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RESUMO

O Cinturdo Dom Feliciano é a principal unidade geotectdnica do sudeste da America
do Sul, sendo formado durante a aglutinagdo do Gondwana Ocidental no
Neoproterozoico. Idades U-Pb em zircado do Neoproterozoico superior, encontradas
em sequencias supracrustais da Antiforme Capané, desafiam a vis&do tradicional de
um unico evento de deposicdo para o Complexo Porongos durante o
Neoproterozoico. As novas idades revelam trés padrbes diferentes de proveniéncia
para a Antiforme Capané. Forte proveniéncia ediacarana tem sido identificada em
sequéncias metavulcanossedimentares nos flancos, com picos mais jovens em 630—
580 Ma. Por outro lado, unidades miloniticas axiais apresentam picos pronunciados
de idade Paleoproterozoica, entre 2,2 e 2,0 Ga. Além disso, lentes de xisto de grau
metamorfico médio, imbricadas na zona axial, mostram importantes picos tonianos,
em 830 Ma, e uma significante contribuicdo mesoproterozoica, em 1,5-1,3 Ga. Os
novos dados de proveniéncia combinados com os resultados geocronologicos
previamente publicados, além de dados estratigraficos e tectdnicos da area aflorante
do Complexo Porongos, permitiu a identificagdo de trés diferentes terrenos na
Antiforme Capané. As rochas miloniticas da zona axial sdo interpretadas como
Formagédo Santana, onde as lentes de xisto de médio grau metamdrfico mostram
proveniéncia similar a aquela encontrada regionalmente no Complexo Porongos. A
sedimentacao destas unidades seria constrita ao Toniano e aqui € sugerido o nome
de sequéncia Porongos | para todo o grupo de rochas metavulcanossedimentares
formadas neste periodo. Diferentemente, as unidades mais jovens, localizadas nos
flancos, sdo interpretadas como pertencentes & uma bacia distinta ediacarana. E
proposto que as sequencias mais jovens da Antiforme Capané, aqui cunhadas como
sequencia Porongos Il, estejam relacionadas a deposi¢ao sinorogénica desenvolvida
ao longo do Ediacarano. Essas descobertas sugerem uma reconstrugéo tectbnica e
paleogeografica, onde as unidades Capané mais jovens sejam interpretadas como
depdsitos sinorogénicos formados durante a deformagao imposta pela justaposi¢cao
do Batolito Pelotas. Esse complexo igneo foi uma importante fonte para as unidades
vulcanossedimentares mais jovens do Cinturdo Porongos, desse modo provendo
nova compreensdo na dindmica da aglutinacdo do Gondwana Ocidental.

Palavras-chave: Complexo Porongos, Antiforme Capané, Cinturdo Dom Feliciano,
Gondwana, Pan-Africano—Brasiliano



ABSTRACT

The Dom Feliciano Belt is the major geotectonic unit in southeastern South America,
being formed during the Neoproterozoic amalgamation of southwestern Gondwana.
Late Neoproterozoic U-Pb ages, found in supracrustal sequences at the Capané
Antiform, challenges the traditional view of a single episode of deposition for the
Porongos Complex during the Neoproterozoic. The new ages reveal three different
provenance patterns for the Capané Antiform. A strong Ediacaran provenance has
been identified in the metavolcano-sedimentary sequences from the limbs, with
younger peak ages yielding 630-580 Ma. On the contrary, the axial mylonitic units
have pronounced Paleoproterozoic peaks, between 2.2 and 2.0 Ga. Additionally,
lenses of medium-grade schist imbricated to the axial zone show important Tonian
peaks at 830 Ma and a significant Mesoproterozoic contribution, at 1.5-1.3 Ga. The
new provenance data combined with previously published geochronological,
stratigraphic and tectonic data from the outcropping Porongos Complex area enable
to identify three different terranes within the Capané Antiform. The mylonitic rocks
from the axial zone are interpreted as part of the Santana Formation. Whereas the
medium-grade schist lenses show provenance similar to those found in the regionally
exposed Porongos Complex. The sedimentation of these last units are constrained to
the Tonian and here it is suggested the name Porongos | sequence to group all
meta-volcanosedimentary rocks formed during this period. On the other hand, the
younger units, located in the limbs, are interpreted as formed in a different basin
during the Ediacaran. It is proposed that the younger sequences of the Capané
Antiform, here coined as Porongos Il sequence, are related to synorogenic deposition
developed during the Ediacaran period. These findings suggest a tectonic and
paleogeographic reconstruction, where the younger Capané units are interpreted as
synorogenic deposits formed during the deformation imposed by the juxtaposition of
the Pelotas Batholith. This igneous complex was an important source for the younger
volcano-sedimentary units of the Porongos Belt, thereby giving new insights into the
dynamics of the SW Gondwana assembly.

Keywords: Porongos Complex, Capané Antiform, Dom Feliciano Belt, Gondwana,
Pan-African-Brasiliano



LISTA DE ILUSTRAGOES

Figura 1 — Reconstrugéo do Continente Gondwana Ocidental.......cccccueciiuneeeernnns 13
Figura 2 — Unidades geotecténicas do sul do Brasil e Uruguai.. .....ccceeesssnnnnnnnnnnns 14
Figura 3 — Localizacdo e acesso a area de estudo.. ......cceerrrniiissnmmnennnnssssssnseennns 16
Figura 4 — Mapa geoldgico do Complexo POrongos .......cecceiiininnnnssssssssssssssssnsnnenns 23

Figura 5 — Mapa geologico da Capané Antiforme, regido extremo norte do
(O] 001 0] =3 o T o {0] T [0 1 27

Figura 6 — Exemplos de afloramentos amostrados durante a presente pesquisa.
Foto da esquerda corresponde ao afloramento CA-17 e da direita ao afloramento
I = O SO PN 29

Figura 7 — Série de decaimento natural do Torio € Ur@nio..........ccccoeeevvciieeeeennne 31
Figura 8 — Exemplo de Curva Concordia e reta Discordia para o sistema U-Pb... 32

Figura 9 - Parte inicial de procedimentos para tratamento de amostras
geocronologicas no PrepLab-CEPGq-UFRGS. Esquerda: Britador de amostras,
tipo mandibula, para moagem preliminar de rochas. Centro: Desagregacado de
nodulos das amostras em pistilo de madeira para posterior peneiramento manual.
Direita: Cominuicdo do material maior que abertura da peneira em moinho de
disco visando NOVO PENEIramMENTO... ....cerririrrrrrrrrrressssnnmnsssssssss s s e s s s e e s s nnsnnnnnnns 33

Figura 10 — Esquerda: Resina e endurecedor utilizados para confeccionar o epoxi
da mount. Centro: Graos de zircdo distribuidos na mount de aproximadamente 5
mm. Direita: Detalhe da mount onde os grédos de zircdo estdo destacados em
F= 0 0 F= 1 =] (o J OSSP 34

Figura 11 — Imagem MEV back-scattered de graos de zircdo representativos da
amostra CA-02A. Numeros em branco representam o spot analisado e em amarelo
F= T T = To 1= 0] o1 4 £ 34

Figura 12 — Imagem de catodoluminescéncia de grdos de zircdo representativos
da amostra CA-19. Numeros em branco representam o spot analisado e em
amarelo aidade Obtida.. .......ooeiiiiiee e 35

Figura 13 — Desenho esquematico do funcionamento de um espectrometro de



SUMARIO

CAPITULO 1 — INTRODUGAOD ........cucueeerreereeeeeesaeeeess e sesesss e e sassssessssssesssssenes 11
1.1 Estrutura da dissertagao.. .......coueeemmeeiciiiiii s 12
1.2 APreSentacgao.........cccccciiiiiiiiiiiiiinnrrniees s 12
g 30 1= Yo 15
1.4 LOCAliZAga0 € @CESSO ......cociiiiiiiiiieieennnsssss s s s s s s s s s s s e s e e e 16

CAPITULO 2 — ESTADO DA ARTE. .....couueieieeceeene e e esesss e e sas e seessnesessnssens 17
2.1 Evolucao tectonica do Supercontinente Gondwana Ocidental: enfoque
no extremo sul brasileiro e regides adjacentes ..........cccccerriii, 18

2.1.1 Arqueano e PaleoproterozoiCo.. ............cccccuuuummmeeeeeeeiiaaiieieieeeeee 18
2.1.2 MESOPIOIEIOZOICO. . ......ceeeeeeeeeeeeeee e 19
O R Y [=T0) o (0] =] (07 (o) oo T 20
2.2 Cinturdao Dom Feliciano ........ccccciimmmmmmiirrrrrrr e 21
2.3 Complexo POroNgos. ........cccciiiiiiiisnssnnnnnrnrnrssss s s sssssssssnes 23
2.3.1 Domo de Santana da Boa ViSta ..............ccccuuummmeeeeeiiiiiiiiiiiiiie, 24
2.3.2 Antiforme da Serra dos PedroSas ............ccccccoeeeeeiiiiiiiiiiiiiiiiiiiie, 25
2.3.4 Antiforme de GOAINNO. ..............coooiiiieeeeee e 25
2.3.5 Antiforme Capane. .............ooooe oo 26

CAPITULO 3 — MATERIAIS E METODOS. .......cccoteeeieeeeererae e e seeessesesesnssens 28
3.1 Revisao bibliografica ..........ccccccmmmmmiii 29
3.2 AMOSEragemM ....ccciiiiiiiiiiissse e 29
3.3 Petrografia .......cccooiiiiiiiiii 30
3.4 Geocronologia U-Pb em ZirCao .......cccccciiiiiiiiiiiiiiiiccsisseeesenss s 30

3.4.1 CONCEItOS ISOIOPICOS. . .....cceeeeeeeeeeeeee e 30
34,2 ZIFCEO.. ... 32
3.4.3 Preparagao...........cuuuee e e e e 33
R 1Y/ [0 (o) 0T | - I 34
B I O [ 35
3.4.6 Plotagem de resultados .................uueueeeeeeeeeeeeeeeeeeeee e 36
CAPITULO 4 — ARTIGO SUBMETIDO.......cccoeeueerrereienseeeesneesesassesessssesessssssenes 37

CAPITULO 5 — CONSIDERAGOES FINAIS........cccoemrrerereeecreresesesaseeseseneeees 124



LT 0% Y ¢ Lo [T T=T o Y=

REFERENCIAS ...t ass s s e

ANEXOS



CAPITULO 1 - INTRODUGAO

1.1 Estrutura da dissertagdo
1.2 Apresentagdo
1.3 Objetivo

1.4 Localizagdo e acesso

11



12

1.1 Estrutura da dissertagao

Esta dissertagdo de mestrado esta estruturada em torno de artigos
publicados em periddicos ou publicagbes equivalentes. Consequentemente, sua
organizagdo compreende as seguintes partes principais:

a) Capitulo 1 — Introdugé&o: discorre sobre o tema e descricdo do objeto da
pesquisa de mestrado, onde estdo sumarizados os objetivos e a filosofia de
pesquisa desenvolvida;

b) Capitulo 2 — Estado da Arte: apresenta o contexto geocronoldgico e
geoldgico em que a area de estudo esta inserida; o estado da arte sobre o tema de
pesquisa;

c) Capitulo 3 — Materiais e Métodos: detalha as metodologia e ferramentas
de interpretacdo utilizadas durante a execucédo da presente pesquisa, com breve
revisdo de conceitos fundamentais;

d) Capitulo 4 — Artigos submetidoss: anexa a carta de submissao e reproduz
na integra o manuscrito submetido ao periddico Precambrian Research como
produto do trabalho desenvolvido pelo autor durante o desenvolvimento de seu
Mestrado;

e) Capitulo 5 — Consideragbes finais: sintetiza as principais conclusdes
acerca da presente pesquisa e lista as referencias bibliograficas utilizadas na
dissertacao de Mestrado;

c) Anexos: compreende os resumos publicados em eventos, relacionados ao

tema central da dissertacao.

1.2 Apresentagao

A datacao U-Pb de gréos detriticos de zircao para a analise de espectro de
idades em sequencias metavulcanossedimentares fornece informag¢des essenciais
sobre 0 ambiente tectonico de deposicédo da bacia, além de apontar pistas sobre os
mecanismos de evolugao crustal terrestre (CAWOOD; HAWKESWORTH; DHUIME,
2012). Considerado como uma pequena capsula do tempo, o zircdo carrega
informagbes igneas e metamorficas de suas fontes, sendo uma importante

ferramenta nos estudos da evolugdo geotectonica de qualquer ambiente geoldgico
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(VERMEESCH, 2012). Portanto, o estudo de proveniéncia geocronolégica €
essencial para o entendimento de orogénos, os quais possuem relagdes

estratigraficas obliteradas durante os sucessivos ciclos tectonicos.

O ciclo Neoproterozoico Pan-Africano-Brasiliano registrado ao longo da
margem leste da América do Sul e oeste da Africa, gerou longas cadeias de
montanhas, depositou bacias foreland com registro sinorogenico devido ao
soerguimento continental, em resposta a acomodagdo do orogéno e ao seu
consequente colapso (e.g., KRONER; STERN, 2005; SILVA et al., 2005). O termo
“Pan-Africano-Brasiliano” representa o intervalo de aproximadamente 800 a 550 Ma,
no qual o fechamento do Oceano Adamastor gerou intensa colisdo continental
resultando no Supercontinente SW Gondwana, também denominando Gondwana
Ocidental (WIT, DE; STANKIEWICZ; REEVES, 2008). “Brasiliano” refere-se aos
cinturdes sul-americanos formados nesse periodo e congrega as provincias
Mantiqueira, Borborema e Tocantins (ALMEIDA et al., 1981), tendo
aproximadamente 6.000 km de largura e 3.000 em extens&o (SILVA et al., 2005).
Por sua vez, “Pan-Africano”, termo cunhado por Kennedy (1964), refere-se as
unidades africanas representadas pelos cinturdes Gariep, Kaoko, Damara,
Saldanha, Mogambique, Zambezi, Congo-Oeste, Trans-Saara, Africa-central e

Rokolide. O arranjo do Supercontinente Gondwana Oeste, apds amalgamacgéo, &

mostrado na Figura 1.

Legenda:

1) Unidades Craténcias

Amazonas (AM), escudo Arabe-Nubio (ANS),
Congo (CC), Bloco Goias (G), Kalahari (K),
Luis Alves (LA), Paranapanema (PP), Rio Apa
(RA), Sao Francisco (SF), S&o Luis (SL),
Africa Ocidental (WA).

2) Cinturbes Pan-Africano-Brasiliano
Aracguai (Ac), Araguaia (Ag), Borborema (Bo),
Brasilia (Br), Damara (Da), Dom Feliciano
(DFB),  Dahomeides/Oubangides  (Dh/0),
Gariep (G), Hoggar (H), Kaoko (Ka),
Katangan/Zambezi (K/Z), Arco Lufiliano (La),
Mocambique (M), Ribeira/Manquieira (R/M),
[EHcks geomconmiom Rockelides (Ro), Tanzania (Ta), Tucavaca
Cinturdes Pan-African

I Cintures Grenvilanos (Tu), Congo Ocidental (Wc).
RLP Cratons

Figura 1 — Reconstrugédo do Continente Gondwana Ocidental. Fonte: figura modificada de Vaughan e
Pankhurst (2008) e Tohver et al. (2006).
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Tal sistema orogénico se manifesta no extremo sul do Brasil e Uruguai
como Cinturdo Dom Feliciano (BABINSKI et al., 1996; BASEI et al., 2000;
FRAGOSO-CESAR, 1980), Fig. 2. Sua subdivisdo interna estd baseada no
agrupamento de segmentos (BASEI et al., 2000): a oeste ocorre um sistema de
bacias extensionais, originalmente denominadas foreland, englobando as bacias
Itajai, Camaqua e ElI Soldado; na parte central, uma faixa de rochas
metavulcanossedimentares compreendendo os complexos Brusque, Porongos e
Lavalleja; a leste aflora o cinturdo granitico, representado pelos entdo chamados
batdlitos Floriandpolis, Pelotas e Aigua.

Cinturao Dom Feliciano

|| Bacias antepais

I Cinturao granitico

.| Cinturao xistoso
Outras unidades

| Crosta juvenil neoproterozoica

[ Terrenos paleoproterozoicos sem deformagéao
Brasiliana

B Terrenos arqueanos e mesoproterozoicos
com deformagéao Brasiliana

Figura 2 — Unidades geotectdnicas do sul do Brasil e Uruguai. Fonte: figura baseada em Basei et al.
(2000), Pecoits et al. (2016), Rapela et al. (2011) e Teixeira et al. (2013); modificada de Google Maps
(2016).
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Aflorando no Escudo Sul-Riograndense, o Complexo Porongos apresenta
uma complexa historia evolutiva dentro do Neoproterozoico. Esta sequencia
supracrustal tem deposi¢ao tradicionalmente atribuida ao Toniano (PORCHER et al.,
1999; SAALMANN et al, 2011) e mais recentemente reinterpretada como
Ediacarana-Criogeniana (PERTILLE et al., 2017). No entanto o intenso processo de
deformagéo no qual esta unidade foi submetida obliterou as relagdes estratigraficas
dentro e fora da sequéncia. |dades detriticas Ediacaranas reportadas no norte do
Complexo Porongos (PERTILLE et al., 2015, 2017), regi&o definida como Antiforme
Capané, contradizem o modelo deposicional vigente.

Apesar de mais de oito décadas de estudos, desde Carvalho (1932), o
contexto tectbnico para todo o Complexo Porongos ainda é especulativo. Nesta
pesquisa propde-se que as idades Ediacaranas encontradas na Antiforme Capané
representam uma sequencia mais jovem que as sequencias da Bacia Porongos
regional de idade Toniana, sendo chamadas de Porongos | e Il, respectivamente.
De maneira regional, este estudo contribui para o entendimento do contexto
tectonico do Cinturdo Dom Feliciano no extremo sul do Brasil durante a

amalgamacéo do Gondwana Ocidental ao longo do Neoproterozoico.

1.3 Objetivo

O objetivo deste trabalho de dissertacdo € a analise de zircdes detriticos
pelo método U-Pb em amostras da sequencia supracrustal da Antiforme Capané, de
maneira a interpretar coerentemente as idades antagbnicas do Complexo Porongos.
Desta maneira, foram assim estabelecidos os principais objetivos:

a) Compor uma base de dados geocronolégicos sobre o Complexo
Porongos e as unidades geotectdnicas adjacentes; avaliando o método, localizag&o
das amostras e a qualidade dos dados obtidos da literatura.

b) Definir potenciais protélitos para as sequencias amostradas na Antiforme
Capané através de petrografia e analise estatistica dos dados geocronoldgicos
obtidos via U-Pb em zircbes detriticos.

c) Sugerir fontes e contextualizagdo geoldgica para as idades encontradas
nos graos de zircao detriticos da Antiforme Capané.
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d) Interpretar os dados obtidos a luz do contexto regional do Cinturao Dom
Feliciano e sua configuragdo durante a amalgamagéo do Gondwana Ocidental ao

longo do Neoproterozoico.

1.4 Localizagao e acesso

A Antiforme Capané esta localizada no extremo norte do Complexo
Porongos, parte central do estado do Rio Grande do Sul, como mostrado na Figura
3. O acesso, a cerca de 200 km a oeste de Porto Alegre, pode ser feito pela BR-290.
Apoés a entrada da cidade de Cachoeira do Sul € necessario seguir pela estrada
vicinal de sentido sul-sudoeste por aproximadamente 50km. Toda a regido é cortada
por vias secundarias e trilhas, as quais foram o principal meio utilizado para a coleta

de amostras na regido.

RS-403

Figura 3 — Localizagdo e acesso a area de estudo. Fonte: figura modificada de Google Maps (2016).
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2.1 Arcaboucgo geocronolégico do Gondwana Ocidental

A reconstrucdo dos principais eventos tectbénicos do ciclo Pan-Africano-
Brasiliano tém sido foco de inumeros estudos desenvolvidos nas ultimas décadas,
impulsionados pelo advento de novas técnicas isotopicas e geocronoldgicas (e.g.,
BRITO NEVES; FUCK; PIMENTEL, 2014; FRAGOSO-CESAR, 1980; HARTMANN et
al., 2000; PORADA, 1979). De maneira a estabelecer um arcabougo geocronoldgico
para os dados e interpretacbes apresentadas na presente pesquisa, faz-se
necessaria uma breve compilagdo das idades principais presentes no sistema

orogénico do Gondwana Ocidental.

2.1.1 Arqueano e Paleoproterozoico

Na América do Sul, o principal evento formador de crosta continental &
reconhecido como a orogenia paleoproterozoica Transamazénica, que durou de 2,2
a 2,0 Ga (SANTOS et al., 2003). O craton Rio de La Plata, cunhado por Almeida
(1971), representa um mosaico heterogéneo com vestigios de idades Arqueanas e
importante registro Paleoproterozoico (HARTMANN et al., 2001), justapostos ao
longo de zonas de cisalhamento (e.g., BOSSI; CAMPAL, 1992; PASSARELLI et al.,
2010). Apesar do debate acerca dos limites desta unidade, ainda ndo existe uma
definicdo unanime na comunidade cientifica (e.g., CORDANI et al., 2000; DALZIEL,
1997; RAMOS, 1988; RAPELA et al., 2011; TROMPETTE, 1994; WEIL et al., 1998).

No Uruguai, esta unidade € tradicionalmente relacionada aos terrenos Nico
Perez e Piedra Alta (DALLA SALDA; BOSSI; CINGOLANI, 1988). No entanto,
diferencas litoldgicas e geocronoldgicas apontas por estudos recentes consideram o
Terreno Nico Perez como um bloco aloctone derivado do Bloco Angola (GAUCHER
et al.,2011; OYHANTCABAL et al., 2009; PECOITS et al., 2016; RAPELA et al.,
2011), o qual foi anexado ao craton Rio de La Plata durante o Mesoproterozoico
(GAUCHER et al., 2011). Também aflorante no escudo Uruguaio, o Terreno Cuchilla
Dionisio é um bloco aloctone derivado do craton Kalahari (BASEI et al., 2005, 2008;
BOSSI; GAUCHER, 2004; GAUCHER et al., 2008) e anexado ao craton Rio de La
Plata durante o Cambriano (GAUCHER et al., 2008).
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Na Argentina, o paleoproterozoico Cinturdo Tandilia (HARTMANN et al.,
2002) esta relacionado ao craton Rio de La Plata e as idades arqueanas e
paleoproterozoicas encontradas no Terreno Mar del Plata sdo consideradas como
derivado do Bloco Angola (GAUCHER et al., 2011). No extremo sul do Brasil, o
craton Rio de La Plata é assinalado como Bloco Tamquaremb¢ (e.g., CHEMALE,
2000; HARTMANN; CHEMALE; PHILIPP, 2007) e como o Gnaisse Encantadas, o
qual €& considerado um inlier dentro das sequencias neoproterozoicas (e.g.,
CHEMALE, 2000; HARTMANN et al., 2000; OYHANTCABAL et al., 2009). Também
relacionado ao Paleoproterozoico, remanescentes do inicio do desenvolvimento
de arcos magmaticos sao encontrados no Bloco Sdo Gabriel (REMUS et al., 1996),
Complexo Arroio dos Ratos (GREGORY et al., 2015, 2016; LEITE et al., 2000) e
Domo Vigia (CAMOZZATO; PHILIPP; CHEMALE, 2013).

Na margem Africana, o craton Kalahari (CLIFFORD; 1970), mosaico
heterogéneo com nucleo Arqueano, descendente dos cratons Zimbabwe e Kaapvaal
(WIT, DE et al, 1992), € cercado pela Subprovincia Richtersveld de idade
Paleoproterozoica (REID, 1997).

2.1.2 Mesoproterozoico

As similaridades encontradas em ambas margens do Oceano Adamastor
mudam consideravelmente durante o Mesoproterozoico, sendo que na Africa
reconhece-se intenso crescimento crustal e na América do Sul, os registros mais
expressivos sao encontrados no escudo uruguaio. Notavelmente, no norte do Brasil
a orogenia mesoproterozoica Grenviliana é correlacionada ao Cinturdo Sunsas (e.g.,
SANTOS et al., 2000, 2003; TEIXEIRA et al., 2010), no entanto para Gondwana
Ocidental, apenas o Complexo Lavalleja aflorante no Uruguai foi eficientemente
correlacionado com proveniencia Africana (BASEI et al., 2005).

Neste cenario, os principais registros mesoproterozoicos sdo encontrados no
Escudo Uruguaio, sendo reportados no Terreno Piedra Alta (BOSSI et al., 1993;
BOSSI; NAVARRO, 2001; HALLS et al., 2001; IACUMIN et al., 2001; TEIXEIRA et
al., 1999) e registrado em sucessdes vulcano-sedimentares e corpos intrusivos no
Terreno Nico Perez (BASEI et al., 2008; BOSSI; CINGOLANI, 2009; CAMPAL,;
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SCHIPILOV, 1995; CHIGLINO et al., 2010; GAUCHER et al., 2008, 2011;
OYHANTCABAL et al.,, 2005). No extremo sul do Brasil, idades estaterianas sao
reportadas no Anortosito Capivarita (CHEMALE et al., 2011) e no Anfibolito Tupi
Silveira (CAMOZZATO; PHILIPP; CHEMALE, 2013).

No sudoeste Africano, estas idades sao relacionadas ao Cinturdo Namaqua
(REID, 1997), cujo voluminoso magmatismo esta constrito entre 1,2 e 1,0 Ga
(EGLINGTON, 2006).

2.1.3 Neoproterozoico

As sequencias neoproterozoicas encontradas no Gondwana Ocidental séo
intrinsecas ao desenvolvimento do Oceano Adamastor, o qual marca a quebra do
Supercontinente Rodinia a sucesséo de colisbes obliquas que geraram o continente
Gondwana Ocidental (e.g., BRITO NEVES; CAMPOS NETO; FUCK, 1999).

A abertura dos Oceanos Adamastor e Khomas ocorreu principalmente entre
c. 800 e 750 Ma, quando blocos de diversos tamanhos dissociaram-se dos cratons
Rio de La Plata, Kalahari e Congo (FRIMMEL; HARTNADY; KOLLER, 1996;
FRIMMEL; KLOTZLI; SIEGFRIED, 1996; KUKLA; STANISTREET, 1991; PORADA,
1989). As complexas interagdes destes blocos geraram crosta juvenil, registrada no
extremo sul do Brasil no Bloco Sdo Gabriel e como xendlitos em meio a intrusdes
pds-colisionais (FERNANDES et al., 1995; HARTMANN et al., 2011; KOESTER et
al., 2016; LEITE et al., 1998; LENA et al., 2014; LENZ et al., 2011; MARTIL et al.,
2017; PHILIPP, 1998; SAALMANN et al, 2011). O Toniano é marcado pela
deposicédo de bacias sedimentares periféricas ao Oceano Adamastor no extremo sul
do Brasil e Uruguai (e.g., BASEI et al., 2011; BOSSI et al., 1993; PORCHER et al.,
1999; SAALMANN et al., 2011). ldades ediacaranas-criogenianas sao encontradas
em corpos intrusivos nestas mesmas regides e também em sequencias depositadas
no Terreno Eden (BASEI et al., 2011; OYHANTCABAL et al., 2005; PAZOS;
SANCHEZ-BETTUCCI; TOFALO, 2003; PECOITS, 2003; PECOITS et al., 2004,
2016)

Em dultima analise, a colisdo destes blocos, cujos limites sdo assumidos

como as pervasivas zonas de cisalhamento continentais, promoveu intensa
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deformagdo e metamorfismo nestas sequencias vulcano-sedimentares e unidades
associadas, obliterando importantes relagbes estratigraficas. A acomodagédo do
orogéno promoveu a formagcdo de zonas de cisalhamento transcorrentes
magmatismo sin- e pos-colisional, e formac¢ao de bacias foreland (e.g., ALMEIDA et
al., 2012; FRAGOSO-CESAR, 1980; FRANTZ; BOTELHO, 2000; GERMS, 1983;
OYHANTCABAL et al., 2009; PASSARELLI et al., 2010). Em ultima andlise, o
continente Gondwana Ocidental, produto do ciclo Pan-Africano-Brasiliano durante o
Neoproterozoico, aflora no Uruguai e na costa meridional Brasileira como Cinturdo

Dom Feliciano e no sudoeste da Africa como cinturdes Kaoko, Damara e Gariep.

2.2 Cinturao Dom Feliciano

Desde o pioneiro trabalho de Hasui, Carneiro e Coimbra (1975), que
estabelece faixas de dobramento, como Cinturdo Tijucas, muito foi desenvolvido
acerca do entendimento da evolugdo da costa meridional brasileira durante o
Neoproterozoico. Porada (1979) define que estas faixas foram produto de
subducgao, na qual a placa oceénica mergulharia a oeste. Expandindo este modelo,
Fragoso-Cesar (1980) detalha os segmentos que compdem estas faixas, definindo o
conjunto como Cinturdo Dom Feliciano: plutons graniticos a leste, bacias tipo-
molassa a oeste e rochas supracrustais formadas em ambiente back-arc no meio da

associacao.

Durante as décadas de 90 e 80, diversos autores contribuiram para o
detalhamento do Cinturdo Dom Feliciano como um todo (e.g., BASEI, 1985; BOSSI;
CAMPAL, 1992; FERNANDES et al, 1995; LEITE et al, 1998; SANCHEZ-
BETTUCCI; RAMOS 1999; SILVA et al., 1985; SILVA; DIAS, 1981; SOLIANI JR.,
1986). A associagdo de unidades geotectbnicas mais difundida, que define o
Cinturdo Dom Feliciano é a proposta por Basei et al. (2000), como mostrado na Fig.
2). No Escudo Sul-Riograndense, o Cinturdo Dom Feliciano aflora como Batdlito
Pelotas, Bacia Camaqua e Complexo Porongos.

O entdo chamado Batdlito Pelotas é subdivido em suites remanescentes do
magmatismo colisional a pos-colisional, predominantemente calcio-alcalinas de alto

potassio, cuja nomenclatura diverge consideravelmente na literatura (e.g., FRANTZ;
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BOTELHO, 2000; FRANTZ; NARDI, 1992; PHILIPP, 1998; PHILIPP; MACHADO,
2005). Esta unidade é interpretada como produto de retrabalhamento crustal do
embasamento gnaissico, sendo posicionada entre 800 e 550 Ma (BABINSKI et al.,
1997; FRANTZ; BOTELHO, 2000; HARTMANN et al., 2000; SILVA et al., 1999).

A Bacia Camaqua sobrepdem o Complexo Porongos a oeste e também ao
longo de corredores estreitos de diregdo NNE-SWS, definidos como Sub-bacia do
Camagqua Oriental ou Piquiri-Boici (ALMEIDA et al., 2012; FAMBRINI; FRAGOSO-
CESAR, 2006). Esta bacia é interpretada como desenvolvida em um nivel estrutural
raptil a dactil-raptil (PAIM; CHEMALE; LOPES, 2000) e tem vulcanismo registrado
em 540 Ma (JANIKIAN et al., 2012).

O Complexo Porongos, Figura 4, tem orientagdo NW-SW, apresenta 150 km
de comprimento e 50 km de largura, limitado a oeste pela Zona de Cisalhamento
Dorgal do Cangucu, a leste pelo Batolito Pelotas e €& parcialmente coberto pelas

bacias do Camaqua e Parana.

2.3 Complexo Porongos

O Complexo Porongos e uma sequencia de rochas
metavulcanossedimentares de grau metamaérfico variando de xisto-verde a anfibolito
e apresentam duas foliagdes relativas a processos transversais e longitudinais,
entendidos como de regime tangencial e transcorrente (FERNANDES et al., 1995;
FRANTZ; BOTELHO, 2000; LENZ, 2006; LENZ et al., 2011; MARQUES, 1996;
MARQUES et al., 1998a, 1998b). Apesar de extensivamente mapeado e estudado
desde Carvalho (1932), este complexo apresenta esparsas informagdes acerca de

sua parte extremo sul, localizada na margem sul do Rio Camaqua.

Esta ambiguidade na densidade de informagdes disponiveis impossibilita o
estabelecimento de um modelo geotectdnico definitivo para a bacia precursora do
Complexo Porongos. A intensa e heterogénea deformac&o superimposta ao
Complexo Porongos permite a separagdo da sequencia em dominios estruturais,
representados pelo Domo de Santana de Boa Vista, Serra dos Pedrosas e
antiformes do Godinho e Capané (JOST; BITENCOURT, 1980; WILDNER et al.,

1996), como mostrado na Figura 4.
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Figura 4 — Mapa geoldgico do Complexo Porongos. Fonte: mapa modificada de Almeida (2012),
Chemale (2000), Google Maps (2016), Jost (1981) e Oliveira (2014).
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2.3.1 Domo de Santana da Boa Vista

Este dominio esta localizado na porgcdo centro-oeste do Complexo
Porongos, cuja sequencia supracrustal € definida como Grupo Cerro dos Madeiras.
Esta sequencia é dividida nas formacgdes Arroio dos Neves, Arroio Olaria e
Irapu&zinho, composta por metarcésios, quartzitos e anfibolitos; quartzo ritmitos,
formagdes ferriferas bandadas e xistos; mica xistos e marmore (JOST, 1981; JOST;
BITENCOURT, 1980). O embasamento assumido para o Complexo Porongos,
definido como Gnaisse Encantadas, aflora apenas neste dominio, o qual é
representado por um domo contendo uma associacdo de gnaisses, granitoides
milonitizados e anfibolitos, cuja cristalizagdo é constrita em 2,0 Ga (CAMOZZATO;
PHILIPP; CHEMALE, 2013; CHEMALE, 2000; HARTMANN et al., 2003; LUSA;
PHILIPP; NARDI, 2010; MACHADO; CESAR; FACCINI, 1987; PHILIPP; LUSA;
NARDI, 2008; PORCHER; FERNANDES, L. A. D., 1990; SAALMANN et al., 2011).
O contato entre 0 embasamento e a sequencia supracrustal é tectdnico, definido por
uma zona de cisalhamento de baixo angulo (LUSA; PHILIPP; NARDI, 2010). Em
uma abordagem recente, Pertille, Hartmann e Philipp (2015) definem a espessa
camada quartzitica sobrepondo o Gnaisse Encantadas como Formagao Santana, de
idade Paleoproterozoica, a qual foi previamente interpretada como remanescente do
intenso cisalhamento de granitoides milonitizados (FERNANDES et al., 1992;
FERNANDES; TOMMASI; PORCHER, 1992).

Trabalhos geocronoldgicos pioneiros neste dominio foram realizados
usando isécrona de Rb-Sr rocha total para o Gnaisse Encantadas, obtendo-se 2,1
Ga para a cristalizacdo e 544 £+ 18 Ma para o metamorfismo em amostras de
tonalito (CORDANI; HALPERN; BERENCHOLC, 1974; SOLIANI JR., 1986). Idades
de U-Pb em cristais de zircdo variam entre 2.263 + 18 (HARTMANN et al., 2003) e
2.078 + 13 Ma (HARTMANN et al., 2000) para a cristalizagdo do tonalito associado
ao Gnaisse Encantadas. Nesta mesma unidade, os picos metamoérficos identificados
sdo relacionados com o ciclo Transamazoénico e Brasiliano (CHEMALE, 2000;
HARTMANN et al., 2000). Episédios de vulcanismo riolitico foram recentemente
datados por Pertille et al. (2017), constritos em 801 + 4.7 e 773 + 3.1 Ma. A
proveniéncia da sequencia supracrustal € obtida através de U-Pb em graos
detriticos de zircdo, cujas idades se estendem do Mesoarqueano, 3.092 + 19 Ma,
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(HARTMANN et al., 2004) ao Toniano, 1.041 + 46 Ma, (GRUBER et al., 2011)
obtidas em amostras de quartzito via SHRIMP e clorita-muscovita xisto via LA-ICP-

MS, respectivamente.

2.3.2 Antiforme da Serra dos Pedrosas

Aflorante na porcao centro-leste do Complexo Porongos, a sequencia
supracrustal deste dominio é definida como Complexo Cerro da Arvore, a qual é
subdividida nos metapelitos Cerro do Facdo, xistos Rincdo do Maranhao,
metandesitos Cerro Cambara, xistos Arroio Areido e metariolitos Cerro do Alemao
(JOST, 1981; JOST; BITENCOURT, 1980). As condigdes registradas variam de
facies xisto verde a anfibolito de baixo grau metamoérfico, em 425-590°C e 1-6 kbar
(JOST, 1981). As condi¢des metamorficas progressivas em diregdo ao leste estao

relacionadas a intrus&o tardia da Suite Encruzilhada do Sul (LENZ, 2006).

Idades LA-ICP-MS U-Pb em grdos detriticos de zircdo variam do
Neoarqueano (2.652 + 32 Ma) a Esteniano (1.010 £ 17 Ma), obtidas em quartzo-
muscovita xisto e clorita-muscovita xisto (GRUBER et al., 2011), respectivamente. A
idade deposicional maxima para a bacia precursora do Complexo Porongos,
assumida na pesquisa como Bacia Porongos, € constrita ao Toniano tendo em as
idades de 783 £ 6 Ma e 789 + 7 Ma em amostras de metariolitos por Porcher et al.

(1999) e Saalmann et al. (2011), respectivamente.

2.3.3 Antiforme do Godinho

Localizada no sul do Complexo Porongos, este dominio apresenta rochas
metavulcanicas intercaladas com filitos, quartzitos, xistos, marmore e
metagranitdides (WILDNER et al., 1996). O primeiro estudo geocronoldgico deste
dominio foi realizados em amostras de meta-andesito usando LA-ICP-MS U-Pb em
cristais de zircao, o qual reportou idades de 1.356 + 227 Ma para a cristalizacéo e
c. 700 Ma para o metamorfismo (WILDNER et al, 1996). No entanto, estudos
utilizando TIMS U-Pb em cristais de zircao mostram idade de 778 £+ 8 Ma para a
cristalizagdo das mesmas rochas (CHEMALE, 2000). Metariolitos apresentam idade
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de cristalizagdo em 809 *+ 4.1 Ma, via SHRIMP U-Pb em zircdo (PERTILLE et al.,
2017). Estudos de proveniéncia usando LA-ICP-MS em gréos detriticos mostram
idades variando do Mesoarqueano (2.906 + 42 Ma) ao Estateriano (1.619 + 39 Ma)
em rochas quartziticas (GRUBER et al., 2011).

O extremo sul e sudeste do Complexo Porongos ndo sao classificados em
dominios e apresentam escargas informagdes geoldgicas e geocronoldgicas. Nos
poucos estudos realizados no extremo sul, sdo descritas sequencias de xistos
peliticos, quartzitos, marmores, rochas metaultramaficas de facies anfibolito de
baixo grau e gnaisse alcalino (CAMOZZATO et al., 1994; REMUS et al., 1987,
REMUS; HARTMANN; RIBEIRO, 1991). Idades SHRIMP U-Pb em graos detriticos
de zircdo mostram contribuicdo Sideriana (2.452+12Ma) a Orosiana
(1.998 £ 15 Ma) em amostras de quartzito desta regido (HARTMANN et al., 2004).
Ja no extremo sudeste, idades LA-ICP-MS U-Pb em graos detriticos de zircdo
apontam idades variando do Mesoarqueano (2.863 +24 Ma) ao Esteniano
(1.008 + 12 Ma) em muscovita xistos (PERTILLE; HARTMANN; PHILIPP, 2015).

2.3.4 Antiforme Capané

Este dominio, objeto de estudo da presente pesquisa, aflora na regido
extremo norte do Complexo Porongos, sendo descrita em detalhe por Jost (1981),
Marques (1996), Marques et al. (1998a, 1998b). Sua associagdo litologica é
representada na Figura 5 e € dada por uma sequencia meta-vulcano-sedimentar
cortada por metagranitos e milonitos, além de conter lentes de quartzito, estaurolita-
granada xisto, marmore, gnaisse alcalino e rochas ultramaficas, diferindo

consideravelmente dos outros setores do Complexo Porongos.

A antiforme regional tem linha de charneira mergulhando de 20° a 220°, o
flanco oeste 38°'NW e o leste 30°SE, configurando um angulo interflanco de cerca
de 100° (MARQUES et al., 1998a, 1998b) e plano axial mergulhando de 86°SE
(ZVIRTES, 2014). Zonas de cisalhamento NE-SW de baixo angulo mergulho
preservam texturas herdadas de maneira heterogénea (MARQUES et al., 19983,
1998b). Desta maneira, o flanco oeste contem sequencias metavulcéanicas principais
intercaladas com metapeliticas subordinadas, o flanco leste apresenta sequencias

metapeliticas intercaladas com corpos metagraniticos e lentes de marmore, ja na
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zona axial afloram rochas intensamente deformadas, consideradas metapeliticas e
lentes de estaurolita-granada xisto (MARQUES et al., 1998a, 1998b). Todas as
sequencias mostram quartzo milonitos a ultramilonitos, os quais sao peculiarmente
mais abundantes na regido axial. Tanto o flanco oeste como a regiao axial mostram
lascas de gnaisse alcalino e rochas metaultramaficas, sendo estas interpretadas
como partes de um ofidlito desmembrado (MARQUES, 1996; MARQUES et al.,
1998a, 2003). As condigdes de metamorfismo variam de predominante facies xisto
verde a anfibolito de grau médio (MARQUES et al., 1998a, 1998b).

Legenda da Antiforme Capané
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Figura 5 — Mapa geoldgico da Capané Antiforme, regido extremo norte do Complexo Porongos.
Fonte: mapa modificada de Jost e Bitencourt (1980), Marques (1996) e Marques et al (1998a, 1998b).

Em sintese, os estudos geocronologicos deste setor reportam idades de
cristalizacao entre 600 a 530 Ma para o Gnaisse Alcalino Capané (CHEMALE,
2000; LAFON; HARTMANN; AZAMBUJA, 1990; ZVIRTES et al., 2015),
proveniéncia essencialmente Riaciana e Ediacarana para os xistos de ambos
flancos (PERTILLE et al., 2015, 2017) e metamorfismo em cerca de 540 Ma
(CHEMALE, 2000; ZVIRTES et al., 2015).
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3.1 Revisao Bibliografica

A analise da literatura e compilagdo de dados consistiu na revisdo de artigos
publicados em periddicos cientificos, trabalhos de conclusao de curso, dissertacoes,
teses, livros, mapas, midia digital e anais de eventos cientificos, visando reunir um
arcabougo geoldgico sobre o Complexo Porongos e consequentemente, sobre a
Antiforme Capané.

O levantamento destas informagdes permitiu a construcao de uma base de
dados geocronolégica, a qual foi utilizada no tratamento estatico das idades dos
graos detriticos de zircao. As descrigbes de afloramento e petrografia, além de 151
laminas de delgadas do trabalhos de Marques (1996) e Marques et al. (1998a,
1998b) foram revistos em grande detalhe, de maneira a definir areas chave para a
abordagem geocronoldgica desta pesquisa.

3.2 Amostragem

A pauta do plano de amostram seguiu estagcdes de campo previamente
mapeadas e descritas por Marques (1996) para a Antiforme Capané, além de incluir
novas areas visando a reproduc¢ao das idades reportadas por Kohlraush (2013) e
Pertille et al. (2015, 2017). No total, vinte e oito afloramentos foram visitados e
amostrados (Figura 6), quinze novas laminas delgadas foram preparadas e sete

amostras foram selecionadas para a datagéo dos graos detriticos de zircao via LA-
ICP-MS U-Pb.

Figura 6 — Exemplos de afloramentos amostrados durante a presente pesquisa. Foto da esquerda
corresponde ao afloramento CA-17 e da direita ao afloramento CA-21B.
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3.3 Petrografia

As amostras foram laminadas no Nucleo de Preparacdo de Amostras do
Centro de Estudos em Petrologia e Geoquimica da Universidade Federal do Rio
Grande do Sul. Dada a condigao friavel e pouco coesa das amostras, todas foram
impregnadas com resina epodxi. Inicialmente, dezesseis amostras foram
selecionadas para laminagdo, no entanto a amostra de filito CA-02 mesmo apos
impregnagao nao apresentou condigbes adequadas de laminag&o. Para as outras
quinze amostras, a petrografia seguiu o sistema proposto pela International Union of
Geological Sciences Subcommission on the Systematics of Metamorphic Rocks, cujo
procedimento de nomenclatura segue Schmid et al. (2007) e Sibson (1977), sendo
que a abreviac&do mineral segue Siivola & Schmid (2007).

3.4 Geocronologia U-Pb em zircao

3.4.1 Conceitos isotopicos

A concepgao da geocronologia propiciou avangos notaveis quanto a nogao
de tempo geoldgico, o qual foi sistematizado de maneira pioneira por Henry S.
Williams em 1983. A descoberta dos raios-X e da radioatividade natural do U no fim
do século XIX, ampliou a potencial de utilizacdo da radioatividade de maneira
aplicada, a qual foi abordada para fins geoldgicos no trabalho de Holmes, em 1911,
intitulado “The Association of Lead with Uranium in Rock-Minerals and Its Application
to the Measurement of Geological Time”.

O uso de espectrometros de massa na para fins geocronolégicos na década
de 60 propiciou um crescimento exponencial deste tipo de abordagem, além de
diminuir as limitagcbes e aumentar a precisdo da técnica (SCHOENE, 2014). A base
do sistema isotépico U-Pb consiste no decaimento natural dos isétopos pai 232U, 23°U
e 2?Th nos isétopos filhos ?®Pb, 2°’Pb e 2°®Pb, através da emissdo espontanea de

particulas a, f ou y (FAURE; MENSING, 2004), como mostrado na Figura 7.

A relagdo entre os isotopos de Pb radiogénicos e radioativos,
desconsiderando o Pb n#o-radiogénico denominado também comum (***Pb),



31

permite o calculo de idade através da concordancia do sistema ao longo de seu
tempo de evolugédo, como mostrado nas equacdes 1 e 2 (FAURE; MENSING, 2004).

20pp/2BY = (eA**®T-1) (1)

27pp/2Y = (eN**°T-1) (2)
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Figura 7 — Série de decaimento natural do Tério e Uranio. Fonte: figura modificada de World Nuclear
Association (2016).

Desta maneira, diagramas de idade sdo construidos considerando-se as
equacdes de decaimento dos isétopos pai em fungdo do tempo, destituidos de 2**Pb
inicial. Wetherill (1956) propds uma curva evolutiva dentro do campo contrito pelas
razoes 2°’Pb/>**U versus 2°°Pb/?*U, definida pelos pontos onde as razées de mesma
idade se encontram: Concordia. As aquisi¢des ou perdas isotopicas ao longo do
tempo séo sinalizadas pela reta de discordia, como mostrado na Figura 8.
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Figura 8 — Exemplo de Curva Concordia e reta Discérdia para um sistema U-Pb. Fonte: White (2015).

3.4.2 Zircdo

O zircdo é um mineral acessorio, tetragonal, pertencente a familia dos
silicatos e apresenta formula ZrSiO., onde as cadeias de SiO.-ZrO, sdo alternadas
(HARLEY; KELLY, 2007). Sua estrutura ndo comporta espagos vacantes, os quais
sdao ocupados por elementos traco e ultra-traco substituindo os cations de Zr+
(DEER; ZUSSMAN; HOWIE, 2013). Seu habito & geralmente bipiramidal, cuja raz&o
de elongacao varia numa escala de 1 a 5, refletindo as condi¢gbes de formagéo e/ou
transporte deste cristal (CORFU, 2003). Apresenta cores que variam de amarelo,
vermelho, marrom, verde até incolor. O zonacdo por crescimento € uma feigao
comum e representa a variacdo quimica dentro da estrutura do mineral, dada
primariamente por Zr e Si e também na propor¢ao dos elementos traco e ultra traco,
refletindo o grau de polimerizagdo do magma (BENISEK; FINGER, 1993; CORFU,
2003; HOSKIN, 2000). A presenga de xenocristais ou nucleos herdados pode
ocorrer pela absor¢do de um nucleo antigo que sera circundado pelo novo cristal de
zircado, havendo ou nao distingdo entre o nucleo e a borda (CORFU, 2003).

Bastante abundante e resistente a processos de desintegragdo geologica,
torna-se um mineral ideal para a quantificacdo de idade de cristalizacdo e também
metamorfismo (DEER; ZUSSMAN; HOWIE, 2013). Holmes (1911) foi pioneiro no
reconhecimento do zircdo para fins geocronoldgicos, utilizando isétopos de U e Pb.
Notavelmente, esta espécie mineral tem quantidades significativas e variadas de U,
a qual tem sua proveniéncia balizada pela razdo Th/U (RUBATTO, 2002). Sugere-se
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que a perda de Th causando a diminuicdo da razdo Th/U indicaria interagao
metamorfica e hidrotermal (HOSKIN; SCHALTEGGER, 2003; MOLLER et al., 2003;
RUBATTO, 2002; WILLIAMS; CLAESSON, 1987).

3.4.3 Preparacéo

A separacéo de graos de zircdo foi executada no Nucleo de Preparagao de
Amostras do Centro de Estudos em Petrologia e Geoquimica da Universidade
Federal do Rio Grande do Sul (PrepLab-CEPGq-UFRGS). Para tal objetivo os
procedimentos padrbes foram seguidos, exemplificados na Figura 9, os quais
consistiram em limpeza e secagem em estufa de amostras para remocgéo de
residuos de solo e rochas; britagem de cerca de 3 a 5 kg destas amostras; moagem
em moinho de disco; peneiramento em telas de 60 e 170 mesh; concentragdo dos
graos em bateia manual; separagao isomagnética usando diferentes intensidades de
corrente elétrica (0,4A, 0,8A, 1,2A e 1,8A) e por fim, separagao utilizando liquidos

pesados.

Figura 9 — Parte inicial de procedimentos para tratamento de amostras geocronolégicas no PrepLab-
CEPGQg-UFRGS. Esquerda: Britador de amostras, tipo mandibula, para moagem preliminar de rochas.
Centro: Desagregacao de nédulos das amostras em pistilo de madeira para posterior peneiramento
manual. Direita: Cominui¢gdo do material maior que abertura da peneira em moinho de disco visando
novo peneiramento.

Os grao de zircdes concentrados, em meédia de cem grdos, sao entédo
agrupado em uma pastilha denominada mount, Figura 10. Ela é confeccionada com
o auxilio de lupa binocular, onde os grdos aderidos a uma fita adesiva dupla face
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disposta em uma lamina de vidro. Uma capsula circular de cerca de 5 mm é
anexada a lamina, utilizada como recipiente para o epdxi, o qual aprisionara os

graos de zircéo.

Figura 10 — Esquerda: Resina e endurecedor utilizados para confeccionar o ep6xi da mount. Centro:
Graos de zircao distribuidos na mount de aproximadamente 5 mm. Direita: Detalhe da mount onde
os graos de zircao estdo destacados em amarelo.

3.4.4 Morfologia

Os gréos de zircdo foram primeiramente caracterizados com auxilio da
petrografia de laminas delgadas, sempre quando identificados nas sec¢des descritas.
Na seguinte etapa, todas amostras tiveram seus graos separados e analisados em
lupa binocular, visando feigcdes como cor, brilho, grau de transparéncia e morfologia
externa. Apos a confecgdo das mounts, os grdos foram mapeados para a
delimitacdo das regides com maior potencial de datagcdo bem sucedida. As
eletromicrografias de elétrons retroespalhados (back-scattered) foram obtidas
através de microssonda eletrénica de varredura (MEV) tipo Jeol JSM 5800 no Centro
de Microscopia Eletrénica da UFRGS. Este procedimento visa areas livres de
fraturas e inclusdes, assim como indicado por Andersen (2005).

21
. 28
238216 > 3,020+4 3,20008 8

05
27/ \ )
52 2,508+12
2,125%+34

Figura 11 — Imagem MEV back-scattered de grdos de zircdo representativos da amostra CA-02A.
Numeros em branco representam o spof analisado e em amarelo a idade obtida.

Por fim, imagens de catodoluminescéncia foram adquiridas usando um

microscopio eletronico Quanta 250 FEG acoplado com um espectroscopio de
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catodoluminescéncia Mono CL3+ do Centro de Pesquisas Geocronolégicas da
Universidade de Sao Paulo (CPGeo-USP). Estas imagens sao utilizadas para

distingao de nucleos herdados e sobrecrescimentos metamorficos, por exemplo.

658111

Figura 12 — Imagem de catodoluminescéncia de grdos de zircao representativos da amostra CA-19.
Numeros em branco representam o spot analisado e em amarelo a idade obtida.

3.4.5 LA-ICP-MS

O espectrémetro de massa por plasma indutivamente acoplado com ablacao
a laser (LA-ICP-MS) é um equipamento que analisa a superficie de uma espécie
mineral para determinacdo de elementos, em condi¢des de vacuo, utilizando a
relacdo de massa sobre carga elétrica durante agdo de campo elétrico e magnético
(SCHOENE, 2014), como mostrado esquematicamente na Figura 13.

fons de peso molecular
“pesado” sdo defletidos muito
pouco colidem com a camara

detector de ion:
radical M~ Lk
Amostra “M”

Figura 13 — Desenho esquematico do funcionamento de um espectrdmetro de massa. Fonte: Figura
modificada de The University of Maine (2017).

Placa
carregada
negativamente

fons de peso molecular
leve s&o defletidos muito
e colidem com a camara

Cation de

O sistema LA consiste em um laser de pequeno comprimento de onda (<266
nm), com taxas de emissao controladas, de maneira de analisar os elementos e

diminuir a propensdao a aquecimento ou fracionamento do material (GUILLONG,;
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HEINRICH, 2007; GUNTHER; HEINRICH, 1999). A analise pontual consiste na
varredura particulas pelo plasma, sendo incorporadas em um gas carreador
(SCHOENE, 2014). Varias configuragdes do sistema ICP-MS sao combinadas ao LA,
a depender da capacidade dos coletores magnéticos. Erros inerentes do processo
de datagdo sdo minimizados utilizando gréos padréo, cujos valores isotopicos s&o
amplamente conhecidos e controlados (SCHOENE, 2014).

Para a presente pesquisa, as determinagdes de idade U-Pb realizadas no no
CPGeo-USP e Laboratério de Geologia Isotépica da Universidade Federal do Rio
Grande do Sul utilizaram um espectrometro de massa acoplado a um sistema de
abrasao a laser Excimer ArF Thermo-Fisher Neptune. Os procedimentos e
condicdes de operagao deste equipamento durante a analise sdo descritos por Sato
et al. (2009, 2010) e também Sato e Kawashita (2002). As correcbes foram de
massa foram realizadas pela analise do zircdo padrao GJ-1, sendo ?°°Pb/?*®Pb age
por IDTIMS =608.5 +0.4 Ma (JACKSON et al., 2004) e o chumbo comum foi
corrigido com base no modelo de Stacey e Kramers (1975). O data obtido foi
reduzido utilizando planilhas Excel desenvolvidas nos proprios laboratérios e as
idades foram derivadas das razdes *°Pb/?*®U, *’Pb/**°U, *’Pb/**®®Pb e ***Th/*®U,
as quais foram calculadas via ISOPLOT 3.6 (LUDWIG, 2008). Erros das razdes
isotopicas sao apresentados a intervalo de confianca de + 1 ©.

3.4.6 Plotagem de resultados

Os dados adquiridos foram filtrados antes da plotagem de maneira a
removas analises acima de 10% de discordéncia ou com mais de 1% de chumbo
comum. A interpretacdo da idade e plotagem seguiu as premissas de Gehrels (2014),
onde idades ?°’Pb/?®Pb foram utilizadas para gréos mais velhos que 1,2 Ga e
208pp/238 para graos mais jovens que 1,2 Ga. Os resultados finais foram plotados
em diagramas de fungdo da densidade de probabilidade e distribuicdo. Origens
potenciais para as idades foram estabelecidas utilizando os valor de 0.02 para a
razdo Th/U, considerando-se os valores acima como magmatico e os abaixo como
metamorficos (RUBATTO, 2002).
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Abstract

New U-Pb detrital zircon ages for the Porongos Complex, Dom
Feliciano Belt, south Brazil are presented. The Dom Feliciano Belt

represents the major geotectonic unit in southeastern South America,
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being formed during the Neoproterozoic amalgamation of southwestern
Gondwana. A late Neoproterozoic (Ediacaran) zircon provenance found in
the northernmost supracrustal sequences, at the Capané Antiform,
challenges the traditional view of a single Neoproterozoic episode of
deposition for the Porongos Complex. The new ages reveal three different
provenance patterns for the Capané Antiform. A strong Ediacaran
provenance has been identified in the metavolcano-sedimentary
sequences from the limbs, with younger peak ages yielding 630-580 Ma.
On the contrary, the axial mylonitic units have pronounced
Paleoproterozoic peaks, constrained between 2.2 and 2.0 Ga. Additionally,
lenses of medium-grade schist imbricated to the axial zone show
important Tonian peaks at 830 Ma and a significant Mesoproterozoic
contribution, being constrained at 1.5-1.3 Ga. The new provenance data
combined with previously published geochronological, stratigraphic and
tectonic data from the outcropping Porongos Complex area enable us to
identify three different terranes within the Capané Antiform. The mylonitic
rocks from the axial zone are interpreted as part of the Santana Formation.
Whereas the medium-grade schist lenses show provenance similar to
those found in the regionally exposed Porongos Metamorphic Complex.
The sedimentation of these last units are constrained to the Tonian and
here we suggest the name Porongos | sequence to group all meta-
volcanosedimentary rocks formed during this period. On the other hand,
the younger units, located in both limbs, are interpreted as formed in a
different basin during the Ediacaran. We propose that the younger

sequences of the Capané Antiform, here coined as Porongos Il sequence, are
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related to synorogenic deposition developed during the Ediacaran period.
These findings suggest a tectonic and paleogeographic reconstruction,
where the younger Capané units are interpreted as synorogenic deposits
formed during the deformation imposed by the juxtaposition of the Pelotas
Batholith. This igneous complex was an important source for the younger
volcano-sedimentary units of the Porongos Belt, thereby giving new

insights into the dynamics of the SW Gondwana assembly.
Keywords

Porongos Complex, Capané Antiform, Dom Feliciano Belt, Gondwana, U-

Pb detrital zircon, Pan-African-Brasiliano

1. Introduction

The Neoproterozoic Pan-African—Brasiliano tectonic cycle represents a
major period of intense crustal reworking of several nuclei generated during
break-up of the Mesoproterozoic Rodinia supercontinent, leading to the
assembly of the southwestern Gondwana supercontinent (e.g., Brito Neves et
al., 1999, 2014; Cordani et al., 2003; Fuck et al., 2008; Li et al., 2008;
Trompette, 1997, 2000; Fig. 1A). The resulting crustal mosaic crops out along
the South Atlantic Ocean coastline as a branched system of orogens: in
eastern South America as Mantiqueira Province (Almeida et al., 1981) and in
southwestern Africa as Damara, Kaoko and Gariep belts (Basei et al., 2010;
Porada, 1989; Schmitt et al., 2008; Stowe et al., 1984; Tohver et al., 2006;

Torquato and Cordani, 1981; Trompette, 1994;).

Stretching over south Brazil and Uruguay along c. 1200 km, the
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meridional segment of the Mantiqueira Province is referred to as Dom
Feliciano Belt (sensu Basei et al., 2000 and Fragoso-Cesar, 1980; Fig. 1B).
This association of overprinted granitic rocks and metavolcano-sedimentary
successions is product of diachronic collisions, involving Rio de La Plata and
Kalahari cratons as well as small drifting terranes, during the evolution of the
Adamastor Ocean (e.g., Basei et al., 2000; Bento dos Santos et al., 2015;

Frimmel et al., 1996a; Hartnady et al., 1985).

In this respect, the Neoproterozoic synorogenic sequences found in the
Dom Feliciano Belt play a remarkable role in shedding light on the
understanding of the southwestern Gondwana formation, as the geodynamic
links between the Precambrian orogens on either side of the South Atlantic
have remained poorly understood. Particularly in southernmost Brazil, the
Porongos Complex (PC) has been a matter of debate, as its Tonian volcanic
episodes, traditionally assumed as maximum depositional age (Porcher et al.,
1999; Saalmann et al., 2011), contrast with Ediacaran detrital ages found in
the northern area (Pertille et al., 2015b). In a recent approach, Pertille (2017)
re-interpret the maximum depositional age for the whole PC as Ediacaran-
Cryogenian, between 650 and 550 Ma, however, the Tonian volcanism

remains unclear in such scenario.

The present study is aimed at constraining established tectonic phases
in the central region of the Dom Feliciano Belt, southernmost Brazil, through
both reviewing the published geochronological record and providing new U-Pb
detrital zircon ages from the Capané Antiform of PC. These new age
considerations combined with previously published geochronological,

stratigraphic and tectonic data enable us to (1) identify different terrains within
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the Capané Antiform; (2) propose that the younger sequences of the Capané
Antiform are related to synorogenic deposition, developed during Cryogenian-
Ediacaran times; and (3) discuss evolutionary models to conciliate the
existence of two depositional basins in the Porongos Complex generated
during the Pan-African—Brasiliano tectonic cycle, which has major

implications for the interpretation of the formation of southwestern Gondwana.

2. Precambrian geochronological framework of SW Gondwana
2.1 Archean and Paleoproterozoic

In South America, the principal crustal-building event was recorded
as the Paleoproterozoic Trans-Amazonian orogeny, lasting from 2.2 to
2.0 Ga (Santos et al.,, 2003). The Rio de La Plata Craton represents a
heterogeneous mosaic of scarce Archean vestiges and dominant
Paleoproterozoic record juxtaposed along major shear zones (Bossi and
Campal, 1992; Hartmann et al., 2001). Several authors have attempted to
define more accurate boundaries for the Rio de La Plata Craton, yet they
are not precisely defined (e.g., Cordani et al., 2000; Dalziel, 1997; Rapela
et al.,, 2011; Ramos, 1988; Trompette, 1994; Weil et al., 1998;). In
Uruguay, the Rio de La Plata Craton is traditionally referred to as Nico
Pérez and Piedra Alta terranes, however, recent studies have considered
the former as an allochthonous block juxtaposed to the Rio de La Plata
Craton (e.g., Gaucher et al.,, 2011; Oyhantcabal et al., 2011a, 2011b;
Rapela et al., 2011) at c. 630 Ma (Oriolo et al., 2016). In Argentina, the

Rio de La Plata Craton is associated with the Tandilia Belt basement
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(Hartmann et al., 2002), while the so-called Taquarembd block forms the
most discernible part of this craton in southernmost Brazil (Chemale,
2000; Gaucher et al., 2011; Hartmann et al., 2007). Additionally, the
Paleoproterozoic Encantadas microcontinent is interpreted as basement
inlier along the Neoproterozoic Dom Feliciano Belt (Chemale, 2000;
Hartmann et al., 2000b). Other Paleoproterozoic remnants recorded in this
area are the Arroio dos Ratos Complex (Gregory et al., 2016; Leite et al.,

2000) and the Vigia Dome (Camozzato et al., 2013).

Along the African margin of the ancient Adamastor Ocean, the
present-day Kalahari Craton is made up of Archean nuclei surrounded by
younger Paleoproterozoic and Mesoproterozoic belts (e.g., Begg et al.,
2009; Frimmel et al., 2011; Hanson, 2003; Hartnady et al., 1985). The
Archean core, poorly exposed in the western margin, has been derived
from the Zimbabwe and Kaapvaal cratons (de Wit et al., 1992). Toward the
south, the assumed autochthonous Richtersveld subprovince represents

the Paleoproterozoic record (Reid, 1997).

2.2 Mesoproterozoic

Intense crustal growth marks the Mesoproterozoic in present-day
southwest Africa, whereas in southeast South America this era is partially

concealed.

Remarkably, Mesoproterozoic ages are found in the Uruguay shield
(e.g., Bossi et al., 1993; Bossi and Navarro, 2001; Teixeira et al., 1999;).

The allochthonous Cuchilla Dionisio Terrane, formerly Punta del Este
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Terrane (Preciozzi et al.,, 1999), presents Mesoproterozoic basement,
which was reworked during the Neoproterozoic (Basei et al., 2011a). This
terrane was tangentially accreted to Rio de la Plata craton during the
Cambrian (Gaucher et al., 2008). In the Nico Pérez Terrane, volcanic
episodes, emplacements of plutons and provenance record have been
identified as Mesoproterozoic (e.g., Basei et al., 2008; Bossi and Cingolani,
2009; Campal and Schipilov, 1995; Chiglino et al., 2010; Gaucher et al.,
2008, 2011; Oyhantcabal et al., 2005). Particularly, the Lavalleja Group
has been efficiently correlated with an African derivation (Basei et al.,
2005, 2008). Its basal units present a singular U-Pb detrital zircon
signature notably different from the upper units, being related to the
Namaqua Belt (Basei et al., 2008). Additionally, interstratified igneous
rocks crystallized at c. 1.4 Ga place part of this group into the
Mesoproteroic (Gaucher et al.,, 2011; Oyhantcabal et al., 2005). For
southeasternmost Uruguay, a recent study of Pecoits et al. (2016) has
proposed the Eden Terrane, which comprises a Paleoproterozoic gneissic

basement (c. 1.7 Ga) and Mesoproterozoic supracrustal rocks (c. 1.4 Ga).

In south Brazil, the period between 1.5 and 1.4 Ga is characterized
by important dike magmatism mainly in the Apiai Group (Siga Jr. et al.,
2011) and in the Camboriu Complex (Basei et al., 2013), in Parana and
Santa Catarina states, respectively. Such ages have also been reported in
Rio Grande do Sul State, represented by Capivarita anorthosite (Chemale

et al., 2011) and Tupi Silveira amphibolite (Camozzato et al., 2013).

Stretching out in southwest Africa, the Namaqua Belt is result of

successive collisions that deformed Paleoproterozoic units and produced
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voluminous magmatism from 1.2-1.0 Ga (Eglington, 2006). However, in
the context of SW Gondwana, this geochronological signature found in
detrital zircon ages from Neoproterozoic supracrustal sequences is solely
related to southwestern African sources. Other Mesoproterozoic sources

may be underneath extensive sedimentary sequences of South America.

2.3 Neoproterozoic

The break-up of Rodinia and assembling of Western Gondwana
orchestrated the major processes during the Neoproterozoic throughout
the lifespan of the Adamastor Ocean (e.g., Brito Neves et al., 1999;
Cordani et al., 2000). The resulting collision between the Rio de La Plata
and Kalahari cratons in southeastern South America formed the Dom
Feliciano Belt, as shown by Fragoso-Cesar (1980) and Basei et al. (2000).
According to these authors, it consists of three geotectonic units. Its
central part is made up of a schist segment, which represents the Tonian-
Cryogenian metavolcano-sedimentary sequences established as Brusque,
Porongos and Lavalleja complexes. The eastern part is a widespread
granite belt, causing extensive magmatism during the Cryogenian-
Ediacaran that gave rise to the Florianopolis, Pelotas and Aigua batholiths.
The western part exposes extensional foreland basins (ltajai, Camaqué
and Arroyo del Soldado) formed in response to further shortening of the
orogen. After collision and crustal thickening, major sinistral strike-slip
shear zones were developed, connecting all segments trough prominent
lineaments termed Dorsal do Cangugu, Major Gercino and Sierra Ballena

shear zones (e.g., Basei et al., 2000; Passarelli et al., 2010; Oyhantgabal
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et al., 2010). Additionally, in Uruguay, Cryogenian-Ediacaran sequences
are reported (Basei et al., 2005; Campal and Schipilov, 2005; Fambrini et
al., 2005; Oyhantcabal et al., 2005; Pazos et al., 2003; Pecoits, 2003;
Pecoits et al., 2004, 2008, 2011, 2016) and interpreted as deposited in
small fault-bounded basins over the Nico Pérez, Cuchila Dionisio and
Eden terranes during a tangential collisional event (Pecoits et al., 2016).
In Argentina, Neoproterozoic deposition is exposed in the Tandilia Belt
(Poiré and Spalletti, 2005) as well as in the Mar del Plata Terrane (Rapela

et al., 2011).

On the contrary, southwestern African Neoproterozoic sequences
document widespread extension and rifting of Tonian age (Jacobs et al.,
2008). These fault systems had Ilater been reactivated, generating
continental rifting recorded by the Port Nolloth Zone and Marmora Terrane

(Frimmel et al., 2001; Frimmel and Folling, 2004).

3. Geological setting

The definition of the Dom Feliciano Belt (Fragoso-Cesar, 1980) has
been changing greatly along the years (e.g., Basei et al. 2000, 2005, 2008,
2010; Chemale, 2000; Chemale et al., 1995a, 1995b; Fernandes et al., 1995;
Frantz and Botellho, 2000; Hasui et al., 1975; Jost and Hartmann, 1984;
Ribeiro and Fantinel, 1978; Soliani Jr., 1986). In southernmost Brazil, the
three segments of the Dom Feliciano Belt (Fig. 1B) are grouped as foreland
deposits (Camaqué Basin), schist belt (Porongos Complex) and granite belt

(Pelotas Batholith).
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The Camaqué Basin overlaps the schist belt to the west and along
several NNE-SSW corridors, related to transcurrent processes at brittle to
ductile-brittle structural levels and comprising the Eastern-Camaqua Sub-
Basin (Almeida et al.,, 2012; Fambrini et al., 2005; Paim et al., 2000).
Equally, the northwestern and southwestern regions of the Porongos
Complex (PC) as well as the Camaqua River beds are partially covered by
deposits of the Mesozoic Parana Basin (Faccini, 1989, 2000; Faccini et al.,

1990; Milani et al., 1998).

The Pelotas Batholith, tectonically bounded to the PC by the Dorsal do
Cangucgu Shear Zone, can be subdivided into several suites (e.g., Frantz
and Botelho, 2000; Frantz and Nardi, 1992; Philipp, 1998; Philipp and
Machado, 2005). The formation of this igneous unit is related to syn- and
post-collisional magmatism constrained at 650-550 Ma, showing mainly
high-K calc-alkaline, metaluminous and subordinate alkaline chemical
compositions (Babinski et al., 1997; Frantz et al., 1999, 2003; Philipp et al.,
2002, 2013; Philipp and Machado, 2005; Nardi et al., 2008; Silva et al.,
1999). Additionally, the Pelotas association has been interpreted as the
Neoproterozoic crustal reworking of the gneissic basement (Babinski et al.,

1997; Hartmann et al., 2000b; Silva et al., 1999).

The NE-SW striking PC is an 150 km long and 50 km wide
supracrustal sequence consisting of four major structural domains (Fig. 2),
which are referred to as Capané Antiform (CA), Santana da Boa Vista
Dome, Serra dos Pedrosas Antiform (Jost and Bitencourt, 1980) and
Godinho Antiform (Wildner et al., 1996). Common features among those

sectors include two low-dip foliations (S and Sy), linked to transversal and
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longitudinal deformation processes (Fernandes et al., 1992a); retrograde
metamorphic conditions, from amphibolite to greenschist facies (Marques
et al.,, 1998a); and NE-SW stretching sub-horizontal lineation and

kinematic indicators pointing to NE displacement (Marques et al., 1998a).

Although the PC has been focus of intense research for eight decades
(since Carvalho, 1932), a definitive geotectonic setting for the Porongos
Basin has remained unresolved. Isotopic and geochronological
approaches have been used to clarify the stratigraphic relations of PC

(see the published compilation of ages from the PC in Tab. 1).

The CA, being the focus of this study, is located in the northernmost
part of the PC (Fig. 3). It is a NE-SW oriented supracrustal sequence,
approximately 20 km long and 12 km wide. A synthesis of the CA
mappings and their lithological characteristics are presented in detail by
Marques (1996) and Marques et al. (1998a, 1998b), who showed that the
heterogeneous deformation locally preserved original features, allowing
lithological differentiation within the limbs and axial zone. The western limb
has major metavolcanic sequences intercalated with minor metapelitic
sequences. The eastern limb contains metapelitic units, spatially associated
with metagranitic bodies and lenses of marble. Both western limb and axial
zone also expose sheets of the Capané Alkaline Gneiss and altered
ultramafic rocks, the latter interpreted as a dismembered ophiolitic complex
(Marques et al., 2003b, 1998b). The axial zone presents pervasively
deformed rocks (unknown protoliths), metapelitic units and minor lenses of
staurolite-garnet schist (Fig. 3). Additionally, all sequences contain

synkinematic leucogranitic bodies as well as quartz mylonites to
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ultramylonites, which are particularly dominant in the axial region (Fig. 3). The
metamorphic conditions vary from predominant low greenschist to minor
low-medium amphibolite facies, the latter restricted to the axial zone
(Marques et al., 1998a, 1998b). Geochronological constraints are given by
U-Pb detrital zircon ages, which have yielded provenance of sediments
from Mesoarchean (3,156 £ 7 Ma), found in garnet-biotite-muscovite schist,
to Ediacaran (550 £ 10 Ma), found in metapelite (SHRIMP; Pertille et al.,
2015b). Crystallization ages for the Capané Alkaline Gneiss have been
reported at 531 Ma (whole-rock Rb-Sr; Lafon et al., 1990) and at 603 + 6
Ma by U-Pb ages (LA-ICP-MS; Zvirtes et al., 2015). For the same unit,
peak metamorphism has been identified at 540 Ma using U-Pb (TIMS;
Chemale, 2000). Sm-Nd analyses of metavolcanic whole-rock samples
show model NdTpm ages ranging from 2.59 to 0.90 Ga with negative eng
values between -22.34 and -1.50 (Gollmann et al., 2008). In addition, Hf
isotopes of detrital zircon from metasedimentary rocks show HfTpu ages
from 3.17 to 1.45 Ga and &y ranging from -18 to -4 (Pertille et al., 2015b).
These data are in mutual agreement and suggest that Paleo- and
Mesoproterozoic terranes are the site of origin for both the volcanic rocks

and the detrital zircons of the sediments in the PC.

The Santana da Boa Vista Dome crops out in the central-western PC,
where the Porongos Complex supracrustal sequence, represented by
metapelites, quartzites and marbles, overlies a Paleoproterozoic basement
dome, denominated as Encantadas Gneiss, a tonalite-trondhjemite-
granodiorite sequence (Ribeiro et al., 1966) and Santana da Boa Vista

Mylonitized Granitoids (Machado et al., 1987; Porcher and Fernades, 1990).
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Recently, Pertille et al. (2015a) have considered the well selected, mature and
thick quartzite layer overlying the basement as the Paleoproterozoic Santana
Formation, which was previously interpreted as shear-related alteration of the
mylonitized granites (Fernandes et al., 1992a, 1992b; Porcher and Fernandes,
1990). The contact between the Encantadas Gneiss and the supracrustal
sequence is marked by a ductile low-angle shear zone (Lusa et al., 2010). U-
Pb crystallization ages obtained from tonalites range from 2,263 + 18
(SHRIMP; Hartmann et al., 2003) to 2,078 + 13 Ma (SHRIMP; Hartmann et
al., 2000a). Deformed rhyolitic volcanic rocks intercalated in
metasedimentary sequences have been reported in this sector in a recent
work from Pertille et al. (2017), showing two SHRIMP U-Pb zircon ages:
801+ 4.7 and 773 £ 3.1 Ma. U-Pb zircon ages also record two major
metamorphic events: 2.0 Ga related to the Trans-Amazonian cycle (TIMS,
Chemale, 2000; SHRIMP, Hartmann et al., 2000a), and from 803 + 14
(TIMS; Chemale, 2000) to 631 Ma (SHRIMP; Hartmann et al., 2000a)
attributed to the Brasiliano cycle. Provenance of the supracrustal sequence,
revealed by U-Pb detrital zircon ages, indicates Mesoarchean (3,092 £ 19 Ma,
SHRIMP; Hartmann et al., 2004) to Tonian (1,041 + 46 Ma, LA-ICP-MS;
Gruber et al., 2011) sources, obtained from quartzite and chlorite-

muscovite schist, respectively.

The Serra dos Pedrosas Antiform is situated in the central-eastern PC,
where the supracrustal rocks are composed of metapelites, schists, meta-
andesites and meta-rhyolites (Jost, 1981; Jost and Bitencourt, 1980). The
low-pressure metamorphic conditions vary from greenschist to low

amphibolite facies (Jost, 1981). U-Pb detrital zircon ages yielded a
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provenance interval from Neoarchean (2,652 £ 32 Ma), obtained from
quartz-muscovite schist, to Stenian (1,010 £ 17 Ma), found in chlorite-
muscovite schist (LA-ICP-MS; Gruber et al., 2011). The Tonian
depositional age for the Porongos Basin has been obtained from zircon
grains of a meta-rhyolite in this sector, which is reported at 783 + 6 Ma
(SHRIMP; Porcher et al., 1999) to 789 + 7 Ma (LA-ICP-MS; Saalmann et
al.,, 2011). Whole-rock Sm-Nd isotopic data obtained from metavolcanic
(from -6.87 to -21.72) and metasedimentary rocks (from -6.25 to -17.96) show
similar NdTpu ages betwen c. 1.7 and 2.5 Ga (Saalmann et al., 2006).
These values suggest a Paleoproterozoic crust as a source for the

supracrustal sequence of PC (Saalmann et al., 2006).

The Godinho Antiform is the only defined domain south of Camaqua
River, although the PC extends farther south and east. This sector exposes
metavolcanic rocks, intercalated with phyllites, quartzites, schists, marble and
metagranitoids (Wildner et al., 1996). U-Pb crystallization ages for meta-
andesites diverge greatly, being reported at 1,356 + 227 Ma (LA-ICP-MS;
Wildner et al., 1996) and 773 £ 8 Ma (TIMS; Chemale, 2000). Additionally, a
recent study of Pertille et al. (2017) on rhyolites of this sector has shown 809
t+ 4.1 Ma as U-Pb crystallization age using SHRIMP. For quartzitic rocks,
LA-ICP-MS U-Pb ages of detrital zircon grains range from Mesoarchean
(2,906 + 42 Ma) to Statherian (1,619 + 39 Ma), according to Gruber et al.
(2011). Metamorphic episodes are recorded at c. 2.0 Ga for the quartzitic
rocks (LA-ICP-MS, Gruber et al., 2011; SHRIMP, Hartmann et al., 2004)

and at c. 700 Ma for the meta-andesite (LA-ICP-MS; Wildner et al., 1996).

A tectonic setting for the whole belt remains disputable due to lack of
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systematic mapping and available data in the southernmost region of the PC,
i.e., south and east of the Godinho Antiform. Few studies were carried out in
this region (Camozzato et al., 1994; Remus et al., 1987, 1991), providing
evidence of similarity between this region and the western limb of the CA
(Camozzato et al., 1994; Marques et al., 2003a). Thrust zones have displaced
and imbricated the basement, comprising sequences of pelitic schists,
quartzites, marble, meta-ultramafic rocks, dacitic to rhyolitic metatuffs and
synkinematic metagranitoids metamorphosed under medium-pressure
conditions of low amphibolite facies (Remus et al., 1987, 1991). In addition,
the occurrence of alkaline gneiss similar to the Capané Gneiss has been
reported (Camozzato et al., 1994). U-Pb ages of detrital zircons obtained from
quartzite constrained the provenance in this region from Siderian (2,452 +
12 Ma) to Ediacaran (605 £ 5 Ma) found in plagioclase-quartz-chlorite-
muscovite schist (SHRIMP; Hartmann et al., 2004). In the southeastern
part of the PC, the provenance age of muscovite schist ranges from
Mesoarchean (2,863 £ 24 Ma) to Stenian (1,008 + 12 Ma), as revealed by

LA-ICP-MS (Pertille et al., 2015a).

4. Samples and methods
4.1 Sample selection and preparation

This study reviews the complete set of thin sections (151 samples)
of Marques, (1996) and Marques et al. (1998a, 1998b) obtained from
samples taken throughout the CA in order to establish a consistent

geological framework. Previously known key outcrops (described in detail
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by Marques, 1996) and new areas were visited and selected for sampling.
From a total of 28 exposures surveyed, seven were chosen for sampling
and subsequent thin section preparation as well as LA-MC-ICP-MS U-Pb
zircon dating (see sample list in Tab. 2 and outcrop locations in Fig. 3).
Analyses were carried out in one sample from the eastern limb (CA-19),
two samples from the western limb (CA-16 and CA-11) and four samples

from the axial zone (CA-22, CA-17, CA-02A and CA-21B).

Fractions between 60 and 170 mesh of zircon grains were
separated following standard procedures: crushing 3-5 kg of cleaned and
dried samples, milling, sieving, panning and separating by a Frantz
isodynamic magnetic separator at different currents (0.4, 0.8, 1.2 and
1.8 A) and, additionally, by applying heavy liquid separation. The mount
montage was done with pastilles of Buehler epoxy, polished with emery

paper and diamond paste of 0.25—1 micron.

4.2 Zircon imaging

Imaging of zircon grains was performed by binocular microscopy,
where macroscopic properties such as color, degree of transparency and
external morphology were described. Back-scattered electron images
were obtained using the scanning electron microscope Jeol JSM 5800 at
the Electron Microscope Center of the Federal University of Rio Grande do
Sul for delimiting regions in zircon grains, which were free of fractures and
inclusions. This procedure enhanced adequate responses according the

optimized frequency of Andersen (2005). Cathodoluminescent images
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were acquired using a Quanta 250 FEG electron microscope connected
with  Monto CL3+ cathodoluminescence spectroscope at the
Geochronological Research Center at University of Sdo Paulo (CPGeo-
USP). Considering the large number of dated zircons, only the most
representative images from zircon families are illustrated in order to

support the interpretation.

4.3 U-Pb dating of zircon

U-Pb age determination took place at CPGeo-USP and at the
Isotopic Geology Laboratory of Federal University of Rio Grande do Sul.
All analyses were implemented on a Thermo-Fisher Neptune inductively
coupled plasma-mass spectrometer (ICP-MS) coupled with an Excimer
ArF laser ablation system (LA) of 193 nm. The mounts containing zircons
were cleaned in a HNO3 solution (3%) and in ultraclean water bath. The
ablation was done with spot size of 32 um, at frequency of 6 Hz, an
intensity of 6 mJ and ablation time of 40 s. Corrections of mass bias was
performed by the analysis of zircon standard GJ-1 (**°Pb/***Pb age by
IDTIMS =608.5 + 0.4Ma; Jackson et al., 2004) and common Pb based on
Stacey and Kramers (1975) model. The obtained data was reduced
through in-house Excel spreadsheets and ages were derived from
29pp/2%8y, 29pp2%U, 2Pb/f%Pb and **Th/***U ratios, calculated via
ISOPLOT 3.6 (Ludwig, 2008). Errors for isotopic ratios are presented at

+ 10 confidence level.

The acquired data were filtered prior plotting in order to remove
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analysis above 10% of discordance and with more than 1% of common lead.
Also, the interpreted age and plotting followed recommendations by Gehrels
(2014), where the ?°’Pb/?®Pb age was selected for grains older than 1.2 Ga
and ?°°Pb/?*®U for grains younger than 1.2 Ga. The final isotopic data results
were evaluated by means of probability density plots and cumulative
density plots using Microsoft Excel macros from the Arizona LaserChron
Center (George Gehrels — https://www.laserchron.org). Potential origin of the
ages was established using the threshold 0.02 for Th/U ratio, where values
above are considered magmatic and below metamorphic (Rubatto, 2002).
All zircon U-Pb isotopic data obtained for the present study are presented in

the electronic appendix (Supplementary Data A).

5. Results
5.1 Petrographic sample characteristics

The petrographic descriptions follow the nomenclature and mineral
abbreviation systems proposed by the International Union of Geological
Sciences (Schmid et al., 2007; Siivola and Schmid, 2007). Exception is
made for sample CA-02A, termed phyllonite, being very fine-grained and
extremely friable, which was sampled for geochronological studies only.
All units of the CA reveal a heterogeneous deformation character. Some
studied samples show incipient deformation that support the original units
proposed by (Marques et al., 1998a, 1998b). However, most of
petrographic samples from Marques (1996) are affected by high strain that

obliterate any original textures. In this case, the lithotypes can be grouped
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from protomylonite to ultramylonite (according to the nomenclature of
Sibson, 1977) and present intensely deformed quartz associated with
strong mineral stretching lineation. Samples from the eastern limb (CA-19)
and western limb (CA-16 and CA-11) are less affected by the high strain,
while three samples from the axial zone (CA-17, CA-02A and CA-21B) are
strongly mylonitized and one sample from the axial area shows moderate

deformation (CA-22).

In the eastern limb, sample CA-19, a brown to light brown, fine- to
medium-grained (<0.8 mm in diameter) quartz-muscovite schist shows a
lepidogranoblastic texture, where quartz grains are gathered as
asymmetric eye-shaped aggregates and the main foliation is defined by
muscovite lamellae (Fig. 4A). Quartz grains (55%) occur as ribbon, eye-
shaped aggregates, partially being dispersed in the matrix as new grains
and showing sutured boundaries, irregular shape and undulose extinction.
Anhedral muscovite lamellae (45%) surround the quartz aggregates as a

film and are partially crenulated.

In the western Ilimb, a gray, fine- to medium-grained
metavolcaniclastic rock (sample CA-16) shows weak foliation and a
porphyroclastic texture (Fig. 4B). Its grain size varies from the
submillimeter (matrix) to 1 mm (porphyroclasts) level. The essential
constituent of this unit is given by quartz (35%), which occurs in the matrix
and as agglomerates of porphyroclasts, displaying undulose extinction.
Additionally, chlorite (35%) occurs both in matrix and reticular around
porphyroclastic quartz aggregates (Fig. 4B). Anhedral carbonate (30%)

has essentially been identified in the matrix, showing diffuse crystal
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boundaries. Subordinate, few opaque minerals, apatite, zircon, epidote
and mica also occur. Another gray, fine-grained (0.5 mm)
metavolcaniclastic rock from the western limb (sample CA-11) displays an
equigranular compositional banding, which defines the main foliation and
incipient breccia texture (Fig. 4C). The main constituent of this rock is
quartz (35%), showing undulose extinction. Rarely, it is also found as
subgrains concentrated in parallel levels to the main foliation. The rest of
the rock is composed of anhedral chlorite (30%) and carbonate (30%)
crystals, both showing no clear crystal boundaries but haze appearance
(Fig. 4C). Rare biotite (5%) is associated with chlorite and carbonate and

has lamellae shape, hosting minute zircon grains.

At the boundary of the western limb and axial zone, defined by a
tributary of Capané Creek, sample CA-22 was taken from lenses of
staurolite-garnet-quartz-muscovite schist. This yellowish-gray to brownish-
gray rock shows a porphyroblastic texture with coarse-grained, euhedral to
subhedral grains of garnet (10%) in a fine-grained matrix (Fig. 4D). The
porphyroblastic garnets contain poikilitic inclusions of quartz and partially
reveal a snowball texture with an asymmetric pressure shadow. Minor
staurolite occurs as porphyroblasts, generally being surrounded by thin
chlorite halo. The matrix comprises strongly aligned muscovite lamellae
(55%), defining the main anastomosed foliation, and stretched quartz

grains (35%) with sutured grain boundaries arranged in segregated levels.

Collected in the northern part of the axial zone, sample CA-17
refers to a pink, fine-grained (up to 3 mm) muscovite-quartz mylonite with

a granolepidoblastic texture. The subhorizontal main foliation is defined by
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strong alignment of Ilamellar muscovite (30%), which configures
submillimeter spacing and anastomosed levels. Anhedral quartz grains
(70%) show sutured boundaries and manifest an oblique foliation defined
by the mineral stretching (Fig. 4E). Chlorite rarely occurs as alteration
product of muscovite and slightly stretched plagioclase grains, the latter
being associated with the quartz-levels and presenting sutured boundaries
as well as poorly developed polysynthetic twinning. Also obtained from the
axial zone, sample CA-21B represents a pink to light pink, fine- to
medium-grained chlorite-bearing quartz-muscovite ultramylonite with a
lepidonematoblastic texture. The main foliation is revealed on a millimeter
scale and defined by the strong mineral stretching of quartz aggregates

(40%) and muscovite lamellae (60%; Fig. 4F).

All mylonitized samples from the axial zone (CA-17, CA-19 and CA-
21B) present bimodal range of quartz grain size, which is grouped
according fabric distinguishing larger subgrains with undulose extinction
from new, small, uniform grains. The arrangement of both fabrics suggests
two types of dynamic recrystallization: (1) quartz crystals vary from relic,
elongate subgrains to new grains formed during the bulging
recrystallization, and (2) the foliation is defined by the preferred orientation
of polycrystalline quartz aggregates formed during subgrain rotation

(Passchier and Trouw, 2005).

5.2 Detrital zircon morphology

The zircon grains from the eastern (CA-19, Fig. 5A) and western



514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

60

(CA-16, Fig. 5B; CA-11, Fig. 5C) limbs and axial zone (CA-22, Fig. 5D;
CA-17, Fig. 5E; CA-02A, Fig. 5F; CA-21B, Fig. 5G) are generally
translucent and have length-to-width ratio of 2:1 when slightly rounded at
corners and 3:1 when (sub-)prismatic. Their morphology shows a mixture
of these patterns, with predominance of the latter at the limbs and the
former at the axial zone. Regarding size, zircon grains are 40-200 ym
long in samples of the eastern limb, 50-200 ym in the western limb and
75-275 pym in the axial zone. Under binocular microscope, they show light
yellow to light brown coloring in the eastern limb; predominant colorless to
light brown coloring in the western limb; and predominant light brown to
light yellow coloring and colorless in the axial zone. Cathodoluminescent
images have shown oscillatory zoning in all samples, overgrowths
evidenced by light gray color (Figs. 5A, 5D and 5E) and inherited (Figs. 5A,
5B and 5D) or homogenous nuclei (Figs. 5C and 5E). Back-scattered

images have evidenced variable degree of fracturing (Fig. 5F).

5.3 U-Pb zircon ages

In the eastern limb, the quartz-muscovite schist (CA-19) has
revealed Th/U ratios varying from 0.02 to 1.12, suggesting metamorphic
and magmatic ages for the zircon grains. A total of 46 spots were obtained
from 42 grains, yielding 27 concordant ages ranging from 572 + 7 to 1,971
+ 27 Ma. The probability density plot displays a polymodal pattern with
main age peaks at 770 and 610 Ma, respectively, and minor peaks at
850 Ma, 1.0, 1.15, 1.4, 1.8 and 1.9 Ga (Fig. 6A). The contribution found is

mostly  Neoproterozoic with  subordinate = Mesoproterozoic and
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Paleoproterozoic ages (Fig. 6A).

In the western limb, both metavolcaniclastic rocks (samples CA-16
and CA-11) present Th/U ratios varying from 0.19 to 1.27 and from 0.28 to
1.52, respectively. The Th/U ratios allied to zircon textures suggest
magmatic origin for the zircon grains. Ages of 44 spots on 43 zircon grains
from the sample CA-16 yielded 23 concordant ages in an array of 619 + 15
to 2,271 + 25 Ma. The probability density plot displays bimodal pattern
with main age peak at 610 Ma that is assumed as the age of formation of
the rock and minor peaks at 2.0, 2.1 and 2.2 Ga (Fig. 6B). The dating of
sample CA-11 using 24 spots on 20 grains yielded 18 concordant ages in
an array of 607 +14 to 2,252 + 34 Ma. The probability density plot
illustrates a polymodal pattern with main age peak at 600 Ma that is
assumed as the age of formation of the rock and minor peaks at 0.780 and
21 Ga (Fig. 6C). The data shows only Neoproterozoic and
Paleoproterozoic input for both samples, where the former is dominant for

CA-16 (Fig. 6B) and the latter for CA-11 (Fig. 6C).

In the axial zone, zircon textures suggest magmatic origin (allied to
Th/U ratios varying from 0.03 to 13.77). For samples CA-22, CA-17, CA-
02A and CA-21B, the data shows mostly Paleoproterozoic ages
(especially Rhyacian) and very restricted Neoproterozoic (only in CA-22),
Mesoproterozoic (both CA-22 and CA-17) and Archean contribution (CA-
17, CA-02A and CA-21B). In the staurolite-garnet-quartz-muscovite schist
(CA-22), a total of 91 spots were analyzed from 89 grains, which yielded
69 concordant ages in an array of 0.82 to 2.25 Ga. Probability density plot

displays polymodal pattern with main age peak at 2.12 Ga and minor
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peaks at 0.83, 1.0, 1.13, 1.19 and 1.54 Ga (Fig. 6D). Dating 91 spots on
83 grains in the muscovite-quartz mylonite (CA-17) yielded 81 concordant
ages in an array of 1.3 to 2.8 Ga. Probability density plot displays
polymodal pattern with main age peak at 2.29 Ga and minor peaks at 1.36
and 2.86 Ga (Fig. 6E). In the phyllonite (CA-02A), a total of 55 concordant
ages yielded 1.89 to 3.26 Ga. Probability density plot displays polymodal
pattern with main age peak on Gaussian curve at 2.13 Ga and minor
peaks at 3.05 Ga (Fig. 6F). A total of 88 spots and grains from the quartz-
muscovite ultramylonite (CA-21B) yielded 49 concordant ages in an array
of 2.04 to 2.86 Ga. Probability density plot displays bimodal pattern with
main age peak on Gaussian curve at 2.17 Ga and minor peak at 2.85 Ga

(Fig. 6G).

6. Discussion
6.1 Geochronological provenance signatures

Based on the detrital zircon signatures of the supracrustal rocks of
the entire PC outcropping area, some geochronological patterns can be
identified (Fig. 7). Considering the zircon ages, three different sequences
can be pointed out: one with strong Rhyacian peaks and no
Neoproterozoic contribution; one with polymodal peaks but all younger
than Tonian; and, one with strong Ediacaran input. In the CA, all those
different geochronological signatures occur associated with distinct

lithological association.

Mylonitized rocks compose most of the area of the CA axial zone.
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The quartz mylonites to ultramylonites (CA-02A, CA-17 and CA-21B) are
nearly unimodal, with a main peak at 2.2-2.1 Ga, with no Neoproterozoic
contribution. This provenance pattern is the same as for the quartzitic
rocks from Hartmann et al. (2004), Gruber et al. (2011) and Pertille et al.
(2015a, 2017) associated to the Santana Formation (sensu Pertille et al.,
2015a) that crops out in the Santana da Boa Vista Dome (Fig. 7). These
similarities support the interpretation that the mylonitic rocks from the CA
axial zone are part of the Santana Formation. The presence of rocks from
the Santana Formation in the CA axial zone is interpreted as basement
tectonic slices. Pertille (2015a) has suggested 1.7 Ga as the maximum
depositional age for the Santana Formation. However, given the
correlation proposed here, the presence of some Mesoproterozoic grains
in the mylonitic rocks from the Capané area place the maximum

depositional age of the Santana Formation at 1.3 Ga.

The geochronological pattern of the garnet-staurolite schist (CA-22)
is different from all other CA samples. The schist is polymodal with a
strong peak at the Rhyacian and many inputs from the Mesoproterozoic.
The younger grains are Tonian and mark the maximum depositional age
for this unit. Comparing its signature to other schists and metapelites from
the PC (Fig. 7), it is clear that the garnet-staurolite schist from the CA axial
zone can be better correlated to the Porongos Complex in special with the
units that occurs at the Serra dos Pedrosas Antiform (Porcher et al., 1999;
Saalmann et al., 2011) and the Santana da Boa Vista Dome (Pertille et al.,
2017). Consequently, the sedimentation of these units are constrained to

the Tonian and here we suggest the name Porongos | sequence to group
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all meta-volcanosedimentary rocks formed during this period. The
Porongos | fragments found in the CA are considered as tectonic

imbrications.

The provenance patterns of the rocks that crop out in the limbs of
the CA show a significant Ediacaran-Cryogenian (c. 630-580 Ma)
contribution. The eastern limb, dominantly metapelitic (CA-19), presents
major Ediacaran-Cryogenian and Tonian zircon ages as well as minor
peaks from Stenian to Rhyacian. Similarly, the western limb, dominantly
metavolcaniclastic (CA-16 and CA-11), shows strong Ediacaran-
Cryogenian input and minor Rhyacian contribution. The sedimentation of
these units are constrained to the Ediacaran considering the volcaniclastic
nature of the rocks from the western limb (see Fig. 3 and Tab. 1 in the

Supplementary Material).

The strong Ediacaran detrital zircon ages observed in both limbs of
the CA (samples CA-11, CA-16, CA-19; see Tab. 1 for data from Pertile et al.,
2015b, 2017) represents a younger provenance signature than those found
in the Porongos | sequence. These supracrustal rocks are here considered
as remnants of younger basins, named Porongos Il sequence. Considering
the geological similarities, already suggested by Marques et al. (20033,
1998a) and Camozzato et al. (1994) between the CA rocks and the
supracrustal units that crop out in the southernmost areas of the PC (Remus
et al. 1991, 1987), it is proposed that both sequences belong to the Porongos
Il sequence. This suggestion is also supported by sample 148 from Pertille

et al. (2017) (see Fig. 2, Tab. 1) that presents a strong Ediacaran input.
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6.2 Inferred sources for Porongos | and Il sequences

Regarding the possible source areas for the Porongos | sequence,
the few Archean ages may have come from the La China Complex and the
Las Tetas Complex, Uruguay (e.g., Hartmann et al., 2001). Another
possibility is that these crystals are derived from the reworking of the
Uruguayan Zanja del Tigre Formation, Lavalleja Group (correlated to
Porongos 1?), which presents a large number of Archean zircon ages
(Basei et al., 2008). Early Paleoproterozoic sources for the Siderian
zircons may be related to Santa Maria Chico Granulite Complex
(Hartmann et al., 2008) or Neto Rodrigues Gneiss (Remus et al., 1996).
Dominant Rhyacian ages found throughout the PC (Gruber et al., 2011;
Pertille et al., 2015a, 2017) may be derived directly from the Encantadas
Gneiss, implying sedimentation from proximal reworked basement.
Orosian ages may correspond to sourcing from the Arroio dos Ratos
Complex (Leite et al.,, 2000). Mesoproterozoic provenances may be
related to Capivarita Anorthosite (Chemale et al., 2011), Tupi Silveira
Amphibolite (Camozzato et al., 2013) and alternatively to the Nico Pérez
or Piedra Alta terranes (Bossi et al., 1993; Bossi and Navarro, 2001,
Teixeira et al., 1999;). Remarkably, Stenian ages are labeled as typical
African geochronological signature (Basei et al., 2005). Nevertheless,
other sources of Mesoproterozoic age, not yet identified in this part of
South America, may be underneath extensive sedimentary covers. During
the Neoproterozoic, the Porongos | sequence recorded Tonian rhyolitic
volcanism, which is the marker of maximum depositional age for this

stratigraphic sector.
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The Porongos Il provenance pattern may include the observed
zircon signature shown by Porongos | meta-volcanosedimentary units, as
the latter is considered to be part of its basement. The predominant
Paleoproterozoic ages may have primarily derived from the Encantadas
Gneiss. The rare Mesoproterozoic zircon grains found in the Porongos Il
may reflect the small amount of Mesoproterozoic zircons in the Porongos |
and the absence of areas with Mesoproterozoic rocks in the southern
Brazilian and Uruguayan regions. Late Neoproterozoic zircon ages are
abundant in the Porongos Il sequence and represent its fingerprint. Tonian
ages may be derived from volcanic rocks found in the Porongos I, while
Cryogenian and Ediacaran peaks are proposed to be derived from the

Pelotas Batholith formed at 630-580 Ma.

6.3 Configuration of SW Gondwana

Combining the new U-Pb detrital zircon ages of this study with
those from the literature and taking into account previously published
tectonic (Fig. 9.1; Basei et al., 2008; Frimmel et al., 2011) and
paleogeographic (Johansson, 2014; Pecoits et al., 2016; Fig. 9.2) models,
it is suggested a modified tectonic model where the Porongos Il sequence
evolved during the late stages of the Pan-African—Brasiliano orogeny in
southernmost Brazil. The tectonic phases were triggered by broad Tonian
rifting processes (Fig. 9.2A), which led to the diachronic break-up and
fission of the Rodinia supercontinent and ended up in the Ediacaran-
Cambrian assembling of SW Gondwana (Basei et al., 2005; Bossi and

Gaucher, 2004; Brito Neves et al., 1999). Several lithospheric segments,
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representing cratons, blocks and terranes, drifted and interacted, forming
new oceans and basins. On a regional scale, the orogenic system related
to the Dom Feliciano Belt comprises the cyclic history of the Adamastor
Ocean, terminated by the collision process of Rio de La Plata and Kalahari

cratons (Basei et al., 2000; Figs. 9.1 and 9.2).

During the Tonian of present-day southernmost Brazil, the
deposition of Porongos | sequence may took place (Porcher et al., 1999;
Saalmann et al., 2011) in a marginal basin of the Encantadas Terrane
(Fig. 9.1A). Also, in the northern tip of Dom Feliciano Belt, the first
magmatic episode preceding the Brusque Basin has been constrained
between 930 and 840 Ma (Basei et al., 2011). Nearby, the Rio de La Plata
craton was subject to an active continental margin environment (Saalmann
et al., 2011), closing the Sdo Gabriel Ocean and deforming the Porongos |

sequence (Saalmann et al., 2011; Figs. 9.1A-C).

On a regional scale, the approximation of eastern South American
blocks and the southwestern African units due to Adamastor Ocean
subduction may be recorded in xenoliths in the magmatic sector of Dom
Feliciano Belt (Gross et al., 2006; Koester et al., 2016; Lenz, 2010; Lenz
et al., 2011; Martil et al., 2017; Silva et al., 1999; Figs. 9.1A-C). Regarding
the subduction and the tectonic setting of the Dom Feliciano Belt formation,
several models have been put forward over the past decades (e.g.,
Fernandes et al., 1992b; Fragoso-Cesar, 1980; Sanchez-Bettucci and
Ramos, 1999). Basei et al. (2000) proposed eastward subduction in which
the magmatic arc was developed at the Kalahari cratonic margin and

tectonically imbricated at the South American margin during the Pan-
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African—Brasiliano orogeny (Figs. 9.1B-D). This assumption is mostly
corroborated by the genetic correlation of Rocha and Gariep basins,
implying that the easternmost part of Uruguay has been derived from

southwestern Africa (Basei et al., 2005).

Concomitantly, units in southwestern Africa registered widespread
extension and rifting, whereas Neoproterozoic sequences were deposited
over the Mesoproterozoic Namaqua Belt (Jacobs et al., 2008). Faulting
may have triggered continental rifting that evolved to a narrow oceanic
basin (Frimmel et al., 1996a, 1996b, 2002), represented by the Marmora
Terrane that had later been juxtaposed to the continental Port Nolloth
Zone through the Schakalsberg Thrust (Fig. 9.1C). Despite considerable
ambiguity, few authors interpreted the Marmora Terrane as oceanic floor
of the Adamastor Ocean (e.g., Frimmel and Folling, 2004; Hartnady et al.,
1985). However, small and short-living oceanic basins were common
during the Pan-African—Brasiliano setting (Condie, 2002) and their
premature closure took place synchronously with the lapetus Ocean
closure, producing compressive forces at both sides of the western

Gondwana supercontinent (Grunow et al., 1996).

Conspicuous to the transition of the Cryogenian to the Ediacaran,
the Rio de la Plata and Kalahari cratons obliquely collided due to NE-SW
plate convergence (Figs. 9.1D and 9.2C), also accreting juvenile
Neoproterozoic crust (Hartmann et al., 2011; Lena et al., 2014; Saalmann
et al.,, 2005; Fig. 9.2B). Coevally, intense collisional to post-collisional
magmatism lasted along the arc of the Dom Feliciano Belt (Babinski et al.,

1997; Basei et al., 2000, 2008; Figs. 9.1D-E), which may have influenced
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the metamorphic conditions of Porongos | sequence, reaching low-medium
amphibolite facies at Serra dos Pedrosas Antiform (Gruber et al., 2011; Lenz,

2006).

The global Marinoan and Gaskiers glaciations during the
Cryogenian and Ediacaran left important diamictite deposits in the African
side, such as the Numees Formation (Frimmel and Folling, 2004; Fig.
9.1D). In spite of a well-documented isotopic and lithological record of
deposits from these glaciations around the world, the glaciogenic influence
on few deposits documented in Uruguay (e.g., Pazos et al., 2003; Pecoits
et al., 2008; Aubet et al., 2014 and references therein), Argentina (e.g.,
Pazos et al., 2008; Pazos and Rapalini, 2011) and southern Brazil (e.g.,
Eerola, 1994, 1995, 1997; Janikian et al., 2008) have largely been
disputed (e.g., Gaucher and Poiré, 2009; Masquelin and Pazos et al.

2010; Pecoits et al., 2010; Sanchez, 1993; Tohver et al., 2006;).

In southernmost Brazil, the Ediacaran compression may have
generated synorogenic deposits preserved in synforms, placed in front of
large nappes during the Dom Feliciano Belt deformation (Figs. 9.1D-E).
Synorogenic deposits refer to sedimentary units that were deposited in
active tectonic setting. Such sequences were deposited between
contracted orogenic belts and adjacent cratons, subsiding very quickly and
playing a fundamental role in determining the timing of tectonic inversion
(DeCelles and Giles, 1996). Alkaline magmatism dated at c. 600 Ma
(Chemale, 2000; Zvirtes et al., 2015), which is represented by the Capané
Alkaline Gneiss, heralds the accommodation of these sequences of

carbonate, metavolcaniclastic, metapelitic and metaquartzitic rocks during
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the final stages of the Pan-African—Brasiliano tectonic cycle. This
synorogenic deposit has its maximum age deposition around 580 Ma and

is defined as Porongos Il sequence.

Moreover, similar deposits are reported in the margins of Nico
Pérez and Cuchilla Dionisio terranes (Uruguay), described as a thin
interleaved association of conglomerates, sandstones, rhythmites as well
as volcanic and volcaniclastic rocks by Pecoits et al. (2016). According to
these authors, Playa Hermosa, Las Ventanas and Barriga Negra
formations were deposited up to 585 Ma. Therefore, even deposited in
very diverse tectonic context and being devoid of major deformation and
correlated to the Camaqué Basin, they can be interpreted as synorogenic
deposits as well. Considering the relative density plots of all these
synorogenic deposits (Fig. 10), both Brazilian and Uruguayan units show
significant contribution from the magmatic segment of Dom Feliciano Belt
(Fig. 9.1E). However, the contribution of Mesoproterozoic sediments is
more pronounced for the Uruguayan Ediacaran units, which is in
agreement with the African derivation of Punta del Este Terrane, as

proposed by Basei et al. (2000, 2008, 2011).

In the southernmost Brazilian Sdo Gabriel Block, the transition from
compressional to extensional tectonics is reflected by the intrusion of the
Cagapava do Sul Granite Complex at c. 560 Ma (Frantz et al., 2000;Leite,
1997; Leite et al., 1995, 1998; Fig. 9.1D). The orogen collapse led to the
extensional setting, represented in SW Gondwana by the Camaqua and
Nama basins (Almeida et al., 2010; Blanco et al., 2011; Fragoso-Cesar,

1980; Germs, 1983; Janikian et al.,, 2008; Fig. 9.1E). Finally, the
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metamorphism recorded at c. 540 Ma in the Capané Alkaline Gneiss
(Chemale, 2000; Zvirtes et al., 2015) possibly reflects the closing time of the
Porongos Il sequence. During this phase, thrusting may have occurred
throughout the CA, leading to imbrication of sheets of several lithotypes,
such as alkaline gneisses, mylonites, which have been identified as part of
the Santana Formation, fragments of the Porongos | sequence (staurolite-

garnet schists) and meta-ultramafic rocks.

7. Conclusions

1) Different geochronological detrital zircon signatures observed in
different segments of the Porongos Complex allow us to propose the

existence of two basins of different ages called Porongos | and II.

2) The Porongos | sequence is considered Tonian based on the
rhyolitic intercalations that crop out in the Serra dos Pedrosas Antiform
and the Santana da Boa Vista Dome. The strong Ediacaran detrital zircon
contribution found in the limbs of Capané Antiform (CA) defines the

maximum age of deposition for the Porongos Il sequence.

3) The axial zone of the CA represents a heterogeneous unit
tectonically imbricated in the supracrustal sequence of the CA, possibly as
part of the underlying basement, including the Porongos | unit and the

Santana Formation.

4) The CA staurolite-garnet schist has a provenance pattern similar to
the supracrustal sequence of the Serra dos Pedrosas Antiform. This medium-

grade metamorphic rock has documented a Mesoproterozoic input similar to
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other sectors of the Porongos | sequence. The major Paleoproterozoic input
in the axial zone may represent sources from its own basement, i.e.,

Encantadas Gneiss.

5) Neoproterozoic Tonian detrital ages observed in the Porongos Il
succession may have been derived from the Porongos | sequence, while
the Pelotas Batholith is proposed to be the source of the Ediacaran detrital

zircons of Porongos II.

6) The new data presented here allow us to refine previous tectonic
models proposed for the Pan-African—Brasilian orogeny in southern Brazil,
identifying the existence of syn-orogenic Ediacaran deposits, which

occurred during the final stages of the SW Gondwana assembly.
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Figure captions

Figure 1: A) Neoproterozoic assemblage of the Western Gondwana
supercontinent after Tohver et al. (2006) and Vaughan and Pankhurst
(2008). Cratons are represented by gray color, Mesoproteorozoic belts are
purple and Pan-African—Brasiliano belts are orange. The selected white
area is detailed in Figure 2B. B) Simplified tectonic domains of southern
Brazil and Uruguay (map modified from Basei et al., 2008; Pecoits et al.,
2016; Rapela et al., 2011; Teixeira et al., 2013). The Dom Feliciano Belt
segments refer to ltajai (/B), Camaqua (CB) and Arroyo del Soldado
basins (AS); Florianopolis (FB), Pelotas (Pa) and Aigua (AB) batholiths;
Brusque (BC), Porongos (PC) and Lavalleja (LV) complexes and Eden
Block (EB). The other units represent Luis Alves Craton (LA), Sdo Gabriel
(SG) and Taquarembo (TB) blocks; Piedra Alta (PA), Nico Pérez (NPT),
Cuchilla Dionisio (CDT), Tandilia (TT) and Mar del Plata (MP) terranes.

The SBSZ and SYSZ stand for Sierra Ballena and Sarandi del Yi shear
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zones, respectively. The area highlighted in white is subject of the present
study, comprising the Porongos Complex, detailed in Figure 2. For
interpretation of the references to color in both figures legend, the reader

is referred to the web version of this article.

Figure 2: Geological map of the Porongos Complex displaying
georeferenced samples from previous geochronological studies detailed in
Table 2. Map modified from Almeida et al. (2012), Chemale (2000), Jost

(1981) and Oliveira et al. (2014).

Figure 3: Geological map of the Capané Antiform showing the locations of
the samples examined by this study (after Marques, 1996; Marques et al.,

1998a, 1998D).

Figure 4: Selected photomicrographs of textures used for identification of
protoliths for the key samples of Capané Antiform. A) Fine-grained
muscovite lamellae, partially crenulated, surround quartz augen
aggregates in the quartz-muscovite schist (crossed-polarized light [XPL],
CA-19). B) Porphyroclastic aggregates of quartz and chlorite, which also
occur in the fine-grained matrix of the metatuff (plane-polarized light [PPL],
CA-16). C) Diffuse foliation is defined for the compositional banding of
chlorite, carbonate and quartz in the metatuff (XPL, CA-11). D)
Porphyroblastic texture of staurolite-garnet-quartz-muscovite schist (PPL,
CA-22). E) Quartz aggregates present sutured boundaries and preserve
foliation oblique to the main sub-horizontal foliation, defined for the
muscovite lamellae (XPL, CA-17). F) Strong mineral stretching of quartz
and muscovite aggregates in the quartz-muscovite ultramylonite (XPL, CA-

21B). The mineral abbreviations cb, chl, gr, ms and qtz in the images
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stand for carbonate, chlorite, garnet, muscovite and quartz, respectively.

Figure 5: Representative backscattered and cathodoluminescent images
of the detrital zircon grains analyzed. The circles represent the LA-ICP-MS
U-Pb analyzed spots. Yellow numbers refer to obtained age for each spot
and white ones are the point position. For interpretation of the references
to color in this figure legend, the reader is referred to the web version of

this article

Figure 6: Isotopic analyses of detrital zircon crystals plotted on probability
density plots, relative proportion of zircon ages and Concordia diagrams
for the samples from the eastern limb (A: CA-19), western limb (B: CA-16,
C: CA-11) and axial zone (D: CA-22, E: CA-17, F: CA-02A, G: CA-21B) of

the Capané Antiform.

Figure 7: Probability density plot of U-Pb detrital zircon ages from the
Porongos Complex, grouping the sectors according the geological features.
Bold line stands for the maximum depositional age defined by volcanic
event and dashed line represents speculative maximum depositional ages
based on provenance of sediments. Sources of the samples plotted: 1 —
Pertille et al. (2015b); 2 — Hartmann et al. (2004); 3 — Gruber et al. (2011);
4 — Basei et al. (2008); 5 — Pertille et al. (2015a); 6 — Saalmann (2011); 7

— Pertille et al. (2017). Samples from this study are indicated in the figure.

Figure 8: A) Lithological and geochronological sectors of the Capané
Antiform (CA) and surrounding area. B) Simplified cross section of CA,
showing three stages of evolution. First stage: deposition of Porongos |

sequence (P1) over the Encantadas Gneiss (EG?). Second stage:
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deposition of Porongos sequence |Il, represented by predominant
metavolcano-sedimentary (P2mvs) and metasedimentary deposits (P2ms)
in the front of large nappes. Third stage: thrusting of both sequences with
imbrication of P1 and possibly EG. C) Simplified stratigraphy of Porongos

Complex and Camaquéa Basin (CB) in the CA area.

Figure 9: Simplified tectonic model (1; adapted from Basei et al., 2005;
Frimmel and Folling, 2004; Saalmann et al., 2011) and paleogeographic
reconstruction (2; modified from Johansson, 2014; Pecoits et al., 2016) for
southernmost Brazil during the amalgamation of SW Gondwana and
accompanying closure of Adamastor Ocean. 1A) 750-700 Ma: Deposition
of Porongos | sequence. Assembling of the Sdo Gabriel block in the Rio
de La Plata Craton, beginning of back-arc spreading at the African margin.
1B) 700-650 Ma: Closure of Sao Gabriel ocean and deformation of
Porongos | sequence. At the African margin, onset of Gariep Basin
deposition. 1C) 650-600 Ma: Intrusion of Capané Alkaline granite and
metamorphism of Porongos | sequence. The compressional regime
juxtaposes the Marmora Terrane and Port Nolloth Zone. 1D) 600-550 Ma:
Closure of Adamastor Ocean; development of abundant collisional
magmatism in the Pelotas arc and coeval synorogenic deposition of
Porongos Il sequence. Cacgapava Granite intruded into the S&o Gabriel
block and post-glacial deposits deposited in Africa. 1E) 550-500 Ma:
Change to extensional regime, where the Camaquad and Nama basin
successions are deposited. Pelotas arc records intense post-collisional
magmatism. 2A) 2750 Ma: Rifting and plume-driven extension of

Adamastor Ocean. 2B) 750-650 Ma: Development of Neoproterozoic
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juvenile crust. 2C) 650-550 Ma: Amalgamation of Western Gondwana

and full development of the Neoproterozoic fold belts.

Figure 10: Comparison of geochronological signatures of Neoproterozoic
synorogenic basins in southernmost Brazil and Uruguay, for the Dom
Feliciano Belt context. Syn- and post-collisional magmatism occurs
between 600-550 Ma and refers to Pelotas and Aigua batholiths. African
signature refers to as sediments derived from Namaqua Complex with
provenance constrained between 1.2 and 0.9 Ga. Transamazonian
indicates the conspicuous crustal building events at 2.2-2.0 Ga. All of the
samples present these three signatures in different ratios, according to
their proximity to the arc and African cratons: closer to the former denotes
more input of 600-550 Ma ages and closer to the latter more contribution
of 1.2-0.9 Ga ages. Signatures of Porongos | and |l sequences were
obtained from the dataset presented in the Figure 7; Eden Block from

Pecoits et al. (2016).

Table captions

Table 1: Summary of geochronological data of the Porongos Complex

from previous works.

Table 2: Summary of samples from the Porongos Complex dated by LA-

ICP-MS U-Pb detrital zircon grains presented in this study.
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Figure 7

Probability density plots of Porongos Complex
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Table1. Summary of geochronological data of the Porongos Complex from previous works.

Dating method

Age (Ma)

Domain Fig.2 Sample Litholo: U-Pb zircon (number of Rb-Sr whol Mai Source Position
localization P 4 analyses) i rc:;l;l( %€ Crystallization Provenance array P::ll Metamorphism Deformation
LA-ICP-MS SHRIMP TIMS
1 198 qtz-ms schist 30 2,267+14  579+20 585 _
2 300 alb-chl schist 42 2206417 5536 601 Pertile et al. (2015b)
3 C-025 metapelite 29 2,811#12 55010 585
. 4 C-275 metagreywake 33 2,231£16 5698 606 Pertille et al. (2017)
., Western limb .
Capané 5 C-175 gtz-ms schist 34 2,917+10 75118 2196
Antiform X 531 Lafon (1990) X
alkaline gneiss X 6036 540 Zvirtes et al (2015) X
X 5435 540 Chemale (2000) X
. 6 C-041 gr-bt-ms schist 42 3,15647 57618 576 .
Eastern limb 7 C-040 quartzite 36 2481:30  618%15  2.105 Pertile et al. (2017)
8 rhyolite ? 78316 766 £ 13 Porcher et al. (1999)
CPM32, CPM34, .
CPM35, CPM6, CPM 4 muscovite X 658126 Lenz et al. (1999) Gruber et al. (2011)
Serra dos Pedrosas 9 metarhyolite 29 789.5+7.1 Saalmann et al. (2011)
Antiform 10 RIP-04 chl-ms schist 39 2,520+51  1,010+¢17  2.254 Gruber et al, (2011)
11 POR-12 qtz-ms schist 22 2652432 1,149%26 1.217 :
intermediate X 789+39 Soliani Jr. (1986) X
volcanic rocks
12 5 - Figueiras 7 2486+20 2,004+13 2.100
1 5 Godinho quartzite 31 248812  1,990+15 2.079 Hartmann et al. (2004)
98 3,384124  1,766+40 2.082 Pertille et al. (2015a)
14 RIP-08 gtz mylonite 19 2,910+24  1,750+18 2.045 Gruber et al. (2011)
) ) 31 2,449+28  1,950+78 2.056 Hartmann et al. (2004)
5 4 - Coxilha do Raio sartsite % 2506+38  1,980+34 2074 Pertille et al. (2015a)
S | 16 1 - Alto Bonito 9 21 245922  2,030%21 2.087 Hartmann et al, (2004)
::;Zrﬁia 17 2 - Aberto dos Cerros 34 3,002¢19  2,015¢15 2078 :
18 POR-13A 13 2195831  1,113#42 1.488
19 RIP-03 ) 13 241431  1,164%21 2.100
20 RIP-05 chl-ms schist 1 2,169+15  1,153:22  2.100 Gruber et al. (2011)
Sant 21 RIP-06 15 2,220+28  1,041+46  2.100
d‘;"B"’:)”: 22 BRAF34 sericitic phyllite 23 2581£11  622¢17 620 Basei et al. (2008)
H 23 R-088 rhyolite 1 773+3.1 .
Vista
Dome 24 R-015 thyolite 17 801+4.7 Pertille et al. (2017)
25 ultramafic 8 2,257+12 70221 Hartmann et al. (2003)
amphibolite
26 X 2,263+18 2,045+10 Hartmann et al. (2000)  Hartmann et al. (2004)
tonalite x 2.1 Soliani Jr. (1986) X
Encantadas BR-140-1 31 2,234+28 Saalmann et al. (2011) X
Gneiss X 2100 544118 Cordani et al. (1974)
pegmatite x 2,2636 2,02111 Hag:;ea':s':t(;o‘()gébo) x
+ -
granodiorite X 2,078£13 600-800 Hartmann et al. (2000) x
X 631 X
gneiss X 2,237+158 803+14 Chemale (2000) X
metandesite X 77348 Chemale (2000) Gruber et al. (2011)
' . 27 R-001 rhyolite 19 809+4.1 Pertille et al. (2017)
Godinho Antiform 28 RIP-11 qtz mylonite 48 2,006:42 1,619:39  2.039 Gruber et al. (2011)
metavolcanic X 1,356+227 700 Wildner et al. (1996) X
29 6 - Jaiba quartzite 43 2,454+12  1,998%15 2.07 Hartmann et al. (2004)
. plg-qtz-chl-ms " "
S-SW sectors 30 T-148 schist 28 2937:8  605:5 2471 Pertille et al. (2017)
31 P-122 quartzite 36 2,705¢17 99415  1.306
32 PJP-06 ms schist 64 2,863+24  1,008+12  1.008 Pertille et al. (2015a)

Mineral abreviation: alb - albite, bt- biotite, chl - chlorite, gr- garnet, ms - muscovite, plg - plagioclase, gtz - quartz. The symbol x stands for absent data.

90l



Table 2. Summary of samples from the Porongos Complex dated by LA-ICP-MS U-Pb detrital zircon grains presented in this study.

Coordinates UTM

Domain Sample Lithology W S
Western limb CA-11 metavolcaniclastic rock 306857 6627772
CA-16 metavolcaniclastic rock 210450 6634224
. Eastern limb CA-19 quartz-muscovite schist 317853 6629998
~apane CA-02A phyllonite 312603 6629445
Axial zone CA-17 quartz mylonite 315834 6635619
CA-21B quartz-muscovite ultramylonite 310575 6626591

CA-22 staurolite-garnet schist 309759 6626687




Table 1. LA-ICP-MS U-Pb in situ zircon analysis from CA-02A sample (phylonite). Italicized data were not used in age determinations and plotting, due high levels of discordance and common lead.

RATIOS

Common Pb |

AGES (Ma)

[ [
SAMPLE spot | 207/235 | 1sigma_ | 206/238 | 1sigma | coef.cor | 206/204 207/206 [ 1sigma | T (%) | T206/208 [ 1sigma | T207/235 | 1sigma | T207/206 | 1sigma | CONC. (%)
CA-02A 3 18.3106 1.2 0.58204 12 0.95 250007 0.22816 0.4 0.25 0.01 2957.1 27.9 3006.2 11.8 3039.2 5.8 97.30
CA-02A 4 6.6055 1.0 0.37268 1.0 0.95 15861 0.12855 0.3 0.42 0.10 2042.0 17.2 2060.1 9.0 2078.2 5.2 98.26
CA-02A 5 18.2929 0.8 0.58512 0.8 0.94 35045 0.22675 0.3 0.32 0.04 2969.6 18.5 3005.3 7.9 3029.2 4.2 98.03
CA-02A 6 6.6616 0.8 0.37173 0.7 0.89 45880 0.12997 0.4 0.28 0.03 2037.5 1.4 2067.5 6.8 2097.6 7.1 97.14
CA-02A 9 6.6463 0.8 0.36827 0.7 0.86 17491 0.13089 0.4 0.36 0.09 2021.3 12.3 2065.5 7.1 2110.0 6.8 95.80
CA-02A 10 7.1377 0.8 0.39756 0.7 0.87 19731 0.13021 0.4 0.76 0.08 2157.8 13.4 2128.8 7.3 2100.8 6.7 102.71
CA-02A 1 9.9368 0.8 0.46331 0.6 0.75 7813 0.15555 0.5 0.13 0.18 2454.1 12.8 2428.9 7.3 2407.9 8.1 101.92
CA-02A 12 6.4890 0.7 0.38008 0.6 0.81 19262 0.12382 0.5 0.32 0.08 2076.7 10.2 2044.4 6.5 2012.0 8.1 103.21
CA-02A 15 7.0712 0.9 0.39261 0.8 0.78 64022 0.13063 0.6 0.49 0.02 2134.9 13.9 2120.4 8.4 2106.4 9.8 101.35
CA-02A 16 6.5980 0.8 0.35572 0.6 0.80 10370 0.13453 0.4 0.36 0.15 1961.8 10.8 2059.1 6.7 2157.9 7.2 90.92
CA-02A 18 7.9212 1.1 0.41835 0.7 0.81 12942 0.13733 0.8 0.35 0.1 2253.0 13.9 2222.1 9.8 2193.8 14.0 102.70
CA-02A 21 9.4941 0.8 0.44936 0.7 0.84 85670 0.15323 0.4 0.72 0.02 2392.4 13.6 2387.0 7.2 2382.3 6.7 100.42
CA-02A 22 6.2599 17 0.34990 1.7 0.98 6456 0.12976 0.4 0.31 0.24 1934.1 28.4 2012.9 152 2094.7 6.6 92.34
CA-02A 24 8.9404 0.9 0.43693 0.7 0.85 34292 0.14840 0.6 0.50 0.04 2336.9 13.1 2331.9 8.2 2327.6 10.1 100.40
CA-02A 27 9.8507 3.6 0.43282 35 0.98 88601 0.16507 0.8 0.46 0.02 2318.4 67.6 2420.9 327 2508.3 12.7 92.43
CA-02A 28 21.8382 0.9 0.62380 0.7 0.77 611764 0.25391 0.5 0.39 0.00 3125.0 17.2 3176.6 8.3 3209.3 8.0 97.37
CA-02A 30 6.9464 17 0.38775 1.0 0.77 153649 0.12993 14 0.46 0.01 2112.4 17.5 2104.6 15.1 2097.0 24.6 100.73
CA-02A 35 7.6522 0.9 0.40387 0.8 0.89 78624 0.13742 0.4 0.29 0.02 2186.8 15.2 2191.0 8.1 2194.9 6.8 99.63
CA-02A 36 8.3872 13 0.42688 1.2 0.91 60179 0.14250 0.5 0.84 0.02 2291.6 23.1 2273.8 1.9 2257.8 9.2 101.50
CA-02A 37 6.9068 0.8 0.38908 0.7 0.87 61053 0.12875 0.4 0.51 0.02 2118.6 12.8 2099.5 7.1 2080.9 6.4 101.81
CA-02A 38 7.0524 14 0.39497 1.2 0.95 38606 0.12950 0.6 0.74 0.04 2145.8 22,0 2118.1 122 2091.2 1.4 102.61
CA-02A 41 7.0276 0.9 0.39234 0.8 0.83 85995 0.12991 0.5 0.59 0.02 2133.7 14.5 2114.9 8.4 2096.7 8.8 101.76
CA-02A 42 6.8154 1.2 0.37811 1.0 0.83 27840 0.13073 0.7 0.95 0.05 2067.4 17.8 2087.7 10.7 2107.8 1.5 98.09
CA-02A 43 7.1319 1.2 0.37686 0.8 0.63 5869 0.13725 0.9 13.77 0.26 2061.6 14.5 2128.0 1.1 2192.8 16.3 94.02
CA-02A 44 7.4825 1.2 0.40172 0.8 0.85 80934 0.13509 0.8 0.77 0.02 2176.9 15.3 2170.9 10.4 2165.2 14.2 100.54
CA-02A 47 10.4422 14 0.46044 12 0.83 38009 0.16448 0.8 0.36 0.04 24415 23.8 2474.8 13.0 2502.3 12.8 97.57
CA-02A 48 7.2702 0.7 0.39048 0.6 0.84 56914 0.13503 0.3 0.69 0.03 2125.1 1.1 2145.2 6.3 2164.4 6.0 98.18
CA-02A 49 6.1172 0.8 0.36106 0.7 0.79 44561 0.12288 0.5 0.72 0.03 1987.2 1.7 1992.7 7.3 1998.4 8.5 99.44
CA-02A 50 6.8456 1.1 0.38591 0.8 0.87 24504 0.12865 0.7 0.38 0.06 2103.8 15.1 2091.6 9.9 2079.7 12.8 101.16
CA-02A 52 7.2950 3.0 0.40059 2.3 0.75 19590 0.13208 2.0 0.88 0.08 2171.7 42.3 2148.2 27.1 2125.8 34.8 102.16
CA-02A 53 6.2712 13 0.34553 1.2 0.92 11427 0.13163 0.5 0.55 0.13 1913.2 19.4 2014.4 1.1 2119.9 8.6 90.25
CA-02A 54 7.1585 1.2 0.39305 1.0 0.86 57538 0.13209 0.6 0.84 0.03 2137.0 19.0 21313 10.7 2125.9 10.6 100.52
CA-02A 55 7.6132 16 0.40601 1.1 0.87 8453 0.13600 1.1 0.37 0.17 2196.6 21.2 2186.4 145 2176.9 19.9 100.91
CA-02A 60 6.9946 1.3 0.39777 1.1 0.82 5463 0.12754 0.7 0.33 0.27 2158.8 20.3 2110.7 1.9 2064.3 13.2 104.58
CA-02A 61 7.1418 0.9 0.39760 0.7 0.77 41826 0.13028 0.5 0.31 0.04 2158.0 13.1 2129.3 7.9 2101.7 9.4 102.68
CA-02A 62 7.7953 1.1 0.41547 0.7 0.78 130676 0.13608 0.8 0.68 0.01 2239.9 13.3 2207.7 9.6 2177.9 14.0 102.85
CA-02A 65 23.4493 13 0.64845 1.1 0.86 126706 0.26227 0.6 0.33 0.01 3222.2 27.6 3245.8 122 3260.4 9.8 98.83
CA-02A 66 5.4842 0.7 0.34363 0.6 0.81 292352 0.11575 0.4 0.1 0.01 1904.1 10.3 1898.1 6.3 1891.6 7.1 100.66
CA-02A 67 8.0793 14 0.41784 11 0.79 27115 0.14024 0.9 0.71 0.05 2250.7 21.7 2239.9 12.9 2230.1 15.0 100.92
CA-02A 68 6.5548 1.0 0.35606 0.7 0.85 36013 0.13352 0.7 0.38 0.04 1963.5 12.4 2053.3 8.7 2144.7 1.5 91.55
CA-02A 71 9.5221 18 0.44914 1.3 0.74 220151 0.15376 12 0.97 0.01 2391.4 26.7 2389.7 16.4 2388.2 20.1 100.14
CA-02A 72 7.5200 0.8 0.40090 0.7 0.82 188479 0.13604 0.4 0.54 0.01 2173.2 13.1 2175.4 7.5 2177.4 7.8 99.81
CA-02A 73 6.5853 0.7 0.36763 0.7 0.88 126069 0.12992 0.3 0.64 0.01 2018.2 11.6 2057.4 6.5 2096.8 5.6 96.25
CA-02A 74 9.1297 0.8 0.44538 0.7 0.88 169691 0.14867 0.5 0.19 0.01 2374.7 13.4 2351.1 7.5 2330.7 7.9 101.89
CA-02A 77 6.7702 1.0 0.37782 0.9 0.86 68064 0.12996 0.5 0.20 0.02 2066.1 15.2 2081.8 8.6 2097.4 8.2 98.51
CA-02A 78 6.8280 0.9 0.38089 0.8 0.89 98342 0.13001 0.4 0.22 0.02 2080.4 13.9 2089.4 7.6 2098.2 6.4 99.16
CA-02A 79 6.9427 0.8 0.38811 0.8 0.90 235387 0.12974 0.3 0.60 0.01 2114.1 13.9 2104.1 75 2094.5 6.1 100.94
CA-02A 80 6.6936 1.2 0.37567 0.7 0.76 86882 0.12923 0.9 0.38 0.02 2056.0 12.4 2071.8 10.3 2087.5 16.2 98.49
CA-02A 83 10.2068 0.9 0.46590 0.8 0.86 456308 0.15889 0.4 0.38 0.00 2465.6 16.4 2453.7 8.4 2443.9 7.4 100.89
CA-02A 84 7.5127 1.1 0.40109 0.9 0.80 127193 0.13585 0.7 0.68 0.01 2174.1 17.2 21745 10.2 2174.9 1.5 99.96
CA-02A 85 7.3361 1.0 0.40450 0.8 0.75 121596 0.13154 0.6 0.72 0.01 2189.7 14.3 2153.2 8.9 2118.6 10.9 103.36
CA-02A 86 7.1301 0.8 0.39302 0.6 0.85 270375 0.13158 0.5 0.23 0.01 2136.8 1.4 2127.8 7.3 2119.1 9.4 100.84
CA-02A 17 5.6990 1.9 0.31047 1.9 0.97 6371 0.13313 0.5 0.74 0.25 1743.0 28.3 1931.2 16.6 2139.7 8.7 81.46
CA-02A 23 0.9321 1.6 0.05510 1.0 0.60 381 0.12268 1.3 0.24 4.77 345.8 3.4 668.7 7.9 1995.6 225 17.33
CA-02A 29 4.7487 3.0 0.25048 3.0 0.99 1214 0.13750 0.5 0.70 1.34 1441.0 38.7 1775.9 25.5 2195.9 9.0 65.62
CA-02A 59 4.1373 2.3 0.23404 2.2 0.98 2560 0.12821 04 0.38 0.64 1355.7 27.1 1661.7 18.5 2073.6 7.7 65.38
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Table 2. LA-ICP-MS U-Pb in situ zircon analysis from CA-11 sample (metatuff). Italicized data were not used in age determinations and plotting, due high levels of discordance and common lead. Data marked with (*) represent inherited nucleis.

Commom
SAMPLE | SPOT RATIOS Pb Pb rad Th u Thiu AGES (Ga) CONC. (%)
207/235 | 1sigma | 206/238 | 1sigma [ coef. corr | 238/206 | 1sigma | 207/206 | 1sigma [ 208/206 [ 1sigma (%) ppm ppm ppm T206/208 | 1sigma | T207/206 | 1 sigma
CA-11 4.1 0.8264  0.0666  0.0988  0.0023 0.18 10.1228  0.2402  0.0607  0.0054 0.3052 0.0168 0.50 23.9 176.6 170.1 1.038 0.607 0.014 0.628 0.193 9%
CA-11 4.2 0.8073  0.0462  0.0966  0.0018 0.52 10.3499  0.1963  0.0606  0.0037 0.3174 0.0161 0.86 31.8 253.1 229.4 1.103 0.595 0.011 0.625 0.133 95
CA-11 7.2 0.7878  0.0362  0.0949  0.0016 0.45 10.5424 01725  0.0602  0.0029 0.1497 0.0143 0.52 422 194.2 3476 0.559 0.584 0.009 0.612 0.104 95
CA-11 12.1 0.8062  0.0283  0.0969  0.0013 0.58 10.3244  0.1393  0.0604  0.0020 0.1636 0.0160 0.26 86.5 436.8 691.4 0.632 0.596 0.008 0.617 0.072 9%
CA-11 13.1 0.8433 00371  0.0997  0.0015 0.54 10.0257  0.1505  0.0613  0.0026 0.3653 0.0693 0.27 80.1 808.7 504.6 1.603 0.613 0.009 0.650 0.089 94
CA-11 13.2 0.8433 00330  0.0996  0.0014 0.70 10.0406  0.1428  0.0614  0.0024 0.3628 0.0684 0.16 74.4 736.7 485.2 1.518 0.612 0.008 0.654 0.089 93
CA-11 18.1 0.8303 00385  0.1004  0.0015 0.83 9.9615  0.1493  0.0600  0.0028 0.2644 0.0891 3.33 65.5 779.2 509.3 1.530 0.617 0.009 0.603 0.100 102
CA-11 18.2 0.8317  0.0377  0.0981  0.0015 0.64 10.1933  0.1519  0.0615  0.0027 0.4317 0.0653 0.48 33.7 256.9 233.5 1.100 0.603 0.009 0.656 0.096 91
CA-11 18.3 0.7963  0.0299  0.0949  0.0013 0.97 10.5327  0.1444  0.0608  0.0022 0.1056 0.0147 0.43 45.1 150.2 385.8 0.389 0.585 0.008 0.633 0.079 92
CA-11 1.4% 0.8748  0.0606  0.1056  0.0023 0.01 94665  0.2033  0.0601  0.0044 0.1867 0.0455 0.54 17.1 104.6 1184  0.8840  0.647 0.013 0.606 0.159 106
CA-11 2.1* 71744 01766  0.3850  0.0053 0.99 25976  0.0358  0.1352  0.0032 0.1285 0.0287 0.66 112.0 181.3 214.6 0.845 2.099 0.025 2.166 0.041 96
CA-11 3.1* 1.1801  0.0535  0.1285  0.0022 0.42 7.7793 01312 0.0666  0.0032 0.1730 0.0153 0.52 35.8 110.0 2236 0.492 0.780 0.012 0.825 0.097 94
CA-11 5.1* 12064  0.0432  0.1304  0.0019 0.25 7.6670  0.1142  0.0671  0.0024 0.2138 0.0086 0.17 74.0 340.3 415.1 0.820 0.790 0.011 0.840 0.076 94
CA-11 6.1* 7.9351  0.1761  0.4051  0.0052 0.96 24684 00315  0.1421  0.0028 0.2521 0.0102 0.08 181.4 314.8 310.6 1.013 2.193 0.024 2.252 0.034 97
CA-11 9.1* 6.9879  0.1394 03750  0.0043 0.97 2.6665  0.0308  0.1351  0.0023 0.0977 0.0134 0.09 363.3 339.0 752.6 0.450 2.053 0.020 2.166 0.030 94
CA-11 11.1* 7.6273 01648  0.4020  0.0050 0.84 24878 00310  0.1376  0.0026 0.1087 0.0026 0.09 198.7 166.2 388.1 0.428 2.178 0.023 2.198 0.033 99
CA-11 11.2¢ 7.6704 01535  0.4053  0.0048 1.00 24671 00293  0.1372  0.0022 0.1775 0.0121 0.00 242.9 199.4 400.7 04970  2.194 0.022 2.193 0.029 100
CA-11 15.1* 71337 0.1643  0.3874 _ 0.0050 0.31 2.5810  0.0336  0.1335  0.0027 0.0792 0.0321 0.40 112.0 82.2 220.6 0.373 2.111 0.023 2.145 0.035 98
CA-11 7.1 0.7680  0.0500  0.0978  0.0020 0.26 10.2199  0.2039  0.0569  0.0039 0.1491 0.0253 0.75 32.1 143.9 253.1 0.569 0.602 0.011 0.489 0.151 123
CA-11 8.1 0.8102  0.0332  0.0981  0.0015 0.82 10.1975  0.1555  0.0599  0.0026 0.4202 0.0186 5.94 75.4 987.0 536.0 1.841 0.603 0.009 0.601 0.091 100
CA-11 10.1 0.8190  0.0225  0.0970  0.0012 0.85 10.3092  0.1292  0.0612  0.0016 0.0293 0.0035 1.34 117.1 127.4 1082.7  0.118 0.597 0.007 0.648 0.055 92
CA-11 14.1 0.8211  0.0330  0.0993  0.0014 0.89 10.0691  0.1418  0.0600  0.0025 0.6933 0.1135  30.69 82.5 12054 4285 2.813 0.610 0.008 0.602 0.088 101
CA-11 16.1 0.6914  0.0184  0.0829  0.0010 0.99 12.0639  0.1411  0.0605  0.0016 0.0642 0.0112 2.35 131.5 361.8  1309.4  0.276 0.513 0.006 0.621 0.054 82
CA-11 17.1* 11250  0.0316  0.1243 _ 0.0016 0.96 8.0483  0.1026 _ 0.0657 __ 0.0017 0.0941 0.0031 3.17 120.9 361.8 908.7 0.398 0.755 0.009 0.796 0.053 94

601



Table 3. LA-ICP-MS U-Pb in situ zircon analysis from CA-16 sample (metatuff). Italicized data were not used in age determinations and plotting, due high levels of discordance and common lead.

RATIOS °°"F‘,E‘°m Pb rad Th u AGES (Ga) CONC. (%)
SAMPLE SPOT Th/iU 206/238 206/238
207/235  1sigma  206/238  1sigma coef corr 238/206  1sigma  207/206 1sigma  208/206 1 sigma (%) ppm ppm ppm T206/208 | 1sigma | T207/235 | 1sigma | T207/206 | 1 sigma 207/235 207/206
CA-16 11 0.8654 0.0513 0.1008 0.0026 0.82 9.9164 0.2517 0.0622 0.0038 0.2845 0.0210 0.49 13 69 80 0.87 0.619 0.015 0.633 0.027 0.682 0.131 97 90
CA-16 12 0.8592 0.0290 0.1024 0.0019 0.91 9.7649 0.1806 0.0608 0.0020 0.1866 0.0116 0.25 23 102 160 0.64 0.629 0.011 0.630 0.016 0.634 0.072 99 99
CA-16 21 6.4751 0.1178 0.3705 0.0056 0.92 2.6994 0.0408 0.1268 0.0018 0.2774 0.0102 0.21 108 156 173 0.91 2.032 0.026 2.043 0.016 2.054 0.025 99 98
CA-16 5.1 7.5561 0.1939 0.4037 0.0080 0.96 24772 0.0489 0.1358 0.0034 0.3707 0.0699 0.61 20 36 29 1.27 2.186 0.037 2.180 0.024 2174 0.044 100 100
CA-16 6.1 7.9675 0.1577 0.4240 0.0069 0.83 2.3585 0.0382 0.1363 0.0022 0.1447 0.0025 0.02 56 42 91 0.45 2279 0.031 2.227 0.018 2.181 0.028 102 104
CA-16 71 0.8582 0.0301 0.1034 0.0020 0.76 9.6758 0.1828 0.0602 0.0021 0.1588 0.0168 0.98 21 80 148 0.54 0.634 0.011 0.629 0.017 0.612 0.076 100 103
CA-16 8.1 6.9128 0.1602 0.3891 0.0070 0.76 2.5700 0.0464 0.1288 0.0026 0.2108 0.0144 0.10 48 50 82 0.60 2.119 0.033 2.100 0.020 2.082 0.036 100 101
CA-16 9.1 7.6990 0.1373 0.4133 0.0062 0.99 24194 0.0362 0.1351 0.0020 0.1823 0.0064 0.22 7 68 122 0.56 2230 0.028 2.196 0.016 2.165 0.025 101 102
CA-16 121 7.6926 0.1462 0.4111 0.0065 0.92 24324 0.0384 0.1357 0.0021 0.1899 0.0078 0.24 7 86 122 0.70 2220 0.030 2.196 0.017 2173 0.026 101 102
CA-16 131 8.4582 0.1381 0.4268 0.0040 0.94 2.3431 0.0221 0.1437 0.0020 0.2148 0.0061 0.09 104 126 153 0.82 2.291 0.018 2.281 0.015 2273 0.025 100 100
CA-16 14.1 0.8664 0.0332 0.1026 0.0014 0.43 9.7453 0.1358 0.0612 0.0025 0.1285 0.0225 0.72 17 51 118 0.43 0.630 0.008 0.634 0.018 0.648 0.091 99 97
CA-16 16.1 0.8157 0.0240 0.0995 0.0012 0.86 10.0544 0.1180 0.0595 0.0017 0.2218 0.0129 0.72 24 100 159 0.63 0.611 0.007 0.606 0.013 0.585 0.063 100 104
CA-16 18.1 7.7213 0.1440 0.4101 0.0044 0.87 24382 0.0260 0.1365 0.0023 0.1801 0.0043 0.60 61 60 95 0.63 2216 0.020 2.199 0.017 2.184 0.029 100 101
CA-16 19.1 0.8310 0.0246 0.1000 0.0012 0.52 9.9952 0.1168 0.0602 0.0018 0.1948 0.0072 0.42 24 98 155 0.63 0.615 0.007 0.614 0.014 0.612 0.061 100 100
CA-16 221 7.6230 0.1336 0.4068 0.0041 0.87 2.4583 0.0245 0.1359 0.0021 0.1955 0.0060 0.08 67 65 107 0.61 2.200 0.019 2.188 0.016 2176 0.027 100 101
CA-16 241 7.9772 0.1489 0.4233 0.0045 0.91 2.3621 0.0251 0.1367 0.0023 0.0887 0.0228 0.18 57 39 92 0.43 2276 0.020 2.228 0.017 2.185 0.029 102 104
CA-16 271 7.1135 0.1020 0.3860 0.0034 0.97 2.5909 0.0226 0.1337 0.0018 0.0771 0.0450 0.15 105 100 187 0.53 2.104 0.016 2.126 0.013 2.147 0.024 98 98
CA-16 29.1 8.1334 0.1443 0.4213 0.0043 0.97 2.3738 0.0240 0.1400 0.0023 0.2169 0.0118 0.45 42 37 66 0.57 2.266 0.019 2.246 0.016 2228 0.028 100 101
CA-16 30.1 7.4700 0.1263 0.3772 0.0037 0.96 2.6509 0.0259 0.1436 0.0021 0.1532 0.0623 0.43 97 151 145 1.04 2.063 0.017 2.169 0.014 2271 0.025 95 90
CA-16 33.1 6.7984 0.1095 0.3675 0.0035 0.93 27214 0.0260 0.1342 0.0019 0.1387 0.0246 0.41 101 116 164 0.71 2.017 0.016 2.086 0.014 2153 0.025 96 93
CA-16 341 6.7159 0.1038 0.3786 0.0035 0.70 2.6416 0.0244 0.1287 0.0018 0.1018 0.0018 0.26 101 7 191 0.40 2.070 0.016 2.075 0.014 2.080 0.025 99 99
CA-16 38.1 0.8478 0.0155 0.1011 0.0008 0.67 9.8906 0.0804 0.0608 0.0011 0.1837 0.0121 0.75 57 241 414 0.58 0.621 0.005 0.623 0.009 0.633 0.039 99 98
CA-16 40.1 6.5711 0.0961 0.3744 0.0028 0.99 2.6706 0.0203 0.1273 0.0018 0.0504 0.0043 0.17 97 39 203 0.19 2.05 0.013 2.055 0.013 2.061 0.025 99 99
CA-16 3.1 0.7804 0.0183 0.0927 0.0015 0.89 10.7882 0.1717 0.0611 0.0012 0.0639 0.0027 2.38 51 85 423 0.20 0.571 0.009 0.586 0.010 0.641 0.043 97 89
CA-16 4.1 7.0581 0.1564 0.3988 0.0069 0.43 2.5076 0.0434 0.1284 0.0024 0.1961 0.0089 1.62 41 39 67 0.59 2.163 0.032 2.119 0.020 2.076 0.033 102 104
CA-16 10.1 4.1297 0.0677 0.2458 0.0034 0.98 4.0691 0.0564 0.1219 0.0016 0.0385 0.0164 3.38 134 28 370 0.07 1.417 0.018 1.660 0.014 1.984 0.024 85 71
CA-16 15.1 0.8362 0.0268 0.1005 0.0013 0.20 9.9465 0.1241 0.0603 0.0019 0.2947 0.0550 293 29 203 173 1.17 0.618 0.007 0.617 0.015 0.615 0.070 100 100
CA-16 17.1 0.8602 0.0357 0.1022 0.0015 0.92 9.7800 0.1427 0.0610 0.0027 0.1629 0.0145 4.44 12 50 71 0.71 0.628 0.009 0.630 0.020 0.640 0.095 99 98
CA-16 20.1 0.8187 0.0185 0.0977 0.0010 0.43 10.2326 0.1055 0.0608 0.0013 0.3320 0.0142 1.00 46 294 285 1.03 0.601 0.006 0.607 0.010 0.631 0.047 98 95
CA-16 21.1 0.8455 0.0213 0.1007 0.0011 0.55 9.9327 0.1074 0.0609 0.0015 0.1507 0.0066 1.07 31 104 220 0.47 0.618 0.006 0.622 0.012 0.636 0.053 99 97
CA-16 23.1 0.4241 0.0273 0.0510 0.0010 0.98 19.6061 0.3966 0.0603 0.0032 0.2744 0.0217 6.89 11 85 83 1.03 0.321 0.006 0.359 0.018 0.615 0.118 89 52
CA-16 25.1 3.7598 0.0795 0.2397 0.0027 1.00 4.1727 0.0473 0.1138 0.0022 0.0983 0.0057 0.61 39 29 86 0.34 1.385 0.014 1.584 0.016 1.861 0.035 87 74
CA-16 26.1 4.1108 0.1069 0.2634 0.0034 1.00 3.7969 0.0486 0.1132 0.0019 0.1050 0.0234 0.78 92 109 171 0.64 1.507 0.016 1.656 0.014 1.851 0.024 90 81
CA-16 271 5.5442 0.0876 0.3206 0.0030 1.00 3.1189 0.0288 0.1254 0.0019 0.0264 0.0099 1.86 45 114 111 1.03 1.793 0.014 1.907 0.014 2.035 0.026 93 88
CA-16 28.1 5.3107 0.0707 0.2985 0.0024 0.98 3.3499 0.0272 0.1290 0.0017 0.0575 0.0026 3.28 173 106 423 0.25 1.684 0.012 1.871 0.012 2.085 0.023 90 80
CA-16 31.1 0.7239 0.0147 0.0890 0.0008 0.01 11.2415  0.1018 0.0590 0.0012 0.3136 0.0387 2.32 63 662 464 1.43 0.549 0.005 0.553 0.009 0.568 0.043 99 96
CA-16 32.1 0.8591 0.0258 0.1023 0.0011 0.80 9.7737 0.1097 0.0609 0.0018 0.2009 0.0233 1.85 37 186 252 0.74 0.628 0.007 0.630 0.014 0.636 0.062 99 98
CA-16 35.1 0.8065 0.0158 0.0974 0.0009 0.81 10.2690 0.0960 0.0601 0.0011 0.3087 0.0280 4.57 79 612 533 1.15 0.599 0.005 0.600 0.009 0.606 0.041 99 98
CA-16 36.1 0.8662 0.0242 0.1032 0.0011 0.15 9.6886 0.1039 0.0609 0.0017 0.1983 0.0438 1.34 19 89 131 0.68 0.633 0.006 0.634 0.013 0.635 0.064 99 99
CA-16 37.1 0.8978 0.0184 0.1043 0.0010 0.97 9.5834 0.0904 0.0624 0.0012 0.0484 0.0037 4.43 50 78 342 0.23 0.640 0.006 0.651 0.010 0.688 0.043 98 93
CA-16 39.1 0.6720 0.0115 0.0779 0.0006 0.82 12.8444  0.0999 0.0626 0.0011 0.0574 0.0201 4.83 65 210 633 0.33 0.483 0.004 0.522 0.007 0.695 0.038 92 69
CA-16 41.1 5.9599 0.0855 0.3251 0.0024 0.93 3.0760 0.0230 0.1330 0.0018 0.0485 0.0173 0.00 20 14 39 0.36 1.815 0.012 1.97 0.013 2.137 0.024 92 84
CA-16 421 0.8178 0.0147 0.0968 0.0008 0.95 10.3338  0.0825 0.0613 0.0011 0.0904 0.0160 1.64 58 204 474 0.43 0.595 0.005 0.607 0.008 0.649 0.039 98 91
CA-16 43.1 0.8473 0.0443 0.1009 0.0014 0.01 9.9103 0.1409 0.0609 0.0035 0.3325 0.0137 1.04 8 52 53 0.97 0.62 0.008 0.623 0.024 0.636 0.119 99 97
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Table 4. LA-ICP-MS U-Pb in situ zircon analysis from CA-17 sample (ms-qtz mylonite). Italicized data were not used in age determinations and plotting, due high levels of discordance and common lead.

RATIOS Commom Pb
SAMPLE SPOT - . . . -

207/235 | 1sigma | 206/238 | 1sigma | coef.cor | 238206 | 1sigma | 207/206 | 1sigma | 208206 | 1sigma (%)
CA-17 1.1 7.7318 0.2282 0.4038 0.0062 0.0100 2.4767 0.0380 0.1389 0.0045 0.1638 0.0090 0.38
CA-17 1.2 7.6639 0.1854 0.4019 0.0047 0.6500 2.4882 0.0291 0.1383 0.0035 0.1454 0.0042 0.30
CA-17 2.1 7.5461 0.2283 0.3951 0.0062 0.0100 2.5311 0.0395 0.1385 0.0047 0.4336 0.0137 0.27
CA-17 3.1 7.6479 0.2300 0.3983 0.0062 0.6200 2.5106 0.0391 0.1393 0.0046 0.3189 0.0129 0.19
CA-17 4.1 7.8325 0.2573 0.4086 0.0072 0.6300 2.4473 0.0430 0.1390 0.0052 0.3776 0.0142 0.36
CA-17 5.1 6.9489 0.2672 0.3851 0.0080 0.9000 2.5969 0.0539 0.1309 0.0059 0.3138 0.0152 0.15
CA-17 5.2 6.5073 0.1611 0.3773 0.0044 0.6500 2.6505 0.0309 0.1251 0.0032 0.0190 0.0052 0.42
CA-17 6.1 7.5163 0.2430 0.3945 0.0068 0.6100 2.5351 0.0438 0.1382 0.0051 0.2468 0.0158 0.68
CA-17 8.1 6.5147 0.1513 0.3719 0.0040 0.4800 2.6886 0.0289 0.1270 0.0030 0.1660 0.0259 0.42
CA-17 10.1 7.2396 0.2381 0.3872 0.0069 0.1300 2.5824 0.0461 0.1356 0.0050 0.4729 0.0150 0.18
CA-17 11.1 10.3167 0.2520 0.4624 0.0059 0.9800 2.1627 0.0276 0.1618 0.0043 0.2248 0.0212 0.33
CA-17 12.1 7.2434 0.2268 0.3932 0.0051 0.4400 2.5432 0.0330 0.1336 0.0045 0.2054 0.0044 0.10
CA-17 12.2 7.6099 0.2135 0.4043 0.0045 0.5800 2.4736 0.0273 0.1365 0.0039 0.1905 0.0031 0.12
CA-17 15.1 6.9695 0.3191 0.3834 0.0081 0.3700 2.6080 0.0550 0.1318 0.0067 0.3355 0.0169 0.75
CA-17 16.1 6.3818 0.2020 0.3699 0.0047 0.8700 2.7037 0.0347 0.1251 0.0041 0.0436 0.0040 0.30
CA-17 17.1 7.6331 0.2798 0.4117 0.0064 0.6700 2.4288 0.0378 0.1345 0.0052 0.4383 0.0300 0.12
CA-17 18.1 7.3937 0.3121 0.3939 0.0073 0.1800 2.5387 0.0473 0.1361 0.0064 1.2211 0.2130 0.44
CA-17 18.2 6.3325 0.1179 0.3672 0.0035 0.5000 2.7231 0.0257 0.1251 0.0021 0.1373 0.0027 0.29
CA-17 19.1 7.1331 0.2590 0.3890 0.0061 0.3100 2.5706 0.0401 0.1330 0.0052 0.2372 0.0095 0.37
CA-17 20.1 7.7831 0.3309 0.3969 0.0079 0.0100 2.5197 0.0499 0.1422 0.0067 0.3466 0.0170 0.27
CA-17 21.1 7.7582 0.3095 0.3997 0.0073 0.4100 2.5022 0.0457 0.1408 0.0060 0.1579 0.0093 0.31
CA-17 22.1 7.5184 0.2880 0.3952 0.0067 0.0100 2.5307 0.0427 0.1380 0.0057 0.1863 0.0116 0.31
CA-17 23.1 7.3315 0.2909 0.3948 0.0069 0.1200 2.5331 0.0444 0.1347 0.0058 0.3784 0.0129 0.60
CA-17 24.1 6.6549 0.1880 0.3752 0.0051 0.8100 2.6651 0.0363 0.1286 0.0034 0.2818 0.0256 0.20
CA-17 25.1 7.5402 0.2516 0.3956 0.0065 0.5300 2.5278 0.0415 0.1382 0.0044 0.5068 0.0324 0.66
CA-17 26.1 6.2359 0.1708 0.3653 0.0047 0.2800 2.7375 0.0356 0.1238 0.0032 0.3181 0.0105 0.44
CA-17 27.1 7.4471 0.2103 0.3994 0.0056 0.2600 2.5037 0.0348 0.1352 0.0037 0.2673 0.0107 0.05
CA-17 28.1 7.5762 0.1752 0.4018 0.0047 0.6800 2.4886 0.0291 0.1367 0.0029 0.3467 0.0058 0.31
CA-17 29.1 6.2937 0.1462 0.3685 0.0042 0.0100 2.7137 0.0310 0.1239 0.0027 0.0124 0.0065 0.30
CA-17 30.1 6.8293 0.1909 0.3825 0.0052 0.2400 2.6146 0.0355 0.1295 0.0034 0.3561 0.0084 0.42
CA-17 30.2 6.2656 0.1287 0.3602 0.0037 0.5600 2.7765 0.0286 0.1262 0.0024 0.0846 0.0044 0.29
CA-17 31.1 7.6101 0.2993 0.4028 0.0078 0.6900 2.4827 0.0478 0.1370 0.0054 0.4757 0.0269 0.29
CA-17 32.1 7.6018 0.1972 0.4059 0.0053 0.2400 2.4636 0.0319 0.1358 0.0033 0.1944 0.0232 0.24
CA-17 33.1 7.7975 0.1465 0.4109 0.0040 0.5900 2.4337 0.0236 0.1376 0.0023 0.1982 0.0030 0.25
CA-17 34.1 7.5407 0.1730 0.4023 0.0046 0.7100 2.4854 0.0287 0.1359 0.0030 0.1506 0.0076 0.91
CA-17 35.1 7.0286 0.2139 0.3883 0.0052 0.8800 2.5755 0.0343 0.1313 0.0043 0.2542 0.0171 0.26
CA-17 38.1 7.4253 0.2548 0.3908 0.0063 0.4900 2.5587 0.0411 0.1378 0.0053 0.4527 0.0250 0.24
CA-17 39.1 7.5378 0.2747 0.3957 0.0068 0.4200 2.5274 0.0432 0.1382 0.0055 0.4489 0.0346 0.48
CA-17 40.1 7.6471 0.2403 0.4016 0.0057 0.7400 2.4903 0.0356 0.1381 0.0047 0.1705 0.0077 0.25
CA-17 41.1 7.7626 0.1966 0.4042 0.0043 0.0600 2.4742 0.0266 0.1393 0.0036 0.5137 0.0551 0.14
CA-17 421 7.6288 0.2330 0.3988 0.0056 0.4500 2.5074 0.0350 0.1387 0.0045 0.0507 0.0064 0.47
CA-17 43.1 7.3856 0.2497 0.3975 0.0061 0.6300 2.5157 0.0384 0.1348 0.0051 0.4303 0.0186 0.68
CA-17 44.1 2.7069 0.1123 0.2328 0.0035 0.5400 4.2960 0.0639 0.0843 0.0039 0.1817 0.0124 0.03
CA-17 442 2.8581 0.0721 0.2364 0.0022 0.5300 4.2302 0.0394 0.0877 0.0023 0.1086 0.0094 0.21
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CA-17 45.1 7.5355 0.2251 0.3966 0.0053 0.7100 2.5211 0.0337 0.1378 0.0044 0.1497 0.0070 0.36
CA-17 46.1 6.2339 0.1731 0.3653 0.0039 0.6600 2.7376 0.0295 0.1238 0.0036 0.1814 0.0138 0.07
CA-17 471 7.5784 0.2581 0.3985 0.0058 0.7400 2.5092 0.0368 0.1379 0.0051 0.3438 0.0370 0.33
CA-17 48.1 8.0242 0.2269 0.4242 0.0049 0.5400 2.3575 0.0270 0.1372 0.0040 0.1833 0.0031 0.23
CA-17 50.1 7.5441 0.2229 0.4038 0.0048 0.5400 2.4764 0.0296 0.1355 0.0043 0.4064 0.0093 0.37
CA-17 511 7.2817 0.2682 0.3934 0.0064 0.4600 2.5418 0.0412 0.1342 0.0056 0.3276 0.0125 0.58
CA-17 521 7.6826 0.2103 0.4073 0.0044 0.5900 2.4550 0.0264 0.1368 0.0039 0.2733 0.0051 0.17
CA-17 531 7.7107 0.2780 0.4045 0.0065 0.0100 24721 0.0397 0.1382 0.0058 0.2321 0.0127 0.38
CA-17 541 7.7762 0.1943 0.4117 0.0038 0.7300 2.4291 0.0226 0.1370 0.0035 0.1806 0.0024 0.17
CA-17 55.1 7.6417 0.2296 0.4040 0.0051 0.0100 2.4752 0.0310 0.1372 0.0044 0.4019 0.0091 0.17
CA-17 571 7.6128 0.2765 0.4024 0.0064 0.3800 2.4849 0.0398 0.1372 0.0055 0.4099 0.0089 0.48
CA-17 58.1 7.7924 0.5292 0.4065 0.0147 0.0100 2.4599 0.0889 0.1390 0.0122 0.3473 0.0627 0.89
CA-17 59.1 15.1457 0.5120 0.5468 0.0089 0.7200 1.8288 0.0298 0.2009 0.0073 0.2027 0.0306 0.28
CA-17 60.1 5.9957 0.1915 0.3617 0.0042 0.2200 2.7645 0.0319 0.1202 0.0042 0.1520 0.0069 0.70
CA-17 61.1 6.4461 0.1647 0.3762 0.0034 0.3500 2.6581 0.0243 0.1243 0.0033 0.4023 0.0062 0.06
CA-17 62.1 6.5833 0.2377 0.3745 0.0053 0.0100 2.6701 0.0378 0.1275 0.0050 0.3091 0.0191 0.26
CA-17 63.1 6.6396 0.2702 0.3757 0.0060 0.4100 2.6616 0.0425 0.1282 0.0058 0.1880 0.0113 0.83
CA-17 64.1 7.1556 0.2063 0.3929 0.0043 0.4500 2.5452 0.0276 0.1321 0.0041 0.1778 0.0064 0.22
CA-17 65.1 7.3232 0.1813 0.3963 0.0036 0.8900 2.5236 0.0228 0.1340 0.0035 0.2600 0.0066 0.09
CA-17 66.1 7.1956 0.3098 0.3907 0.0069 0.4600 2.5592 0.0449 0.1336 0.0063 0.2813 0.0169 0.43
CA-17 68.1 7.5583 0.2134 0.3963 0.0043 0.0100 2.5234 0.0275 0.1383 0.0042 0.1901 0.0059 0.14
CA-17 67.1 2.7992 0.0992 0.2352 0.0027 0.9900 4.2524 0.0488 0.0863 0.0034 0.1292 0.0406 0.20
CA-17 67.2 2.8339 0.0944 0.2394 0.0025 0.6500 4.1773 0.0445 0.0859 0.0031 0.1019 0.0095 0.16
CA-17 70.1 7.2865 0.2268 0.3939 0.0048 0.4700 2.5385 0.0307 0.1341 0.0045 0.3993 0.0089 0.28
CA-17 711 7.6418 0.2711 0.4029 0.0067 0.7100 2.4822 0.0412 0.1376 0.0054 0.1841 0.0118 0.53
CA-17 721 7.4196 0.2407 0.3972 0.0058 0.1500 25178 0.0368 0.1355 0.0048 0.2694 0.0188 0.41
CA-17 731 7.2198 0.3478 0.3908 0.0091 0.2600 2.5587 0.0594 0.1340 0.0075 0.1874 0.0178 0.52
CA-17 741 7.1417 0.3586 0.3759 0.0094 0.4900 2.6606 0.0667 0.1378 0.0081 0.4033 0.0197 0.72
CA-17 751 9.0154 0.2367 0.4375 0.0050 0.5900 2.2857 0.0259 0.1495 0.0042 0.1315 0.0079 0.17
CA-17 76.1 7.5493 0.2719 0.3996 0.0067 0.4700 2.5028 0.0417 0.1370 0.0055 0.3440 0.0136 0.38
CA-17 771 7.7610 0.2638 0.4155 0.0065 0.5800 2.4066 0.0375 0.1355 0.0051 0.3199 0.0138 0.42
CA-17 781 6.5790 0.2539 0.3816 0.0066 0.6000 2.6209 0.0457 0.1251 0.0055 0.3143 0.0118 0.27
CA-17 791 7.5144 0.3127 0.3963 0.0079 0.3700 2.5234 0.0502 0.1375 0.0066 0.1550 0.0147 0.93
CA-17 80.1 7.5416 0.2465 0.4017 0.0060 0.6700 2.4891 0.0372 0.1361 0.0050 0.1663 0.0086 0.21
CA-17 81.1 7.3159 0.3064 0.3943 0.0078 0.2400 2.5359 0.0504 0.1346 0.0064 0.1673 0.0158 0.28
CA-17 82.1 7.5747 0.5532 0.3899 0.0154 0.4800 2.5648 0.1012 0.1409 0.0124 0.3402 0.0312 0.81
CA-17 83.1 7.1326 0.3006 0.3819 0.0077 0.8500 2.6184 0.0531 0.1354 0.0066 0.2114 0.0168 0.71
CA-17 7.1 7.5737 0.2727 0.4003 0.0077 0.2200 2.4982 0.0479 0.1372 0.0058 0.4058 0.0140 1.75
CA-17 9.1 7.2138 0.4224 0.3934 0.0131 0.4600 2.5421 0.0849 0.1330 0.0096 0.3045 0.0264 1.09
CA-17 13.1 8.3696 0.4291 0.4041 0.0104 0.5800 2.4745 0.0634 0.1502 0.0091 0.3022 0.0233 1.46
CA-17 14.1 7.2282 0.7734 0.3695 0.0213 0.4200 2.7060 0.1563 0.1419 0.0184 0.3627 0.0996 2.25
CA-17 36.1 7.6577 0.4134 0.4076 0.0110 0.5700 2.4536 0.0660 0.1363 0.0090 0.5349 0.0592 1.16
CA-17 37.1 6.6006 0.1623 0.3723 0.0038 0.9700 2.6863 0.0275 0.1286 0.0034 0.0821 0.0124 14.08
CA-17 40.2 7.4648 0.4195 0.3978 0.0112 0.3100 2.5141 0.0708 0.1361 0.0091 0.3661 0.0233 2.46
CA-17 49.1 7.6242 0.3335 0.3993 0.0086 0.9200 2.5041 0.0539 0.1385 0.0072 0.3029 0.0572 1.16
CA-17 56.1 7.7465 0.7153 0.3892 0.0206 0.2000 2.5694 0.1361 0.1444 0.0167 0.3362 0.0631 1.83
CA-17 69.1 6.2363 0.3178 0.3662 0.0074 0.0100 2.7309 0.0552 0.1235 0.0073 0.3675 0.0230 1.14
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Pb rad

Th

AGES (Ga)

ppm ppm ppm ThiU T206/208 | 1sigma | T207/235 | 1sigma | T207/206 | 1sigma CONC. (%)
23.00 18.00 39.00 0.46 2.186 0.028 2.200 0.027 2.213 0.057 98
49.00 33.00 84.00 0.40 2.178 0.022 2.192 0.022 2.206 0.044 98
28.00 51.00 41.00 1.25 2.146 0.028 2.178 0.027 2.209 0.058 97
27.00 35.00 41.00 0.86 2.161 0.028 2.191 0.027 2.218 0.057 97
22.00 34.00 32.00 1.04 2.209 0.033 2.212 0.029 2215 0.064 99
19.00 25.00 29.00 0.87 2.100 0.037 2.105 0.034 2.110 0.079 99
46.00 6.00 92.00 0.06 2.064 0.021 2.047 0.022 2.030 0.046 101
16.00 18.00 26.00 0.69 2.144 0.032 2.175 0.029 2.205 0.065 97
60.00 52.00 112.00 0.47 2.039 0.019 2.048 0.020 2.057 0.042 99
20.00 40.00 29.00 1.37 2.110 0.032 2.141 0.030 2172 0.067 97
39.00 39.00 62.00 0.63 2.450 0.026 2.464 0.024 2.475 0.046 98
58.00 55.00 101.00 0.55 2.138 0.024 2.142 0.028 2.146 0.057 99
154.00 138.00 263.00 0.52 2.189 0.020 2.186 0.025 2.184 0.050 100
19.00 27.00 31.00 0.86 2.092 0.038 2.108 0.041 2.122 0.090 98
78.00 26.00 156.00 0.17 2.029 0.022 2.030 0.028 2.031 0.058 99
55.00 94.00 77.00 1.21 2.223 0.029 2.189 0.032 2.157 0.067 103
35.00 108.00 34.00 3.18 2141 0.034 2.160 0.037 2179 0.079 98
83.00 100.00 156.00 0.64 2.016 0.016 2.023 0.016 2.030 0.029 99
34.00 35.00 59.00 0.59 2.118 0.028 2.128 0.032 2.138 0.068 99
27.00 39.00 41.00 0.96 2.155 0.036 2.206 0.038 2.255 0.081 95
28.00 20.00 48.00 0.41 2.167 0.034 2.203 0.036 2.237 0.076 96
31.00 35.00 55.00 0.63 2.147 0.031 2.175 0.034 2.202 0.071 97
31.00 47.00 47.00 1.00 2.145 0.032 2.153 0.035 2.160 0.075 99
26.00 35.00 42.00 0.83 2.054 0.024 2.067 0.024 2.079 0.045 98
17.00 31.00 23.00 1.37 2.149 0.030 2.178 0.029 2.205 0.054 97
24.00 37.00 39.00 0.95 2.007 0.022 2.009 0.024 2.012 0.046 99
21.00 27.00 33.00 0.81 2.166 0.026 2.167 0.026 2.167 0.047 99
33.00 47.00 48.00 0.97 2.177 0.022 2.182 0.021 2.186 0.037 99
34.00 2.00 71.00 0.03 2.022 0.020 2.018 0.020 2.013 0.038 100
21.00 32.00 32.00 1.00 2.088 0.024 2.090 0.025 2.091 0.047 99
42.00 22.00 84.00 0.26 1.983 0.018 2.014 0.018 2.045 0.033 96
13.00 23.00 17.00 1.32 2.182 0.036 2.186 0.036 2.190 0.069 99
26.00 20.00 43.00 0.45 2.196 0.024 2.185 0.023 2175 0.042 100
75.00 77.00 120.00 0.64 2.219 0.018 2.208 0.017 2.198 0.029 100
32.00 30.00 54.00 0.55 2.180 0.021 2.178 0.021 2.176 0.038 100
32.00 38.00 52.00 0.73 2.115 0.024 2.115 0.027 2.115 0.057 99
26.00 46.00 37.00 1.25 2.127 0.029 2.164 0.031 2.200 0.068 96
19.00 35.00 27.00 1.33 2.149 0.031 2177 0.032 2.204 0.070 97
28.00 25.00 47.00 0.52 2.176 0.026 2.190 0.028 2.204 0.060 98
56.00 95.00 80.00 1.18 2.188 0.020 2.204 0.023 2218 0.045 98
24.00 6.00 46.00 0.14 2.164 0.026 2.188 0.028 2.211 0.058 97
22.00 37.00 32.00 1.13 2.158 0.028 2.159 0.030 2.161 0.065 99
25.00 39.00 73.00 0.53 1.349 0.018 1.330 0.031 1.300 0.090 103
96.00 85.00 300.00 0.28 1.368 0.012 1.371 0.019 1.376 0.050 99
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30.00 21.00 52.00 0.41 2.154 0.025 2177 0.027 2.200 0.057 97
52.00 52.00 98.00 0.53 2.007 0.019 2.009 0.025 2011 0.052 99
32.00 55.00 47.00 1.16 2.162 0.027 2.182 0.030 2.201 0.064 98
56.00 49.00 92.00 0.53 2.279 0.022 2.234 0.025 2.192 0.052 103
51.00 89.00 74.00 1.21 2.187 0.022 2178 0.026 2.170 0.054 100
23.00 34.00 35.00 0.96 2.139 0.029 2.147 0.033 2.154 0.072 99
59.00 75.00 91.00 0.82 2.203 0.020 2.195 0.025 2.187 0.050 100
22.00 24.00 35.00 0.67 2.190 0.030 2.198 0.033 2.205 0.071 99
99.00 89.00 160.00 0.55 2.223 0.017 2.205 0.023 2.190 0.044 101
54.00 81.00 69.00 1.17 2.188 0.023 2.190 0.027 2.192 0.056 99
31.00 72.00 44.00 1.62 2.180 0.029 2.186 0.032 2.192 0.069 99
10.00 13.00 16.00 0.83 2.199 0.067 2.207 0.063 2.215 0.150 99
28.00 23.00 32.00 0.73 2.812 0.037 2.824 0.032 2.833 0.060 99
41.00 34.00 78.00 0.44 1.990 0.020 1.975 0.027 1.959 0.060 101
88.00 158.00 137.00 1.15 2.059 0.016 2.039 0.022 2.018 0.048 101
30.00 42.00 49.00 0.87 2.051 0.025 2.057 0.032 2.064 0.072 99
21.00 18.00 39.00 0.47 2.056 0.028 2.065 0.036 2.073 0.080 99
41.00 36.00 71.00 0.51 2.136 0.020 2.131 0.026 2.126 0.055 100
79.00 94.00 129.00 0.73 2.152 0.017 2.152 0.022 2.152 0.046 100
16.00 19.00 26.00 0.74 2.126 0.031 2.136 0.038 2.145 0.084 99
42.00 37.00 71.00 0.53 2.152 0.020 2.180 0.026 2.206 0.053 97
47.00 48.00 124.00 0.39 1.362 0.014 1.355 0.025 1.346 0.070 101
46.00 48.00 146.00 0.33 1.384 0.013 1.365 0.025 1.335 0.071 103
39.00 67.00 59.00 1.13 2141 0.022 2.147 0.028 2.153 0.058 99
28.00 24.00 47.00 0.51 2.182 0.031 2.190 0.032 2197 0.069 99
43.00 48.00 71.00 0.68 2.156 0.027 2.163 0.029 2170 0.062 99
15.00 14.00 26.00 0.51 2127 0.042 2.139 0.043 2.151 0.097 98
15.00 27.00 24.00 1.15 2.057 0.044 2.129 0.045 2.200 0.105 93
65.00 36.00 104.00 0.35 2.339 0.022 2.340 0.024 2.340 0.047 99
32.00 49.00 49.00 1.01 2.167 0.031 2.179 0.032 2.190 0.071 98
34.00 45.00 51.00 0.88 2.240 0.029 2.204 0.031 2170 0.067 103
35.00 52.00 59.00 0.89 2.084 0.031 2.057 0.035 2.030 0.080 102
18.00 15.00 32.00 0.48 2.152 0.036 2.175 0.037 2.196 0.082 97
34.00 29.00 58.00 0.50 2177 0.028 2.178 0.030 2179 0.065 99
23.00 18.00 40.00 0.46 2.143 0.036 2.151 0.037 2.158 0.082 99
10.00 13.00 15.00 0.88 2.122 0.072 2.182 0.067 2.238 0.159 94
21.00 24.00 36.00 0.66 2.085 0.036 2.128 0.038 2.170 0.085 96
18.00 31.00 26.00 1.21 2.170 0.036 2.182 0.032 2.192 0.072 98
7.00 10.00 11.00 0.88 2.138 0.061 2.138 0.049 2.138 0.122 100
12.00 15.00 21.00 0.74 2.188 0.048 2.272 0.047 2.348 0.102 93
5.00 6.00 8.00 0.75 2.027 0.099 2.140 0.092 2.250 0.221 90
9.00 15.00 12.00 1.18 2.204 0.051 2.192 0.050 2.180 0.113 101
58.00 49.00 111.00 0.44 2.040 0.018 2.059 0.022 2.079 0.046 98
10.00 17.00 15.00 1.17 2.159 0.052 2.169 0.051 2.178 0.116 99
9.00 14.00 11.00 1.25 2.166 0.040 2.188 0.041 2.208 0.094 98
5.00 7.00 8.00 0.95 2.119 0.097 2.202 0.089 2.280 0.221 92
16.00 31.00 28.00 1.10 2.011 0.035 2.010 0.045 2.008 0.105 100
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Table 5. LA-ICP-MS U-Pb in situ zircon analysis from CA-19 sample (qgtz-ms schist). Italicized data were not used in age determinations and plotting, due high levels of discordance and common lead.

RATIOS C°"F‘,g‘°m Pb rad Th u AGES (Ga) CONC. (%)
SAMPLE SPOT ThiUu 206/238  206/238
207/235  1sigma  206/238  1sigma coef. corr 238/206 1sigma 207/206 1sigma  208/206 1 sigma (%) ppm ppm ppm T206/208 | 1sigma | T207/235 | 1sigma | T207/206 | 1 sigma 207/235  207/206
CA-19 1.1 1.1878 0.0348 0.1317 0.0015 0.82 7.5914 0.0856 0.0654 0.0019 0.3350 0.0128 0.55 38 184 171 1.08 0.798 0.008 0.795 0.016 0.787 0.062 100 101
CA-19 3.1 1.3732 0.0256 0.1434 0.0013 0.78 6.9756 0.0640 0.0695 0.0013 0.0374 0.0058 0.14 167 108 840 0.13 0.864 0.007 0.878 0.011 0.913 0.039 98 94
CA-19 32 0.8518 0.0155 0.1032 0.0009 0.49 9.6922 0.0889 0.0599 0.0011 0.0042 0.0015 0.1 172 25 1334 0.02 0.633 0.006 0.626 0.008 0.599 0.039 101 105
CA-19 4.2 1.221 0.0258 0.1351 0.0013 0.98 7.4029 0.0707 0.0656 0.0014 0.0173 0.0030 0.49 57 17 331 0.05 0.817 0.007 0.81 0.012 0.792 0.046 100 103
CA-19 6.1 1.8029 0.0393 0.1738 0.0018 0.91 5.7548 0.0581 0.0753 0.0016 0.0508 0.0120 0.84 68 88 274 0.32 1.033 0.01 1.047 0.014 1.075 0.043 98 96
CA-19 71 3.1448 0.0613 0.2442 0.0023 0.74 4.0955 0.0391 0.0934 0.0018 0.0945 0.0094 0.49 136 152 340 0.45 1.408 0.012 1.444 0.014 1.496 0.035 97 94
CA-19 9.1 1.1456 0.0282 0.1270 0.0013 0.95 7.8733 0.0806 0.0654 0.0017 0.0655 0.0080 0.37 36 47 200 0.24 0.771 0.007 0.775 0.013 0.788 0.054 99 97
CA-19 10.1 1.1746 0.0241 0.1289 0.0016 0.99 7.7607 0.0961 0.0661 0.0014 0.0385 0.0304 0.00 15 24 75 0.32 0.781 0.009 0.789 0.011 0.81 0.043 99 96
CA-19 13.1 0.7667 0.0191 0.0928 0.0012 0.66 10.7752 0.1434 0.0599 0.0015 0.1951 0.0055 0.38 20 95 140 0.68 0.572 0.007 0.578 0.011 0.6 0.055 99 95
CA-19 14.1 0.8468 0.0166 0.1005 0.0012 0.38 9.9515 0.1208 0.0611 0.0012 0.2264 0.0160 0.26 29 122 183 0.67 0.617 0.007 0.623 0.009 0.643 0.043 99 95
CA-19 15.1 1.1350 0.0229 0.1254 0.0015 0.96 7.9768 0.0960 0.0657 0.0014 0.0838 0.0215 0.69 32 50 176 0.28 0.761 0.009 0.77 0.012 0.796 0.047 98 95
CA-19 16.1 4.9126 0.0864 0.3181 0.0040 0.99 3.1438 0.0392 0.1120 0.0019 0.2384 0.0823 0.49 32 62 56 1.12 1.78 0.019 1.804 0.015 1.832 0.032 98 97
CA-19 171 0.8400 0.0139 0.1001 0.0011 0.67 9.9929 0.1129 0.0609 0.0010 0.0690 0.0040 0.39 83 158 595 0.27 0.615 0.007 0.619 0.008 0.635 0.034 99 96
CA-19 201 1.3363 0.0218 0.1403 0.0016 0.99 7.1256 0.0822 0.0691 0.0011 0.0630 0.0148 0.00 52 42 221 0.19 0.847 0.009 0.862 0.009 0.901 0.031 98 94
CA-19 20.2 1.1707 0.0187 0.1292 0.0014 0.99 7.7417 0.0861 0.0657 0.0010 0.0682 0.0066 0.48 61 71 349 0.20 0.783 0.008 0.787 0.009 0.798 0.033 99 98
CA-19 231 1.1964 0.0411 0.1326 0.0029 0.67 7.5407 0.1623 0.0654 0.0022 0.1202 0.0163 0.75 28 44 155 0.29 0.803 0.016 0.799 0.02 0.788 0.074 100 101
CA-19 241 1.1579 0.0280 0.1291 0.0024 0.90 7.7452 0.1423 0.0650 0.0013 0.0975 0.0210 0.07 54 82 302 0.27 0.783 0.014 0.781 0.013 0.776 0.043 100 100
CA-19 26.1 5.4110 0.1094 0.3243 0.0059 0.97 3.0836 0.0566 0.1210 0.0018 0.1958 0.0363 0.63 71 94 128 0.74 1.811 0.029 1.887 0.017 1.971 0.027 95 91
CA-19 28.1 1.0762 0.0212 0.1221 0.0020 0.99 8.1908 0.1365 0.0639 0.0010 0.0988 0.0428 0.65 104 301 589 0.51 0.743 0.012 0.742 0.01 0.739 0.033 100 100
CA-19 291 0.8409 0.0143 0.0997 0.0016 0.99 10.0254 0.1580 0.0611 0.0008 0.0094 0.0063 0.40 343 61 2625 0.02 0.613 0.009 0.62 0.008 0.644 0.028 98 95
CA-19 321 0.8990 0.0193 0.1075 0.0018 0.86 9.3043 0.1574 0.0607 0.0011 0.0204 0.0061 0.74 75 129 567 0.23 0.658 0.011 0.651 0.01 0.627 0.039 101 104
CA-19 33.1 2.3122 0.0488 0.2125 0.0038 0.95 4.7063 0.0833 0.0789 0.0013 0.1808 0.0297 0.14 76 93 253 0.37 1.242 0.02 1.216 0.015 1.17 0.033 102 106
CA-19 34.1 1.0399 0.0213 0.1182 0.0010 0.97 8.4597 0.0734 0.0638 0.0013 0.0987 0.0194 0.16 47 126 269 0.47 0.72 0.006 0.724 0.01 0.735 0.044 99 97
CA-19 35.1 1.2126 0.0316 0.1345 0.0013 0.99 7.4364 0.0720 0.0654 0.0017 0.0758 0.0191 0.99 19 35 115 0.31 0.813 0.007 0.806 0.014 0.787 0.055 100 103
CA-19 36.1 0.8068 0.0204 0.0972 0.0009 0.45 10.2931 0.0971 0.0602 0.0016 0.4195 0.0116 0.41 29 244 185 1.32 0.598 0.005 0.601 0.012 0.612 0.057 99 97
CA-19 37.1 0.9032 0.0143 0.1080 0.0008 0.91 9.2552 0.0719 0.0606 0.0009 0.0337 0.0145 0.00 96 95 738 0.13 0.661 0.005 0.653 0.008 0.626 0.033 101 105
CA-19 2.1 1.4250 0.0336 0.1496 0.0015 0.94 6.6848 0.0688 0.0691 0.0016 0.1577 0.0368 1.17 58 150 275 0.55 0.899 0.009 0.899 0.014 0.901 0.049 99 99
CA-19 22 0.7332 0.0142 0.0877 0.0008 0.95 11.4019 0.1087 0.0606 0.0011 0.0263 0.0037 0.32 262 191 2072 0.09 0.542 0.005 0.558 0.008 0.626 0.04 97 86
CA-19 4.1 3.0720 0.0641 0.2127 0.0021 0.99 4.7008 0.0470 0.1047 0.0021 0.0811 0.0323 0.50 98 79 218 0.37 1.243 0.011 1.426 0.015 1.71 0.035 87 72
CA-19 5.1 0.8017 0.0399 0.0980 0.0014 0.38 10.2000 0.1431 0.0593 0.0031 0.3089 0.0338 1.59 13 68 87 0.79 0.603 0.008 0.598 0.023 0.578 0.118 100 104
CA-19 8.1 0.8291 0.0194 0.0984 0.0010 0.95 10.1631 0.1014 0.0611 0.0015 0.1176 0.0316 4.09 67 404 476 0.85 0.605 0.006 0.613 0.011 0.643 0.053 98 94
CA-19 8.2 0.7949 0.0167 0.0949 0.0009 0.88 10.5353 0.0994 0.0607 0.0013 0.1322 0.0552 2.22 82 492 563 0.87 0.585 0.005 0.594 0.009 0.63 0.048 98 92
CA-19 11.1 0.7911 0.0335 0.0989 0.0015 0.01 10.1119 0.1550 0.0580 0.0029 0.1195 0.1545 0.25 38 120 190 0.63 0.608 0.009 0.592 0.02 0.53 0.097 102 114
CA-19 12.1 0.8013 0.0210 0.0907 0.0014 0.97 11.0246 0.1645 0.0641 0.0013 0.1300 0.0486 1.22 37 126 181 0.70 0.56 0.008 0.598 0.01 0.744 0.042 93 75
CA-19 18.1 4.5141 0.0631 0.2840 0.0031 0.99 3.5207 0.0387 0.1153 0.0016 0.1814 0.0216 0.31 65 81 137 0.59 1.612 0.016 1.734 0.012 1.884 0.026 92 85
CA-19 19.2 0.6436 0.0094 0.0763 0.0008 0.99 13.1069 0.1460 0.0612 0.0008 0.0407 0.0016 1.19 178 383 2046 0.19 0.474 0.005 0.505 0.006 0.646 0.028 93 73
CA-19 20.3 0.9629 0.0186 0.1077 0.0009 0.85 9.2867 0.0767 0.0649 0.0013 0.0532 0.0122 2.10 51 89 348 0.26 0.659 0.005 0.685 0.01 0.77 0.041 96 85
CA-19 21.1 0.9566 0.0287 0.1118 0.0023 0.86 8.9483 0.1814 0.0621 0.0016 0.0930 0.0512 1.83 25 84 125 0.67 0.683 0.013 0.682 0.014 0.677 0.053 100 100
CA-19 221 3.8697 0.0868 0.2644 0.0050 0.99 3.7827 0.0721 0.1062 0.0019 0.3016 0.1625 0.44 65 159 112 1.43 1.512 0.026 1.607 0.018 1.735 0.033 94 87
CA-19 251 0.9797 0.0331 0.1083 0.0024 0.96 9.2328 0.2048 0.0656 0.0020 0.1152 0.0146 0.81 30 79 164 0.48 0.663 0.014 0.693 0.016 0.794 0.065 95 83
CA-19 27.1 1.1666 0.0313 0.1296 0.0024 0.98 7.7165 0.1457 0.0653 0.0016 0.0442 0.0067 1.36 27 33 160 0.21 0.786 0.014 0.785 0.015 0.784 0.051 100 100
CA-19 30.1 1.2534 0.0308 0.1356 0.0025 0.99 7.3753 0.1383 0.0670 0.0014 0.0567 0.0302 2.40 22 32 58 0.55 0.82 0.014 0.825 0.014 0.839 0.043 99 97
CA-19 31.1 0.8118 0.0423 0.0970 0.0025 0.89 10.3056 0.2702 0.0607 0.0033 0.1722 0.0551 1.22 14 89 99 0.90 0.597 0.015 0.603 0.024 0.628 0.118 98 95
CA-19 38.1 0.8930 0.0169 0.1073 0.0009 0.90 9.3209 0.0764 0.0604 0.0011 0.2605 0.1719 7.67 13 -55 89 -0.62 0.657 0.005 0.648 0.009 0.617 0.04 101 106
CA-19 39.1 0.7746 0.0139 0.0923 0.0007 0.75 10.8301 0.0876 0.0608 0.0010 0.1977 0.0425 1.53 88 596 654 0.91 0.569 0.004 0.582 0.008 0.634 0.037 97 89
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Table 6. LA-ICP-MS U-Pb in situ zircon analysis from CA-21B sample (qtz-ms ultramylonite). ltalicized data were not used in age determinations and plotting, due high levels of discordance and commor

RATIOS
SAMPLE SPoT 207/235 1sigma | 206/238 | 1 sigma | coef. corr 238/206 1 sigma 207/206 1 sigma 208/206 1 sigma
CA-21B 1.1 7.8759 0.2730 0.4090 0.0053 0.0100 2.4449 0.0318 0.1397 0.0051 0.2705 0.0118
CA-21B 3.1 8.2603 0.2624 0.4446 0.0053 0.8100 2.2492 0.0270 0.1347 0.0044 0.2844 0.0446
CA-21B 4.1 7.5242 0.2132 0.3997 0.0043 0.9800 2.5016 0.0268 0.1365 0.0042 0.4104 0.0177
CA-21B 71 7.8402 0.2247 0.4176 0.0045 0.9000 2.3947 0.0257 0.1362 0.0041 0.3120 0.0062
CA-21B 8.1 7.9503 0.2048 0.4245 0.0042 0.7700 2.3557 0.0232 0.1358 0.0035 0.3673 0.0135
CA-21B 9.1 7.3030 0.2021 0.3862 0.0041 0.9400 2.5896 0.0272 0.1372 0.0038 0.3837 0.0106
CA-21B 10.1 7.4965 0.2137 0.3997 0.0043 0.9800 2.5018 0.0271 0.1360 0.0042 0.4514 0.0310
CA-21B 11.1 7.4643 0.2483 0.4006 0.0050 0.9800 2.4962 0.0312 0.1351 0.0047 0.4943 0.0279
CA-21B 121 16.9608 0.4108 0.6008 0.0060 0.9500 1.6646 0.0167 0.2048 0.0051 0.1682 0.0095
CA-21B 131 6.0704 0.1896 0.3498 0.0040 0.9100 2.8588 0.0327 0.1259 0.0040 0.2013 0.0185
CA-21B 141 6.1676 0.1960 0.3489 0.0036 0.9700 2.8665 0.0294 0.1282 0.0042 0.3731 0.1021
CA-21B 15.1 7.9296 0.2503 0.4179 0.0044 0.8500 2.3930 0.0254 0.1376 0.0044 0.2631 0.0082
CA-21B 171 7.4358 0.2487 0.4162 0.0046 0.9300 2.4027 0.0266 0.1296 0.0045 0.1027 0.0179
CA-21B 18.1 8.1260 0.2373 0.4298 0.0042 0.9600 2.3266 0.0227 0.1371 0.0043 0.3292 0.0267
CA-21B 191 6.6942 0.2003 0.3626 0.0036 0.9600 2.7581 0.0272 0.1339 0.0038 0.4798 0.0145
CA-21B 20.1 7.7997 0.2496 0.4261 0.0045 0.9400 2.3467 0.0247 0.1327 0.0043 0.3495 0.0285
CA-21B 211 7.2773 0.2299 0.3910 0.0040 0.9900 2.5572 0.0264 0.1350 0.0049 0.2711 0.0297
CA-21B 221 8.2765 0.2966 0.4371 0.0053 0.8800 2.2880 0.0279 0.1373 0.0053 0.3615 0.0157
CA-21B 241 7.6657 0.2043 0.4057 0.0035 0.9900 2.4648 0.0214 0.1370 0.0038 0.2467 0.0467
CA-21B 251 7.9438 0.2831 0.4161 0.0051 0.6200 2.4031 0.0293 0.1384 0.0052 0.3543 0.0165
CA-21B 26.1 6.8982 0.1988 0.3978 0.0037 0.9900 2.5139 0.0233 0.1258 0.0038 0.0975 0.0460
CA-21B 271 7.7994 0.2481 0.4209 0.0040 0.9000 2.3760 0.0227 0.1344 0.0043 0.3469 0.0195
CA-21B 30.1 7.5824 0.2553 0.4015 0.0043 0.9500 2.4906 0.0266 0.1370 0.0047 0.3341 0.0256
CA-21B 31.1 7.9927 0.2528 0.4266 0.0041 0.8500 2.3441 0.0227 0.1359 0.0042 0.3537 0.0105
CA-21B 321 8.0065 0.2513 0.4270 0.0041 0.5200 2.3421 0.0223 0.1360 0.0042 0.3051 0.0491
CA-21B 33.1 7.7801 0.2222 0.4125 0.0034 0.6700 2.4240 0.0202 0.1368 0.0037 0.4392 0.0485
CA-21B 451 8.1216 0.2600 0.4321 0.0054 0.8600 2.3144 0.0288 0.1363 0.0045 0.4274 0.0130
CA-21B 48.1 7.9730 0.2622 0.4288 0.0055 0.8600 2.3321 0.0301 0.1349 0.0048 0.3155 0.0349
CA-21B 49.1 7.9191 0.3541 0.4224 0.0080 0.9500 2.3677 0.0450 0.1360 0.0068 0.3194 0.0256
CA-21B 50.1 7.7324 0.2756 0.4121 0.0058 0.8800 2.4266 0.0341 0.1361 0.0051 0.3481 0.0157
CA-21B 51.1 7.8371 0.2413 0.4217 0.0050 0.9700 2.3712 0.0279 0.1348 0.0044 0.3956 0.0082
CA-21B 54.1 7.8259 0.2443 0.4200 0.0062 0.8300 2.3809 0.0353 0.1351 0.0048 0.2574 0.1222
CA-21B 55.1 6.9083 0.2394 0.3726 0.0061 0.9800 2.6835 0.0442 0.1345 0.0054 0.5353 0.0247
CA-21B 56.1 7.9317 0.4247 0.4191 0.0111 0.2300 2.3859 0.0632 0.1373 0.0089 0.3091 0.0238
CA-21B 62.1 7.9636 0.2089 0.4319 0.0053 0.9900 2.3152 0.0283 0.1337 0.0046 0.3899 0.0365
CA-21B 63.1 8.1043 0.2858 0.4227 0.0072 0.4600 2.3655 0.0404 0.1390 0.0054 0.2639 0.0094
CA-21B 65.1 7.6470 0.2254 0.4076 0.0056 0.4800 2.4536 0.0338 0.1361 0.0044 0.5388 0.0204
CA-21B 70.1 6.5222 0.2712 0.3608 0.0069 0.9600 2.7716 0.0530 0.1311 0.0061 0.5673 0.0392
CA-21B 711 7.5102 0.3081 0.4025 0.0079 0.5100 2.4847 0.0491 0.1353 0.0063 0.3284 0.0168
CA-21B 721 7.8867 0.2643 0.4194 0.0065 0.0100 2.3846 0.0368 0.1364 0.0050 0.2872 0.0160
CA-21B 73.1 6.9354 0.1858 0.3763 0.0044 0.9900 2.6577 0.0313 0.1337 0.0039 0.2495 0.0439
CA-21B 741 7.7264 0.2167 0.4107 0.0050 0.6200 2.4346 0.0298 0.1364 0.0040 0.4541 0.0881
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CA-21B 78.1 7.8724 0.3822 0.4148 0.0102 0.4500 2.4106 0.0590 0.1376 0.0076 0.2829 0.0217
CA-21B 80.1 6.0509 0.2225 0.3414 0.0055 0.9900 2.9294 0.0472 0.1286 0.0054 0.0392 0.0136
CA-21B 81.1 7.8818 0.3295 0.4313 0.0081 0.9300 2.3186 0.0438 0.1325 0.0063 0.3537 0.0255
CA-21B 82.1 6.9611 0.2989 0.3855 0.0080 0.9900 2.5942 0.0542 0.1310 0.0071 0.2994 0.0241
CA-21B 84.1 7.6178 0.4221 0.4102 0.0119 0.8400 2.4376 0.0709 0.1347 0.0095 0.2869 0.0208
CA-21B 87.1 14.2089 0.3838 0.5355 0.0065 0.9900 1.8676 0.0226 0.1925 0.0066 0.0967 0.0182
CA-21B 2.1 5.9853 0.1941 0.3237 0.0039 0.9900 3.0889 0.0374 0.1341 0.0044 0.1010 0.0071
CA-21B 5.1 5.8285 0.1899 0.3226 0.0038 0.9700 3.0996 0.0367 0.1310 0.0042 0.3549 0.0166
CA-21B 6.1 6.6784 0.1863 0.3824 0.0039 0.9600 2.6148 0.0265 0.1267 0.0040 0.3153 0.0340
CA-21B 16.1 4.1341 0.1574 0.2584 0.0030 0.9900 3.8705 0.0449 0.1160 0.0037 0.0324 0.0072
CA-21B 23.1 8.2719 0.3698 0.4314 0.0066 0.1400 2.3179 0.0354 0.1391 0.0066 0.2995 0.0262
CA-21B 28.1 2.9585 0.1418 0.1765 0.0024 0.9900 5.6663 0.0776 0.1216 0.0042 0.3506 0.0163
CA-21B 29.1 5.2649 0.1841 0.2985 0.0032 0.9800 3.3497 0.0356 0.1279 0.0040 0.4498 0.0133
CA-21B 34.1 8.3239 0.2228 0.4516 0.0036 0.9800 2.2145 0.0176 0.1337 0.0038 0.3936 0.0298
CA-21B 35.1 4.2665 0.2091 0.2255 0.0035 0.9700 4.4352 0.0694 0.1372 0.0060 0.3226 0.0190
CA-21B 36.1 7.0142 0.2695 0.3756 0.0048 0.9300 2.6621 0.0341 0.1354 0.0056 0.3197 0.0323
CA-21B 37.1 8.0317 0.2944 0.4218 0.0051 0.5800 2.3710 0.0289 0.1381 0.0051 0.3282 0.0142
CA-21B 38.1 5.3257 0.1865 0.3122 0.0031 0.9700 3.2027 0.0321 0.1237 0.0038 0.3293 0.0342
CA-21B 39.1 8.1993 0.2479 0.4368 0.0040 0.6300 2.2896 0.0210 0.1362 0.0040 0.4153 0.0164
CA-21B 40.1 5.5795 0.2364 0.3054 0.0051 0.9900 3.2748 0.0543 0.1325 0.0059 0.4606 0.0232
CA-21B 41.1 7.1478 0.2606 0.4178 0.0058 0.9700 2.3936 0.0334 0.1241 0.0054 0.1963 0.0347
CA-21B 42.1 3.9992 0.1974 0.2254 0.0045 0.9600 4.4369 0.0892 0.1287 0.0059 0.2782 0.0321
CA-21B 43.1 8.2807 0.2750 0.4506 0.0057 0.7700 2.2193 0.0282 0.1333 0.0045 0.4739 0.0301
CA-21B 44.1 4.9070 0.1838 0.2762 0.0040 0.9900 3.6202 0.0524 0.1288 0.0048 0.4081 0.0233
CA-21B 46.1 8.6307 0.3471 0.4611 0.0076 0.8200 2.1686 0.0356 0.1357 0.0056 0.3551 0.0182
CA-21B 47.1 5.8275 0.1432 0.3230 0.0030 0.9900 3.0960 0.0289 0.1309 0.0040 0.3906 0.0413
CA-21B 52.1 6.7745 0.3124 0.3599 0.0072 0.5600 2.7788 0.0554 0.1365 0.0074 0.2935 0.0153
CA-21B 53.1 8.0400 0.3166 0.4534 0.0086 0.9300 2.2057 0.0416 0.1286 0.0056 0.2737 0.0297
CA-21B 57.1 3.5207 0.1678 0.2197 0.0045 0.9600 4.5524 0.0940 0.1162 0.0069 0.1393 0.0310
CA-21B 58.1 3.7460 0.1592 0.2348 0.0043 0.9700 4.2584 0.0771 0.1157 0.0052 0.4144 0.0321
CA-21B 59.1 6.0034 0.2633 0.3295 0.0070 0.8300 3.0345 0.0649 0.1321 0.0062 0.3640 0.0132
CA-21B 60.1 7.7758 0.2205 0.4234 0.0055 0.9600 2.3616 0.0308 0.1332 0.0045 0.3544 0.0242
CA-21B 61.1 4.2727 0.1612 0.2433 0.0042 0.9800 4.1107 0.0702 0.1274 0.0047 0.3090 0.0263
CA-21B 64.1 4.5390 0.2010 0.2819 0.0055 0.9900 3.5479 0.0695 0.1168 0.0060 0.1372 0.0304
CA-21B 66.1 8.2311 0.2997 0.4289 0.0075 0.7400 2.3314 0.0405 0.1392 0.0054 0.3608 0.0280
CA-21B 67.1 8.7773 0.2510 0.4721 0.0063 0.9800 2.1184 0.0283 0.1349 0.0044 0.2705 0.1062
CA-21B 68.1 5.2088 0.2823 0.3335 0.0081 0.9400 2.9986 0.0730 0.1133 0.0074 0.0926 0.0501
CA-21B 69.1 4.1737 0.2785 0.2454 0.0076 0.9800 4.0745 0.1269 0.1233 0.0097 0.3809 0.0298
CA-21B 75.1 6.8763 0.2780 0.3710 0.0073 0.9500 2.6951 0.0533 0.1344 0.0065 0.2082 0.0794
CA-21B 76.1 5.0530 0.1791 0.2941 0.0046 0.9900 3.4004 0.0535 0.1246 0.0054 0.2720 0.0269
CA-21B 77.1 7.6329 0.3495 0.4120 0.0093 0.5000 2.4272 0.0546 0.1344 0.0069 0.3703 0.0225
CA-21B 79.1 6.0476 0.2924 0.3732 0.0083 0.9000 2.6792 0.0597 0.1175 0.0070 0.1084 0.0404
CA-21B 83.1 4.6873 0.2859 0.2957 0.0087 0.9600 3.3820 0.0994 0.1150 0.0078 0.0831 0.0589
CA-21B 85.1 8.6840 0.3492 0.4616 0.0093 0.9900 2.1666 0.0435 0.1365 0.0071 0.4204 0.0542
CA-21B 86.1 7.8293 0.3525 0.4090 0.0092 0.6200 2.4449 0.0548 0.1388 0.0075 0.3581 0.0138
CA-21B 88.1 5.5655 0.3001 0.2914 0.0073 0.9800 3.4318 0.0863 0.1385 0.0076 0.1388 0.0683
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1 lead.

Commom Pb Pb rad Th U ThiU : AGES (Ga) - - CONC. (%)

(%) ppm ppm ppm T206/208 1 sigma T207/235 | 1 sigma T207/206 1 sigma

0.77 26.60 35.10 4410 1/0/00 2.210 0.024 2.217 0.032 2.223 0.065 99
0.80 42.70 76.50 63.90 1/1/00 2.371 0.024 2.260 0.029 2.161 0.058 109
0.27 51.40 90.70 78.20 1/1/00 2.168 0.020 2.176 0.027 2.183 0.054 99
0.41 62.10 85.50 97.60 1/0/00 2.250 0.021 2.213 0.026 2179 0.051 103
0.05 100.60 155.80 151.60 1/1/00 2.281 0.019 2.225 0.023 2175 0.044 104
0.42 55.70 92.60 91.60 1/1/00 2.105 0.019 2.149 0.025 2.192 0.049 96
0.37 78.70 144.10 126.70 1/1/00 2.168 0.020 2173 0.027 2177 0.054 99
0.66 95.30 270.30 127.20 1/2/00 2172 0.023 2.169 0.030 2.166 0.061 100
0.40 68.40 38.70 80.80 1/0/00 3.033 0.025 2.933 0.024 2.865 0.041 105
0.53 66.30 90.60 127.60 1/0/00 1.934 0.019 1.986 0.027 2.041 0.056 94
0.62 62.40 32.80 114.60 1/0/00 1.929 0.017 2.000 0.028 2.074 0.057 93
0.45 43.40 65.50 70.40 1/0/00 2.251 0.020 2.223 0.029 2.198 0.057 102
0.38 42.10 48.90 76.50 1/0/00 2.243 0.021 2.165 0.031 2.092 0.062 107
0.95 51.90 82.50 79.30 1/1/00 2.305 0.019 2.245 0.028 2.191 0.054 105
0.34 70.10 211.10 100.60 1/2/00 1.994 0.017 2.072 0.025 2.150 0.049 92
0.61 57.20 158.20 95.50 1/1/00 2.288 0.020 2.208 0.028 2.135 0.055 107
0.52 34.90 37.50 61.60 1/0/00 2.128 0.019 2.146 0.031 2.164 0.062 98
0.72 27.60 37.80 40.20 1/0/00 2.337 0.024 2.262 0.034 2.194 0.069 106
0.95 69.30 141.40 114.10 1/1/00 2.195 0.016 2.193 0.025 2.190 0.049 100
0.66 38.90 77.20 60.90 1/1/00 2.243 0.023 2.225 0.033 2.208 0.066 101
0.68 47.60 60.40 84.50 1/0/00 2.159 0.017 2.098 0.026 2.040 0.052 105
0.28 49.30 79.70 72.30 1/1/00 2.264 0.018 2.208 0.029 2.156 0.054 105
0.35 32.00 48.40 50.80 1/0/00 2.176 0.020 2.183 0.031 2.189 0.060 99
0.23 51.70 70.00 74.30 1/0/00 2.290 0.019 2.230 0.029 2175 0.054 105
0.28 57.60 132.90 82.90 1/1/00 2.292 0.018 2.232 0.028 2177 0.053 105
0.07 85.80 155.60 114.00 1/1/00 2.227 0.016 2.206 0.025 2.187 0.047 101
0.61 59.50 151.50 87.10 1/1/00 2.315 0.024 2.245 0.029 2.181 0.058 106
0.15 47.90 78.50 73.10 1/1/00 2.300 0.025 2.228 0.031 2.162 0.063 106
0.38 25.00 29.40 38.10 1/0/00 2.271 0.036 2.222 0.040 2177 0.087 104
0.25 48.10 65.40 69.80 1/0/00 2.225 0.026 2.200 0.032 2.178 0.065 102
0.14 59.20 101.60 85.90 1/1/00 2.268 0.023 2.212 0.029 2.161 0.057 104
0.22 43.70 70.70 63.40 1/1/00 2.261 0.029 2.211 0.029 2.166 0.064 104
0.04 68.00 141.40 81.60 1/1/00 2.042 0.029 2.100 0.032 2.157 0.071 94
0.55 18.80 21.10 28.60 1/0/00 2.257 0.050 2.223 0.047 2.193 0.106 102
0.42 91.40 124.30 128.50 1/0/00 2.314 0.025 2.227 0.027 2.147 0.059 107
0.44 37.80 64.00 58.90 1/1/00 2.273 0.033 2.243 0.031 2.215 0.068 102
0.35 95.20 179.60 127.20 1/1/00 2.204 0.026 2.190 0.026 2178 0.057 101
0.24 43.90 76.60 55.10 1/1/00 1.986 0.033 2.049 0.036 2113 0.080 93
0.79 31.80 44.50 50.40 1/0/00 2.180 0.037 2174 0.037 2.168 0.081 100
0.01 43.30 56.70 65.40 1/0/00 2.258 0.029 2.218 0.030 2.182 0.064 103
0.13 62.60 86.40 101.00 1/0/00 2.059 0.021 2.103 0.025 2.147 0.053 95
0.43 87.80 148.20 119.40 1/1/00 2.218 0.023 2.200 0.025 2.182 0.052 101
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0.56 19.80 22.20 29.50 1/0/00 2.237 0.046 2217 0.044 2.198 0.097 101
0.69 72.60 21.50 125.00 1/0/00 1.893 0.026 1.983 0.032 2.078 0.075 91
0.22 61.30 125.20 74.60 1/1/00 2.312 0.036 2.218 0.035 2.132 0.080 108
0.49 50.30 65.50 72.60 1/0/00 2.102 0.039 2.106 0.040 211 0.094 99
0.37 20.70 25.90 28.60 1/0/00 2.216 0.055 2.187 0.050 2.160 0.121 102
0.42 122.50 63.60 145.70 1/0/00 2.764 0.027 2.764 0.029 2.763 0.058 100
1.31 71.10 34.30 133.40 1/0/00 1.808 0.019 1.974 0.028 2.152 0.057 84
2.33 56.20 108.60 97.50 1/1/00 1.803 0.018 1.951 0.027 2.112 0.057 85
1.71 81.00 110.70 154.00 1/0/00 2.088 0.019 2.070 0.027 2.052 0.055 101
1.38 59.00 13.70 122.90 1/0/00 1.481 0.015 1.661 0.027 1.896 0.060 78
1.09 17.30 33.80 27.30 1/1/00 2.312 0.030 2.261 0.041 2.216 0.081 104
4.11 57.90 124.60 108.20 1/1/00 1.048 0.013 1.397 0.027 1.980 0.059 52
1.70 97.50 186.50 133.70 1/1/00 1.684 0.015 1.863 0.027 2.069 0.055 81
0.29 55.40 93.20 83.70 1/1/00 2.402 0.016 2.267 0.026 2.147 0.050 111
1.40 29.50 44.30 50.50 1/0/00 1.311 0.018 1.687 0.035 2.193 0.078 59
2.63 28.60 53.30 49.30 1/1/00 2.056 0.023 2.113 0.036 2.169 0.073 94
1.02 25.50 34.80 39.30 1/0/00 2.268 0.023 2.235 0.034 2.204 0.065 102
1.22 64.60 99.60 96.00 1/1/00 1.752 0.015 1.873 0.027 2.010 0.055 87
0.11 66.20 99.10 93.80 1/1/00 2.336 0.018 2.253 0.027 2.179 0.051 107
1.77 56.20 92.00 75.30 1/1/00 1.718 0.025 1.913 0.035 2.132 0.077 80
2.19 42.60 77.80 64.60 1/1/00 2.250 0.028 2.130 0.035 2.016 0.076 111
2.18 44.50 59.90 75.80 1/0/00 1.310 0.023 1.634 0.036 2.080 0.084 62
0.25 68.40 122.50 89.30 1/1/00 2.398 0.025 2.262 0.030 2.142 0.058 111
1.85 87.10 164.70 140.60 1/1/00 1.572 0.019 1.803 0.030 2.082 0.067 75
1.64 39.90 93.80 57.50 1/1/00 2.445 0.033 2.300 0.035 2.174 0.072 112
3.32 67.00 175.80 108.50 1/1/00 1.804 0.015 1.951 0.026 2.109 0.055 85
2.19 19.60 29.00 36.50 1/0/00 1.982 0.034 2.082 0.042 2.184 0.094 90
1.01 39.30 90.00 60.50 1/1/00 2.410 0.038 2.236 0.036 2.079 0.079 115
2.12 50.30 86.90 102.60 1/0/00 1.280 0.024 1.532 0.039 1.899 0.109 67
3.12 49.60 160.90 88.40 1/1/00 1.360 0.022 1.581 0.032 1.891 0.083 71
0.95 48.30 154.00 82.30 1/1/00 1.836 0.034 1.976 0.037 2.126 0.087 86
1.67 87.30 195.40 131.00 1/1/00 2.276 0.025 2.205 0.027 2.140 0.058 106
0.00 71.00 156.60 101.70 1/1/00 1.404 0.021 1.688 0.028 2.062 0.067 68
2.33 27.90 41.20 50.20 1/0/00 1.601 0.028 1.738 0.037 1.908 0.093 83
1.55 38.70 46.50 58.90 1/0/00 2.301 0.033 2.257 0.033 2.217 0.068 103
0.33 81.70 179.80 104.00 1/1/00 2.493 0.028 2.315 0.028 2.162 0.058 1156
6.62 41.80 71.30 85.20 1/0/00 1.855 0.040 1.854 0.048 1.853 0.117 100
4.30 28.10 56.30 40.90 1/1/00 1.415 0.038 1.669 0.054 2.005 0.141 70
1.23 25.20 31.90 44.50 1/0/00 2.034 0.035 2.096 0.040 2.156 0.091 94
8.49 36.30 71.60 71.70 1/0/00 1.662 0.023 1.828 0.033 2.023 0.080 82
7.90 22.10 55.30 35.50 1/1/00 2.224 0.042 2.189 0.041 2.156 0.090 103
1.34 49.20 80.60 86.20 1/0/00 2.045 0.040 1.983 0.043 1.919 0.106 106
1.11 23.60 44.60 40.10 1/1/00 1.670 0.042 1.765 0.048 1.879 0.131 88
1.03 49.30 111.70 61.80 1/1/00 2.446 0.041 2.305 0.039 2.183 0.089 112
1.04 25.80 40.30 39.50 1/1/00 2.210 0.042 2.212 0.040 2.213 0.093 99
0.00 35.40 26.10 47.70 1/0/00 1.648 0.033 1.911 0.040 2.209 0.103 74
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Table 7. LA-ICP-MS U-Pb in situ zircon analysis from CA-22 sample (st-grt-qtz-ms schist). Italicized data were not used in age determinations and plotting, due high levels of discordance and common lead.

RATIOS Commom Pb
SAMPLE SPOT - . . . -

207/235 | 1sigma | 206/238 | 1sigma | coef.cor | 238206 | 1sigma | 207/206 | 1sigma | 208206 | 1sigma (%)
CA-22 1.1 2.1939 0.1055 0.1930 0.0039 0.2700 5.1823 0.1051 0.0825 0.0047 0.1188 0.0120 0.39
CA-22 2.2 7.1995 0.1612 0.3934 0.0041 0.9600 2.5419 0.0262 0.1327 0.0030 0.1515 0.0070 0.19
CA-22 3.1 6.0300 0.1464 0.3599 0.0041 0.8400 2.7785 0.0320 0.1215 0.0031 0.3031 0.0055 0.17
CA-22 4.1 6.4149 0.2589 0.3607 0.0080 0.0100 2.7723 0.0619 0.1290 0.0062 0.2207 0.0233 0.60
CA-22 6.1 7.0411 0.1492 0.3880 0.0037 0.9000 2.5772 0.0243 0.1316 0.0028 0.1135 0.0014 0.13
CA-22 7.1 6.9057 0.1820 0.3982 0.0052 0.6100 2.5116 0.0325 0.1258 0.0035 0.1401 0.0065 0.16
CA-22 9.1 1.5885 0.1022 0.1579 0.0041 0.6400 6.3312 0.1632 0.0729 0.0059 0.8869 0.0737 0.03
CA-22 11.1 7.2645 0.4040 0.3955 0.0130 0.0900 2.5284 0.0831 0.1332 0.0092 0.2441 0.0302 0.94
CA-22 12.1 7.5050 0.2089 0.4031 0.0056 0.5600 2.4807 0.0345 0.1350 0.0040 0.1098 0.0065 0.63
CA-22 13.1 8.2917 0.2742 0.4228 0.0077 0.4400 2.3653 0.0433 0.1422 0.0052 0.1825 0.0157 0.29
CA-22 14.1 6.2272 0.1329 0.3681 0.0037 0.7800 2.7164 0.0271 0.1227 0.0026 0.2517 0.0068 0.18
CA-22 15.1 4.8453 0.1930 0.3210 0.0064 0.5100 3.1157 0.0617 0.1095 0.0050 0.2951 0.0140 0.40
CA-22 17.1 7.8947 0.1691 0.4369 0.0042 0.7500 2.2888 0.0220 0.1310 0.0028 0.1239 0.0264 0.20
CA-22 18.1 5.2513 0.1224 0.3318 0.0036 0.8300 3.0136 0.0327 0.1148 0.0027 0.1814 0.0049 0.83
CA-22 19.1 6.4496 0.2117 0.3799 0.0062 0.3900 2.6321 0.0432 0.1231 0.0045 0.3612 0.0130 0.26
CA-22 20.1 2.9106 0.1180 0.2374 0.0041 0.9200 42118 0.0735 0.0889 0.0038 0.1453 0.0084 0.73
CA-22 21.1 4.6049 0.1076 0.2985 0.0033 0.9600 3.3497 0.0365 0.1119 0.0027 0.1644 0.0159 0.33
CA-22 22.1 2.1611 0.0952 0.2010 0.0036 0.3700 4.9759 0.0896 0.0780 0.0040 0.0977 0.0115 0.60
CA-22 23.1 2.7757 0.0789 0.2339 0.0028 0.4800 42762 0.0516 0.0861 0.0026 0.0875 0.0053 0.19
CA-22 24.1 6.0371 0.1414 0.3582 0.0040 0.7700 2.7919 0.0313 0.1222 0.0030 0.4028 0.0081 0.17
CA-22 25.1 7.3420 0.1715 0.4078 0.0047 0.4300 2.4520 0.0280 0.1306 0.0031 0.1553 0.0047 0.21
CA-22 26.1 4.0534 0.1666 0.2895 0.0066 0.3500 3.4548 0.0785 0.1016 0.0046 0.2881 0.0137 0.68
CA-22 27.1 1.6543 0.0522 0.1685 0.0023 0.0100 5.9348 0.0824 0.0712 0.0022 0.1010 0.0064 0.25
CA-22 28.1 7.4702 0.2351 0.4148 0.0070 0.8000 2.4109 0.0405 0.1306 0.0040 0.1411 0.0076 0.10
CA-22 29.1 6.5150 0.2148 0.3924 0.0071 0.6400 2.5482 0.0459 0.1204 0.0041 0.1451 0.0105 0.17
CA-22 30.1 8.7739 0.2339 0.4523 0.0061 0.9700 2.2111 0.0298 0.1407 0.0037 0.2321 0.0248 0.63
CA-22 32.1 6.1487 0.1626 0.3661 0.0048 0.9800 2.7316 0.0356 0.1218 0.0032 0.2731 0.0149 0.11
CA-22 33.1 5.9727 0.1642 0.3584 0.0048 0.8600 2.7905 0.0376 0.1209 0.0031 0.1716 0.0524 0.07
CA-22 34.1 7.3460 0.2303 0.4019 0.0069 0.5300 2.4884 0.0429 0.1326 0.0042 0.1586 0.0085 0.20
CA-22 34.2 6.6022 0.1869 0.3924 0.0055 0.8100 2.5482 0.0355 0.1220 0.0032 0.0521 0.0060 0.33
CA-22 35.1 5.2486 0.1449 0.3338 0.0045 0.7000 2.9954 0.0400 0.1140 0.0030 0.2831 0.0087 0.1
CA-22 37.1 3.6616 0.1147 0.2797 0.0043 0.2700 3.5759 0.0544 0.0950 0.0029 0.1089 0.0118 0.65
CA-22 38.1 2.3463 0.0634 0.2073 0.0023 0.7000 4.8228 0.0535 0.0821 0.0023 0.0761 0.0088 0.09
CA-22 40.1 3.0946 0.1191 0.2469 0.0048 0.3800 4.0508 0.0780 0.0909 0.0040 0.1165 0.0128 0.38
CA-22 411 7.5676 0.2297 0.4101 0.0062 0.2800 2.4383 0.0370 0.1338 0.0043 0.1520 0.0106 0.23
CA-22 45.1 6.2252 0.2043 0.3712 0.0065 0.7400 2.6939 0.0470 0.1216 0.0045 0.2320 0.0112 0.24
CA-22 47.1 4.8324 0.1794 0.3229 0.0066 0.0400 3.0071 0.0633 0.1085 0.0046 0.2673 0.0179 0.31
CA-22 48.1 2.0873 0.0577 0.1924 0.0022 0.6600 5.1977 0.0602 0.0787 0.0023 0.0224 0.0148 0.08
CA-22 51.1 4.6436 0.1329 0.3140 0.0038 0.9300 3.1851 0.0381 0.1073 0.0031 0.1522 0.0078 0.23
CA-22 52.1 8.0553 0.2252 0.4375 0.0052 0.7300 2.2859 0.0271 0.1335 0.0036 0.1210 0.0036 0.07
CA-22 54.1 1.2330 0.0501 0.1371 0.0021 0.5300 7.2926 0.1135 0.0652 0.0028 0.1180 0.0114 0.26
CA-22 55.1 2.4039 0.1040 0.2138 0.0040 0.1700 4.6777 0.0868 0.0816 0.0039 0.0836 0.0116 0.35
CA-22 56.1 7.5735 0.2473 0.4024 0.0064 0.0100 2.4853 0.0394 0.1365 0.0046 0.4291 0.0102 0.15
CA-22 57.1 5.4893 0.1952 0.3336 0.0060 0.9600 2.9977 0.0538 0.1193 0.0047 0.7714 0.0504 0.30
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CA-22 59.1 6.7792 0.2245 0.3802 0.0061 0.4100 2.6304 0.0422 0.1293 0.0045 0.2555 0.0145 0.78
CA-22 60.1 3.5457 0.1073 0.2683 0.0033 0.6600 3.7267 0.0462 0.0958 0.0029 0.1259 0.0037 0.27
CA-22 61.1 2.3078 0.0650 0.2086 0.0022 0.2800 4.7934 0.0512 0.0802 0.0022 0.0951 0.0035 0.06
CA-22 62.1 6.5018 0.1698 0.3782 0.0038 0.5600 2.6443 0.0267 0.1247 0.0030 0.1424 0.0034 0.23
CA-22 63.1 6.4502 0.2802 0.3741 0.0089 0.7700 2.6728 0.0634 0.1250 0.0060 0.3032 0.0178 0.28
CA-22 64.1 2.3064 0.0596 0.2044 0.0045 0.7200 4.8933 0.1069 0.0819 0.0023 0.0972 0.0081 0.17
CA-22 66.1 1.3913 0.0426 0.1463 0.0034 0.4600 6.8352 0.1575 0.0690 0.0024 0.1729 0.0047 0.35
CA-22 68.1 4.5014 0.1102 0.3048 0.0065 0.4200 3.2812 0.0705 0.1071 0.0029 0.1080 0.0024 0.1

CA-22 701 6.8490 0.1857 0.3733 0.0089 0.8500 2.6785 0.0639 0.1330 0.0041 0.1241 0.0046 0.34
CA-22 711 6.4510 0.1520 0.3658 0.0078 0.9100 2.7339 0.0580 0.1279 0.0033 0.0802 0.0025 0.10
CA-22 721 5.5489 0.2855 0.3386 0.0134 0.1600 2.9534 0.1173 0.1189 0.0077 0.5161 0.0556 0.80
CA-22 741 3.4318 0.0821 0.2626 0.0055 0.5900 3.8079 0.0797 0.0948 0.0026 0.0893 0.0035 0.02
CA-22 75.1 3.6080 0.1032 0.2688 0.0063 0.7300 3.7208 0.0877 0.0974 0.0032 0.1552 0.0139 0.38
CA-22 771 7.7279 0.3391 0.3980 0.0102 0.4100 2.5127 0.0644 0.1408 0.0065 0.2134 0.0127 0.44
CA-22 78.1 7.2823 0.2640 0.3936 0.0084 0.6900 2.5405 0.0543 0.1342 0.0048 0.1207 0.0079 0.33
CA-22 80.1 7.2762 0.2371 0.3929 0.0076 0.6200 2.5451 0.0493 0.1343 0.0043 0.1728 0.0058 0.22
CA-22 81.1 6.3145 0.2013 0.3643 0.0069 0.4100 2.7450 0.0521 0.1257 0.0038 0.1970 0.0065 0.29
CA-22 821 6.8121 0.2152 0.3766 0.0072 0.7500 2.6555 0.0508 0.1312 0.0040 0.1262 0.0045 0.25
CA-22 83.1 7.6540 0.2077 0.4072 0.0070 0.9100 2.4558 0.0422 0.1363 0.0033 0.2472 0.0159 0.17
CA-22 84.1 7.2471 0.2018 0.4063 0.0070 0.7600 24614 0.0423 0.1294 0.0033 0.1070 0.0048 0.05
CA-22 85.1 4.0427 0.1423 0.2877 0.0056 0.3500 3.4762 0.0676 0.1019 0.0035 0.1192 0.0053 0.24
CA-22 86.1 7.4062 0.2009 0.4057 0.0068 0.2000 2.4646 0.0413 0.1324 0.0032 0.1535 0.0149 0.16
CA-22 87.1 7.0657 0.2016 0.3891 0.0068 0.8700 2.5704 0.0450 0.1317 0.0035 0.1611 0.0039 0.15
CA-22 88.1 6.4645 0.1774 0.3669 0.0062 0.2800 2.7253 0.0458 0.1278 0.0032 0.1140 0.0042 0.13
CA-22 89.1 1.9476 0.0698 0.1847 0.0034 0.8100 5.4155 0.0992 0.0765 0.0027 0.1066 0.0050 0.13
CA-22 2.1 7.6294 7.6294 0.1793 0.4106 0.0045 0.8700 2.4354 0.0270 0.1348 0.0032 0.2650 2.48
CA-22 5.1 3.1747 3.1747 0.2576 0.2416 0.0093 0.7500 4.1397 0.1597 0.0953 0.0097 0.1743 11.84
CA-22 8.1 2.0558 0.1116 0.1890 0.0043 0.3800 5.2901 0.1197 0.0789 0.0052 0.5530 0.0180 1.49
CA-22 10.1 6.6515 0.2177 0.3714 0.0065 0.0900 2.6927 0.0472 0.1299 0.0049 0.1589 0.0100 1.62
CA-22 16.1 8.5976 0.1753 0.4685 0.0045 0.6900 2.1346 0.0206 0.1331 0.0028 0.1710 0.0055 0.13
CA-22 31.1 2.9173 0.3472 0.2460 0.0167 0.2600 4.0650 0.2755 0.0860 0.0137 0.1621 0.0737 3.58
CA-22 36.1 1.3720 0.0914 0.1526 0.0045 0.2500 6.5515 0.1936 0.0652 0.0051 0.2252 0.0227 1.43
CA-22 39.1 3.0478 0.0829 0.2463 0.0028 0.8700 4.0597 0.0461 0.0897 0.0026 0.0904 0.0049 1.23
CA-22 42.1 2.4949 0.1001 0.2169 0.0042 0.7200 4.6096 0.0902 0.0834 0.0040 0.1110 0.0174 1.01

CA-22 43.1 3.1659 0.1599 0.2508 0.0069 0.5500 3.9867 0.1102 0.0915 0.0056 0.1204 0.0139 1.40
CA-22 44.1 5.2265 0.1546 0.3002 0.0042 0.9900 3.3307 0.0461 0.1263 0.0038 0.1348 0.0139 0.86
CA-22 46.1 2.4616 0.1245 0.2154 0.0058 0.3400 4.6426 0.1240 0.0829 0.0053 0.1400 0.0309 1.51

CA-22 49.1 1.6195 0.0805 0.1701 0.0039 0.1400 5.8777 0.1345 0.0690 0.0041 0.0973 0.0223 0.61

CA-22 50.1 5.8960 0.1592 0.3601 0.0045 0.9800 2.7771 0.0348 0.1188 0.0040 0.1396 0.0137 3.21

CA-22 53.1 2.2429 0.0707 0.2049 0.0024 0.4800 4.8808 0.0584 0.0794 0.0026 0.2076 0.0381 14.56
CA-22 58.1 7.0076 0.2182 0.4162 0.0060 0.9200 2.4026 0.0344 0.1221 0.0038 0.1580 0.0102 0.08
CA-22 65.1 0.7679 0.0494 0.0942 0.0031 0.0700 10.6134 0.3524 0.0591 0.0046 0.3104 0.0151 1.14
CA-22 67.1 4.8602 0.1124 0.2947 0.0061 0.9800 3.3937 0.0705 0.1196 0.0032 0.0384 0.0186 4.82
CA-22 69.1 2.6418 0.1497 0.2236 0.0081 0.2700 4.4730 0.1616 0.0857 0.0060 0.3611 0.0227 1.01

CA-22 73.1 5.4432 0.1362 0.3355 0.0074 0.9600 2.9806 0.0655 0.1177 0.0032 0.0700 0.0311 1.08
CA-22 76.1 4.1599 0.1098 0.2576 0.0060 0.9700 3.8821 0.0912 0.1171 0.0032 0.1568 0.0033 0.73
CA-22 79.1 3.6919 0.1622 0.2824 0.0063 0.8100 3.5408 0.0784 0.0948 0.0044 0.1081 0.0209 1.55

Lcl



Pb rad Th U AGES (Ga)
ppm ppm ppm ThiU T206/208 | 1sigma | T207/235 | 1sigma | T207/206 | 1sigma CONC. (%)
17.10 23.70 63.90 2.19 1.137 0.021 1.179 0.033 1.256 0.111 90
88.50 83.70 154.90 7.20 2.139 0.019 2.136 0.020 2.134 0.039 100
76.20 115.80 129.60 6.03 1.982 0.020 1.980 0.021 1.979 0.046 100
17.40 20.20 31.00 6.41 1.986 0.038 2.034 0.036 2.084 0.086 95
134.40 83.50 237.30 7.04 2.114 0.017 2117 0.019 2.120 0.036 99
53.70 39.70 96.80 6.91 2.161 0.024 2.099 0.023 2.040 0.050 105
17.80 142.20 47.50 1.59 0.945 0.023 0.966 0.044 1.012 0.173 93
10.60 13.10 16.20 7.26 2.148 0.060 2.144 0.049 2.141 0.119 100
37.70 21.70 66.40 7.51 2.183 0.026 2174 0.024 2.164 0.051 100
23.40 21.10 35.40 8.29 2.273 0.035 2.263 0.030 2.255 0.062 100
110.40 143.50 190.30 6.23 2.021 0.017 2.008 0.019 1.996 0.038 101
16.60 25.70 31.50 4.85 1.794 0.031 1.793 0.034 1.791 0.084 100
143.30 97.90 218.10 7.89 2.337 0.019 2.219 0.019 2.112 0.037 110
71.70 78.00 143.70 5.25 1.847 0.017 1.861 0.020 1.876 0.043 98
35.90 54.70 55.60 6.45 2.076 0.029 2.039 0.028 2.002 0.063 103
21.00 27.80 55.40 2.91 1.373 0.021 1.385 0.028 1.402 0.079 97
80.70 66.50 179.30 4.60 1.684 0.016 1.750 0.020 1.830 0.044 92
15.90 15.20 58.70 2.16 1.181 0.020 1.169 0.031 1.147 0.100 102
42.50 45.00 132.60 278 1.355 0.015 1.349 0.021 1.340 0.056 101
72.90 182.70 116.80 6.04 1.974 0.019 1.981 0.021 1.989 0.044 99
72.90 52.50 120.00 7.34 2.205 0.021 2.154 0.021 2.106 0.043 104
18.10 30.60 40.50 4.05 1.639 0.033 1.645 0.034 1.653 0.084 99
55.80 65.10 255.50 1.65 1.004 0.013 0.991 0.020 0.963 0.062 104
51.70 36.10 92.60 7.47 2.237 0.032 2.169 0.028 2.106 0.053 106
40.60 29.50 78.40 6.52 2.134 0.033 2.048 0.029 1.962 0.060 108
85.30 60.50 130.60 8.77 2.405 0.027 2.315 0.025 2.236 0.046 107
104.10 117.40 198.50 6.15 2.011 0.023 1.997 0.024 1.983 0.047 101
135.20 80.40 285.00 5.97 1.974 0.023 1.972 0.024 1.969 0.045 100
36.60 31.90 62.30 7.35 2.178 0.032 2.154 0.028 2.132 0.055 102
82.10 38.00 163.30 6.60 2.134 0.025 2.060 0.025 1.986 0.046 107
88.00 121.20 170.30 5.25 1.857 0.022 1.861 0.024 1.865 0.047 99
62.20 51.90 160.20 3.66 1.590 0.021 1.563 0.025 1.527 0.057 104
78.70 86.80 299.80 2.35 1.215 0.012 1.226 0.019 1.247 0.055 97
20.50 18.50 63.50 3.09 1.422 0.025 1.431 0.029 1.445 0.083 98
44.90 58.50 79.20 7.57 2.215 0.028 2.181 0.027 2.149 0.056 103
29.00 34.20 53.70 6.23 2.035 0.030 2.008 0.029 1.980 0.066 102
18.90 26.20 38.70 4.83 1.804 0.032 1.791 0.031 1.775 0.078 101
58.60 17.90 258.70 2.09 1.134 0.012 1.145 0.019 1.164 0.059 97
73.40 65.60 180.90 4.64 1.760 0.018 1.757 0.024 1.754 0.053 100
78.10 44.10 141.80 8.06 2.339 0.023 2.237 0.025 2.145 0.047 109
34.20 59.30 199.10 1.23 0.828 0.012 0.816 0.023 0.781 0.092 106
21.70 18.00 84.90 2.40 1.249 0.021 1.244 0.031 1.235 0.097 101
41.90 69.20 64.30 7.57 2.180 0.029 2.182 0.029 2.183 0.058 99
38.20 80.40 52.60 5.49 1.856 0.029 1.899 0.032 1.946 0.074 95

acl



31.90 36.10 57.50 6.78 2.077 0.028 2.083 0.029 2.089 0.060 99
51.90 52.90 144.60 3.55 1.632 0.017 1.537 0.024 1.545 0.057 99
100.90 96.60 386.50 2.31 1.221 0.012 1.215 0.020 1.203 0.053 101
182.80 135.60 355.80 6.50 2.068 0.018 2.046 0.023 2.024 0.043 102
19.30 30.20 32.90 6.45 2.049 0.041 2.039 0.038 2.029 0.084 100
67.50 87.40 251.20 2.31 1.199 0.024 1.214 0.018 1.242 0.056 96
27.70 69.20 141.90 1.39 0.880 0.019 0.885 0.018 0.898 0.072 98
68.30 50.10 169.80 4.50 1.715 0.032 1.731 0.020 1.751 0.049 97
31.20 23.30 60.40 6.85 2.045 0.042 2.092 0.024 2.139 0.054 95
76.80 38.00 164.90 6.45 2.009 0.037 2.039 0.021 2.069 0.046 97
10.30 43.50 17.30 5.55 1.880 0.065 1.908 0.045 1.939 0.119 96
68.20 49.40 208.00 3.43 1.503 0.028 1.512 0.019 1.524 0.051 98
33.40 39.50 94.20 3.61 1.535 0.032 1.551 0.023 1.574 0.063 97
15.60 16.90 27.40 7.73 2.160 0.047 2.200 0.040 2.237 0.080 96
26.30 16.80 50.90 7.28 2.140 0.039 2.147 0.032 2.153 0.062 99
34.30 32.00 64.20 7.28 2.136 0.035 2.146 0.029 2.155 0.055 99
42.30 51.30 84.60 6.31 2.003 0.033 2.020 0.028 2.039 0.054 98
38.60 39.50 78.30 6.81 2.060 0.034 2.087 0.028 2.114 0.053 97
90.70 109.60 140.90 7.65 2.202 0.031 2.191 0.024 2.181 0.042 100
108.00 63.10 213.40 7.25 2.198 0.032 2.142 0.025 2.089 0.045 105
30.60 25.00 82.90 4.04 1.630 0.028 1.643 0.029 1.659 0.064 98
100.10 75.30 188.50 7.41 2.195 0.031 2.162 0.024 2.130 0.042 103
61.90 50.90 117.30 7.07 2.118 0.032 2.120 0.025 2.121 0.046 99
73.30 50.40 154.50 6.46 2.015 0.029 2.041 0.024 2.068 0.044 97
45.90 56.30 199.90 1.95 1.092 0.018 1.098 0.024 1.108 0.070 98
69.80 76.80 107.90 0.71 2.218 0.021 2.188 0.020 2.161 0.041 102

7.90 16.20 22.90 0.71 1.395 0.048 1.451 0.062 1.534 0.189 90
16.80 76.00 49.20 2.06 1.116 0.023 1.134 0.038 1.169 0.133 95
23.20 20.60 41.70 6.65 2.036 0.031 2.066 0.029 2.097 0.067 97
131.30 100.60 216.80 8.60 2.477 0.020 2.296 0.019 2.139 0.036 115
3.50 4.90 9.70 2.92 1.418 0.086 1.386 0.091 1.338 0.292 105
8.30 22.10 39.80 1.37 0.916 0.025 0.877 0.039 0.781 0.166 117
59.30 80.60 183.90 3.05 1.419 0.014 1.420 0.021 1.420 0.056 99
19.30 23.40 71.40 2.49 1.266 0.023 1.271 0.030 1.279 0.096 98
12.20 11.40 36.90 3.17 1.443 0.036 1.449 0.037 1.458 0.110 98
108.00 79.50 209.10 5.23 1.692 0.020 1.857 0.024 2.046 0.053 82
11.40 12.40 41.20 2.46 1.258 0.031 1.261 0.038 1.266 0.127 99
11.90 15.40 54.90 1.62 1.013 0.021 0.978 0.031 0.900 0.122 112
55.10 39.60 110.40 5.90 1.983 0.023 1.961 0.026 1.938 0.059 102
70.70 219.80 253.20 2.24 1.202 0.013 1.195 0.022 1.182 0.062 101
63.70 72.40 118.40 7.01 2.243 0.027 2.112 0.028 1.987 0.056 112
8.40 54.80 60.20 0.77 0.580 0.018 0.579 0.028 0.571 0.164 101
72.70 20.70 196.10 4.86 1.665 0.031 1.795 0.020 1.951 0.046 85

7.20 22.70 21.40 2.64 1.301 0.043 1.312 0.041 1.332 0.131 97
77.20 61.20 179.50 5.44 1.865 0.035 1.892 0.021 1.921 0.049 97
81.90 97.90 198.50 4.16 1.478 0.031 1.666 0.020 1.913 0.051 77
23.40 30.00 68.70 3.69 1.604 0.032 1.570 0.036 1.524 0.088 105
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CAPITULO 5 - CONSIDERAGOES FINAIS

5.1 Conclusées
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5.1 Conclusoes

As diferentes assinaturas litolégicas e geocronoldégicas encontradas dentro
da Antiforme Capané, sugerem que o contexto evolutivo do Complexo Porongos n&o
esta contido no classico modelo de uma unica bacia regional de idade Toniana.

Os flancos da Antiforme Capané mostram forte contribuicdo Ediacarana-
Criogeniana, estando associados as unidades metavolcanoclasticas a oeste e
metapeliticas a leste. Diferentemente, a zona axial mostra assinatura polimodal, cuja
idade mais jovem é Toniana nas lentes de granada-estaurolita xisto e com picos
principais acentuados no Riaciano para as rochas quartziticas milonitizadas. Isto
sugere que a zona axial € composta por terrenos exoticos aos flancos, de origem
ainda especulativa, sendo imbricados tectonicamente durante o Ciclo Pan-Africano-
Brasiliano. A zona axial € definida como sequencia Porongos | e os flancos como
sequencia Porongos I, sendo que ambas sequencias representam partes de bacias
de diferentes idades e contexto tectonico.

Na base da estratigrafia de todo o complexo estdo ocorreriam os milonitos
quartziticos associados a Formagéo Santana e ao Gnaisse Encantadas da regido do
Domo de Santana da Boa Vista. A sequencia Porongos | seria depositada sobre
estes, sendo representada pelas as lentes de granada-estaurolita xisto, as quais
mostram grande afinidade com a sequencia supracrustal da Antiforme Serra dos
Pedrosas. Estas unidades compartiiham o mais alto grau metamorfico de todo o
complexo, definido como facies anfibolito inferior em contraste com o predominante
facies xisto verde para quase todo o complexo. Tanto na regido de do Domo de
Santana de Boa Vista e Antiforme Serra dos Pedrosas, aflora um dos unicos
marcadores estratigraficos do Complexo Porongos, e também da sequencia
Porongos I: vulcanismo riolitico datado em c¢. 780 a 800 Ma.

A sequencia Porongos Il representa uma bacia de deposigao sinorogénica,
depositada na regidao frontal de grandes nappes em resposta aos processos
colisionais durante o Ciclo Pan-Africano-Brasiliano. Seu inicio é sugerido congruente
ao magmatismo que originou o Gnaisse Alcalino Capané (c. 600 Ma) e fechamento
relacionado a um episédio metamorfico registrado na mesma unidade (c. 540 Ma).

Em relacdo as areas fontes, especula-se que as poucas idades Arqueanas e
predomino de contribuicdo Paleoproterozoica refletem erosdo do proprio
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embasamento  representado como o Gnaisse Encantadas. Idades
mesoproterozoicas constritas sdo Esteniano sio interpretadas como provenientes do
Cinturdo Namaqua, refletindo uma assinatura africana. As idades neoproterozoicas
representam contribuicdo do vulcanismo riolitico, magmatismo colisional e poés-
colisional no arco Pelotas além do proprio episédio vulcanoclastico registrado no
flanco oeste da Antiforme Capané. Nesse contexto o arco Pelotas serviu como uma
barreira fisica aos sedimentos provenientes do continente Africano, impedindo uma
contribuigdo melhor definida como no caso das unidades analogas pertencentes ao
Bloco Eden no Uruguai.
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Paleoproterozoic basement in the Capané Antiform, Porongos Complex, Brazil:
evidences from zircon U-Pb ages
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On the large scale scenario, the Western Gondwana Supercontinent was product of
Ediacaran-Ordovician amalgamation of several nucleis generated during the fission
of Rodinia Supercontinent ca 1000 Ma (i.g. Fuck et al., 2008). In the Brazilian shield,
the Dom Feliciano Belt is the meridional part of this complex orogenic branching
system. This study addresses the evolution of the northern part of Porongos
Complex which crops out in the central region of the Rio Grande do Sul shield.
Although this geological sector, Capané Antiform, has been focus of intense research
effort over the last decades, the tectonic models proposed remains speculative due
to obliterated stratigraphic relationship caused by pervasive metamorphism and
deformation process. Here, new (LA-IPC-MS and SHRIMP) U-Pb zircon ages from
the Capané Antiform are presented together with data from previous works in an
attempt to establish a temporal relationship between the sequences of the Porongos
belt in this area. The Capané Antiform is grouped in three sectors defined as western
and eastern limbs which surround a central area correlated with the axial area. The
western limb is dominated by metavolcanic sequences intercalated with metapelites
with minor staurolite-garnet schists lenses. The western limb and the hinge zone
have also sheets of alkaline gneiss, quartzite and metaultramafic bodies, the later
interpreted as a dismembered ophiolite (Marques et al., 1998). The eastern limb is
composed mainly by metapelites, intercalated with granitic bodies, lenses of quartz
mylonites and marble. The axial area presents ultramylonites (some of them possibly
igneous-derived), muscovite schists and quartz mylonites. Zircon ages from the
metasedimentary sequences from the western limb revealed Paleoproterozoic,
Mesoproterozoic and a significant Neoproterozoic provenance and suggested
Edicarian for the maximum deposition age of the basin, in agreement to previous
data from Pertille et al. (2015). However, our data from the mylonites from of the
whole axial area show homogeneous peaks constrained in the Paleoproterozoic. The
notorious difference among the geological features, such as distinct lithological
sequences and the geochronological results, suggest that the central part of the
Capané Antiform represents a different terrain. The axial area of the Capane Antifom
can be considered either an exposed older basement rocks, such as the Santana da
Boa Vista Dome in the central area of Porongos Complex, or a possible basement
fragment imbricated during the tangential deformation phase. Further work is ongoing
to better understand the origin of the mylonites.
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The Western Gondwana Supercontinent was product of collage stated in Early
Neoproterozoic [1] of several nucleis generated during the diacronic fission of
Rodinia Supercontinent ca. 1000 Ma [2]. In the meridional Brazilian shield, the Dom
Feliciano Belt has a key role to shed light on the connection with the Pan-African
mobile belt system during the collage. The purpose of this study is to provide new
elements for unraveling the geological evolution of the Porongos Complex (PC), with
focus in its northernmost region, which crops out in the central region of the Rio
Grande do Sul shield. Regardless the extensive research effort over the last decades,
this geological sector, the Capané Antiform (CA) has controversial tectonic models
due to obliterated stratigraphic relationship caused by intense metamorphism and
deformation process. Thus, new (LA-IPC-MS) U-Pb zircon ages from the CA are
presented, as well as assembled with data from previous works, in an attempt to
establish a jigsaw puzzle of paleogeography: merging the temporal relationship
between the sequences of the Porongos belt in this area with the potential source
areas in the surrounding geotectonic terranes. The CA is grouped in three sectors
defined as western and eastern limbs and a central axial area. The western limb is
dominated by metavolcanic sequences intercalated with metapelites with minor
staurolite-garnet schists lenses. The western limb and the hinge zone have also
sheets of alkaline gneiss, quartzite and metaultramafic bodies, the later interpreted
as a dismembered ophiolite [3]. The eastern limb is composed mainly by metapelites,
intercalated with granitic bodies, lenses of quartz mylonites and marble. The axial
area presents ultramylonites, muscovite schists and quartz mylonites. Zircon ages
from the meta-volcano-sedimentary sequences from both limbs revealed
Paleoproterozoic, Mesoproterozoic and a significant Neoproterozoic provenance and
suggested Edicarian for the maximum deposition age of the basin, in agreement to
previous data from [4]. However, all mylonite samples from the central axial area
provided main Paleoproterozoic peak, similar to patterns described in the Santana
Fm [5]. The notorious difference among the geological features, such as distinct
lithological sequences and the geochronological results, suggest that the central part
of the CA represents a different terrain. The axial area of the CA can be considered a
basement fragment imbricated during the tangential deformation phase of the PC.
Further work is ongoing to better understand the origin of the mylonites, provenance
patterns and their sources.
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