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RESUMO

A combinacdo de mapeamento estrutural com amostragem sistematica, com analises
petrogréficas, anisotropia de susceptibilidade magnética e mecanismos de strain foram usados
no granito que aflora nas proximidades da cidade de Mucajai (RR), o qual apresenta uma
composicao sienogranitica que varia para monzogranitica e que exibe foliacdo magmatica (So)
com orientacdo preferencial de E-W a NE. Estruturas como enclaves maficos com fenocristais
de K-feldspato euhédricos e bandas tipo schlieren sdo evidéncias de um processo de mistura
heterogénea de magmas (mingling). A interacdo entre viscosidade do magma, temperatura e
strain gerou as condi¢bes para o desenvolvimento da foliacdo So por fluxo magmatico.
Durante a colocacdo plutonica ficaram registradas fei¢cGes estruturais formadas em estado
viscoplastico magmatico e outras desenvolvidas em estado solido, ainda em condic¢des de alta
temperatura, durante o resfriamento do platon. As analises de petrotramas demostram o
registro da sub-trama magnética tipo-S, que teria sido originada sob cisalhamento simples
produto de colocacdo sin-cinematica em contexto transcorrente dos platons. O alojamento
plutdnico dos dois pulsos magmaticos, teria ocorrido em condi¢gdes sin-cinematicas sob
influéncia de um campo de esforcos regional. Datacdes U-Pb permitiram definir a idade de

ocorréncia do evento tectono-magmatico estudado de 1.959 + 5 Ma.

Palavras-chave: Escudo das Guianas, mistura de magmas, colocagdo sin-cinematica de

pluton, analises de strain, analises de susceptibilidade magnética.



ABSTRACT

A combination of structural mapping, systematic sampling, petrographic analyses, anisotropy
of magnetic susceptibility and strain mechanisms were used in the syeno- to monzogranite
that outcrops near the city of Mucajai (RR, BR) and exhibits EW- to NE-trending magmatic
foliation (So). Structures as mafic enclaves with porphyroclasts of K-feldspar and schlieren-
type bands are evidences of mixing process of magmas (mingling). The interaction of magma
viscosity, temperature and strain has generated the conditions for the development of the Sy
foliation by magmatic flow. During the plutonic emplacement were registered structural
features formed in the magmatic viscous-plastic state and others developed in solid state
under high temperature conditions during pluton cooling. The petro-fabric analyses show the
registration of the S-type magnetic sub-fabric that would have been originated in simple shear
product of a sin-kinetic emplacement in a transcurrent context of granite plutons. The plutonic
emplacement of two magmatic pulses would occur under syn-kinematic conditions under the
influence of a regional stress field. U-Pb data allowed to define the age of occurrence of the

tectono-magmatic event studied around 1,959 Ma.

Keywords: Guianas Shield, magma mixings, syn-kinematic emplacement, strain analyses,

anisotropy of magnetic susceptibility.
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1 INTRODUCAO

A técnica de anisotropia de susceptibilidade magnética para o estudo de tramas em
granitos sem evidéncias aparentes de deformacgdo, tem se mostrado eficiente para revelar
mecanismos de colocagdo plutbnica (TARLING & HROUDA, 1993; ROCHETTE et al.,
1994; BOUCHEZ, 1997; SALAZAR et al., 2008). Andlise estrutural de feicBes texturais a
escalas meso e microscépica e sua relacdo com o desenvolvimento de tramas magnéticas tém
mostrado um melhor entendimento sobre a relacdo do controle tectonico na deformacédo e
alojamento de granitos (ROCHETTE et al., 1994; ARCHANJO et al., 1995; MAJUMDER &
MAMTANI, 2009; ZAK et al.,2009, SIACHOQUE et al., 2016). Sob condicdes de
alojamento plutbnico controlado por campo regional de esforcos, tramas de silicatos se
desenvolvem durante cristalizacdo e resfriamento do platon, produto de strain em alta
temperatura, (HUTTON, 1988; GAPAIS, 1989; PATERSON et al., 1998, VIGNERESSE,
2018) e ndo em condi¢des de metamorfismo superimposto com o aumento da temperatura. Ao
final da cristalizacdo, a temperatura do platon ainda controla a particdo da deformacdo
durante o alojamento final (PATERSON et al., 1998).

Quando as tramas se desenvolvem sob efeitos de diminuicdo da temperatura, algumas
feicBes texturais sdo geradas em condi¢cBes magmaticas, e podem ficar preservadas ao final da
cristalizacdo, coexistindo assim com feigOes registradas em condi¢cGes de temperaturas
proximas a cristalizacdo. Isto ndo se aplica para texturas desenvolvidas durante metamorfismo
regional, ja& que se formam durante aumento de temperatura e pressdo litostatica, ficando
assim, feicBes texturais geradas apenas em estado solido durante o pico metamorfico e por
retrometamorfismo. Entende-se que a integracdo de andlises estruturais em afloramento,
texturais ao microscopio e de tramas magnéticas, permite interpretar melhor as relacdes de
registro da trama produto da deformacdo de silicatos e a organizacdo da subtrama magnética.

A presenca de feigdes de mistura de magmas preservadas no granito estudado tem sido
ignorada ou subvalorizadas. Nas pesquisas realizadas tem prevalecido enfoques baseados na
clara estruturacdo planar do granito, levando-o a que se denomine como gnaisse. Assim, esta
pesquisa objetiva a compreensdo da ocorréncia de estruturas primarias preservadas em
granitos que afloram na cidade de Mucajai (RR). No intuito de alcancar o objetivo foram
combinadas andlises estruturais detalhadas em campo, amostragem sistematica de feicdes
estruturais em distintas rochas, estudo de petrotramas mediante mecanismos de strain e
anisotropia de susceptibilidade magnética e a determinacdo da idade de cristalizacdo do
sienogranito estudado, mediante a sistematica U-Pb SHRIMP.
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2 OBJETIVOS

2.1 Objetivo Geral

O objetivo geral desta pesquisa consiste em caracterizar os processos de alojamento e
deformacdo presentes em granitos que afloram na cidade de Mucajai, para entender o
contexto tectdbnico em que essas unidades de rocha foram deformadas. Para atingir esse

objetivo as seguintes metas serdo desenvolvidas:
2.2 Objetivos Especificos

- Determinar a organizacao das petrotramas e como elas se desenvolveram;
- Interpretar os mecanismos de deformacéo pléstica;
- Modelar os mecanismos colocacéao plutonica.

- Determinar a idade de cristalizacao do granito.

3 LOCALIZACAO DA AREA

A éarea de estudo localiza-se na por¢édo central do estado de Roraima, na zona rural do
Municipio de Mucajai em zonas proximais aos rios Branco e Mucajai (Figura 1). O acesso a

area se faz principalmente pela rodovia federal BR-174 seguindo para a Vila Apiad.
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[ cidade de Mucajai [l Curso de 4gua permanente wesss= Rodovia Federal [l Area de Trabalho

Figura 1. Localizacéo da area de estudo. Imagem inferior esquerda: Mapa de Brasil com a localiza¢do do estado
de Roraima e estado de Roraima com a localizagdo da area de estudo.

4 MATERIAIS E METODOS

Neste projeto os procedimentos metodoldgicos incluem revisdo e consulta
bibliografica e cartografica relacionada com a geologia da area de interesse, disponiveis em
centros de documentacdo e internet. Os métodos especificos a serem estudados compreendem
integracdo de informacBes geoldgicas e analise de sensoriamento remoto, trabalho de campo,
preparacdo de amostras, analise de laboratério e finalmente analises de resultados.

Na etapa inicial de integracdo de informacdes geoldgicas e analise de
sensoriamento remoto sao tratadas imagens de satélite tipo Landsat e modelos digitais de
elevacdo com o fim de identificar padrdes de drenagens, afloramentos e feigOes estruturais
como lineamentos. A integracdo e compilacdo digital se realizaram em sistemas de
informagdo georeferenciada.

A etapa de campo abarca mapeamento geoldgico na area de interesse, realizando
levantamentos geoldgicos em afloramento na forma de perfis orientados com mapeamento de
estruturas e amostragem sistematica detalhada (Figura 2). Também envolve a identificacdo de
estruturas, a caracterizagdo geométrica e cinematica mediante a técnica de levantamento de
perfis orientados. Igualmente inclui a coleta de amostras orientadas de rocha mediante
perfuratriz manual, assim como de blocos orientados de rocha fresca, para analises de

cineméatica. Foi coletada amostra de rocha para separacdo de cristais de zircdo com o
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propdsito de determinar a idade de cristalizacdo do sienogranito mediante aplicacdo da
sistematica U-Pb-SHRIMP. A amostra foi coletada na pedreira pedra norte (coordenadas
UTM 22232; 610822 Zono 20 N) em local onde o sienogranito € deformado por zona de
cisalhamento e intrudido por diques sincinematicos de monzogranito e hornblendito; e
também por diques de Charnockito e de gabro da suite intrusiva Serra da Prata).

A etapa de preparacdo de amostras e analises de laboratério compreende as
seguintes sistematicas metodoldgicas:

1) Confeccdo de laminas petrograficas orientadas, para o estudo das texturas de
cristalizacdo e mecanismos de deformacdo de silicatos e Oxidos através da caracterizacdo
petrografica usando microscépio petrografico convencional.

2) Corte e polimento de blocos de rocha, captura e tratamento de imagens digitais para
a determinacdo da Orientacdo Preferencial de Forma (OPF) de silicatos mediante as analises
das imagens utilizando-se o0 método do tensor de inércia e 0 método dos interceptos.

3) Corte e preparagdo de cilindros orientados de rocha para caracterizacdo da
anisotropia de susceptibilidade magnética (ASM) e identificacdo de mineralogia magnética
(IRM e TERMOMAG).

4) Britagem, moagem e separacdo mediante liquidos densos de cristais de zircéo para
datacdo geocronoldgica.

5) Mapeamento de tramas minerais, de fei¢Oes estruturais e integracdo de dados para
interpretacdes tectonicas e cineméticas da deformacédo local e regional.

A Anisotropia de Susceptibilidade Magnética (ASM) é usada para analisar fabricas
internas em rochas igneas e metamorficas, também para interpretar as diferentes tramas
magnéticas desenvolvidas ao longo dos processos de deformacdo que afetaram as rochas
(RAMIREZ et al., 2012). A coleta dos cilindros de rochas orientadas para a analise de ASM é
feita com um equipamento especifico que consiste em uma perfuratriz manual a gasolina,
brocas e dispositivos de orientacdo (bussola adaptada). Coletando pelo menos trés cilindros
(minimo) por estrutura ao longo de 28 estagdes. As dimensdes dos cilindros sdo 2,2 cm de
diametro e 10 cm de comprimento.

Para o estudo de petrotramas € realizada uma coleta de dados estruturais em campo
com amostragem de blocos orientados de rochas de aproximadamente 15 cm de lado, para
posteriormente serem usados em procedimentos analiticos especificos, tais como analises
geométricas e cinematicas de fei¢BGes estruturais. A amostragem de ASM foi feito com um
grau alto de detalhe, tomando amostras do centro e borda de cada estrutura. Para as analises
cinematicas tanto macroscopicas como microscépicas foram tomadas 20 blocos de rocha
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fresca orientadas. No laboratério, cada cilindro foi cortado em espécimes orientados de
tamanho padrdo de 2,2 cm de diametro e 2,2 cm de comprimento. As 28 estacdes de
amostragens analisadas tém entre 4 a 45 cilindros orientados de rocha, conforme as
caracteristicas proprias do afloramento como tamanho, grau de intemperismo, deformagéo
entre outros. No laboratorio de laminacdo da Universidade Federal do Amazonas (UFAM),
foram cortados 227 cilindros obtendo-se um total de 1109 espécimes.

Os espécimes foram analisados individualmente em sua capacidade de magnetizacéo
no Laboratério de Paleomagnetismo (LP) do Instituto de Astronomia, Geofisica e Ciéncias
Atmosféricas IAG/USP. As susceptibilidades magnéticas foram medidas em campos de baixa
intensidade (3,8 X 10-04T, 920Hz) usando um susceptibilimetro tipo KAPPABRIDGE KLY -
4. Esse aparelho reproduz as medidas dos valores de ASM em parametros escalares e
direcionais, com uma sensibilidade de 10% SI. A magnitude e orientacdo da susceptibilidade
méxima (K1), intermédia (K2) e minima (K3) sdo determinadas segundo uma sequéncia de 15
medidas de suscetibilidade variavel em diferentes posicdes do espécime. A magnitude e
direcdes principais médias do tensor (K1) foram determinadas através do protocolo de Jelinek
(1981).

A Magnetizacdo Remanente Isotérmica (IRM) consiste em selecionar espécimes
representativos entre um conjunto de valores de susceptibilidade total, para caracterizar e
determinar, mediante a inducdo de campos magnéticos variaveis, 0s principais marcadores
minerais magnéticos da trama. No IAG foi usado um magnetizador Pulse Magnetizer
MMPM-10. E para estas provas foram usados 12 espécimes representativos por todos 0s
afloramentos.

Outra técnica que ajuda a determinar o tipo de mineral magnético que compde a trama
sdo as Curvas Termomagnéticas (TERMOMAG), para esta técnica foram usados 0s mesmos
espécimes de IRM, resultando em 12 provas para analises. Os espécimes sdo pulverizados
individualmente e selecionados 0,25 cm® por espécime. As amostras processadas em um
Susceptibilimetro Kappabridge tipo KLY -4S e analisadas no software Cureval V.8 da AGICO
Ltda.

O tratamento de dados de ASM e a avaliacdo da qualidade do mesmo mediante
procedimentos estatisticos permitirdo comparar as petrotramas mineral e magnética. Dentro
das analises de resultados, os dados de ASM incluem um conjunto de parametros tanto de
forma como direcionais que serdo comparados em sua magnitude, distribuicdo espacial da
susceptibilidade e da anisotropia, forma do elipsoide de anisotropia, orientacdo e organizacdo
espacial da foliacdo e lineacdo magnética. Antes da comparacdo dos parametros entre fases



19

minerais, eles sdo analisados quanto a sua qualidade, utilizando processos estatisticos
incorporados nos programas tensores de inércia, interceptos e ellipsoid. Adicionalmente ao
conjunto de dados de cada fase mineral, aplica-se estatistica descritiva e diagramas de
variacdo de pardmetros. Finalmente estes ultimos sdo representados em mapas para avaliar

sua relagdo com os tracos estruturais e litologicos das rochas do entorno geologico.

E No se puede mostrar la imagen en este momento.

Figura 2. Mapa de amostragem. A amostragem foi dividida em quatro afloramentos, nos quais forem feitos 28
estagbes. Para um maior controle a estacdo 1 foi divididaem 7 pontos devido a variagdes estruturais locais e a
estacdo 2 foi dividida em 3 pontos. Todas as estacdestém amostragem de ASM, 10 estagbes tEém amostragem de
IRM e TERMOMAG, 18 estagdes tém amostragem de AARM e 20 esta¢des tém lamina de rocha.

As andlises petrogréficas foram realizadas no laboratério de microscopia do Programa
de Po6s-Graduacdo em Geociéncias (PPGEQ) da Universidade Federal do Amazonas (UFAM),
com o auxilio do microscopio petrografico para analisar texturas de silicatos, mecanismos de
deformacdo interna, indicadores cinematicos, foliacBGes e superposic¢do destas, como proposto

por Passchier, (2005). A petrografia é feita com a finalidade de caracterizar, o registro interno
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dos eventos de deformacédo e, a temperatura aproximada das condi¢Ges de deformacdo que
afetaram a rocha. Para estas analises petrograficas foram confeccionadas 18 Iaminas de rocha

orientadas e 12 ndo orientadas, um total de 30 laminas de rocha.

As amostras para analises geocronoldgicas foram preparadas no Laboratério de
preparacdo de amostras do IGC USP, sendo triturado entre 3,0 - 5,0kg de amostra da rocha
fresca em um britador de mandibula e trituradas em um moinho de tungsténio. Posteriormente
foi feito o peneiramento das amostras usando uma malha de 100 um, depois da separacao de
minerais leves por vibragdo em &gua, se separam 0s minerais magnéticos e paramagnéticos
com ajuda de um separador magnético isodinamico tipo Franz. Para as fragbes ndo
magnéticas foi usado um tratamento com liquidos densos usando Bromoformio (CHBrs; p =
2,85g/cm?) e lodeto de Metileno (CHaly; p = 3,32 g/em?®). Finalmente a extragdo dos zircoes
foi feita a mdo, usando uma lupa binocular. Os grdos de zircdo sdo agrupados por fei¢des
morfoldgicas e postas junto com os zircfes padrdo. O mount é selado aplicando uma cobertura
de aproximadamente 10 nm de ouro.

As analises geocronoldgicas foram realizadas no laboratério do Centro de Pesquisas
Geocronoldgicas (CPGeo) do Instituto de Geociéncias da Universidade do Sdo Paulo (USP),
onde as razdes isotopicas de U-Pb foram medidas no equipamento SHRIMP Il. Para o
tratamento dos resultados analiticos foi usado o software SQUID 2.5 (LUDWIG, 2009),
enquanto que a curva Concordia e céalculos de idade de média ponderada foram realizados
empregando ISOPLOT 3.5 (LUDWIG, 2012).

5 ESTADO DA ARTE

5.1 O Estudo das Petrotramas de Granitos Deformados

O registro de petrotramas em uma rocha granitica durante seu posicionamento na
crosta resulta da interagdo de processos que envolvem cristalizagdo e interaces convectivas
de camara magmatica, exumacgdo (variacdo de condicGes reologicas do ambiente hospedeiro),
mudancas de viscosidade, entre outras variaveis (PATERSON et al., 1989, MILLER &
PATERSON, 1994). Ao final da cristalizacdo a temperatura do pldton ainda controla a
particdo da deformacdo durante o alojamento final (PATERSON, 1998). Sob influéncia de um
campo tectonico, depois da cristalizacdo da rocha, as tramas se desenvolvem sob efeitos de
diminuicdo da temperatura. Neste caso feicbes magmaticas podem ser preservadas, € 0S

mecanismos de deformacdo de mais baixas temperaturas podem coexistir com mecanismos de



21

strain desenvolvidos em altas temperaturas, no entanto tende a ocorrer distribuicdo
homogénea de fei¢cBes dlcteis penetrativas em todo o platon (GAPAIS, 1989), mas isto se
aplica em niveis crustais inferiores a intermediarios de alojamento. Uma vez o pluton ja frio,
durante um evento tectono-metamorfico com aumento de temperatura e pressdo, a
deformacédo no pluton se distribui de forma heterogénea e tende a se particionar em zonas de
cisalhamento. A recristalizacdo dindmica tende a se desenvolver mediante mecanismos de
strain que reflete condigdes pouco varidveis. Neste caso 0s mecanismos de deformacao
interna de maior temperatura tendem a obliterar os desenvolvidos em mais baixas
temperaturas. No entanto esta ndo é uma regra geral principalmente para deformacdo em alta
temperatura, onde feicGes ducteis coexistem com rupteis (desenvolvidas em anfibolio e
feldspatos). E entendido que sob condicBes de metamorfismo regional, os granitos
desenvolvem mecanismos de strain plastico pouco varidvel (préoprias das temperaturas do
pico metamorfico), texturas pervasivas homogéneas no platon, estruturas planares ao interior
do platon, continuas e consistentes as das rochas encaixantes (GAPAIS, 1989; MILLER &
BOUCHEZ et al., 1992; PATERSON, 1994; PASSCHIER & TROUW, 1996; BARROS et
al., 2001).

Platons alojados na crosta sob regime tectbnico ativo registram petrotramas que
informam sobre seu posicionamento e/ou deformacdo em estado sélido (BROWN & SOLAR,
1998; ROSENBERG, 2005). O estudo e compreensdo das petrotramas sdo baseados na
aplicacdo de técnicas analiticas especificas (GLEIZES et al., 1993; BOUCHEZ, 1997). Tais
estudos visam determinar caracteristicas como geometria, forma e orientagdo dos eixos
principais da deformacdo finita que sejam representativos das subtramas desses platons.
Dessa forma, é possivel realizar reconstituicdes dindmicas, determinar a participacdo das
provaveis componentes (puro, simples) da deformacdo de platons e postular interpretacbes de
evolucdo tectonica regional (FOSSEN et al., 1994; FOSSEN & TIKOFF, 1998).

5.2 Anisotropia de Susceptibilidade Magnética

E consenso que desde o ponto de vista do magnetismo de rochas, as fases minerais
presentes nela, bem sejam elas diamagnéticas (quartzo), paramagnéticas (minerais que contém
ferro na sua estrutura cristalina como biotita ou anfibdlio), ferromagnéticas sensu lato e
ferrimagnético (magnetita), contribuem para sua anisotropia de susceptibilidade magnética
(ASM).

A anisotropia de susceptibilidade magnética (ASM) nos minerais se manifesta de duas

maneiras: anisotropia magnetocristalina e anisotropia magnetostatica (ou de forma). A
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primeira tem origem na distribuicdo preferencial de ions ferromagnéticos (principalmente
Fe?* e Fe®) ao longo da rede cristalina dos minerais, o que gera eixos de “mais facil
magnetizagdo”. Em minerais ferromagnéticos, esses eixos representam as diregdes de
magnetizacdo espontanea do cristal. No caso da hematita, por exemplo, eles estdo confinados
no plano basal do cristal (perpendicular ao eixo cristalografico ¢). J& na magnetita, a
anisotropia de forma se sobrepde a anisotropia magnetocristalina. Ela surge porque a
magnetizacdo natural do mineral se distribui em dominios, o que gera um efeito
desmagnetizante no cristal com alta magnetizacdo intrinseca, quando este é submetido a agédo
de um campo indutor. Desta forma, se o cristal de magnetita for maior que lum criam-se
dominios magnéticos (positivos e negativos) ao longo de sua superficie.

Em minerais paramagnéticos, a anisotropia magnetocristalina é dominante, portanto, a
simetria da rede cristalina é um fator determinante para as diregdes dos eixos de magnetizacao
de um cristal. Em cristais ortorrémbicos (ortopiroxénio — Figura 3 a), trigonais (quartzo) e
tetragonais, 0s eixos principais de susceptibilidade magnética sdo paralelos aos eixos
cristalograficos. Em cristais do sistema monoclinicos (anfibolio e micas) apenas o eixo-b de
simetria, apresenta paralelismo perfeito com um dos eixos magnéticos (Figura 3 b, ¢). Mesmo
assim, nas micas é possivel exercer uma correlacdo direta entre a trama magnética e a
orientacdo dos eixos a e c cristalograficos, ja que as diferencas sdo inferiores a
aproximadamente 5° (BORRADAILE & WERNER, 1994; BORRADAILE & HENRY
1997).

(a) Ortopiroxénio (b) Anfibolio (c) Mica
(ortorrémbico) (monoclinico) (monoclinico)
¢ = kiw ¢ ¢

Koy ~100 WSI

*':"f.k.\r.{ i |
~120 pSI

4 Koy
a

Figura 3. Relagdo entre 0s eixos de susceptibilidade magnéticae o sistemacristalino dos minerais: ortopiroxénio
(@), anfibdlio (b) e mica (c). Modificado de Borradaile & Jackson (2004).

A organizacdo da trama magnética em uma amostra de rocha é baseada na medicdo da
capacidade de magnetizacdo da rocha (a susceptibilidade magnética K) quando submetida a
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um campo magnético aplicado (H) fraco (300 Am/m), segundo trés posicdes de orientagdo
ortogonais entre si. A susceptibilidade magnética K medida, define trés eixos principais (Ki
(I=1 a 3), que representam um tensor de segunda ordem com eigen valores (representam
parametros de forma e excentricidade) e eigen vectores (parametros de orientagcdo) K maximo
= K1 > Kintermediario = K2 > Kminimo = K3, e geometricamente um elipsoide da medida da
anisotropia da susceptilidade magnética (Borradaile & Henry, 1997., Borradaile 1987, 1988).
O eixo maior K1 define a lineacdo magnética e o eixo menor K3 o polo do plano da foliacdo
magnética (formado pelos eixos K1 e K2). Em platons, a trama magnética é usualmente
coaxial com a trama definida pela orientacdo preferencial de forma de silicatos (Borradaile.,
1991. Em granitos denominados de paramagnéticos, K3 representa o polo da foliacdo
marcada pela orientacdo preferencial de silicatos que contém ferro na sua estrutura cristalina
(anfibolio, biotita), e K1 representa a lineacdo definida como eixo de rotacdo da foliacdo
marcada pela biotita, j& que os eixos magnéticos dos filosilicatos sdo paralelos aos eixos
cristalogréaficos (Bouchez et. al., 1998).

Em granitos ferromagnéticos (sensu lato s.l), cristais de magnetita multidominio séo
comumente os marcadores magnéticos. Magnetita monodominio (cristais de 1 microm. de
tamanho) possuem anisotropia magnética inversa (Stephenson, 1994), mas este tamanho de
cristais sdo muito raros em granitos. Para agregados de cristais de magnetita multidominio, as
interacbes magnéticas entre cristais podem aumentar (alinhados paralelos a lineagdo mineral
da rocha) ou diminuir a anisotropia magnética (empilhamento perpendicular a lineacdo
mineral da rocha). Na auséncia de interacGes magnéticas entre cristais, a anisotropia é dada
pela forma da magnetita (Grégoire et al., 1998). A subtrama ferrimagnética pode ser obtida

mediante a técnica de remanéncia magnética (AARM, Jackson 1991).

6 GEOLOGIA REGIONAL

A evolugdo geoldgica do craton amazbnico tem sido abordada segundo trés
concepgOes distintas, cujos aspectos mais relevantes sdo resumidos a seguir:

Hasui et al., (1984), Hasui (1990), Costa & Hasui (1991) e Hasui et al., (1993),
integrando informac@es geofisicas, geoldgicas e geocronoldgicas. Propdem a estruturagdo do
craton em doze blocos crustais constituidos por complexos gnaissicos, granitoides e
greenstone belts, e limitados por suturas (zonas de cisalhamento), associadas a cinturdes
metamorficos de alto grau. Esses blocos teriam se agregado através de colisGes diacrénicas

durante Arqueano e o Proterozoico Inferior, para formar parte de um supercontinente (Figura
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4A). Tais limites tectdnicos teriam sido repetidamente reativados (COSTA & HASUI, 1997).

Amaral (1974, 1984) integrou informacGes geocronoldgicas e geoldgicas, produto de
mapeamento regional separando complexos metamorficos de alto grau de cinturdes de rochas
verdes gerados nos intervalos 3,4-3,0 Ga (evento Guriense) e entre 2,75-2,5 Ga (evento
Guianense). A contextualizacdo regional do evento transamazénico no intervalo 2,2-1,8 Ga
que teria gerado metamorfismo de alto grau e migmatizacdo. Os produtos de ativacdes da
plataforma envolvendo magmatismo e sedimenta¢do nos intervalos 1,7-1,55 Ga.,1,4-1,25 Ga.,
1.050-900 Ma., assim como da ocorréncia de magmatismo basico durante o evento Brasiliano
(650-450 Ma, Figura 4B).

Cordani et al., (1979), Cordani & Neves (1982) e Teixeira et al., (1989), usando dados
geocronologicos K-Ar e Rb-Sr propuseram a formacdo de um nucleo arqueano denominado
de Provincia Amazonia Central disposto NW-SE. Que foi retrabalhada por processos
acrescionarios e formagdo dos cinturdes mdveis Maroni-Itacaitnas, contornando o nucleo no
noroeste e nordeste, durante o Ciclo Transamazbnico (2,25-1,9 Ga). Cinturdes moveis
colisionais (alongados NW-SE) progressivamente formados para SW, formaram as provincias
Rio Negro-Juruena (1,75-1,5 Ga), Rondoniano (1,45-1,25 Ga) e Sunsas (1,1-0,9 Ga).
Reativacdes reflexas sobre o nicleo arqueano teriam formado coberturas de plataforma no
intervalo de 1,9-1,5 Ga. Interpretacdes de dados isotopicos Sm-Nd e Rb-Sr apoiaram essa
compartimentacdo do craton em seis provincias com geracdo de quatro cinturdes moveis
(TASSINARI et al., 1996), e introduziram a formacdo de arco magmético entre as provincias
Rio Negro Juruena com acrescdo ao nucleo central Arqueano (TASSINARI &
MACAMBIRA, 1999).

Reinterpretacdes ao modelo de provincias geocronoldgicas de Tassinari & Macambira
(1999) foram realizadas por Santos et al., (2000) baseadas no postulado de uma sobreposicao
de varios eventos tectono-metamorficos durante a evolucdo do Craton Amazdnico, poderiam
ter efeitos de reajuste da sistematica Rb-Sr. Santos et al., (2002), enfatiza que cinturdes de
cisalhamento ndo seriam concordantes com a proposta de estruturacdo regional em blocos
crustais, devido a auséncia de cinturbes de alto grau metamorfico associados a seus limites.
Usado dados geocronolégicos U-Pb, Sm-Nd e de mapeamento geoldgico, Santos et al., (2002)
introduziram vérias modificacbes ao modelo de provincias geocronolégicas do Créaton
Amazonico (Figura 4F). Tais mudancas incluiram variacdo de limites, divisdo de provincias,
assim como a delimitacdo do cinturdo de cisalhamento K'mudku no escudo das Guianas
(SANTOS et al., 2006). Este cinturdo de cisalhamento teria resultado do efeito intraplaca do
orogeno colisional que aglutinou a provincia Sunsds no Mesoproterozéico (SANTOS et al.,
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2008).
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Figura 4. Modelos esquematicos para evolugdo geoldgica do craton amazdnico. A) blocos crustais e faixas
(HASUI et al., 1984). B) Ewolugdo das ideias de compartimentagdo do Craton Amazonas em provincias: B)

Amaral (1974);C) Cordani etal., (1979); D) Teixeiraetal., (1989); E) Tassinari & Macambira (1999), F) Santos
etal., (2000, 2006).

O escudo das Guianas que representa a porcao norte do craton amazonico, no estado
de Roraima é entendido como um conjunto de dominios litoestruturais diferenciados por
varios elementos litoestratigraficos (Urariquera, Guiana Central, Parima e Anaua Jatapu), essa
compartimentagdo tem o propdsito de estimar limites para relacionar unidades de variadas
origens e contextos geotectonicos na tentativa de estruturar uma evolucdo geoldgica para a
regido. Uma das primeiras propostas de compartimentagcdo do escudo das guianas considera a
existéncia do cinturdo granulitico Guiana Central (FRAGA, 2002) agrupando rochas de alto
grau metamorfico. A caracterizacdo das feicOes tectdnicas deste cinturdo recebeu varias
contribuices na sua caracterizacao, assim para Delor et al., (2001) sequéncias estratigraficas
supracrustais que foram metamorfisadas nas facies granulito em torno de 2,06 Ga ocorrem
apenas no NE e no centro do cinturdo. Granitos e ortognaisses com idades entre 1,91 Ga e
1,96 Ga (GAUDETTE et al. 1996; FRAGA et al. 1997a) se concentram na parte central e SW
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do mesmo (TASSINARI, 1996; SANTOS et al., 1999). As informac¢des mais relevantes dos
dominios em Roraima s&o resumidas na Tabela 1 (REIS & FRAGA 1998; REIS et al., 2003).

Tabela 1. Dominios litoestruturais que caracterizam o estado de Roraima.

ARCABOUCO
NOME ESTRUTURAL LITOLOGIA IDADE (Ga)
Rochas de origem
Urariguera WNW-ESSE e E-W vulcanica, plutdnica e 1,98-1,78
sedimentar.
Guiana Central NE-SW Cinturdo d? a.lto grau 1,97-1,93
metamoarfico. ’ '
Parima NE-SW e E-W Terreno granito- 1,97-1,93
greenstone
Anaua-Jatapl | NW-SE, NE-SW e N-S | Terreno granito-gnaissico | 2,03-1,81

O Dominio de Guiana Central ¢ uma mega feicdo lito-estrutural que se estende no
estado de Roraina na dire¢cdo NE-SW e estende-se desde o extremo SW do escudo da Guiana
na fronteira com a Colémbia, passando pelos Estados de Roraima, Amazonas a Guiana até o
Suriname. Este dominio estd constituido por rochas supracrustais tipo Greenstone belt,
metagranitoides e cinturdes de alto grau metamérfico (FRAGA, 1999). No estado de Roraima,
este dominio conttm a maior concentracdo de sistemas de cisalhamento subparalelos
impressos em unidades litoldgicas paleo e mesoproterozoicas que geram milonitizacdo nas
rochas ao longo de uma dire¢cdo dominante NE (SANTOS et al., 2000).

No Dominio Guiana Central na seccdo central do estado de Roraima as seguintes
analises isotopicas representariam idades das rochas do embasamento (Tabela 2):

Tabela 2. Datacdes para rochas da Suite Metamorfica do Rio Urubu.

AUTOR METODO ROCHA USADA IDADE (Ma)
Gaudetteet al., U-Pb em Zircio Rochas _Gna|513|_(:as sem 1943 até 1911
1995 hipersténio
Fragaetal., 2000 Pb-Pb por evaporagao Ortognaissetonalitico 1951
em zircdo
Fraga etal., 2000 Pb-Pb em zircdo Gnaisse quartzojotunitico 1966

O Dominio de Guiana Central tem uma direcdo em torno de NE-SW e sua evolugédo
tectbnica esta associada ao Ciclo Transamazonico (2,01-2,26 Ga, HASUI et al., 1984;
FRAGA E REIS, 1995; FRAGA et al., 1999; FRAGA, 2002; SANTOS et al., 2003), que
envolveu deformacdo e metamorfismo de baixo a alto grau. Este evento € relacionado ao
desenvolvimento das principais fei¢fes estruturais do Escudo das Guianas (FRAGA, 1999); e
a formacdo de ortognaisses e granulitos com idade Rb/Sr de 1,921+ 15 Ma e U-Pb zircdo para
granulitos charnoquiticos Kanuku de 2,019+71 Ma. (GAUDETTE et al., 1996). E também
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ocorreu magmatismo granitico, formacdo de paragnaisses e anfibolitos.

No Suriname e na Guiana foi identificado um evento tectono-termal em torno de 1,2
Ga, sobre imposto (BARRON, 1966), que envolveu deformagdo cataclastica e em faixas
miloniticas com dire¢des aproximadas NE-SW. Estas faixas foram posteriormente estudadas
por Costa et al., (1991), Fraga & Reis (1996) e Fraga (2000). Este episodio milonitico foi
também observado ao longo do Cinturdo Guiana Central e denominado de K’mudku.
Datagdes radiométricas K-Ar em biotitas dos milonitos K’mudku mostraram idades de 1,24
Ga. para a ativacao da deformacdo (BARRON, 1966), e idades Ar-Ar em micas da maxima
fase de metamorfismo, de aproximadamente 1,33 Ga (SANTOS et al.,, 2003). O evento
K’mudku corresponde a ativagdo de faixas milonitica e reativagdo cataclastica que afetaram
rochas paleoproterozoicas e mesoproterozoicas, configurando um sistema cisalhante de
cinematica transpresiva dextral, na transicdo ruptil-ddctil em condi¢bes da facies xisto verde
(FRAGA E REIS, 1995 e FRAGA, 2002).

No escudo das Guianas o principal evento orogénico reconhecido regional é
denominado de transamazonico, este teria resultado da subduccdo para sudeste e posterior
colisdo do escudo das Guianas com o craton do oeste africano. Trés fases principais sdo

reportadas por Kroonenberg et al., (2016), para esta orogénese:

i) A primeira representa o intervalo de 2.28 a 2.09 Ga com desenvolvimento de arco
vulcanico em crosta oceanica, sedimentacdo, anatexia e plutonismo que constitui o
greenstone belt de Marowijne (em Suriname), adjascente a granitos e gnaisses mais

antigos.

i) A formacdo dos cinturdes granulitico de Balkuis, gnaissico Coereni, e bacia tipo rift, com
vulcanismo e sedimentacdo (grupo Cauarane em Roraima), representam a segunda fase,
entre 2.07 e 2.05 Ga.

iii) A terceira fase entre 1.99 e 1.95 Ga pelo retrabalhamento em alto grau metamorfico dos
cinturdes Balkuis e Coereni, vulcanismo ignimbritico e magmatismo extensional. Um
cenario alternativo sugere o cinturdo gnaissico Coereni como margem continental ativa
com subducgdo para norte e colisdo entre arco magmatico no Sul como o mais velho
continente ao norte.

As rochas estudadas nesta pesquisa sdo reportadas na literatura como granitos
deformados da Suite Metamorfica Rio Urubu intrusivas em rochas vulcanosedimentares
metamorfisadas em baixo e alto grau do grupo Cauarane (FRAGA et al., 2008). Como
ortognaisses e metagranitoides da Suite Metamorfica Rio Urubu (GAUDETTE et al., 1996,
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FRAGA et al., 1997), e como ortognaisse Mucajai, com titanita metamorfica e recristalizacdo
de zircdo. A idade de cristalizacdo do granito protélito do gnaisse em U-Pb SHRIMP de um
zircdo datou 1938 = 7 Ma (Santos, 2003), com bordas de crescimento metamdrficas datadas
em 1874 + 5 Ma (Santos, 2003), e U-Pb em titanita metamorfica data em 1483 + 8 Ma
interpretada como um segundo evento metamdrfico (Santos et al., 2009). As rochas da Suite
Metamoérfica Rio Urubu engloba biotita e biotita hornblenda-gnaisses, metagranitdides,
subordinadas lentes de quartzo-mangeritos e quartzo-jotunitos gnaissicos e leucognaisses. Os
biotita e biotita-hornblenda-gnaisses (graniticos a tonaliticos), sdo frequentemente ocelares e
variam para metagranitdides, porfiriticos, com foliacdo pouco pronunciada (Fraga 2002). As
caracteristicas quimicas dos gnaisses Rio Urubu sdo compativeis com granitdides tipo I, pos-
arqueanos e sugerem o retrabalhamento de fontes crustais com assinatura de subducgédo na
geracdo do magma Urubu, ndo sendo provavel uma correspondéncia com suites calcio
alcalinas expandidas de arcos magmaticos modernos (Fraga 2002). As rochas SMRU foram
metamorfisadas e por colisdes Mesoproterozoicas, faixa K’Mudku, gerando foliagfes sob
condicbes de temperatura dominantemente facies anfibolito alto e localmente granulito
(Santos et. al, 2009).

A deformacdo deste dominio € resumida em trés eventos principais: O evento
deformacional D1 paleoproterozdico, tectonomagmatico transpressivo onde suites igneas
foram colocadas sin-cinematicamente. Este evento € identificado, pelo registro de deformagéo
dactil gerando dobras e zonas de cisalhamento, foliagbes miloniticas, gerando foliacdo
denominada de S; com orientagdo NE-SW dominante, caracteristica de altas temperaturas
(FRAGA,2002). Teria sido gerado durante um regime transpressivo com mergulho para W de
alto rake (FRAGA, 2002; FRAGA et al., 2009). Esta deformacéo afetou rochas graniticas do
embasamento de 1,93 Ga, e da Serra da Prata (TARAZONA, 2015).

O segundo evento deformacional D2, ocorreu ao longo de algumas zonas de
cisalhamento que mostram cinematica transpressiva dextral e afetam tanto rochas
paleoproterozdicas (deformadas por D1), como as rochas de idade mesoproterozdicas e
desenvolveram-se texturas protomiloniticas, mesomilonitos e ultramilonitos, gerados em
temperaturas moderadas a baixas (400° C a 450° C) em ambiente raptil-ddctil relacionadas ao
episodio deformacional K’Mudku de idade em torno de 1,26 Ga (Fraga, 2002). Esse evento
deformacional obliterou localmente as texturas igneas das unidades mesoproterozoicas assim
como as petrotramas deformadas por D1. Pode-se ter como evidéncia de D2, a ocorréncia de

granitoides da Suite Intrusiva Mucajai, de idade mesoproterozodica, 0s quais ndo registraram
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feicdes de deformacdo do tipo D1. O evento deformacional D2 seria de carater raptil-ddctil
relacionado com a orogénese Sunsas (1,45-1,1 Ga) o qual obliterou e reativou as feicBGes de
deformagdo D1 (SANTOS et al., 2008).

\ Outros estudos como o de Tarazona, ( 2015) e Kroonemberg et al (2016) reportam
para a regido da Serra da Prata e para os granitos do embasamento, foliagdo magmatica com
atitude W-E denominada de So, a qual foi localmente dobrada. Assim como colocagdo de
diques sin-tectdnicos com foliagdo magmatica concomitante com a foliacdo So das rochas
hospedeiras. Ja o desenvolvimento de texturas miloniticas com atitude dominante SW-NE
com mergulho para NW de carater transpressivo que obliteraram a foliagdo magmatica
representaria a deformacdo em estado solido caracterizando o evento geotectdnico D1 por
colocacdo sincinematica de granitos e desenvolvimento de zonas de cisalhamento e foliacao
milonitica, em uma fase mais tardia (Tarazona, 2015).

O evento de deformacdo D3 ocorreu pela ativagdo de estruturas transcorrentes e falhas
proeminentes registradas na forma de faixas estreitas, métricas a decamétricas, gerando
lineamentos com trend dominante NE-SW onde as rochas foram intensamente fraturadas
formando brechas e Cataclasitos produto da instalacdo do graben de Tacutu (Fraga, 2002).

Para Kroonemberg et al (2016) o evento orogénico Transamazonico no escudo das
Guianas foi registrado em trés fases: a primeira entre 2.18 e 2.09 Ga desenvolveu arco
vulcnico com sedimentacdo, metamorfismo, anatexia e plutonismo no greenstone belt
Marowiine (Suriname). Na segunda foi desenvolvido o cinturdo granulitico Balkuis e o
cinturdo gnaissico Coereni entre 2.07 e 2.05 Ga. A terceira fase entre 1.99 e 1.95 Ga envolveu

metamorfismo de alto grau, vulcanismo ignibritico e plutonismo. (repetido).
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Abstract: A combination of structural mapping, systematic sampling, petrographic analyses, anisotropy of
magnetic susceptibility and strain mechanisms were used in the syeno- to monzogranite that outcrops
near the city of Mucajai (RR, BR) and exhibits EW- to NE-trending magmatic foliation (S,). Structures as
mafic enclaves with porphyroclasts of K-feldspar and schlieren-type bands are evidences of mixing
process of magmas (mingling). The interaction of magma viscosity, temperature and strain has generated
the conditions for the development of the S, foliation by magmatic flow. During the plutonicemplacement
were registered structural features formed in the magmatic viscous-plastic state and others developed in
solid state under high temperature conditions during pluton cooling. The petro-fabric analyses show the
registration of the S-type magnetic sub-fabric that would have been originated in simple shear product of
a sin-kinetic emplacement in a transcurrent context of granite plutons. The plutonic emplacement of two
magmatic pulses would occur under syn-kinematic conditions under the influence of a regional stress
field. U-Pb data allowed to define the age of occurrence of the tectono-magmatic event studied around
1,959 Ma.

Keywords: Guianas Shield, mixture of granitic, syn-kinematic emplacement of plutons, petrofabrics study using
ASM and strain analysis.

1. INTRODUCTION
Anisotropy of magnetic susceptibility (ASM) is a technique used for the study of

fabrics in granites without apparent evidence of deformation and which has been shown to be
efficient to reveal mechanisms of plutonic emplacement (TARLING & HROUDA, 1993;
ROCHETTE et al., 1994; BOUCHEZ, 1997, SALAZAR et al., 2008). Structural analysis of
texture features in the meso and microscopic scales, and their relationship with the
development of magnetic fabrics, have led to a better understanding of the connection
between tectonic control in deformation and granite emplacement (ROCHETTE et al., 1994;
ARCHANJO et al, 1995; MAJUMDER & MAMTANIL 2009; ZAK et al.,2009,
SIACHOQUE et al., 2017). Under plutonic emplacement conditions controlled by regional
stress field, the silicate fabrics product of strain at high temperature develop during
crystallization and pluton cooling (HUTTON, 1988; GAPAIS, 1989; PATERSON et al.,
1998, VIGNERESSE, 2018). In this case submagmatic texture features can be preserved and
not under conditions of superimposed regional metamorphism with increasing temperature. At
the end of crystallization, the pluton temperature still controls the partition of the deformation
during the final emplacement (PATERSON et al., 1998).
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The fabric develops under the effects of decreasing temperature. In such situation
textures generated still in sub-magmatic conditions are common, coexisting with features
recorded in high and intermediate temperature conditions. During regional metamorphism
with increase of temperature and pressure, textural features characterize the pike and retro-
metamorphism conditions. It is understood that the integration of structural analyses in
outcrops, microscopic textural analyses and magnetic fabrics, allow for the understanding of
the relations between fabric registration product of deformation of silicates and the
organization of the magnetic sub - fabric.

The presence of preserved magma mixture sections in the syenogranite studied was
ignored or misunderstanding. In the focus of the research made in this granite had prevailed
the clear planar structuring and bands compositional variation for to describe these
syenogranite as gneiss. This, in turn, motivated this research aiming to understand the
occurrence of primary structures preserved. In order to achieve this objective, different types
of analyses were combined, which included detailed structural analyses in outcrop; systematic
sampling of structural features of different rocks; fabrics study using strain mechanism and
anisotropy of magnetic susceptibility. Geochronological analysis (U-Pb SHRIMP) was used

to determine the crystallization age of syenogranite.

2. GEOLOGICAL SETTINGS

The Guiana Shield constitutes the northern part of the Amazon craton, north of south
America, limited to the west by Andeans Phanerozoic orogenic belts and to the east and
southeast by Neoproterozoic orogenic belts (CORDANI et al., 2009; FRAGA et al., 2009)
like Tucavaca (Bolivia), Araguaia Cuiaba (Central Brazil) e Tocantins (North of Brazil). The
Guiana Shield is formed by Proterozoic terrains composed by gneissic complexes,
metagranulites, greenstones belts, granitic intrusions, volcanic and ultramafic rocks,
furthermore it’s covered by Phanerozoic sedimentary rocks (ALMEIDA et al., 2000;
FRAGA, 2002; REIS et al., 2003; CORDANI et al., 2009; FRAGA, 2009; SIACHOQUE et
al., 2016).

The evolution based on geochronological provinces model for the Amazonian craton
(CORDANI et al., 1979; TASSINARI & MACAMBIRA, 1999; SANTOS et al., 2000;
TASSINARI et al., 2000; TASSINARI & MACAMBIRA, 2004; SANTOS et al., 2006),
postulate that these provinces were agglutinated by subduction and accretion processes

surrounding of an Archean central core with generation of four mobile belts. Magmatic arcs,
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paleoproterozoic orogenic belts accreted to the Archean craton represent a set of rocks
produced from melting of Archean crust (CORDANI et al., 1979; TEIXEIRA et al., 1989;
TASSINARI & MACAMBIRA, 1999; SANTOS et al., 2000; ALMEIDA et al., 2007). The
granite to will be studied in this research it’s in a Paleoproterozoic orogenic belt with trending
N-NW (KROONEMBERG, 1976; BERRANGE, 1977; FRAGA et al; 2009), at south of
Roraima region in the Tapajos-Parima Province. The rocks units have ages range between
~2.10t0 1.87 Ga (TASSINARI & MACAMBIRA, 1999; SANTOS et al., 2000).

The tectonic evolution of Guiana Shield in the Roraima region involved magmatism,
plastic deformation and metamorphism from low to high grade in a Transamazonic Cycle
aged between 2,01-2,26 Ga (HASUI et al., 1984; FRAGA & REIS, 1995; FRAGA et
al.,1999; FRAGA, 2002; SANTOS et al., 2003). This event is related to the development of
the main structural features (FRAGA, 1999), the formation of orthogneisses, granulite with
aged Rb / Sr of 1.921 £ 15 Ma, and charnockite (GAUDETTE et al., 1996).

Regional geologic setting of this study area includes: volcano sedimentary rocks with
low to high metamorphic grade of Cauarane Group and S type Curuxuim Granite (FRAGA et
al., 2008), orthogneisses and metagranitoids belonging to the Rio Urubu metamorphic suite
(GAUDETTE et al., 1996, FRAGA et al., 1997); granulites and charnockites associated to
gabro plutons with orosirian ages (ALMEIDA et al., 2008, FRAGA 2009), association
alkaline granite, monzogranite, anorthosite Mucajai suite of calymanian aged (FRAGA 2009,
HEINONEN et al., 2012). The regional structure deformed polyphasic stages plastic these
rocks with trend to NE-SW, highlight for shear belt mylonitic textures (FRAGA 2002;
FRAGA et al., 2009, TARAZONA 2015). Although the evolution of the shear belt is still
under study, Fraga & Reis (1996) propose that tectonic features may be related to oblique
thrust structures associated with a stress component NW to SE.

The Rio Urubu metamorphic suite (include the syenogranite studied in this research)
mainly formed by granitoids and metagranitoids with foliations developed of variable forms
occasionally parallel to a magmatic foliation, and deformed gneisses under conditions of
amphibolite facies (FRAGA et al., 2009). The Suite presents ages between 1.95 and 1.91 Ga
(U-Pb SHRIMP; GAUDETTE et al., 1996; SANTOS, 2003).

In Suriname and Guyana, a tectono-thermal event was identified around 1.2 Ga,
overlapped (BARRON, 1966), which involved cataclastic deformation and mylonitic bands
with approximate NE-SW strikes. These bands were studied by Costa et al., (1991), Fraga &
Reis (1996) e Fraga (2000) in the state of Roraima. This mylonitic episode was called the
K'mudku shear belt. K-Ar in biotite of K'mudku mylonites was aged 1.24 Ga, indicate the
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activation of the deformation (BARRON, 1966), and Ar-Ar ages in micas of the maximum
metamorphism phase 1.33 Ga (SANTOS et al., 2003). The K'mudku event represent the far
intra plate effect of the Mesoproterozoic colisional Sunsas orogeny (SANTOS et al., 2008),
forming a shear system with dextral transpressive kinematics, in the ductile-brittle transition
under greenschist facies conditions (FRAGA & REIS, 1995, FRAGA, 2002).

3. SAMPLING AND METHODS

In the study area (Figure 1), systematic sampling was performed along 28 locations
using a hand-held drill and obtaining a total of 227 one-inch-diameter cores, oriented in situ
with a magnetic compass. In the laboratory, the samples were cut into 2,2 cm length pieces
using a diamond edge saw, getting 1109 specimens (4 or 5 per core) for measurements of

anisotropy.

Statistical treatment and analysis of all measurements were performed using the ANISOFT 4.2 (Agico
Itd.) program. The petrophysical method of anisotropy of magnetic susceptibility (AMS) investigates
the preferential orientation of ferromagnetic, paramagnetic and diamagnetic minerals present in
rocks, being one of the most important techniques for structural analysis (HROUDA, 1993; HROUDA,
2010). Anisotropy of magnetic susceptibility (AMS) is used to analyze internal fabrics in igneous and
metamorphic rocks which do not show good mesoscopic development of foliations and lineations.
AMS also allows the interpretations of different magnetics fabrics developed during the deformation
processes that affected the rock (RAMIREZ et al., 2012). AMS was measured in a low field (800 Am, 950
Hz) on a MFK1-FA Kappabridge (Agico Ltd.), with an automated sample manipulation system in which
each sample was rotated through three orthogonal planes. Table 1 shows the AMS data which is
represented by the magnetic susceptibility ellipsoid with three orthogonal axes corresponding to K1 as
the maximum axis (magnetic lineation), K2 as the intermediate axis, and K3 as the minimum axis
(magnetic foliation pole).

The magnetic mineralogy was studied through acquisition of isothermal remnant
magnetization (IRM) and thermomagnetic profiles (TERMOMAG). Both experiments were
performed using representative specimens selected from each lithotype (with a total of 12
specimens).IRM data was obtained using a JR6A magnetometer and a MMPM 10 pulse
magnetizer. IRM analyses were determined from 0 to 2 T, in 0.01T intervals and the data was
analyzed using logarithmic Gaussian curves. Thermomagnetic analyses show the variation of
temperature (T) with magnetic susceptibility (k). These results were obtained using a

susceptibilimeter Pulse Magnetizer KLY -4S Kappabridge (Agico, Ltd.).
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. . Coordinates Susceptibility X K1 k2 K3 Plane
Lithology Site N Pj T - - - - - - - -
X Y Km (m S1) Strike Dip al Strike Dip al Strike Dip al Strike Dip
GM1-A1 730944 271055 2,74 11 1.170 0,018 235 15 27,6 339 42 26,6 130 44 19,7 220 46
0,843 7 1.234 0,52 27 2 22,6 298 10 22,6 128 80 34 218 10
GM1-A2 730959 271084
0,731 7 14 0,517 43 1 28,1 313 9 27,8 141 80 538 231 10
0,731 9 1.277 0,395 33 6 14,2 303 1 14,2 198 84 59 288 6
GM1-B1 730399 271053
2,35 8 1.297 0,179 25 4 14,5 304 1 20 199 86 20,2 289 4
GM1-B2 730933 271083 0,66 22 1.316 0,444 226 1 24,7 316 4 24,7 135 86 9,9 225 4
GM1-C1 730892 271097 0,375 9 1.078 0,307 28 40 16,8 264 34 28,5 150 32 28,6 240 58
GM3 731014 271217 2,55 15 1.259 0,264 243 11 23,5 337 22 23,8 128 65 18,8 218 25
GM4 731053 271269 1,95 14 1.147 0,227 47 6 228 312 41 28,6 144 48 24,4 234 42
GM5 731096 271332 1,98 17 1.298 0,516 250 4 214 341 15 213 145 74 19,8 235 16
GM6 730912 271121 0,184 15 1.376 0,356 246 2 10,7 155 10 10,6 347 80 59 54 10
§ GM7 730966 271223 3,09 17 1.322 0,496 39 1 29 309 18 29,3 130 7 10 220 18
o 1,52 11 1.359 0,259 61 7 12,9 329 10 25,9 182 77 26,3 272 13
= GM8 731031 271326
< 0,61 13 1.294 | -0,206 58 7 12,5 327 13 278 176 75 28,1 266 15
@ GM9 731079 271398 2,37 5 1.351 0,484 79 4 23,1 348 12 24,2 186 77 13,1 276 13
;‘ GM10 731149 271317 1,71 27 1.300 0,468 237 3 16,2 329 24 16,7 140 66 13 230 24
; GM11 731360 268034 1,36 15 1.199 0,466 250 3 28,3 160 7 28,1 5 82 13,1 95 8
E GM12 732873 271989 2,03 14 1.545 0,314 40 1 9,7 130 12 9,8 308 78 5,6 38 12
GM13 732936 272033 4,95 19 1.445 0,025 49 7 15,2 317 11 15,9 171 76 13,9 261 14
GM15 732995 272000 3,68 13 1.522 0,455 38 3 22,4 308 2,5 22,2 175 86 73 265 4
GM16 732980 271943 1,41 13 1.320 0,466 59 6 27,2 328 5 273 200 82 13,3 290 8
GM17 732878 271898 3,6 16 1.305 0,292 51 11 22,5 318 14 215 179 71 18,7 269 19
GM19 730537 268971 4,11 20 1.369 0,453 278 2 26,1 8 10 26,1 175 79 7 265 11
GM21 730519 268897 1,68 12 1.347 0,561 79 3 26,6 349 3 27 206 86 6,5 296 4
GM22 730456 268836 4,1 5 1.439 0,588 355 19 22,7 88 10 22,5 206 68 10,1 296 22
GM23 730401 268796 3,29 16 1.407 0,749 297 1 28,7 27 7 28,8 196 82 13,8 286 8
GM24 730302 268868 2,3 6 1.296 0,586 99 7 12,8 6 21 13,9 207 68 12,3 297 22
GM26 730449 268929 1,85 20 1.413 0,6 97 1 26,2 7 7 26,3 193 83 8,7 283 7
GM27 726890 270342 0,28 20 1.188 0,12 305 12 10,4 44 35 12,2 199 52 10,6 289 38
@ N GM1-B1 730399 271053 3,15 8 1.240 0,592 26 2 11,7 296 3 16,4 142 86 15,7 232 4
gL
£ 2 0,142 5 | 128 | 04nn 36 1 176 176 6 179 352 83 | 46 82 7
250 GM16 732980 271943
A 0,035 s | o2 | 0235 55 63 | 142 239 u | o151 148 1 7,6 238 89
GM1-D1 730879 271101 0..692 8 1.710 0,345 66 12 12,6 158 5 12,4 271 77 3,6 1 13
0,367 10 1.224 0,158 34 17 28,4 268 62 28,5 130 21 21 220 69
GM1-D2 730883 271117
g 0,256 8 1.085 0,376 351 26 12,3 233 43 16,9 101 35 13 191 55
a GM2-A3 730992 271171 0,91 10 1.302 0,279 62 6 14,2 330 13 14,2 177 75 54 267 15
z GM2-C2 730988 271178 1,1 6 1.246 0,359 47 5 28,6 137 7 29 280 81 8,2 10 9
o
& 0,485 13 1.120 0,55 241 5 17,3 151 8 18,4 3 80 12 93 10
9 GM2-D3 730983 271204
< 0,0128 9 1.129 0,649 328 24 21,2 224 29 20,4 91 51 8,3 181 39
> GM14 732977 272017 0,429 5 1.361 0,099 25 13 2,4 294 7 15,5 176 75 15,4 266 15
0,604 9 1.307 0,417 30 44 22 268 29 21,7 157 32 13,7 247 58
GM15 732995 272000
0,0137 5 | 1136 | o721 164 40 6 64 12 64 321 47 | 35 51 43
5 ¢ 0,16 12 | 1081 | 0559 350 53 | 208 200 33 | 198 100 15 | 122 190 75
9 GM1-C1 730892 271097
¢ N 0,88 5 1.054 0,596 94 31 6,6 204 30 19 328 43 19 58 47
-‘é § GM9 731079 271398 0,0196 5 1.143 0,493 293 26 4,9 195 14 4,9 80 59 3 170 31
g, % GM16 732980 271943 0,233 16 1.199 | 0,016 266 3 113 357 17 15,1 166 72 15,2 256 18
o
c ] GM24 730302 268868 0,481 7 1.279 0,544 18 55 4,6 176 33 2,6 273 10 43 3 80
o029
20 GM28 727375 269398 0,0188 8 1.028 | 0,386 275 9 19,2 15 47 21,1 177 42 20,9 267 48
N GM6 730912 271121 1,04 8 1.480 0,49 91 6 10,8 181 4 10,7 305 83 4,1 35 7
g GM12 732873 271989 0,77 6 1317 0,342 21 2 10,7 111 20 12,7 284 70 12,7 14 20
E GM17 732878 271898 4,17 18 1.315 0,208 45 6 23,1 313 16 25,4 155 73 21,1 245 17
>
% GM18 732930 271878 1,62 13 1.405 0,117 38 20 16,9 288 42 24,8 147 41 239 237 49
% GM23 730401 268796 2,36 10 1.245 0,03 307 17 20,7 67 58 29 205 26 21,7 295 64
GM25 730387 268890 1,83 14 1.506 0,523 166 6 215 74 20 213 271 69 12,7 1 21
GM8 731031 271326 0,651 14 1.339 0,403 55 17 23,4 320 15 25,5 191 67 16 281 23
¢ GM9 731079 271398 2,89 8 1.495 0,289 67 5 21 335 15 27,2 174 74 20,7 264 16
-‘é GM12 732873 271989 0,239 8 1.230 0,219 47 44 274 231 47 26 139 2 19,5 229 88
—i GM14 732977 272017 3,63 10 1.450 0,374 41 8 14,2 307 24 14,3 149 65 8 239 25
2 GM16 732980 271943 1,93 14 1.330 0,384 19 11 28,4 286 15 27,9 142 71 25,6 232 19
GM20 730538 268942 1,38 20 1.251 0,567 90 8 19,8 359 5 19,9 239 81 6,2 329 9

between 25°C (ambient temperature) and 720°C. A heating and cooling cycle

argon environment was performed to minimize the effects of atmospheric

Temperature variations were measured in regular

cycle. Data was processed using the program Cureval V8.

steps of about 2

°C in a range

measured in an

oxygen on the
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All magnetic analyzes were carried out at the Institute of Astronomy, Geophysics and
Atmospheric Sciences (IAG) and at the Paleomagnetism Laboratory of the University of Sdo
Paulo (USPmag). These results were related to previous field data and microtextural
petrography, performed at the Laboratory of Mineral Techniques of the Federal University of
Amazonas (UFAM), to determine the location of the different magnetic phases. In addition to
magnetic fabric, the orientation of silicates we obtained using geometric and kinematic
analyses on structural features, deformation mechanisms and kinematic indicators based on
classical criteria as proposed by Passhier, (2005).

Geochronological analyses were carried out at the Laboratory of Geochronological
Research Center (CPGeo) of the University of Sdo Paulo (USP), using the U-Pb method in
SHRIMP 1l equipment. Heavy mineral fractions were obtained by water-mechanical and
dense liquid concentrations, and processed under a hand magnet and a Frantz Isodynamic
Separator. As much as possible, only alteration-free zircon grains were selected for analysis.
In order to remove impurities, the zircon concentrates were washed with CHBr3 and CH2I12,
and finally washed. After drying, the concentrates were observed under the binocular loupe
and the zircon grains were selected by hand-picking. For the treatment of analytical results
software SQUID 2.5 (LUDWIG, 2009) was used, while the Concordia curve and weighted
mean age calculations were performed using ISOPLOT 3.5.

4. LOCAL GEOLOGY

The syenogranite that outcrop in the study area (Figure 2) is a light gray to pinkish
rock with medium equigranular texture that varies to porphyritic with K-feldspar up to 2 cm
long, well aligned and locally stretched, with axial ratio (minor axis/major axis) 1:3. The
matrix is constituted by anhedral and subhedral crystals of plagioclase, K-feldspar, quartz,
biotite, amphibole and accessories such as oxides, apatite, allanite and zircon. The granite has
a penetrative planar structure well defined by all the mineral phases, named as S, foliation,
locally the mafic minerals are separated from felsic minerals marking a subtle compositional
banding.
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Figure 1.Geological map of the study area with structural field data.

Abundant dark grey enclaves (Figure 2A and B) with monzogranite composition and
transition limits have euhedral to subeuhedral K-feldspar phenocrysts. The matrix is
composed of medium grained plagioclase, amphibole, biotite and quartz. The enclaves have
elliptic forms with diffuse edges, occur elongated, stretched or folded, and exhibit a foliation
such as the host granite. Some minerals segregations are called schlieren (Figure 2C), they
consist in a concentration of mafic minerals like biotite, hornblende, allanite and
ferromagnetic minerals. Schlieren are characterized by their more or less linear structures
preferentially oriented forming "bands"”, suggesting fast mafic magma flux. One explanation
for this structure is the extreme flow after a complete dismembering of enclaves and their
extreme laceration in a felsic flow. Others magmatic structures are folded monzodiorite dyke
fragment with fine texture showing transitional edges; and dyke-shaped hornblendites with

sinuous geometry and thickness between 1m - 2m, which have developed sigmoidal lenses
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showing genetic relation with shear zones related to its emplacement. Hornblendites represent
the last crystallization pulse of a hydrated magma located within tensive structures.

Figure 2. Outcrop with features of the main granite. A) And B) Mafic enclave with dripped K-feldspar crystals,
with internal foliation parallel to the host rock foliation. C) Schlieren bands. D) Dyke -shaped syenogranite with
“pockets structure” formed by dilation in shear zone conjugates. E) Dyke-shaped Monzogranite associated to
magmatic shearing. F) Pegmatitic dyke.

Late magmatic structures in the granite associated with simple shearing are
characterized by dyke-shaped syeno-granites (poor in mafic minerals) and monzogranites
(Figure 2 D and E). These dykes occur along a few hundred meters with thicknesses between
5 cmand 3 m, and are arranged parallel to sub-parallel to the main Sy foliation of the hosting
granite. The dykes exhibit sinuous geometry, and have, internally, a magmatic foliation.
Locally, the dykes include folded lenticular and sigmoidal xenoliths of the host granite. They
bend the magmatic foliation without noticeable change in grain size.

The main granite is cut by quartz-feldspathic veins, with fine- to medium-grained
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texture and thicknesses between 2 and 5 cm. It is also cut by pegmatitic dykes with
thicknesses ranging from 5 to 50 cm, consisting of K-feldspar, biotite, quartz and tourmaline
(Figure 2 F). These dykes have net contacts with the host granite and occur in concordance
with the host Sy foliation. They also occur cutting the So foliation at a high angle when they

are forming conjugates.

4.1 Structural Setting

In the main granite the texture is characterized by the alignment of mafic minerals,
with the local appearance of discontinuous composite banding (3 to 10 cm of thickness), as
well as restricted sigmoid of K-feldspar (1 to 5 cm) and the matrix are mainly quartz-
feldspathic. The principal fabric organization marks the So foliation, better defined by the
shape preferential orientation of mafic minerals (Figure 3A). The magmatic structure is
defined by discontinuous and sinuous bands of biotite-hornblende—plagioclase up to 30 m in
length and widths between 5 and 50 cm, which mark the Schlieren bands. This structure
highlights the S, foliation. Locally magmatic shear zones generate drag folds of So. The S
foliation is enhanced by the presence of syeno-granitic, monzo-granitic dykes and enclaves,
all arranged in a parallel-subparallel way (Figure 2D and Figure 3C).

The Sp foliation shows a winding geometry and has a dominant orientation E-W with
NE variations. Strikes ranges between 258°-295°, 80°-110° and a second arrangement with
trend to 40°-65°, and dips between 46°-74°. These arrange suggest a magmatic S-C pair. The
stretch lineation has trends between 120 ° -130 ° with plunges varying 25° to 28° (Figure 4A).
Locally, the monzogranite present mylonitic texture characterized by sigmoid porphyry of K-
feldspar exhibiting a dextral kinematic. When the syenogranite it is intruded by dikes of
monzogranite, the dikes propagation fronts develop local conjugate shear zones. Those
crenulations have Strike range from 035° to 075° and dips between 30°- 65°. Associated to
this process it is also observed a discrete and restricted folding of the S, foliation (Figure 3B).

A discrete and restricted foliation was identified locally because of the reorientation or
folding of the So foliation (Figure 3B), linked to the development of magmatic shear zones
that deformed the rock. Strike range from 035° to 075° and dips between 30°- 65°.

Magmatic shear zones filled by residual melt with syeno-granitic and monzo-granitic
composition are arranged parallel to subparallel relative to the So foliation (Figure 3C). They
possess the internal foliation of the magmatic flow with strikes between 255°- 295° and 80° -
109° with dips between 50°- 80° (Figure 4B). Other subordinate strikes vary between 039°-
060° with dips between 50°-75°. Monzogranite dykes have strikes between 358°-012° with
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dips < 60°. In some cases, a tensile component is generated by developing dilations and
forming "pocket structures” which exhibit assimilation of the host granite (Figure 2D). Dykes
with pegmatitic texture (Figure 3D) are orientated between 039 ° - 058 ° and 144° - 171° with
dips ranging from 59° to 85° (Figure 4C).

Figure 3. Main structures. A) Monzogranite dyke concordant with the foliation So. B) Foliation associated with
crenulation folding of the foliation So. C) Tension gashes of syenogranite intruding dyke-shaped monzogranite
indicating the dextral kinematic. D) Pegmatitic dyke. E) So foliation is folded and the rock shows mylonitic
texture. F) Dextral displacement of dyke-shaped monzogranite by discrete shear zones.

The tension gashes are formed when there is a rheological contrast, generating

deformational incompatibilities that develop these dilating structures and angles with the
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preexisting anisotropy, which are filled with melt. These felsic structures are found within
monzogranitic dykes and show sinistral kinematics (figure 3 C).

N=183 N=171

Figure 4. Low hemisphere diagrams showing the attitudes of the main structures. A) Foliation So and later
foliation. B) Granite dykes. C) Pegmatitic dyke and quartz veins. D) Mylonitic foliations.

Restricted shear zones are discrete and localized; they form conjugates and may
represent the later evolution of the strain generated during the plutonic emplacement. The
distribution of the deformation in the granite is heterogeneous and the structures may be
linked to localized deformation. K-feldspar sigmoids indicate sinistral kinematics for these
structures (Figure 3E and F), these shear zones generate localized strain with mylonitic
texture exhibiting curvilinear geometry and showing strikes between 028° -055°, and 245° -
255°, with dips between 56° and 80° (Figure 4D). In some cases these structures cut, truncate
or fold preexisting structures such as So, monzo-granitic and syeno-granitic dykes.

Restricted quartz veins with a width of 2 to 5 cm also occur, oriented between 175 ° -
186°, 350°-356° with dips between 48° - 73° (Figure 4C). These veins have a rectilinear, non-

deformed geometry.

4.2 Host Rock Petrography

The classification (Modal count) of the studied rocks was based on the mineral
composition of 30 thin sections which results in the Streckeisen diagram show a dominant
syenogranitic composition with transition to the field of alkali feldspar granite (Figure 5A and
B). This syenogranite presents a medium to gross texture (locally porphyritic), exhibiting a
discontinuous compositional banding highlighted by mafic mineral, that are defining the So
foliation. The mafic minerals are hornblende (6%) and biotite (6%), while K-feldspar (35%),
quartz (41%) and plagioclase (11%). Allanite is the most common accessory mineral; also are
observed zircon and apatite.

In the dominant granite, the K-feldspar occur isolated and forming aggregates with
medium inequigranular texture. It shows asubhedral-anhedral habit, tabular shape, lobed and
cusp boundaries and low undulose extinction. In a restricted texture, it has rectilinear to

slightly curved polygonal boundaries presenting triple joints and inclusions of fine biotite and
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quartz (Figure 5B). Perthite and micro perthite exsolutions are common, as well as tartan
twinning and myrmekite textures at the contacts with plagioclase (Figure 5G). The K-feldspar
presents internal strain features like grain boundary migration and planar sliding (Figure 5C).
Locally, the K feldspar exhibit fractures filled with quartz and plagioclase.

The quartz has anhedral habit, appears interstitial composing the matrix of the rock.
Commonly stretched with undulose extinction, and in some cases with chess board extinction
(Figure 5D). It shows internal strain features such as planar dislocations and grain boundary
migration (Figure 5E). The contacts between the quartz crystals are rectilinear, lobed and even
at cusp oriented with the main foliation (Figure 5F). The plagioclase occurs in aggregates as
part of the matrix and as inclusions in phenocrysts of K-feldspar. It has subhedral habit,
exhibits polysynthetic twinning with change in thickness and wedge terminations by
intracrystalline deformation. It presents sericite alteration. Magmatic thin interconnected films
of plagioclase are observed within the boundaries of polygonal grains of feldspar and
plagioclase, occasionally those films occur as epitaxial overgrowths (Figure 5D).

Reddish brown biotite occurs in two forms: 1) Isolated crystals of elongated subhedral
biotite, with a 1: 3 axial ratio and straight rims. It’s associated with amphibole and iron
oxides. 2) Subhedral biotite in isolated crystals filling hornblende and K-feldspar fractures or
as inclusions in quartz. The hornblende has subhedral habit. Some crystals present fractures
and inclusions of quartz, biotite and zircon.

The accessory minerals are reddish brown allanite as subhedral and anhedral crystals,
associated with biotite and hornblende. The small zircon crystals are slightly elongated,
sometimes included in hornblende and K-feldspar crystals. The apatite is euhedral and present
as inclusions in quartz and K-feldspars. Restricted hematite and magnetite occurs as euhedral
isolated crystals and as clusters of aligned crystals with subhedral habit, mainly associate to
hornblende and biotite. It is usually surrounded by matrix minerals affected by ductile

deformation.

4.3 Schlieren petrography

The schlieren bands have the same mineralogical composition of the host rock, with a
lesser grain size (medium to thick) and a higher mafic minerals content (Figure 5C).
Hornblende crystals have mainly a subhedral habit, are fractured and associated to
plagioclase, K-feldspar, biotite, quartz and magnetite. The magnetite is subhedral, stretching

as clusters of aligned crystals, usually in a silicate matrix, and are affected by ductile
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deformation. Biotite occurs as elongated crystals with euhedral to subhedral habit, locally
folded forming micro-kinking. Fine anhedral hematite crystals appear in mylonitic texture

bands, related to biotite exsolutions.

Figure 5. Microscopic texture of the main granite and schlieren. A) Preferential orientation of minerals such as
biotite (Bt), Hornblende (Hbl), K-feldspar (Kfs) and Magnetite (Mg). The matrix contains quartz (Qtz) and K-
feldspar. B) “Films” and segregations of k-feldspar and plagioclase in contacts between crystals, indicated by red
arrows. C) Microscopic appearance of Schlieren and enclaves. Mafic enclave with euhedral biotite (Bt) and
hornblende (Hbl). D) Grain boundary displacement of quartz (rectangle) and segregations of plagioclase in
contacts between crystals (red arrow). E) Quartz with undulose chess board extinction and deformed hornblende
in the same direction of quartz displacement. F) Cusp contacts and grain boundary displacement indicated by red
arrow. G) Perthite exsolution in K-feldspar with flame shape oriented with the main foliation, also have grain
size reduction at the edges and sub-grain development.
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Isolated and aggregates of feldspar crystals with medium texture, subhedral to
euhedral habit and undulate extinction also occur. Some crystals have flame perthite
exsolutions and deformed mechanical twinning. Grain boundary migration and planar sliding
are common strain mechanism. The quartz has subhedral to anhedral habit and appears
composing the matrix, generally stretched with undulate extinction. Locally, it has rectilinear
to slightly curved polygonal boundaries and triple joints with plagioclase and K-feldspar
crystals. It presents internal strain features such as planar dislocations and boundary

migration.

4.4 Syenogranitic Dykes Petrography

These dykes are composed by K-feldspar, quartz, plagioclase, biotite, zircon and
apatite, exhibiting preferential orientation, which marks the internal foliation oriented parallel
to the main foliation of the host rock (Figure 6C). The K-feldspar crystals are tabular with
medium- to fine-grained texture, subhedral to anhedral habit, undulose extinction and, locally,
with tartan twining. They present apatite and zircon inclusions. Plagioclase has anhedral habit,
undulose extinction, twinning with change of thickness and wedge terminations. Quartz has
an anhedral habit, commonly showing undulose extinction. Biotite occurs in isolated
aggregates with tabular shapes, euhedral to subhedral habit, and aligned marking a
preferential orientation. Locally, biotite is folded.

4.5 Monzogranitic Dykes Petrography

The mineral composition of this rock includes, K-feldspar, quartz, plagioclase, biotite,
hornblende, zircon and apatite (Figure 6A). They exhibit preferential orientation defining an
internal foliation parallel to the main foliation of the host rock. The K-feldspar crystals are
tabular and isolated with medium- to fine-grained texture, subhedral to anhedral habit and
undulose extinction. It exhibits perthite and microperthite exsolutions at the contacts with
plagioclase, and are oriented parallel to the main foliation. Quartz has a subhedral to anhedral
habit, commonly showing lobed boundaries and undulose extinction. Plagioclase has
subhedral to anhedral habit, usually exhibits undulose extinction, twinning with change of
thickness and wedge terminations by strain. Thin interconnected films of plagioclase and K-
feldspar are arranged mainly within the boundaries of polygonal grains of feldspar and
plagioclase oriented with the main foliation. Reddish brown biotite occurs as isolate

aggregates with tabular form, subhedral habit, locally folded and aligned marking
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apreferential orientation. Rare fine subhedral hematite and magnetite crystals occur associated
to hornblende and biotite clusters. Dark green hornblende has subhedral habit, tabular form
and is locally fractured, presents inclusions of quartz, apatite and zircon. The opaque minerals
content is too low and crytal sizes are too small, which makes microscopic identification
difficult.

Figure 6. Photomicrographs of the texture of the Dykes. A) Monzo granitic with equigranular texture. B)
Hornblendite with microkinking biotite (Bt). C) Syenogranite with equigranular texture.

4.6 Petrography of Mylonitic Texture rocks

Sigmodal shape of hornblende and K feldspar porphyroclasts in a matrix of quartz
feldspar crystal size reduction, and fine aligned biotite crystals, are main features of this
texture. Other minerals like apatite, zircon, hematite, magnetite and pyrrhotite constitute
stretched and elongated deformed bands.

Mechanisms of internal deformation generated by the activation of mylonitic

deformation consist mainly of grain size reduction, subgrain rotation in K feldspar and
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plagioclase crystals, intense stretching of quartz, and alignment of biotite crystals forming
bands. Stretch and size reduction on hornblende crystals to form sigmoids without pressure
shadows indicating dextral kinematic. The dominant texture shows clear features of dynamic
recrystallization due to reduction of grain size (Figure 7 C and D).

LT
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Figure 7. Microphotographs of mylonites. A and B) porphyritic clast of hornblende (Hbl) deformed
fish type and fractured. Feldspars with grain size reduction and SGR. The biotite appears in deformed
bands marking the mylonitic foliation. K-feldspar (Kfs) with undulose extinction in stretched quartz
matrix. C and D) mylonitic texture with intense grain size reduction, sub grain rotation and bands of
deformed biotite.

The porphyrytic feldspar show expressive crystal size reduction stretching and
rotation, some crystals exhibit locally myrmekitic intergrowths developed at the grain
boundaries, or crystals oriented parallel to the mylonitic foliation. Biotite is highly deformed
and fractured, and can be observed defining the mylonitic foliation, in some cases presents
fish structures. Hornblende has a slight undulose extinction and mechanical fragmentation.
Occasionally the high deformation generates stretched hornblende forming fish-like structures
(Figure 7A and B). Associated to hornblende is common to find anhedral crystals of
magnetite and interstitial sparse fine pyrrhotite crystals in higher strain mylonitic bands, these

minerals occur stretched and aligned.
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4.7 Hornblendite Trails

These trails consist of dark green hornblende with equigranular texture, polygonal
boundaries forming triple joints of subhedral crystals and associated to zircon and plagioclase
crystals, and quartz inclusions (Figure 6B). Reddish biotite, in a lower proportion, has
euhedral to subhedral habit, tabular form, and locally presents microkinking. Biotite defines
the flux orientation. Magnetite, hematite and pyrrhotite occur like common magnetic mineral
and are observed between crystals and as inclusions in hornblende. Some crystals of quartz,

K-feldspar and plagioclase also occur.

5. U-PB GEOCHRONOLOGY

One representative sample of the main granite was selected for age determinations
(Sample PI-12-4E, table 2). Zircons in this sample have sizes between 100 and 300 pm,
prismatic habit, 1: 2 and 1: 4 axial ratios, and bipyramidal terminations. Zircons are slightly
colorless (clean appearance), usually metamictic as seen in the cathodoluminicence images. In
the geomorphological analysis of the zircons, the internal structure and overgrowth
relationships were observed, finding three types of zircons: 1) prismatic crystals, euhedral to
subhedral, with bipyramidal endings, oscillatory zoning and no inherited core. 2) Short
prismatic crystals, slightly oval with euhedral to subhedral shapes, pyramidal terminations and
no inherited cores. The zoning is moderately oscillatory showing in a restricted or local way

homogeneous appearances. 3) prismatic crystals with varied, slightly oval shapes.
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Figure 8. Concordia diagram showing the U-Pb ages for sample P1-12-4E and types of zircons defined for the
sample collected. Tera & Wasserbourg, 1972.

The ages were obtained in 11 spots on 11 zircon crystals (Figure 8B). Common 206Pb
concentrations range between 61.2-110 ppm, the U and Th tenor between 97-960 ppm and 51-
180, respectively, and the Th/U ratio is 4.7. The 206Pb / 238U age was obtained at the
Concordia curve defined by a group of 6 concordant spots analyzes in zircons with primary
oscillatory zoning (spots 1.1, 2.1, 4.1, 6.1, 10.1 and 11.1) obtaining an age of 1959 + 5.2 Ma
(Figure 8A).

Table 2. Analytical results for the analyzed zircon crystals.

Spat/sampl % U T ‘ ppm Total 204 corr 207 corr 208 corr 204 corr . 204 corr . .
ot/Sample orr s s
p p Comm e %err| Rad [, . |%err| %pyyy |Iserr| Zoppyy |15 err| bRy |Iserr| Vo py opy, B2 o
Pl124B (ppm) | (ppm) 206/238 0% Ph/>2Th err err | Discord
206 Pb Age Age Age Age Age

11 035 | 1066 | 665 064 [ 0247 092263 00664 |13 | 14198 |1019] 13887 |136| 14358 [131| 1740 [ 13 1248 B| 3
21 030 | 471 | 169 037 [ 0328 |10|1327)| 00943 |25 18246 [157| 18080 |184) 18297 [166| 1928 [ 16 m1r |4 6
31 027 | 86 | 453 0.55 0317 | 12]2332 | 00950 |17 17713 |192| 17517 [220| 1771.0 [208] 1901 |12 1775 34 7
41 040 | 662 | 181 028 | 0338 )10|193| 00916 |24 | 18708 [157| 1860.1 |[184| 18812 |163]| 1933 |15 1587 62 3
5.1 060 | 606 | 300 0.51 0288 | 10| 1499 | 01145 | 14 16235 |139[ 15926 [163| 15917 [157] 187 |19 2063 3B 15
6.1 017 ) 615 | 3#4 058 | 035109185 | 00982 | 18| 19372 (159 19379 [189| 19438 |173] 1934 |11 1853 37 0
8.1 015 | 918 | 200 0.2 0341 [ 092687 | 0090 | 16| 18873 |153| 18862 |[179| 18929 [157| 1894 |8 1693 2 0
10.1 083 | 250 | 106 044 | 0348 ) 11| 748 | 01068 | 20| 19092 (179 19103 [211| 19155 |191] 1903 |26 1801 63 0

2

2

1.1 039 | 412 | 228 0.57 035 | 10| 1250 | 00939 | 16| 19445 |165[ 19519 [197| 1917 [179] 194 |17 17 35
121 019 | 242 | 15 0.54 358 [ 11| 746 | 01031 | 19| 19712 [17.9] 19780 |216| 19739 |194| 1936 |17 1935 M
131 050 | 1855 | 336 0.19 0276 | 094406 | 01332 | 15| 15663 |12.7[ 15349 [149| 15488 [134] 1833 |12 254 50 17
141 045 | 150 | 68 047 0343 ] 12| 441 | 01071 |24 | 18942 [197| 18887 |[231| 18919 |21.1] 196 |23 1931 59 2
151 038 | 188 | 118 0.65 0328 | 11] 529 | 00969 |20| 1843 |17.6| 18117 [203| 18269 [193] 1903 |28 179% 51 4
16.1 0441162 | 91 058 0349 | 11) 485 | 01012 | 21| 19222 [188| 19263 [223| 19280 |205] 1899 |24 1849 ] -1
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Spot/Sample | 4 corr 208r/232 | %err |total 238/206| %err |total 207/206| %err |4corr 238/206r| %err |4 corr 207r/206r | %err | 4corr 207r/235 | %err | 4corr 206r/238
1,1 0,0637 15 4,04 0,9 0,1090 04 4,06 0,9 0,1065 0,7 3,62 12 0,2464
2,1 0,0889 24 3,05 1,0 0,1202 0,7 3,06 10 0,1181 0,9 533 13 0,3272
31 0,0918 19 3,15 12 0,1183 04 3,16 12 0,1164 0,7 5,07 14 0,3162
41 0,0817 39 2,9 1,0 o214 | 05 2,97 1,0 0,1185 09 55 13 0,3367
51 0,1075 18 3,47 1,0 0,1185 0,6 3,49 1,0 0,1142 11 4,51 14 0,2864
6,1 0,0960 2 2,85 09 01197 | 05 2,85 1,0 0,1185 0,6 5,73 11 0,3506
81 0,0874 19 2,9 0,9 0,1169 04 2,9 0,9 0,1159 0,5 543 1,0 0,3401
10,1 0,0932 35 2,88 11 01224 | 07 2,90 11 0,1165 14 5,53 18 0,3447
11,1 0,0889 2 2,83 1,0 0,1194 0,6 2,84 1,0 0,1165 0,9 5,66 13 0,3521
12,1 0,1004 23 2,79 11 01200 | 08 2,80 11 0,1186 1,0 5,85 14 0,3577
13,1 0,1180 22 3,62 0,9 0,1156 03 3,64 0,9 0,1120 0,7 4,25 1,1 0,2750
14,1 0,1002 3 2,91 12 o012 | 10 2,93 12 0,1180 13 5,56 18 0,3416
15,1 0,0929 29 3,05 11 0,1192 1,0 3,06 11 0,1165 15 5,25 19 0,3271
16,1 0,0958 28 2,87 11 0,1194 0,9 2,88 11 0,1162 13 5,57 18 0,3474

6. ANISOTROPY OF MAGNETIC SUSCEPTIBILITY (AMYS)

The medium bulk magnetic susceptibility (Km) from the studied specimens ranges
from 0,01 mSI to 4,95 mSI (Table 1). The highest values were measurement in syenogranite
where Km > 0.61 mSI for 44% (n = 24) of data, three values (5%) vary between 0.18-0.37
mSl. In schlieren and syenogranite with mylonitic texture the Km > 0.65 mSl, these values
represent 18% (n = 11) of Km data, an out layer (1%) has Km = 0.24 mSl. The lowest of
magnetic susceptibility values were measurement in monzogranite and syenogranite dykes
specimens with Km < 0.60 mSI for 24% (n = 14), for 8% (n = 5) Km vary between 0.68-3.15
mSl. The values of volumetric magnetic susceptibly 0.6 > Km < 4.95 mSI represent 73% (n =
43) of sites (n = 59) analyzed.

The analytical results of the determination of magnetic mineralogy, variation of
magnetic susceptibility with temperature (TERMOMAG) and acquisition of isothermal
remnant magnetization (IRM) obtained for 30 % (n = 18) the studied sites are showed in the
figure 9. The data is grouped according to the mean bulk susceptibility values (Km). The
analytical results are presented in diagrams (IRM curves) whose abscissa is the applied
magnetic field (H) varying between 10 mT to 2000mT, and the ordinate to the remaining
magnetization measured in A/m after inducted a magnetic field (H).

The magnetic fabric measured in specimens from syenogranite (with low deformed
sections) and shlieren bands have the highest Km values, the IRM acquisition curves show a
high initial slope reaching saturation around ~ 250 m T. Over ~ 250 mT up to ~ 2000 mT,
these curves remain flat and constant, indicating a complete saturation of remanence. These
behaviors are typical of magnetite. The magnetic susceptibility measurements depend on the
high temperature, and the TERMOMAG graphic show an acute transition in the Verwey
curve near the Curie temperature (~ 580 °C) that typifies the magnetite as magnetic maker.
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The regular decrease about 400 °C is attributed to the Hopkinson effect, obtaining the
behavior typical of magnetite. The abrupt decrease in temperatures close to 580 °C refers to
the Curie temperature magnetic saturation characteristic of magnetite. The magnetic fabrics
measured in syenogranite near to dykes show the intermediate bulk susceptibilities values.
The IRM acquisition illustrate a soft initial slope between 0 and ~ 230 mT, and then remain
constant up to ~ 2000 mT with complete saturation, being a behavior of hematite.

The TERMOMAG data show similar behavior to high Km measurements, with an
acute transition around 580 °C and a soft stabilization which confirms the dominance of
magnetite associated to hornblende in schlieren (Figure 9 A). During warm cycle of
thermomagnetic experiments some results star with low (Kt< 15 A/m) and decreasing with
soft change at 400 °C and magnetic saturation at 580 °C. The cooling curve show sinuous
trajectory increasing a 30% of susceptibility total (Kt) at the end of the experiment. These
magnetic characteristics suggests occurrence of magnetite and hematite, reflecting in de IRM
curves by asymptotical begin and reaching the plateau near to 250 mT and continuous with
oscillatory trajectory but not saturation. The mineral association magnetite and hematite was
observed in syenogranite whit mylonitic textures near to mozogranites dykes hosted in shear
zones (figure 9B).

Monzogranite dykes samples have the low values of bulk susceptibility. IRM
acquisition curves show a high increase in the remanence values, then remain flat but they do
not get totally saturated around 2000 mT, presenting oscillation along the saturation curve.
This behavior indicates that although a low coercivity magnetic mineral and high coercivity

mineral are presents in the sample.
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A. Host Syenogranite
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Figure 9. IRM acquisition curves (left figure) and thermomagnetic diagram (right figure) measured in 10
representative samples of granites and granitic dykes. Samples were selected according to the bulk magnetic
susceptibility (Km).Microphotograph of magnetic mineralogy, Magnetite (Mt), hematite (Hm), Pyrrhotite
(Po).A) Magnetic behavior of host syenogranite. B) Magnetic behavior of host syenogranite affected by
monzogranict dykes. C) Magnetic behavior of monzoranitic dykes.

In the sample GM24E4 thermomagnetic analyses reveal susceptibility changes in two
sections: 1) starting at low values of susceptibility (Kt) and decreasing trend change at 300
°C. 2) Increasing the susceptibility at 450-500 °C, followed by a fast fall at 580 °C, with
important increase of the magnetic susceptibility during the cooling phase. These changes are
usually related to the presence of pyrrhotite (figure 9 C). The thermomagnetic curves show
many variations of magnetic susceptibility, indicating of characteristic behavior of mineral,
similar oscillations were observed in the plateau of IRM curve. This behavior is interpreted as
precense of pyrrhotite, furthermore, during the cooling cycle, the pyrrhotite peak disappears,
considering that it is likely replaced by hematite throughout the experiment.

IRM and TERMOMAG analyses confirm thatfor high bulk susceptibility (Km > 3.36
mSl) in specimens, the magnetic marker is pure magnetite and appear in syenogranite.In the

dykes, the magnetic mineralogy corresponds to magnetite, hematite and restricted pyrrhotite.
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The mineral association, itspetrogenetic and strain characteristics and the preserved magmatic
features in the rocks, reflecting a magmatic origin for magnetite, hematite, pyrrhotite
ferromagnetic (sl) markers and for the hornblende, biotite paramagnetic silicates.

AMS results show a anisotropy degree (Pj) that varies from low to medium (1,028-
1,545) as indicated in table 1. The lowers anisotropies correspond to monzogranite and
syenogranite dykes’ fabrics (Ex. Pj = 1,028 and 1,072 Table 1 and Figure 10). The highest
anisotropy degree corresponding mainly to the host granite affected by shear zones (Ex Pj =
1,545, 1,522, 1,506,) and in schlieren (Ex. Pj=1,450; 1,445).

The shape parameter (T) in all magnetic fabrics is dominantly oblate (T=>0.2) with
81% of the total of specimens studied (figure 10A). The prolate form represent 9%(T=<-0.2),
and the neutral form 10% (T = -0.2-0.2).The relationship T vs Pj plot show a disperse
distribution but there is no remarkable correlation between the T parameter and the degree of
anisotropy. Prolate fabrics (9%) are common in monzogranitic dykes and mylonitic texture
rocks while oblate and neutral fabrics occur inall granites.

As shown in, the bulk susceptibility (Km) varies from low to medium (0.01-4.95 mSl,
Figure 10B). The highest Km in dominant granite are Km=4.95, 4.11, 4.35, and the lowest
Km are in monzogranite dykes with values between 0,01 and 0,9 m SI. In general,
intermediates Km values occur in inall granites varying between 0,77 and 3,15 m SI.
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Figure 10 . Relationship between degree of anisotropy (Pj), Susceptibility (Km) and shape parameter (T).A) Tvs
Pj. B) Pj vs Km.

The AMS directional magnetic fabric is well defined (error in the ellipse axis of al
and a3 <29°). In all granites the magnetic foliation shows a main strike (46% of data) between
256°-286° with dips varying of 04° t035°, and in 40%, a subordinate strike oriented between
218° — 247° with dip varying 04° - 49°, in some dykes its oriented (14%) to 001°- 014° and
170° -191° with dip 09° - 55°(figures 11A-C). The magnetic lineation exhibits trends between
018° -067° (52% for data) with main plunges< 20°, and supplementary 13% of data show
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trend 226° to 246° with plunge < 10°.Two subordinate of magnetic lineation trends: 1) 17%of
data are for 079° to 099° and plunge < 7°.2) 18% of data are dispersed mainly for NW with
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Figure 11. AMS directional parameters. A,) Magnetic foliation. B) Magnetic lineation. C) Main directional

parameters showing three types of trends: E-W, NE and N-S. The foliation is represented by cyclographic lines
and lineation by red points. . Black line: So foliation, Blue line: Dyke foliation, Green line: Mylonitic foliation.

The ASM fabric organization is consistent with two dominant strikes of magnetic
foliations and can be grouped in corridors with sinuous paths. 1) Consistent orientation W-E
with gentle dips mainly for North was registered in syenogranite with schlieren and in some
dykes of monzogranite. 2) Rotation of magnetic foliation to NE-SW trend its related to
syenogranite and mylonitic texture zones, some schlieren bands with gentle dips, but mainly
in dykes were the dips are intermediates. The magnetic lineations show a consistent
arrangement with NE-SW trend and plunges < 45° indicating a dominant mass transport result

of a main mechanism for the plutonic emplacement. The magmatic crustal accommodation
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did should be related to subhorizontal magmatic flux vector, likely related to transcurrent
tectonic context. 3) Some N-S magnetic foliations with intermediate and gentle dips
represents mainly dyke fabrics, in these case magnetic lineations reflex last magmatic
migrations stages for low tension conjugate zones, showing ascent and disperse magma
conditions during the register of magnetics fabrics, kinematic analysis indicators in silicates
represent a sinistral transpressive shear strain regime. The age of the syenogranite
crystallization represents a magmatic mixing event that emplaced in syn-kinematic conditions

controlled in an active transcurrent tectonic setting.

7. DISCUSSION

The intrusion of distinct magmatic pulses can develop textural evidence of the
physical interaction between a felsic and a more mafic magma. In this context, this research
highlights the identification of petrographic features in a microscopic scale and outcrop,

indicative of mingling.

7.1 Evidence of Magmatic Mixing

The studied syenogranite hosts enclaves with medium texture, monzogranite
composition, and the presence of euhedral K-feldspar phenocrysts from the host rock in
enclaves. Enclaves are interpreted as injections of hotter and mafic magma into a felsic
magmatic chamber that crystallizes at lower temperature (BARBER & DIDER 1992; WIEBE
& ADAMS, 1997). In order to explain the origin of the enclaves of monzogranitic
composition, the following hypotheses are postulated: 1) more mafic magma globules
coexisting with the host magma constituting mingling (VIGNERESSE, 2014), understanding
that there was conservation of individualized portions of two magmas due to the process of
assimilation the which was not completed (WINTER, 2014). 2). Locally, some enclaves
appear to represent fragments of the cooled edge of the most mafic pluton. Such fragments
would have been dispersed by flow within the more felsic magma (BARBARIN & DIDIER,
1992). 3) Locally, fragments of fine monzogranite dykes were folded and corroded at the
edges by probable discrete pulses or by residual magma fluids that intruded into the magmatic
chamber.

Evidences such as: 1) development of primary foliation (So) in monzogranite enclaves
and within the host syenogranite with strain mechanisms generated at high temperature. 2)
Orientation of the major axis of the mafic enclaves parallel to the orientation of the primary
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foliation. 3) Presence of K-feldspar crystals of the host granite dripped within the enclaves.
They were interpreted as features generated in a sub-magmatic state in response to the
physical interaction between hotter magma and colder host magma, involving effects of heat
transfer and viscous shear imposed by the dynamics of the host magma. Such evidence may
have been generated by flow and deformation of the host magma, portions of mafic magma,
when is dispersed by shear flow (viscous flow), generate enclaves. Depending on the contrast
of the temperature with the surrounding magma, the mafic enclaves responds differently to
the shear flow imposed by moving host magma (CARICCHI et al., 2012). The coexistence of
two magmas in the same chamber generates heat distribution in domains promoting magma
flow between these domains (VIGNERSSE, 2014). The rheological contrast between felsic
magma and mafic enclaves caused the mutual deformation, which was concomitant with
active corrosion of enclaves by diffusion of heat within the edges of them. Under high
temperature conditions, the syenogranite and the enclaves are deformed in a homogeneous
plastic form. Thus, the So foliation in the syenogranite would represent a magmatic fabric
formed under shear flow (CARICCHI et al., 2012). The monzogranite enclaves behave like
passive markers of the magmatic flow, by rotation of the matrix, they adopted the elliptic
form whereas they were partially assimilated by the surrounding magma, as well as aligned
within the fabric of magmatic flow (BARBARIN, 1990; PATERSON et al., 1989; VERNON,
1990). In the literature, injections of magmatic pulses in the same chamber with different
composition, from different sources (ARVIN et al., 2004) and co-genetic magmas with
different degrees of fractionation in the same chamber, are the most accepted hypotheses for
enclave generations. Magma-enclave interaction is controlled by physical, mechanical,
thermal and geochemical contrasts. Phenocrysts of host magma can be incorporated
(assimilated) by enclaves in the incipient-to-intermediate states of assimilation (NITOI et al.,
2002; PATERSON et al., 2004).

Schlieren-type bands (Winter, 2014) of monzogranitic composition represent variation
of the syenogranite composition, being constituted by biotite, hornblende, allanite, magnetite
and hematite. This structure extends up to 30m in length and 10-60cm of widths. The
schlieren origin is associated to the variation of composition in the magmatic flow regime or
disaggregation of enclaves by magmatic flow. Therefore, the schlieren studied indicate origin
by flow sorting of crystals (VIGNERESSE, 2014; PATERSON et al., 2018). The strain in
these bands involves mechanisms generated at high shear temperature during flow. This
concentration of minerals does not present evidence of filter-pressing or compaction,

indicative of mineral separation by density, nor do they show specific gradation by size
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variation of crystals. The schlieren presents in the study area exhibit linear geometry, defines
So foliation, indicating that it is a structure developed under a common enclave-rock host
deformation rate. Some bands present a gradual transition in the mineral composition for the
syenogranite and are oriented transversely to Sy, but they are usually parallel or subparallel to
the orientation of the So foliation. Schlieren with similar characteristics were reported as
evidence of magmas mixture with development of crystalline fabrics in a plastic flow state
under sub-magmatic conditions (LUCUS & STONGE, 1995; CLARKE & CLARKE, 1998;
ZAK et al., 2009; BURGESS & MILLER, 2008).

7.2 Textures Fixed During Plutonic Emplacement

The silicates fabric, characteristic of the syenogranite and in some monzogranite dykes
are represented by So foliation. This foliation features main trend W-E, and dips ranging from
NE to SW. This fabric was developed by strain mechanisms indicated by boundary migration
of K-feldspar and plagioclase crystals, planar dislocation generating undulose extinction in
chessboard type in quartz crystals, indicative of temperatures above 700 °C, close to granitic
solidus (KRUHL, 1966). Albite intergrowth lamellae in K-feldspar crystals (Myrmekite)
arranged parallel to the Sy foliation suggesting deformation in the solid state at temperatures
around 600°C (VERNON et al., 1988), above the alkali feldspar solvus (VERNON et al.,
1983). Plagioclase and quartz films filling crystal boundaries, some with cusp boundaries.
These microstructural evidences are developed in a sub-magmatic rheological field in a
flow/strain interaction involving magma mixing.

The fabrics in the oxides and mainly in the silicates reflect some evidences of
hydrogranular magma slurries. Among them it was observed: 1) locally, melt films on the
crystal boundaries. 2) Crystals with grain boundary displacement promoted by intracrystalline
sliding in feldspars. 3) Grain-boundary migration assisted by melting contact. 4) High-
temperature intracrystalline plastic deformation and transfer of melt into sites of low mean
pressure observed in crystals with internal fractures filled by melt. These strain mechanisms
are pointed as a result of viscous sub-magmatic flow (PATERSON et al., 1989,
VIGNERESSE et al., 1996; VERNON, 2004; BURGE et al.,2005; BERGANTZ et al., 2017.,
PATERSON et al., 2018). Pryer (1993) indicates that kinking and fractures to the interior of
crystals, may explain the irregular undulose extinction in high temperature range in K-
feldspar. Flame perthites and grain boundary migration are mechanisms that are also

characteristic of high temperature strain.
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Another orientation with trend NE-SW of Sy foliation occurs in host syenogranite,
some mylonitic texture rocks, mainly of the monzogranitic dykes, some schlieren and
hornblendites, were developed with oblique orientation to the trend W-E. These variations in
the fabric orientation occurred in a discontinuously form, without a particular pattern and
random spatial distribution. This seems to be related to flow heterogeneities during plutonic
crusting. We understand that under supported fluid conditions, crystal fabrics are recorded
(WOLF &WYLLIE 1991, RUSHMER 1995, PATERSON et al., 1998). Such fabrics may
form over a wide range of temperatures, varied effective viscosities and deformation
mechanisms associated with physical and chemical processes (CRUDEN, 1990;
ROSENBERG & HANDY, 2005). Thermal and dynamic interactions between two magmatic
pulses in the same chamber generated structures under sub-magmatic conditions, some of
which continued to develop under solid state strain. It is interpreted that the organization of

the fabrics occurred during emplacement of plutons involving rotating and shearing.

7.3 Plutonic Emplacement Mechanisms

In the studied granite, structures registered under plastic strain (> 600 ° C) during
plutonic emplacement include:

1) Fixation of the So foliation well defined by the organization of mafic minerals
arranged in an aligned form in discontinuous bands. Fragments of foliated syenogranite with
sigmoid forms, included in monzogranite dykes. These sigmoids indicate that they were
generated by simple shear during the dyke emplacement and the syenogranite was already in a
solid state. The internal dykes fabric are practically parallel to the host S, foliation, and it
exhibits the same strain mechanisms observed in the host syenogranite.

2) Alignment of elliptic mafic enclaves and schlieren formation represent evidence of
magmatic mixing in which were oriented in similar plastic strain conditions.

3) Some late magmatic structures associated with corridors of magmatic flow, after the
crystallization of the syenogranite were constituted in shear zones. These shear zones
functioned as conduits to transfer granitic components from the bottom of the chamber to
shallower levels generating monzogranitic dykes. During this shearing were development the
two dominant strikes for the So foliation (W-E and NE-SW), and the main transport marked
by lineation with trend NE (figure 12F). These dykes registered internal foliation of magmatic
flow, oriented subparallel to the Sy foliation of the host granite. This internal foliation was

generated by strain mechanisms in the same temperature range as the generation of the So
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foliation of the syenogranite host.

4) Syenogranite dykes represent the later magmatic phase, these intruded by the active
shear zones forming conjugates. Also intruded monzogranitic dykes and developed internal
foliation of magmatic flow, oriented parallel to the Sy syenogranite host foliation. The fabrics
of the monzogranitic and syenogranite dykes were developed by similar strain mechanisms.

5) Hornblendites constituting tabular structures, sinuous, with thick texture mainly
containing hornblende, biotite, hematite, pyrrhotite and restricted plagioclase. They are
associated to the development of shear zones in the last stages of pluton crystallization. When
crystallization is > 90%, the residual fluids are concentrated and confined locally. The process
of growth and concentration of crystals induced overpressure in the confined melt. This
overpressure promoted the activation of dilatation shears adjacent to the melt (SMITH, 2000;
VIGNERESSE, 2014), in the sequence, the shears were filled by the residual melt, which
generated the reorganization of the mush, developing sigmoidal structures and flow in a
plastic state.

6) Generation of drag folds of the S, foliation showing the rocks plastic character and
the continuity of the strain conditions during the plutonic emplacement after their total
crystallization. The folds in the So foliation are associated to shear zones and to the
emplacement of monzogranite dykes, where the axial planes of the folds are in high angles
with the plane of the Sy foliation. It is just local folding caused by flow.

The anisotropy of magnetic susceptibility (ASM) revealed that the magnetic mineral
marker on the host syenogranite corresponds to magnetite associated with hematite. The
organization of the magnetic sub-fabric in the rock occurred under conditions of
crystallization during the plutonic emplacement. In monzogranite dykes the magnetic signal
resulted from the contribution of magnetic markers such as hematite, magnetite and restricted
pyrrhotite. Pyrrhotite (iron sulphide) occurred in a restricted and local way in hornblendites
dykes associated to shears zones. Irvine (1977) indicates that the development of pyrrhotite is
controlled by the mixture of a basic and a siliceous magma, during a second crystallization
mechanism associated with the late melt stage where the sulfides can be concentrated
(GUILBERT & PARK JR, 1986).

Locally, in transition from schlieren to mylonitic texture rocks were observed
fractured magnetite crystals and surrounding silicate, showing relatively rigid magnetite and
silicates with plastic behavior. This could explain the parallelism of the foliations of the
magnetic and silicates fabrics, but with different dips. The variation on the inclination of
foliation fabrics may have been influenced by regional control of stress (MANTANI et al.,
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2011). During syn-kinematic emplacement of plutons under simple shear control, the iron
oxide crystals (magnetite-hematite) align with the silicate fabric. With the advancement of the
crystallization and decrease of the temperature under progressive deformation, the magnetite
rotates like rigid body and it is accommodated according to the deformation in the solid state,
while the silicates accommodate strain within the crystals. Passchier, 1997 proposes that these
different deformations may result in obliquity of the fabric organization. In flow bands and of
mylonitic deformation all minerals tend to settle in alignment. Sub-fabrics dominantly
paramagnetic are subordinate and localized, they occur by the contribution of hornblende and
biotite mainly in syenogranite dykes and in felsic portions of host syenogranite.

The representative ellipsoids of the magnetic sub-fabric have mainly planar forms,
eccentricities (Pj) that are generally 14% > Pj < 45% and exhibit directional parameters of
magnetic foliation and linear orientation with two main trends and one subordinate. The
orientation W-E of the magnetic foliation would represent the first stages of emplacement and
the fabrics of silicates are still in sub-magmatic conditions. However, the NE-SW trend of
magnetic foliation would have developed with the host syenogranite deforming in solid state
and in the final stages of the dykes crystallization. The N-S subordinate orientation of the
magmatic foliation represents mylonite and monzogranite dykes fabrics.

The oblate form of the representative ellipsoid (83%) of the ASM resulted from the
emplacement of plutons under tectonic control which originated a sub-horizontal S-type
magnetic fabric in developed rock under high temperature conditions. The gentle plunge of
the stretching mineral lineation and the magnetic lineation attests to the transcurrent character
of the plutonic emplacement process (VIGNERESSE, 2014). The N-S trend of magnetic
foliation would represent the conjugation for the tensile structure of the simple shear-
controlled of granite emplacement. In this, sub-horizontal foliations are combined and more
inclined, dispersed magnetic lineation, suggesting frames generated by rising and transcurrent

spreading of granitic rocks with plastic strain.

7.4 Tectonic Context of Plutonic Emplacement

We understand that the registration and organization of the fabric mineral of the
studied granites, were developed in the final stages of crystallization dated at 1.94 Ga during
the crust emplacement. Under all conditions the pluton temperature still controls the

partitioning of the deformation during the final emplacement. The plutonic emplacement of at
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least two distinct magma pulses occurred in syn-kinematic conditions under the influence of a
regional stress field. After rock crystallization, the fabrics develop under effects of pluton
temperature decrease. Sub-magmatic features were preserved, coexisting with strain
mechanisms developed in a solid state at high temperatures. Lower crust emplacement would
have been propitious to the pervasive distribution of plastic strain features across the pluton
(GAPAIS, 1989). The magnetic fabric was generated under strain by simple shearing
resulting a mass transport mainly to NE gentle plunge lineation. Nucleation of discrete shear
zones with development of mylonitic textures in NE and NS trends represents rotation and
conjugation of this shear system.

Micro-texture analysis and development of gneissic foliation by deformation during
cooling and plutonic crystallization were reported by Fraga (2002) for this granite. Geological
mapping and geochronological works postulate regional metamorphism and classify these
rocks as gneisses. Geochemical analyzes showed high levels of HFSE and high FeO * / MgO
ratios confirming to Fraga, (2002) a relation with type A granites (WHITE et al., 1987). Thus,
this deformed granite likely represents a post-collisional magmatism to arch accretion. We
highlight as an unprecedented fact for the studied granite, that its origin is associated with the
occurrence and mixing pulses of syenogranite magmas and subordinate monzogranite. At its
southern limit, this pluton is intruded by charnockites associated with gabbro plutons intruded
in NE-SW oriented shear zones which generate mylonitic textures in the syenogranite and
compositional banding in the charnockites (TARAZONA, 2015). These evidences show
magmatism and transcurrent deformation in a wider time interval to the Transamazonic event

in the central region of Roraima.

8. CONCLUSIONS

The combination of structural geological mapping with support in geometric and
kinematic analyzes of outcropping structures, petrographic techniques focusing on textured
features and strain mechanisms, studies of magnetic mineralogy and anisotropy of magnetic
susceptibility, mark the understanding of the fabrics organization and the interpretation of the
plutonic emplacement context of the studied syenogranite. Dating U-Pb SHRIMP in zircon
allowed us to define the age of occurrence of the tectono-magmatic event studied. It is
understood that in the geological evolution of the central portion of Guianas Shield occurred a
magmatic event characterized by a mixture of magmas that were positioned in the lower crust
in a transcurrent - sin- kinematic conditions (Figure 12) dated in the Orosinian period (1.94
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Ga). During the plutonic emplacement were registered structural features formed in a sub-
magmatic plastic state and others developed in solid state under high temperature conditions

during pluton cooling.

- - - Foliation (So) -
—-— Shear Zone

= = Main Foliation

b=0,169
R=3,166

Figure 12. Syn-kinematic plutonic accommodation model with mixture of magmas. A) Monzogranitic dyke
placed in a shear zone, oriented parallel to host So. B) Monzogranitic dyke with foliated syenogranite xenoliths,
the two structures present internal foliation (So). C) Schlieren band with monzogranitic composition, deformed
and forming conjugates. D) Schlieren band and deformed mafic enclaves arranged parallel to the So foliation of
the host syenogranite. E, F) Folding in Sefoliation and of mafic enclaves by drag of shear zones in conjugate. G)
Model of ASM syn kinematic fabric development under shearing plastic strain with two strikes and elipse of
shape preferred orientation of mafic silicates showing the stretching (a) and short (b) axes.
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The syn-kinematic emplacement of the studied syenogranite is associated with the
Central Guyana event with ages around 1.91-1.96 Ga representing a late phase of the
Transamazonic geotectonic event. This last event involved subduction of plates, in an island
arches environment. In the late phase the deformation resulted from tangential transpressive
tectonics with rotation of the stress field, basic and granitic magmatism specially associated
and syn-kinematic placement of plutons. S-Type fabric would have originated under simple

shear with dominant NW-SE constriction related to NE stretching with sub-horizontal plunge.
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8 DISCUSSOES

A intrusdo de pulsos distintos de magmas pode desenvolver evidéncias texturais da
interacdo fisica entre um magma félsico e um magma mafico. Neste contexto, nesta pesquisa
destaca-se a identificacdo de feicbes petrograficas em escala microscopica e de afloramento

indicativas de mingling.
8.1 Evidéncias de Mixing de Magma

O sienogranito estudado hospeda enclaves com textura média, de composicdo
monzograniticas, e no seu interior apresenta fenocristais euedrais de K-feldspato préprios do
sienogranito. Os enclaves sdo interpretados como injecfes de um magma mais quente e
mafico em uma camara magmatica félsica que cristaliza a menor temperatura (BARBARIN &
DIDIER, 1992; WIEBE & ADAMAS 1997). Para explicar a origem dos enclaves de
composi¢do monzogranitica hospedados no sienogranito, postulam-se as seguintes hipdteses:
1) Glébulos de magma mafico coexistindo com o magma hospedeiro constituindo mingling
(VIGNERESSE, 2014), entendendo que houve conservacdo de porcdes individualizadas dos
dois magmas devido ao processo de assimilagdo que ndo se completou (WINTER, 2001). 2)
Em forma localizada, alguns enclaves parecem representar fragmentos da borda resfriada do
pluton mais méafico. Tais fragmentos teriam sido dispersos pelo fluxo dentro do magma mais
félsico (BARBARIN & DIDIER, 1992). 3) Localmente, fragmentos de diques de
monzogranito fino, foram dobrados e corroidos nas bordas por provaveis pulsos discretos ou
por fluidos residuais de magmas que intrudiram na camara magmatica (HAUKINS & WIBE,
2004).

Evidéncias como: 1) desenvolvimento da foliacdo primaria So em enclaves de
monzogranito e dentro do sienogranito hospedeiro com mecanismos de strain gerados em alta

temperatura. 2) Orientagdo do eixo maior dos enclaves maficos paralelo a orientagdo da
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foliacdo primaria. 3) Presenca de cristais de K-feldspato do granito hospedeiro, pingados
dentro dos enclaves. Foram interpretadas como fei¢cdes geradas em estado submagmatico em
resposta & interacdo fisica entre um magma mais quente e um magma mais frio (hospedeiro),
envolvendo efeitos de transferéncia de calor e de cisalhamento viscoso imposto pela dindmica
do magma mais frio. Tais evidéncias podem ter sido geradas por fluxo e deformacdo do
magma hospedeiro, porcbes de magma mafico, ao serem dispersas pelo fluxo por
cisalhamento (fluxo viscoso), geram diques e enclaves. Dependendo do grau de contraste da
temperatura com o magma circundante, os enclaves maficos respondem de forma diferente ao
fluxo cisalhante imposto pelo magma hospedeiro em movimento (CARICCHI et al., 2012). A
coexisténcia de dois magmas na mesma camara gera distribuicdo do calor em dominios
promovendo fluxo de magma entre tais dominios (VIGNERSSE, 2014). O contraste reol dgico
entre 0 magma félsico e os enclaves maficos, ocasionou deformacdo mutua, que foi
concomitante com corrosdo ativa dos enclaves por difusdo de calor nos limites destes. Em
condigbes de alta temperatura, o sienogranito e os enclaves se deformaram de maneira
plastica homogénea. Assim a foliagdo So no sienogranito representaria uma trama magmatica
formada sob fluxo de cisalhamento (CARICCHI et al., 2012).

Os enclaves de monzogranito se comportaram como marcadores passivos do fluxo
magmatico, por rotacdo da matriz adotaram a forma eliptica & medida que foram assimilados
parcialmente pelo magma circundante, assim como alinhados dentro da trama de fluxo
magmatico (BARBARIN, 1990; PATERSON et al., 1989; VERNON, 1990). Na literatura
injecdes de pulsos magmaticos na mesma camara com composicdo diferentes, provenientes
fontes distintas (ARVIN et al.,, 2004), magmas co-genéticos com diferentes graus de
fracionamento na mesma camara, sdo as hipoteses mais aceitas para a geragdo de enclaves.
Interacdo magma-enclave é controlada por contrastes fisicos, mecénicos, termais e
geoquimicos. Fenocristais do magma hospedeiro podem ser incorporados (assimilados) pelos
enclaves nos estados incipientes-intermediarios de assimilacdo (NITOI et al., 2002;
PATERSON et al., 2004).

Bandas tipo schlieren (Winter, 2001) de composi¢cdo monzogranitica representam
variacdo da composicdo do sienogranito, sendo constituidas por biotita, hornblenda, allanita,
magnetita e hematita. Esta estrutura estende-se por até 30m de comprimento com larguras de
10-60cm. A origem dos schlieren € associada a variacdo da composicdo em regime de fluxo
magmatico ou desagregacdo de enclaves por fluxo magmatico. Assim, os schlieren estudados
indicam origem por fluxo granular (flow sorting of crystals; VIGNERESSE, 2014,
PATERSON et al., 2018). O strain nestas bandas envolveram mecanismos gerados em alta



68

temperatura por cisalhamento, durante o fluxo. Esta concentracdo de minerais ndo apresentam
evidéncias de filter-pressing ou compactagéo, indicativos de separacdo mineral por densidade,
nem apresentam gradacdo especifica por variagdo de tamanho de cristais. Os schlieren
presentes na area de estudo exibem geometria linear, definem foliacdo So, indicando que se
trata de uma estrutura desenvolvida sob a taxa de deformacdo comum enclave-rocha
hospedeira. Algumas bandas apresentam transi¢do gradativa na composicdo mineral para o
sienogranito e se orientam transversais a Sp, mas em geral sdo paralelas ou subparalelas a
orientacdo da foliagdo So. Bandas schlieren com caracteristicas similares foram reportadas
como evidéncias de mistura de magmas com desenvolvimento de tramas cristalinas em estado
de fluxo plastico em condi¢Bes submagmaticas (LUCUS & STONGE, 1995; CLARKE &
CLARKE, 1998; ZAK et al., 2009; BURGESS & MILLER, 2008).

8.2 Texturas Fixas Durante o Alojamento Plutdnico

A trama nos silicatos caracteristica do sienogranito e em alguns diques de
monzogranito esta representada por foliagdo So, esta foliacdo apresenta trend principal W-E, e
mergulhos que variam de NE e para SW. Esta trama foi desenvolvida por mecanismos de
strain indicados por migracdo de limite de cristais de K-feldspato e plagioclasio,
deslocamento planar gerando extingdo ondulante em tabuleiro xadrez em cristais de quartzo,
indicativos de temperaturas superiores a 700°C, proximo ao solidus granitico (KRUHL,
1966). Lamelas de exsolucdo de albita em cristais de K-feldspato (mirmekitas) dispostas
paralelas a foliagdo So sugerem deformacdo em estado sélido em temperaturas em torno de
600°C (VERNON et al., 1988), acima do solvus do feldspato alcalino (VERNON et al.,
1983). Filmes de plagioclasio e quartzo preenchendo limites de cristais, alguns com
terminacdo em cuspide. Estas evidéncias microestruturais foram desenvolvidas em estado
submagmatico com interacdo fluxo/strain envolvendo mistura de magmas.

As petrotramas nos Oxidos e principalmente nos silicatos refletem algumas evidéncias
desse fluxo viscoso hidrogranular (hidrogranular magma slurries). Dentre elas foi observado:
1) localmente, filmes de fundido nas bordas de cristais. 2) cristais com deslocamento de limite
de grdo promovido por deslizamento intracristalino em feldspatos. 3) migragéo de limite de
grdo assistido por filtragem de fundido nos limites de cristais. 4) deformacdo plastica
intracristalina em alta temperatura e transferéncia de fundidos a zonas de menor pressdo
observado em cristais com fraturas internas preenchidas por fundido. Estes mecanismos de
strain sdo apontados como resultado de fluxo viscoso submagmatico (PATERSON et al.,
1989, VIGNERESSE et al., 1996; VERNON, 2004; BURG et al., 2005; BERGANTZ et al.,
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2017., PATERSON et al., 2018). Pryer (1993) indica kinking e fraturas ao interior de cristais,
podendo explicar a extingdo ondulante irregular em intervalo de alta temperatura em K-
feldspato. Pertitas em chama e migracdo de limite de grdo também sdo mecanismos
caracteristicos de strain em alta temperatura.

Outra orientacdo NE-SW da foliacdo So do sienogranito, de alguns milonitos, da
maioria dos diques de monzogranito, de algumas bandas schlieren e de hornblenditos, foi
desenvolvida com orientacdo obliqua ao trend W-E. Essas variagdes na orientacdo da trama S
ocorreram de forma descontinua, sem padrdo determinado e distribuicdo espacial aleatoria.
Isto parece estar relacionado com heterogeneidades do fluxo durante a acomodacéo do platon
na crosta. Entendemos que em condi¢bes de fluido suportado, as tramas de cristais ficam
registradas (WOLF &WYLLIE 1991, RUSHMER 1995, PATERSON et al., 1998). Tais
tramas podem se formar em amplo intervalo de temperaturas, viscosidades efetivas variadas e
mecanismos de deformacdo associados com processos fisicos e quimicos (CRUDEN, 1990;
ROSENBERG & HANDY, 2005). Interagdes térmicas e dindmicas entre dois pulsos
magmaticos na mesma camara geraram estruturas em condi¢fes submagmaticas, algumas das
quais continuaram se desenvolvendo sob strain em estado soOlido. Interpretamos que a
organizacao das petrotramas ocorreu durante a colocagdo do pluton envolvendo cisalhamento

com rotagéo.
8.3 Mecanismos de Colocacédo Plutdnica

No granito estudado estruturas registradas sob strain plastica (>600°C) durante
colocacdo plutonica incluem:

1) Fixacdo da foliacdo So bem definida pela organizagcdo de minerais méaficos dispostos
de forma alinhada em bandas descontinuas. Fragmentos de sienogranito foliado com formas
de sigmoides, inclusos em diques de monzogranito. Tais sigmoides indicam que foram
gerados por cisalhamento simples durante a colocacdo do dique e que o sienogranito j& estava
em condicOes de estado solido. A trama interna dos diques é praticamente paralela a foliacdo
So do sienogranito hospedeiro, e exibe 0s mesmos mecanismos de strain observados no
sienogranito.

2) Alinhamento de enclaves maficos elipticos, e formacdo de schlieren representam
evidéncias de mistura de magmas, que foram orientados em similares condi¢des de strain
pléstica.

3) Algumas estruturas magmaticas tardias associadas a corredores de fluxo magmatico

depois da cristalizacdo do sienogranito se constituiram em zonas de cisalhamento, estas zonas
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de cisalhamento funcionaram como condutos para transferir componentes graniticos do fundo
da camara para niveis mais rasos, gerando diques de monzogranito. Estes diques registram
foliacdo interna de fluxo magmatico, orientada subparalela & foliagdo So do granito
hospedeiro, a foliagéo interna foi gerada por mecanismos de strain no mesmo intervalo de
temperatura de geragédo da foliacdo So do sienogranito.

4) Diques de sienogranitos representam a fase magmatica mais tardia, estes intrudiram
pelas zonas de cisalhamento ativas formando conjugados. Também intrudiram diques de
monzogranito e desenvolveram foliagdo interna de fluxo magmatico, orientada paralela a
foliacdo Sp do sienogranito. As tramas dos diques monzograniticos e dos sienogranitos foram
desenvolvidas por mecanismos de strain similares.

5) Hornblenditos constituindo estruturas tabulares, sinuosas com textura grossa
principalmente contendo hornblenda, biotita, hematita, pirrotita e plagioclasio restrito, estdo
associadas ao desenvolvimento de zonas de cisalhamento nos ultimos estagios da cristalizagdo
do platon. Quando a cristalizagdo € > 90%, os fluidos residuais se concentram e se confinam
localmente. O processo de crescimento e concentracdo de cristais induziu sobre-pressdo no
fundido confinado. Essa sobrepressdo promoveu a ativacao de cisalhas de dilatacao adjacentes
aos fundidos (SMITH, 2000; VIGNERESSE, 2014), na sequéncia, as cisalhas foram
preenchidas pelo fundido residual, gerando a reorganizacdo da tramado mush, desenvolvendo
estruturas sigmoidais e de fluxo em estado plastico.

6) Geracdo de dobras por arrastro da foliagdo So mostram o caréater plastico das rochas
e a continuidade das condi¢cbes de strain durante o alojamento plutdnico depois de sua total
cristalizacdo. As dobras na foliacdo So estdo associadas a zonas de cisalhamento e a colocacéo
de diques monzogranitos, onde os planos axiais das dobras fazem alto angulo com o plano da
foliacdo Sy, trata-se apenas de dobramento local causado por fluxo nos fronts de propagacéo
de diques.

O estudo de anisotropia de susceptibilidade magnética (ASM) revelou que o mineral
marcador magnético no sienogranito corresponde a magnetita associada a hematita. A
organizacdo da subtrama magnética na rocha ocorreu sob condi¢Ges de cristalizacdo durante o
alojamento pluténico. Nos diques monzogranitos o sinal magnético resultou da contribuigcdo
dos marcadores magnéticos como hematita, magnetita e pirrotita restrita. A pirrotita (sulfeto
de ferro) ocorreu de forma restrita e local em diques de hornblendito alojados em zonas de
cisalhamento. Irvine (1977) indica que o desenvolvimento de pirrotita estd controlado pela
mistura de um magma bésico e um mais rico em silice, durante um segundo mecanismo de

cristalizagdo associado a fase tardia de fundido onde se podem concentrar os sulfetos
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(GUILBERT & PARK JR, 1986).

Localmente na transicdo de schlieren para milonitos foram observados cristais
fraturados de magnetita circundados por silicatos, mostrando magnetita relativamente rigida e
silicatos com comportamento plastico. Isto poderia explicar o paralelismo das foliacGes das
subtramas magnéticas e de silicatos, mas com mergulhos distintos. A variacdo na inclinacao
da foliacdo das subtramas pode ter sido influenciada por controle regional de esforcos
(MANTANI et al., 2011). Durante alojamento sin-cinematico de platons sob controle por
cisalhamento simples, os cristais de 6xidos de ferro (magnetita) se alinham com a trama dos
silicatos. Com o0 avango da cristalizacdo e diminuicdo da temperatura sob deformacéo
progressiva, a magnetita rotaciona como corpo rigido e se acomoda conforme a deformacéo
em estado solido, ao passo que os silicatos se acomodam o strain no interior dos cristais.
Passchier, (1997), propde que essas diferentes deformacgdes podem resultar em obliquidade da
organizacdo das subtramas. Em faixas de fluxo e de deformagdo milonitica todos os minerais
tendem a se acomodar alinhados. Subtramas dominantemente paramagnéticas sao
subordinadas e localizadas, e ocorrem pela contribuicio de hornblenda e biotita
principalmente em diques de sienogranito e em porcdes felsicas do sienogranito.

Os elipsoides representativos da subtrama magnética tém formas principalmente
planares, excentricidades (Pj) que geralmente sdo > 14%, e exibem parametros direcionais de
foliacdo e lineacdo magnética orientados com dois trends principais e um subordinado. A
orientacdo W-E da foliacdo magnética representaria os primeiros estigios de colocacdo e
tramas de silicatos ainda em condi¢cdes submagmaticas. Ja o trend NE-SW da foliacdo
magnética teria se desenvolvido com o sienogranito se deformando em estado sélido e nos
estagios finais da cristalizacdo de diques. A orientagdo subordinada N-S da foliagdo
magnética representa tramas em milonitos e em diques de monzogranito.

A forma oblata do elipsoide representativo (83%) da ASM resultou da colocacédo do
pluton sob controle tectdnico que originou uma trama magnética tipo-S-tectonito sub-
horizontal na rocha desenvolvida em condi¢des de alta temperatura. O estiramento definido
pela lineacdo magnética e seu posicionamento horizontal atestam o carater transcorrente do
processo de colocacdo pluténica (VIGNERESSE, 2014). O trend N-S da foliacdo magnetica
representaria 0 conjugamento para a estrutura tensiva (mais tardia e restrita) do sistema de
colocacdao controlado por cisalhamento simples. Neste caso se combinam foliacdes sub-
horizontais e mais inclinadas, lineagdo magnética dispersa, sugerindo tramas geradas por

subida e por espalhamento transcorrente.
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8.4 Contexto Tectdnico de Alojamento Plutdnico

NOs entendemos que O registro e organizacdo das tramas minerais do sienogranito
estudado foram desenvolvidos nas fases finais da cristalizacdo datada em 1.94 Ga durante o
alojamento na crosta. Em tais condi¢bes a temperatura do pluton ainda controla a particdo da
deformacgédo durante o alojamento final (PATERSON, 1998). O alojamento plutdnico de pelos
menos dois pulsos magmaticos distintos aconteceram em condi¢des sin-cinematicas sob a
influéncia de um campo regional de esfor¢os. Depois da cristalizacdo da rocha, as tramas se
desenvolveram sob efeitos de diminuicdo da temperatura do platon. Feigdes submagmaticas
foram preservadas, coexistindo com mecanismos de strain desenvolvidos em estado sélido
em altas temperaturas. Alojamento em crosta inferior teria promovido a pervasiva distribuicao
das feigcdes de strain plasticas em todo o pluton (GAPAIS, 1989). A subtrama magnética foi
gerada sob strain por cisalhamento simples resultante de um campo de esforcos regional
orientado NE-SW com transporte de massa principalmente para NE e vetor de encurtamento
posicionado NW-SE. Nucleacdo de zonas de cisalhamento discretas com desenvolvimento de
texturas miloniticas nos trends NE-SW e N-S representam rotacdo e conjugamento desse
sistema de cisalhamento, respetivamente.

Andlises microtexturais e desenvolvimento de foliacdo gnaissica por deformacéo
durante o resfriamento e cristalizagdo plutnica, foram reportadas por Fraga (2002) para este
granito. Trabalhos de mapeamento geoldgico e geocronologicos postulam que estas rochas
afetadas por metamorfismo regional e as classificam como ortognaisses. Analises
geoquimicas mostraram altos teores em HFSE e altas razGes de FeO*/MgO confirmando para
Fraga, (2002) uma relacdo com granitos tipo A (White et al,. 1987). Assim este granito
deformado representaria um magmatismo pos-colisional a acres¢do de arco. Destacamos
como fato inédito para o granito estudado, que sua origem esta associada a ocorréncia e
mistura de pulsos de magmas de sienogranito e de monzogranito subordinado. No seu limite
sul este platon é intrudido por charnockitos associados a pldtons de gabro encaixados em
zonas de cisalhamento orientadas NE-SW, as quais geraram texturas miloniticas no
sienogranito e bandamento composicional nos charnockitos (TARAZONA, 2015). Estas
evidéncias mostram magmatismo e deformacgéo transcorrente em um intervalo de tempo mais

amplo ao evento transamazonico na regido central de Roraima.
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9 CONCLUSOES

A combinacdo de mapeamento geoldgico estrutural com suporte em analises
geométricas e cinematicas de estruturas em afloramento, analises petrograficas com foco em
feicdes texturais e mecanismos de strain. Estudos de mineralogia magnética e de anisotropia
de susceptibilidade magnética balizam a compreensdo da organizacdo de petrotramas e a
interpretacdo do contexto de colocacdo plutbnica postulado para o sienogranito estudado.
Datacdo U-Pb SHRIMP em zircdo nos permitiu definir a idade de ocorréncia do evento
tectono-magmatico estudado. Entendemos que na evolucdo geoldgica da porcdo central do
Escudo das Guianas ocorreu um evento magmatico caracterizado por mescla de magmas que
foram posicionados na crosta inferior em um contexto transcorrente em condi¢des sin-
cineméticas (Figura 5) datado do periodo Orosiniano (1,94 Ga). Durante a colocacdo
plutdnica ficaram registradas fei¢fes estruturais formadas em estado plastico submagmatico e
outras desenvolvidas em estado sélido em condicdes de alta temperatura durante o
resfriamento do platon.

A colocagdo sin-cinematica do sienogranito estudado estd associada ao evento
denominado Guiana Central com idades entre 1,91-1,96 Ga representando uma fase tardia do
evento geotectdnico transamazonico. Este evento transamazonico envolveu subduccdo de
placas em um ambiente de arcos insulares, na fase tardia a deformagéo resultou de tectonica
transpressiva tangencial com rotagcdo do campo de esfor¢os, magmatismo basico e granitico
espacialmente associado e colocacdo sin-cineméatica de platons. Petrotramas tipo S, teriam
sido originadas sob cisalhamento simples com estiramento dominante para NE e plunge

subhorizontal.
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- - - Foliation (So)
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o Magnatic Lineation b= 0,169
R=3,166

Figura 5. Modelo de alojamento plutdnico sin-cineméatico com mistura de magmas. A) Dique monzogranitico
colocado em zona de cisalhamento, orientado de forma paralela a foliagcdo So do sienogranito hospedeiro. B)
Dique de monzogranito com xendlitos do sienogranito foliado, as duas estruturas apresentam folia¢do interna So.
C) Banda schlieren de composi¢do monzogranitica deformada formando conjugados. D) Banda schlieren e
enclaves méficos deformados dispostos de forma paralela a foliagdo So do sienogranito hospedeiro. E, F)
Dobramentos na foliacdo So e de enclaves méficos por arrasto de zonas de cisalhamento em conjugado. G)
Modelo de desenwvolvimento da trama sin-cinematica de ASM de baixa deformagédo por cisalhamento plastico
com dois trends e uma elipse de orientacdo preferencial de forma de méficos e silicatos mostrando eixos de
encurtamento (a) e estiramento (b).
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