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RESUMO

a Formacdo Diamantino compreende um sistema fluviolacustre que ocorre na regido central
do Brasil, no sudeste do estado do Mato Grosso. Sua evolucdo inicialmente foi associada ao Grupo
Alto Paraguai na Faixa Paraguai, no contexto de uma bacia foreland. No entanto, a descoberta de
icnofacies skolithos na base do Grupo Alto Paraguai propés um cenéario tectbnico-estratigrafico
fanerozdico para as formagOes Raizama, Sepotuba e Diamantino. Esta nova interpretacdo levou ao
reposicionamento da Formacdo Diamantino do Cambriano para o Ordoviciano, embora a
paleogeografia associada a essa mudanga ainda ndo tenha sido amplamente discutida. Estudos
anteriores sugeriram que os metassedimentos das Faixas Paraguai-Brasilia e 0 Arco Magmaético de
Goias foram as principais areas fontes para essa sedimentacéo, apoiados por dados de paleocorrentes
gue indicam uma migracdo de sedimentos do sudeste para o noroeste. Durante o Ordoviciano,
ocorreram extensas zonas de subsidéncia no Gondwana Oeste relacionadas a orogenia Ocldica, o que
possibilitou a implantacdo dos primeiros sistemas sedimentares da Bacia do Parana sobre os nucleos
das Faixas Paraguai, Brasilia e Ribeira. Nesse cendrio a presenca desses depositos pode sugerir a
coexisténcia de rotas de sedimentos das unidades do Brasil Central e Formagéo Diamantino trazendo
novas perspectivas para paleogeografia dessa porcdo do Gondwana Oeste. Nessa dissertacéo,
investigamos a proveniéncia sedimentar da Formagdo Diamantino para comparar e reavaliar a
caracterizacdo do preenchimento sedimentar e as rotas de sedimentos utilizadas nessa sedimentagéo.
Na construcdo do trabalho foram estudados cinco perfis estratigraficos, dezessete analises de
petrografia sedimentar, nove lamina de minerais pesados, cinco amostras de Samario-Neodimio e
duas amostras de Uranio-Chumbo em zircédo detritico. Os dados de petrografia demonstram que as
rochas da Formacdo Diamantino sdo compostas por areia lito-quartzosa metasiliciclastica. A
assembleia de minerais pesados transparentes é composta em sua maioria por minerais pesados ultra
estaveis (zircdo, turmalina e rutilo, média de 94,5% do indice ZTR). A presenca de areia
metasiliciclastica e uma assembleia de minerais pesados ultra-estaveis sugere a formagéo Diamantino
apresenta uma historia policiclica. Os depdsitos basais da Formagdo Diamantino sao constituidos por
sedimentos depositados em ambiente lacustre. A idades de proveniéncia Nd e familias de zircao
detritico estdo restritas respectivamente a 1.63 Ga e idades Mesoproterozicas e Paleoproterozoico. Os
depositos do topo constituem arenitos finos e pelitos depositados em ambiente fluvio-deltaico. As
idades de proveniéncia Nd das amostram variam em torno de 1.3 Ga e apresentam rica contribuicao
de familias do intervalo Neoproterozoico-Cambriano. A fim de analisar as assinaturas de zircdo
detritico da Formacao Diamantino, foram comparadas 221 idades pertencentes aos zircdes da unidade
com 5748 idades pertencentes aos orogenos Brasilia e Paraguai e unidades do Ordoviciano-Cretaceo

da bacia do Parana. A aplicacdo de escalonamento multidimensional em idades de proveniéncia Nd
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e zircdo detritico em comparacdo com as possiveis areas-fontes sugerem que a sedimentagdo
Diamantino apresenta uma complexa troca de sedimentos durante a expansdo da bacia lacustre. A
alta razdo Q/F, auséncia de assembleia ferromagnesiana e as escassez de idades Riacianas nas
populagdes de zircdo detritico enfraquecem a hip6tese de influéncia direta da Faixa Brasilia e Arco
Magmatico de Goias. A presenca de idades detriticas do limite Cambriano-Ordoviciano (528-485
Ma) demonstram uma série de possiveis protosourcers que ndo estdo em &reas cratdnicas do
Gondwana Oeste e representam importantes areas-fontes para o Grupo Rio Ivai na Bacia do Parana.
A analise multiproxy sugere que a principal rota de sedimentos para Formacdo Diamantino teve como
area-fonte mistura de sedimentos da Faixa Paraguai, Bacia Araras-Alto Paraguai e do norte da Bacia
do Parand. Nesse sentido, os dados publicados nessa dissertacdo, sugerem que exista uma conexao

genética ou erosiva com os depdsitos do meio do paleozoico da regido Central do Brasil.

Palavras-chave: reciclagem; Grupo Alto-Paraguai; Bacia do Parana; Orogenos Brasilianos.
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ABSTRACT

the Diamantino Formation encompasses a fluviolacustrine system founded in the central
region of Brazil, in the southeastern part of Mato Grosso state. Initially, its evolution was linked to
the Alto Paraguai Group within the Paraguai Belt, in the context of a foreland basin. However, the
discovery of skolithos ichnofacies at the base of the Alto Paraguai Group proposed a phanerozoic
tectono-stratigraphic scenario for the Raizama, Sepotuba, and Diamantino formations. This new
interpretation led to repositioning the Diamantino Formation from the Cambrian to the Ordovician,
although the paleogeography associated with this change has not been extensively discussed. Previous
studies suggested that the metasediments from the Paraguai-Brasilia Belts and the Goids Magmatic
Arc were the main source areas for this sedimentation, supported by paleocurrent data indicating
sediment migration from southeast to northwest. During the Ordovician, extensive subsidence zones
in West Gondwana related to the Ocldic orogeny enabled the establishment of the first sedimentary
systems of the Parana Basin over the cores of the Paraguai, Brasilia, and Ribeira Belts. In this
scenario, the presence of these deposits may suggest the coexistence of sediment pathways from the
Central Brazil units and the Diamantino Formation, offering new insights into the paleogeography of
this portion of West Gondwana. Additionally, it is noteworthy that during the Cambrian, no deposits
of the Parana Basin were observed, whereas in the Ordovician, the presence of these deposits suggests
the possibility of coexistence or even the transformation of these systems into source areas for the
Diamantino Formation. In this dissertation, we investigated the sediment provenance of the
Diamantino Formation to compare and reassess the characterization of sedimentary fill and sediment
pathways used in this sedimentation. Five stratigraphic profiles, seventeen sedimentary petrography
analyses, nine heavy mineral analysys, five Samarium-Neodymium samples, and two Uranium-Lead
samples in detrital zircon were studied. Petrographic data indicate that the rocks of the Diamantino
Formation are composed of metasiliciclastic lithoquartzose sand. The transparent heavy mineral
assemblage consists mostly of ultra-stable heavy minerals (zircon, tourmaline, and rutile, averaging
94.5% of the ZTR index). The presence of metasiliciclastic sand and an ultra-stable heavy mineral
assemblage suggest that the Diamantino Formation has a polycyclic history. The basal deposits of the
Diamantino Formation consist of sediments deposited in a lacustrine environment. Nd provenance
ages and detrital zircon families are restricted to 1.63 Ga and Mesoproterozoic and Paleoproterozoic
ages, respectively. The top deposits consist of fine sandstones and mudstones deposited in a fluvio-
deltaic environment. Nd provenance ages of the samples vary around 1.3 Ga and show a rich
contribution of families from the Neoproterozoic-Cambrian interval. To analyze the detrital zircon
signatures of the Diamantino Formation, 221 ages from the unit's zircons were compared with 5748

ages from the Brasilia and Paraguai orogens and units from the Ordovician-Cretaceous of the Parana
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Basin. The application of multidimensional scaling on Nd provenance ages and detrital zircon in
comparison with potential source areas suggests that Diamantino sedimentation presents a complex
sediment exchange during the expansion of the lacustrine basin. The high Q/F ratio, absence of a
ferromagnesian assemblage, and scarcity of Riacian ages in detrital zircon populations weaken the
hypothesis of direct influence from the Brasilia Belt and Goias Magmatic Arc. The presence of detrital
ages from the Cambrian-Ordovician boundary (528-485 Ma) demonstrates a series of potential
protosourcers that are not in cratonic areas of West Gondwana and represent significant source areas
for the Ivai River Group in the Parana Basin. The multiproxy analysis suggests that the main sediment
pathway for the Diamantino Formation had a source area mixture of sediments from the Paraguai
Belt, Araras-Alto Paraguai Basin, and the northern Parana Basin. In this sense, the data published in
this dissertation suggest a genetic or erosive connection with the mid-Paleozoic deposits of the Central

Brazil region.

Keywords: recycling; Alto-Paraguai Group; Parana Basin; Brazilian Orogens.
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1. APRESENTACAO
1.1 ESTRUTURACAO DA DISSERTACAO

Este manuscrito estd organizado em 5 capitulos: Capitulo 1 — Introdugdo e apresentacdo da
problematica, objetivo e area de estudo; Capitulo 2 — Fundamentacéo tedrica e metodologia utilizada
no trabalho: diagramas de proveniéncia, sistemas isotopicos e suas implicacbes para idade
deposicional maxima e proveniéncia sedimentar; Capitulo 3 — Contexto geoldgico dos depdsitos
sedimentares do sudeste do Craton Amazonico; Capitulo 4 — Resultados na forma de artigo cientifico:
“Provenance of the fluviolacustrine system of the Diamantino Formation: Sedimentary Fill and post
Ordovician sediment routing; Capitulo 5 — Consideracgdes finais e referéncias.

1.2 INTRODUCAO

Na borda sudeste do Craton Amazdnico, os registros sedimentares presentes estdo distribuidos
em trés segmentos tectono-estratigraficos: Faixa Paraguai Norte, Bacia Araras-Alto Paraguai e Bacias
fanerozoicas do Parana e Parecis (Fig. 1), apresentando respectivamente coberturas neoproterozoicas,
neoproterozodicas-cambrianas e cambriana-cretaceas. Apesar da existéncia de trabalhos regionais
muitas incertezas e incoeréncias ainda persistem sobre o posicionamento estratigrafico e tecténico
das unidades dessas bacias (Almeida 1964, Babisnky et al. 2018, Bahia et al. 2004, Mcgee et al.
2015, Milani & De Wit, 2008, Milani & Ramos 1998, Milani et al. 2007, Nogueira et al. 2022), Um
dos principais exemplos é a Formacdo Diamantino, foco dessa dissertacdo de mestrado, depositos
fluviolacustres que ocorrem nos limites entre essas sinéclises e sua evolugdo associada a Bacia
Araras-Alto Paraguai como a fase de fechamento de conexdes oceénicas no fim do cambriano no
Gondwana Oeste (Bandeira et al. 2012, McGee et al. 2015, Nogueira et al. 2019).
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Figura 1- A. Localizacdo da regido sudeste do Craton AmazOnico. B. Mapa geoldgico simplificado

demonstrando a ocorréncias dos principais depdsitos e suas eras geoldgicas no limite da regido central do Brasil.

C. Area de estudo dessa dissertagio de Mestrado. Modificado de Nogueira et al. (2019).

Os primeiros estudos de cunho geoldgico sobre as unidades da Bacia Araras-Alto Paraguai (Fig.

2) interpretavam que elas fariam parte de uma evolugéo continua, relacionada aos sistemas orogénicos

Paraguai-Araguaia durante a amalgamacdo do supercontinente Gondwana,

na transicéo

Neoproterozoico-Cambriano (Almeida 1964, Silva Junior et al. 2007, Alvarenga et al. 2008, Dantas

etal. 2009, Bandeira et al. 2012). Essa cobertura, estaria inserida em uma bacia Foreland, na transi¢do

entre margem passiva para um contexto flysch-molasse (Bandeira et al. 2012).
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Figura 2- Tectonoestratigrafia do sudeste do Craton amaz6nico, especificamente no setor nordeste da Faixa

Paraguai Norte, Bacia Araras-Alto Paraguai. Fonte: Nogueira et al. (2019).

A descoberta de icnofacies skolithos nos depdsitos basais do Grupo Alto Paraguai trouxe um
indicativo fanerozodico a este pacote, reposicionando toda sequéncia sicliclastica para o cambriano-
ordoviciano (Nogueira et al. 2018, 2022, Rezende et al. 2021, Santos et al. 2017, Santos et al. 2020).
Esta discordancia de 80 milhdes de anos entre a base do GAP e o Neoproterozdico trouxe novos

questionamentos ndo apenas em termos evolutivos, mas também em paleogeografia. Dessa maneira,



os sedimentos fluviolacustres da Formacdo Diamantino, que convencionalmente compdem o0s
depdsitos superiores do GAP, foram reposicionados ao Ordoviciano e seu contexto evolutivo ainda é
incerto (Santos et al. 2017, Nogueira et al. 2019). O Ordoviciano € um periodo chave para a regido
central do Brasil devido as vastas e rapidas zonas de subsidéncia relacionadas a convergéncia do
bloco Gondwana e do terreno oceanico do Panthalassa. Durante a orogenia Ocldica, espessas
coberturas sedimentares deram origem a sedimentacdo na regido central do Brasil, relacionadas ao
Grupos lvai e Parana na Bacia do Parana. (Assine et al. 1998, Henrique-Pinto et al. 2021, Milani &
De Wit 2008, Milani & Ramos 1998). Desde as Ultimas publicaces sobre a Formacdo Diamantino
(Bandeira et al. 2012, McGee et al. 2015) novas publica¢Bes sobre as coberturas sedimentares da
regido central do Brasil surgiram, trazendo um amplo banco de dados de proveniéncia e
paleogeografia, tornando-se uma Otima oportunidade para comparar e reavaliar o cenario
paleogeografico. Nessa dissertacdo de mestrado, investigamos o preenchimento sedimentar e rota de
sedimentos da Formagdo Diamantino: Aspectos sedimentoldgicos, petrografia de arenitos, analise de
minerais pesados, idades U-Pb e Sm-Nd em rocha total das coberturas de Diamantino séo reavaliados
para visualizar a assinatura detritica da unidade e comparar com outras coberturas da regido central

do Brasil que possam apresentar rotas de sedimentacdo semelhante.

1.3 OBJETIVOS
O objetivo geral dessa dissertagdo de mestrado é investigar a qual assinatura detritica dos
depositos fluviolacustres da Formagdo Diamantino, comparando a similaridade entre as amostras das

coberturas sedimentares do meio do paleozoico e os terrenos orogénicos do Gondwana Oeste.

1.4 AREA DE ESTUDO

A é&rea de estudo dessa dissertagdo esta localizada na regido sudeste do Craton Amazonico, no
estado do Mato Grosso (MT), a cerca de 175 km ao norte da capital Cuiaba, compreendendo as
regides dos municipios de Diamantino, Alto Paraguai e Nortelandia. As se¢des estudadas
correspondem a estratigrafia proposta em Bandeira et al (2012) que ocorrem principalmente em cortes

de estradas da BR-123 e pequenas falésias em estradas de terra (Fig. 3).
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acessos a cidade Diamantino onde foram realizados os estudos dessa dissertagao.



2. FUNDAMENTACAO TEORICA E METODOLOGIA

2.1 PROVENIENCIA E DISPERSAO DE SEDIMENTOS

A composicao de areias e arenitos sdo resultantes de uma complexa rede de processos fisicos e
quimicos associados a diferentes tectdnicas, composicdo das fontes, geracdo de material detritico,
transporte e a modificagdo durante as diferentes fases do ciclo sedimentar (Morton & Hallsworth,
1994, 1999). Apesar da ampla variabilidade de rochas-fontes em diferentes sistemas deposicionais, a
identificacdo de minerais que compuseram os depdsitos siliciclasticos envolvem uma série de fatores
gue podem ou ndo refletir diretamente na composicdo das fontes (Fig. 4). Esses fatores envolvem
uma série processos como selecdo hidraulica/aerodindmica, abrasdo e dissolucdo que afetam
diferentemente cada tipo de minerais, dependendo de sua composi¢éo, fazendo com que parte do sinal
seja perdido ou homogeneizado. (Garzanti 2016, Morton and Hallsworth 1999) O intemperismo
quimico, que é insignificante em climas frios e aridos, pode desenvolver espessos perfis de solo em
ambientes quentes e Umidos produzindo uma extensiva modificagdo na assembleia de minerais
pesados (Johnsson 1993, Morton and Hallsworth 1999) como por exemplo nos sedimentos no rifts
do Oeste Africano (Eg: Ando et al. 2012, Garzanti et al. 2013). Dessa maneira, arenitos de diferentes
fontes, podem apresentar assembleias mineral6gicas semelhantes devido fornecerem apenas um
residuo resistente de sua populacdo original que ainda pode ser agravado pela dissolugéo interestratal
durante a diagénese de soterramento (Garzanti 2016, Hubert 1962, Morton and Hallsworth 1999).
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Figura 4- llustracdo demonstrando alguns processos que causam impressdo sobreposta na geracéo e o transporte

de areias durante o ciclo sedimentar. Fonte: Morton & Hallsworth (1994).



2.2 CLASSIFICACAO DE ARENITOS E AMBIENTE TECTONICO.

Durante o inicio da década de 40, surgira a primeira classificacdo petroldgica de arenitos por
(Krynine 1948), seguida pela proliferacéo de vérias novas classificacdes na década de 50 e 60 (p.e:
Pettijohn 1954, Dott, 1964, Mcbride 1963, Folk 1980). Apesar dessas importantes contribuicfes, os
estudos feitos por Dickinson (1970) e Gazzi (1966) foram essenciais para reprodutibilidade segura de
modelos detriticos, permitindo posteriormente a conexdo entre diferentes cenarios geodinamicos e a
quantificagdo de constituintes de uma forma aparentemente direta (Dickinson & Suczek 1979,
Ingersoll & Suczek 1979). N&o obstante, com os avangos nas ferramentas investigativas,
compreendeu-se que ambientes sedimentares representam um sistema complexo e dindmico, sendo
necessario visualizar cada caso como unico (Paola & Leeder 2011, Garzanti 2016). Nessas condigdes,
se destaca a importancia dos estudos comparativos entre a dispersdo e geracdo de sedimentos em
sistemas modernos e antigos (Allen 2008, Hinderer 2012, Garzanti 2016). Garzanti (2018) propde
uma classificagdo descritiva para areia e arenitos, baseado na metodologia Gazzi-Dickson utilizando
diagramas ternarios de Quartzo (Q), Feldspatos (F) e liticos (L) (QFL). O diagrama conta com 15
campos baseado na abundéncia relativa dos componentes do arcabouco. No caso de arenitos e areias
ricos em liticos, deve-se adotar um adjetivo baseado na concentragdo dos liticos identificados, por
exemplo (metamorficlastica, carbonaticlastica, basalticlastica). Areias emprobrecidas em liticos
podem ser analisadas baseadas nas razdes Q/F. Essa nova classificacdo tem sido utilizada para reduzir
ambiguidades subjetivas que envolvam textura, classificacdes mal definidas (p.e: Grauvacas) e a

origem genética da areia (Garzanti 2018).

2.3 ZIRCAO, METODO U-PB E SUAS APLICAGOES NA PROVENIENCIA.

O zircdo (ZrSiO4) é um mineral ortosilicatico tetragonal ultra-estavel singular, seu uso nas
ciéncias da terra rompeu barreiras no quesito evolucao crustal, principalmente através da datacdo de
rochas através do método de decaimento do Uranio (U) para 0 Chumbo (Pb), sendo capaz de registrar
evolugbes da crosta, episddios de extingdo, eventos orogénicos, dispersdo e aglutinacdo de
continentes e sedimentacdes (Harley et al. 2007). Sua anélise é possivel devido a substituicdo do U**
pelo Zr** na estrutura do mineral devido seus raios idnicos similares (Zr** = 0.80 A; U* = 0.97 A)
(Faure et al. 2005) Atualmente, sabe-se que os isétopos de U-Th-Pb sdo subdivido no grupo de pais:
238y, 25U e 232Th que geram os isétopos radiogénicos filhos 2°°Pb, 2°7Pb e 28Pb através da emisséo de
particulas alfas e betas. Apesar de existir outro is6topo de Pb (***Pb) a auséncia do carater radiogénico

permite que existam valores de referéncia devido sua estabilidade permitindo a corre¢do de chumbo



comum das amostras (Schoene 2014). A idade obtida pelo reldgio geocronoldgico U-Pb é baseada na
funcdo matemaética que utiliza relacdo dos nimeros de 4tomos pais remanescentes de uranio e o
ntmero final de is6topos filhos Pb no tempo (1;2) onde os termos T sdo 0 tempo e A a constante de

decaimento do is6topo pai para filho (nesse caso: A2 = 1.55125 e1%; A28 = 4.9475 e11):

206p) 206p;, 238(; N
204p) = 204p), (l) + m (e 1t 1) (1)
207p), 207p), 2385 N
204, = 204, (l) + 204p,) (e 1t 1) (2)

O diagrama concordia é uma ferramenta matematica utilizada para representar o lugar geométrico
dos pontos de idades concordantes obtidas pelos geocrondmetros 28U-2%6Pb e 235U-297PD ja que idades
isocronicas se baseam em apenas um cronometro enquanto que idades concérdia representam dois
pardmetros (Ahrens 1995, Wetherill, 1956). Levando em consideragdo que o sistema radiogénico se
manteve fechado para o uranio e seus isétopos, as idades dos diferentes isétopos de U-Pb
permaneceram iguais, portanto, concordantes, enquanto no caso da perda de Pb, os pontos analiticos
ndo coincidirdo com a concérdia e serdo denominados discordantes. (Wetherill 1956, Tera e
Wasserburg, 1972a).

2.4 U-PB EM ZIRCAO DETRITICO, “BIG DATA” E SUA ANALISE ESTATISTICA.

O estudo de zircdo detritico tem sido utilizado cotidianamente para entender a dispersdo de
sedimentos em bacias sedimentares através do tempo. Essa dispersdo envolve uma série de misturas
de material devido as multiplas fontes primarias e a histéria policiclica de unidades sedimentares. Um
dos aspectos fundamentais para elaboracédo uma histéria geoldgica com dados de zircdo detritico é a
comparacgdo de entre os dados geocronoldgicos obtidos e suas fontes (Fedo et al. 2018 Vermeesch
2018, Vermeesch et al. 2023, 2016). Devido os sedimentos siliciclasticos apresentarem diferentes
assinaturas quimicas, mineraldgicas e isotdpicas € possivel comparar amostras aplicando testes
estatisticos que exploram a (di)similaridade amostral. Dentre eles, se destacam o teste Kolmogorov-
Smirnov que quantifica a distancia entre uma funcao distribuida acumulada e a funcdo empirica das
amostras (Lysiak & Szmajda 2021) (Fig 5). Essa distancia € melhor observada através do

escalonamento multidimensional (MDS) que se baseia em demonstrar as dissimilaridades amostrais



através do uso de mapas dimensionais baseado na distancia matematica entre objetos (Vermeesch
2018, Vermeesch et al. 2023, 2016).
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Figura 5- Representacdo visual do teste K-S. A linha pontilhada representa a distancia entre a fungdo acumulada

e a funcdo empirica. Fonte: Lysiak and Szmajda (2021)

2.5 0 METODO SM-ND E SUA APLICACAO NA PROVENIENCIA SEDIMENTAR

O samario (Sm) e o neodimio (Nd) sdo elementos pertencentes as terras raras (ETR), situados na
série dos lantanideos e comumente encontrados em silicatos, fosfatos e carbonatos que constituem
rochas. O Sm possui sete is6topos naturais, sendo que apenas o 4’Sm, 1*8Sm e 1%°Sm sdo radioativos.
No entanto, os dois Ultimos possuem uma meia-vida tdo longa (10'® anos) que ndo provocam
variagdes mensuraveis nos isétopos radiogénicos **Nd e *°*Nd. O método Sm-Nd fundamenta-se na
desintegracdo do is6topo radioativo 4’Sm para o isétopo radiogénico “**Nd por meio da emissdo
espontanea de particulas alfa (Faure, 1986). O *4’Sm possui uma meia-vida curta suficiente (10 anos)
para gerar pequenas diferencas mensuraveis na abundancia do isétopo radiogénico “*Nd.

A trajetoria isotopica do neodimio (Nd) na Terra é interpretada com base no modelo de evolugédo
do CHUR (Reservatério Condritico Uniforme), proposto por DePaolo e Wasserburg (1976a). A
evolucdo isotopica secular do Nd no manto é estudada considerando a origem como de um
reservatorio terrestre uniforme, cuja razdo Sm/Nd é equivalente aquele presente nos meteoritos
condriticos. A partir da parametrizacdo dos valores contemporaneos de ’Sm/***Nd e **Nd/***Nd nos

condritos, é possivel calcular a razdo **3Nd/***Nd do material em qualquer momento da evolucéo da
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Terra. 1sso viabiliza a obtengdo de uma curva representativa da evolucéo do Nd ao longo do tempo
(Fig 6).
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Figura 6- Evolugdo isotopica do Nd e os efeitos de fusdo parcial resultando na crosta continental e 0 manto
depletado. Os valores de eixo y representam a razdo ***Nd/***Nd que caracterizam o CHUR e fontes mantelicas

depletadas. Fonte: Faure (1986).

O sistema Sm-Nd tem sido usado em proveniéncia sedimentar porgque esses elementos de terras
raras resistem ao fracionamento por intemperismo, erosdo, transporte, deposi¢do e diagénese,
preservando informages de idade sobre rochas fontes sedimentares representando idades modelos e
End semelhantes aos parametros na deposicdo (DePaolo e Wasserbug 1976, Hamilton et al. 1980,

Nelson & Depaolo 1988, Thorogood 1990).
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3. CONTEXTO GEOLOGICO

A histdria geoldgica da regido central do Brasil compreende um registro completo das fases
da evolucdo do Gondwana Oeste. Nessa regido compartimentam-se porcbes pré-cambrianas dos
cratons Amazonico, Paranapenema e Sao Francisco-Congo, cinturfes orogénicos Paraguai, Brasilia
e Ribeira e bacias fanerozoicas do Parana e Parecis. A evolugdo inicial desse supercontinente €
marcada pela amalgamacdo dos antigos blocos continentais, na qual o sistema orogenico Paraguai
seria uma importante unidade geotectdnica gerada durante o final do ciclo Brasiliano-Pan Africana
(940-620 Ma) (Almeida 1974, Alvarenga & Trompette 1988, Trindade et al. 2003, Tohver et al.
2010). Anteriormente, sedimentacdes siliciclasticas e carbonéticas ligadas a faixa Paraguai eram
associadas uma bacia do tipo foreland, depositadas concomitantemente com a evolugdo do sistema
orogénico Paraguai. (Alvarenga et al. 2008, Alvarenga & Trompette 1993, Bandeira et al. 2012,
Dantas et al. 2009) Estudos tectdnico-estruturais fragilizaram essa hip6tese e sugerem que houve a
implantacdo de uma bacia intracraténica pés-glacial durante o final do ediacarano, chamada de
Araras-Alto Paraguai (Nogueira et al. 2022, Rezende et al. 2021, Santos et al. 2020, Santos et al.
2021).

O embasamento dessa bacia é compreendido pela Faixa Paraguai, sendo o Grupo Cuiab4,
uma sequéncia metavulcanosedimentar depositada em sistema de margem passiva com idade
deposicional maxima de 652 + 5 Ma (Almeida 1964, Alvarenga & Trompette 1993, Babinski et al.
2018) Sobrepostos a essa unidade, ocorrem diamictitos da Formagao Puga relativos ao ultimo evento
glacial do criogeniano (~635 Ma) (Nogueira et al. 2003). Discordantemente, é recoberto por uma
espessa plataforma carbonatica pertencente ao Grupo Araras, resultantes da subsidéncia costeira

causada pelo glacial isostatic adjustment (Santos et al. 2021).

Recobrindo os depdsitos pré-cambrianos, encontrasse o grupo Alto Paraguai, uma sequéncia
siliciclastica formada durante a epicontinentalizagdo do Gondwana Oeste (Santos et al. 2017). A
primeiras citacdes de cunho geoldgico sobre o grupo Alto Paraguai foram feitas por Evans (1893)
quando atribuiu aos arenitos feldspaticos que ocorriam na porcdo centro-oeste do Mato Grosso o
nome de Formagéo Rizama. N&o obstante, o estabelecimento do quadro evolutivo e contextualizagdo
estratigrafica dessas unidades foi feito pioneiramente por Almeida (1964) quando definiu o grupo
Alto Paraguai como rochas pré-silurianas que se sobrepunham sobre os carbonatos Araras,
hierarquizando o grupo em Formacdo Raizama, Sepotuba e Diamantino. Apesar dessa definicdo ser
utilizada nos trabalhos atuais, por décadas esses depdsitos foram associados a outras propostas

baseadas em composicOes litoldgicas com o intuito de correlacionar essas unidades aos depositos
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siliciclasticos da Bacia de Corumbd e Serra da Bodoguena no limite sul da faixa Paraguai (Luz et al.
1980).

A Formacdo Raizama é composta por sedimentos depositados em um ambiente flavio-
costeiro, seu membro inferior compreende por arenitos e pelitos depositados em ambiente
plataformais influenciados por tempestades, seguidamente por uns complexos sedimentos costeiros
com influéncia de maré que representariam o seu membro superior. Anteriormente, a evolucéo desses
depositos estaria atrelada ao final do Eiacarano, porém com a descoberta de icnofauna da icnofacies
Skolhitos tipica do cambriano foi necessario reposicionar o Grupo Alto Paraguai estratigraficamente
(Santos et al. 2017) Os depositos da Formacdo Sepotuba sdo compostos por dois membros, sendo o
membro basal arenitos depositados por um sistema fluvial associado a maré e pelitos, carbonatos e
folhelhos de plataforma marinha profunda relacionados ao membro superior (Bandeira et al. 2012,
Silva Janior et al. 2007).

3.1 FORMAGCAO DIAMANTINO

A Formacdo Diamantino é um sistema fluviolacustre que ocorre entre 0s municipios de
Nortelandia, Nobres, Diamantino e Alto Paraguai. Suas rochas tem como caracteristica uma intensa
coloracdo avermelhada com mergulho de acamamento cerca de 12° graus para noroeste. Essa unidade
é divida em trés associacdes de facies por Bandeira et al (2012): A associacao de facies (AF1) basal
€ composta por arenitos e siltitos esbranquicados com marcas onduladas, laminages cruzadas
cavalgantes e laminacGes plano paralelas depositadas em sistemas turbiditicos distais. A associagdo
de facies (AF2) compreende pelitos, arenitos finos e siltitos om laminagdes cruzadas, plano-paralelas
e marcas onduladas tipico de ambientes lacustres. A associacdo de facies (AF3) é constituida por
arenitos macicos, deformados e com estratificacdo cruzada sigmoidal, que ocorrem em ciclos
granocrescentes com espessamentos ascendentes interpretado como parte de um sistema fluvio-
deltaico. Composicionalmente, esses arenitos foram classificados como sublitoarenitos e litoarenitos
feldspaticos, incluindo principalmente fragmentos liticos de rochas sedimentar e fragmento de rochas
vulcanica. Dados de zircdo detritico em arenitos deltaicos nas proximidades da cidade Diamantino
indicariam idade minima de deposicdo cambriana (541 £7 Ma) e paleocorrentes migracao para NW,
indicando como as principais fontes a Faixa Paraguai, Macico Goiés e a Faixa Brasilia (Bandeira et
al. 2012). A partir disso, o contexto evolutivo da Formacgdo Diamantino esteve atrelado ao registro
de formacdo de sub-bacias do tipo foredeep, que seriam formadas durante a evolucdo final da
Orogenia Brasiliana/Pan Africana e, por consequéncia, evolucéo da Faixa Paraguai, representando o
fechamento do oceano Géias-Farusiano no final do Ediacarano e comego do Fanerozoico (~540 Ma)
(Bandeira et al. 2012).
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4. ARTIGO - PROVENANCE OF THE FLUVIOLACUSTRINE SYSTEM OF
THE DIAMANTINO FORMATION: SEDIMENTARY FILL AND ORDOVICIAN
SEDIMENT ROUTING

ABSTRACT

Orogenic phases of the West Gondwana directly influenced in the evolution of Phanerozoic
clastic basins. The compressive efforts from the collision between Gondwana and the Pathalassa
oceanic lithosphere during the Meso to Neo-Ordovician produced a series of flexural subsidence
zones that facilitated the establishment of new sediment pathways in the southeastern region of Brazil.
The basal depositional sequences of the Parané Basin, Rio lvai, and Parana Groups are examples of
pathways that emerged during the rapid advancement of the Ocloyc orogeny. The fluviolacustrine
deposits of the Diamantino Formation have been preliminarily associated with the Cambrian during
the final phase of the Brasiliano orogeny in the Paraguai Belt. However, their sedimentation pathways
and minimum deposition age are still poorly defined, and it is unknown which events influenced the
deposition of this unit. Thus, a multi-proxy approach should characterize the sedimentation pathways
and determine the primary sources. We studied sandstone petrography, heavy mineral analyses, U-
Pb in detrital zircon, and Whole-rock Sm-Nd allied with multidimensional scaling (MDS) and
paleocurrent data. Bulk petrography demonstrates that sand is characterized as litho-quartzose
metasiliciclastic due to the predominance of metasilstone, slate, quartz-mica schist and minor
sedimentary grains. The heavy mineral assemblage consists predominantly of ultrastable minerals
(ZTR index ~ 94.5%). The application of MDS on detrital ages suggests a similar signature to three
terrains: (1) the Araras-Alto Paraguai basin, (2) the core of the northern Paraguai Belt (Cuiaba Group),
and (3) the mid-Ordovician covers of Parana Basin. In basal deposits, the Nd provenance ages are
restricted to 1.63 Ga and Mesoproterozoic to Paleoproterozoic detrital zircon population. In the top
sections, the Nd provenance ages of the samples vary around 1.3 Ga and show a major contribution
of families from the Neoproterozoic-Ordovician interval, demonstrating a variation in supply
throughout its depositional history. The presence of Cambrian-Ordovician ages in the detrital zircon
population suggests that the unit's protosources can be sourced by Famatinian Magmatic Arc rocks,
indicating a minimum deposition age of Ordovician. The implantation of the lacustrine basin had as

its main supply the recycling of sedimentary deposits from the Paraguai Belt and Araras-Alto
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Paraguai Basin. As the lacustrine basin expanded, the detrital signatures coincided with the Paleozoic
sand of the Parana Basin, demonstrating a diversification of sediment supply. The depositional history
of the unit during the Ordovician context of southwestern Gondwana suggests a coexistence of
sediment routes of the Diamantino Formation with the pre-Carboniferous deposits of the Parana

Basin, marked by the influence of material coming from the terrains to the south of West Gondwana.

4.1 INTRODUCTION

Many provenance and dating studies were carried out on single Paleozoic units in Paraguay
and Brasilia belts demonstrate the importance of Brazilian basements in the evolution of Paleozoic
clastic sedimentary basins in the West Gondwana (Alessandreti et al. 2012, Bandeira et al. 2012,
Bertolini et al. 2021, Mcgee et al. 2015, Henrique-Pinto et al. 2021). The Diamantino Formation,
fluviolacustrine deposits, are early associated to the development of a foreland basin in Paraguay belt
topography during the end of Brasilian orogeny. (Bandeira et al. 2012, Mcgee et al. 2015).
Classically, the ages of the clastic units of the Araras-Alto Paraguai Basin are determined by
sedimentological and isotopic criteria, and their evolution was originally associated with the
Ediacaran-Cambrian Transition (Almeida 1964, Alvarenga et al. 2008, Bandeira et al. 2012, McGee
et al. 2015). The identification of skolhitos ichnofacies in the Alto Paraguai Group basal deposits
require an entirely new reorganization of the interval with a Phanerozoic perspective, bringing an
Ordovician scenario for Diamantino Formantion (Nogueira et al. 2018, 2022, Rezende et al. 2021,
Santos et al. 2017, Santos et al. 2020). However, the inverval still gaps a compreensive study
evaluating the sand routing in a quantitative manner since during the Ordovician several sediment
routes were active in West Gondwana due to the Ocloyc orogenic and Parana Basin implantation.
(Assine et al. 1998, Henrique-Pinto et al. 2021, Milani & De Wit 2008; Milani & Ramos 1998). Since
the last publications about the Diamantino Formation (Bandeira et al. 2012, McGee et al. 2015), many
works on the sand characterization in region have emerged, bringing a broad database of provenance
and paleogeography to compare and evaluate the sediment routes. In this paper we aim to (1) describe
the sedimentology aspects of fluviolacustrine deposits with 9 sedimentary facies; (2) characterize and
compare the detrital signal of sand quantitatively with basement and basins nearby to establish routes
and sand sources based on multiproxy techniques including bulk petrography, heavy mineral, U/Pb

on detrital zircon and whole rock Sm/Nd analysis.

4.2 GEOLOGICAL BACKGROUND
The basement of the sedimentary basins on the southern Amazon craton reveals
lithostructural and tectonic evidence of the early stages of Gondwana associated with the Brasiliano-

Pan African orogeny. During the Neoproterozoic (950-560 Ma), the Amazon, S&o Francisco-Congo,
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Rio da Prata, and Paranapanema continental blocks collided, thus creating an intense suture zone in
the central region of Brazil (Alvarenga & Trompette 1993, Cordani et al. 2013). These mobile belts
are divided into three segments: Brasilia, Araguaia, and Paraguai. (Alvarenga & Trompette 1993,
Tohver et al. 2010, Trindade et al. 2003). The Paraguai Belt is the most significant orogenic unit in
this region, composed of metasedimentary deposits associated with the Cuiaba Group. Detrital zircon
ages reveal a broad spectrum of source rocks dating from the Paleoproterozoic to the Neoproterozoic,
with an MDA of 652 + 5 Ma (Almeida 1964, Alvarenga & Trompette 1993, Babinski et al. 2018)

4.2.1 Araras-Alto Paraguai Basin

The Late Cryogenian was a critical period for Paraguai Belt because the installation of an
intracratonic basin known as Araras Alto-Paraguai (Fig 1A;B). The early sedimentation stages of this
basin are associated with the Marinoan glaciation event (650-635 Ma), recorded in the glaciomarine
deposits of the Puga Formation (Mcgee et al. 2015). The aftermath of the Marinoan glaciation marks
the Cryogenian-Ediacaran transition and the establishment of extensive carbonate platforms resulting
from glacial isostatic adjustment and long-term transgression. This subsidence allowed for a
substantial post-glacial carbonate cover within the Araras Group (Nogueira et al. 2019, 2022, Santos
et al. 2020, Santos et al. 2021, Soares et al. 2020). The uplift and erosion of the Araras-Alto Paraguai
Basin results in a truncation of the Lower Ediacaran Araras Group with upper packages from Alto
Paraguai Group, which lasted since the middle and upper Ediacaran until the development of
Cambrian Unconformity representing a gap of ~80 Myrs (Santos et al. 2020, Nogueira et al. 2019,
2022). The onset of Phanerozoic sedimentation in the Araras Alto Paraguai basin is documented by
the basal section of this siliciclastic platform, consisting of sandstones and pelites deposited within
the coastal paleoenvironment of the Raizama Formation (Santos et al. 2017, Nogueira et al. 2022).
The Cambrian age is inferred from the presence of the Skolithos trace fossil within the siliciclastic
Alto Paraguai Group (Nogueira et al. 2022, Santos et al. 2017). The sandstones, pelites, and,
carbonates of the shoreface/offshore transition of the Sepotuba Formation are deposited sequentially,
and their depositional age has been inferred by field relations with the Cambrian sandstones (Bandeira
et al. 2012, Santos et al. 2017)

Classically, the fluviolacustrine sediments of the Diamantino Formation are deposited at the
top of the Alto Paraguai Group (Almeida, 1964). Due to the absence of fossil content, the age of this
unit was contextualized based on sedimentological/stratigraphic aspects and detrital Uranium-Lead
(U-Pb) data by Bandeira et al (2012) and Mcgee et al. (2015). In this hypothesis, this unit has been
associated with the closure of the lapetus ocean during the West Gondwana Amalgamation
(Alvarenga et al. 2008, Bandeira et al. 2012, Dantas et al. 2009, McGee et al. 2015, Nogueira et al.

2003, 2007). However, the new tectonic-stratigraphic scenario has repositioned all the deposits of
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the Alto Paraguai Group, and a new gap of 80 Ma with Neoproterozoic is proposed (Nogueira et al.
2018, 2022, Santos et al. 2017, Santos et al. 2020)

Diamantino Formation occurs with limited outcrops in small hills and road cuts; in this sense,
establishing contact relationships between this formation and the other Alto Paraguai group (GAP)
units has proven challenging. The predominantly pelitic marine content of the other units of the GAP
has made it difficult to differentiate these deposits using only lithostratigraphic criteria. For decades,
it was widely believed that the GAP exhibited depositional continuity due to the complexities of
identifying its paraconformities (Almeida 1964, Bandeira et al. 2012, McGee et al. 2015). In the
exposure region of the Diamantino Formation, two significant contacts have been documented: (1)
The Delta front facies association overlaid by Quaternary deposits of the Parecis Basin and (2) the
Sepotuba Formation with the intracontinental basaltic flows of the Tapirapud Formation. These latter
contacts are associated with Jurassic magmatism related to the opening of the central Atlantic
(Rezende et al. 2021).

4.2.2 Parana and Parecis Basin

The Parana and Parecis basins comprise two intracratonic sedimentary basins, which record
most of the climatic and biogenic changes of the Phanerozoic. Both basins originated during the
Ordovician when the first records of the Rio Ivai group and Cacoal Formation were available (Bahia
et al. 2007, Milani et al. 2007). The Parana Basin in particular, due to its key location in Gondwana,
presents fertile ground for sedimentary provenance studies based on U-Pb analyzes and a series of
works build good data ranging from the Phanerozoic to the Mesozoic. The sedimentary covers of the
basin are divided by Milani et al (2007) into six super-sequences: Rio lvai, Parana and Gondwana |
(Pennsylvania-Scythian), Gondwana Il (Anisian-Norian), Gondwana Il (Late Jurassic-Berriasian)
and Bauru (Senonian). The Rio lvai and Parana sequences are the first units of the Parana basin
divided by an interval of 50 Ma. These deposits are formed by two predominantly marine
sedimentation cycles and are associated with great expressiveness on the edges of the northern Parana
basin. These groups represent the first and second transgressive cycloregressive processes of cratonic

sedimentation in the Parana Basin.
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4.3.2 Previous provenance studies about Alto Paraguai Group and Diamantino
Formation

Provenance studies related to the Diamantino Formation encompass analyses of sandstone
composition, whole-rock Sm-Nd, and U-Pb age spectra of Detrital Zircon. Dantas et al. (2009) were
pioneers in revealing the Nd provenance ages of deposits in the Araras-Alto Paraguai Basin,
suggesting that the siliciclastic deposits of the Alto Paraguai Group (1.83-1.5 Ma) are influenced by
source areas from the Brasilia Belt and Goias Magmatic Arc, where Nd ages range between 0.8-1.2
Ga (Pimentel et al. 2000, Pimentel and Fuck 1992). Bandeira et al. (2012) proposing that the
Diamantino Formation represents a broad fluvial-lacustrine system, pointed out its abundance of
lithics, indicating a strong influence from sedimentary and volcanic source areas. U-Pb data ranging
from 541 to 1920 Ma, with major populations including Neoproterozoic, Cambrian, and
Mesoproterozoic ages, coupled with NW-W paleocurrent data, was interpreted the Diamantino lake
are developed on elevated topography in the Paraguay Belt in the early Cambrian, with having the
source areas being the Paraguai and Brasilia Belts and the Goias Magmatic Arc.

McGee et al. (2015) presented the first data on U-Pb and Lu-Hf in the Alto-Paraguai Group,
demonstrating the predominance of Mesoproterozoic and Paleoproterozoic ages in the U-Pb
framework. Significant contributions of the Cambrian ages (542-528 Ma) occur in the detrital zircon
assemblage of the Diamantino Formation. Most Lu-Hf analyses show that the Alto Paraguai Group
predominantly sources from the Amazonian Craton, except for zircons from the Ediacaran-Cambrian
interval, where epsilon values of -15 and -7 indicate a divergent signature from the juvenile material

of the Goias Magmatic Arc which has been source area of detrital zircon proposed.
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4.4 SAMPLING AND ANALYTICAL METHODS
To study the provenance/depositional history of the Diamantino Formation, horizontal and
lateral seventeen samples are selected using the sedimentary facies model proposed by Bandeira et al
(2012) Table 1 shows the studied samples, facies association, facies code, coordinate, stratigraphical
level, and provenance techniques utilized based on: bulk petrography, heavy minerals, detrital zircon
geochronology, and whole rock Sm-Nd. Figure 1 illustrates the geographic location of the outcrops
studied and figure 2 shows the complete information about rocks, color, level, and measured

paleocurrent.

Table 1- Sample, facies association, facies code, stratigraphical level, and provenance techniques utilized in

this study.
. . . . . Provenance techniques
Sample Facies Association Facies code Stratigraphical level P Sm-Nd HM Dz
PO AF1 Sigmoidal Cross Top X
P3-3 AF1 Wave lamination Base X X X
P3-7 AF1 Massive Base X X X
P3-10 AF1 Massive Top X X
P3-13 AF1 Sigmoidal Cross Top X X
P5-1 AF1 Sigmoidal Cross Base X
P5-3 AF1 Massive Base X X X X
P5-4 AF1 Wave lamination Base X X
P5-7 AF1 Sigmoidal Cross Top X X
P5-13 AF1 Sigmoidal Cross Top X X
P6-4 AF2 Massive Base X X
P7-5 AF2 Massive Base X X
D30-1 AF2 Cross Lamination Base X
P4-4 AF2 Massive Base X X X X
P4-5 AF2 Massive Top X X X
P9-3 AF3 Massive Base X
P9-8 AF3 Wave lamination Top X X




P3
15m X ps.)3
P3-10
P3-7
10 m

P3-3
0Om TG

{I—

Sand

P4

15m

5m

P fmec C
Sand

P4-4

30m

20m

10m

Ps

P tmc C
 I—

Sand

P6/P7

P6-4

D30-1

10 m

P9

20

Sedimentary Structures

Planar bedding

= =
low-angle

cross-bedding
l\\‘ Sigmoidal Cross

Bedding

Loadcast

I:l Massive Beding
-m Waveripple

=] Wavebedding

e Ripple

— —|  cross | ination

Central Lake
Facies Association

Delta Front
Facies Association

f Paleocurrent

Figure 2- Stratigraphic outcrops studied based on Bandeira et al (2012) showing stratigraphic level, sample, and paleocurrent measured.



21

4.4.1 Sandstone Petrography

Samples are analyzed following the Gazzi & Dickson method (Ingersoll et al., 1989).
Minimal 300 points have been counted per sample and the results are displayed in Garzanti (2019)
compositional ternary diagrams: Quartz (Q), Feldspar (F), and Lithic grains (L).

4.4.2 Heavy Minerals and Single-Grain Analysis

Samples preparation has been made separately for the heavy mineral and detrital zircon
analysis. The rock has been disaggregated, treated with oxalic acid, dried, and sieved (63-125). HM
fraction concentrated by Bromoform (2.80 g/ml). These grains as been mounted in petrographic slides
and studied for the identification of a minimal 150 translucent minerals using the ribbon technique
(Mange & Maurer, 1992). The quantification of zircon, tourmaline and rutile second (ZTR) index of
Hubert (1962) has been made to check the chemical durability of these suites. Single-grain detrital
zircons were separated using a stereomicroscope and mounted in a 25 mm diameter transparent epoxy
resin disc. This mount has been polished and imaged in cathodoluminescence using a scanning
electron microscope (SEM) model LS15-Zeiss in Belém Geological Survey of Brazil (CPRM). The
detrital zircon U-Pb analysis by LA-ICP-MS was carried out in the spectrometer of mass high
resolution inductively coupled plasma source with multi-collector model Thermo Finnigan iCAP-Q
model (LA-Q-ICP-MS) coupled to an ablation microprobe CETAC's Nd: YAG LSX-213 laser at the
University's Isotopic Geology Laboratory (Para-1so) using standards zircons GJ-1 and Blue Berry.
For grains older than 1.3 Ga, ages 2°’Pb/?*®Pb were considered and for younger ages 2°°Pb/2®U. The
discordance rate is 10% and values above this limit were dismissed for interpretation.

4.4.3 Multiproxy and Statistical Analysis

The “provenance” R package has been used for generating ternary diagrams, pie charts,
kernel density estimation (KDE), and multidimensional scaling (MDS) for statistical analysis
(Vermeesch 2016, Vermeesch et al. 2018).

45  RESULTS

4.5.1 Sedimentology and stratigraphic aspects of the Diamantino Formation

The Diamantino Formation is represented by a sequence of rocks that occur in a restricted
area between the municipalities of Nortelandia, Nobres, Diamantino, and Alto Paraguai, in the central
region of Brazil, covering the limits of the Parecis and Araras-Alto Paraguai basins (Fig. 1A;B). The
stratigraphy proposed by (Bandeira et al. 2012) for fluviolacustrine deposits divides the unit into three

facies association (Table 2). The basal rocks comprise siltstones and sandstones with cross-laminated
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ripple/ripple bedding, massive bedding, ripple marks, and overburden structures interbedded with
mudstones (Fig 2). These intercalations are interested in perfecting metric-scale cycles ranging
between 0.5 and 6 meters, being interpreted as Distal turbidites (AF1). Agrationally, mudstones are
deposited interspersed at siltstone levels (Fig. 3D) of up to 50 cm and sandstones of up to 10
centimeters thick that extend for tens of meters without any thickening or bed thickening interpreted
as prodelta deposits (AF2) (Fig. 3E). Among the main sedimentary facies, the presence of massive
bedding, wavy stratification, and cross-lamination of climbing ripples stands out. These deposits are
covered by lobate bodies (Fig. 3A) of very fine to fine sandstones with sigmoidal cross-stratification
(Fig. 3B), massive bedding (Fig. 3C), and partition lineation interbedded with centimeter levels of
mudstones, disposed of in coarsening upward in large-scale cycles (up to 60 m) interpreted with Delta
front prograded towards the predominantly for northwest and subordinately for Southwest (AF3). The
thickness of these sandstone beds also increases in the thickest section. At the top of the cycles, is
marked by the presence of desiccation cracks, load cast, flame structures, pseudo-nodules, dykelets,
and convolutional bedding.
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Table 2- Facies, description, and sedimentary processes described by Bandeira et al. (2012).

Facies Description Sedimentary Processes Asls::cci[:tsion
_ Laminated Mudstone with even parallel Depos_ltlon by suspension
siltstone/mudstone lamination in low energy
(Lm) environment. Distal
_ o o Turbidites
Siltstone W|_th rippled Cross-lamination and ripple Migration of small-scale (Sr, Lm)
bedding marks bedforms induced by
Sr currents
(
Sandstone with even  Fine-grained sandstone with Miaration of sandy sheet
parallel lamination even parallel lamination bargin uooer flow )r/e ime
(Spl) interbedded with siltstone PP g
Well-sorted, fine-grained . .
. r . Prodelta
Sandstone/siltstone sandstone and siltstone with Alternatmg of deposmpn
o : o by suspension and traction  (Srb, Ls,
with rippled bedding cross lamination and, : : o
: el associated with migration Spl)
(Srb) sometimes, climbing ripple i
. of small-scale bedforms.
cross lamination.
Well-sorted, fine-grained
Laminated sandstone  sandstone with even parallel  Deposition in upper flow
(Ls) lamination and abundant regime (flat bed).
parting lineation.
Well-sortec_j, fin_e-gra}ined Deposition by tractive
sandstone with sigmoidal to currents that suffer flow
Sandstone/siltstone tangential cross bedding slowdown is associated
with cross-bedding reflecting the external lobate with hiah sedimentation Delta Front
geometry of sigmoidal geometry. Even parallel g (Scs, Ms)

lobe (Scs)

stratification and abundant
reactivation surfaces.
Desiccation cracks

rates under lower and
upper regimes. Partial
subaerial exposure of lobes
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Figure 3- Stratigraphic and sedimentological aspects of the Diamantino fluviolacustrine system; A - C sandstones and siltstones from the delta facies association
(AF1) and D-E sandstones and pelites from the lacustrine facies association (AF2). (A) AF1 amalgamated sandstone bodies; (B) Sandstones with sigmoidal cross-
bedding and plane-parallel bedding) (C) Massive and laminated sandstones interspersed with pelite level in the base of the coarsening upward cycles. (D)

Intercalation of massive siltstone and sandstone from the lacustrine facies association (AF2). (E) Thick clayey packages of the lacustrine system.
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4.5.2 Bulk Petrography

The petrographic classification of sandstones demonstrates the predominance of litho-
quartzose (Fig 4; Fig 5A) ranging to quartzose composition (D30-1; P9-8; P9-3) (Fig 5B). Quartz
average content is 78.7% of detrital components, predominantly monocrystalline (67.0 — 98.0%)
against polycrystalline type (1.3 — 33.0%). Lithic grains have the second most contribution of
sandstone fabric (~22.9) and are predominantly constituted by low-grade metamorphic rock grains
(Fig 5C; E) (40.0 - 96.7%) (metasilstone, slate, and rarely quartz-mica schist), sedimentary grains
comprises siltstone, shale, rarely sandstone and dolostone (3.1 — 60.0%) (Fig 6D), and minor mafic
and felsic volcanic contribution (0.0 — 26.0 %). Mafic grains are rounded hyalopilitic basalts with
microlitic plagioclase in well-oxidized glassy mass and intergranular aggregated plagioclase (Fig 5F).
Volcanic felsic grains comprise embayed quartz in felsic groundmass (Fig 5E). Feldspar grains have
a minor contribution in samples (~2.7%), represented dominantly for plagioclase than microcline.
Other detrital constituents are heavy minerals (opaque, tourmaline, rutile, zircon, and epidote) and
minor occurrence of oxidated siltstone matrix. The sandstone fabric consists of very fine to fine grains
with subangular to angular shapes, their predominant contacts are straight and punctual, but
subordinately concave-convex and sutured contacts occur. The mostly rocks are highly cemented for
iron oxide with episodic poikilotopy/pore filling dolomite and silica cement.

lithofeldspathic feldspathodithic

F L Lv ' Ls
Figure 4- Sandstone composition diagram demonstrating the predominance of litho-quartzose
detritus(A) with the prevailing of metamorphic and sedimentar lithics (B; Garzanti (2019). (Q =
Quartz; F = Feldspars; L = Lithic; Lv = Lithic volcanic; Lm = Lithic metamorphic and Ls = Lithic

sedimentary).



Figure 5- Aspects of Diamantino fluvio-lacustrine sandstones; (A): well-selected litho-quartzose
metasedimenticlastic sandstone; (B) well-selected quartzose sandstone; (C) prolate metasiltstone fragment in
the sandstone framework (Lms), (D) pure-quartzose sandstone fragment in sandstone framework probably
coming from Alto Paraguai Group (Ls); (E): Felsic subvolcanic fragment composed of embayed quartz and
feldspar (Lvf) and slate fragment (Lms); (F) Mafic volcanic fragment comprise well-oxidized glassy mass with

intergranular aggregated plagioclase (Lvm).
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4.5.3 Heavy Mineral Assemblage

The heavy mineral assemblage (HMS) includes a predominance of non-discriminated opaque
grains (47.0%), and transparent heavy minerals (32.8%). Turbid grains present anomalous values
(>10%) in samples (P3-13; P5-10; P4-4). HMS has a minor contribution of phyllosilicates (dominant
muscovite than biotite and chlorite) except for the sample (P5-13 > 5%). The transparent heavy
mineral suite (tHMS) is zircon, tourmaline and rutile (ZTR) dominated (94.2% average) (Fig 6), with
few contributions of epidote and rarely staurolite, sillimanite, garnet, monazite, spinel, biotite,
muscovite and apatite. Zircon morphology is predominantly rounded and subrounded, minors shapes
are broken and euhedral. Tourmaline is represented by mostly rounded and prismatic habits, with a
local occurrence of subangular grains with green, pale, and blue colors. Ruthile exhibits prismatic
subrounded and broken shapes, with a minor contribution of rounded and germinated grains. Epidote
occurs in short prismatic shapes with deeply etched skeletal textures. Staurolite and Sillimanite
exhibit prismatic angular shapes. Garnet, monazite, spinel, and apatite comprise subrounded to
rounded shapes.

Transparent Heavy Mineral Assemblage

Figure 6- Composition of the transparent heavy minerals demonstrating a ZTR-rich assemblage.
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4.5.4 Detrital zircon U-Pb.

Sample P5-3 (Delta member)

Sample P5-3 were collected in the region of Diamantino city, stratotype section site of the
Diamantino formation occurs. The sample have a reddish very fine, well-sorted, massive litho-
guartzose metasedimenticlastic sandstone, deposited in a deltaic system collected in the region of
Diamantino city, where the stratotype of the Diamantino formation occurs (Lat: 578796; Long:
8382772). 39 grains of zircon have been validated in sample P5-3 (Fig. 7). Detrital zircon is mostly
rounded to subrounded with minor punctual euhedral and broken shapes. The size of zircon varies
from 80 to 120 mm. The ages range from 577 to 2236 M.A. A dominant peak occurs in 1007, 1882,
675, and 726 Ma, Subordinary peaks are subsided for 1750, 1625, 1523, 1256, and 1303 Ma.

Sample P4-4 (Lacustrine member)

Sample P4-4 were collected between the cities Diamantino and Nortelandia. The sample has
a reddish, very fine, well-sorted, quartzose sandstone, deposited in an underflow current in a
lacustrine environment, (Lat: 536185; Long: 8402069) Thirty-five grains of detrital zircon have been
validated (Fig. 7). Detrital zircon is mostly rounded to subrounded with minor euhedral shapes. Their
sizes vary from 100 to 200 mm. The ages range from 1008 to 2072 Ma. The dominant peaks are 1629,
1185, and 1329. Subordinary peaks include 1008, 1068, 1426, 1478 and punctual 1681 and 2072.

4.5.5 Previous Provenance data

The compiled data from Bandeira et al. (2012) originate from fluviodeltaic member
sandstones. Eighty-one grains of detrital zircon were selected using 10% discordance filters. Detrital
ages range from 475 to 1913 Ma, with dominant peaks at 900, 700, and 540, predominantly
representing Neoproterozoic-Cambrian ages. Subordinate peaks include ages of 2000, 1700, 1400,
and 1200 (Fig. 7).

Data compiled from McGee et al. (2015) lack representation of stratigraphic levels., Sixty-
six grains of detrital zircon were selected using 10% discordance filters. Ages range from 528 to 1918
Ma, with dominant peaks at 1750, 1600, and 1500. Populations of Paleoproterozoic and
Mesoproterozoic ages are prevalent, while subordinate peaks include ages between 950, 650, and 528
(Figure 7).
4.5.6 Whole Rock Sm-Nd

The eNd values for the analyzed samples range between —11.73 and —12. The TDM ages
showed a very narrow range, between 1.63 and 1.30 Ga (Table 3). The great variation of these values

suggests heterogeneous source areas during the sedimentation of the Diamantino Formation.
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frequency of lacustrine-deltaic samples of Diamantino Formation and compiled data (Bandeira et al. 2012,
McGee et al. 2015). Delta sample demonstrates enrichment of Neoproterozoic-Cambrian detrital zircon
populations; Lacustrine member are rich in paleo to mesoproterozoic detrital population, having similar age
peaks with McGee et al (2015) sample. The gray columns demonstrate the main cycles of Gondwana (Trans =

Transamazonian, Gren = Greenvilean, BRA = Brasilian, PAM = Pampean, FAM= Famatinian).
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4.6 DISCUSSION

4.6.1 Characterization and origin of sand

Both facies associations have a predominance of fine litho-quartzose metasiliciclastic
sandstones and a high ZTR index (~94.5%). The AF1 transparent heavy mineral assemblage is
composed only of ultrastable minerals. In AF2, despite the predominance of ultrastable minerals, they
present a more diverse assemblage with the presence of stable minerals (Apatite and Staurolite) and
moderately stable minerals (Epidote, Garnet and Sillimanite). The presence of phyllosilicates is
restricted to the fluvio-deltaic facies association. The predominance of litho-quartzose to quartzose
detritus with an abundance of low-rank metasedimentary to sedimentary rock fragments
(metasiltstone, slate, shale, siltstone, sandstones, and dolostone) and ZTR-rich heavy mineral
assemblage suggests a polycyclic story for this sedimentation. (Garzanti et al. 2016, Hubert 1942).

To visualize and quantify the sediment routation a large detrital U-Pb (5748 ages) and Sm-
Nd (173 samples) data of southeast of the Diamantino system has been compiled and compared.
These zircons include detrital data of Paraguai-Brasilia orogens (Cuiaba, Ibia, Araxa, Andrelandia,
Varzante, and Paranoé Groups), Araras-Alto Paraguai basin (Alto Paraguai Group) and Parana basins
(Rio lvai, Parana and Itararé Groups; Rio do Rasto and Botucatu Formation) expressed with Kernel
density estimates (KDE) and multidimensional scaling (MDS). In the KDE (Fig. 8), is possible to
observe the two clustering of sediment contributions present in the members of Diamantino. The basal
samples reveal a predominance of Mesoproterozoic, Paleoproterozoic, and Tonian ages, with peaks
showing remarkable similarity to the Cambrian rocks of the Araras-Alto Paraguay Basin and the
Paraguay Belt (Fig. 9). The Nd provenance ages, situated around 1.64 Ga, align with the values
proposed for the GAP and FP, where the majority of model ages range between 1.64 and 1.8 Ga
(Dantas et al. 2009, Babinsky et al. 2018). Samples from the fluvio-deltaic facies association (AF3)
exhibit a predominance of Cambrian, mid-Neoproterozoic, and Tonian ages, with a notable focus on
the Cambrian-Ordovician interval. In multidimensional scaling, a dissimilarity is observed between
the detrital age assembly of the AF2 and the Brazilian orogenic deposits (Fig. 9). However, these
populations show a signature similar to the detrital composition of the Middle Paleozoic strata of the
Parand Basin. The Nd provenance ages in these samples range from 1.47 to 1.3 Ga (Fig. 11),

supporting the contribution of juvenile material in this sedimentation.
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Figure 8- Detrital zircon kernel density estimates (y-axis = 0-3000 Ma) exhibit the main contributions of
sedimentation stages and the comparison between zircons from the Diamantino Formation, Brasilian orogens
and the phanerozoic covers of the Parana Basin. The gray columns demonstrate the main cycles of Gondwana
(Transamazonian, Greenvilean, Brasilian, Pampean, Famatinian). Data obtained from (Alessandretti et al. 2016,
Babinski et al. 2018, Bandeira et al. 2012, Bertolini et al. 2021, Dias et al. 2013, Falci et al. 2018, Henrique-
Pinto et al. 2021, Kuster et al. 2020, Matteini et al. 2012, McGee et al. 2015, Piuzana et al. 2003, Rodrigues et

al. 2010, 2012, Santos et al. 2015).
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Figure 9- Multidimensional scaling plot demonstrating the sample (dis)similarity of Brasilian orogens (Paraguai
and Brasilia Belt) and sedimentary covers southeast of the Diamantino location. The Neoproterozoic orogenic
covers show a great dispersion compared to the Araras-Alto Paraguai and Parand Basin detrital signature. Data
obtained from (Alessandretti et al. 2016, Babinski et al. 2018, Bandeira et al. 2012, Bertolini et al. 2021, Dias
et al. 2013, Falci et al. 2018, Henrique-Pinto et al. 2021, Kuster et al. 2020, Matteini et al. 2012, McGee et al.
2015, Piuzana et al. 2003, Rodrigues et al. 2010, 2012, Santos et al. 2015).

4.6.2 Lake basin evolution and sediment sources

he predominance of paleocurrents to the NW in the deltaic sandstones indicates that this lacustrine
basin developed on the margins of the Alto Paraguai Group plateaus and the Paraguay belt located to
the southeast. The two sedimentation stages (AF1 and AF2) exhibit distinct signatures, indicating a
change in sediment supply. During the first stage, sediment supply was controlled by sporadic pulses

carried by ephemeral rivers originating from the recycling of the margins of the lake basin (Alto
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Paraguai Group and Paraguai belt). The second stage demonstrates an increase in sand content and
consequent expansion of the lake basin. In this context, the diversity of ages demonstrates the
assimilation of extremely recycled and pre-sorted sand, typical of the Paleozoic sand in the Parana
Basin. Several authors have demonstrated the significant contribution of Brazilian orogens to the
evolution of sedimentary systems in the Parana Basin (Alessandreti et al. 2016, Henrique-pinto ef al.
2021, Bertolini et al. 2021, Bertolini et al. 2022). Nevertheless, the sand content in the Diamantino
Formation presents distinct signatures, marked by the mixture of source areas, indicating that the
Paraguay belt, Araras-Alto Paraguai basin, and Parand basin represent the likely main source areas
for this sedimentation. During the first stage of the lacustrine basin, ephemeral rivers transported
quartzose/litho-quartzose sand, rich in Precambrian detrital zircon population reworked from the
lacustrine margin. The second stage suggests an increase in sand content in this basin, supplying the
lake with litho-quartzose metasedimenticlastic sand, juvenile material, and consequent expansion of
the lacustrine basin. This supply presents a contribution of extremely recycled and pre-sorted sand,
rich in Neoproterozoic-Ordovician material, typical of the sand in the northern Ordovician strata of
the Parana Basin. The diversification of heavy mineral species in AF2 may originate from resistance

of recycled heavy minerals present in other sedimentary rocks.
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Figure 10- Multidimensional scaling plot (€44 (0) vs Nd provenance ages) showing the great dispersion of Nd
provenance ages in Central Brazil Terranes. Diamantino provenance demonstrates the influence of juvenile
material in this sedimentation (1.63 to 1.31 Ga). Data was obtained from (Babinski et al. 2018, Dantas et al.
2009, Pimentel ef al. 2001).

Dantas et al. (2008) suggest that the juvenile contribution may come from the rocks of the
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Goias Magmatic Arc or Brasilia Belt, where rocks have model ages ranging between 0.93 and 1.2 Ga.
However, Lu-Hf analysis from zircons from the Ediacaran-Cambrian interval, where epsilon values
of -15 and -7m indicate a divergent signature from the juvenile material of the Goias Magmatic Arc
(McGee et al. 2015). The first-cycle provenance from this region has been dismissed due to the
absence of petrographic and geochronological evidence. The generation of sands in magmatic arcs
includes samples rich in quartz-feldspathic sediments and an assembly of iron-magnesian heavy
minerals (Garzanti & Ando 2007), which is negligible in the Diamantino Formation. The
metasedimentary rocks of the Brasilia Belt represent another possible interesting source area, but the
negligible contribution of the Rhyacian ages weakens this hypothesis. Another interesting argument
from a paleogeographic perspective is that during the early Ordovician, deposits of the Ivai and Parana
were already being deposited over the metasediments of the Brasilia and Paraguai belts. However,
because the Brasilia belt is a major contributor to the Paleozoic units in the northern of the Parana
basin, its crustal signature can be seen in the Diamantino Nd provenance age.

Paleogeographic implications for lacustrine basin evolution

Sedimentological and single mineral analysis from the Diamantino Formation demonstrates
a genetic link with the Diamantino sediment signature and Paraguai Belt and the Northern
Phanerozoic Parana Basin strata. A solid evidence supporting this influence is the presence of the
population of detrital ages of 475-485 Ma. This is particularly significant when we consider that
magmatism of this age is recorded exclusively on the lower western margin of West Gondwana, in
the context of the exhumed Famatinian magmatic arc (Henrique-Pinto et al. 2021). Furthermore, an
analysis of paleocurrent data from the Diamantino Formation reveals that sediments route
predominantly from the southeast, and Famatinian magmatism represents one of the main source
areas for the Rio Ivai and Parana Group (Henrigue-lima et al. 2021). In this scenario, the hypothesis
of a primary origin of the sand is discarded, strengthening, on the other hand, the erosive or genetic
association with the post-Ordovician Phanerozoic covers present in the northern Parana Basin. This
not only deepens our understanding of the complex geological interactions in this region but also
demonstrates that a significant portion of the Cambrian-Ordovician ages present in the detrital zircon
population of Diamantino Formation can be attributed not only to protosourcers present in the cratonic
areas of Gondwana but also to the polycyclic history of zircons coming from Famatinian magmatic
arc and Eastern Pampean Ranges.

The multi-proxy analysis shows that the context initially proposed for the Diamantino
formation disregards the various recycling events present in the southern region of the Amazon Craton
since it is mainly based on geochronological criteria. The multiple pieces of evidence presented in

this study weaken the hypothesis of the direct influence of sand from the Brasilia Belt and the Goias
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Magmatic Arc on the compressive model of the Brasiliana Orogeny proposed by Bandeira et al.
(2012) and McGee et al. (2015). A current alternative for the Diamantino Formation, based on
lithostratigraphic criteria (Santos et al. 2017, Nogueira et al. 2021, Santos et al. 2020) suggests that
the Diamantino Formation would represent the closure of the Alto-Paraguai Sea in the Ordovician.
However, this proposal disregards the paleogeographic context of the central region of Brazil, where
the main sedimentary records are linked to the Famatinian tectonic-sedimentary cycle (Ordovician to
Devonian), associated with the Ochloyic Orogeny, resulting from the collision of the allochthonous
terrain from the Precordillera to Gondwana (Astini 1996, Milani & Ramos 1998, Henrique-Lima et
al. 2021)

Although the available data do not provide a complete understanding of the period in which
the evolutionary context of the Diamantino Formation is inserted, our results indicate that (1): The
only connection between the Diamantino Formation and the Alto Paraguai Group is an erosional
unconformity. (Fig. 10) (2): It appears more consistent to associate the zones of subsidence and
sediment accumulation that gave rise to fluviolacustrine deposits with the Ocloyc orogeny and the

evolution of mid-Paleozoic sedimentary terrains in the central region of Brazil.
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Figure 11- Tectonostratigraphic proposal for the deposits in the southeastern Amazon Craton and their
relationships with deposits in central Brazil. In the stratigraphic contextualization of the Diamantino deposits,
the genetic relationship with the Alto Paraguay group is disregarded and instead associated with the Post-
Ordovician deposits of the Parana Basin.

4.7 CONCLUSION

The new interpretations presented here allow us to demonstrate an unconformity between the
Diamantino Formation and other deposits of the Alto Paraguai Group. This multi-proxies study
enhances the correlation, either erosional or genetic, of these deposits with other Phanerozoic
successions within the Parand basins. Ongoing provenance studies in the Araras Alto-Paraguai Basin,
conducted at a level of detail similar to that reported here for the Diamantino deposits, have the

potential to provide a more comprehensive understanding of the Phanerozoic sedimentary record of



the southern Amazon Craton.
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5. CONCLUSOES

A andlise multimineral revela a complexa historia policiclica da Formacao
Diamantino, reforcando a contribuicdo de material orogénico nesse processo sedimentar.
Apesar dessa caracteristica distintiva, a presenca de outras coberturas sedimentares é
corroborada pelas idades dos intervalos cambriano-ordoviciano no contexto das populagdes
detriticas. A presenca de arenitos puro-quartzosos e a influéncia de populacdes
mesoproterozoicas e paleoproterozoicas sugerem a possivel contribuicdo dos depdsitos do
Grupo Alto Paraguai e da Faixa Paraguai como areas-fontes para essa sedimentacdo. As
diversas evidéncias apresentadas neste estudo enfraquecem a hipdtese de uma influéncia
direta das areias provenientes da Faixa Brasilia e do Arco Magmatico de Goids no modelo
compressivo da Orogenia Brasiliana proposto por Bandeira et al. (2012) e McGee et al.
(2015). Por outro lado, fortalecem a associacdo erosiva ou genética entre as coberturas
fanerozoicas p6s-Ordovicianas presentes no norte do Parana com os depdsitos entre as bacias
do Parana e Parecis. Nesse cenario, uma parte significativa das idades Cambriano-
Ordovicianas identificadas na populacdo detritica de zircdes da Formagdo Diamantino pode
ser atribuida ndo apenas aos proto-fontes nas areas craténicas de Gondwana, mas também a
historia policiclica de zirc6es provenientes do arco magmatico Famatiniano e da Cordilheira
Pampiana Oriental. Embora os dados disponiveis ainda ndo proporcionem uma compreensao
completa do periodo inserido no contexto evolutivo da Formacdo Diamantino, futuras
pesquisas estratigraficas avancadas podem oferecer novas resolugbes para conectar a

Formacdo Diamantino ou os depoésitos das bacias do Parana e Parecis.
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APENDICE A - Tabelas composicional de minerais pesados.
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Sam Average Sedimentary zirco tourm rut apa mon epi gar  staur  sillim spi  Tota z % % % % rock % % light
ple  Sand Size Strucuture n aline ile  tite  azite dot net olite anite nel 1% T transpa opaq turbid fragments  phyllosili minerals
e R rent ue HM cate Tota
P4- 63-125 Massive 94. 34 0 0 0 25 0 0 0 0 100 98 46.9 25.2 10.6 0.8 0 16.5 100
4 1 A
P4- 63-125 Massive 52. 33.3 9. 0.8 0.8 28 0 0 0 0 100 95 24.5 70.5 15 0 0.1 34 100
5 6 7 .6
P3- 63-125 Massive 40 44 9 0.9 0.4 4.9 0 0 0.4 04 100 93 28.3 69 12 0 0.6 0.9 100
9
P3- 63-125 Massive 15. 76.5 3. 0 0 12 06 0.6 1.8 0 100 95 28.7 34.7 55 24.9 0.3 5.9 100
10 7 6 .8
P3- 63-125 Massive 58. 30.8 5. 0.6 0 0 0 0.6 4.1 0 100 94 34 38.4 12.1 9.3 0.2 6 100
13 6 3 N
P5- 63-125 Sigmoidal 66. 18.7 9. 0 0 3.7 0 0 0.9 09 100 94 18.3 72 7 0 0.17 2.6 100
4 Cross 4 4 5
P5- 63-125 Sigmoidal 71. 12.8 10 0 2.7 0 18 0 0.9 0 100 94 25 44 205 0 6.2 4.3 100
10 Cross 8 .6
P7- 63-125 Massive 23. 71.9 4, 0 0 0 0 0 0 0 100 10 385 29.9 19.5 0 0 12.1 100
5 6 5 0
P5- 63-125 Sigmoidal 85. 15 8. 0 3 0 0 15 0 0 100 95 51.8 39.9 41 26 0 2 100
13 Cross 5 5 5
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APENDICE B - Tabela de pontos contados em laminas de arenitos seguindo a metodologia Gazzi-Dickson.

Quartz

Monocry Polycryst

stalline

249

135

164

122

123

189

155
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134

155
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248
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23

Feldspars
Fell(cisp Plagio

ar clase
0 6

0 11
1 9

3 7

0 6

0 6

1 9

0 5

0 9

0 4

0 12
1 10
1 5

0 5

0 1

0 10
0 6

Lithics
Sedime  Mafic Felsic
ntary  Volcanic Volcanic
6 0 0
15 6 1
11 0 1
12 0 2
8 1 1
9 4 2
3 0 0
12 6 1
8 8 3
3 1 0
1 5 0
10 0 0
5 1 0
6 0 4
26 2 9
2 0 0
6 0 0

Metamo
rphic
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88
72
71
61
95
75
22
63
28
45
63

103
97
18

26

Pseudo
matrix

0

0

11

Porosity Cements
Intergra Intragra Mol Iron Dolo Sili
nular nular dic Oxide mite ca

0 1 2 23 0 0
0 0 1 101 0 0
0 0 2 31 0 5
8 1 13 28 0 1
0 1 1 78 0 0
4 2 2 8 0 0
1 0 1 47 0 0
5 0 1 21 0 0
0 0 1 22 0 0
2 0 2 25 21 0
0 0 1 78 0 0
12 0 10 19 0 0
0 0 0 22 33 0
0 1 5 4 0 0
4 0 2 1 0 0
0 0 4 0 0 0
0 0 0 10 0 0

Mat
rix

0

0
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Classification

Quartzose

Litho-quartzose
metasedimentaclastic
Litho-quartzose
metasedimentaclastic
Litho-quartzose
metasedimentaclastic
Litho-quartzose
metasedimentaclastic
Litho-quartzose
metasedimentaclastic
Litho-quartzose
metasedimentaclastic
Litho-quartzose
metasedimentaclastic
Litho-quartzose
metasedimentaclastic
Litho-quartzose
metasedimentaclastic
Litho-quartzose
metasedimentaclastic
Litho-quartzose
metasedimenticlastic
Litho-quartzose
metasedimenticlastic
Litho-quartzose
metasedimentaclastic
Litho-quartzose
metasedimentaclastic

Quartzose

Quartzose
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APENDICE C - Catodoluminescéncia de zircdes detriticos
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ANEXO A - Anélises de U-Pb, concordancia e suas respectivas idades 207 e 206.
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Spot Pb Th u 207P 1s 206P 1s 207Pb 1s 1s 1s 1s fConc
b/ b/ / 206Pb 207Pb 207Pb %
/ / /
Number f206a  ppm pp pp Th/U 235U (%] 238U %] Rho 206Pb [%] 238U abs 235U  abs abs 6/8-
m m b d e 206Pb 7/6
006_P5- 002 6,6 51,0 43,7 1,18 0,83 3.27 0,11 124 0,38 0,05 3,02 680,5 8,4 614,8 20,1 380,1 11,5 179,0
3_Al.csv 2
007_P5- 0,02 11, 153, 154, 1,00 0,50 3,24 0,06 2,2 0,68 0,06 2,38 380,5 8,4 408,5 13,2 569,9 13,6 66,8
3_A2.csv 8 6 0 2 0
008_P5- 0,00 15, 143 871 0,17 1,68 1,88 0,17 08 045 0,07 1,68 10074 8,5 1001,8 188 989,5 16,6 101,8
3_A3.csv 5 1 4
009_P5- 0,00 8,4 89 21,1 0,42 5,10 1,35 0,34 0,6 0,45 0,11 1,20 1903,9 11, 1836,4 24,7 1760,8 21,2 108,1
3_A5.csv 8 1 5
010_P5- 0,01 99 396 834 0,48 0,86 2,54 0,10 1,3 0,51 0,06 2,18 623,9 8,1 632,2 16,1 662,1 14,5 94,2
3_6A.csv 0 1
011_P5- 0,14 1,2 3,7 6,5 0,57 1,14 7,29 0,12 14 0,19 0,07 7,15 752,6 10, 771,0 56,2 824,7 59,0 91,3
3_9B.csv 5 2 7
013_P5- 0,01 13, 71,1 92,2 0,78 0,96 2,52 0,10 1,7 0,70 0,07 1,80 594,9 10, 685,0 17,2 993,6 17,9 59,9
3_14B.csv 2 3 6 5
014_P5- 0,04 14, 70,0 295, 0,24 0,35 3,92 0,04 31 0,79 0,06 2,39 264,8 8,2 302,3 11,9 603,1 14,4 439
3_15B.csv 6 6 7 1
015_P5- 0,69 15 0,5 3,4 0,15 23,08 25,7 0,17 35 014 1,00 25,4 999,2 35, 3230,4 830, 52352 1332, 19,1
3_17B.csv 6 0 8 5 8 2 2
016_P5- 0,00 6,6 22,1 423 0,53 1,20 2,34 0,13 1,0 0,45 0,07 2,09 803,3 8,5 799,4 18,7 788,6 16,5 101,9
3_19C.csv 8 6
020_P5- 098 1,1 0,2 0,4 0,35 3538 8,39 0,28 39 047 0,92 7,38  1587,3 63, 3649,3 306, 51185 378,0 31,0
3_21C.csv 8 8 2 2
021_P5- 0,01 41 10,0 18,2 0,55 1,78 2,68 0,17 09 0,36 0,08 2,50 1008,2 9,8 1039,1 27,9 1104,7 27,6 91,3
3_23C.csv 8 7
022_P5- 0,05 88 155 87,6 1,79 0,83 3,04 0,09 1,6 054 0,07 2,56 541,3 8,9 614,6 18,7 894,9 22,9 60,5
3_25C.csv 4 8 5
023_P5- 0,02 45 194 426 0,46 0,65 4,27 0,09 1,3 0,33 0,05 4,04 561,2 7,8 505,7 21,6 262,2 10,6 214,0
3_26C.csv 6 9
024_P5- 0,01 16, 19,6 33,6 0,59 9,64 0,98 0,39 0,5 0,53 0,18 0,84 2130,2 11, 2400,6 23,6 26387 22,1 80,7
3_28C.csv 2 7 2 0
025_P5- 1,33 0,7 2,6 0,5 4,90 20,67 8,02 0,18 38 047 0,82 7,06 1080,8 41, 3123,3 250, 4959,2 350,0 21,8
3_32D.csv 2 1 2 5
026_P5- 0,02 58 183 252 0,73 1,65 2,77 0,18 0,8 0,29 0,07 2,65 1073,3 8,6 990,2 27,4 810,3 21,5 132,5
3_34D.csv 6 0
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027_P5-3_35D.csv 0,022 72 263 411 064 109 271 014 094 035 0,06 254 8608 8,1 746,1 20,2 415,9 10,6  207,0
028_P5-3_36D.csv. 0,014 106 316 604 053 129 238 014 108 046 0,07 212 8291 9,0 840,9 20,0 872,1 18,5 95,1
029_P5-3_37D.csv. 0,042 141 675 2061 033 052 327 006 221 068 007 240 3555 79 423,7 13,8 813,9 19,6 43,7
030_P5-3_38D.csv 0,029 7,7 261 650 040 080 307 010 130 042 006 278 6025 7,8 599,1 18,4 586,5 16,3 102,7
033_P5-3_39D.csv. 0,014 309 1412 1672 09 2,4 18 0,2 11 06 01 14 9115 9,9 12323 22,0 18478 26,3 49,3
034_P5-3_41E.csv 0,050 25 16,9 194 09 09 38 0,1 14 04 01 35 6081 8,7 640,8 24,1 757,7 26,3 80,3
035_P5-3_44E.csv 0,052 27 174 208 08 0,7 5,2 0,1 15 03 01 49 5594 8,6 514,0 26,6 317,2 15,7 176,3
036_P5-3_47E.csv. 0,046 26 132 217 0,6 1,0 32 0,1 14 04 01 29 6205 8,4 684,2 21,7 900,0 25,8 68,9
037_P5-3_48E.csv 0,694 18 16 2,0 08 57 161 01 3,0 02 04 158 6004 18,0 19316 3108 39952 6315 15,0
038_P5-3_49F.csv. 0,041 35 226 331 0,7 0,6 55 0,1 15 03 00 53 5436 8,2 478,0 26,2 174,2 9,2 312,1
039_P5-3_50F.csv 0,037 12,7 2413 1869 13 04 42 0,1 25 06 01 35 3297 8,1 327,0 13,9 307,2 10,6 107,3
040_P5-3 51F.csv. 0,020 87 312 624 05 11 3,0 0,1 1,2 04 01 2,7 7330 8,8 7315 21,8 726,7 19,8 100,9
041_P5-3_52F.csv 0,013 138 149 4872 0,3 3,6 18 03 0,7 04 01 16  1540,7 10,1 15551 27,6 15746 26,0 97,9
042_P5-3_54F.csv. 0042 34 133 313 04 0,7 42 0,1 1,6 04 01 39 5362 8,7 518,2 22,0 439,7 17,2 121,9
043_P5-3_55F.csv 0,023 73 588 510 1,2 0,7 41 0,1 13 03 01 39 6159 8,3 548,2 22,4 275,6 106 2235
005_P5-3_56F.csv 0,030 48 199 457 0,4 0,6 3.8 0,1 19 05 00 33 5251 9,8 465,2 17,6 179,2 59 293,0
007_P5-3_60F.csv. 21,429 0,1 0,0 0,0 31 2975 1518 12 1495 10 19 264 49556 74062 5786,3 87818 60989 16109 81,3
008 _P5-3_61G.csv. 0,008 195 452 596 08 39 13 03 0,7 05 01 11 14904 107 16195 21,3 1791,6 19,8 83,2
009_P5-3_63G.csv 0,046 151 1115 2970 04 0,5 35 0,1 2,9 08 01 19 3282 9,7 408,0 14,3 888,7 16,9 36,9
010_P5-3_64G.csv 0,016 47 10,7 39,2 0,3 08 2,7 0,1 15 06 01 22 6498 9,8 623,5 16,6 529,4 11,6 122,7
011_P5-3_65G.csv 15,049 0.1 03 0,0 74 224 380 01 319 08 23 206 4335 1385 32031 12176 64071 1319,7 68

012_P5-3_66G.csv 0,026 54 480 533 09 0,6 35 0,1 2,0 06 01 28 4977 9,8 490,3 17,0 456,2 130 1091
013 P5-3_68G.csv. 0,024 3,2 154 258 06 0,7 3,6 0,1 1,7 05 01 32 5957 10,2 560,8 20,2 4214 134 1414
014_P5-3_69G.csv 0,020 3,7 13 215 01 1,6 2,8 0,2 11 04 01 26 10104 108 975,9 27,1 899,1 230 1124
015 P5-3_70G.csv. 0,008 105 124 430 03 2,6 1,6 0,2 08 05 01 14 1303,0 10,2 1309,9 21,0 13211 18,5 98,6
016_P5-3_71G.csv. 0,035 29 152 208 07 0,7 4,6 0,1 1,6 03 01 43 6220 9,9 554,2 25,5 2845 123 2186
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019 P5-3 72G.csv 0016 85 138 408 03 24 20 02 12 06 01 16 11734 140 12340 247 13416 215 875
020_P5-3 73H.csv 0014 62 184 5.7 04 09 28 01 16 06 01 24 6310 9.9 6341 179 6451 152 978
021 P5-3 74H.csv 0599 11 46 08 54 234 205 02 29 01 11 203 9279 266 32417 6634 53632 10868 17,3
022_P5-3 76H.csv 0006 232 124 367 03 110 13 04 10 08 02 08 23122 241 25245 338 26999 226 856
023_P5-3 77H.csv 0028 41 84 164 05 18 27 02 09 03 01 26 11665 106 10457 285 80L3 206 1456
024_P5-3 78H.csv 0,065 94 982 1906 05 03 61 00 45 07 01 42 2331 104 2833 174 7210 305 323
025_P5-3 80lcsv 0017 69 156 357 04 16 25 02 11 04 01 22 954 103 9581 235 9642 212 991
026 P5-3 82l.csv 0896 24 00 00 39 75624 103 600 88 09 09 53 264982 23335 90685 9310 51114 2698 5184
027_P5-3 84lcsv 0061 15 62 54 12 22 29 02 11 04 01 27 1087 115 11039 347 13937 377 780
028 P5-3 87lcsv 0023 56 83 253 03 19 26 02 11 04 01 24 11585 123 10926 286 9634 231 1203
029_P5-3-88l.csv 0075 15 92 114 08 07 62 01 18 03 01 59 588 101 5497 341 5122 304 1091
005 P5-3 89l.csy 0011 80 56 121 05 80 11 04 05 04 01 10 23661 115 22283 244 21039 206 1125
006_P53 86Jcsv 0000 194 356 363 10 60 13 04 08 07 01 10 19935 165 19803 250 19666 188 1014
007_P5-3 85J.csv 0056 26 189 63 30 14 45 02 10 02 01 44 9915 101 8898 405 6447 286 1538
008_P5-3 87J.csv 0685 05 63 07 95 144 156 01 25 02 09 154 70L8 172 27773 4329 51028 7854 138
009_P5-3 89J.csv 0041 30 147 152 10 09 44 01 14 03 01 41 7201 97 6604 288 4615 191 1560
010_P5-3 90J.csv 0016 88 270 438 06 13 22 01 12 05 01 19 8094 9.6 8457 190 9421 180 859
011 P5-3 91J.csv 0033 84 634 762 08 05 35 01 23 07 01 27 4120 95 3815 135 2005 53 2054
012_P5-3 9J.csv 0016 116 334 247 14 42 15 03 09 06 01 13 15174 135 16664 257 18597 234 816
013 P5-3 95J.csv 0023 54 154 201 05 09 34 01 14 04 01 31 73,0 101 6451 218 3552 110 2058
014_P5-3 94Jcsv 0042 55 576 370 16 06 49 01 24 05 01 43 5027 119 4666 229 2925 126 1719
015 P5-3 93J.csv 0028 39 54 114 05 21 32 02 08 03 01 31 13256 109 11432 371 8119 255 1633
018 P5-3 98J.csv 0022 104 810 936 09 09 31 0l 13 04 Ol 28 6422 8,2 6274 192 5745 160 1118
019 P5-3 97J.csv 0017 89 496 528 09 L1 32 01 10 03 01 30 8279 84 7654 243 5869 17,6 1411
020_P5-3 92J.csv 0040 28 152 148 10 11 49 01 09 02 Ol 48 8710 8,2 7374 360 3502 168 2487
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021_P5-3_99L csv 0054 108 444 1551 03 04 40 Ol 23 06 01 33 3633 82 3722 149 4278 141 849
022_P5-3_102Lcsv 0020 57 144 272 05 16 30 02 08 03 01 28 10706 91 9633 286 7258 206 1475
023_P5-3 103Lcsv 0017 155 636 1045 06 13 24 01 10 04 01 22 7860 81 8584 209 10503 231 748
024_P5-3_104Lcsv 0856 13 06 02 25 677 64 06 18 03 08 62 29920 533 42949 2767 49765 3081 60,1
025_P5-3 105Lcsv 0,004 241 293 245 12 182 10 07 05 05 02 09 33631 173 3001,2 30l 27670 239 1215
026_P5-3_106L.csv 0018 79 196 441 04 13 29 02 09 03 01 28 921 84 857 253 6264 175 1536
027_P5-3_108Lcsv 0041 51 52 155 03 27 32 03 05 02 01 31 17129 87 13177 418 7221 226 2372
028-P5-3_110Mcsv 0016 106 146 525 03 18 25 02 07 03 01 24 11714 84 10621 269 8439 205 1388

031 P53 111M.csy 0018 152 285 1459 02 14 26 01 13 05 01 22 7995 104 8984 231 11503 256 695
032P5-3 ll2Mcsv 0016 88 157 420 04 19 27 02 09 03 01 25 11373 98 10782 286 9605 241 1184
033_P5-3_117Mcsv 0022 71 92 278 03 23 27 02 08 03 01 26 12929 104 11976 321 10293 263 1256
034_P5-3 118M.csv 47,174 03 00 00 18 74746 421 151 141 03 36 397 179226 25197 90566 38101 69788 2767,2 2568
035_P5-3_119N.csv 0012 128 196 232 08 61 17 04 07 04 01 15 20523 141 19848 332 19152 292  107,2
036_P5-3_12IN.csv 0075 19 40 74 05 20 43 02 08 02 01 42 11471 96 11235 483 10783 455 1064
037_P5-3 122N.csv 0008 161 305 813 04 19 23 02 09 04 01 21 10433 95 10759 249 11425 243 913
038_P5-3_120N.csv 0005 270 21,1 581 04 73 13 04 06 04 01 12 20872 118 21448 287 22004 267 949
039_P5-3 123N.csv 0,028 163 1300 1847 07 08 29 01 19 06 01 23 4923 92 5965 175 10156 230 485
040_P5-3_126N.csv 0032 47 346 381 09 07 47 01 16 03 01 44 597 95 5157 243 2411 106 2405
041_P5-3_125N.csv 0012 66 11,5 246 05 27 21 02 07 03 01 20 13713 92 13156 27,7 12259 245 1119
042_P4-3 128N.csv 0034 44 280 303 09 07 47 01 17 04 01 44 6026 103 5335 250 2481 108 2429
045_P5-3_127N.csv 0016 120 644 732 09 14 24 01 11 05 01 21 8121 90 841 211 10687 226 760
046_P5-3 1290csv 0030 47 211 364 06 07 43 01 14 03 00 41 6325 91 5437 236 1867 7,6 3388
047_P5-3_1300csv 0017 83 202 463 04 17 24 02 10 04 01 22 9532 92 10161 242 11542 252 826
048_P5-3_1310csv 0012 121 185 260 07 60 15 04 07 05 01 14 20240 145 19734 303 19208 261 1054
049_P5-3_1330csv 0047 165 1616 1846 09 08 31 o0l 19 06 0l 24 4796 92 559 178 9767 236 491
050_P5-3_1350csv 0098 14 108 81 13 09 60 0l 13 02 01 59 6632 89 6662 401 6764 397 981
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051_P5-3_1360.csv 0,010 6,9 54 12,5 o4 89 13 05 05 04 01 12 24310 117 2326,8 309 22366 27,7 1087
052_P5-3_1370.csv 0,018 7,7 11,3 38,6 03 17 28 02 11 04 01 26 10074 109 1003,4 282 9948 258 1013
053_P5-3_1380.csv 0,027 6,0 55,1 63,9 o9 07 39 01 17 04 01 36 5345 8,8 513,5 20,2 4209 151 1270
054 P5-3 145P - 0,009 15,2 40,5 68,4 06 19 21 02 09 04 01 19 10865 9,3 1097,2 232 11186 21,7 971
057_P5-3_151P.csv 0,133 1,0 4,1 73 06 09 46 01 16 04 01 43 5746 9,3 660,2 30,2 9647 413 596
058_P5-3_150P.csv 0,038 7,2 65,6 75,5 09 o7 38 01 17 04 01 34 5203 8,7 518,1 19,7 508,2 17,4 1024
059_P5-3_153P.csv 0,030 51 14,3 23,1 06 16 33 02 09 03 01 31 10428 9,8 959,8 31,2 7742 241 1347
060_P5-3_154P.csv 0,020 71 8,6 36,6 02 15 31 02 14 05 01 28 9136 13,2 939,6 293 10010 27,7 913
061_P5-3_155P.csv 0,004 30,5 48,4 64,9 08 71 13 04 06 05 01 11 20243 130 21232 26,7 22203 240 91,2
062_P5-3_149Q.csv 0,026 3,6 4,0 26,1 02 10 40 oO01 13 03 01 38 7505 9,9 690,4 276 4991 189 150,4
063_P5-3_147P.csv 0,030 10,8 56,1 94,5 06 09 33 01 19 06 01 26 5535 10,8 627,8 20,5 9055 237 611
064_P5-3_142P.csv 0,029 71 46,7 53,2 o9 07 39 01 14 04 01 36 6356 8,7 558,2 21,7 2540 92 2503
065_P5-3_144P.csv 0,044 9,0 140,5 1614 09 04 45 01 30 07 01 34 3535 10,7 355,7 161 3705 124 954
066_P5-3_143P.csv 0,024 5,6 17,7 24,3 07 19 26 02 08 03 01 25 11532 87 1072,3 282 9111 230 1266
067_P5-3_160Q.csv 0,013 8,8 111 36,7 03 25 23 02 09 04 01 21 12563 107 1258,5 286 12623 266 995
070_P5-3_156Q.csv 0,013 111 13,7 19,7 07 97 15 05 05 04 01 14 25461 137 2405,7 353 22890 31,3 1112
071_P5-3_161Q.csv 0,009 13,5 16,4 74,4 02 19 24 02 09 04 01 23 10189 9,4 1076,3 262 11946 269 853
072_P5-3_158Q.csv 0,089 2,3 173 12,7 14 10 65 01 13 02 01 63 7437 9,6 680,7 440 4774 30,2 1558
073_P5-3_159Q.csv 0,015 12,3 37,2 75,7 05 17 26 01 14 06 01 22 8227 11,7 993,8 256 13934 30,0 590
074_P5-3_163Q.csv 0,045 3,2 16,4 22,9 07 07 52 01 15 03 01 50 6446 9,5 554,9 29,1 2021 10,2 3189
075_P5-3_167Q.csv 0,008 9,3 8,7 26,5 03 43 20 03 08 04 01 19 17536 132 1696,1 344 16258 30,6 1079
076_P5-3_166Q.csv 0,029 41 24,1 29,1 08 09 42 01 15 04 01 39 6744 9,9 663,1 27,7 6250 245 1079
077_P5-3_171R.csv 0,091 2,5 17,9 17,7 10 08 57 01 16 03 01 55 584 9,5 589,0 336 6148 336 947
078_P5-3_172R.csv 0,008 18,0 55,7 42,0 13 60 1,7 04 08 05 01 15 19704 151 1981,7 335 19936 300 988
079_P5-3_173R.csv 0,051 35 27,4 21,1 13 08 54 01 13 02 00 52 7233 9,3 589,8 31,6 104,8 54 6904
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080_P5-3_174R.csv 0,013 134 259 30,3 09 4,9 18 03 09 05 01 16 17225 154 1801,7 32,8 1894,7 30,0 90,9
083_P5-3_175R.csv 0,020 6,7 39,5 49,3 08 0,7 4,1 01 16 04 01 3,8 623,7 9,8 564,1 23,3 330,6 12,7 188,6
084_P5-3_177S.csv 0,011 18,0 473 97,2 05 1,6 2,4 02 10 04 01 2,2 969,4 10,0 987,8 24,1 1029,1 22,8 94,2
085_P5-3_178S.csv 0,017 75 12,9 59,6 0,2 1,0 34 01 14 04 01 31 710,9 9,6 681,8 22,9 586,7 18,1 121,2
086_P5-3_179S.csv 0,008 109 149 85,1 0,2 11 2,9 01 13 05 01 2,6 725,6 9,6 7317 21,3 750,6 19,4 96,7
088_P5-3_183S.csv 0,713 2,2 17,5 14 130 180 144 01 36 03 10 139 8077 291 2990,2 430,0 52069 7249 15,5
089_P5-3_181S.csv 0,034 4,1 13,4 26,3 0,5 0,9 49 01 13 03 01 4,7 7542 10,0 659,1 32,3 3458 16,3 218,1
090_P5-3_182S.csv 0,022 6,2 26,2 48,0 05 0,9 3,8 01 14 04 01 35 669,4 9,7 644,1 24,2 556,2 19,3 120,4
091_P5-3_185S.csv 0,010 114 26,7 85,3 0,3 1,0 2,9 01 13 05 01 2,6 725,5 9,7 712,4 20,7 671,5 17,4 108,0
092_P5-3_191T.csv 0,015 111 258 64,3 04 15 2,6 02 11 04 01 2,3 922,1 9,9 9454 24,4 1000,0 23,5 92,2
093_P5-3_195T.csv 0,073 19 14,8 11,4 13 11 44 01 14 03 01 4,1 7069 10,0 7318 32,0 808,8 335 87,4
097_P5-3_188T.csv 0,018 109 219 93,3 0,2 1,0 3,2 01 13 04 01 2,9 675,4 8,9 685,2 22,0 7175 21,0 94,1
098_P5-3_193T.csv 0,021 4,1 10,3 16,0 0,7 2,1 2,8 02 07 02 01 2,7 12471 88 1159,0 32,8 997,8 27,3 125,0
099_P5-3_194T.csv 0,016 6,0 7.9 15,6 0,5 50 2,0 03 07 04 01 18 17550 120 1813,9 354 1882,4 34,4 93,2
100_P5-3_197T.csv 0,010 119 344 68,1 05 3,4 2,1 03 09 04 01 20 14525 13,0 1502,5 32,3 1573,7 30,7 92,3
101_P5-3_205U.csv 0,031 3,8 10,7 14,3 08 19 3,7 02 08 02 01 36 12696 103 1081,7 39,9 720,5 25,9 176,2
102_P5-3_201U.csv 0,008 312 70,7 101,7 0,7 6,8 13 03 09 07 02 10 14889 132 2084,6 27,4 2738,5 26,6 54,4
103_P5-3_199U.csv 0,045 8,9 56,7 155,8 0,4 04 43 01 27 06 01 3,3 338,9 9,1 365,1 15,5 5355 17,7 63,3
104_P5-3_203U.csv 0,022 104 282 99,8 0,3 08 3,7 01 16 04 01 3,4 577,5 9,0 5713 21,2 546,5 18,4 105,7
105_P5-3_204U.csv 0,017 9,3 51,7 56,9 0,9 13 3,2 01 17 05 01 2,7 7578 12,6 827,9 26,3 1021,1 27,7 74,2
106_P5-3_208U.csv 0,042 44 25,9 30,8 08 0,7 52 01 16 03 00 49 599,6 9,4 5174 26,7 169,4 8,3 354,0
109_P5-3_207U.csv 0,005 425 789 92,2 0,9 9,9 11 04 06 06 02 10 20440 132 2423,2 27,8 2759,1 26,3 74,1
110_P5-3_206U.csv 0,029 3,0 22,1 21,2 11 0,9 42 01 15 04 01 3,9 631,2 9,5 634,7 26,5 647,5 25,3 97,5
111_P5-3_202U.csv 0,027 3,4 71 14,8 0,5 18 3,3 02 09 03 01 31 1106,7 98 1029,3 33,6 868,3 27,3 127,5
112_P5-3_146P.csv 0,025 45 71 16,8 0,4 2,2 2,9 02 08 03 01 28 13254 10,6 1170,3 33,9 893,7 24,9 148,3
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113_P5-3_152P.csv 0,068 9,0 1010 1776 06 03 57 0,0 3,9 0,7 01 42 232,7 9,1 257,0 14,7 485,7 20,2 47,9
114_P5-3 83l.csv 0,025 2,0 6,1 13,5 05 1.2 4,1 01 1,2 03 01 3,9 786,6 9,4 783,1 32,2 7731 304 1018
115_P5-3_75H.csv 0,011 85 123 421 0,3 18 2,6 0,2 0,9 0,4 01 2,5 10783 10,1 10556 27,8 1009,0 248  106,9
116_P5-3_62G.csv. 0,009 21 10,5 17,1 0,6 1,0 3,3 01 15 0,5 01 2,9 629,5 9,7 684,5 22,3 869,5 24,9 72,4
117_P5-3_67G.csv. 0,328 0,6 1,2 05 2,2 19,2 49 0,3 2,4 05 05 43 14976 36,0 3050,1 1494 43310 1848 346
118_P5-3_198U.csv 0,013 21 10,9 12,7 0,9 13 31 01 1,2 0,4 01 2,8 792,3 9,4 854,9 26,1 10210 288 77,6
119 P5-3_192T.csv 0,771 0,7 0,1 0,7 0,2 384 159 0,2 34 0,2 14 155 11381 385 37300 5933 5746,7 8932 198

® Th/U ratios and *™“™ of Pb, Th and U (in pmm) are calculated relative © %! reference zircon

¢ Corrected for background and within-run Pb/U fractionation and normalised to reference zircon GJ-1 (ID-TIMS values/measured value); 207Pb/2°U calculated using
(*°"Pb/2%Ph)*(2°°Ph/%8U)*(137.88)

4 Rho is the error correlation defined as the quotient of the propagated errors of the 206Pb/238U and the 207/235U ratio

¢ Corrected for mass-bias by normalising to GJ-1 reference zircon and common Pb using the model P° composition of Stacey nd Kramers (1975)

f Degree of concordance, 6/8-7/6= (206Pb/238U age * 100) / (207Pb/206Pb age), according to Horstwood et al., 2016.
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Sample P4-4 Isotope ratiosc Ages (Ma)
Spot Pb Th ] 207Pby 1s 200P/  1g LU 206Pby 1s 207Pby 1s 7Py 1 foonc o
Number f206a  ppm ppm ppm Th/Ub 2350 [%] %Y  [%] Rhod 2Pk [0p] 238U abs 23U aps 06°b abs  6/8-7/6
005_P4_Al.csv 0,008 17,8 21,7 74,0 0,3 2,3 2,0 0,2 0,8 0,4 0,1 1,8 1218 10,1 12216 239 1228 21,7 99
006_P4_AT7.csv 0,059 2,7 50 12,7 0,4 14 4,6 0,2 1,0 0,2 0,1 45 1022 10,1 879,0 404 535 24,0 191
007_P4_A8.csv 0,028 3,3 57 12,3 0,5 2,2 31 0,2 0,8 0,3 0,1 3,0 1300 10,4 11922 37,0 1002 30,1 130
008_P4_A9.csv 0,040 52 11,0 15,7 0,7 2,6 2,9 0,2 0,8 0,3 0,1 2,8 1420 109 13144 38,6 1147 325 124
009_P4_Al10.csv 0,009 2,4 3,0 9,1 0,3 2,6 2,2 0,2 0,9 0,4 0,1 2,0 1277 12,1 13030 28,4 1346 26,5 95
010_P4_All.csv 0,009 6,2 6,7 22,6 0,3 2,8 2,0 0,2 0,8 0,4 0,1 1,9 1398 11,4 1360,6 27,7 1303 24,3 107
011_P4 _B2.csv 0,007 6,6 7.9 26,4 0,3 2,5 23 0,2 1,3 0,5 0,1 1,9 1243 156 1266,9 29,2 1308 25,2 95
012_P4_B4.csv 0,009 9,4 30,3 425 0,7 1,9 2,2 0,2 1,0 0,5 0,1 1,9 1069 109 10880 235 1126 214 95
013 P4 _B5.csv 0,010 131 216 401 0,5 35 18 0,3 1,0 0,6 0,1 15 1471 143 15373 27,0 1629 239 90
014_P4_B6.csv 0,009 6,9 314 161 2,0 35 1,9 0,3 0,7 0,4 0,1 18 1564 11,1 15239 29,4 1469 26,3 106
015 P4 _B7.csv 0,015 47 10,6 15,8 0,7 31 2,2 0,2 0,9 0,4 0,1 2,1 1333 115 14374 322 1596 33,0 84
018_P4_B8.csv 0,010 8,2 122 37,0 0,3 2,0 2,2 0,2 0,9 04 0,1 2,0 1108 9,8 11236 24,7 1153 23,2 96
019 P4 B9.csv 0,488 583 50,0 1453 0,3 1,2 45 0,1 15 0,3 0,1 4,2 480 71 8070 36,2 1863 78,9 26
020_P4 Bll.csv 0,031 24 7,0 9,2 0,8 1,7 3,8 0,2 0,7 0,2 0,1 3,7 1118 7,7 9959 375 736 27,2 152
021_P4 Bl2.csv 0,044 3,2 3,7 11,5 0,3 2,2 3.9 0,2 0,6 0,2 0,1 3,9 1349 8,6 1187,0 46,7 903 35,1 149
022_P4 B13.csv 0,097 21,6 23,0 54,7 0,4 3,3 2,0 0,2 0,7 0,3 0,1 1,8 1343 8,9 14753 29,0 1671 309 80
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023_P4_Clcsv 0,009 10,2 9,6 43,1 0,2 2,4 2,1 0,2 08 0,4 0,1 19 1236,2 9,6 12290 256 12162 235 101,6
024_P4_C2.csv 0,037 2,0 4,6 71 0,7 2,2 4,0 0,2 0,6 0,2 0,1 4,0 1276,9 83 11739 474 988,6 39,4 129,2
025_P4_Cé4.csv 0,028 13 2,5 4,7 05 2,6 4,4 0,2 0,7 0,2 0,1 43 1343,5 8,9 13114 576  1259,1 54,7 106,7
026_P4_C5.csv 0,008 12,0 16,3 50,3 0,3 2,5 19 0,2 0,6 0,3 0,1 18 1249,2 78 12585 244 12744 234 98,0
027_P4_C6.csv 0,009 12,8 19,0 25,3 0,8 6,7 15 04 0,7 05 0,1 13 2076,8 155 20748 30,8 20729 265 100,2
028_P4_C7.csv 0,009 74 8,0 31,5 03 2,3 2,2 0,2 1,0 0,4 0,1 2,0 1186,5 11,7 12263 275 12970 26,1 91,5
031_P4_C8csv 0504 782 1046 2712 0,4 0,6 53 0,0 3,5 0,7 0,1 3,9 278,2 9,8 474,7 249  1586,7 619 17,5
032_P4_C9.csv 0,463 64,5 250 1913 01 11 43 0,1 2,0 0,5 0,1 39 4945 9,7 752,6 326 16228 628 30,5
033_P4_Ci10.csv 0,034 3,9 2,3 19,1 0,1 17 35 0,2 0,9 0,3 0,1 34 1108,7 9,8 1026,9 358 856,4 28,9 129,5
034_P4_Cill.csv 0,087 2,9 50 11,0 0,5 19 3,8 0,2 0,9 0,2 0,1 3,7 1084,7 9,3 1071,3 41,2 10441 391 103,9
035_P4_Cl2.csv 0,091 2,0 57 54 11 2,0 57 0,2 0,7 0,1 0,1 57 13936 10,1 11293 64,6 651,0 36,9 2141
036_P4_Dl.csv 0,048 2,5 2,7 6,3 0,4 34 3,7 03 0,6 0,2 0,1 3,6 17798 104 15076 554 11435 415 155,6
037_P4_D2.csv 0,086 8,2 34 99,7 0,0 1,7 3,4 0,2 1,0 0,3 0,1 33 11096 11,5 1017,7 351 825,0 27,1 134,5
038_P4_D3.csv 0,015 8,6 111 34,1 0,3 2,3 2,4 0,2 1,0 04 0,1 2,2 12051 12,3 12085 292 12144 26,6 99,2
039_P4_D4.csv 0,014 9,8 10,3 43,4 0,2 2,2 2,3 0,2 08 0,4 0,1 2,1 1185,5 9,9 11709 26,6 11440 241 103,6
040_P4_D5.csv 0,067 2,0 3,2 6,7 05 2,0 55 0,2 0,7 0,1 0,1 54 1359,2 9,9 11212 615 685,2 37,2 198,4
041_P4_D7.csv 0,024 3,6 6,8 9,0 0,8 39 2,4 03 0,6 0,3 0,1 2,3 17140 106 16112 391 14795 347 115,9
047_P4_D9.csv 0,015 8,0 9,6 33,5 03 2,1 19 0,2 1,0 05 0,1 1,6 1160,1 12,0 11454 221 11176 18,2 103,8
048 _P4_D10.csv 0,108 1,0 15 41 0,4 17 58 0,2 1,0 0,2 0,1 58 10440 10,2 10174 594 960,6 55,3 108,7
049_P4_Dilcsv 0486 82,7 1182 304,6 04 0,7 4,6 0,0 3,0 0,7 0,1 34 285,6 8,6 5447 249  1858,7 637 154
050_P4_Di12.csv 0,046 2,7 57 13,3 0,4 15 35 0,2 1,0 0,3 0,1 33 955,7 9,2 923,6 32,1 847,5 28,3 112,8
051_P4_El.csv 0,031 2,7 4,7 13,4 04 13 42 0,2 08 0,2 0,1 4,1 1020,5 8,4 861,0 36,2 469,9 194 217,2
052_P4_E2.csv 0,018 43 8,4 15,8 0,5 2,4 2,0 0,2 0,7 0,3 0,1 19 1301,8 8,9 12473 252 11545 220 112,8
053_P4_E3.csv 0,053 19 2,9 8,7 0,3 13 53 0,2 0,9 0,2 0,1 52 1041,5 9,3 829,4 43,9 296,5 15,5 351,2
054_P4_E4.csv 0,019 55 8,5 22,0 04 2,0 2,4 0,2 1,0 0,4 0,1 2,2 11515 11,1 11049 266 10143 224 1135
055_P4_E5.csv 0,011 9,6 17,2 34,8 05 2,7 1,6 0,2 08 0,5 0,1 14 12980 10,1 13170 215 13481 194 96,3
056_P4_E6.csv 0,033 3,0 6,8 10,9 0,6 2,0 3,0 0,2 0,7 0,2 0,1 3,0 1307,7 8,8 1120,3 34,0 773,0 22,9 169,2
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057_P4_E7.csv. 0,033 2,3 42 8,8 0,5 2,3 3,0 0,2 0,7 0,2 01 2,9 1271,2 8,9 11983 357 1069,0 31,0 118,9
060_P4_E8.csv 0,024 46 72 12,9 0,6 33 2,1 0,3 0,6 0,3 0,1 2,1 1637,0 9,5 14745 31,6 12478 258 131,2
061_P4_E9.csv 0,022 10,7 151 30,9 0,5 35 1,6 0,3 08 0,5 01 14 14904 115 15346 249 15960 228 93,4
062_P4_Flcsv 0,021 4,1 7,0 11,4 0,6 34 2,4 0,3 0,6 0,2 0,1 2,3 1679,2 9,8 15152 36,0 12929 298 129,9
063_P4_F2.csv 0010 10,7 16,6 34,4 05 3,2 18 0,3 08 05 0,1 15 1466,4 12,0 14499 254 14260 221 102,8
064_P4_F3.csv 0,010 9,2 12,8 25,9 0,5 35 18 0,3 08 0,4 01 1,6 1559,5 123 15255 27,0 14786 234 105,5
065_P4_F5.csv. 0,038 2,9 9,6 9,2 1,0 19 4,7 0,2 0,7 0,1 0,1 4,7 13219 9,2 1071,8 50,8 592,9 27,8 2229
066_P4_F6.csv. 0,077 10,0 20,6 39,4 0,5 1,6 2,8 0,2 1,0 0,4 01 2,6 948,5 9,8 984,3 27,3 10648 274 89,1
067_P4_F7.csv. 0,013 8,2 12,3 42,6 03 1,6 2,3 0,2 1,0 04 0,1 2,1 1008,4 9,6 986,6 22,6 938,4 19,6 107,5
068_P4_F8.csv 0,192 481 81,6 116,0 0,7 2,3 2,7 0,2 15 0,6 01 2,2 999,3 151 12264 325 16513 36,0 60,5
069_P4_F9.csv 0,049 2,6 6,3 6,3 1,0 3,3 3,3 0,3 0,7 0,2 01 33 1624,7 108 14752 493  1266,3 415 128,3
070_P4_F10.csv 0,017 3,4 3,2 12,6 03 2,6 2,2 0,2 0,7 0,3 0,1 2,1 1358,0 9,8 13110 2955 12351 263 109,9
073_P4_Fllcsv 0,612 101,7 1081 3139 0,3 08 55 0,0 3,8 0,7 01 4,0 262,6 9,9 606,9 333 22599 901 11,6
074_P4_G2.csv 0,050 2,0 2,1 73 03 2,3 3,7 0,2 08 0,2 0,1 3,6 13089 10,1 12099 44,7 10373 375 126,2
075_P4_G3.csv 0,273 0,6 08 1,7 0,4 2,0 11,1 0,2 1,6 0,1 01 110 10771 171 11321 1259 12393 1364 86,9
076_P4_G4.csv 0,010 11,2 18,3 57,7 03 17 2,3 0,2 1,0 04 0,1 2,0 1008,9 9,9 10122 23,0 10193 209 99,0
077_P4_G5.csv 0,057 2,6 41 10,9 04 15 5,0 0,2 0,9 0,2 0,1 4,9 11135 9,9 916,2 46,0 467,0 23,1 2384
078_P4_G6.csv 0,011 12,4 21,2 39,5 0,5 3,0 19 0,2 0,9 05 01 17 1405,1 128 14120 275 14224 244 98,8
079_P4_G7.csv 0,034 34 52 13,1 04 19 35 0,2 0,9 0,2 0,1 34 12109 103 10752 37,2 809,4 27,2 149,6
080_P4_G8.csv 0,021 5,6 9,9 14,4 0,7 3,8 2,1 0,3 0,6 0,3 01 2,0 1718,7 105 16021 331 14519 287 118,4
081_P4_G9.csv 0,013 8,6 8,8 24,2 04 39 19 03 0,7 04 0,1 18 16752 11,4 16172 304 15426 271 108,6
082_P4_G10.csv 0,064 2,3 58 8,8 0,7 1,6 5,0 0,2 0,9 0,2 01 49 1120,5 10,6 953,3 47,3 585,0 28,5 191,5
083_P4_Gll.csv 0,051 2,9 44 10,7 0,4 15 49 0,2 1,2 0,2 01 47 10876 128 939,0 45,9 604,9 28,7 179,8
086_P4_Hl.csv 0,017 6,3 71 28,6 0,3 18 2,7 0,2 0,9 0,3 01 25 11123 9,5 10522 28,0 929,6 23,4 119,7
087_P4_H2.csv 0,009 11,5 15,0 32,6 0,5 3,7 18 0,3 08 05 01 1,6 15690 131 15741 279 15811 248 99,2
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088_P4_H3.csv 0,046 2,3 4,0 7,7 05 2,1 4,0 0,2 0,7 0,2 0,1 4,0 1362,9 9,1 1137,7 458 730,2 29,0 186,7
089_P4_H4.csv 0,023 79 10,1 24,9 0,4 3,3 2,1 0,3 0,7 0,3 0,1 2,0 15006 10,3 14831 314 14581 29,2 102,9
090_P4_H5.csv 0,028 57 14,0 19,5 0,7 2,3 31 0,2 08 0,2 0,1 3,0 12999 10,0 1209,2 371 10506 31,3 123,7
091_P4_H6.csv 0,073 1,6 3,2 72 0,4 15 5,0 0,2 0,9 0,2 0,1 4,9 971,0 9,2 9114 45,4 769,6 37,7 126,2
092_P4_H7.csv 0,014 72 9,1 12,0 0,8 8,4 13 05 0,4 0,3 0,1 13 24335 106 22789 30,7 21429 274 113,6
093_P4_H8.csv 0,050 2,0 3,4 9,3 04 15 4,0 0,2 0,9 0,2 0,1 4,0 986,4 8,6 941,3 38,1 837,1 33,1 117,8
094_P4_H9.csv 0,016 6,1 08 25,5 0,0 2,3 2,4 0,2 0,7 0,3 0,1 2,3 1288,2 9,2 12243 295 11132 256 1157
095_P4_H10.csv 0,008 153 16,6 53,1 0.3 3,2 18 0,3 0,7 0,4 0,1 1,6 14534 10,2 14584 259 14656 239 99,2
096_P4_Hll.csv 0,007 154 17,8 48,6 0,4 3,7 1,7 03 0,6 0,3 0,1 1,6 1536,1 8,9 15613 26,1 15956 25,0 96,3
099_P4_H12.csv 0,021 50 39 14,4 0.3 35 2,4 0,3 0,6 0,2 0,1 2,3 1664,7 9,5 15339 363 13580 311 122,6
100_P4_l11.csv 0,026 6,5 7,7 23,8 0.3 2,2 2,5 0,2 08 0,3 0,1 2,4 12370 105 11681 29,4 10425 247 118,7
101_P4_110.csv 0,654 1178 1668 3311 0,5 0,7 6,1 0,0 3,7 0,6 0,1 4.8 210,5 7,7 528,6 32,0 23372 1126 9,0
102_P4_19.csv 0,030 3,7 6,3 9,7 0,7 3,6 2,6 0,3 0,5 0,2 0,1 2,5 1719,2 8,9 1558,6 40,4 13474 342 127,6
103_P4_18.csv 0,025 4.9 7,0 23,1 0,3 1,6 31 0,2 0,8 0,3 0,1 3,0 1075,4 8,5 987,5 30,8 797,2 24,0 134,9
104_P4_17.csv 0,024 50 43 18,7 0,2 2,3 2,9 0,2 0,7 0,2 0,1 2,8 1361,1 9,4 12147 354 963,2 27,3 141,3
105_P4_16.csv 0,101 13 3,1 3,3 1,0 2,8 4,9 03 0,7 0,1 0,1 4,9 1446,2 9,7 13648 671 12395 604 116,7
106_P4_15.csv 0,025 3,6 47 12,4 0,4 2,5 31 0,2 0,6 0,2 0,1 3,0 1405,8 8,7 12646 388 10318 31,0 136,3
107_P4_l4csv 0,041 3,2 6,9 7,6 0,9 33 3,0 0,3 0,5 0,2 0,1 3,0 1704,3 9,0 14886 448 11935 354 142,8
108_P4_13.csv 0,117 1,7 25 53 05 2,0 5,0 0,2 0,8 0,2 0,1 4,9 1288,1 10,4 11254 558 823,5 40,3 156,4
109_P4_12.csv 0,059 3,0 8,5 6,1 14 34 34 0,3 0,6 0,2 0,1 33 16805 10,8 14944 50,1 12395 408 135,6
112 P4 Jlcsv 0632 77,6 71,1 1786 0,4 1,0 55 0,1 2,9 05 0,1 4,6 330,5 9,5 681,5 372 21230 983 15,6
113_P4 J2.csv 0,052 2,5 4,2 8,3 0,5 2,1 4,0 0,2 0,7 0,2 0,1 39 1337,1 9,7 1163,7 464 853,8 33,5 156,6
114_P4 J3.csv 0,017 8,5 151 40,7 04 16 2,6 0,2 11 04 0,1 2,4 10098 10,9 968,0 25,4 874,3 20,9 115,5
115_P4 J4.csv 0,009 14,6 23,1 43,6 05 3,6 16 0,3 08 05 0,1 14 15448 11,8 15428 24,7 15401 21,7 100,3
116_P4_J5.csv 0,023 43 3,7 14,6 0,3 2,5 2,9 0,2 0,7 03 0,1 2,8 14299 105 1269,1 366 10062 281 142,1
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117_P4_J7.csv 0,190 30,1 39,3 71,4 0,6 25 2,2 0,2 1,0 0,4 0,1 2,0 1036,4 10,0 12641 284 16756 34,0 61,9
118 P4 _J8.csv 0,012 71 7,7 22,6 0,3 3,2 18 0,3 0,7 0,4 0,1 17 15412 104 14633 268 13520 231 114,0
119 P4 _J9.csv 0,027 49 83 15,4 0,5 2,8 2,7 03 0,7 0,2 0,1 2,6 15211 10,1 13452 358 10755 278 141,4
120_P4_J10.csv 0,021 52 75 24,7 0,3 1,6 2,9 0,2 1,0 0,3 0,1 2,7 1037,4 9,9 964,3 21,7 801,1 21,7 129,5

121_P4_Jll.csv 0,105 11 4,0 6,2 0,7 14 3,3 0,1 13 0,4 0,1 3,1 729,6 9,6 868,3 29,0 12409 381 58,8
122_P4 J12.csv 0,025 46 7,6 12,5 0,6 3,3 2,5 0,3 0,6 0,3 01 2,4 16415 10,2 1488,7 36,6 12772 304 128,5
125 P4 Jl2.csv 0,013 137 19,9 40,1 0,5 3,7 1,6 03 0,7 0,4 0,1 15 15758 11,1 15622 252 15438 224 102,1
126_P4_L13.csv 0,060 1,7 2,3 57 04 2,5 4,0 0,2 0,7 0,2 01 3,9 13828 10,1 1268,8 50,4 10805 42,2 128,0
127_P4_L12.csv 0,055 2,1 33 10,0 0,3 13 4,9 0,2 1,0 0,2 0,1 4.8 994,3 9,5 832,1 40,8 420,5 20,2 236,4
128_P4_L1lcsv 0,039 2,4 49 10,8 0,5 1,6 42 0,2 0,9 0,2 01 4,1 11204 101 980,4 40,9 678,6 27,7 165,1
129 P4 L10.csv 0,013 49 57 17,2 0.3 2,8 2,1 0,3 0,7 0,3 01 2,0 1449,9 9,8 13643 29,1 12326 24,9 117,6
130_P4_L9.csv 0,022 3,7 39 12,9 0,3 2,6 2,7 03 0,7 0,3 0,1 2,6 14399 10,2 13105 348 11047 283 130,3
131_P4 L8csv 0,114 11 1,7 3,6 0,5 2,1 6,5 0,2 0,9 01 01 6,5 13120 116 11608 758 888,6 57,5 147,6
132_P4 P7.csv 0,025 3,0 4,1 10,5 0,4 25 3,0 0,2 0,7 0,2 0,1 2,9 13871 10,1 12579 37,8 10431 304 133,0
133_P4_L6.csv 0,243 38,7 451 1153 04 15 3,0 0,1 11 04 01 2,8 808,2 9,3 9274 279 12226 340 66,1
134 P4 L5.csv 0,022 3,9 6,8 15,4 0,4 2,1 2,9 0,2 08 0,3 0,1 2,8 1233,9 9,6 11494 33,6 993,2 28,0 124,2

135 P4 L4csv 0,057 184 26,6 43,7 0,6 4,0 1,6 03 1,0 0,6 0,1 13 14589 141 16414 269 18837 250 77,4
138_P4_L3.csv 0,011 8,5 10,8 24,4 04 3,8 18 0,3 0,6 0,3 01 1,7 16779 104 1590,8 28,7 14772 250 113,6
139 P4 L2.csv 0,029 41 38 15,3 0,3 2,2 3,2 0,2 0,7 0,2 0,1 31 1375,0 9,7 11804 38,0 839,4 26,4 163,8
140_P4 Llcsv 0,038 3,8 4,7 13,4 04 2,1 3,2 0,2 0,6 0,2 01 3,2 1407,2 9,0 11426 37,1 669,6 21,3 210,2
141 P4 Milcsv 0,012 8,5 9,6 32,3 0,3 2,6 2,0 0,2 0,9 0,4 0,1 18 13299 11,8 12876 258 12178 219 109,2
142_P4 M9.csv 0,078 1,6 0,0 7,0 0,0 15 54 0,2 0,9 0,2 01 53 11003 10,1 922,6 49,5 518,8 27,4 2121
143_P4_M10.csv 0,010 8,6 11,7 33,7 04 2,4 2,0 0,2 0,9 0,5 01 1,7 12580 11,1 12381 242 12036 21,0 104,5
144 _P4 _Mill.csv 0,035 2,3 35 11,0 0,3 15 3,9 0,2 0,9 0,2 01 3,8 1080,2 9,3 936,7 36,7 612,9 23,4 176,2
145_P4_M12.csv 0,014 9,9 46,5 31,9 15 2,0 2,3 0,2 0,9 04 01 2,0 11419 108 11137 251 1059,1 21,7 107,8
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146_P4_M13.csv 0,084 14 25 4,6 0,6 2,4 44 0,2 08 0,2 01 43 1268,7 10,5 1237,7 541 11843 50,8 107,1
147_P4_Nl4.csv 0,062 18 51 6,9 0,7 17 4,6 0,2 09 0,2 0,1 4,5 1092,4 9,7 1006,7 46,5 824,5 37,4 132,5
148_P4_N13.csv 0,047 185 26,0 51,6 05 3,4 18 0,3 0,7 0,4 01 1,6 14516 104 1502,1 26,4 15740 253 92,2
151_P4 Nlcsv 0,110 196 27,2 48,4 0,6 34 2,2 0,2 09 0,4 0,1 2,0 13946 13,0 14987 33,0 16492 329 84,6
152_P4 N2.csv 0,601 46,0 19,7 93,4 0,2 1,0 6,0 0,1 3,0 0,5 0,1 52 3254 9,8 718,9 43,4 22791 1192 14,3
153_P4 _N3.csv 0,018 49 6,6 16,2 04 29 2,2 0,3 0,7 0,3 01 2,1 1486,1 10,1 13859 31,1 12347 264 120,4
154 P4 N4.csv 0,071 174 25,0 42,1 0,6 3,7 1,9 03 0,7 0,4 0,1 18 15549 111 15704 30,6 15911 288 97,7
155_P4_N5.csv 0,145 0,7 12,1 22,9 05 2,0 44 0,2 11 0,3 01 4,2 986,9 109 1110,7 484 13616 574 72,5
156_P4_N6.csv 0,084 1,7 25 6,5 0,4 15 6,7 0,2 08 0,1 0,1 6,6 11421 9,5 921,5 61,6 424.8 28,2 268,9
157_P4 N7.csv 0,024 49 12,0 15,7 08 2,5 2,9 0,2 0,7 0,2 01 2,8 1385,7 9,4 12733 371 10883 30,8 1273
158_P4 N8.csv 0,117 33,9 38,9 95,5 04 3,2 2,0 0,2 08 0,4 01 18 13253 10,3 14608 29,1 16639 30,5 79,7
158_P4_N9.csv 0,047 2,0 18 6,8 0,3 2,7 31 0,2 08 0,3 0,1 3,0 1399,0 10,7 1332,7 40,7 1227,7 36,3 114,0
159_P4_N10.csv 0,024 50 9,0 16,7 0,5 2,4 2,6 0,2 0,7 0,3 01 2,5 1394,5 9,9 12433 327 990,0 251 140,9
160_P4_Ni1l.csv 0,028 55 6,1 8,8 0,7 8,2 1,7 05 05 0,3 0,1 1,6 25060 125 22580 384 2040,3 331 122,8
163_P4_N12.csv 0,027 34 55 15,7 04 1,6 3,6 0,2 08 0,2 01 35 1106,0 9,3 955,9 34,1 624,7 21,7 177,0
164_P4 O4.csv 0,115 11 38 3,2 1,2 2,3 4.2 0,2 0,9 0,2 0,1 41 12902 111 12214 51,7 1101,7 457 1171
165_P4_O5.csv 0,044 2,1 25 71 0,4 2,2 43 0,2 0,7 0,2 0,1 42 1415,9 9,5 1176,6 50,5 759,6 32,2 186,4
166_P4_O6.csv 0,040 31 57 14,2 04 15 39 0,2 1,0 0,3 01 3,8 1056,9 10,4 939,3 36,6 672,8 25,3 157,1
167_P4_O8.csv 0,025 55 58 19,3 0,3 2,4 2,6 0,2 0,7 0,3 0,1 25 1429,9 9,7 12554 328 967,4 24,4 1478
168_P4 P8.csv 0,134 16,0 20,6 34,9 0,6 3,3 2,0 0,2 1,0 0,5 01 18 12788 126 14766 30,0 17735 315 72,1
169_P4 P7.csv 0,020 51 83 177 05 2,6 2,5 0,2 08 0,3 0,1 2,3 13714 10,7 12876 31,8 11505 269 119,2
170_P4_P6.csv 0,055 1,0 1,6 44 04 1,7 3,2 0,2 0,9 0,3 01 31 1088,6 9,8 10105 325 844,8 26,1 128,9
171_P4_Q3.csv 0,057 15 21 47 0,5 2,5 35 0,2 08 0,2 01 3,4 1389,1 10,6 12715 442 10778 36,5 1289
172_P4_P2.csv 0,030 2,6 4,0 10,4 0.4 2,1 3,2 0,2 0,8 0,2 01 3,1 12234 9,4 11388 36,2 981,0 30,2 1247
173_P4_P3.csv 0,041 18 2,6 57 0,5 2,7 33 0,2 0,7 0,2 01 33 14147 10,3  1332,7 445 12034 393 117,6
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® Th/U ratios and *™“™ of Pb, Th and U (in pmm) are calculated relative © ®* reference zircon

¢ Corrected for background and within-run Pb/U fractionation and normalised to reference zircon GJ-1 (ID-TIMS values/measured value); 207Pb/?*U calculated using
(*°"Pb/2%Ph)*(2°°Ph/%8U)*(137.88)

94 Rho is the error correlation defined as the quotient of the propagated errors of the 206Pb/238U and the 207/235U ratio
¢ Corrected for mass-bias by normalising to GJ-1 reference zircon and common Pb using the model P° composition of Stacey nd Kramers (1975)

f Degree of concordance, 6/8-7/6= (206Pb/238U age * 100) / (207Pb/206Pb age), according to Horstwood et al., 2016.
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