16953 0,18053 4,00200 0,95982 1094 23 1070 40 1078 28 100

1 158 0,0000 188,20 0,33 0,07597 1,13002 1,92119 4,17168 0,18341 4,01571 0,96261 1094 23 1086 40 1088 28 100

1 154 0,0000 311,32 0,50 0,07631 1,20450 1,92709 4,14520 0,18317 3,96635 0,95685 1103 24 1084 40 1091 28 100

1 187 0,0000 184,78 1,01 0,07635 1,34938 1,92390 4,19782 0,18277 3,97503 0,94693 1104 27 1082 40 1089 28 100

1 129 0,2357 106,68 0,76 0,07700 1,40284 2,02373 4,47471 0,19061 4,24913 0,94959 121 28 125 44 1124 31 101

1 177 0,0864 140,97 0,40 007730 135171 2,04306 4,28137 0,19169 4,06239 0,94885 1129 27 131 4?2 1130 30 101

1 131 0,0000 304,18 033 0,07753 1,34184 2,04278 4,16014 0,19110 393779 0,94655 1135 27 127 41 130 29 100

1 130 0,1876 181,06 084 007757 1,28154 2,03351 4,27528 0,19012 4,07868 0,95402 1136 26 122 42 127 29 100

1 138 0,0000 135,88 034 007763 130107 2,02841 4,46052 0,18951 4,26655 0,95651 137 26 1119 44 125 kil 100

1 191 0,0000 277,27 0,62 0,07766 1,45663 2,02385 4,24941 0,18901 3,99195 0,93941 1138 29 1116 a1 1124 29 100

1 128 0,0000 148,67 1,01 007783 1,25876 206118 4,44376 0,19207 426175 0,95904 1143 25 133 44 1136 3 100

1 132 0,2290 294,46 092 0,07797 135445 2,06242 4,14708 0,19183 391965 0,94516 1146 27 131 41 1136 29 100

1 174 0,0000 475,98 0,65 0,07821 1,14928 2,07502 4,15623 0,19241 3,99418 0,96101 1152 23 1134 42 1141 29 100

1 135 0,0093 381,33 0,84 0,07892 1,11360 2,12934 4,21050 0,19567 4,06056 0,96439 1170 22 1152 43 1158 29 100

1 127 0,0000 117,35 0,40 0,07953 1,15570 2,16636 4,34045 0,19757 4,18376 0,96390 1185 23 1162 45 1170 3 100

1 167 1,0000 198,94 023 0,07968 2,78010 2,17835 5,05377 0,19829 4,22038 0,83510 1189 55 1166 45 174 36 100
Rejected data

1 460 6:0000 18644 876 067382 +14927 219618 423098 021577 408125 6:96256 4037 23 4259 4 4180 30 167

1 490 66,0000 586;12 046 0:675590 +13576 457076 420643 O:1567+ 405020 ©.96286 4084 23 905 34 959 26 95

1 47 68599 95%+2 860 007764 +.02654 163241 417457 015249 404329 696925 4438 20 945 35 983 2 94

1 47 68000 46415 868 887675 +13173 212321 414742 020064 3;99602 6;96205 4445 23 H# 43 56 29 463

1 476 68600 23596 666 067452 +21984 +93450 416845 618829 308557 695622 4656 25 2 4t 4693 28 402

1 472 68000 74957 648 667428 137340 190103 446448 018563 424798 ©;9515% 4649 28 4698 3 168+ 30 402

1 449 68328 203:64 859 067398 438183 192987 4474t 018920 425254 695165 4041 28 HiF 4“4 499+ 30 463

1 439 60208 23767 8:60 0:67344 167420 483643 420087 6;18135 406120 696675 4626 22 1674 40 4059 28 402

1 434 81230 285:24 047 867207 410566 484008 425402 048378 416782 6:96563 4643 22 4088 4 4063 28 463
Reference materials
|es

1 [ ¢ 0,0000 556,71 048 0,05928 1,04588 0,73635 4,02332 0,09009 3,88500 0,96562 577 23 556 21 560 17 99
1 2 0,0003 598,28 049 0,05883 1,03689 0,74431 4,01586 0,09176 3,87969 0,96609 561 23 566 21 565 18 100
1 21 0,0380 463,98 0,46 0,05917 1,05571 0,75576 4,04853 0,09264 3,90846 0,96540 573 23 571 21 572 18 100
1 41 0,0000 391,77 048 0,05871 1,07307 0,72960 4,07161 0,09013 3,92766 0,96465 556 23 556 21 556 18 100
1 42 0,0000 394,14 047 0,05863 1,07454 0,73749 4,08976 0,09123 394607 0,96487 553 23 563 21 561 18 100
1 61 0,0000 383,85 047 0,05934 1,07853 0,74250 4,11094 0,09075 396694 0,96497 580 23 560 21 564 18 99
1 62 00346 381,67 046 0,05906 1,08995 0,73476 4,11534 0,09023 3,96838 0,96429 569 24 557 21 559 18 100
1 81 0,0000 367,39 045 0,05867 1,09085 0,73953 4,12835 0,09142 398162 0,96446 555 24 564 22 562 18 100
1 82 0,1419 355,95 047 005845 1,19785 0,73487 4,17913 0,09119 4,00378 0,95804 547 26 563 22 559 18 101
1 10t 8044t 36452 848 0:05820 10069 O74230 416064 0:00250 402174 0.96453 537 24 578 22 564 48 10+
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1 102 0,1947 353,55 045 005915 1,28087 0,75266 4,23025 0,09228 4,03168 0,95306 573 28 569 22 570 19 100
1 121 0,0000 350,07 045 0,05886 1,10432 0,74128 4,17751 0,09134 4,02890 0,96443 562 24 563 22 563 18 100
i 122 0,0000 351,22 047 0,05912 1,08254 0,73852 4,18227 0,09060 4,03974 0,96592 572 24 559 22 562 18 100
1 121 0,0000 398,93 045 0,05862 1,09178 0,74400 4,20714 0,09205 4,06301 0,96574 553 24 568 22 565 18 101
1 122 0,0000 401,17 0,46 0,05932 1,07889 0,74855 4,20543 0,09152 4,06469 0,96653 579 23 565 22 567 18 99
1 141 0,0000 426,05 046 0,05893 1,08603 0,73387 4,19527 0,09032 4,05226 0,96591 565 24 557 22 559 18 100
1 142 0,0000 372,61 0.50 0,05844 1,12936 0,75751 4,29947 0,09401 4,14849 0,96488 546 25 579 23 573 19 101
1 161 0,0000 426,55 0.46 0,05901 1,11845 0,74065 4,21567 0,09103 4,06459 0,96416 567 24 562 22 563 18 100
1 162 0,0000 426,32 048 0,05827 1,11550 0,73851 4,19792 0,09192 4,04700 0,96405 540 24 567 22 562 18 101
1 181 0,0000 420,81 047 0,05928 1,14710 0,74518 421735 0,09117 4,05835 0,96230 577 25 562 22 565 18 99
1 182 00746 423,54 0.48 005883 1,18348 0,74531 422089 0,09189 4.05158 0,95989 561 26 567 22 566 18 100
GJ-1

1 3 60060 3454 804 806000 +06667 ©:81263 465864 6:09823 301507 6;96485 664 23 664 23 664 49 406
1 4 0,0000 336,02 0,04 0,06005 1,18235 0,81315 4,09134 0,09821 391677 0,95733 605 26 604 23 604 19 100
1 23 0,0000 211,54 0.04 006015 1,36326 0,81882 4,01300 0,09873 3,77435 0,94053 609 29 607 22 607 18 100
1 24 62499 24575 683 88599+ 449640 ©:81026 41316+ 609809 385339 693266 668 32 663 22 663 49 106
1 43 0,0000 204,02 0,07 0,06079 1,11861 0,82333 4,11184 0,09823 3,95676 0,96228 632 24 604 23 610 19 99
1 44 0,0577 202,50 0,02 0,06049 1,20556 0,81219 4,22984 0,09739 4,05440 0,95852 621 26 599 23 604 19 99
1 84 0,0000 182,36 0,01 0,06013 1,21404 0,81049 4,11786 0,09776 393483 0,95555 608 26 601 23 603 19 100
1 103 0,0000 178,50 0,04 0,06076 1,15207 0,82268 4,18104 0,09820 4,01918 0,96129 631 25 604 23 610 19 99
1 124 0,0000 183,20 0,08 0,06034 1,17667 0,82266 4,20020 0,09888 4,03201 0,95996 616 25 608 23 610 19 100
1 123 0,0000 210,72 0,04 0,06013 1,13088 0,81206 4,24022 0,09795 4,08664 0,96378 608 24 602 24 604 19 100
1 124 0,0000 207,66 0,08 0,06011 128098 0,81311 4,19856 0,09811 3,99837 0,95232 608 28 603 23 604 19 100
1 143 0,0000 224,05 0,05 005982 1,20361 0,81043 4,28691 0,09826 4,11447 0,95978 597 26 604 24 603 20 100
1 144 04184 209,25 0,06 0,05970 1,84910 0,80270 4,50973 0,09752 4,11320 0,91207 593 40 600 24 598 21 100
1 163 0,0464 21524 0,02 0,06036 1,51540 0,81277 4,37099 0,09766 4,09989 0,93798 617 33 601 24 604 20 99
1 164 0,0000 215,81 0,05 0,05998 1,16706 0,81615 4,24003 0,09869 4,07625 0,96137 603 25 607 24 606 20 100
1 183 0,0000 218,10 0,06 0,06103 1,32722 0,82337 4,26184 0,09785 4,04991 0,95027 640 29 602 23 610 20 929
1 184 0,0000 209,69 0,04 006022 1,32846 0,81352 4,23771 0,09798 4,02410 0,94959 611 29 603 23 604 19 100
1 183 05699 21561 0,06 0,06057 2,19967 0,81560 4,76497 0,09766 4,22687 0,88707 624 47 601 24 606 22 99
1 184 1,0000 210,97 0,05 0,06053 3,49006 0,81958 574354 0,09821 4,56154 0,79420 622 75 604 26 608 27 99
1 203 0,0455 21581 0,06 0,06057 1,13261 0,82731 4,24044 0,09906 4,08638 0,96367 624 24 609 24 612 20 99
1 204 0,0000 213,72 0,07 006031 1,12751 0,81706 4,23089 0,09826 4,07789 0,96384 615 24 604 24 606 19 100
1 223 0,0000 229,82 0,07 006017 1,13013 0,80909 4,24126 0,09753 4,08792 0,96385 610 24 600 23 602 19 100
1 224 0,0643 218,31 0,05 0,05932 1,15005 0,79892 4,26235 0,09768 4,10426 0,96291 579 25 601 24 596 19 101
1 243 0,0000 210,13 0,03 0,06022 1,14580 0,80769 4,25560 0,09728 4,09845 0,96307 611 25 598 23 601 19 100
1 244 00198 207,61 0,05 0,06008 1,15039 0,81466 4,27286 0,09835 4,11509 0,96308 606 25 605 24 605 20 100
1 263 0,0000 209,72 0,09 0,05966 1,15655 0,80059 4,27629 0,09733 4,11692 0,96273 591 25 599 24 597 19 100
1 264 1,0000 209,02 0,07 0,05994 3,52955 0,81820 578180 0,09900 4,57946 0,79205 601 76 609 27 607 27 100
1 283 0,0000 209,52 0,07 0,06009 1,16492 0,80852 4,28774 0,09759 4,12646 0,96239 607 25 600 24 602 20 100
1 284 0.0000 _207.04 0.07 0.05965 1.17351 0.80902 4.29774 0.09837 4.13442 0.96200 591 25 605 24 602 20 100
1 5 60080 594:90 &4 805324 +0894t 030547 465392 ;05387 300480 696322 339 25 338 43 338 42 406
1 6 60060 62439 &4 8:85320 +14662 ©;39436 418475 605376 402459 696173 337 26 338 3 338 42 400
1 25 00000 554,96 013 0,05317 1,50461 0,39678 4,30621 0,05412 4,03480 0,93697 336 34 340 13 339 12 100
1 45 0,0000 470,25 017 0,05335 123711 0,39555 4,13856 0,05377 3,94933 0,95428 344 28 338 13 338 12 100
1 46 0,0000 499,93 0,16 0,05324 1,22089 0,40076 4,18217 0,05459 4,00000 0,95644 339 28 343 13 342 12 100
1 65 0,0000 345,88 0,14 005319 1,18443 0,39546 4,11258 0,05392 3,93832 0,95763 337 27 339 13 338 12 100
1 66 0,0000 397,31 0,13 0,05321 1,18399 0,38753 4,19119 0,05282 4,02048 0,95927 338 27 332 13 333 12 100
1 85 60000 26795 &2 6:65336 +21814 6;3962% 416267 6:05385 398065 695623 344 28 338 B 339 42 406
1 86 0,0000 284,58 014 0,05320 1,20301 0,39649 4,17983 0,05405 4,00297 0,95769 337 27 339 13 339 12 100
1 105 00751 415,14 0,15 005315 1,18199 0,39436 4,20030 0,05381 4,03056 0,95959 335 27 338 13 338 12 100
1 106 0,0000 384,54 0,15 005329 1,20098 0,39621 4,15292 0,05392 397548 0,95727 341 27 339 13 339 12 100
1 125 0,0000 411,20 014 0,05351 1,15866 0,39806 4,21011 0,05395 4,04753 0,96138 350 26 339 13 340 12 100
1 126 0,0297 398,77 0,13 005354 1,16322 0,39980 4,19841 0,05415 4,03405 0,96085 352 26 340 13 342 12 100
1 125 0,0000 453,59 014 005332 1,23781 0,39514 4,13666 0,05375 3,94712 0,95418 342 28 337 13 338 12 100
1 126 0,0000 44578 012 0,05333 1,27508 0,39580 4,17777 0,05383 397843 0,95229 343 29 338 13 339 12 100
1 145 0,0000 568,54 0,16 0,05339 1,34857 0,39691 4,44132 0,05392 4,23163 0,95279 345 3 339 14 339 13 100
1 146 0,0000 539,72 0,15 005335 1,12465 0,39492 421614 0,05369 4,06337 0,96377 344 25 337 13 338 12 100
1 165 0,0000 594,84 0,15 0,05330 1,21951 0,39903 4,26929 0,05430 4,09141 0,95833 342 28 341 14 341 12 100
1 166 0,0000 566,97 013 0,05323 1,44655 0,39462 4,44801 0,05377 4,20622 0,94564 339 33 338 14 338 13 100
1 186 0,0000 603,90 0,18 0,05335 1,25586 0,39521 4,32136 0,05373 4,13485 0,95684 344 28 337 14 338 12 100
1 185 0,0000 493,60 013 005414 1,10824 0,40528 4,20761 0,05429 4,05904 0,96469 377 25 341 13 345 12 99
1 205 0,0000 469,20 014 0,05298 1,11363 0,39477 4,22718 0,05404 4,07785 0,96467 328 25 339 13 338 12 100
1 206 0,0000 538,80 0,14 005301 1,11300 0,39741 4,23864 0,05437 4,08990 0,96491 329 25 341 14 340 12 100
1 225 03140 399,94 0,14 0,05450 1,63223 0,40337 4,57061 0,05368 4,26922 0,93406 392 37 337 14 344 13 98
1 226 0,0000 303,76 012 0,05421 1,18059 0,39809 4,26665 0,05326 4,10006 0,96096 380 27 335 13 340 12 98
1 245 0,0000 409,49 0,14 005377 1,15306 0,39746 4,26927 0,05361 4,11061 0,96284 361 26 337 13 340 12 99
1 246 0,0000 369,48 0,12 005409 1,16473 0,39781 4,25636 0,05334 4,09390 0,96183 375 26 335 13 340 12 98
1 266 073656 286,71 0,12 005379 183116 0,39904 472132 0,05380 4,35175 0,92172 362 a1 338 14 341 14 99
1 285 0,0805 729,22 021 0,05361 1,15887 0,39640 4,27995 0,05363 4,12007 0,96264 355 26 337 14 339 12 99
2 286 01027 425,61 0.12 0.05403 1,22638 0,40374 4.33496 005419 4.15787 0,95915 372 28 340 14 344 13 99
2 1 0,0648 393,34 0,02 0,06008 2,04202 0,81365 3,65957 0,09822 3,03687 0,82984 606 44 604 18 605 17 100
2 2 00141 38541 0,02 0,06003 2,03281 0,81869 365138 0,09891 3,03319 0,83070 605 44 608 18 607 17 100
2 21 0,0753 343,84 0,02 0,05983 2,05441 0,80850 3,67298 0,09800 3,04470 0,82894 598 44 603 18 602 17 100
2 22 0,0000 342,74 0,02 0,05995 2,03503 0,80436 3,65979 0,09731 3,04183 0,83115 602 44 599 17 599 17 100
2 41 00482 329,24 0,02 006029 2,06290 0,81259 3,69924 0,09775 3,07064 0,83007 614 45 601 18 604 17 100
2 42 00114 330,78 0,02 0,06024 2,05867 0,81086 3,69904 0,09762 3,07323 0,83082 612 44 600 18 603 17 100
2 61 0,0000 296,60 0,02 006018 2,06049 0,79367 3,70044 0,09565 3,07371 0,83063 610 45 589 17 593 17 99
2 62 00622 32311 0,02 0,06002 2,04309 0,80070 369835 0,09675 3,08278 0,83356 604 44 595 18 597 17 100
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293,68
288,22
285,14
274,76
293,42
286,21
285,98
277,88
291,22
286,75
270,67
259,55
279,21
270.26

0,02
0,02
0,02
0,02
0,02
0,02
0,02
0,02
0,02
0,02
0,02
0,02
0,02
0.02

3 0,0174 898,72 0,13
4 0,0463 955,05 014
23 1,0000 607,31 0,09
24 46066 33655 &0
43 00490 547,87 0,09
44 01246 516,29 0,09
63 0,0856 521,03 0,09
64 1,0000 509,11 0,08
83 0,0412 476,18 0,08
84 1,0000 493,08 0,08
103 0,0658 455,65 0,09
104 0,0200 460,71 0,09
123 0,0000 453,65 0,08
124 01214 44457 0,08
143 00193 41741 0,09
144 0,0000 400,31 0,08
163 0,0838 444,70 0,09
164 10000 42548 0,08
183 1,0000 361,90 0,08
184 1,0000 390,05 0,08
203 0,0000 400,99 0,08
204 00395 38481 0.08
5 0,0703 376,56 0,02
6 00635 373,06 0,01
25 00709 34176 0,01
26 400680 20526 802
45 0,0044 307,38 0,01
46 1,0000 308,19 0,02
65 1,0000 306,48 0,02
66 10000 308,19 0,01
85 0,0362 284,67 0,02
88 10000 226,96 0,02
105 0,0935 247,29 0,02
106 00251 278,89 0,02
125 10000 28040 0,02
126 00563 28141 0,02
146 10000 27112 0,02
165 00796 278,96 0,02
166 1,0000 263,85 0,02
185 00773 272,15 0,02
186 0,0000 256,90 0,02
205 00657 268,63 0,02
206 00013 260,22 0,02

0.06009
0.06048
0,06063
0,06054
0,06066
0,05989
0,06033
0,06026
0,06035
0,06064
0,05980
0,05970
0,06001
0.05973

0,05370
0,05200
0,05313
6853+
0,05284
0,05309
0,05304
0,05305
0,05299
0,05350
0,05331
0,05292
0,05328
0,05347
0,05320
0,05379
0,05297
0,05314
0,05391
0,05311
0,05352
0.05363

0,05979
0,05925
0,05950
685993
0,06035
0,06035
006044

0,05992
0,05976
0,06003
0,05946
0,05870
0,06012
0,06030
©:95985
0.06027
0,05988
0,06003
0,05999
0,06020
0,05958
0,08042

3,91599
3,89059
2,04519
3,88728
2,04418
2,07270
3,90075
2,05835
2,06255
2,04485
2,04013
3,94199
2,06798
2,08958

2,01220
2,04638
427775
427957
205213
212433
206144
4,28481
2,04410
4,26604
2,07795
2,04224
2,06456
2,10694
2,06896
2,04499
2,10077
4,29551
4,25216
4,29800
2,05531
2,09361

2,05404
2,03656
2,03093
390915
2,02168
3,89926
3,87619

3,90098
2,04515
3,91988
2,07564
2,04625
3,89665
2,06497

3,90430
2,08771
3,92000
2,08290
2,05980
2,00285
205233

0,80883
0,81528
0,80980
0,81648
0,80945
0,80499
0,80817
081177
0,80869
0,83544
0,81199
0,80671
0,80883
0,80813

0,40172
0,39289
0,39355
646636
0,39053
0,39019
0,39143
0,39167
0,39203
0,39402
0,39262
0,38927
0,39229
0,39372
0,39250
0,39302
0,39303
0,39204
0,40150
0,39218
0,39303
0,39257
0,80820
0,80594
0,80739
6:98596
0,80869
0,80981
0,80283

0,80110
0,80805
0,81233
0,80358
0,79060
0,81130
0,80717
6:89484
0,80993
0,80675
0,81148
0,80775
0,81103
0,80803
0,81365

5,39471
5,37264
3,72855
5,39230
374773
376214
5,40767
3,76511
378277
3,76604
376820
5,46233
3,78607
3.82441

3,65015
3,70747
6.44078
64574
3,70721
3,75568
3,72535
6,45684
3,72953
647179
3,76517
374121
3,75026
3,80030
3,77910
3,75973
3,82421
6.50248
6,45741
6,51886
3,78334
3.81561

373917
3,67912
3,68253
536215
3,67269
5,37867
537611

5,39565
3,71444
541922
3,75399
3,75901
5,39773
3,76972
376763
5,43803
3,80142
545763
3,80022
3,78266
3,83856
3,79690

0,09762
0,09776
0,09687
0,09782
0,09678
0,09748
0,09716
0,09770
0,09719
0,09992
0,09848
0,09801
0,09776
0,09813

0,05426
0,05480
0,05372
606286
0,05360
0,05330
0,05352
0,05355
0,05366
0,05341
0,05341
0,05335
0,05340
0,05341
0,05351
0,05299
0,05382
0,05351
0,05402
0,05356
0,05326
0.05309
0,09804
0,09865
0,09842
616964
0,09719
0,09732
0,09634

0,09697
0,09807
0,09814
0,09801
0,09769
0,09787
0,09709
840807
0,09746
0,09771
0,09804
0,09765
0,00771
0,09836
0,09767

3,71052 0,68781 607 85 600 21 602 25 100
3,70521 0,68964 621 84 601 21 605 25 99
3,11758 0,83614 626 44 596 18 602 17 99
3,73709 0,69304 623 84 602 22 606 25 99
314114 083815 627 44 596 18 602 17 99
3,13968 0,83455 600 45 600 18 600 17 100
3,74527 0,69258 615 84 598 21 601 25 99
3,15266 0,83734 613 44 601 18 603 17 100
3,17100 0,83827 616 45 598 18 602 17 99
3,16253 0,83975 626 44 614 19 617 18 100
3,16816 0,84076 596 44 605 18 604 17 100
3,78124 0,69224 593 85 603 22 601 25 100
3,17140 0,83765 604 45 601 18 602 17 100
3.20309 083754 594 45 603 18 601 18 100
3,04543 0,83433 359 45 341 10 343 1 99
3,09155 0,83387 285 47 344 10 336 1 102
481503 0,74759 335 97 337 16 337 19 100
441683 BT 334 97 393 7 385 20 102
3,08742 0,83282 322 47 337 10 335 1" 101
3,09715 0,82466 333 48 335 10 335 1" 100
3,10302 0,83295 331 47 336 10 335 1" 100
4,83024 0,74808 331 97 336 16 336 19 100
3,11946 0,83642 328 46 337 10 336 1 100
486673 0,75199 350 96 335 16 337 19 100
3,13984 0,83392 342 47 335 10 336 1" 100
3,13463 0,83787 325 46 335 10 334 1" 100
3,13082 0,83483 341 47 335 10 336 " 100
3,16276 0,83224 349 48 335 10 337 " 100
3,16243 0,83682 337 47 336 10 336 " 100
3,15493 0,83914 362 46 333 10 337 1 99
3,19553 0,83560 327 48 338 1" 337 " 100
488168 0,75074 335 97 336 16 336 19 100
485976 0,75259 367 96 339 16 343 19 99
490130 0,75186 333 97 336 16 336 19 100
3,17638 0,83957 351 46 335 10 337 1" 99
3,18994 0.83602 355 47 333 10 336 1 99
3,12447 0,83560 596 45 603 18 601 17 100
3,06404 0,83282 576 44 606 18 600 17 101
3,07187 0,83417 585 44 605 18 601 17 101
358208 ©:67559 66+ 85 67+ 23 655 26 402
3,06617 0,83486 616 44 598 18 602 17 99
3,70484 0,68880 616 84 599 21 602 25 99
3,72527 0,69293 619 84 593 21 598 25 99
3,71821 0,68911 801 85 597 21 597 25 100
3,10071 0,83477 595 44 603 18 601 17 100
3,74198 0,69050 605 85 603 22 604 25 100
3,12796 0,83324 584 45 603 18 599 AT 101
3,15325 0,83885 556 45 601 18 592 17 102
3,73519 0,69199 608 84 602 22 603 25 100
3,15384  0,83662 614 45 597 18 601 1 929
FH464  BB354F 508 45 662 20 647 48 102
3,78532 0,69608 613 84 600 22 602 25 100
3,17683 0,83570 599 45 601 18 601 17 100
3,79727 069577 805 85 603 22 803 25 100
3,17855 0,83641 603 45 601 18 601 1T 100
3,17265 0,83874 611 45 601 18 603 17 100
3,21546 0,83811 588 45 605 19 601 18 101
3,19443 084133 819 44 601 18 804 17 99
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Supplementary Data Table S2. Lu-Hf isotope composition of the investigated zircons
207Pb/
Lu-Hf spot  U-Pb spot 200Ph +2s 176YD/77Hf 2s 176Lu/177Hf %2s 178HfI177Hf  180Hf177Hf SigHfb 176Hf177Hf +2s  176Hf/177Hf(t) eHf(t) 12s TDM2
Ma
[mB-182 —
49 88 1102 64 0,0242 20 0,000817 5 1,46515 1,8884 1" 0,282222 15 0,282205 421 10 1,57
26 31 1103 66 0,0345 28 0,001135 4 1,46720 1,8869 " 0,282388 19 0,282364 9,88 10 1.26
23 34 1103 41 0,0358 29 0,001167 7 1,46519 1,8886 " 0,282231 20 0,282207 429 10 1,57
36 135 105 41 0,0873 72 0,002753 17 1,46542 1,8881 8 0,282312 14 0,282254 6,02 12 147
31 38 1106 40 0,0402 33 0,001364 8 1,46518 1,8882 18 0,282248 21 0,282220 4,82 1.0 1,54
35 137 1M 41 0,0644 52 0,001993 12 1,46542 1,8882 10 0,282286 16 0,282245 581 11 149
46 19 1M 4 0,0289 23 0,001005 6 1,46520 1,8883 15 0,282245 20 0,282224 5,08 10 1,53
47 12 1112 42 0,0179 19 0,000573 5 1,46513 1,8884 10 0,282149 17 0,282137 2,03 10 1,70
38 130 1113 42 0,0302 24 0,001038 6 1,46543 1,8882 " 0,282282 16 0,282260 6,40 1.0 1,46
a1 110 116 41 0,0387 31 0,001242 7 1,46540 1,8883 10 0,282231 18 0,282205 452 10 1,56
27 19 M7 41 0,0262 21 0,000853 5 1,46725 1,8868 " 0,282351 16 0,282333 9,08 10 131
43 120 1120 41 0,0452 36 0,001404 8 1,46530 1,8883 9 0,282227 16 0,282197 433 1.1 1,58
44 108 1122 66 0,0485 39 0,001493 9 1,46534 1,8882 9 0,282304 15 0,282273 7,068 11 143
48 87 123 41 0,0227 19 0,000729 B 1,46529 1,8885 4 0,282211 16 0,282196 435 10 1,58
45 91 1123 42 0,0290 23 0,000975 6 1,46533 1,8883 13 0,282169 19 0,282149 268 10 1,67
29 49 1124 40 0,0302 25 0,001038 6 1,46525 1,8878 12 0,282225 15 0,282203 462 1.0 1,57
37 132 125 66 0,0662 53 0,002160 13 1,46543 1,8882 T 0,282220 15 0,282174 3,64 11 1,62
24 35 135 41 0,0280 23 0,000872 5 1,46720 1,8869 15 0,282330 17 0,282311 871 1,0 1,35
33 58 137 41 0,0383 32 0,001311 8 1,46530 18884 8 0,282252 24 0,282224 567 10 1,52
34 136 1140 66 0,0307 25 0,001052 6 1,46542 1,8881 12 0,282206 24 0,282183 428 10 1,60
39 72 1142 41 0,0509 41 0,001751 1 1,46551 1,8882 6 0,282261 20 0,282223 574 1.1 1,52
40 7 1143 40 0,0318 26 0,001035 6 1,46540 1,8882 9 0,282233 18 0,282211 535 10 1,54
42 128 1152 40 0,0342 27 0,001182 7 1,46540 1,8881 13 0,282224 15 0,282198 5,09 1.0 1,56
30 56 1180 43 0,0231 19 0,000793 5 1.46517 1,8882 17 0,282194 16 0,282176 4,96 1.0 1,59
|||a4n
59 213 M9 42 0,0278 22 0,000874 5 1,46529 1,8881 12 0,282213 1 0,282194 421 10 158
56 155 1126 41 0,0492 39 0,001570 9 1,46524 1,8883 9 0,282245 18 0,282211 4,96 1.1 1,55
53 168 1149 65 0,0323 26 0,001171 7 1,46523 1,8884 10 0,282337 16 0,282312 9,04 1,0 1,34
57 172 1151 65 0,0352 29 0,001242 8 1,46527 1,8883 " 0,282138 16 0,282111 1,97 1,0 173
65 176 1153 41 0,0378 32 0,001201 8 1,46518 1,8883 14 0,282067 19 0,282041 -046 10 187
63 216 1155 66 0,0213 18  0,000660 Kl 1,46519 1,8883 12 0,282048 16 0,282034 -0,67 10 1,88
51 198 1159 41 0,0477 39 0,001534 9 1,46509 1,8885 10 0,282188 14 0,282155 37 1.1 1,64
64 179 1160 42 0,0210 18 0,000764 5 1,46513 1,8882 9 0,282208 15 0,282191 5,03 10 1,57
69 217 1160 35 0,0240 19 0,000964 6 1,46526 1,8882 15 0,282186 16 0,282165 4,10 1.0 1,62
67 177 164 41 0,0171 14 0,000604 4 1,46515 1,8883 12 0,282103 17 0,282089 1,50 1.0 177
50 194 1170 43 0,0261 21 0,000908 5 1,46514 1,8884 n 0,282047 15 0,282027 -0,56 1.0 1,89
60 187 172 41 0,0327 27 0,001203 8 1.46532 1,8882 13 0,282061 15 0,282034 -0,26 10 187
54 169 1199 64 0,0284 23 0,000935 6 1,46524 1,8884 14 0,282213 18 0,282192 595 10 1,55
61 174 1991 36 0,0160 13 0,000515 3 1,46529 1,8883 12 0,281315 1 0,281295 7.1 10 2,94
58 211 2211 36 0.0058 5 0,000180 1 1.46531 1,8882 15 0,281322 15 0,281314 -1,94 1.0 2.80
[mB181 - —
72 148 1148 32 0,0157 13 0,000572 3 1,46531 1,8881 13 0,282155 15 0,282143 431 10 1,60
73 139 M7 34 0,0323 26 0,001092 4 1,46524 1,8883 " 0,282202 15 0,282180 234 10 1,69
70 150 1139 31 0,0151 12 0,000562 3 1,46521 1,8882 9 0,282155 16 0,282143 2,83 1.0 1,68
MB-135
108 278 1060 23 0,0237 19 0,000762 5 1,46509 1,8883 13 0,282254 16 0,282238 464 1.00 1,52
107 277 1062 24 0,0119 10 0,000410 2 1,46512 1,8884 15 0,282211 15 0,282203 3.93 1.01 1,59
m 274 1066 24 0,0229 19 0,000756 5 1,46498 1,8885 15 0,282259 14 0,282244 0.79 1.00 151
112 272 1068 25 0,0137 12 0,000438 3 1.46498 1,8884 14 0,282231 15 0,282222 3.83 0.99 1,54
113 271 1068 21 0,0134 21 0,000455 6 1,46502 1,8884 15 0,282232 27 0,282223 3.99 1.00 1,55
114 269 1069 21 0,0199 17 0,000628 4 1,46502 1,8884 13 0.282257 18 0,282244 4.30 1.00 151
115 267 1071 25 0,0140 " 0,000455 3 1,46496 1,8884 10 0,282226 18 0,282217 3.44 1.00 1,56
116 259 1072 23 0,0137 1 0,000468 3 1,46495 1,8884 15 0,282220 16 0,282211 3.80 1.00 1,56
17 258 1072 24 0,0204 16 0,000620 4 1,46495 1,8885 12 0,282144 17 0,282132 2,90 1.00 1,73
118 257 1072 21 0,0120 10 0,000401 2 1,46497 1,8883 " 0,282224 17 0,282216 329 0.99 1,56
119 255 1072 24 0,0197 16 0,000617 4 1,46493 1,8883 10 0,282233 14 0,282221 4.16 0.99 1,56
104 251 1074 23 0,0102 8 0,000341 2 1,46506 1,8883 14 0,282217 18 0,282210 -3.31 1.04 1,56
102 248 1075 23 0,0261 21 0,000837 5 1,46512 1,8884 15 0,282213 20 0,282196 476 1.01 1,60
103 249 1075 24 0,0150 12 0,000497 3 1,46507 1,8883 Ll 0,282235 19 0,282225 422 1.00 1,53
100 247 1076 24 0,0160 13 0,000591 4 1,46507 1,8883 18 0,282254 16 0,282241 6.46 1.02 1,50
96 239 1076 26 0,0213 17 0,000845 5 1,46500 1,8883 15 0,282074 13 0,282057 3.27 1.01 187
99 240 1076 26 0,0135 1" 0,000471 3 1,46503 1,8882 15 0,282223 19 0,282213 -12.24 1.00 1,56
105 236 1077 29 0,0165 13 0,000552 3 1,46511 1,8884 12 0,281769 20 0,281758 5.00 1.01 245
109 238 1077 22 0,0175 14 0,000611 4 1,46507 1,8883 13 0,282235 15 0,282223 4.06 1.00 1,55
101 233 1080 27 0,0165 13 0,000561 3 1,46504 1,8882 15 0,282233 15 0,282222 3.61 0.99 1,55
95 228 1083 22 0,0179 15 0,000607 4 1,46492 1,8883 16 0,282236 15 0,282224 435 1.00 1,54
120 218 1084 42 0,0153 12 0,000531 3 1,46496 1,8884 15 0,282240 14 0,282229 445 1.00 1,54
121 216 1085 21 0,0186 15 0,000596 4 1,46492 1,8884 12 0,282215 16 0,282203 -1.43 1.00 1,59
122 213 1087 24 0,0167 13 0,000543 3 1,46502 1,8884 13 0,282224 21 0,282213 467 1.01 1,57
123 212 1087 24 0,0152 12 0,000557 3 1,46500 1,8885 12 0,282199 21 0,282188 3.96 1.00 1,62
124 210 1089 22 0,0120 10 0,000417 3 1,46494 1,8885 17 0,282207 19 0,282198 4.18 0.99 1,60
106 199 1093 24 0,0292 24 0,001005 6 1,46505 1,8884 12 0,282306 13 0,282285 4.59 1.00 1,43
110 207 1093 21 0,0319 33 0,001065 9 1,46499 1,8884 " 0,282033 16 0,282011 420 0.99 1,96
97 193 106 27 0,0228 21 0,000760 5 1,46497 1,8883 14 0,282244 17 0,282228 5.00 1.00 1,53
98 194 1106 22 0,0169 14 0,000575 4 1,46501 1,8883 " 0,282220 14 0,282208 448 0.99 1,57
94 192 1110 24 0,0136 1 0,000450 3 1,46502 1,8884 14 0,282232 14 0,282223 567 1.00 1,55
MB-138
170 36 1034 20 0,0275 22 0,000850 5 1,46493 1,8884 14 0,282258 24 0,282241 3.93 1.01 1,53
171 30 116 21 0,0371 31 0,001156 7 1,46497 1,8883 10 0,282226 23 0,282202 4.40 1.03 1,57
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143 67 121 22 0,0058 5 0,000155 1 1,46494 1,8884 19 0,282122 15 0,282119 1.58 0.99 173
164 27 122 21 0,0192 15 0,000616 4 1,46500 1,8883 13 0,282297 17 0,282283 744 1.00 1,41
148 131 123 23 0,0377 31 0,001338 8 1,46494 1,8884 15 0,282248 15 0,282219 519 1.04 153
161 110 1123 25 0,0216 18 0,000786 5 1,46506 1,8882 13 0,282364 19 0,282347 9.72 1.01 1,28
159 13 126 21 0,1030 103 0,003138 24 1.46507 1,8883 " 0,282259 19 0,282192 428 143 1,59
153 18 129 57 0,0266 24 0,000954 7 1,46501 1,8881 12 0,282183 19 0,282163 3.32 1.02 1,64
160 12 1129 22 0,0224 18 0,000742 5 1,46508 1,8883 15 0,282325 18 0,282310 8.52 1.01 135
145 60 130 21 0,0208 17 0,000854 5 1,46492 1,8883 15 0,282361 19 0,282343 9.73 1.00 129
147 10 130 21 0,0337 27 0,001063 6 1,46500 1,8883 13 0,282307 20 0,282285 7.66 1.03 1,40
158 49 130 21 0,0226 18 0,000763 5 1,46506 1,8882 16 0,282234 15 0,282218 529 1.01 1,53
168 32 131 20 0,0293 24 0,000966 6 1,46501 1,8883 12 0,282253 13 0,282232 5.81 1.02 1,51
149 73 135 22 0,0135 13 0,000389 3 1,46502 1,8883 13 0,282104 18 0,282096 1.08 1.00 177
155 52 1135 20 0,0456 37 0,001524 9 1.46505 1,8883 15 0,282295 21 0,282262 6.98 1.06 144
151 7 1136 23 0,0167 14 0,000677 4 1,46501 1,8883 12 0,282203 19 0,282188 438 1.00 1,59
144 70 137 22 0,0154 13 0,000574 3 1,46493 1,8883 14 0,282282 16 0,282270 7.29 1.00 143
146 59 137 21 0,0232 20 0,000743 5 1,46497 1,8884 14 0,282231 16 0,282215 535 1.01 1,54
157 50 1138 20 0,0388 32 0,001283 8 1,46504 1,8882 14 0,282203 15 0,282175 3.97 1.04 161
169 3 1139 25 0,0292 24 0,001024 6 1,46498 1,8884 9 0,282266 15 0,282244 6.44 1.02 1,48
163 40 1146 20 0,0423 44 0,001358 " 1,46497 1,8883 13 0,282296 18 0,282266 7.37 1.08 143
165 20 1146 20 0,0541 53 0,001667 1 1,46494 1,8881 10 0,282225 14 0,282189 462 1.12 1,58
167 99 146 21 0,0201 16 0,000712 4 1,46495 1,8883 13 0,282056 16 0,282040 -0.64 1.00 1,87
154 17 1147 24 0,0375 30 0,001171 7 1,46506 1,8883 12 0,282338 17 0,282313 9.04 1.03 1,34
152 127 1148 26 0,0464 37 0,001914 12 1,46494 1,8883 15 0,282420 19 0,282379 11.40 1.06 1,21
150 12 1220 20 0,0210 17 0,000781 5 1,46504 1,8884 n 0,282220 20 0,282202 6.78 1.00 1,52
166 34 1220 21 0,0192 16 0,000665 4 1,46498 1,8883 15 0,282079 14 0,282063 1.86 1.00 1,80
172 38 1252 20 0,0386 32 0,001222 4 1,46492 1,8885 " 0,282155 24 0,282126 4.82 1.04 1,66
162 109 1328 20 0,0445 102 0,001539 30 1,46502 1,8882 13 0,282103 911 0,282064 4.35 142 1,75
[mB137 . .
138 140 1071 24 0,0343 28 0,001189 7 1,46510 1,8882 8 0,282192 17 0,282168 2,18 1.0 1,66
139 157 1076 26 0,0172 17 0,000636 4 1,46491 1,8883 14 0,282174 22 0,282161 2,05 1 1,67
132 155 1078 26 0,0239 19 0,000769 5 1,46502 1,8883 15 0,282252 21 0,282236 475 1.0 1,52
128 156 1079 23 0,027 24 0,000940 6 1,46492 1,8884 15 0,282182 19 0,282163 2,19 1 1,66
136 133 1080 24 0,0289 23 0,000909 5 1,46496 1,8884 12 0,282206 18 0,282188 3,08 y 1,62
140 178 1081 26 0,0192 16 0,000628 4 1,46500 1,8883 16 0,282192 15 0,282179 2,81 10 1,63
129 168 1083 27 0,0208 17 0,000681 5 1,46500 1,8884 14 0,282181 14 0,282167 243 10 1,65
137 152 1084 35 0,0156 13 0,000533 3 1,46495 1,8884 19 0,282145 17 0,282134 1,29 1 1,72
125 188 1084 26 0,0465 37 0,001437 9 1.46492 1,8884 " 0282221 14 0,282192 3,32 11 1,61
131 175 1086 26 0,0163 13 0,000542 3 1,46501 1,8883 15 0,282200 15 0,282189 328 10 1,61
142 189 1086 29 0,0248 20 0,000814 5 1,46498 1,8883 20 0,282201 14 0,282184 3,10 1 1,62
135 159 1094 23 0,0247 20 0,000913 6 1,46501 1,8883 12 0,282144 16 0,282125 1,19 10 173
126 187 104 27 0,036 29 0001244 8 1,46495 1,8883 14 0,282165 19 0,282139 1,90 1 1,70
133 177 129 27 0,0121 10 0,000452 3 1,46499 18881 8 0,282150 13 0,282140 2,52 10 1,69
130 191 138 29 0,0182 15 0,000628 4 1,46498 1,8883 16 0,282198 15 0,282184 4,28 1 1,60
141 135 1170 22 0,0291 24 0,001092 V5 1.46494 18883 15 0.282242 17 0,282218 6,20 1 1,52
Reference materials
TEMORA ;
1 416 1 0,0233 19 0,000846 5 1,46526 1,8887 15 0,282703 16 0,282697 6,15 10 0,75
IZ_ 416 1 0,0301 29 0,001097 8 1,46480 1,8890 20 0,282651 17 0,28_i643 4,24 0 0,85
BB
3 560 1 0,0049 5 0,000154 1 1,46517 1,8886 15 0,281698 18 0,281696 -26,06 10 2,62
5 560 1 0,0050 4  0,000156 1 1,46468 1,8892 15 0,281629 17 0,281627 -28,48 10 2,75
4 560 1 0,0049 4 0000155 1 1,46455 1,8894 15 0,281617 18 0,281616 -28,90 1.0 2,78
74 560 1 0,0050 4 0,000157 1 1,46519 1,8885 15 0,281680 16 0,281678 -26,68 1.0 266
75 560 1 0,0049 4 0000158 1 1,46518 1,8882 15 0,281699 20 0,281697 -26,02 1.0 2,62
76 560 1 0,0048 4 0000155 1 1,46522 1,8884 15 0,281683 16 0,281681 -26,57 1.0 2,65
77 560 1 0,0049 5 0,000152 1 1.46515 1,8883 15 0.281690 15 0,281688 -26,32 10 2,64
173 560 1 0,0047 4 0,000153 1 1,46499 1,8882 13 0,281681 17 0,281680 -26,63 10 2,65
174 560 1 0,0047 4  0,000151 1 1,46499 1,8883 12 0,281673 17 0,281672 -26,92 10 267
175 560 1 0,0051 4 0,000162 1 1,46499 1,8884 12 0,281637 18 0,281635 -28,20 1.0 2,74
176 560 1 0,0048 4 0000154 1 1,46496 1,8882 12 0,281643 17 0,281641 -27,99 10 2,73
6 560 1 0.0049 4 0000155 1 1,46537 1.8885 15 0,281706 19 0,281704 -25,76 1.0 261
[91500
7 1065 1 0,0135 13 0,000481 3 1,46545 1,8883 8 0,282356 18 0,282347 8,38 1.0 1,16
8 1065 1 0,0133 14 0,000474 4 1,46534 1,8884 8 0,282345 22 0,282335 797 1.0 118
9 1065 1 0,0133 1 0,000472 3 1,46530 1,8887 8 0,282330 21 0,282320 745 1.0 121
10 1065 1 0,0145 15  0,000518 5 1,46519 1,8885 8 0,282341 19 0,282330 7.80 10 1,19
78 1065 1 0,0128 12 0,000445 3 1,46510 1,8883 8 0,282324 17 0,282315 726 10 1,22
79 1065 1 0,0129 12 0,000451 3 1,46514 1,8886 9 0,282320 20 0,282311 7,10 10 1,23
80 1065 1 0,0127 12 0,000449 3 1,46514 1,8884 9 0,282331 15 0,282322 749 10 1,21
81 1065 1 0,0125 11 0,000444 3 1,46512 1,8884 8 0,282319 18 0,282311 7,10 10 123
177 1065 1 0,0132 11 0,000460 3 1,46506 1,8884 7 0,282295 18 0,282286 6,23 1.0 1,28
178 1065 1 0,0146 12 0,000508 3 1,46502 1,8884 7 0,282314 17 0,282304 6,87 1.0 124
179 1065 1 0,0149 12 0,000522 3 1,46500 1,8884 7 0,282294 18 0,282283 6,14 1.0 1,28
180 1065 1 0.0143 12 0,000505 3 1.46500 1,8883 7 0,282328 18 0282318 7.36 1.0 1,21
[Mudtank
1 732 1 0,0011 1 0,000033 0 1,46510 1,8888 18 0,282479 17 0,282479 553 10 1,04
12 732 1 0,0010 1 0,000032 0 1,46493 1,8891 18 0,282469 20 0,282469 517 1.0 1,06
13 732 1 0,0010 1 0,000032 0 1,46476 1,8891 18 0,282463 17 0,282462 494 1,0 1,07
14 732 1 0,0011 1 0,000033 0 1,46509 1,8888 18 0,282501 19 0,282501 6,32 10 1,00
82 732 1 0,0011 1 0,000034 0 1,46510 1,8884 17 0,282510 19 0,282509 6,61 10 0,98
83 732 1 0,0011 1 0,000034 0 1,46509 1,8884 17 0,282509 15 0,282509 6,60 1.0 0,98
84 732 1 0,0012 1 0,000037 0 1,46507 1,8884 18 0,282506 18 0,282505 6,47 10 0,99
85 732 1 0,0012 1 0,000035 0 1,46507 1,8884 17 0,282504 12 0,282503 6,39 10 0,99
181 732 1 0,0012 1 0,000035 0 1,46503 1,8883 13 0,282494 21 0,282494 6,05 10 1,01
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182 732 1 0,0010 1 0,000030 0 1,46504 1,8883 14 0,282514 12 0,282513 6,75 1.0 0,97
183 732 1 0,0011 1 0,000033 0 1,46512 1,8883 14 0,282516 15 0,282516 6,84 1.0 0,97
184 732 1 0,0011 1__0.000034 0 1.46506 1.8883 14 0282494 14 0,282494 6.05 1.0 1,01
GJ-1

15 602 1 0,0068 6  0,000258 2 1,46502 1,8889 13 0,282002 18 0,281999 -14,39 1.0 2,03
16 602 1 0,0068 5  0,000257 2 1,46484 1,8891 13 0,281988 21 0,281985 -14,88 1.0 2,05
17 602 1 0,0069 9 0,000257 3 1,46496 1,8890 12 0,282006 19 0,282003 -14,23 10 2,02
18 602 1 0,0068 7 0,000258 2 1,46481 1,8891 13 0,281992 18 0,281989 -14,74 10 2,05
87 602 1 0,0069 11 0,000258 4 1,46502 1,8882 12 0,282025 18 0,282022 -13,57 1.0 1,98
88 602 1 0,0068 5  0,000257 2 1,46504 1,8884 12 0,282016 15 0,282013 -13,90 10 2,00
186 602 1 0,0068 5  0,000256 2 1,46508 1,8882 " 0,282006 21 0,282003 -14,25 1.0 2,02
187 602 1 0.0068 6 0.,000258 2 1,46511 1,8882 1 0.282026 18 0,282023 -13.55 1.0 1,98
[Plesovice

19 337 1 0,0032 3 0,000081 1 1,46482 1,8891 22 0,282440 20 0,282439 -4,74 1.0 1,28
20 337 1 0,0038 4 0,000094 1 1,46487 1,8890 21 0.282442 21 0,282441 -4,67 10 1,28
21 337 1 0,0036 4 0,000089 1 1,46487 1,8891 22 0,282451 25 0,282450 -4,34 1.0 1,26
22 337 1 0,0028 2 0,000069 0 1,46501 1,8888 21 0,282488 17 0,282487 -3,03 10 119
90 337 1 0,0080 6  0,000198 1 1,46510 1,8885 19 0,282492 16 0,282490 -2,92 10 1,18
91 337 1 0,0076 6  0,000190 1 1,46506 1,8884 19 0,282492 15 0,282491 -2,90 1.0 1,18
92 337 1 0,0056 5 0,000136 1 1,46504 1,8884 19 0,282482 17 0,282481 -3,26 1.0 1,20
93 337 1 0,0054 4 0,000133 1 1,46509 1,8884 19 0,282483 17 0,282482 -3,21 1,0 1,20
189 337 1 0,0051 4 0,000126 1 1,46513 18883 17 0,282485 14 0,282484 -3,14 1.0 1,19
190 337 1 0,0029 2 0000071 0 1,46509 18882 17 0,282479 17 0,282478 -3.36 10 121

127



Artigo 2.

Supplementary Data Table $1. Whole-rock geochemistry

Sample name Reference Uni Lithology 8io2 Al203 Ca0 FeO Mg Tio2 Na20 K20 P205 MnO LOI Sum Rb
MB-72 Syenite 61.9 179 18 456 04 06 46 74 0.1 0.1 06 99,8 178
MB-68A Syenite 626 147 38 72 14 1 35 46 03 01 05 99,7 1387
MB-69 Syenite 622 148 38 76 14 11 37 44 03 0.1 04 99,7 1168
MB-44 This study ~ Castanho Suite Diorite 59.6 157 46 78 19 12 38 38 03 0.1 09 99,7 1093
MB-47 Diorite 50,4 144 107 15 8 14 22 07 0,1 02 02 99,7 184
MB-63A Qz-diorite 634 146 35 7 13 1 35 486 03 01 05 99,7 1655
MB-45A Qz diorite 636 147 34 68 12 1 34 47 03 01 05 99,7 1253
MB-67 Granite 64,1 15,1 33 6 11 09 36 49 03 01 05 99,7 1485
MB-71A Granite 707 144 16 22 03 03 38 53 0.1 0 12 99,9 111
MB-458 Mafic enclave 49 172 8 105 105 08 26 07 02 01 99,7 20
MB-688 Mafic enclave 495 223 99 63 8.1 04 29 03 01 01 99,7 0
MB-638 Mafic enclave 514 212 94 6 8 04 28 03 0.1 01 99,7 0

36 Olivine-hy gabbro 599 157 4 92 12 12 a7 33 04 02 99,7 63

a7 GTK Gabbro 65,1 152 29 6,1 06 08 39 48 03 0,1 99,7 120

38 Consortium, Gabbro 497 166 87 11 6.1 17 35 13 05 02 03 99,7 293

39 208 Qz diorite 538 143 58 123 26 23 38 36 1 02 99,6 100.2

40 Pyroxene granite 54,7 14,1 52 18 22 21 31 54 05 02 05 996 167.7
MB-143A Pelitic gneiss 60,9 162 46 73 46 07 a1 09 02 02 99,7 16
MB-1438 Pelitic gneiss 486 18,1 85 12 6 21 35 05 03 02 99,7 12
MB-145A Pelitic gneiss 64,7 16 3 74 28 1 32 15 01 01 99,7 20
MB-1458 This study Pelitic gneiss 51,1 165 74 104 5 19 37 21 05 02 988 80
MB-146 Pelitic geiss 526 179 7.7 98 49 13 43 07 03 01 99,7

MB-148 Charnockitic gneiss 56,3 16,2 78 92 69 1 13 06 01 01 99,7 2
MB-144 Metagabbro 548 171 a7 121 36 13 36 14 03 04 99,3 21

1 Diabase 67.2 14,2 25 73 28 09 26 19 0 01 996 45

2 Amphibolite 7.8 157 34 19 05 03 48 13 01 0 99,7 16

3 Hb-bt gneiss 721 16 35 15 05 01 53 06 0 0 99,7

5 Chidzolomond  Hb-bt gneiss 724 155 31 19 05 0.2 52 08 0 0 996

4 o Complex  Granulite 769 12 04 16 02 0.2 26 56 0 0 99,6 252

7 & GTK.um Granulite 485 15,7 88 75 107 09 18 12 01 02 98,3 266

6 (2006) Granite gneiss 559 16,3 56 76 32 17 35 14 05 02 99,7 a9

8 Qz-feld. gneiss. 57,7 197 29 19 03 04 5 75 01 02 97,9 1617

9 Arkosic gneiss 546 205 68 95 1 09 47 13 04 01 996 10

10 Meta-arkose 62 159 27 81 36 1 32 19 01 01 03 98,9 a7

1 Granulite 654 157 21 73 27 1 25 21 0 0.1 03 996 33

12 Qz-feld. gneiss 674 15 25 41 07 06 36 37 02 0,1 03 98,3 75
GW11 T 666 14,1 29 68 29 08 25 12 01 01 05 98,3 19
ow12 al. (2007) 684 13 27 68 28 09 29 15 0 0,1 06 996 24
w14 73 15 53 42 13 07 13 12 01 01 11 99.7 28

Sam) name Ba Zr Sr Ga La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu
MB-72 903 130,6 1026 19 1386 32,1 36 164 39 23 34 05 28 06 17 03 17 03
MB-68A 897 4865 2366 218 458 109.8 131 543 18 27 15 18 103 2 5.5 08 53 08
MB-69 932 5387 2573 227 429 1083 134 58,7 13,1 34 127 2 16 24 6.7 L] 57 08
MB-44 2 4887 3295 27 a4 97,6 18 a74 96 22 92 15 86 17 a7 07 43 06
MB-47 271 90,7 4244 16,8 10.7 28 16 18 42 13 486 0.8 48 1 2.7 04 24 04
MB-63A 521 4827 2528 224 514 125.7 149 629 134 27 128 2 13 23 65 03 & 0.9
MB-45A 903 5523 2387 238 a2 9.8 14 487 "3 25 107 17 95 18 49 R4 44 07
MB-67 896 4562 2357 226 46 109,1 136 56.4 12,1 26 186 19 12 22 5.8 09 55 08
MB-7T1A 546 197,8 2056 18,3 211 414 48 20 4 1.1 4 06 34 0,6 17 02 15 02
MB-458 220 70 330 k]

MB-68B 126 16 511

MB-63B 107 20 477 32

3% 904 516 212 34 85

a7 950 520 200 40 ]

38 533 207,5 5943 29,1 708 85 34,1 75 24 61 09 49 0.9 24 03 2 03
38 856 5776 2608 23 898 236.2 287 1219 266 35 244 37 214 41 1.2 16 97 14
40 1088 5274 2478 228 85 168,5 218 978 24 32 215 36 198 39 "1 16 98 14
MB-143A 466 56 322 37

MB-1438 386 ] 398 40

MB-145A 530 210 330 40 70

MB-1458 560 150 480 18,1 41

MB-146 285 106 351 52

MB-148 395 86 260 36 97

MB-144 760 109 12 54

1 568 268 260 38 8

2 132 120 320 46

3 189 53 440 30

5 600 % 626 kL]

4 344 247 47 51 105

7 238 B25 2755 15,7 74 16,7 2 10,5 26 11 26 0 28 08 17 03 17 03
6 672 2662 3145 30 2 534 65 332 77 26 67 [ 65 13 37 05 34 05
8 1215 598,4 3353 35 2221 408.2 36,3 136,1 16,8 46 186 0 67 12 3.5 04 a2 05
a 720 144 554 23 196 40,5 222 51 34 55 0,9 54 1 3 04 26 04
10 513 254 210 18 39,2 779 34,1 83 18 8 11 71 1.5 47 07 49 08
1 591 266 248 17 40 833 76 76 21 76 14 84 137 5.1 08 54 08
12 1101 308 178 20 441 88,8 38,3 7 19 58 08 42 08 21 03 19 03
Gwit 425 282 302 17 432 876 395 76 2 59 08 a7 1 3 05 33 06
Gw12 319 333 186 16 46,1 98,6 448 8.1 14 74 G | 65 14 42 06 4 06
GW14 339 466 198 15 50,2 103 429 86 14 T4 1 55 12 38 06 38 0.6
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Sample name Y v Hf Nb Ta Sc Th u Cu Pb Zn
MB-72 169 <8 27 69 04 19 1.7 05 18 6 32
MB-88A 614 62 198 15 1 14 49 15 84 15 36
MB-69 604 59 127 184 12 15 23 08 9.2 1.1 30
MB-44 414 101 13 15,5 09 16 4 12 109 12 58
MB-47 242 309 23 38 0.2 45 03 02 248 1 18
MB-63A 626 63 123 182 13 14 n7 38 76 69 68
MB-45A 484 63 138 173 08 13 19 07 87 13 31

MB-67 578 55 114 16,2 1 12 73 2 71 a7 46
MB-T1A 16,8 13 54 25 0 3 04 04 0.5 41 34
MB-458 20 10

MB-88B 0 64

MB-638 0 99

36 &7 "7 25

a7 50 60 20

38 215 225 52 65 04 24 1 04 N7 09 53
39 1057 139 14,1 278 19 2 51 19 14,9 12 38
40 100,5 139 127 7 2 n 45 15 169 22 102
MB-143A 36 155 35

MB-143B 23 278 kal

MB-145A 30 150

MB-1458 20 193 55 188 1 05

MB-146 25 204

MB-148 25 204 18

MB-144 38 218

1 49 159

2

3

5

4 40

7 189 157 1.7 41 16 27 08 az 33 75
6 394 149 58 133 11 25 07 ks 84 129
8 39,6 24 13 973 48 2 147 8 74,9 96
9 26 28 33 b i 03 11 03 01 20 20
10 40 162 68 10 04 23 55 06 10 12 100
1" 45 150 69 9 03 2 46 07 10 10 110
12 20 40 77 8 05 9 09 05 10 1 80
GW11 24 10 75 6 04 20 93 11 13 100
GW12 a8 134 93 8 03 18 19 1.1 10 1" 20
GW14 32 67 13 12 08 ] 187 39 40 1 60

15

15
02
24
1.6
14
06

03
16
35

05

11

04
2

N R

34
26
05
300
114
68

383
49
73
43
hig
70

80

48

75
55

95
35

70

60

40
50

Co
11
12
14
133
463

1086

88
19

351

174

cxIoBRINEER

04
13
04
03
03
57
0.5
03
03

Au

11
127
257
141
184
73

157
132

101
379
50,8

Cr203

coocoococoo

o

Cs
0.7
28
08
1.2
02
51
0.5
15
02

04
07
18

08
13
1.1

Sample name

MB-72
MB-68A
MB-69

MB-47

MB-143A
MB-1438
MB-145A
MB-1458
MB-146
MB-148

16

16
1.7

T T T TR
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Supplementary Data Table S2. Mineral chemistry (EPMA)

Garnet compositions (EMPA). Cations are calculated based on 12 oxygens.

Mineral r1.1 r.2 r1.3 ri.4 r1.5 r1.6 r1.7 r1.8 r1.9 gr1.10 gri11 gr1.12 gr1.13 gr1.14 gr1.15 gr1.16 gr1.17 gr1.18 gr1.19
Sio2 3773 38 3789 3804 3817 3809 3827 3837 3835 3831 385 382 3844 3833 3807 3819 3804 3841 3834
AI203 21,78 214 21,77 2162 214 2163 2159 2142 2122 2157 2157 2128 2145 2135 2163 2159 2126 2137 21,28
FeO 3263 3179 3197 3183 3169 3158 311 3135 3142 3135 3143 3145 3153 3134 3123 3137 3146 3115 314
MnO 125 117 117 118 115 116 118 107 122 112 1147 117 117 113 115 111 112 115 1,15
Ca0 107 105 102 103 09 098 092 09 091 098 1 09 091 101 09 09 099 098 096
Cr203 014 013 01 0,18 021 01 004 012 004 006 003 012 011 012 01 0,04 007 013 0,19
Tio2 002 002 003 005 004 006 006 005 005 003 007 007 007 005 005 005 003 002 003
MgO 531 542 578 587 597 603 607 6,15 6,1 6,1 629 609 615 613 622 598 606 606 6,06
Total 99,93 9898 99,73 998 9957 9964 9922 9949 9931 99,51 10005 9934 9982 9945 9942 9931 99,02 9929 994
Si 2,987 3,024 2994 3,002 3,016 3,006 3,023 3,026 3,033 3021 3019 3,022 3,024 3,026 3,006 3,019 302 3034 3029
Al 2,033 2008 2028 2011 1994 2012 2011 1992 1979 2005 1994 1985 1989 1,987 2014 2012 199 199 1982
Fe2+ 216 2,116 2,112 2,101 2,094 2,084 2,055 2068 2078 2067 2062 2081 2074 2069 2062 2074 2089 2058 2075
Mn 0,084 0,079 0,078 0,079 0,077 0078 0079 0071 0082 0,075 0078 0078 0078 0076 0,077 0074 0,075 0,077 0077
Ca 0,091 0,09 0086 0,087 0079 0083 0078 0081 0077 0,083 0,084 0081 0077 008 0081 0083 0084 0,083 0,081
Cr 0,009 0,008 0,007 0,011 0013 0,006 0,002 0,007 0,003 0004 0002 0008 0,007 0,007 0,006 0002 0004 0008 0012
Ti 0,001 0,001 0,002 0,003 0,002 0004 0004 0003 0003 0,002 0,004 0004 0004 0003 0003 0,003 0,002 0,001 0,002
Mg 0626 0643 0681 069 0,703 0,709 0,715 0,723 0,719 0,717 0735 0,718 0721 0721 0,732 0,704 0,717 0713 0,714
Total 7991 7967 7987 7984 7978 7,981 7966 7971 7973 7973 7978 7977 7974 7974 7981 7971 70981 7965 7972
XAlm 4541 4438 4509 4389 4503 4561 4847 43,83 497 4573 4643 4561 46,99 4444 4611 4568 4545 4556 44,77
XPyr 486 449 405 6,11 76 3,51 123 432 182 244 119 468 422 409 359 123 242 473 698
XGros 054 056 116 167 117 234 245 185 182 122 238 234 241 1,75 18 185 121 059 1,16
XSps 49,19 50,56 49,71 4833 462 4854 4785 50 46,67 50,61 50 47,37 4639 4971 485 51,23 5091 49,11 47,09

XAIm = Fe2+/(Fe2+ + Mg + Mn + Ca); XPyr = Mg/(Fe2+ + Mg + Mn + Ca); XGros = Ca/(Fe2+ + Mg + Mn + Ca); XSps = Mn/(Fe2+ + Mg + Mn + Ca)

Garnet comp

Mineral r1.20 gr2.1 r2.2 r2.3 r2.4 r2.5 r2.6 r2.8 r2.9 gr2.10 gr2.11 gr2.12 gr2.13 gr2.14 gr2.15 gr2.16 gr2.17 gr2.18 gr2.19
Si02 3851 3834 3811 381 3815 382 3813 3818 3836 384 3804 3815 3828 3813 3787 381 3798 3805 3822
AI203 2117 2161 2149 2144 2164 2148 2159 216 2131 2126 2147 2156 1961 2148 2158 2145 2144 2178 21,59
FeO 31,29 3141 3085 3127 3127 3139 3104 3134 3106 3153 31,16 3153 3135 3145 3144 3132 3154 3151 3151
MnO 1,18 1,19 113 1,16 1,14 1,13 1,09 1,15 1,14 132 1,13 1,16 1,16 1,13 117 1,15 1,01 1,19 11
Ca0 1,03 1,07 1,01 1,02 1 0,97 106 095 092 093 093 095 1 098 098 0,95 092 095 0,95
Cr203 01 0,14 0,21 0,2 0,17 017 006 009 0,05 0,1 0,08 0,14 0,03 0 0,11 0,17 on 0 0,05
Tio2 0,04 0,02 002 007 0,03 004 0,07 004 003 003 0,06 0,06 003 009 006 0,05 0,06 005 0,06
MgO 6,18 6,08 603 6,13 59 607 603 6,05 6,1 6,07 6,05 6,11 6,2 6,07 5,86 593 6,02 6 593
Total 995 99,86 9886 9939 9937 9945 99,07 9939 9898 9951 9892 9965 9766 9932 99,06 99,1 99,08 9953 9941
Si 3,038 3015 3022 3,011 3014 3,017 3018 3015 3,038 3032 3018 3009 3,086 3015 3,006 3019 3013 3004 3019
Al 1,969 2,004 2009 1998 2016 2 2014 2011 199 1979 2008 2005 1864 2003 2019 2004 2005 2027 201
Fe2+ 2,064 2,066 2046 2067 2066 2073 2055 207 2057 2082 2067 208 2114 208 2087 2076 2092 208 2082
Mn 0,079 0,079 0,076 0,078 0076 0076 0073 0077 0076 008 0076 0,077 0,079 0076 0079 0077 0068 008 0074
Ca 0,087 009 0,086 008 008 0082 009 008 0078 0079 0079 008 008 0,083 0,083 0081 0078 0,08 0,08
Cr 0,006 0,009 0,013 0,012 0,011 0011 0,004 0006 0003 0,006 0005 0,009 0,002 0 0,007 0,011 0,007 0 0,003
Ti 0,002 0,001 0,001 0,004 0,002 0002 0004 0002 0002 0,002 0,004 0004 0002 0005 0004 0,003 0,004 0,003 0,004
Mg 0,727 0,713 0,713 0722 0,702 0,714 0,711 0712 072 0,714 0715 0,718 0,745 0715 0693 07 0712 0,706 0,698
Total 7972 7977 7966 7979 7971 7975 7969 7974 7964 7974 7972 7981 7979 7978 7978 7971 7978 798 797
XAlm 454 4413 4318 4333 4368 4444 4269 4667 478 479 46,34 4529 46,75 46,34 4566 44,77 4331 49,08 4596
XPyr 345 503 739 667 632 643 234 3,64 1,89 3,59 3,05 5,29 1,18 0 4,05 6,4 4,46 0 1,86
XGros 115 0,56 057 222 1,15 117 234 1,21 1,26 1.2 244 235 1,18 305 231 1,74 2,55 1,84 248
XSps 50 50,28 48,86 47,78 4885 4795 52,63 4848 4906 47,31 48,17 47,06 5089 50,61 47,98 47,09 4968 4908 49,69
XAIm = Fe2+/(Ft
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Garnet comp Biotite compositions (EMPA). Cations are calculated bas
Mineral gr2.20 gr2.21 gr2.22 gr2.23 gr2.24 gr2.25 gr2.26| Mineral bt1 bt2 bt3 bt4 bts
Sio2 3791 3826 3827 3811 3831 3796 37,93 |Si02 36.57 36.52 36.79 36.65 36.44
Al203 2163 2154 2142 2156 2131 215 215 |TiO2 474 538 534 453 416
FeO 3144 3121 3139 3134 3139 3139 3145 |AI203 15.04 1494 1479 1509 15.15
MnO 1,15 1,08 1,19 1.1 1,19 1,19 1,14 [FeO 16.74 1723 1407 1712 17.28
Ca0 0,91 09 0,91 0,93 1 092 091 |[MnO 003 000 000 000 0.00
Cr203 012 007 004 004 014 012 0,18 |MgO 1215 11.89 1414 1217 12,09
Tio2 006 003 006 006 005 005 004 |CaO 000 000 000 998 0.01
MgO 604 615 597 6,05 6 6 6,03 |Na20 002 005 004 004 0.03
Total 9927 9924 9926 99,19 99,38 99,13 99,18 |K20 993 988 1006 998 987
Si 3,002 3,023 3028 3016 3,028 3,01 3,007 [Si 2768 2751 2752 2578 2770
Al 2,019 2006 1998 2011 1986 201 2,009 |Ti 0270 0.305 0.300 0.240 0.238
Fe2+ 2,082 2,062 2077 2074 2075 2082 2,085 |Al 1341 1326 1304 1.251 1.357
Mn 0077 0072 008 0,074 008 008 0077 |Fe+3 0.000 0.000 0.000 0.000 0.000
Ca 0,077 0,076 0,077 0,079 0,085 0078 0,077 |Fe+2 1.059 1.085 0.880 1.007 1.098
Cr 0,008 0,004 0003 0,003 0009 0008 0,011 [Mn 0.002 0.000 0.000 0.000 0.000
Ti 0,004 0,002 0,004 0,004 0,003 0,003 0,002 |Mg 1371 1335 1577 1276 1370
Mg 0,713 0,724 0,704 0,714 0,707 0,709 0,712 |Ca 0.000 0.000 0.000 0.752 0.001
Total 7981 797 7969 7974 7972 7979 7,981 [Na 0.003 0.007 0.006 0.005 0.004
K 0959 0949 0960 0.896 0.957
XAlm 4639 46,75 48,78 46,25 452 4734 46,11 |H 2.000 2.000 2000 2000 2.000
XPyr 482 26 183 188 508 473 6,59 |Total 9.773 9759 9.779 10.007 9.795
XGros 241 13 2,44 25 1,69 1,78 12
XSps 46,39 4935 46,95 4938 48,02 46,15 46,11 |XFe
XAIm = Fe2+/(Ft XMg

XFe = Fe2+/(Fe2+ + Mg); XMg = Mg/(Mg+Fe2+)

‘Supplementary Data Table S3. Results of the LA-ICP-MS U-Pb zircon analysis
* concentration uncertainty ca. 10%
** data corrected/not corrected for common-Pb
*** Concordance calculated as (206Pb-238U age/207Pb-206Pb age)™100
Decay constants of Jaffey et al. (1971) used
The bold type analysis were used to caiculate de MDA and the concordia ages
A Isotope ratio™* Ages
N Dosnaki Comm v ThU  207Pb 125 207Pb 25 206Pb 25 Rho 207Pb 225 206Pb. 125 207Pb 125
206Pb (g g-1)* 206Pb (%) 2350 (%) 238U 206Pb a) 238U (Ma] 2350 (Ma] Conc™

MB-1468
132 CL-bright rim (M2)  0.0410 520 118 0.0748 20353 1.8453 28370 0.1789 19764 0.6966 1083 41 1061 19 1062 19 100
80 CL-bright rim (M2)  0.0000 215 037 0.0750 23736 1.8557 3.0718 0.1795 1.9499 06348 1068 48 1064 19 1085 20 100
87 CL-bright rim (M2)  0.0724 142 069 00748 25199 1.8560 3.2050 0.1799 1.9803 06179 1064 51 1066 19 1066 2 100
73 Cl-gray rim (M1)  0.0051 718 413 00759 2.0286 1.8939 29217 0.1809 21110 0.7210 1093 a 1072 21 1079 20 29
178 CL-gray rim (M1)  0.0578 768 005 0.0758 2.3283 1.8010 3.2080 0.1820 22070 0.6880 1089 a7 1078 22 1081 22 100
148 CL-gray rim (M1)  0.0058 503 056 0.0755 27301 1.8954 3.2996 0.1822 1.8531 0.5616 1081 55 1079 18 1079 22 100
137 ClL-gray rim (M1)  0.0560 832 450 00752 21070 1.8917 3.0311 0.1825 21791 0.7189 1073 a2 1081 22 1078 20 100
88 ClL-gray rim (M1)  0.0054 286 232 0.0757 2.4582 19132 3.1525 0.1834 19737 06261 1086 49 1085 20 1086 21 100
175 CL-gray rim (M1)  0.0014 889 009 00757 2.0605 1.9160 28280 0.1840 1.9370 0.6850 1087 a1 1086 19 1087 19 100
79 ClL-gray rim (M1)  0.0114 722 0.6 0.0755 20934 19114 2.8977 0.1837 2.0035 06914 1081 a2 1087 20 1085 20 100
60 CL-gray rim (M1)  0.0479 588 063 0.0754 26275 1.9108 3.2269 0.1837 18731 0.5805 1080 53 1087 19 1085 22 100
72 CL-gray rim (M1)  1.0000 434 070 00758 3.3607 1.9250 4.0908 0.1841 23324 0.5702 1091 67 1089 23 1080 28 100
95 Cl-gray rim (M1)  0.0152 774 0.08 0.0758 21626 1.9270 29360 0.1840 1.9860 0.6760 1091 43 1090 20 1091 20 100
140 Cl-gray rim (M1)  0.0301 nr o7 0.0763 20713 1.9647 2.8654 0.1867 1.9800 0.6910 104 a1 103 20 1103 19 100
70 ClL-gray rim (M1)  0.1248 193 183 0.0760 20794 1.9586 28882 0.1870 20044 0.6940 1094 42 1105 20 101 20 100
179 Cl-gray rim (M1)  0.0559 237 091 0.0765 35312 1.9736 40520 0.1870 1.9873 0.4905 109 il 105 20 107 28 100
156 CL-gray rim (M1)  0.0886 450 0m 0.0768 20963 1.9950 29310 0.1880 20490 0.6990 me 42 m3 21 m4 20 100
38 Cl-gray fim (M1)  0.1423 258 080 00768 20384 1.9964 2.8266 0.1885 1.9583 0.6928 m7 il M3 20 m4 19 100
30 Detrital core 0.0000 245 100 00761 1.9966 1.9392 28509 0.1847 2.0350 0.7138 1098 40 10903 20 1095 19 100
150 Detrital core 1.0000 282 041 0.0761 3.4157 1.9450 4.0427 0.1854 2.1625 05349 1098 68 1098 22 1097 27 100
91 Detrital core 0.0748 662 089 00761 2.0854 1.9469 3.0158 0.1855 21786 0.7224 1098 a2 1097 22 1097 20 100
35 Detrital core 1.0000 261 082 0.0763 33231 1.9580 3.9027 0.1860 22133 0.5543 1104 66 1100 22 1101 27 100
50 Detrital core: 02113 134 155 00761 21994 1.9547 29156 0.1862 19140 0.6565 1098 ad 1101 19 1100 20 100
28 Detrital core 0.1014 258 059 00762 21700 1.9557 29729 0.1863 20321 06835 1099 43 1101 21 1100 20 100
158 Detrital core 0.0292 312 056 00764 3.0131 1.9616 3.5554 0.1863 1.8873 0.5308 1104 60 101 19 1102 24 100
127 Detrital core 0.0588 786 091 0.0764 2.0739 1.9631 2.9299 0.1864 2,069 0.7064 105 a1 1102 21 1103 20 100
52 Detritalcore  0.1066 159 104  0.0764 2.1641 1.9675 2.8791 0.1867 1.8989 0.6595 1108 43 1104 19 104 20 100
147 Detrital core 1.0000 583 160 0.0766 3.3610 19734 4.0538 0.1869 2.2664 0.5591 110 67 1105 23 1106 28 100
135 Detrital core 1.0000 670 022 0.0765 3.3156 19755 4.0189 0.1873 227113 0.5651 1108 66 107 23 1o7 27 100
94 Detrital core 10000 231 136 00767 3.4584 19816 4218 0.1875 2.4040 05708 12 69 1108 25 1109 29 100
31 Detritalcore 01523 135 138 0.0767 2.1479 1.9922 2.8451 0.1883 18658 0.6558 ms 43 m12 19 ms 19 100

Detrital core 1.0000 653 123 00766 3.3259 1.9928 3.9786 0.1886 21834 0.5488 mz 66 ma 22 ms 27 100
169 Detrital core 10000 359 040  0.0769 3.4828 1.9993 4.0946 0.1886 2.1530 0.5258 118 69 M4 22 M5 28 100
78 Detrital core 0.0779 526 082 0.0769 21169 1.9996 3.0123 0.1886 21430 07114 118 42 m4 22 ms 2 100
139 Detrital core 10000 176 117 00771 3.3224 2.0085 3.9834 0.1888 21975 05517 124 66 ms 23 ms 27 100
39 Detrital core 10000 123 055 00769 33145 20053 3.9913 0.1891 2.2236 0.5571 1119 66 mz 23 mz 27 100
47 Detrital core 0.0771 456 081 0.0770 2.0630 20102 28856 0.1895 20176 0.6992 120 a“ 1ms 21 me 20 100
m Detrital core 0.0459 253 052 0.0770 23155 20154 2.9849 0.1899 1.8836 06311 n21 46 n21 19 121 20 100
151 Detrital core 0.0000 192 118 00771 23075 20219 29704 0.1801 1.8704 0.6297 125 46 122 19 123 20 100
56 Detrital core 0.0583 385 095 00771 2.0561 2.0266 29223 0.1908 2.0766 0.7106 123 41 125 21 124 20 100
55 Detrital core 1.0000 583 070 0.0766 33419 20170 3.9077 0.1909 2.1940 05488 m2 67 1126 23 121 28 100
20 Detrital core 0.0000 362 1.4 0.0772 2.0464 20336 28392 0.1910 1.9681 0.6932 "2z 41 127 20 nz7 20 100
77 Detrital core 1.0000 615 148 0.0771 3.3531 20335 40775 0.1912 2.3200 05690 12s 67 128 24 nzr 28 100
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69 Detrital core
14 Detritai core
49 Detrital core
7 Detrital core
19 Detrital core
n Detrital core
27 Detrital core
154 Detrital core
170 Detrital core.
89 Detrital core
173 Detrital core
48 Detrital core
29 Detrital core
176 Detrital core
15 Detrital core
75 Detrital core
93 Detrital core
168 Detrital core
131 Detrital core
96 Detrital core
34 Detrital core
159 Detrital core
16 Detrital core
153 Detrital core
90 Detrital core
57 Detrital core
9 Detrital core:
133 Detrital core
152 Detrital core
174 Detrital core
36 Detrital core
149 Detrital core
10 Detrital core.
12 Detrital core
8 Detrital core
130 Detrital core
17 Detrital core
160 Detrital core
167 Detrital core
180 Detrital core
58 Detrital core
" Detrital core
157 Detrital core
128 Detrital core
129 Detrital core
Rejected data
438
s
456
436
46
32
60
4
134
18
72
67
5+
54
33
43
6
Riad
68
92
MB-144.
153 CL-bright rim (M3)
150 CL-bright rim (M3)
17 Recryst. core (M2)
147 Recryst. core (M2)
16 Recryst. core (M2)
107 Recryst. core (M2)
108 Recryst. core (M2)
138 Recryst. core (M2)
140 Recryst. core (M2)
128 Recryst. core (M2)
158 Recryst. core (M2)
13 Recryst. core (M2)
156 Recryst. core (M2)
134 Recryst. core (M2)
m Recryst. core (M2)
127 Recryst. core (M2)
154 Recryst. core (M2)
110 Recryst. core (M2)
149 Recryst. core (M2)
139 Recryst. core (M2)
137 Recryst. core (M2)
132 Recryst. core (M2)
100 Recryst. core (M2)
98 Recryst. core (M2)
18 Recryst. core (M2)
148 Recryst. core (M2)
151 Recryst. core (M2)
99 Recryst. core (M2;
12 Recryst. core (M2)
14 Recryst. core (M2)
o7 Recryst. core (M2)
157 Recryst. core (M2)
152 Recryst. core (M2)
155 Recryst. core (M2)
136 Recryst. core (M2)
135 Igneous core
133 Igneous core
130 Igneous core
data
+20
194
469
429

T
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0.0774 2.0665 20417 29181 0.1912 20603 0.7060 133 a1 128 21 1130 20 100
0.0773 21266 20370 29240 0.1912 20068 0.6863 128 42 128 21 1128 20 100
0.0773 2.0702 20413 28170 0.1916 19104 06782 128 a1 1130 20 129 19 100
0.0774 3.2765 20503 3.9509 0.1921 22077 0.5588 132 65 133 23 132 27 100
0.0775 3.2723 20547 3.9361 0.1923 21874 0.5557 134 65 134 23 134 27 100
0.0776 20364 20591 28732 0.1924 20270 0.7055 137 4 134 21 135 20 100
0.0775 21162 20564 2.7902 0.1924 1.8186 06518 134 42 135 19 134 19 100
0.0777 2.1047 20617 29145 0.1925 20160 0.6917 138 42 135 21 1136 20 100
0.0777 3.3798 20621 4.1150 0.1926 23474 0.5705 138 67 135 25 136 29 100
0.0775 29099 20589 3.5200 0.1927 1.9966 0.5658 134 58 1136 21 135 24 100
0.0777 20343 2.0665 2.8446 0.1929 1.9883 0.6990 139 40 137 21 138 20 100
0.0779 3.3050 20733 3.9382 0.1931 21415 0.5438 144 66 138 22 1140 27 100
0.0778 3.5087 20750 40770 0.1930 2.0760 0.5090 143 70 1139 22 1140 28 100
0.0777 23219 20733 29883 0.1934 1881 06295 1140 46 1140 20 1140 2 100
0.0777 2.0553 20734 27886 0.1935 1.8846 06758 139 41 1140 20 140 19 100
0.0780 3.3468 20876 40124 0.1940 22132 05516 148 66 1143 23 1145 28 100
00778 2.0558 20829 29255 0.1941 20814 0.7115 1143 a1 1143 22 1143 20 100
0.0781 3.3458 20918 4.0961 0.1943 2.3630 05769 149 66 1145 25 1146 29 100
0.0776 3.2685 2.0803 3.9433 0.1944 2.2060 0.5594 137 65 1145 23 142 27 100
0.0782 25633 20997 3.2480 0.1946 1.9947 06141 153 51 1146 21 1149 23 100
0.0781 2.0490 2.0988 27863 0.1949 1.8881 06777 150 a1 1148 20 1148 19 100
0.0783 3.3526 21067 3.9697 0.1952 21256 0.5355 1154 67 1149 22 151 28 100
0.0787 2.0073 21280 27340 0.1960 1.8560 0.6790 165 40 154 20 1158 19 100
0.0786 2.0869 21335 29755 0.1969 21209 0.7128 162 a1 1158 23 1160 21 100
0.0786 2.4686 21444 3.1591 0.1978 19714 0.6240 163 49 1164 21 1863 22 100
0.0779 23119 21325 29826 0.1985 1.8844 0.6318 145 46 167 20 1159 21 101
0.0788 3.2483 21615 3.8571 0.1988 2.0798 0.5392 168 64 1169 22 1169 27 100
0.0791 20478 21708 28818 0.1990 20276 0.7036 n7s a1 170 22 172 20 100
0.0790 2.0266 2.1685 2.8024 0.1992 1.9354 0.6906 "n 40 nn 21 nn 20 100
0.0793 21189 21851 28723 0.1998 1.9392 0.6751 1180 42 nrs 21 176 20 100
0.0795 21050 22095 2.8282 0.2015 1.8888 0.6679 185 a2 1183 20 184 20 100
0.0798 23323 22220 29822 0.2021 1.8584 0.6232 1o 46 1186 20 1188 21 100
0.0797 2.0852 22253 27474 0.2024 1.7890 06511 191 a1 1188 19 189 19 100
0.0807 3.2364 22960 38711 0.2063 21239 0.5487 1214 64 1209 23 121 28 100
0.0813 2.0671 236M 28161 0.2106 19124 0.6791 1229 Eil 1232 21 1231 20 100
0.0815 3.2534 24132 3.8747 02148 21045 0.5431 1233 B4 1254 24 1247 28 101
0.0823 21375 24367 2.8603 0.2146 1.9007 0.6645 1254 42 1253 22 1254 21 100
0.0826 .0346 24547 28346 0.2156 1.9736 0.6963 1259 40 1259 23 1259 21 100
0.0830 3.1615 24814 3.8243 0.2168 21519 0.5627 1270 62 1265 25 1267 28 100
0.0863 42181 27307 47419 0.2296 2.1663 0.4569 1344 81 1332 26 1337 36 100
0.0935 2.0348 3.3830 28514 0.2624 1.9974 0.7005 1498 38 1502 27 1500 23 100
0.1051 2.0360 43899 27812 0.3029 1.8947 06813 1716 a7 1706 28 1710 23 100
0.1139 22470 52375 3.0653 0.3334 2.0850 0.6802 1863 a 1855 34 1859 26 100
0.1229 20357 6.1405 28508 0.3624 1.9957 0.7001 1999 36 1993 34 1996 25 100
0.1796 2.2275 12.5703 29229 0.5077 1.8925 06475 2649 a7 2647 41 2648 28 100
83464 2646 24185 27962 6:0444 49335 8:6930 3690 3t 260 5 55 49 24
03470 26577 26343 28637 66425 6773 86629 3694 3 268 5 H2F 20 24
6:9628 2625+ +6629 F-4544 8:6453 24785 87734 5093 29 98 2 1662 2¢ 9

08778 26480 260249 2:843¢ 86450 2:6018 07044 5206 28 96 2 +H23 20 9

+6397 26260 26262 3:8899 8814+ 33267 6:8537 5292 20 0 3 24 27 8

1724 26474 23667 32868 86146 25938 67894 5459 26 93 2 4234 24 8

4047 26168 32208 43:6053 8:8156 42:939¢ £:988+ 5796 20 460 3 62 467 ?

45188 20404 24337 62433 86102 5:8689 60446 5648 28 65 4 4460 4“4 6

+8723 24646 26214 6:9534 8:0078 66272 6:953¢ 6465 29 56 3 4423 48 4

20264 26295 48504 34567 00067 27982 6:8095 624+ 26 43 4+ 4067 23 4

22066 260465 2:6833 50758 8:6066 46450 8845+ 6382 28 42 2 4143 35 4

0.0732 2.2009 17312 29980 01715 20357 0.6790 1019 45 1021 19 1020 19 100
0.0736 21755 17512 3.0451 0.1726 21306 0.6997 1030 44 1027 20 1028 20 100
0.0759 6.7492 18276 72522 01747 26540 0.3660 1091 135 1038 26 1055 49 98
0.0739 21243 1.7879 29524 0.1758 20505 0.6945 1038 43 1042 20 1041 19 100
0.0741 21592 1.7950 3.0235 01757 21165 0.7000 1044 a4 1043 20 1044 20 100
0.0744 3.4270 1.8040 4.1054 0.1759 2.2605 0.5506 1052 69 1045 22 1047 27 100
0.0740 2.0608 1.7961 29194 0.1760 20679 0.7083 1042 42 1045 20 1044 19 100
0.0743 2.0479 1.8055 2.8672 0.1763 2.0068 0.6999 1049 a 1047 19 1047 19 100
0.0742 2.0803 1.8069 2.8963 0.1766 20151 0.6958 1047 42 1049 20 1048 19 100
0.0744 3.3939 18122 4.1050 0.1767 2.3093 0.5626 1052 68 1049 22 1050 27 100
0.0744 2.0571 18217 28734 01776 20061 0.6982 1052 a1 1054 20 1053 19 100
0.0744 2.0427 18227 2.8924 01777 20477 0.7080 1053 a1 1054 20 1054 19 100
0.0746 3.3691 1.8264 4.0888 01777 23167 0.5666 1057 68 1054 23 1055 27 100
0.0744 20748 18222 29106 04777 2.0414 0.7013 1052 a2 1054 20 1053 19 100
0.0748 20326 18411 28938 0.1786 20598 07118 1063 a 1059 20 1060 19 100
0.0754 21217 1.8575 2.8871 0.1787 1.9579 0.6782 1079 43 1060 19 1066 19 29
0.0745 2.0685 1.8350 29253 0.1788 20685 0.7071 1054 42 1060 20 1058 19 100
0.0745 2.0593 1.8384 2.8969 0.1789 2.0375 0.7033 1056 a“ 1061 20 1059 19 100
0.0748 2.2085 1.8472 3.0240 0.1790 1.9649 0.6498 1084 46 1062 19 1062 20 100
0.0747 2.0605 1.8456 29012 0.1791 20424 0.7040 1062 @ 1062 20 1062 19 100
0.0749 3.3689 1.8507 4.1282 0.1791 23858 05779 1067 68 1062 23 1064 28 100
0.0750 21015 1.8543 29013 1 20003 0.6894 1069 42 1063 20 1065 19 100
0.0748 213 1.8482 28686 0.1793 1.8400 06763 1062 43 1063 19 1063 19 100
0.0751 3.3471 1.8647 40412 0.1802 2.2646 0.5604 1070 67 1068 22 1069 27 100
0.0749 21484 18618 29248 0.1804 1.9847 0.6786 1065 43 1069 20 1068 20 100
0.0746 20638 1.8560 29719 0.1804 21385 0.7196 1058 a2 1069 21 1066 20 100
0.0748 3.3567 1.8619 4.1139 0.1804 23784 0.5781 1084 68 1069 23 1068 28 100
0.0751 3.5480 1.8685 4.1665 0.1805 21844 0.5243 1071 l 1070 22 1070 28 100
0.0750 21033 18736 29644 0.1812 20891 0.7047 1069 a2 1073 21 1072 20 100
0.0755 2.1448 1.8896 30123 0.1814 21154 0.7022 1083 a3 1075 21 1077 20 100
0.0752 3.3582 18813 41013 0.1815 2.3545 0.5741 1073 67 1075 23 1075 28 100
0.0752 24217 18913 3221 0.1824 217 06573 1074 49 1080 21 1078 22 100
0.0755 22235 1.9001 3.0080 0.1824 20259 06735 1083 as 1080 20 1081 20 100
0.0755 2.0010 1.9030 29577 0.1829 20919 0.7073 1081 a2 1083 21 1082 20 100
0.0752 26695 1.9015 3.3388 0.1833 2.0054 0.6006 1074 54 1085 20 1082 22 100
0.0742 21544 1.9302 28931 0.1888 1.9310 0.6674 1046 43 ms 20 1092 20 102
0.0776 3.4510 20375 41013 0.1905 22182 0.5404 138 69 1124 23 1128 28 100
0.0777 25184 20726 3.2021 0.1935 21203 0.6441 139 50 1140 22 1140 23 100
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Biad 80675 889 496  6:0813 24445 40850 2:8808 84772 46463 86744 4228 42 1052 9 +#16 20 95
hiad 60600 L - A 04642 234243 8-85509 243675 6-3986 #6920 83457 2468 399 2462 43 2323 26¢ L)
MB-148
175 CL-bright rim (M2)  0.0878 203 169 00739 21241 1.7970 29160 0.1760 1.9970 0.6850 1039 43 1047 19 1044 19 100
159 CL-bright rim (M2)  1.0000 610 082  0.0747 3.3618 1.8470 40880 0.1790 2.3250 0.5690 1061 88 1063 23 1062 27 100
169 CL-bright rim (M2)  1.0000 189 330 0.0752 3.5432 1.8660 4.1800 0.1800 22190 0.5310 1074 n 1067 22 1069 28 100
173 CL-bright rim (M2)  1.0000 147 228 0.0753 3.6804 1.8760 4.2940 0.1810 2210 0.5150 1077 74 1070 22 1073 29 100
208 Igneous core 0.0000 129 21 0.0752 2.1557 1.8720 29730 0.1810 2.0470 0.6890 1073 a3 1071 20 1071 20 100
227 Igneous core 0.0162 287 202 0.0754 2.2810 1.8850 3.0020 0.1810 1.9510 0.6500 1080 46 1074 19 1076 20 100
187 Igneous core 0.0664 470 157 0.0753 2.0800 1.8850 2.9500 0.1820 2.0930 0.7090 1076 42 1076 21 1076 20 100
160 Igneous core 0.0000 239 178 0.0751 21044 1.8820 29120 0.1820 20120 06910 1071 42 1077 20 1075 19 100
214 Igneous core 0.0000 259 269 00757 21139 1.8010 2.9080 0.1820 1.9980 0.6870 1087 42 1078 20 1081 20 100
183 Igneous core 1.0000 194 203 0.0753 3.3524 1.8920 41030 0.1820 2.3650 0.5760 1076 67 1079 24 1078 28 100
188 Igneous core 0.0956 363 223 00755 2.1069 1.9000 2.8800 0.1820 1.9640 0.6820 1083 42 1080 20 1081 19 100
229 Igneous core 0.0688 264 194 0.0761 2.2669 1.9170 2.9900 0.1830 1.9490 0.6520 1098 45 1081 19 1087 20 100
189 Igneous core 0.0000 12 223 00756 21184 1.9050 2.9590 0.1830 2.0680 0.6990 1084 42 1082 21 1083 20 100
178 Igneous core 0.0011 407 164 0.0758 2.0850 1.9100 29500 0.1830 2.0990 0.7090 1089 a2 1082 21 1085 20 100
230 Igneous core 0.1287 146 229 00756 22234 1.9060 2.9860 0.1830 1.9930 0.6670 1083 45 1083 20 1083 20 100
231 Igneous core 0.0546 401 220 0.0759 2.4808 1.9190 3.1570 0.1830 1.9530 0.6180 1093 50 1085 20 1088 2 100
167 Igneous core 0.0340 554 149 00757 22219 1.9190 2.93%0 0.1840 1.9240 06550 1086 a5 1088 19 1088 20 100
200 Igneous core 0.0355 388 219 00751 2.0264 1.9040 28780 0.1840 20440 0.7100 1071 a1 1088 21 1083 19 101
210 Igneous core 0.0245 351 161 0.0757 2.5358 1.9240 3.1880 0.1840 1.9320 0.6060 1088 51 1090 19 1089 2 100
168 Igneous core 0.0000 290 182 0.0760 20789 1.9300 2.9660 0.1840 21160 0.7130 1095 a2 1090 21 1092 20 100
211 Igneous core 1.0000 23 29 0.0752 3.3549 1.9150 4.0760 0.1850 2.3150 0.5680 1075 67 1092 23 1086 28 101
191 Igneous core 0.0261 615 200 0.0761 21025 1.9450 29970 0.1850 21360 0.7130 1099 42 1096 22 1097 20 100
219 Igneous core 1.0000 335 202 0.0763 37213 1.9480 4.3340 0.1850 22120 0.5100 102 75 1096 22 1008 30 100
176 Igneous core 1.0000 757 156 00758 3.6049 1.9390 42130 0.1860 2.1800 0.5170 1089 72 10908 22 1095 29 100
190 Igneous core 0.1899 138 187 0.0759 2.1664 1.9430 29940 0.1860 2.0660 0.6900 1093 43 1098 21 1096 20 100
174 Igneous core 1.0000 260 181 0.0763 3.3416 1.9530 4.0360 0.1860 2.2640 0.5610 102 87 1098 23 1099 27 100
170 Igneous core 1.0000 384 230 00757 33814 1.9460 4.0700 0.1860 2.2650 05570 1088 68 1102 23 1097 28 100
195 Igneous core 0.0620 321 198 00762 21589 1.9580 3.0210 0.1860 21130 0.7000 1100 43 1102 21 101 2 100
209 Igneous core 0.1115 475 157 0.0766 2.2656 1.9680 29850 0.1860 1.9440 08510 1mo 45 1102 20 1105 20 100
197 Igneous core 0.0286 384 270 00759 21105 1.9590 28830 0.1870 1.9640 06810 1091 a2 1107 20 1102 20 101
213 Igneous core 0.0126 302 219 00763 2.0448 19710 29170 0.1870 2.0810 07130 103 a1 107 21 1106 20 100
220 Igneous core 00118 234 208 00765 2.0400 19770 29360 0.1870 21110 0.7190 1108 a1 1108 22 1108 20 100
228 Igneous core 1.0000 736 169 00769 3.3159 1.9870 4.0290 0.1870 22890 0.5680 ms 66 1108 23 m 28 100
192 Ignecuscore 10000 575 164  0.0770 35993 2.0020 4.2100 0.1890 2.1830 05190 122 72 M3 22 16 29 100
207 Igneous core 0.0085 755 104 0.0771 20234 20130 28720 0.1890 20380 0.7100 124 40 1ms 21 120 20 100
218 Igneous core 0.0282 692 236 00775 2.0403 20270 29940 0.1900 21910 07320 134 a1 120 23 125 21 100
212 Igneous core 0.0848 205 289 00770 25031 20160 3.1660 0.1900 1.9390 06120 n21 50 n21 20 n21 22 100
215 Ignecuscore 01764 289 326  0.0776 2.2640 2.0340 2.9900 0.1800 19530 0.6530 135 45 123 20 127 21 100
m Igneous core 0.0000 838 170 00774 2.0421 20320 29810 0.1910 21720 0.7280 131 a 124 22 126 20 100
179 Igneouscore 00082 741 229  0.0780 22206 20540 29470 0.1910 1.9270 0.6540 1148 a4 126 20 133 20 99
199 Igneous core 0.0999 504 184 0.0773 20612 20390 29220 0.1910 20710 0.7090 128 a1 129 21 1128 20 100
180 Ignecuscore 10000 928 131  0.0760 3.3888 20130 4.0530 0.1920 2.2230 0.5490 1094 68 134 23 120 28 101
217 Inherited 0.0000 38 228 0.0934 2.2494 3.3540 3.0220 0.2610 2.0180 0.6680 1495 43 1493 27 1494 24 100
data.
Reference materials.
o
121 0.0191 414 044 0.0591 2.0636 07419 28593 0.0910 1.9791 0.6922 573 45 561 " 564 12 100
122 0.0355 414 044 0.0586 20844 0.7402 28661 0.0916 1.9672 0.6864 553 45 565 " 563 12 100
141 0.1487 421 044 0.0586 21417 0.7417 2931 0.0918 20100 0.6843 553 a7 566 1" 563 13 100
142 0.0991 428 045  0.0589 2.0998 0.7458 28946 0.0019 1.9923 0.6883 562 46 567 " 566 13 100
161 1.0000 404 043 0.0588 3.9868 0.7404 4.9651 0.0914 2.9502 0.5960 558 87 564 16 563 22 100
162 1.0000 399 043 0.0592 3.9734 0.7406 4.9678 0.0907 29817 0.6002 575 86 560 16 563 22 29
181 1.0000 416 045 00587 4.0057 07435 4.9811 0.0918 2.9607 0.5944 558 87 566 16 564 22 100
182 0.0849 417 045 00589 21249 0.7416 29342 0.0913 20234 0.6896 563 46 563 " 563 13 100
001 1.0000 501 046  0.0589 3.9585 0.7508 4.8802 0.0924 2.8542 0.5849 564 86 570 16 569 21 100
002 0.0285 515 045  0.0589 2.0406 0.7432 27743 0.0916 1.8796 06775 562 a4 565 10 564 12 100
021 1.0000 419 045  0.0589 3.9581 0.7460 4.9077 0.0918 29015 05912 564 86 566 16 566 22 100
022 0.0000 423 044 0.0588 2.0419 0.7399 2.7929 0.0913 1.9056 0.6823 559 45 563 10 562 12 100
041 0.0830 401 045  0.0584 20747 0.7332 28562 0.0911 1.9630 06873 544 45 562 " 558 12 101
042 0.0393 400 045  0.0593 2.0607 0.7370 2.8407 0.0901 1.9553 0.6883 579 45 556 10 561 12 29
062 0.0478 366 047 00587 2.0832 07418 2.8960 0.0916 2017 06946 558 45 565 " 563 13 100
082 1.0000 375 048  0.0587 3.9935 0.7483 4.9838 0.0925 29817 0.5983 555 87 570 16 567 22 101
101 1.0000 443 079 00591 3.9669 0.7461 4.9620 0.0916 2.9807 0.6007 569 86 565 16 566 22 100
102 0.0133 459 079  0.0591 2.0644 0.7471 2.8947 0.0017 20292 0.7010 571 45 565 n 567 13 100
202 0.0000 399 082 00590 2.0696 0.7477 29393 0.0920 2.0872 07101 565 45 567 n 567 13 100
221 0.0100 388 082 0.0589 20714 0.7393 29407 0.0910 2.0873 0.7098 564 45 562 n 562 13 100
08+ 00002 365 047 00560 26699 87589 29476 6:0034 20564 87047 565 45 575 “ 573 43 400
204 06430 395 082 00587 26849 8472 29453 6:6923 26834 87674 568 45 569 +# 567 3 468
PLESOVICE
105 1.0000 1340 042 0.0532 4.3249 0.3967 6.0324 0.0541 4.2053 0.6971 339 98 339 14 339 18 100
106 00000 1118 041 0.0531 21833 0.3921 28981 0.0535 1.9058 06576 334 49 336 6 336 8 100
125 0.0472 880 037 0.0532 2.2253 0.3936 3.0814 0.0537 21314 0.6917 337 50 337 ‘4 337 9 100
126 0.0223 943 038  0.0532 2.0683 0.3935 2.9407 0.0536 2.0904 0.7109 339 a7 337 7 337 8 100
145 0.1053 774 039  0.0532 2.1408 0.3964 29304 0.0540 2.0010 0.6828 339 48 339 7 339 8 100
146 1.0000 823 041 00533 4301 0.3947 6.0211 0.0537 42136 06998 341 97 337 14 338 17 100
165 1.0000 1813 0.61 0.0532 4.3087 0.3949 6.0579 0.0538 4.2583 0.7029 337 98 338 14 338 18 100
166 1.0000 1295 043 00533 4.2988 0.3964 6.0332 0.0539 42332 07017 343 97 339 14 339 18 100
185 1.0000 189 038 0.0533 4.2860 0.3929 8.0344 0.0535 4.2478 0.7039 340 97 336 14 336 17 100
186 0.0649 910 038 00533 2.1540 0.3967 29237 0.0540 1.9769 0.6762 340 49 339 7 339 8 100
205 0.0003 1117 039 00532 20677 0.3940 29100 0.0537 20477 0.7037 337 a7 337 T 337 8 100
123 0.0589 151 023 0.0528 21723 0.3900 29689 0.0536 20238 06817 318 49 337 14 334 9 101
124 1.0000 802 020 0.0534 4.3133 0.3946 6.0443 0.0536 42343 0.7005 345 98 337 14 338 18 100
143 0.0000 900 021 00536 22744 0.3968 3.0857 0.0536 2.0853 06758 356 51 337 7 339 9 29
144 0.0000 850 023 00532 21441 0.3947 3.0376 0.0538 21517 0.7084 336 49 338 7 338 9 100
163 0.0043 1023 024 0.0533 23270 03954 3.1703 0.0538 2.1530 06791 341 53 338 i 4 338 9 100
164 1.0000 836 022 0.0533 4.3394 0.3942 6.0854 0.0537 4.2662 o701 34 98 337 14 337 18 100
005 1.0000 1243 022 0.0532 4.2865 0.3946 5.9975 0.0537 41947 0.6994 339 97 337 14 338 7 100
006 0.0006 975 022 0.0533 2.0998 0.3971 2.8747 0.0540 1.9633 0.6830 343 a8 339 6 340 8 100
025 1.0000 827 024 0.0533 4.3209 0.3976 59778 0.0541 4.1309 06910 341 98 340 14 340 17 100
026 1.0000 930 022 0.0531 4.3344 0.3935 6.0200 0.0537 a7 0.6940 334 98 337 14 337 17 100
045 1.0000 786 021 0.0532 4.3097 03942 6.0256 0.0538 4212 0.6989 337 98 338 14 337 17 100
046 1.0000 692 o021 0.0533 4.2845 0.3952 6.0049 0.0538 42073 0.7006 340 97 338 4 338 17 100
065 1.0000 803 024 0.0533 4.2855 0.3968 5.9930 0.0540 41894 0.6990 340 97 339 9 339 17 100
066 1.0000 635 023 00534 4.3278 0.3981 6.0223 0.0541 4.1879 0.6954 347 8 339 14 340 18 100
085 0.0179 906 025 0.0532 2.3676 0.3926 3.1865 0.0535 213271 0.6693 339 54 336 7 336 9 100
086 1042 026  0.0532 4.7886 0.3942 6.3790 0.0537 42144 0.6607 338 108 337 14 337 18 100
o 38 656 0058 328 6433 8553 978 66 544 5t 338 7 385 9 92
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[eo
103 0.0279 732 0.09 0.0593 2.0587 0.8028 29107 0.0982 20576 0.7069 579 45 604 12 598 13 101
104 01059 697 009 00592 2.1258 08024 30199 0.0983 21450 07103 574 46 605 12 598 1" 101
183 1.0000 657  0.09 0.0599 3.9303 0.8050 48752 0.0975 28844 05917 599 85 600 17 600 22 100
184 1.0000 609 009 0.0600 3.9190 0.8063 48511 0.0974 28592 0.5894 605 85 599 16 600 2 100
203 1.0000 647  0.09 0.0600 3.9226 08123 49178 0.0982 29661 0.6031 603 85 604 17 604 23 100
204 10000 682 009  0.0598 39525 08083 4.9097 0.0980 29125 05932 597 8 603 17 602 2 100
223 0.1022 669 0.09 0.0596 20745 0.8070 29575 0.0982 2.1078 07127 590 45 604 12 601 14 100
224 00329 682 009 0059 20496 08178 29274 0.0995 20902 07140 589 4 611 12 607 13 101
125 0.0165 684 005 0.0604 20209 08142 28180 0.0978 1.9639 0.6969 618 44 601 1" 605 13 29
126 00027 673 005 00599 20358 0.8089 28269 0.0979 19614 06938 601 a 602 " 602 13 100
145 0.0000 721 005 0.0600 21344 08116 29369 0.0982 20173 0.6869 602 46 604 12 603 13 100
146 00135 703 005 00601 20633 08129 28164 0.0981 19170 06807 608 45 603 1 604 13 100
165 0.0186 679 005 0.0602 21219 08134 29623 0.0980 20609 0.6957 610 46 603 12 604 14 100
166 00842 698 005 00599 21215 0,8087 29364 00979 20302 06914 601 46 602 12 602 13 100
003 0.0086 804 005 0.0601 2.0293 08075 27863 0.0974 1.8093 0.6852 608 44 599 " 601 13 100
004 10000 800 005  0.0599 38927 08095 47957 0.0980 28009 05840 601 8 603 16 602 2 100
023 0.0000 642 005 0.0598 20732 0.8061 2.7864 0.0977 18617 0.6681 597 45 601 " 600 13 100
024 10000 642 005 00598 39173 08119 47998 0.0985 27737 05779 507 85 605 16 603 2 100
043 1.0000 607  0.05 0.0600 3.9248 0.8079 48179 0.0977 27944 0.5800 602 85 601 16 601 22 100
044 10000 632 005  0.0600 39410 08060  4.8519 00975 28302 05833 603 85 599 16 600 2 100
063 0.0000 592 0.06 0.0601 20979 08130 28540 0.0982 1.9350 06780 606 45 604 n 604 13 100
064 00000 600 005 00599 2.0687 06196 2:9031 00992 20367 07016 601 45 610 12 608 13 100
083 0.0360 633  0.06 0.0600 22348 081 3.0002 0.0980 20018 0.6672 605 48 602 12 603 14 100
084 10000 627 006 0.0600 4.2690 08099 5.1463 00079 28741 05585 603 92 602 17 602 2 100
SESSIONB Isotope ratio™
n Comm u ThU 207Pb s 207Pb s 206Pb s Rho 207Pb s 206Pb. s 207Pb s
Al _Tiad 206Pb (%) 206Pb abs 2350 abs 2380 abs 206Pb 2380 (Ma) 2350 Ma) Cone*
WB-1a1
16 CLbright rim 02 52 07 00723 0.0042 16368 0.0864 0.1642 0.0019 045 994 119 980 1 984 33 %
2 CL-bright rim 00 43 07 0.0725 0.0070 16821 0.1524 0.1682 0.0039 063 1001 176 1002 21 1002 58 100
13 CLbright rim 34 37 09 00687 00075 15945 0.1748 0.1683 00023 001 890 216 1003 13 968 70 103
28 CL-bright rim 18 12 08 0.0732 0.0031 1.7007 0.0626 0.1686 0.0018 017 1018 88 1004 10 1009 24 29
1 Igneous core 27 130 07 00714 0.0030 16745 0.0681 0.1700 0.0021 038 970 85 1012 2 999 25 101
7 Igneous core 04 96 09 0.0716 0.0029 16781 0.0710 0.1700 0.0016 053 975 79 1012 9 1000 26 101
10 Igneous core 59 43 - 00735 00026 17220 0.0583 01700 00019 043 1027 7 1012 10 1017 2 %
31 Igneous core 08 100 06 0.0747 0.0026 1.7508 0.0580 0.1700 0.0017 046 1060 70 1012 10 1027 21 98
9 Igneous core 33 92 07 00712 00028 16749 0.0628 01706 00019 069 963 8 1016 10 999 23 101
4 Igneous core 00 102 06 0.0739 0.0030 17383 0.0761 0.1707 0.0015 075 1038 82 1016 8 1023 28 9
35 Igneous core 12 164 06 00758 00034 17850 0.0767 0.1708 0.0018 061 1090 87 1016 10 1040 27 o7
32 Igneous core 18 107 06 0.0778 0.0028 18344 0.0660 0.1710 0.0016 043 142 73 1018 9 1058 24 96
34 Igneous core 08 141 07 0.0751 0.0034 1.7709 0.0786 0.1710 0.0014 on 1071 92 1018 8 1035 30 %8
1 Igneous core 22 59 10 0.0730 0.0031 17312 0.0658 0.1720 0.0025 045 1014 86 1023 14 1020 25 100
3 Igneous core 00 209 05 0.0733 0.0017 1.7388 0.0433 0.1720 0.0014 063 1022 46 1023 8 1023 16 100
8 Igneous core 0.0 - 01 0.0751 0.0032 1.7847 0.0746 0.1723 0.0017 068 1072 83 1025 9 1040 27 o8
18 Igneous core 17 170 07 0.0782 0.0027 1.8600 0.0600 01725 0.0013 023 152 72 1026 W 1067 22 96
25 Igneous core 00 152 o8 0.0709 0.0027 1.6939 0.0601 0.1734 0.0013 074 954 ”n 1031 14 1006 22 102
24 Igneous core 40 1e 06 0.0666 0.0036 1.5082 0.0819 01741 0.0013 031 824 108 1035 7 970 32 106
33 Igneous core 00 135 05 0.0747 0.0029 1.7953 0.0679 0.1744 0.0015 057 1060 81 1036 8 1044 25 29
29 Igneous core 12 206 07 0.0768 0.0026 1.8524 0.0610 0.1748 0.0015 0.46 mz 68 1039 8 1064 22 97
30 Igneous core 17 86 07 0.0794 0.0033 19166 0.0793 0.1750 0.0016 0.46 183 88 1040 9 1087 28 95
17 Igneous core 00 G4 05 0.0774 0.0028 1.8827 0.0611 0.1764 0.0014 072 na 73 1047 8 1075 22 97
14 Igneous core 0.0 55 o8 0.0789 0.0043 1.9395 0.0987 0.1783 0.0026 0.30 170 109 1057 194 1095 35 96
5 Igneous core 05 45 08 00740 00070 18290 0.1567 01783 00032 065 1041 182 1063 18 1056 62 100
Rejectod data
6 3 L3 o7 00754 6603+ +040¢ 00787 6-1866 6:6020 667 1080 86 4403 “# 4005 29 466
5 i 8 45047 0079  0:0088 26077 62964 6464+ 06038 653 e 4o P 24 R 8 -
22 L2 - 45678 0044 6:6060 41946 84670 2467 0:6033 698 L] 167 4233 48 798 5 454
o s - 44986 06767 66043 it s 64623 66047 675 . 2 1080 s 1637 40 s
2 28  +62 68 06862 66628 5335 00630 64680 06620 B4t 843 8t ot # e 25 on
- 427 67 07  0OM4 66626 7304 69529 64697 004 649 st 2 po 0 023 9 %
MMM 7044 2:4352 SATES 99023 927 1023 456 4663 -] 1043 5t “Q_‘
MB-147
1 Igneous core 50 46 105 00740 00028 17078 0.0762 0.1674 00036 090 1042 % 998 2 101 29 %8
9 Igneous core 05 350 014 0.0751 0.0022 1.7560 0.0680 0.1697 0.0032 085 1070 59 1010 18 1029 25 98
10 Igneous core 40 157 053 00768 0.0021 18015 0.0662 01700 00032 061 "y 56 1012 17 1046 2 %
3 Igneous core 26 244 049 0.0706 0.0019 16677 0.0469 01714 0.0018 034 945 51 1020 10 996 17 102
13 lgneous core 10 227 066 00754 00020 17939 0.0604 01725 0.0033 073 1079 53 1026 18 1043 2 %8
15 Igneous core 08 142 047 0.0691 0.0030 1.6480 00711 0.1730 0.0024 0.40 902 87 1029 13 989 27 104
6 Igneous core 07 134 072 0.0750 0.0032 17944 0.0810 0.1736 0.0018 0.36 1068 92 1032 10 1043 3 98
2 Igneous core 0.0 503 0.10 0.0714 0.0019 1.7239 0.0501 01752 0.0017 0.40 968 54 1041 9 1017 18 102
12 Igneous core 09 204 071 00749 00021 18238 0.0672 0.1766 0.0032 077 1066 s7 1048 8 1054 2 %
+ 6 423 046 066 600%  +8798 00430 G457 6004 620 36 42 s 1 o4 45 o7
8 o3 462 o2 06740 06016 48464 00422 04809 00047 005 1042 4“4 10 9 4062 45 400
5 86 #1444 08698 6607 60244 60776 60957 04004 63t o4 4 589 s 663 4 8
# 66 467 68 067+ 68626 4830 60w 64643 6602+ 647 so0 #* 1999 # 1957 2 163
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Supplementary Data Table S3. Lu-Hf isotope composition of the investigated zircons
Age SigHf b TOM
Analysis Domain *2s 176YD/177Hf +2s 176Lu/M77Hf *2s 178HfM77Hf  180Hf177Hf 176HfM77THE 25  176HfI177H((t) eHf(t) 12s .
(Ma) (
MB-146B
35 Detrital core 1104 66 0.014054 " 0.000507 3 1.467210 1.88687 16 0.282282 15 0.282271 6.60 1.00 144
31 Detrital core 115 43 0.025486 20 0.001038 6 1.467287 1.88672 16 0.282306 15 0.282285 7.32 1.01 1.41
20 Detrital core 127 41 0.032780 26 0.001249 8 1.467228 1.88690 14 0.282186 18 0.282160 3.16 1.02 1.65
27 Detrital core 134 42 0.039691 32 0.001383 8 1.467222 1.88681 21 0.282061 16 0.282031 -1.23 1.04 1.90
96 Detrital core 153 51 0.021416 17 0.000870 5 1.467195 1.88673 19 0.282288 18 0.282269 764 1.00 142
174 Detrital core 1180 42 0.048214 40  0.001929 12 1.467226 1.88677 18 0.281784 22 0.281741 -10.46 1.06 244
160 Detrital core 1259 40 0.028875 24 0.001141 7 1.467150 1.88660 19 0.282145 14 0.282118 468 1.02 1.67
180 Detrital core 1344 81 0.011166 9 0.000453 3 1.467232 1.88683 10 0.282173 19 0.282161 8.15 0.99 1.55
F_ Detrital core 1716 37 0.016224 13 ___0.000612 4 1.467285 1.88677 17 0.281645 17 0.281625 -2.35 1.00 243
MB-144
135 Igneous core 1046 43 0.034187 27 0.001300 8 1.467194 1.886810 15 0.282209 19 0.282183 217 1.03 1.64
138 Recryst.core 1049 41 0.018608 15 0.000742 5 1.467237 1.886739 15 0.282226 13 0.282211 321 1.00 1.58
158 Recryst. core 1052 41 0.023210 29 0.000943 8 1.467244 1.886709 14 0.282220 17 0.282201 292 1.03 1.60
107 Recryst. core 1052 69 0.024005 19 0.000940 6 1.467231 1.886734 16 0.282220 15 0.282201 293 1.01 1.60
148 Recryst. core 1058 42 0.010354 9 0.000413 3 1467211 1.886853 16 0.282219 14 0.282211 3.40 0.99 1.58
100 Recryst. core 1062 43 0.010865 9 0.000435 3 1.467237 1.886766 9 0.282207 26 0.282198 3.04 0.99 1.60
m Recryst.core 1063 41 0.030676 25 0.001152 7 1.467256 1.886778 13 0.282201 15 0.282178 237 1.02 164
149 Recryst.core 1064 46  0.023079 19  0.000920 6 1.467244 1.886867 12 0.282197 17 0.282178 2.39 1.01 1.64
112 Recryst. core 1069 42 0.029929 24 0.001167 7 1.467202 1.886761 16 0.282194 16 0.282170 223 1.02 1.65
97 Recryst. core 1073 67 0.007866 7 0.000305 2 1.467268 1.886905 12 0.282213 18 0.282206 3.59 0.99 1.58
155 Recryst. core 1081 42 0.027664 22 0.001135 7 1.467249 1.886764 16 0.282198 12 0.282174 264 1.01 1.64
114 Recryst. core 1083 43 0.009006 7 0.000345 2 1.467256 1.886976 8 0.282234 24 0.282227 4.56 0.99 1.54
MB-148
198 Igneous core 1043 41 0.015425 12 0.000583 3 1.467224 1.88683 16 0.282212 15 0.282201 270 1.00 1.61
200 Igneous core 1071 41 0.019520 16 0.000729 4 1.467203 1.88688 21 0.282187 13 0.282173 234 1.00 1.65
21 Igneous core 1075 67 0.027602 22 0.000928 6 1.467260 1.88678 18 0.282163 17 0.282144 144 1.01 1.70
193 Igneous core 1076 67 0.019558 16 0.000717 4 1.467229 1.88694 16 0.282188 14 0.282173 248 1.00 1.65
227 Igneous core 1080 46 0.024622 20 0.000891 5 1.467237 1.88681 20 0.282207 17 0.282189 3.13 1.01 161
230 Igneous core 1083 45 0.017898 14 0.000675 4 1.467285 1.88700 12 0.282178 17’ 0.282164 232 1.00 1.66
214 Igneous core 1087 42 0.018719 15 0.000682 4 1.467247 1.88679 18 0.282211 14 0.282197 3.58 1.00 1.59
231 Igneous core 1093 50 0.018030 14 0.000688 4 1.467265 1.88675 19 0.282219 15 0.282204 3.97 1.00 1.58
195 Igneous core 1100 43 0.015630 13 0.000570 3 1.467225 1.88679 21 0.282222 16 0.282210 433 1.00 1.56
220 Igneous core 1108 41 0.016732 13 0.000607 4 1467211 1.88670 18 0.282186 15 0.282173 320 1.00 163
228 Igneous core 1118 66 0.017108 14 0.000603 4 1.467230 1.88670 18 0.282202 16 0.282189 4.01 1.00 1.59
192 Igneous core 1122 72 0.023878 19 0.000882 5 1.467205 1.88675 22 0.282198 15 0.282180 3.76 1.01 161
171 Igneous core 1131 41 0.022621 18 0.000821 5 1.467241 1.88684 19 0.282170 13 0.282153 3.01 1.00 1.66
179 Igneous core 1148 44 0.021711 18 0.000769 5 1.467197 1.88671 20 0.282157 14 0.282140 296 1.00 1.68
217 Igneous core 1495 43 0.010553 8 0.000394 2 1.467285 1.88645 1 0.282172 27 0.282160 11.59 0.99 1.48
Reference materials
5
3 560 1 0.0046 4 0.00016 1 1.46720 1.88671 15 0.281693 14 0.281691 -26.23 0.60 26
5 560 1 0.0045 4 0.00015 1 1.46722 1.88673 16 0.281666 17 0.281664 -27.18 0.60 27
62 560 1 0.0047 4 0.00016 1 1.46728 1.88691 17 0.281672 14 0.281670 -26.96 0.60 26
63 560 1 0.0047 4 0.00016 1 1.46723 1.88685 16 0.281675 14 0.281673 -26.86 0.60 26
65 560 1 0.0048 4 0.00016 1 1.46724 1.88683 16 0.281661 14 0.281659 -27.35 0.60 27
122 560 1 0.0047 4 0.00016 1 1.46721 1.88677 19 0.281685 14 0.281683 -26.50 0.60 26
123 560 1 0.0046 K 0.00015 1 1.46724 1.88674 18 0.281668 15 0.281667 -27.09  0.60 26
124 560 1 0.0048 4 0.00016 1 1.46725 1.88679 19 0.281674 14 0.281672 -26.90 0.60 286
6 566 % 60044 4 8:00045 + 446749 488674 45 6:284635 46 0-284633 -28:29 660 27
64 566 + 686648 4 866616 % 446725 488685 46 6:281656 6 8281648 2776 666 27
[Mudtank
7 732 1 0.0011 1 0.00004 0 1.46728 1.88686 16 0.282506 12 0.282505 6.47 0.60 1.0
8 732 1 0.0010 1 0.00003 0 1.46722 1.88679 17 0.282510 16 0.282509 6.62 0.60 0.9
9 732 1 0.0011 1 0.00003 0 1.46725 1.88681 17 0.282492 13 0.282491 5.97 0.60 1.0
10 732 1 0.0010 1 0.00003 0 1.46719 1.88689 17 0.282510 16 0.282510 6.63 0.60 0.9
66 732 1 0.0010 1 0.00003 0 1.46725 1.88683 18 0.282517 16 0.282516 6.86 0.60 0.9
67 732 1 0.0010 1 0.00003 0 1.46724 1.88681 18 0.282521 13 0.282520 7.01 0.60 0.9
68 732 1 0.0010 1 0.00003 0 1.46722 1.88679 19 0.282508 12 0.282507 6.54 0.60 09
69 732 1 0.0010 1 0.00003 0 1.46726 1.88684 20 0.282499 13 0.282499 6.24 0.60 10
125 732 1 0.0010 1 0.00003 0 1.46723 1.88681 19 0.282504 14 0.282504 6.42 0.60 1.0
126 732 1 0.0010 1 0.00003 0 1.46722 1.88676 20 0.282518 14 0.282517 6.90 0.60 0.9
127 732 1 0.0010 1 0.00003 0 1.46721 1.88680 19 0.282511 14 0.282510 6.65 0.60 0.9
GJ-1
12 602 1 0.0065 5 0.00026 2 1.46728 1.88694 10 0.282004 23 0.282001 -14.31 0.60 20
13 602 1 0.0066 5 0.00026 < 1.46726 1.88685 10 0.282008 17 0.282006 -14.15 0.60 20
14 602 1 0.0066 5 0.00026 2 1.46719 1.88663 1" 0.282012 21 0.282009 -14.04 0.60 20
70 602 1 0.0065 5 0.00026 2 1.46725 1.88668 12 0.282018 22 0.282015 -13.80 0.60 20
7 602 1 0.0066 5 0.00026 2 1.46725 1.88682 12 0.281992 14 0.281989 -14.72 0.60 20
72 602 1 0.0066 5 0.00026 2 1.46724 1.88680 12 0.282000 17 0.281997 -14.45 0.60 20
73 602 1 0.0066 5 0.00026 ] 1.46720 1.88684 12 0.281997 16 0.281994 -14.55 0.60 20
1" 602 1 0.0066 5 0.00026 2 1.46724 1.88672 10 0.282032 20 0.282029 -13.31 0.60 19
129 602 1 0.0067 5 0.00026 2 146724 1.88680 13 0.282029 19 0.282027 -13.41 0.60 19
130 602 1 0.0066 5 0.00026 2 1.46725 1.88682 13 0.282025 14 0.282022 -13.57 0.60 2.0
[Plesovice
16 337 1 0.0083 7 0.00022 1 1.46723 1.88679 16 0.282463 17 0.282462 -3.94 0.60 12
17 337 1 0.0060 5 0.00015 1 1.46724 1.88682 17 0.282482 16 0.282481 -3.24 0.60 12
18 337 1 0.0075 7 0.00020 1 1.46722 1.88677 16 0.282481 17 0.282479 -3.32 0.60 12
74 337 1 0.0049 4 0.00012 1 1.46721 1.88678 20 0.282488 12 0.282487 -3.03 0.60 1.2
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75 337 1 0.0050 4 0.00013 1 1.46725 1.88672 19 0.282483 17 0.282482 -3.21 0.60 12
76 337 1 0.0088 7 0.00023 1 1.46723 1.88683 19 0.282462 12 0.282461 -3.97 0.60 12
76 337 1 0.0073 6 0.00018 1 1.46722 1.88670 19 0.282461 15 0.282459 -4.02 0.60 1.2
132 337 1 0.0059 5 0.00015 1 1.46728 1.88686 19 0.282467 13 0.282466 -3.77 0.60 12
133 337 1 0.0067 5 0.00017 1 1.46724 1.88671 19 0.282462 15 0.282461 396 060 12
Sample " " U-Pb ages (Ma) o
name Raglon unit Lithalogy l[ MDA | Crystallization | Metamorphism |
SJ106 Rufunsa Plagiogranite 1393422 Oliver et al. (1998)
MOS 34 Tete Province Fingoé Supergroup Meta-andesi 132710 Manttari (2008)
MOS 1 Tete Province Rio Capoche granite Granite 1201410 Manttari (2008)
MB179 Tete Province Fingoé Supergroup Calc-silicatic schist 1143£2 Petry et al. (2022)
MB138 Tete Province Cazula Complex Grt-bt-gz schist 11371 Petry et al. (2022)
MB144 Tete Province Chidzolomondo Complex Metagabbro 1133415 1061£3; 1023+12 This study
MOS 15 Tete Province Ci iza Suite Granite 1117412 Manttari (2008)
e MB182 Tete Province Zambué Supergroup Meta-arkose 1110£2 Petry et al. (2022)
JE MB148 Tete Province Chidzolomondo Complex __ Charnackitic gneiss 111042 1060+10 This study
> |__MB146 Tele Province Chidzolomondo Complex Paragneiss 1100£3 109215; 10645 This study
E MB181 Tete Province Fingoé Supergroup Meta i 1095410 Petry et al. (2022)
'qg Cé1la Rufunsa Chongwe Complex Felsic gneiss 10884 Johnson et al. (2007)
g ADC Rufunsa Granitic orthogneiss 108749 1068+21 Goscombe et al. (2000)
< MOS 18 Tete Province Monte Capirimpica granite Granite 108647 Manttari (2008)
CHAK48a Rufunsa Chakwenga Complex Felsic gneiss 1083418 Johnson et al. (2007)
MB137 Tete Province Cazula Complex Diabase 108243 Petry et al. (2022)
MB135 Tete Province Cazula Complex Metasandstone 10771 Petry et al. (2022)
MOS 9 Tete Province Cassacatiza Suite Granite 107742 Manttari (2008)
CHP10 Chipata Porphiritic granite 1076414 Johnson et al. (2006)
CHP4a Chipata Charnockitic gneiss 107646 Johnson et al. (2006)
| c70 Rufunsa Chongwe Complex Felsic gneiss 10703 Johnson et al. (2007)
Z-118 Chipata Grt-Crd-Sil gneiss 1067415 ( ite) Karmakar and Schenk (2016)
CHP8 Chipata Porphiritic granite 1061113 Johnson et al. (2006)
| MOS 10 Tete Province Monte Sanja Suite Granite 105048 Manttari (2008)
BM179 SW Malawi Furacungo Suite Granite 104712 Manda et al. (2019)
CHP2a Chipata Augen gneiss. 104644 Johnson et al. (2006)
PS65 Petauke Granite 1043+14 Johnson et al. (2006)
MOS 11 Tete Province Furacungo Suite Granite 1041+4 Manttari (2008)
ﬁ 216-41 Chipata Charnockite 104045 Alessio et al. (2019)
£ | 21642 Chipata Charnockite 10396 Alessio et al. (2019)
] BM163 SW Malawi Furacungo Suite Granite 1039+12 Manda et al. (2019)
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Late- to post-collision

Sample " . " U-Pb ages (Ma) o
name Reglon unit Lithalogy MDA | Crystallization | Metamorphism |
CHP12 Chipata Porphiritic granite 103819 Johnson et al. (2006)
CHP6a Chipata Granite 10386 Johnson et al. (2006)
BM256 SW Malawi Furacungo Suite Granite 103340 Manda et al. (2019)
Z-126 Chipata Grt-Sil-Spl-Qz granulite 103144 (monazite) Karmakar and Schenk (2016)
BM174 SW Malawi Furacungo Suite Granite 102948 Manda et al. (2019)
BM249 SW Malawi Castanho Suite? Charnockitic gneiss 102711 Manda et al. (2019)
MB141 Tete Province Charnockite 10254 This study
Z-127 Chipata Grt-Sil-Spl-Qz granulite 102418 (monazite) Karmakar and Schenk (2016)
SZ25C Nyamadzi Shear Zone Milonitic granite 102312 Johnson et al. (2006)
BM209 SW Malawi Furacungo Suite Granite 1023121 Manda et al. (2019)
Z-115 Chipata Grt-Sil-Spl-Qz granulite 102144 (monazite) Karmakar and Schenk (2016)
MB132 Tete Province Charnockite 1019417 This study
Z-120 Chipata Gri-Opx-Crd granulite 101344 (monazite) Karmakar and Schenk (2016)
SZ23  Nyamadzi Shear Zone Ultramilonite 100817 Johnson et al. (2006)

137



