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RESUMO

Os estudos realizados no Complexo Cauaburi sdo produtos de levantamentos
geoldgicos regionais. Diante da escassez de dados estruturais, geoquimicos e metamorficos do
Complexo Cauaburi este trabalho teve como objetivo o estudo destas rochas, num perfil
realizado no Rio Negro, entre as cidades de S&o Gabriel da Cachoeira e Santa lzabel do Rio
Negro (AM), porcdo leste do Dominio Imeri, com o intuito de definir parametros que
permitam diferenciar as litofacies que compdem o Complexo Cauaburi e contribuir para o
entendimento da evolu¢do do Dominio Imeri e da Provincia Rio Negro. Os gnaisses aflorantes
no perfil estudado foram grupados em trés litofacies distintas: Litofacies Santa lzabel do Rio
Negro, Litofacies Cumati e Litofacies Sdo Jorge. Os gnaisses da Litofacies Santa Izabel do
Rio Negro e Cumati sdo metaluminosos e de afinidade célcio-alcalina, e as rochas da
Litofacies S&o Jorge sdo peraluminosa e de afinidade alcalina. Composicionalmente variam
de (anfibolio)-biotita granodioritos/monzogranitos (litofacies Cumati e Santa lzabel do Rio
Negro) e biotita monzogranitos com espessartita (litofacies Sdo Jorge). A assinatura
geoquimica do Complexo Cauaburi € compativel com a de granitos gerados em ambiente
colisional (arco magmatico?) e sua evolucdo esta relacionada a 3 eventos
tectonometamérficos distintos: D; responsavel pela geracdo da foliacdo S; durante a
colocacdo sintectonica do Complexo Cauaburi (Orogenia Cauaburi); D, responsavel pela
foliacdo S, e metamorfismo M, em facies anfibolito alto chegando a is6grada da anatexia
(717,9°C e 5,84 kbars) e geracdo e alojamento dos granitos Tipo | da Suite Uaupés e S da
Suite Icana (Orogenia Icana) e D3 de mais baixa temperatura responsavel pela geracdo da
foliacdo S; e retrabalhamento por zonas de cisalhamentos transcorrentes em facies xisto verde

associado ao Evento denominado cinturdo de cisalhamento K" Mudku.

Palavras chaves: Dominio Imeri, Complexo Cauaburi, litoestratigrafia, evolugdo

tectonometamorfica.



ABSTRACT

Studies in Complex Cauaburi are products of regional geological surveys. Given the
scarcity of structural, geochemical and metamorphic dates of Cauaburi Complex this work
aimed the study of these rocks, a profile held in Rio Negro, between the cities of Sdo Gabriel
da Cachoeira and Santa Izabel do Rio Negro (AM), eastern portion Imeri Domain, in order to
set parameters for distinguishing the lithofacies the Cauaburi Complex and contribute to the
understanding of the evolution of Imeri Domain and Rio Negro Province. The gneiss were
grouped into three lithofacies: Santa lzabel do Rio Negro, Cumati and S&o Jorge. Gneisses of
Santa Izabel do Rio Negro and Cumati Lithofacies are metaluminous and have a calc-alkaline
affinity, and the rocks of Sdo Jorge Lithofacies are peraluminous and have an alkaline
affinity. Compositionally they vary between (amphibole) -biotite granodiorite / monzogranite
(lithofacies Cumati and Santa Izabel do Rio Negro) and biotite mozogranits with espessartite
(Séo Jorge lithofacies). The geochemical signature of Cauaburi Complex is compatible with
granites generated in collisional environment (magmatic arc?) and its evolution is related to 3
tectonic metamorphic distinct events: D; responsible for generating S; foliation during
Complex Cauaburi (Cauaburi Orogeny) syntectonics emplacement; D, responsible for
Sofoliation and Mymetamorphism in high amphibolite facies reaching isograd of anatexis
(717,9°C and 5,84 kbars) and generation and emplacement of I-type Uaupés Suite and S Icana
Suite granites (Icana Orogeny) and D3 lower temperature responsible for generating the
Ssfoliation and reworking by transcurrent shear zone in greenschist facies associated with the
K'Mudku shear belt Event.

Key-words: Imeri Domain, Cauaburi Complex, lithostratigraphic, tectonometamorphic

evolution.
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CAPITULO |

1 INTRODUCAO

O Complexo Cauaburi, compreende um terreno granitico gndissico, subdividido por
Almeida et al. (2002), com base em caracteristicas composicionais e deformacionais, em
litofacies Tarsira e Santa Izabel do Rio Negro. A litofacies Santa lzabel do Rio Negro
compreende biotita-(hornblenda) granodioritos, monzogranitos, gnaisses e milonitos,
aflorantes no médio curso do rio Negro (Almeida et al. 2002, 2007), com idade de
cristalizacdo em torno de 1,80 Ga (Santos et al. 2000; CPRM 2003). Dados isotopicos (Sm-
Nd), de rochas da litofacies Santa Izabel do Rio Negro, revelam valores de ¢éNd no intervalo
de +0,73 a -1,67 (Sato & Tassinari 1997, Santos et al. 2000) e as idades modelo (Tpm) no
intervalo 2,21 - 1,99 Ga sugerindo fontes Transamazonicas para os protélitos desta litofacies.

Os estudos realizados no complexo Cauaburi sdo produtos de levantamentos
geoldgicos regionais. Diante da escassez de estudos que caracterizem rochas do Complexo
Cauaburi, o presente trabalho se propds a realizar estudos estruturais, metamorficos e
quimicos, com intuito de propor um modelo petrogenético para as rochas do Complexo
Cauaburi, além da proposicdo de uma evolucdo tectono-metamdrfica para as rochas das
litofacies Santa Izabel do Rio Negro, Cumati e Sdo Jorge. Ainda é possivel definir e
diferenciar os gnaisses do Complexo Cauaburi, diferenciando-os dos demais embasamentos
da Provincia Rio Negro, contribuindo para o melhor entendimento da evolucdo do Dominio

Imeri e consequentemente da Provincia Rio Negro.

2 LOCALIZACAO DA AREA DE ESTUDO

A area de estudo situa-se na regido NW do estado do Amazonas, entre as cidades de
Sdo Gabriel da Cachoeira e Santa Isabel do Rio Negro (Figura 1). O acesso a area foi
realizado por via aérea partindo de Manaus até Sdo Gabriel da Cachoeira e Santa Izabel do

Rio Negro, seguindo por via fluvial na &rea do trabalho.

14



Legenda
[ Arca de estudo A
@ Localidade | == |
~< Drenagem Manaus
[ ]
O Ponto sem amostragem
O Ponto com amostra de lamina
O Ponto com amostra de geoquimica
O Ponto com amostra de ldmina e geoquimica
67°0I'0"W 66"3?'0"W 66°0|'D"W 65°3{|)’0"W 65°0|'0"W
Rio .
z A » Le «B |z
= 2t =
g Qb'oa\) ] \« :g
22 R £
s C o 1]
\"\‘0@ e""% g o
@ ‘0 \ambu (17 @ g
P R £ @ N
g & g
; o
s 2 s
[-*]
< £ 2
AO GABRIEL DA CACHOEIR 5 ) %, 8 9
Er 2 an, £ 3
) [ 646 “» OZI -
02 3 ‘
MG 01 mhIC 09 ® : 2 "a,.é 5 S,
(. E 5 ‘, t‘v_t 2
n MC 110 0~ OWAMC 04 _g” 2 MC29 1o 30 > <. 0
= croymMc oo, G - Rio Nea P % - i L2
- Rio Curicuriari ; Q 10 Negro M MC 38¥c 37 -
=] OMe 06 ‘? - MC 2¢ M O ® Q O ‘.:':.‘.e 10 38 o
£ o7 S MC 2 “" eTePiT e MOy Wt iy
J ‘ Svco & C = 2 e -
- o - 9AR
MC 17 O o $ \\Q\ EL DO RIO NEGRO
MC 16 Spsesi0) wC 20 .f e LLONC 1
. AC1F MC 18
o - — - W & : | 2
%'0 5 10 20 30km ‘j @\o K] k \ .0133 0 3 §
° 1 I I < | < 1 °
67°0'0"W 66°30'0"W 66°0'0"W 65°30'0"W 65°0'0"W
Figura 1: Mapa de localizagdo da &rea de estudo, em relacéo ao estado do Amazonas em (A) e area com a distribuicéo dos afloramentos visitados em (B).

15



3 METODOS UTILIZADOS

A metodologia utilizada neste trabalho pode ser separada em trés etapas basicas: pré
campo, campo e laboratorial. A etapa precursora ao trabalho de campo consistiu de pesquisa
bibliografica, com levantamento de publicacGes referentes a geologia da regido (SIG, projetos
e artigos), aos métodos a serem utilizados na etapa laboratorial para definicdo da forma de
coleta de amostras, além da confecgdo de mapas geoldgicos e de localizagéo para auxiliar no
trabalho de campo. O levantamento bibliografico se estende até a conclusdo deste trabalho.

O trabalho de campo foi desenvolvido em duas viagens, a primeira com sede no
municipio de S&o Gabriel da Cachoeira com duracdo de 10 dias e a segunda, no municipio de
Santa Isabel do Rio Negro com duragdo de 04 dias. Os trabalhos consistiram no
reconhecimento e descricdo geoldgica de rochas aflorantes ao longo do Rio Negro e
desembocadura de alguns rios secundarios. O levantamento foi feito de voadeira com
pernoites ao longo das comunidades ribeirinhas, e a localizagio exata dos pontos estudados
realizada por meio de GPS Garmim modelo 76 CSx. Para cada afloramento estudado, no total
de 38, foi feita a descricdo do tipo de afloramento, localizacdo em relacdo ao rio, descricao
macroscopica detalhada da(s) rocha(s) (composicdo mineralOgica, textura, estrutura,
granulometria, indice de cor, etc.), coleta de dados estruturais, registros em fotografias do
afloramento e feices macroscdpicas/estruturais/relacéo entre as rochas e coleta sistematica de
amostras orientadas.

Posterior ao trabalho de campo foram selecionadas 37 amostras para confec¢do de
secdes delgadas, tendo como base o tipo litoldgico, grau de alteracdo e localizacdo para uma
representatividade das litologias aflorantes. Também foram selecionadas 28 amostras para
analise de rocha total. A confeccdo das se¢des delgadas e preparacéo fisica das amostras para
analise quimica (britagem, quarteamento e moagem até a obtencdo da fracdo de 200 mesh)
foram realizadas no Laboratorio de Laminacéo e de Analises Minerais (LAMIN) do Servico
Geoldgico do Brasil/CPRM-MA.

A descricdo das secOes delgadas de rocha foi realizada no laboratério de microscopia
do Programa de PoOs-Graduacdo em Geociéncias da UFAM, utilizando microscopio de luz
transmitida do tipo Olympus e modelo BX41, com as imagens obtidas por camera Olympus
de modelo X775 acoplada ao microscépio. A classificagdo modal das amostras foi realizada a
partir de contagem de pontos, tendo em média 1000 pontos para cada amostra, variando o
espacamento de acordo com o tamanho dos cristais, utilizando software especifico do
contador digital de pontos da marca PELCON.
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As anélises quimicas de rocha total fora realizadas no laboratério Acme, no Canada.
Os elementos maiores e menores foram analisados por ICP-ES, enquanto que os tragos por
IPC-MS, em decorréncia de suas abundancias e o limite de deteccdo de cada metodo. Os
dados obtidos foram tratados usando o software GCDkit 3.0 e plotados em diagramas
especificos.

Esta dissertacdo foi redigida no formato de artigo, elaborada junto ao Programa de

Pds-Graduacdo em Geociéncias da UFAM.
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CAPITULO Il - CONTEXTO GEOTECTONICO REGIONAL

4 CRATON AMAZONICO

O Craton Amazénico, situado na regido norte do Brasil, é dividido pela bacia do
Amazonas em Escudo das Guianas ao norte e Escudo Central ao sul (Almeida et al. 1967). As
propostas de evolucdo e compartimentagdo do craton tém como base dados

estruturais, geofisicos e principalmente geocronolégicos. Levando em consideracao
este Ultimo, as propostas mais difundidas sdo as de Tassinari e Macambira (1999), baseada em
dados de Rb-Sr e alguns Sm-Nd, e a de Santos et al. (2000, 2006) utilizando-se de dados de
datacdo U-Pb em zircéo e dados de Sm-Nd (Figura 2).
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Figura 2: Compartimentacdo do Craton Amazonas em Provincias Geocronoldgicas. (A) Concepgao de Tassinari e Macambira
(1999) e (B) de Santos et al. (2000; 2006).

Ambos 0s modelos estabelecem uma evolugcdo de cinturbes mdveis durante do
Paleoproterozoico e Mesoproterozoico a partir de um nuacleo antigo (Arqueano), mas tém
como diferenca os limites entre as provincia e a delimitagdo de uma faixa de cisalhamento
com direcdo NE-SW, de idade Mesoproterozoica, denominada de K’Mudku, no modelo de

Santos et al. (2006) (Figura 2). As rochas estudadas neste trabalho estdo inseridas na
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Provincia Rio Negro-Juruena (modelo de Tassinari e Macambira, 1999) ou Provincia Rio
Negro no modelo de Santos et al. (2006), no extremo oeste da Faixa K’Mudku.

4.1 Provincia Rio Negro

Localizada no extremo noroeste do estado do Amazonas, com porgdes na Coldombia e
Venezuela, a Provincia Rio Negro é constituida por rochas de idades entre 1,8 a 1,5 Ga.
Segundo Santos et al. (2000) esta provincia tem evolucdo caracterizada por processos de
colisdo continental com reciclagem magmatica dos cinturdes mais antigos e posterior
retrabalhamento pelo evento Mesoproterozoico K’Mudku.

CPRM (2006) divide a Provincia Rio Negro em dois principais dominios tectono-
estratigraficos, conhecidos como Alto Rio Negro a oeste e Imeri a leste.

O Dominio Alto Rio Negro apresenta estruturacdo principalmente NW-SE e
secundariamente NE-SW, representado por um embasamento de orto e paragnaisses
polideformados e migmatizados em facies anfibolito (Almeida et al., 2002). CPRM (2006)
interpreta 0 embasamento deste dominio como de ambiente pré-colisional, com magmatismo
de origem juvenil. Associado ocorrem intrusfes graniticas descritas como: (i) tipo S da Suite
Rio Icana (Almeida et al., 2007); (ii) tipo A, aluminosos, das Suites Rio Uaupés e Inhamoin
(CPRM, 2006) e (iii) tipo A da Suite Tiquié (Almeida, 1997).

O Dominio Imeri mostra orientacdo preferencial NE-SW e NW-SE. Almeida et al.
(2002) descrevem o embasamento como representado pelo Complexo Cauaburi, formado
pelas Litofacies Tarsira (a oeste) e Santa lzabel do Rio Negro (a leste). O Complexo é
composto por granodioritos, monzogranitos, tonalitos, metagranitdides e gnaisses em féacies
anfibolito. Os granitdides que intrudem o embasamento séo: (i) tipo A, representado pelas
Suites Marauia e Marié-Mirim (Almeida et al., 2002); (ii) tipo S da Suite Igarapé Reilau
(CPRM, 2000); (iii) tipo | aluminoso da Suite Rio Uaupés (Souza, 2009); e (iv) rochas
maficas-ultraméficas representadas pela Suite Tapuruquara (CPRM, 2006).

Hasui et al. (2012) subdividem a Provincia Rio Negro em dois setores, de acordo com
suas caracteristicas estruturais, Rio Negro a NW e Guiana Central a SE (Figura 3). O setor
Rio Negro apresenta estruturagdo principalmente NW-SE e subordinados NE-SW, resultado
da interferéncia do setor Guiana Central. O setor Guiana Central é caracterizado por gnaisses
e granitos Paleoproterozoicos e Mesoprotezoicos. Além de rochas maficas e sedimentos,
ambos afetados por zonas de cisalhamento transcorrente de cinematica sinistral (K’Mudku)

com direcdo NE-SW. No setor Guiana Central é onde estdo inseridas as rochas estudadas no
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presente trabalho. Estruturalmente distingue-se o setor Guiana Central do setor Rio Negro por
destacar lineamentos NE-SW com alguns E-W correspondendo a orientagdo de corpos

alongados além de estruturas de deformacéo ductil.

100 km Setor
—_— Parima
Setor
Rio Negro

Figura 3: Divisdo da Provincia Rio Negro em setores Rio Negro e Guiana Central (Hasui et al. 2012).

Almeida et al. (2013) apresentam uma reestruturacdo do Complexo Cauaburi,
subdividindo os dominios em: Dominio Uaupés e Icana desmembrando o até entdo descrito
Dominio Alto Rio Negro, e a leste 0 Dominio Imeri (Figura 4).

O Dominio Uaupés é localizado restritamente no extremo noroeste da provincia. O
Complexo Querari representa o embasamento deste dominio (Figura 4), descrito como
composto por ortognaisses e metagranitdides calcio-alcalinos monzograniticos a
granodioriticos, as idades para estas rochas variando de 1740 Ma a 1700 Ma e estruturacao
principal com direcdo NE-SW (localmente E-W) associadas a mega zonas de cisalhamento
sinistral.

O Dominio Icana tem embasamento  representado  por  sucessdes
metavulcanossedimentares do Grupo Tunui, que séo rochas polideformadas de metamorfismo
progressivo de norte para sul, variando de xisto verde até anfibolito alto-anatexia (Figura 4).
Idades de zircdo detritico mostram-se iguais e/ou inferiores a 1720 Ma (CPRM, 2003).

Almeida et al. 2013 descrevem o Dominio Imeri como constituido por ortognaisses e
metagranitoides calcio-alcalinos de composicdo monzogranitica a granodioritica, com algums

tonalitos, sdo reconhecidos também augen gnaisses monzograniticos e raros anfibolitos e
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migmatitos, ambos o0s tipos litolégicos sdo associados como Complexo Cauaburi,
reconhecidos como litofacies Tarsira e Santa lzabel do Rio Negro (Figurad). Estas rochas
apresentam idades no intervalo de 1810 Ma a 1790 Ma. Neste trabalho sdo adicionadas ao
Complexo Cauaburi rochas gndissicas de composicao tonalitica e granodioritica localmente
migmatizadas e polidobradas do Complexo Cumati (Figura 4), estas apresentando foliacdo
regional NW-SE e idades em torno de 1780 Ma.

4.1.1 Complexo Cauaburi

O Complexo Cauaburi representa o embasamento regional, com magmatismo do tipo
calcio-alcalino expandido com idades dos protdlitos em de 1810 a 1789 Ma para rochas da
litofacies Santa Izabel do Rio Negro (CPRM, 2006), 1785 Ma para rocha da litofacies Cumati
e 1795 Ma para a litofacies Tarsira (Almeida et al., 2013). Idades em titanita e 1468 + 8 Ma
(litofacies Santa Izabel do Rio Negro; CPRM, 2003) e Ar-Ar em muscovita 1337 + 4 Ma
(Formaca Aracé; Santos et al. 2003) séo relacionadas a eventos termotectdnicos posteriores.
Ainda segundo estes autores, 0 magmatismo Cauaburi € interpretado como de origem juvenil
envolvendo subduccgdo de crosta oceénica em ambiente de arco magmatico, no estagio pré-
colisional.

O Complexo Cauaburi é subdividido em trés diferentes facies: Tarsira, Santa Izabel do
Rio Negro e Cumati, esta Gltima apresentando maior intensidade de deformacdo e mais alto
grau metamorfico.

A facies Tarsira é caracterizada por metagranitoides porfiriticos e augen gnaisses
exibindo foliacdo com trend NE-SW a E-W. Estas rochas afloram ao longo do rio Negro,
préximo a cidade de Sdo Gabriel da Cachoeira, e rios Xié e Icana (CPRM, 2006; Almeida et
al., 2013). A féacies Cumati é representada por granitoides e ortognaisses bandados e foliados
(localmente migmatizados) com trend NW-SE. Ocorrem dominantemente na regido do rio
Xié e mostram forte retrabalhamento estrutural e metamorfico quando comparados com as
outras facies do Complexo Cauaburi (Almeida et al,. 2013).

A litofacies Santa Izabel do Rio Negro, area do presente trabalho, é caracterizada por
biotita-(hornblenda) ortognaisses a metagranitdides de composicdo monzogranitica a
tonalitica, localmente anfibolitos e migmatitos (Almeida et al., 2013). CPRM (2000)
descrevem ainda diques leucograniticos, migmatitos, metassedimentos e poucas metamaficas
e metavulcanicas félsicas. E conhecido geoquimica célcio-alcalina de médio a alto K, dados
Sm-Nd variando de positivo discreto a negativo com Tobwm entre 2,21-1,99 Ga e ambiente do
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tipo pré e pos colisional (CPRM, 2006). Estas rochas afloram proximas a cidade de Santa
Izabel do Rio Negro e &reas subordinadas.

Na regido do Complexo Cauaburi sdo descritos dois principais eventos, um NW-SE e
outro NE-SW com variagéo para E-W, localmente é observado mais um evento deformacional
evidenciado principalmente nos granitdides associados ao embasamento, com ativacdo de
zonas de cisalhamento também nos ortognaisses (CPRM, 2000).

E abundante a presenca de granitoides proterozo6icos intrusivos no embasamento

regional, descritos a seguir.

4.1.1.1 GRANITOIDES INTRUSIVOS

Os granitdides que ocorrem na provincia Rio Negro apresentam idades
dominantemente de 1,8 a 1,55 Ga, de carater célcio-alcalino, com posteriores tipo A e tipo S
(Dall’ Agnol et al., 2006).

4.1.1.1.1 Granitos tipo A

Sé&o reconhecidos nas Suites Intrusivas Marauia e Marié-Mirim rochas graniticas com
caracteristicas de tipo A, afinidade peralcalina, altos teores de SiO2 e alcalis, com variacao
metaluminosa-peraluminosa no tipo Marauia (Almeida, 1997; CPRM, 2006). Os tipo Marié-
Mirim sdo compostos monzogranitos a ortoclasio granitos e sienogranito, com idade de
1,76Ga e caracteristicas de evolucdo anidra em alta temperatura. Os granitos da suite intrusiva
Marauid sdo compostos por anfibodlio-biotita (leuco)monzogranito e (leuco)sienogranitos,
idade de 1,75Ga e evolucdo do tipo pés-colisional a pés-colisional (CPRM, 2006).

4.1.1.1.2 Granito tipo S

Descrito por Almeida et al. (2000) na Suite Intrusiva Igarapé Reilau sienogranitos e
monzogranitos com biotita e muscovita de carater peraluminoso, com altos valores de SiO; e
K,O. A idade conhecida de 1,52 Ga por U-Pb SHRIMP mostra que essa suite é
correlaciondvel com a Suite Intrusiva Igana do Dominio Alto Rio Negro (CPRM, 2006).
Associado a ambiente sincolisional com génese relacionada a processos de espessamento

crustal tardi a pds colisional.
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4.1.1.1.3 Granito tipo |

Souza (2009) descreve o Granito S&o Gabriel da Cachoeira, pertencente a Suite
Intrusiva Rio Uaupés, como composto por uma ampla variacdo composicional com carater
metaluminoso a levemente peraluminoso. Sdo quimicamente calcio-alcalinos gerado por
fusdo parcial crosta prufunda em ambiente de colisdo continental. Santos et al. (2000)

apresenta idadel,5 Ga para este magmatismo.

4.1.1.1.4 Granito Curicuriari

Esta unidade néo discorre de dados geocronoldgicos e geoquimicos disponiveis, sendo
apenas reconhecido apenas a partir de dados em campo e petrograficos. Levando em
consideracdo o carater intrusivo nas rochas do embasamento e da Suite Uaupés, Almeida
(2005) sugere idade inferior a 1,52 Ga. E composto por sienogranitos e a monzogranitos, com
variacdes locais de composicdo alcali-feldspato granito a alaskito. Assemelha-se ao granito
Jauari (CPRM, 2006), de carater metaluminoso a peraluminoso, tipo I (?) de alto K.

4.1.1.1.5 Suite Tapuruquara

Representa as rochas maficas descritas na regido, composto por olivina a hornblenda
gabros e rochas ultraméaficas. Dados quimicos dessas tipologias ndo sdo reconhecidas somente
idade zircdo de 1,17 Ga de Santos et al. (2006).
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Abstract:

A litho-stratigraphic review of the Cauaburi Complex was carried out by means of field,
tectono-metamorphic and lithogeochemical data, which was the basis for the sub-division of
the Cauaburi Complex orthogneisses into the Santa lzabel do Rio Negro, Cumati and S&o
Jorge facies. These rocks crop out between Sdo Gabriel da Cachoeira and Santa Izabel do Rio
Negro cities. The gneisses of the Santa lIzabel do Rio Negro and Cumati facies are
metaluminous and of calc-alkaline affinity; in turn, the rocks of the Sdo Jorge Lithofacies are
peraluminous and of alkaline affinity. They vary from (amphibole)-biotite
granodiorites/monzogranites (Cumati and Santa Izabel do Rio Negro facies) to spessartite-
bearing biotite monzogranites (S&o Jorge facies). The Cauaburi Complex geochemical
signature is compatible with that of granites generated in collisional settings (magmatic arc?)
and its evolution is related to three distinct tectono-metamorphic events: D4, causing foliation
S1, which developed during the Cauaburi Complex syn-tectonic emplacement in the Cauaburi
Orogeny; D,/M,, causing foliation S,, which generated under amphibolite facies conditions
(717.9 °C and 5.84 kbars), and the emplacement of I- and S-type granite during the Icana
Orogen, and low-temperature D5, associated with the K’Mudku Event, which caused foliation
Ss and reworking via transcurrent shear zones under greenschist facies conditions.

Keywords: Imeri Domain, Cauaburi Complex, litho-stratigraphy, tectono-metamorphic
evolution.
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INTRODUCTION

The Amazonas Craton is ca. 4.4 million km? in area and is limited to the west by the
Andes Orogenic Belt, and to the east and southeast by the Araguaia Neoproterozoic Belt
(Cordani et al., 2009). It is covered by Phanerozoic sedimentary basins to the northeast
(Maranhd&o), in the center (Amazonas), to the south (Xingu-Alto Tapajos), to the southwest
(Parecis), and to the west (Solimdes) (Santos et al., 2000). It is a tectonic feature whose
evolution, on the basis of geologic and radiometric data, is comparable to cratonic regions in
Canada, Africa and Australia (Rivers et al., 1989; Sadowski and Bettencourt, 1996; Cordani
et al., 2009). Santos et al. (2000, 2006) describe seven provinces: Carajas, Transamazonian,
Tapajos-Parima, Central Amazonas, Rio Negro, Rondbnia-Juruena and Sunsas, and the
K’Mudku shear belt (Figure 1).

Geochronologic and geotectonic studies have been carried out in the Amazonas
Craton, thanks to its mineral potential and the necessity to understand evolutionary aspects by
means of paleogeographic reconstructions and geodynamic models (Amaral, 1974; Cordani et
al., 1979; Hasui et al., 1984; Teixeira et al., 1989; Tassinari and Macambira, 1999; Tohver et
al., 2002, 2006; Santos et al., 2000, 2006). Considering the extension of the craton and the
characteristics inherent to the Amazonian region (size, thick weathering mantle, lack of
outcrops, dense vegetal cover and difficulty of access), the majority of the studies have been
made at regional scales. As a consequence, geologic knowledge regarding many sectors of the
craton is poor, especially the Rio Negro Province (Santos et al., 2000), which is located in the
northwestern part of the State of Amazonas, in the frontier with Colombia and Venezuela
(Figure 1).

Regional geologic studies carried out in the Rio Negro Province are summarized in the
Geologic Map of the State of Amazonas at the 1:1,000,000 scale (CPRM, 2006), and also in
local studies regarding granitic rocks (e.g., Dall’Agnol and Macambira, 1992a, 1992b; Souza,
2009; Veras, 2012). The studies regarding basement rocks are restricted to geological surveys
related to the RADAMBRASIL project, developed in the 1970’s (Montalvdo et al., 1975;
Pinheiro et al., 1976; Fernandes et al., 1977; Lourenco et al., 1978), and to the Programa de
Levantamento Basico, a small-scale geologic survey program of the Brazilian Geologic
Survey (CPRM), developed in the 1990’s (Melo et al., 1993; Melo and Vilas Boas, 1993;
Almeida et al., 2002), whose data were reinterpreted and summarized in CPRM (2006).

Detailed studies are necessary for the understanding of the compartmentation and
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evolution of the Amazonas Craton, focusing on structural, geochemical and geochronologic
relationships of the units of each province. Once the geology of the provinces is known, it is
possible to correlate and characterize them in terms of evolution and limits. In this sense, this
study re-assesses and redefines the Cauaburi Complex facies, using geologic and structural
data obtained during field work, integrated with petrographic, lithogeochemical, chemical and
analytical studies of the metamorphic conditions, to better define each tectono-stratigraphic

unit and make inferences on the genesis and tectonic evolution.

ATLANTIC OCEAN

Amazon
Craton

PACIFIC
500 km  OCEAN
——

\:l Phanerozoic basins n Rio Negro, 1.82-1.52 Ga
E Andes Orogenic Belt B Tapajos-Parima, 2.03-1.88 Ga
Paraguai-Araguaia Belt El Transamazon, 2.26-2.01 Ga
Dstmsas, 1.45-1.10 Ga m Carajas 3.0-2.5 Ga

- Rondénia-Juruena, 1.82-1.54 Ga l:‘ Central Amazon, Archean?
Figura 1: The Provinces of The Amazon Craton (Santos et al., 2000 and 2006).
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THE RIO NEGRO PROVINCE

Located in the NW portion of the Amazonas Craton, the Rio Negro Province is
characterized by the occurrence of Precambrian rocks of ages between 1.82-1.52 Ga (Figure
2, Santos et al. 2006). Almeida et al. (2013) sub-divide the Rio Negro Province in three
domains named Uaupés, Icana and Imeri, which resulted from orogenesis of distinct
evolutions. In the Uaupés Domain the basement is represented by the Querari Complex,
which encompasses monzogranitic to dioritic orthogneisses of calc-alkaline affinity,
crystallization age between 1.74 to 1.70 Ga, and NE-SW- (to locally E-W-) trending
structuration associated with sinistral mega-shear zones. In the Icana Domain (Figure 2),
Tunui Group metavolcanosedimentary rocks crop out, with maximum detrital zircon ages of
1.72 Ga. Low greenschist facies metamorphism occurs to the north, reaching high amphibolite
facies (anatexis isograd) to the south, with poly-folded rocks (Almeida et al. 2013). Icana
Suite S-type granites of ages varying between 1.54 and 1.52 Ga and other granitic bodies are
intrusive in the Tunui Group (Almeida et al., 2002; Veras, 2012). The Imeri Domain, the most
comprehensive in the Rio Negro Province, presents NE-SW structuration and ages between
1.81 and 1.79 Ga. The basement is constituted by rocks of the Cauaburi Complex, which are
divided according to textural and compositional characteristics in the Tarsira and Santa Izabel
do Rio Negro lithofacies (Almeida et al. 2002). The Tarsira Lithofacies, which crops out in
the western portion of the Imeri Domain, encompasses biotite augen-gneisses and oval
(meta)-granitoids of dominant monzogranitic composition (Melo and Vilas Boas, 1993;
Almeida et al., 2002). The Santa Izabel do Rio Negro Lithofacies (Figure 2) crops out mainly
in the eastern portion of the domain and is composed of biotite-(hornblende) granodiorites,
monzogranites, rare tonalites and quartz diorite enclaves (Almeida et al., 2002, 2007).
Subordinated leucogranitic dikes, migmatites, metasedimentary rocks, scarce metamafic and
felsic metavolcanic rocks are also included in this lithofacies (Brito et al., 2000; Melo and
Vilas Boas, 1993).

Amphibolite facies metamorphism is attributed to the Cauaburi Complex. Its evolution
is related to two major deformational events that generated respectively NW-SE and NE-SW
foliations, the latter with local attitude variation to E-W (CPRM, 2000). Chemical data
indicate affinity with medium- to high-K calc-alkaline granites (Almeida et al., 2002, 2007).
Sm-Nd isotopic data (Tpm between 2.21-1.99 Ga and eNd() from +0.73 to -1.67) suggest

juvenile sources related to the Transamazonian tectonic event (Sato and Tassinari, 1997;
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Santos et al., 2000).

Besides the rocks of the Cauaburi Complex, 1.78 Ga-old tonalitic and granodioritic
orthogneisses, grouped by Almeida et al. (2013) in the Cumati Complex, occur subordinately
in the northwesternmost part of the Imeri Domain (Figure 2).

Granitoid rocks of distinct natures and ages are intrusive in the Cauaburi gneisses: A-
type granites, represented by the Marauia (1.75 Ga), Marié-Mirim (1.76 Ga) and Tiquié suites
(Almeida et al., 2002; Almeida et al., 2013); S-type granites of the Icana and lgarapé Reilau
suites (1.54 to 1.52 Ga; CPRM, 2006); I-type granites of the Uaupés (1.5 Ga; Santos et al.,
2000), Inhamoin and Jauari suites, and mafic-ultramafic rocks represented by the Tapuruquara
Suite (1.17 Ga; CPRM, 2006). Proterozoic supracrustal units are represented by the Neblina,
Daraa and Araca formations, the latter of muscovite Ar-Ar age of 1.33 Ga (CPRM, 2006).

The Rio Negro Province crustal evolution is related, according to Almeida et al.
(2013), to three orogenies: Cauaburi (1.81 to 1.78 Ga), Querari (1.74 to 1.70 Ga) and Icana
(1.54 to 1.48 Ga). The Cauaburi Orogeny reflects an accretionary system with continental
magmatic arc collision, formed by an orthoderived high-K calc-alkaline basement named
Cauaburi Complex, under the Tapajos-Parima Province. The (1.75 Ga) A-type granites would
be related to a late- to post-collisional context and the metasedimentary formations (Neblina,
Dard and Araca) would represent basins related to this arc system. The Querari Orogeny
would represent a juvenile magmatic arc system (island arcs?) formed by an orthoderived,
medium-K, calc-alkaline basement named Querari Complex. The Icana Orogeny would cause
the amalgamation of the Querari and Cauaburi arcs and the generation of S- and I-type

granites, under an essentially collisional setting.
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Figura 2: Geological map of Rio Negro Province, with delimitation of Uaupés (UD), Icana (ICD) and Imeri (IMD) Domains according to Almeida et al. (2013).
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MATERIALS AND METHODS

Thirty-eight outcrops were systematic sampled for this study, including gneisses and
granites intrusive along the Negro River, between S&o Gabriel da Cachoeira and Santa lzabel
do Rio Negro cities, northwesternmost part of the State of Amazonas (Figure 2).

The analyses included petrography, lithogeochemistry and mineral chemistry, the
latter by means of a JEOL electron microprobe, model JXA-8230, coupled to five WDS an
one EDS spectrometers, located at the University of Brasilia.

Sample preparation for whole-rock chemical analyses (crushing, quartering and
grinding to the 200-mesh fraction) took place at the Laboratory for Mineral Analysis (LAMIN
— Laboratorio de Andlises Minerais) of the Brazilian Geologic Survey/CPRM-AM.

At Acme Laboratories (Canada), the samples were digested using lithium
metaborate/tetraborate and nitric acid. Loss on ignition (LOI) was calculated after 1000 °C
incineration. The analyses were performed with an ICP mass spectrometer.

The resulting data were treated using Microsoft Excel and the GCDKkit 3.00 software
and plotted in diagrams for petrogenetic interpretations. In the outcrops, ductile deformation
features were identified and described. Oriented samples were collected and cut in the
laboratory, in order to obtain the cut face that contains the foliation plane (XY) and the cut
face perpendicular to XY plane, according to the major mineral (X) axis or stretching
lineation, obtening the cut face (XZ) in this face we identified kinematic indicators.emote
sensing data were of fundamental importance for the acquisition of textural and
geomorphologic features and topographic data. Landsat-8/OLI, AlosPalSAR images and
SRTM data were obtained through INPE, Alaska and US Geological Survey sites,
respectively. Software ENVI 4.5 and ArcGIS 10.2.1 were used for digital image treatment and
preparation of cartographic products. The integration of these features with field data helped

review and modify the geologic base map (CPRM, 2006).

THE CAUABURI COMPLEX

Field and petrographic aspects

The Cauaburi Complex encompasses gneisses and metagranitoids that, although
varying in texture, grain-size and composition, show the same structural and metamorphic
pattern. They are divided in the Santa Izabel do Rio Negro, Sdo Jorge and Cumati facies

(Figure 3).
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Figura 3: Localization of the study area, NW State of Amazonas modified of CPRM (2006).
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The Santa Izabel do Rio Negro facies crops out in the northeastern portion of the Imeri
Domain (Figure 3), and more restrictedly in the western portion of the Igana Domain, north of
the Tunui Mission (Figure 2). It is composed of biotite gneisses and monzogranitic and
subordinately granodioritic metagranitoids (Figure 4) of inequigranular to porphyroclastic
texture (Figures 5A and 5B). Essential minerals are quartz, plagioclase (Anss.4), potassic
feldspar, biotite and titanite. Allanite, epidote, apatite, zircon, opaque minerals and rare
amphibole are accessory minerals. The rocks show medium- to coarse-grained phaneritic
matrix and 5 to 60% potassic feldspar and plagioclase porphyroclasts, which are dominantly
tabular to ovoid, with major axis varying between 0.5 and 3.0 cm in size (Figures 5A and 5B)
The development of a macroscopic metamorphic foliation varied according to the percentage
of phenocrysts. biotite-rich melanosome are concordant with the main foliation (Figure 5C).
In metagranites with high percentages of porphyroclasts, the foliation is marked by the
orientation of prismatic and tabular minerals, interpreted as a preserved magmatic flow
foliation (Figure 5B). However, matrix microtextures reveal high recrystallization grade,

similar to what is observed in rocks with a lower percentage of phenocrysts.
Q Q

@ Santa Izabel do Rio Negro facies
A Sio Jorge facies
B Cumati facies

j i

o %
®
Monzogranite | Granodiorite

A
A+P A
Figura 4: Modal compositions of The Cauaburi Complex according to the classification of Streckeisen (1976).
Subordinate aplite dikes are displaced by pegmatite dikes (Figure 5D). Elliptical,
stretched mafic enclaves are of varied sizes and oriented according dominant foliation S,,
developed in porphyritic rock of medium-grained matrix. Centimeter- to meter-sized enclaves

of irregular and angular shapes, which are common in this unit, show an internal foliation
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discordant with the attitude of foliation S, (Figures 5E and F).

Figura 5: Santa Izabel do Rio Negro facies macroscopic aspects. (A) porphyritic rock of medium-graned texturecontaining
pegmatite dikes folded by axial-plane foliation S,. (B) porphyritic rock of coarse-grained matrix containing euhedral,
prismatic crystals of potassic feldspar and plagioclase, aligned forming the foliation. (C) zone of anatectic mobilizates
disposed along the foliation S: attitude. (D) aplite dike displaced by a pegmatite dike. (E) Elongated enclaves oriented
concordant to foliation S2. (F) Ramdom distribution of xenoliths showing internal foliation and of varied sizes.

The S&o Jorge facies crops out in the western portion of the Imeri Domain (Figure 3).
It is composed of beige monzogranitic leucogneisses (Figure 4) of fine- to medium-grained
equigranular texture. Essential minerals are quartz, potassic feldspar, plagioclase (Angg.1s),
biotite and magmatic garnet (Spseo-65); accessory minerals are zircon, apatite and oxides, with
mafic mineral percentage of 3.0 to 8.7%. The facies shows millimeter-sized gneissic banding
marked by alternating felsic (quartz and feldspar-rich) layers and discontinuous, fine levels of

mafic minerals (biotite and garnet) (Figure 6A). More than one generation of millimeter-sized
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pegmatitic levels are common, oriented or not according to banding, showing close folding

and axial-plane foliation S, (Figures 6B, 6C and 6D).

Figura 6: S&o Jorge facies macroscopic aspects. (A) Compositional banding in the gneisses showing local folding of foliation
S1. (B) Pegmatite dike discordant to foliation Sz, with associated injections parallel to foliation S2. (C) Fine texture in gneiss
with foliation S1 and pegmatitic dikes folded by axial-plane foliation S2. (D) Fine-grained gneiss with pegmatitic dikes
deformed by locally disharmonic closed folding, generating S-type folds.

The Cumati facies hardly crops out in the eastern portion of the Imeri Domain. The
most expressive area of this facies occurs in the northernmost portion of the Igana Domain
(Xié River region, Figure 2, Almeida et al. 2013). Along the study section, these rocks crop
out as a NW-SE-trending elongated body (Figure 3). The rocks are dominantly granodioritic
gneisses of fine equigranular texture (Figures 4 and 7A), and more rarely augen gneisses with
stretched plagioclase porphyroclasts (Figure 7B). They are grey and show millimeter-sized
compositional banding marked by alternating quartz-feldspatic and mafic levels (biotite,
titanite and amphibole). They differ from the S8o Jorge leucogneisses by the mafic mineral
percentage, which varies between 42 and 46%. They are formed by quartz, plagioclase (Anzs-
44), potassic feldspar, biotite, titanite, oxides and/or amphibole; accessory minerals are
allanite, epidote, apatite, and zircons. Pegmatitic dikes of varied thickness (1 to 30 cm) occur
concordant with foliation S,. Anatectic mobilizates (leucosome and melanosome) are also
common (Figures 7C and 7D).
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Figura 7: Cumati facies macroscopic aspects. (A) Granular, fine-grained rock showing intensely deformed and folded bands.
(B) Coarse-grained, porphyritic monzogranitic rock with medium-grained matrix; potassic feldspar and plagioclase
porphyroclasts as sigmoids aligned according to foliation Sz. (C) Deformed pegmatite dike oriented to the main foliation and
intruding porphyritic gneiss of medium-grained matrix. (D) Mineral mafic cluster.

Deformation

In the gneisses of the study area, ductile deformation features were recorded as
compositional banding, metamorphic foliation parallel to (localized) magmatic flow foliation,
and mylonitic foliation restricted to shear zones. Foliation S; strikes N52° to 86°E and dips
20° to 40° to SE. The stretching lineation seen in S; dips 4° to 21° to SE. Potassic feldspar
porphyroclasts show sinistral transpressional kinematics (Figure 8A). Foliation S; is difficult
to be recognized in the field due to reworking. It was also folded by the deformation that
generated foliation S, forming asymmetric folds (Figure 8B). Pegmatitic veins composed of
quartz, potassic feldspar and biotite truncate foliation S;, forming gentle and open folds or

discontinuous intrafolial folds according to S, (Figures 8C and 8D).
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Figura 8: Outcrops where foliation S1 can be observed. (A) Distribution of the attitude of foliation S1 pole and mineral
stretching lineation (Lmz) contained in plane Si. (B) Foliation Si folded by axial-plane foliation S2. (C) Folds representing
foliation S1. (D) Intrafolial folds (S1) according to foliation Sa.

Foliation S; is easily identified by the clear alignment of sigmoid potassic feldspar
porphyroclasts and mafic minerals alignment. It is mainly oriented according to N82°E-S64°E
and dips 40° to 74° southwards (Figures 9A and 9B). Mineral stretching lineation contained in
S, dips 11° to 56° southwards. Folds and sigmoidal potassic feldspar porphyroclasts indicate
dominant sinistral rotation. Pegmatite dikes varying from 10 cm to approximately 1 m in
thickness (Figure 9C), usually boudinated and showing pinch-and-swell structures (Figure
9D), are concordant with foliation S,. Some of these dikes show concentrations of mafic
minerals (melanosome?) at the rims, suggesting an initial migmatization stage concomitant
with the development of foliation S, (Figure 9D). Stretching lineation shows mean orientation
dipping 24° to 126°Az (strike) and the observed kinematic criteria (asymmetry of folds and

boudinated pegmatitic veins) indicate sinistral transpressional kinematics.
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Figura 9: Outcrops where foliation Sz was observed. (A) Dispersion of the orientation of the foliation Sz pole in outcrops and
mineral stretching lineation for this deformation phase, showing SE-trending main orientation. (B) Foliation S2 arrangement
in leucogneisses. (C) Stretched pegmatite dikes, concordant with foliation S2. (D) Development of sigmoid features by
stretching of pegmatitic dikes derived from the deformation that generated foliation S2; pegmatites with concentrations of
mafic minerals at the rims, suggesting the development of Sz in anatexis conditions (?).

NE-SW-trending foliation S; is characterized by high, SE-dipping angles. It occurs
locally, axial-planar to gentle folds, registered in the compositional banding of leucogneisses
and pegmatite dikes concordant with orientation of S, foliation (Figures 10A, 10B and 10C).
Foliation the foliation S, was totally obliterate by Ss foliation. It also occurs in shear zones
(Figure 10D). Potassic feldspar porphyroclasts indicate dominant sinistral transpressional
kinematics. The record of Sz foliation and the effects of this strain on rocks generates

interference patterns by refolding of the dome-and-basin type (Figure 10E).
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Figura 10: Foliation Ss structural features. (A) Orientation of the foliation Ss pole. (B) and (C) gentle and open folds
representing Ss. (D) shear zone according Ss with sinistral kinematics. (E) Circular and elliptical foliation representing S1, S2
and Ssrefolding pattern of the dome-and-basin type.

METAMORPHIC CONDITIONS — M; AND M3

Metamorphic conditions were established using empirical calibrations for the
amphibole-plagioclase geothermometer by Anderson (1996) and Ti in biotite by Henry et al.
(2005), and pressure conditions using the Al geobarometer in hornblende by Anderson
(1996). Metamorphic event M; was probably responsible for the generation of igneous
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protoliths syn-tectonically to deformational event D;, generating foliation S;. Taking into
consideration reworking by events M, and M3 — in particular M, which reached anatexis
conditions, the features that represent metamorphism M; were obliterated.

Temperatures for event M, were determined applying the geothermometer of Henry et
al. (2005) to biotites of the three facies. For Santa Izabel do Rio Negro and S&o Jorge, the
values obtained were close and within the 568-661 °C interval. The temperatures obtained for
the Cumati facies were a little higher, varying from 643° to 709 °C, confirmed by
migmatization evidences in the field. These values are consistent with the temperature of
717.9 °C, obtained by Anderson’s (1996) calibration for the amphibole-plagioclase pair.

The microtextures associated with M, are granoblastic contacts (Figure 11A) and
quartz crystals with the development of subgrains by planar sliding and chessboard
undulatory extinction (Figure 11B), indicating minimum recrystallization temperatures
between 680-700 °C (Kruhl, 1996). The generation of subgrains developed by SGR
(SubGrain Rotation) recrystallization and mantle-core texture is common in plagioclase
(Figure 11C), both formed at temperatures higher than 600 °C (Yund and Tullis, 1991; Olsen
and Hohlstedt, 1985; Passchier and Trouw, 2005). Polygonal granoblastic texture defined by
potassic feldspar of the matrix is common (Figure 11D) and it is associated with temperatures
of the order of 650 °C (Yung and Tullis, 1991).

Locally, it is possible to recognize features characteristic of migmatization, such as
rounded biotite with corroded rims being incorporated by feldspar (Figure 11E) and
interfingered contacts between plagioclase and alkaline feldspar (Figure 11F; Passchier and
Trouw, 2005; Sawyer, 1999 and 2001).

Event M, pressure conditions were estimated by the amphibole-plagioclase
geothermobarometer only for the Cumati facies, which indicated pressures of the order of

5.84 kbars, corresponding to an approximately 20-km depth in the crust (Anderson 1996).

40



Figura 11: M2 microtextural aspects. (A) Granoblastic contacts between quartz crystals (Qtz). (B) Quartz showing chessboard
extinction. (C) Plagioclase with folded mechanical twinning, undulatory extinction and limit with lobate feldspar (Pl). (D)
Polygonal granoblastic texture in potassic feldspar. (E) biotite (Bt) with corroded rims incorporated by feldspar. (F) Contacts
between potassic feldspar (Kfs) and plagioclase with mechanical twinning and undulatory extinction defined by limit
migration.

Metamorphic event Ms is here interpreted as low-grade metamorphism at the
greenschist facies, due to the overlapping of low-grade textures on already recrystallized

minerals of the matrix and/or on porphyroclasts deformed at higher temperatures. The
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microtextures that mark M; are clearly observed in quartz crystals that show strong
undulatory extinction (Figure 12A), Bulging Recrystallization (BLG) texture, related to the
300-400 °C interval (Passchier and Trouw, 2005; Shigematsu, 1999), and pinning texture
(Passchier and Trouw, 2005), where biotite is incorporated to quartz crystals (Figure 12B).
Plagioclase and potassic feldspar phenocrysts of the Santa Izabel do Rio Negro facies and
garnet of the S&o Jorge facies are fractured (Figure 12C), occasionally with recrystallized
quartz filling the fractures. In general, M3 is represented by conspicuous undulatory
extinction, with deformation bands in quartz, rare undulatory extinction in plagioclase, and

biotite showing gentle folding and rare kink bands (Figure 12D).

Figura 12: Ms microtextural aspects. (A) Quartz crystals (Qtz) with size reduced by planar slip and undulatory extinction. (B)
Biotite showing pinning-type texture in quartz crystal. (C) Fractured garnet crystal. (D) Kink band in biotite.
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LITHOGEOCHEMISTRY

A population of 19 samples was used to discriminate the igneous protoliths of the
Cauaburi Complex gneisses, considering isochemical (closed system) processes (Table 01).
Regarding major elements, the samples from the S&o Jorge facies differ from the other facies
by the higher SiO, (70.77 to 73.15%), K,O (5.01 to 6.91%) and Na,O (3.42 to 4.38%)
contents and low TiO, (0.11 to 0.20%), CaO (0.47 to 1.22%), Fe,O3 (0.53 to 1.22%), and
MgO (0.05 to 0.24%) contents (Table 01).

Chemical analysis of the samples from Cumati and Santa Izabel do Rio Negro facies
show SiO, varying from 63.94 to 72.73% and, in general, depletion of K,O (1.69 to 5.76%)
and Na,O (2.22 to 3.64%) and enrichment of TiO, (0.32 to 0.87%), CaO (2.04 to 5.44%),
Fe,03 (2.39 to 4.93%), and MgO (0.49 to 1.89%), when compared to the samples from the
Sdo Jorge facies (Table 01). When plotted in Harker diagrams, the three facies define a single
trend with negative correlation for Al,03, CaO, Fe,O3 and TiO, and positive correlation for
K20. The Sao Jorge facies yields a vertical trend for MnO and Rb/Sr ratio, whereas the other
facies define a trend with negative correlation for MnO and a slight, positive correlation for
Rb/Sr (Figure 13). In general, high dispersion of trace elements is observed for all samples.

The gneisses of the Santa lzabel do Rio Negro and Cumati facies are metaluminous,
with some samples of the Santa Izabel do Rio Negro Lithofacies showing peraluminous
character, whereas the gneisses of the S&o Jorge facies are strongly peraluminous (Figure
14A). The Santa lzabel do Rio Negro and Cumati facies constitute calc-alkaline series,
contrasting with the Sao Jorge rocks, which are highly evolved and of strong alkaline affinity
(Figures 14B, 14C and 14D).
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Tabela 1: Major and trace element analyses of selected sample of The Cauaburi Complex.

Litofacies Sdo Jorge Cumati Santa Izabel do Rio Negro
Amostra | MC12A  MC02 MC03 MC04 MCO7B MC12B  MCO7A MC09 MCO1 : MC0O6 MC15 MCO08 | MC31A MC25A MC21A MC28 MC26 MC20B MC21B
Sio2 70,77 71,80 71,99 72,14 72,27 72,62 72,78 72,99 73,15 63,94 65,43 67,01 64,44 65,96 66,16 67,02 67,70 68,19 72,73
TiOo2 0,20 0,15 0,18 0,22 0,18 0,11 0,15 0,17 0,15 0,87 0,59 0,46 0,51 0,52 0,61 0,53 0,54 0,42 0,32
AI203 15,77 15,30 14,80 14,61 14,52 15,11 14,61 15,31 14,69 16,15 15,73 16,10 15,92 15,89 15,32 15,40 15,29 15,53 15,35
Fe203 1,23 0,98 1,02 1,17 1,07 0,53 0,82 0,79 0,77 4,75 4,57 2,88 4,93 4,27 4,74 4,01 3,64 3,93 2,39
MgO 0,24 0,16 0,16 0,21 0,19 0,05 0,08 0,10 0,12 1,54 1,39 0,92 1,89 1,01 1,31 0,94 0,81 1,52 0,49
MnO 0,10 0,15 0,09 0,17 0,16 0,15 0,04 0,08 0,10 0,10 0,07 0,08 0,09 0,08 0,08 0,08 0,07 0,07 0,04
Ca0 1,22 0,64 0,66 0,49 0,47 0,63 0,49 0,73 0,71 5,44 3,68 4,17 4,35 3,23 3,98 2,95 2,90 4,45 2,04
Na20 4,38 4,19 4,05 3,82 3,58 343 3,63 3,82 4,03 2,86 2,77 3,35 3,03 3,76 2,95 3,64 3,60 3,14 2,22
K20 5,01 5,76 577 5,80 6,24 6,91 6,43 5,85 5,64 2,63 4,21 343 3,60 4,11 373 4,19 4,34 1,69 5,76
P205 0,08 0,03 0,04 0,02 0,04 0,01 0,02 0,02 0,04 0,57 0,17 0,37 0,18 0,24 0,27 0,23 0,22 0,21 0,11
LOI 0,80 0,70 1,10 1,20 1,1 0,30 0,80 0,00 0,50 0,80 1,10 1,00 0,80 0,50 0,60 0,60 0,50 0,50 0,20
Total 99,80 99,86 99,86 99,85 99,82 99,85 99,85 99,86 99,9 99,65 99,71 99,77 99,74 99,57 99,75 99,59 99,59 99,65 101,62
Ba 578 183 222 241 265 704 263 305 212 10550 9140 836,0 852,0 1923,0 838,0 1788,0  1950,0 611,0 1330,0
Rb 210,2 232 201,9 225 220,3 269,7 2349 2431 209,9 103,5 148,2 1258 113,3 105,5 169,9 101,3 93,8 115,7 190,6
Sr 134,8 48,8 50,2 52,6 61,5 125,9 52,3 59,8 473 5124 301,1 456,1 366,6 4852 266,0 423,0 4373 509,7 2350
Ga 14,7 15,1 15,8 14,7 13,3 15,0 139 15,3 13,3 15,2 16,7 15,1 15,5 16,1 17,2 15,1 14,6 154 12,3
Zn 29 20 27 45 50 11 37 16 22 53 54 38 47 52 55 54 47 47 29
Hf 10,7 8,9 1 9,2 8,5 9,2 8 8,4 7,6 13,0 57 13,2 4,7 8,1 5.6 8,3 74 5,6 6,0
Nb 20 22,1 274 22,1 19,6 38,2 18,2 18,8 15,2 20,8 12,9 16,1 9,0 9,1 17,7 10,1 12,2 10,7 10,3
Ta 1,1 1,3 1,2 1,3 1,3 26 1,5 038 08 1,9 09 1,3 0,6 0,6 1,3 0,7 0,9 1,0 0,7
Th 28,3 26 355 279 36 25,1 317 379 30,3 216 14,7 34,5 15,3 98 7,7 9,6 76 14,1 14,9
Zr 3264 219 262,6 227,6 201,7 163,2 207,3 2184 209,4 4958 209,5 501,6 174,9 3278 2105 351,3 2979 210,3 195,7
Y 753 476 31 59,5 59,3 346 44 68,7 333 459 33,7 37,3 216 20,2 38,7 216 36,6 34,1 235
La 69,7 446 54,9 89,9 87,1 228 55,2 715 52,9 82,9 69,2 54.4 418 45,9 277 68,3 56,3 90,2 39,0
Ce 146,5 99,7 120,4 135,2 195,1 52,9 109,9 158,7 119,6 165,8 130,3 132,3 84,0 92,8 60,6 126,1 109,0 123,9 70,0
Pr 16,4 11,9 13,6 21 20,6 6,4 12,3 18,8 13 18,9 16,0 12,2 9,4 11,1 83 14,1 14,5 17,2 8,1
Nd 62 421 52,8 76,3 73,5 234 46,7 68,2 485 72,1 58,8 457 344 39,9 345 49,8 55,0 60,7 284
Sm 12 1,3 11,2 15,8 16,2 58 9,4 15,1 9,6 12,3 10,3 85 6,3 6,2 74 71 9,4 10,5 4,5
Eu 17 1,0 1,2 2.2 2,1 08 1,3 1,1 1,0 3,0 2,1 1,9 1,3 1,6 1,5 1,9 2,0 1,9 1,2
Gd 12,2 79 93 135 14,5 54 84 12,8 8,1 104 84 8,0 5,0 49 6,9 54 77 98 4,1
Tb 2,1 1,3 14 2,1 2,2 1,0 1,3 20 1,2 1,5 1,2 1,2 0,7 0,7 1,0 0,7 1,1 1,3 0,6
Dy 123 8,0 75 1,1 11,8 7,0 78 1,1 6,1 8,6 6,5 6,3 37 35 58 39 6,4 6,6 34
Ho 25 17 1,3 2,0 2,1 1,5 1,6 23 1,1 1,6 1,2 14 08 0,7 1,3 0,7 1,3 1,2 08
Er 72 49 34 58 57 46 48 6,2 32 49 33 38 2,1 2,0 4,0 22 36 29 23
Tm 1,1 0,7 0,4 09 08 08 0,7 09 05 08 05 0,6 0,3 0,3 0,6 0,3 05 04 0,4
Yb 7,0 48 26 55 47 54 47 59 27 46 30 43 2,0 2,0 4,5 2,1 30 24 26
Lu 1,0 0,7 0,3 0,8 0,7 0,8 0,7 0,9 0,4 0,7 0,5 0,7 0,3 0,3 0,7 0,3 0,4 0,4 0,4
T ETR 17383 10294 11231 12483 1310,1 1511,0 11258 13363 10335 | 2657,9 1951,8 23032 | 17502 31100 17202 2996,8 31139 21723 18414
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Figura 13: Harker variation diagram for major and trace elements of The Cauaburi Complex.

The Séo Jorge facies shows the lowest REE fractionation degree, with Lan/Yby values
from 13.21 to 2.85 (Lan/Smy between 3.47 and 2.47 and Gdn/Luy between 2.49 and 0.81) and
pronounced negative Eu anomaly (Eun/Eu* between 0.24 and 0.44) (Figure 15). The poorly
fractioned HREE pattern reflects the presence of garnet and zircon in these rocks. The strong
Eu anomaly is interpreted as resulting from feldspar fractionation, common in evolved rocks.

The Cumati facies shows intermediate behavior in relation to REE fractionation, with
Lan/Yby between 15.55 and 8.53 (Lan/Smy between 4.24 and 4.03 and Gdn/Luy between
2.26 and 1.50) and less pronounced negative Eu anomaly (Eun/Eu* between 0.69 and 0.81).
Despite less fractionated, this distribution pattern is similar to that observed for the Santa
Izabel do Rio Negro Lithofacies. For this lithofacies, Lan/Yby varies between 25.34 to 4.14
(Lan/Smy between 6.05 and 2.35 and Gdn/Luy between 3.30 to 1.18). Negative Eu anomaly is
observed (Eun/Eu* varying between 0.46 and 0.88 — Figure 15). The LREE-fractionated
pattern in these rocks can be attributed to allanite and epidote as important accessory
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minerals, besides apatite and titanite fractionation, which tends to lead to intermediate REE
depletion, and variable behavior of HREE fractionation, the latter related to the presence of
hornblende and zircon, which occur in variable proportions in these rocks. A minor

plagioclase fractionation is reflected in the negative Eu anomaly.
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Figura 14: (A) Alumina saturation index (Shand, 1927); (B) Alkalinity diagram of Frost et al. (2001); (C) Triangular diagram
of Barker & Arth (1976) with A-type compositional field; (D) Alkalinity vs. SiOz2 after Wright (1969).

The distribution patterns in multi-element diagrams for the three facies are similar, but
differ because of the anomaly intensities, which are weaker for the Cumati facies, and also
because of total REE, which is the highest for Sdo Jorge. In general, negative anomalies are
observed for Ba, Nb, Ta, Sr, P and Ti, and positive anomalies for Rb, Th, K, La and Ce.
Barium and Sr anomalies can be related to plagioclase fractionation; Nb and Ta are common
in granites generated in subduction settings; Ti and P can be associated with apatite and
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biotite fractionation (Cumati facies), and also titanite fractionation (Santa lzabel do Rio Negro
facies).
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Figura 15: Chondrite-normalized (Boynton, 1984) REE patterns and Chondrite- normalized (Thompson, 1982) spidergrams
from sample rocks of study area.

DISCUSSIONS

The mineralogical and chemical differences between the Santa lIzabel do Rio
Negro/Cumati facies and the S8o Jorge facies suggest distinct sources for the protoliths. A
possible origin for the sources of the calc-alkaline Santa Izabel do Rio Negro and Cumati
facies could be partial melting of amphibolites. This origin is consistent with eNd1 gg) values

from +0.64 to -2.35 obtained by CPRM (2006) for the Santa Izabel do Rio Negro facies,
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suggesting derivation from amphibolites of older crust recycling.

The Séo Jorge facies alkaline rocks are extremely evolved and peraluminous, with
high alkalis contents (Na,O + K;O up to 9%), high FeOJ(FeO+MgO) ratio, low CaO
contents, and high Ga, Nb, Rb and Zn concentrations, which is compatible with A-type
granites (White and Chapell, 1993, Whalen et al., 1987, King et al., 1996). The essential
mafic mineralogy is represented by biotite (1.2 to 3.5%) and spessartite garnet (3.0 to 0.8%).
The total modal mafic content is less than 10%.

The presence of garnet is relatively rare in A-type granites, but extremely common in
S-type granites. Examples of garnet associated with alkaline granites can be found in the
eastern portion of the Seridd Belt (Borborema Province), where garnet is andradite
(Nascimento et al., 2010), and in the central portion of China (East Qinling Orogen), where
garnet is spessartite (Zhang et al., 2012).

A-type granites can be generated from: (1) crystallization of extremely fractionated
mantle liquids (Loiselle and Wones, 1979; Frost and Frost, 2010); (2) partial melting of
tonalitic to granodioritic crust (Creaser et al., 1991; Frost and Frost, 2010); (3) melting by
high-temperature dehydration of calc-alkaline granitoids at shallow crustal levels (Patifio
Douce, 1997), and (4) orthogneisses or high-grade metasedimentary rocks, from which a
previous melting has already been extracted (Bonin, 2007; Zhang et al., 2012), among other
possibilities.

Comparing the Sdo Jorge facies with the (A-type) Enlangmiao granite of the central
portion of China (Zhang et al., 2012), there is a great mineralogical and chemical similarity:
mafic minerals represented by biotite and spessartite, extremely evolved rocks (SiO, >75%),
peraluminous to metaluminous, high Rb, Ga, Ta, Nb and Y and low Sr, Ti and P
concentrations. For the Enlangmiao granite, eNd¢=100ma) Values vary from -6.6 to -9.0 and
basement granitic gneisses showing participation of the depleted mantle during an extensional
event were considered as sources. Regarding the Séo Jorge facies, the lack of isotopic data
makes more concrete inferences regarding the source impossible. However, the development
of foliation S; could have occurred in this facies followed by the intrusion of pegmatitic dikes,
whose origin is related to the occurrence of late magmatic phases. The deformation derived
from this tectonic event was recorded in transpressional regime, with SE-NW-trending sub-
horizontal shortening vector and stretching axis concomitant with the NE-SW-elongated
shape of the plutons that originated this rock unit.

The origin of the Cauaburi Complex gneisses from reworking of old rocks can be
48



related to compressional settings, where thrust faults and crustal thickening caused melting.
Considering the tectonic context, the Cauaburi Complex has, in general, affinity with
(magmatic and/or oceanic) arc rocks (depending on the parameter used — Figures 16B, 16C
and 16D), excepting the Sdo Jorge facies rocks, which in the diagram of Thiéblemont and
Tégyev (1994), are consistent with a continental collision setting. Niobium and Ta anomalies
are common in granites associated with subduction settings.

We suggest that, starting from melting of distinct sources in a possible (magmatic) arc
setting, the Cauaburi Complex rocks evolved by fractional crystallization (Figure 16A). The
rocks from the Cumati/Santa Izabel do Rio Negro facies probably formed from plagioclase,
amphibole, titanite and apatite fractionation, whereas the Sdo Jorge facies rocks evolved from
plagioclase, apatite, biotite and garnet fractionation. The crystallization age obtained for the
Cumati facies protoliths is 1703 + 7 Ma (U-Pb ID-TIMS; CPRM, 2006), and for the Santa
Izabel do Rio Negro facies protoliths are 1789 £ 6 Ma (U-Pb SHRIMP; Santos et al. 2003)
and 1798 £+ 3 Ma (U-Pb SHRIMP; CPRM 2003). Foliation S; was generated concomitant with
the Cauaburi Complex syn-tectonic cooling.

The occurrence of monzogranitic rocks with well-preserved magmatic flow foliation
So, whose attitude coincides with the orientation of metamorphic foliation S;, suggests that
there were both metamorphism of preexisting rocks for the generation of gneisses and the
emplacement of plutons during the event that recorded foliation S,. This foliation Sy, product
of the regional metamorphic event M,, developed under temperatures around 717.9 °C and
pressures of 5.84 kbars. Concomitant with this tectono-metamorphic event, S- and I-type
granites of the Icana and Uaupés suites respectively, and of approximate age of 1.52 Ga, were
generated (Santos et al., 2000; Almeida et al., 2013). A SE-NW-trending shortening vector is
associated with this tectono-metamorphic event of sinistral transpressional character, resulting
in a dextral rotation around 60°, by association with tectonic event M. Inferences regarding
the age of metamorphic event M, were obtained from U-Pb SHRIMP ages of 1490 + 3 Ma
(Santos et al. 2006) and 1468 + 8 Ma (CPRM, 2003) in titanite from Santa Izabel do Rio
Negro facies.

Metamorphic event M3, materialized by foliation Sz, developed mainly in shear zones
under low temperature conditions (between 300 °C and 400 °C). The minimum age for this
event is inferred on the basis of Ar-Ar determinations in muscovite (Santos et al., 2003),
which yielded 1337 + 4 Ma for the Araca Formation rocks. Considering the spatial

distribution of similar regional trends, it is interpreted that during the tectonic evolution of the
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study region there were variations in the orientation of the tectonic stresses, but maintenance

of the compressive SE-NW-trending tectonic regime.
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Figura 16: Magmatic process and tectonic environment diagrams. (A) Variation diagram of Allégre et al. (1977); (B) Hf-Rb-
Ta diagram by Harris et al. (1986); (C) Th/Ta vs. Ta/Yb diagram of Schandl & Gorton (2002); (D) (Nb/Zn)n vs Zr of

Thiéblemont & Tégyev (1994).

CONCLUSIONS

The tectono-metamorphic study of the gneissic rocks cropping out between Sao
Gabriel da Cachoeira and Santa Izabel do Rio Negro cities made a litho-stratigraphic review
of the Cauaburi Complex possible, and its sub-division in the Santa Izabel do Rio Negro,

Cumati, Sao Jorge facies, and, additionally the Tarsira facies, which is not included in this
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study for cropping out only in the western portion of the Imeri Domain.

The Cumati facies is composed of intensely deformed granodiorite gneisses, which
show millimeter-sized banding, trending preferentially NW-SE. These are metaluminous calc-
alkaline gneisses and are the least evolved rocks of the Cauaburi Complex.

The Santa Izabel do Rio Negro facies is composed of orthogneisses of monzogranitic
to granodioritic composition, with tabular to oval feldspar porphyroblasts. These are
metaluminous to slightly peraluminous rocks, which would represent the most evolved terms
of the Cauaburi Complex calc-alkaline rocks.

The Séo Jorge facies conflicts with the other facies because it is composed of intensely
evolved peraluminous monzogranitic leucogneisses of alkaline affinity, which contain biotite
and spessartite. Despite the chemical differences and lack of geochronologic data, the
structural and metamorphic patterns are the same observed in the Cauaburi Complex calc-
alkaline rocks.

Three tectono-metamorphic events are recorded in the Cauaburi Complex rocks. The
oldest event (D;) was responsible for the generation of igneous protoliths and the
emplacement in a syn-tectonic setting, leading to the Cauaburi Arc (1.81-1.78 Ga). The
following event (D,) generated the NW-SE-trending foliation with high SW dips, high-angle
stretching lineation and kinematic criteria that indicate sinistral transpressional kinematics.
Associated metamorphism reached the amphibolite facies (717.9 °C and 5.84 kbars),
concomitant with the generation and emplacement of the Icana Suite S-type and the Uaupés
Suite I-type granites. This event is associated with the Icana Orogeny (1.52-1.48 Ga)
responsible for the collision of the Uaupés Domain with the Imeri Domain. The tectonic
evolution model for the study region starts with the generation of a magmatic arc, syn-
kinematic emplacement of plutons under transpressional regime, with major deformation axis
trending NE-SW. The probable accretion of this arc to the continental block promoted the
emplacement of plutons, crustal thickening and thinning, and folding with NW vergence. The
tectonic evolution took place under the same regime with slight variations, with no relevant
changes in the shortening vector, with regional SE-NW trend.

Lowest temperature event D3 (greenschist facies) generated a NE-SW foliation
dipping at a high angle to SE, and shear zones of dominant sinistral kinematics, associated
with the K’Mudku Event intracontinental reworking (1.40-1.31 Ga).
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CAPITULO IV - CONCLUSOES

O estudo tectonometamorfico das rochas gnaissicas aflorantes entre as cidades de Sao
Gabriel da Cachoeira e Santa lzabel do Rio Negro, permitiu a realizagdo de uma revisdo
litoestratigrafica do Complexo Cauauri, subdividindo-o em Litofacies Santa lzabel do Rio
Negro, Cumati e Sao Jorge, além da Liotofacies Tarsira ndo abordada neste trabalho por
aflorar apenas na porcao oeste do Dominio Imeri.

A litofécies Cumati é composta por gnaisses granodioritos intensamente deformados,
com bandamento milimétrico com direcao preferencial NW-SE. Sao gnaisses célcio-alcalinos
metaluminosos e representam as rochas menos evoluidas do Complexo Cauaburi no perfil
estudado. A litofacies Santa Izabel do Rio Negro é composta por ortognaisses de composicao
monzogranitica a granodioritica com porfiroblastos tabulares a ovalados de feldspatos.
Também s&o rochas metaluminosas a levemente peraluminosos, e representariam os termos
mais evoluidos das rochas calcio-alcalinas do Complexo Cauaburi. A litofacies Sdo Jorge
destoa das demais litofacies por ser constituida por leucoganisses monzograniticos,
intensamente evoluidos, peraluminosos e de afinidade alcalina contendo biotita e espessartita.
Apesar das diferengas quimicas e auséncia de dados geocronoldgicos para esta litofacies, 0s
padrbes estruturais e metamorficos sdo os mesmos observados para as rochas célcio-alcalinas
do Complexo Cauaburi.

As Litofacies Cumati e Santa Izabel do Rio Negro mostram composicdo quimica
similares com SiO, variando entre 63,94 a 72,73% e de uma forma geral mostram-se mais
empobrecidas em K,0 (1,69 a 5,76%) e Na,O (2,22 a 3,64%) que as amostras da Litofacies
Sdo Jorge e mais enriquecidas em TiO,(0,32 a 0,87%), CaO (2,04 a 5,44%), Fe,03 (2,39 a
4,93%) e MgO (0,49 a 1,89%) (Tabela 01). Em diagramas de Harker as trés litofacies definem
um unico trend com correlagdo negativa para o Al,03, CaO, Fe,Oze TiO, e positiva para o
K.O. A litofacies Sdo Jorge apresenta trend verticalizado para o0 MnO e razdo Rb/Sr,
enquanto as demais litofacies definem um trend com correlacdo negativa para 0 MnO e
suavemente positiva para Rb/Sr.

As diferengas mineralogicas e quimicas entre as litofacies Santa lzabel do Rio
Negro/Cumati e litofacies S&o Jorge sugerem fontes distintas para os protélitos. Uma possivel

fonte para as rochas célcio-alcalinas das litofacies Santa lzabel do Rio Negro e Cumati seriam
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a fusdo parcial de anfibolitos. Esta fonte é coerente com os valores de eNd(i,9s) entre +0,64 a -
2,35 obtidos pela CPRM (2006) para as rochas da litofacies Santa Izabel do Rio Negro,
sugerindo a derivacéo a partir de anfibolitos com reciclagem de crosta mais antiga.

As rochas alcalinas da litofacies S&o Jorge sdo extremamente evoluidas, peraluminosas
e guimicamente compativeis com granitos tipo A. A mineralogia méfica essencial (biotita
e/ou espessartita) e o total de méficos é inferior a 10% sugere como fonte rochas crustais ricas
em aluminio (ortognaisses?). Entretanto estudos isotdpicos sdo necessarios para confirmar
esta possivel filiacéo.

O ambiente de geracdo do protdlitos do Complexo Cauaburi é condizente com
ambientes compressionais, onde falhas de empurrdes e o espessamento crustal possibilitaria a
fusdo de fontes crustais. As caracteristicas geoquimicas dos protélitos sdo condizentes com
fusdo parcial de protélitos em ambiente de arco magmatico.

A partir da fusdo parcial os magmas teriam evoluido pelo processo de cristalizacdo
fracionada. As rochas da litofacies Cumati/Santa lzabel do Rio Negro provavelmente
formaram-se a partir do fracionamento de plagioclésio, anfibdlio, titanita e apatita. Enquanto
as rochas da litofacies Sdo Jorge teriam evoluido pelo fracionamento de plagioclasio, apatita,
biotita e granada.

Trés eventos tectonometamarficos séo registrados nas rochas do Complexo Cauaburi.
O evento mais antigo (D) foi responsavel pela geracdo dos protolitos igneos e sua colocagdo
em um ambiente sin-tecténico gerando o Arco Cauaburi (1.81-1.78 Ga). O segundo evento
(D2) gerou a foliagdo NW-SE com altos mergulhos para SW, lineacdo de estiramento de alto
angulo e critérios cinematicos que indicam cinematica transpressiva sinistral. O
metamorfismo associado foi do facies anfibolito (717,9°C e 5,84 kbars), concomitante a
geracdo e alojamento dos granitos Tipo S da Suite Icana e Tipo | do da Suite Uaupés. Este
evento € associado a Orogenia Icana (1.52-1.48 Ga) responsavel pela colisdo do Dominio
Uaupés com Dominio Imeri. O evento D3 de mais baixa temperatura (facies xisto verde)
gerou a foliagdo NE-SW com alto angulo de mergulho para SE e zonas de cisalhamento com
cinematica dominantemente sinistral, sendo associado ao retrabalhamento intracontinental do
Evento K’Mudku (1.40-1.31 Ga).
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Tabela 1: Composicéo modal das rochas das Litofacies Sao Jorge, Cumati e Santa Izabel do Rio Negro.

Litofacies Sé&o Jorge Cumati Santa Izabel do Rio Negro

Amostra MC MC MC MC MC MC MC MC MC : MC MC MC MC MC MC MC MC MC MC MC MC
01 02 03 04 07A 07B 09 12A 12B 06 08 15 20A 20B 21A 21B 24 25A 29 31A 38A
Quartzo 40,0 398 387 373 355 372 334 360 390|240 238 253|274 254 296 40,7 326 274 247 240 29,6
Plagioclasio | 22,8 244 251 24,8 257 250 34,7 247 251|233 231 235|302 352 380 210 346 30,7 200 305 276
K-feldspato | 29,0 28,3 30,0 295 344 29,7 289 351 289 62 7.2 85 1324 169 16,0 246 199 135 288 16,0 26,6
Biotita 26 34 25 35 20 34 12 18 35|28 29 270 73 190 123 11,0 10,3 189 172 20 129
Granada 30 23 20 22 12 25 08 11 22 - am e e e e e e e e
Titanita - e e e e e e e .- 44 50 47 - - 16 04 39 09 20 -
Anfibélio 90 - - e e e e e e 20 -
Opacos 16 13 12 18 08 13 08 10 09 111 54 101:19 22 12 10 08 29 12 47 172
Acessorios 10 05 05 09 04 09 02 03 04 |13 07 0,9 08 13 07 12 18 28 55 60 21
Maficos 87 75 62 84 44 81 30 42 70 436 460 427 100 225 158 13,6 12,9 285 248 300 162
Q 436 43,0 41,2 40,7 37,1 405 344 376 419|448 439 442|304 32,7 352 472 374 383 336 340 353

A 316 306 319 322 359 323 298 366 311 116 133 148 36,0 218 19,7 285 22,8 188 39,2 22,7 31,7

P 248 264 268 271 269 272 357 258 269|435 42,7 410 | 335 454 451 243 39,7 429 272 433 329
Classificagdo | Mzg Mzg Mzg Mzg Mzg Mzg Mzg Mzg Mzg Gnd Gnd Grnd { Mzg Gnd Gnd Mzg Mzg Gnd Mzg Gnd Mzg

Mzg: Monzogranito, Gnd

: Granodiorito.
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TABELAS DE QUIMICA MINERAL
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Tabela 2: Composicao quimica das granadas da litofacies Sdo Jorge.

SAO JORGE
Amostra MCO07B MC12B
Cristal | 1(C) 1(1) 1(B) 2(C) 2(1) 2(B) 3(C) 3(1) 3(B) 1(C) (1) 1(B) 2(C) 2(B) 3(C) 3(B)
SiO, 36,09 3604 3581 3574 3545 3555 3543 3563 36,02 369 3652 36,12 36,37 36,02 36,38 : 36,34
TiO2 0,10 0,09 0,00 0,00 0,00 0,02 0,15 0,08 0,09 0,05 0,00 0,03 0,00 0,01 0,24 0,00
Al203 18,76 19,02 18,80 19,06 18,74 1890 18,79 19,01 . 18,92 18,82 18,72 1835 19,30 18,90 18,47 i 19,28
Cr203 | 0,00 0,01 0,00 0,00 0,07 0,01 0,03 0,06 0,00 0,05 0,01 0,00 0,00 0,01 0,04 0,00
MgO 0,94 0,92 0,45 0,93 0,93 0,59 0,67 0,65 0,63 0,75 0,68 0,66 0,67 0,50 0,81 0,59
CaO 1,67 1,74 2,32 1,72 1,69 1,56 1,62 1,61 1,66 2,94 2,76 2,79 2,63 2,34 2,58 2,35
SrO 0,05 0,04 0,12 0,00 0,03 0,00 0,02 0,00 0,00 0,02 0,07 0,09 0,00 0,08 0,12 0,06
MnO 26,34 26,37 2494 26,12 26,77 26,58 2726 27,33 2635 | 2660 26,03 2645 26,17 26,34 26,03 | 27,01
FeO 1466 14,72 15,13 14,83 1496 14,77 14,68 1451 1486 @ 1443 1450 14,42 1418 14,01 14,34 13,93
Na20 : 0,05 0,05 0,06 0,09 0,04 0,00 0,01 0,04 0,05 0,00 0,07 0,03 0,03 0,02 0,04 0,03
K20 0,00 0,00 0,03 0,02 0,00 0,04 0,01 0,00 0,03 0,03 0,00 0,02 0,00 0,03 0,02 0,01
V203 | 0,01 0,02 0,02 0,04 0,05 0,00 0,00 0,01 0,01 0,06 0,02 0,00 0,00 0,02 0,00 0,00
NiO 0,02 0,00 0,03 0,00 0,00 0,04 0,05 0,00 0,00 0,04 0,00 0,00 0,05 0,03 0,02 0,00
OH 1,30 0,98 2,30 1,47 1,29 1,93 1,29 1,06 1,36 0,00 0,63 1,05 0,60 1,69 0,89 0,39
F 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Cl 0,02 0,00 0,00 0,00 0,00 0,02 0,00 0,01 0,02 0,02 0,00 0,00 0,01 0,00 0,00 0,00
Total 100,01 100,00 100,00 100,00 100,00 100,00 100,00 100,00 | 100,00 | 100,70 100,00 100,00 100,00 100,00 100,00 | 100,00
Si 3,01 2,99 3,02 2,98 2,96 2,99 2,96 2,97 3,01 3,01 3,02 3,00 3,00 3,02 3,02 3,00
Ti 0,01 0,01 0,00 0,00 0,00 0,00 0,01 0,01 0,01 0,00 0,00 0,00 0,00 0,00 0,02 0,00
Al 1,84 1,86 1,87 1,87 1,84 1,87 1,85 1,86 1,86 1,81 1,82 1,80 1,88 1,86 1,81 1,87
Cr 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Fe3+ 0,13 0,15 0,09 0,17 0,24 0,16 0,21 0,19 0,12 0,16 0,14 0,19 0,12 0,10 0,12 0,13
Fe2+ 0,89 0,88 0,97 0,87 0,80 0,88 0,81 0,82 0,92 0,83 0,87 0,81 0,86 0,88 0,87 0,83
MnO 1,86 1,85 1,78 1,85 1,89 1,89 1,93 1,93 1,86 1,84 1,82 1,86 1,83 1,87 1,83 1,89
MgO 0,12 0,11 0,06 0,12 0,12 0,07 0,08 0,08 0,08 0,09 0,08 0,08 0,08 0,06 0,10 0,07
Ca 0,15 0,15 0,21 0,15 0,15 0,14 0,15 0,14 0,15 0,26 0,25 0,25 0,23 0,21 0,23 0,21
Alm 29,49 2920 32,22 29,08 2750 2952 27,36 2757 3064 2747 2874 27,01 2855 29,05 28,80 : 27,67
Pyr 3,86 3,78 1,85 3,88 3,90 2,47 2,80 2,72 2,61 3,01 2,79 2,71 2,76 2,09 3,32 2,43
Gross 4,61 476 6,61 472 4,49 4,33 4,36 4,38 4,62 7,81 7,54 7,48 7,28 6,58 7,03 6,48
Sps 6169 61,86 5899 6190 63,96 63,31 6495 64,86 6183 6101 6037 6200 60,24 6191 60,31 ;62,96
Uva 0,00 0,00 0,00 0,00 0,01 0,00 0,00 0,01 0,00 0,01 0,00 0,00 0,00 0,00 0,01 0,00
And 0,33 0,33 0,33 0,42 0,59 0,36 0,50 0,45 0,28 0,68 0,56 0,80 0,47 0,37 0,47 0,46

(C) Centro; (1) Intermediario; (B) Borda.
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Tabela 3: Composicdo quimica das biotitas da litofacies Sao Jorge.

SAO JORGE

Amostra MC07B MC12A MC12B

Cristal 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 1 2 3 4
Sio, 33,78 2843 3576 36,77 36,37 3546 3522 3761|3752 37,90 37,52 37,60 38,03 38,06 37,68 |37,48 37,84 37,38 37,08
TiO, 1,02 029 1,78 258 255 204 135 121 |243 208 225 199 210 193 235 [219 204 227 220
AlL,O; 14,65 1568 1581 1550 1514 14,96 14,86 11,32 1524 1524 14,79 1517 1540 1554 1540 1515 1541 1491 1543
Cr,0; 000 004 001 000 004 000 000 006 006 006 000 004 001 000 000 003 003 001 0,00
MgO 679 841 625 7,70 794 683 690 797 1055 10,83 10,72 10,52 1049 10,63 10,57 10,96 10,70 10,39 10,40
Ca0O 009 006 000 001 000 001 000 012 0,00 001 000 001 002 000 000 @002 000 003 0,00
MnO 073 080 08 1,13 1,09 079 091 026 094 079 100 1,15 108 1,06 108 1,11 094 087 0,78
FeO 27,47 34,38 24,67 2344 2235 2434 2412 2500 18,70 18,75 1841 18,14 18,33 18,38 18,38 1843 18,39 18,98 18,29
Na,O 008 0,02 010 006 007 011 002 012 010 005 007 0,06 000 0,03 004 002 003 006 0,02
K,0O 663 1,74 957 942 937 964 915 6,79 963 922 95 950 980 933 928 955 985 946 9,42
NiO 005 0,10 000 005 003 000 000 000 005 004 005 000 000 000 001 000 000 001 0,01
OH 837 996 480 302 460 522 658 875 356 384 441 452 369 386 406 393 364 455 512
F 051 005 047 050 070 065 063 116 204 200 192 191 173 195 182 194 195 185 1,86
cl 002 0,00 002 002 002 003 008 006 002 004 003 003 003 002 001 001 000 002 0,02
Total 100,2 100,0 100,1 100,2 100,38 100,2 99,8 100,5 100,8 100,8 100,8 100,8 100,7 100,8 100,7 100,8 100,8 100,8 100,8
Si 558 487 566 566 568 565 570 614 573 578 577 578 579 579 575 573 576 576 573
Al 242 313 234 234 232 235 230 186 227 223 223 222 222 221 225 227 224 224 227
*C 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800
Al y, 043 0,04 061 047 046 047 054 032 047 051 045 053 055 058 052 @046 053 047 0,54
Ti 013 004 021 030 030 025 0116 015 028 024 026 023 024 022 027 025 023 026 0,26
Cr 000 0,01 000 000 001 000 000 001 001 001 000 001 000 000 000 000 000 000 0,00
Fe?" 380 493 327 302 292 325 326 341 239 239 237 233 233 234 235 236 234 245 237
Mn 010 0,12 o011 015 015 011 0113 004 012 010 013 0115 014 0114 014 014 012 011 0,10
Mg 167 215 148 1,77 185 162 167 194 |240 246 246 241 238 241 240 |250 243 239 240
Ni 001 001 000 001 000 000 000 000 |001 001 001 000 000 000 000 |000 000 000 0,00
*B 6,14 729 567 570 568 569 576 586 |567 571 567 566 564 569 568 |57l 566 568 5,66
Ca 002 0,01 000 000 000 000 000 002 |[000 000 000 000 000 000 000 |[000 000 001 0,00
Na 003 0,01 003 002 002 003 001 004 |003 002 002 002 000 001 001 |001 001 002 0,01
K 1,40 038 1,93 18 1,87 200 189 141 |[183 1,79 188 186 190 181 1,81 [186 191 1,86 1,86
A 1,44 040 196 187 189 067 190 147 |19 181 190 188 191 182 182 |[187 192 188 1,86

Fe/(FetMg) 069 070 069 063 061 067 066 064 050 049 049 049 050 049 049 049 049 051 050
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Tabela 4: Composicao quimica das biotitas da litofacies Cumati.

CUMATI
Amostra MC06 MCO6L1 MC08
Cristal 1 2 3 4 5 6 1 2 3 4(0C) 4B) 5 6 | 1(C) 1() 1(B) 2 3 4
Si0, | 3684 3725 3695 3753 37,08 37,84 | 36,31 37,33 3659 37,02 36,73 3668 3640 | 36,43 36,32 36,09 3598 36,34 3657
TiO, | 214 314 225 224 315 278 | 279 2773 295 227 259 264 226 | 178 231 218 217 242 171
AlL,O, |16,17 1570 1555 1584 1563 1622 | 1577 16,03 1542 1624 1641 1569 1586 | 1534 1502 1533 14,97 1533 1548
Cr,0 | 000 003 003 001 001 004|000 002 011 000 006 006 003 | 010 000 003 002 000 0,00
MgO 1201 1243 1248 12,14 12,18 1249 1206 11,70 1141 1263 12,54 11,81 11,99 1218 1233 1198 11,62 11,53 12,09
caO | 007 002 001 002 002 005 006 018 005 003 003 001 001 002 004 003 003 004 0,03
MnO | 057 086 076 076 072 08l 069 072 066 074 08 070 053 08 066 105 091 060 0,61
FeO 17,85 1672 17,82 17,10 17,64 1697 17,89 17,10 19,15 16,86 1525 1808 18,23 17,92 18,06 17,89 1881 1811 1823
Na,O @ 003 004 010 009 003 010 006 006 008 004 009 006 006 002 006 010 007 008 007
KO 922 950 934 948 945 963 975 964 961 985 1011 994 992 1010 991 987 987 989 9,65
NiO 006 002 004 003 000 000 000 002 00l 006 000 006 000 002 000 002 000 008 004
OH 477 387 426 446 386 263 424 415 370 386 497 401 435 471 485 491 504 509 4,96
F 027 035 039 034 029 050 025 033 040 035 043 031 034 065 063 068 077 061 0,59
cl 001 000 005 001 004 001 00l 00l 000 001 001 002 000 005 004 008 007 001 0,05
Total  100,0 99,9 1000 1000 100,1 1000 999 1000 100,1 99,9 100, 100,1 100,0 1001 1002 100,2 100,3 100,2 100,1
Si 559 559 560 567 558 561 552 563 556 55/ 557 557 555 560 558 556 558 560 562
Al 241 241 240 233 242 239 248 237 244 243 243 243 245 240 242 244 242 240 2,38
xC 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800
Aly, 049 037 038 049 036 044 035 048 032 045 050 038 040 038 030 035 031 039 042
Ti 025 036 02 025 036 031 032 031 034 026 030 030 02 021 027 025 025 028 020
Cr 000 000 000 000 000 001 000 000 001 000 001 001 000 00l 000 000 000 000 0,00
Fe | 227 210 226 216 222 210 228 216 243 212 193 230 233 230 232 231 235 233 234
Mn 007 011 010 010 009 010 009 009 009 009 0011 009 007 011 009 014 012 008 0,08
Mg 272 278 282 273 273 276 273 263 258 283 283 267 273 279 28 275 268 265 2,77
Ni 001 001 000 000 000 000 000 000 000 001 000 001 000 000 000 000 000 001 0,01
> B 580 573 58 574 576 572|577 567 577 577 568 575 578 | 580 580 580 572 574 581
Ca 001l 000 000 000 000 00l |00l 003 00L 00l 001 000 000|000 00l 00l 00l 001 001
Na 001 001 003 003 001 003|002 002 003 00l 003 002 002|001l 002 003 002 002 0,02
K 179 18 181 183 181 182 | 189 185 18 189 19 1,92 193 | 1,98 194 194 195 194 1,89
T A 181 184 184 18 183 1,86 | 192 19 19 191 199 194 195 | 199 197 1,98 198 197 1,92
Fel(FetMg) | 045 043 045 044 045 044 | 045 045 049 043 041 046 046 | 045 045 046 048 047 046
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Tabela 5: Composicao quimica das biotitas das litofacies Cumati (continuacdo) e Santa Izabel do Rio Negro.

CUMATI SANTA IZABEL DO RIO NEGRO
Amostra MCO8 (cont.) MC15 MC31A
Cristal 5 6  7(C) 70) 7B) ] 1 2 3 4 1 2 3 4 5 6 7 8 9
Si0, | 3547 36,03 36,70 3650 36,48 | 36,81 37,33 36,51 37,37 | 37,13 3647 37,86 3646 37,06 36,74 36,99 3721 3727
TiO, | 149 221 239 210 254 | 214 244 182 154 | 237 213 1,67 190 161 242 244 205 178
AlL,O, | 1482 1540 1579 1526 1538 | 16,16 16,72 16,30 17,03 | 1538 1552 1527 1539 1527 1530 1537 1532 1542
Cr,0, | 000 004 003 002 004|001 003 000 000|000 000 000 003 000 008 005 000 000
MgO 1126 11,73 12,00 11,98 11,56 10,29 11,07 1098 11,14 10,75 10,64 941 11,10 10,64 1057 10,35 11,16 10,78
caO | 006 005 001 001 003 004 004 000 000 000 000 010 002 002 000 000 000 007
MnO 086 099 097 092 076 052 050 051 058 056 034 039 038 041 039 047 041 055
FeO 19,09 1840 1818 1819 1814 19,86 1823 18,94 1852 20,19 19,94 1813 1957 20,64 2042 2059 20,43 20,46
Na,O @ 007 003 005 009 007 012 013 012 007 007 019 016 024 015 006 011 011 0,09
KO 997 981 982 959 966 978 940 977 995 987 949 817 924 931 948 940 964 984
NiO 001 006 000 005 003 000 003 000 004 007 005 004 000 000 002 000 002 0,00
OH 633 480 351 460 482 378 358 462 337 325 495 845 543 456 427 396 341 352
F 064 055 065 080 068 068 057 058 064 019 023 023 016 018 021 028 023 0,19
cl 007 009 008 007 006 003 005 002 002 006 009 007 012 007 007 008 006 0,08
Total | 100,01 1002 1002 1002 100,2 1002 100,1 100,1 100,3 999 1000 999 1000 99,9 100,1 100,1 100,1 100,0
Si 560 555 556 560 560 562 561 560 562 564 562 594 563 570 563 565 565 567
Aly | 240 245 244 240 240 238 239 241 238 236 238 206 237 230 237 235 235 2,33
e 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800
Aly, 035 035 038 037 038 052 058 054 065 039 044 076 044 046 039 042 039 044
Ti 018 026 027 024 029 025 028 021 017 027 025 020 022 019 028 028 023 020
Cr 000 001 000 000 001 000 000 000 000 000 000 000 000 000 000 001 000 000
Fe* | 252 237 230 234 233 253 229 243 233 256 257 238 253 265 262 263 259 260
Mn 012 013 012 012 010 007 006 007 007 007 004 005 005 005 005 006 005 0,07
Mg 265 270 271 274 265 234 248 251 250 243 245 220 256 244 242 236 252 245
Ni 000 001 000 001 000 000 000 000 000 001 001 001 000 000 000 000 000 000
> B 581 581 580 58 576|571 569 575 573|574 576 559 579 579 576 575 580 576
Ca 00l 001 000 000 000 | 00l 00l 000 000] 000 000 002 000 000 000 000 000 001
Na 002 001 001 003 002|004 004 004 002|002 006 005 007 004 002 003 003 003
K 201 193 190 188 1,89 | 190 180 191 191 | 191 187 1,64 18 183 185 183 187 101
YA | 204 194 191 191 192|195 18 194 193 | 1,903 192 170 1,90 187 187 186 190 1095
Fel(FerMg) | 049 047 046 046 047 | 052 048 049 048 | 0561 051 052 050 052 052 053 051 052

67



Tabela 6: Composicdo quimica dos plagioclasios da litofacies Sao Jorge.

SAO JORGE

Amostra MCO07B MC12A
Cristal 1(C) 1(B) 2(C) 20  2(B) 3(C) 3 3B) 4C) 40 4B) | 1O 1(1) 1(B) 2(C) 2()  2(B) 3(C) 3(B)
SiO, 63,68 66,20 61,40 64,02 64,45 63,68 6321 6345 63,36 63,62 66,78 | 64,66 64,70 6572 6453 64,35 64,92 64,29 65,44
TiO, 0,7 o007 0213 010 008 000 002 o006 000 000 000|000 000 002 o000 000 000 0,00 0,00
AlLO; | 20,29 1962 2044 2145 2156 21,28 2085 20,97 2099 2099 1959|2215 22,19 21,74 22,08 2196 2222 2167 21,86
Cr,04 0,06 000 002 o000 000 002 002 o000 000 OO0 006|001 003 000 000 000 000 001 0,00
MgO 0,00 0,00 003 002 o000 000 003 000 003 000 001000 003 000 000 003 001 0,00 0,00
CaO 182 109 289 273 277 283 281 260 269 260 071 325 33 267 330 340 319 331 290
SrO 0,19 00 003 023 011 000 0211 o000 017 006 005 018 010 004 011 0,04 004 0,00 0,09
MnO 0,04 o001 o006 009 015 002 o000 000 000 008 000 000 000 004 o000 002 o000 001 0,00
FeO 0,05 002 0213 009 o007 o000 009 006 000 o007 001001 o005 006 006 005 002 o007 0,08
Na,O 10,72 1161 944 10,09 10,14 993 988 1044 10,28 10,14 1153 9,78 9,69 10,13 9,94 9,77 10,08 9,78 1041
K,0 0,1 009 021 0217 0216 021 021 0213 023 023 0211022 0217 0212 020 0218 013 023 0,21
V,0; 0,04 o001 002 o001 o000 000 o000 002 004 002 004004 o000 002 o001 000 000 002 0,01
NiO 001 002 002 002 o001 000 o001 002 o001 003 005000 008 000 002 000 001 o007 0,00
OH 2,78 123 520 099 049 202 269 226 218 215 108 i 0,00 000 000 OO0 020 0,00 055 0,00
F 0,00 0,00 000 000 000 000 000 000 000 00O O00':0O0OO OO0 000 O0OO O00 000 0,00 0,00
Cl 0,00 000 o001 o000 o000 002 o009 o000 o001 003 000000 o000 002 o001 001 o000 000 0,01
Total 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0: 100,3 100,4 100,6 100,3 100,0 100,6 100,0 101,0
Si 288 292 286 28 28 28 28 28 28 274 356 i 28 28 283 284 284 284 28 285
Ti 0,01 o000 o001 o000 o000 000 o000 000 000 000 000000 000 000 000 000 000 0,00 0,00
Al 08 102 112 113 113 113 111 111 112 107 123 @ 115 115 110 115 114 115 113 112
Ca 0,09 00 0214 0213 0213 024 0214 013 013 012 004 i 015 016 0212 016 016 015 0,16 0,24
Fe 0,00 0,00 o001 o000 o000 000 o000 000 000 000 000000 000 000 000 000 000 0,00 0,00
Na 094 099 08 087 087 08 087 091 09 08 016 i 083 083 084 08 084 08 084 0,88
K 001 o001 o001 o001 o001 o001 o001 o001 oO0O1 O0O1 oO001)001 oO0O1L O0O1 o001 001 o001 o001 0,01
An. 851 490 14,29 12,89 13,00 13,43 13,42 12,01 12,46 12,24 19,59 | 15,34 15,87 12,61 15,32 1595 14,79 1556 13,17
Ab. 90,66 94,60 84,47 86,16 86,09 8537 8536 87,29 86,25 86,48 76,70 | 83,45 83,17 86,72 8355 83,03 84,47 83,18 85,69
Or. 083 050 124 094 092 119 121 070 129 128 371|121 09 066 113 102 0,74 126 1,14
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Tabela 7: Composicao quimica dos plagioclasios das litofacies Sdo Jorge (continuagdo) e Cumati.

SAO JORGE (cont.) CUMATI
Amostra MC12B MCO06
Cristal | 1(C) 1(1) 1(B) 2(C) 2() 2(B) 3(C) 3(I) 3(B) 1 2(C) 2(B) 3(C) 3(I) 3(B) 4(C) 4()  4(B)
SiO, | 64,09 64,66 64,30 64,22 6517 64,70 63,19 63,81 64,66 | 57,13 5580 56,89 57,19 57,05 57,40 57,18 57,53 57,13
TiO, | 0,00 000 023 0,00 000 000 012 000 002 | 000 000 006 000 000 012 0,04 0,00 0,00
AlLO; | 2163 21,76 21,69 22,02 21,12 2141 2144 2153 2159 | 26,71 2598 26,38 27,04 2638 2668 26,75 26,73 26,75
cr,0; | 000 0,00 000 001 000 000 000 002 004 ]| 000 000 000 003 002 004 0,03 0,03 0,00
MgO 000 0,00 001 000 000 001 000 000 002 002 001 000 000 000 000 0,01 0,01 0,00
CaO 331 335 310 321 278 278 334 322 316 903 887 867 905 872 896 9,16 8,98 9,02
Sro 000 000 033 000 005 010 006 018 000 019 022 0112 000 006 0,20 0,06 0,43 0,09
MnO | 002 004 003 006 000 005 004 007 000 000 000 005 006 009 005 0,06 001 0,17
FeO 008 000 004 000 014 004 002 007 002 009 014 010 022 008 0,58 0,19 0,13 0,15
Na,O @ 10,13 10,25 10,38 10,16 10,11 10,15 9,72 950 10,10 643 6,16 634 643 664 657 6,40 6,64 6,45
K,O 011 013 016 016 022 013 019 022 011 014 026 018 014 017 0,13 0,16 017 0,14
V,0; | 000 000 001 004 000 004 000 000 000 001L 000 000 000 006 000 0,02 001 0,03
NiO 000 0,06 000 000 001 001 004 000 000 000 000 002 003 000 000 0,00 0,00 0,00
OH 064 000 000 011 040 057 1,87 139 028 026 252 120 000 073 0,00 0,00 0,00 0,08
F 000 000 000 000 000 000 000 000 000 000 000 000 000 000 0,00 0,00 0,00 0,00
cl 001 000 001 0002 002 002 000 000 002 000 007 001 000 005 0,00 0,00 0,00 0,01
Total  100,0 100,2 100,3 100,0 100,0 100,0 100,0 100,0 100,0 i 100,0 100,0 1000 100,2 100,0 100,7 100,41 100,6 100,0
Si 284 284 283 283 28 287 284 28 28 257 258 259 256 258 256 2,57 257 2,57
Ti 000 000 001 000 000 100 000 000 000 000 000 000 000 000 0,00 0,00 0,00 0,00
Al 013 1,13 1,12 1,14 110 112 114 114 112 142 141 1,41 143 140 140 1,42 1,41 1,42
Ca 016 016 0415 015 013 013 016 016 015 044 044 042 043 042 043 0,44 043 0,43
Fe 000 000 000 000 001 000 000 000 000 000 001 000 001 000 0,02 0,01 001 0,01
Na 087 087 08 087 087 087 08 083 08 05 055 056 056 058 0,57 0,56 058 0,56
K 001 001 001 001 001 001 001 001 001|001l 002 001 001 001 001 0,01 001 0,01
An. 15,19 15,19 14,03 14,75 13,02 13,04 1578 1557 14,65 | 43,35 43,66 4259 43,39 4166 4265 43,74 4239 43,26
Ab. 84,23 84,14 8510 84,40 8577 86,22 8317 83,17 84,76 | 5586 5484 5638 5581 5740 56,62 5534 56,69 5594
or. 058 068 087 08 121 074 105 126 059 | 079 151 103 080 094 073 0,92 093 0,80
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Tabela 8: Composicao quimica dos plagioclasios da litofacies Cumati (continuagdo) e Santa Izabel do Rio Negro.

CUMATI (cont.) STA IZABEL

Amostra MCO08 (cont.) MC15 MC31A
Cristal | 3(C) 3(1) 3(B) 4(C) 4(1) 4(B) 5 6 7 1(C) 1(1) 1(B) 2(C) 2(1) 2B) | 1(C) 1) 1(B)
SiO, 58,41 58,65 5852 5841 5806 57,67 5836 57,77 5893 | 52,89 5554 56,60 5530 57,12 59,50 |58,83 57,95 57,78
TiO, 007 002 005 000 o000 000 003 000 0,00 0,00 0,23 0,00 0,14 0,03 0,00 | 0,00 0,00 0,00
AlLO; | 25,60 25,66 25,66 2539 2522 2497 2512 2460 2541 | 30,19 27,23 27,42 28,10 27,08 25,68 | 25,63 26,08 26,75
Cr,04 000 000 000 000 o006 005 000 000 0,03 0,03 0,00 0,07 0,00 0,00 0,00 | 0,02 0,01 0,00
MgO 002 001 000 002 o000 001 000 005 0,01 0,00 0,13 0,00 0,01 0,01 0,01 | 0,00 0,00 0,00
CaO 733 714 728 720 689 698 729 668 722 1244 985 9,77 1063 9,27 754 | 804 837 8092
SrO 000 016 000 023 005 000 013 0,13 0,00 0,01 0,16 0,13 0,14 0,09 029 {011 1029 0,01
MnO 0,12 003 000 004 000 000 000 002 0,00 0,00 0,00 0,00 0,05 0,00 0,09 | 0,00 0,00 0,00
FeO 008 009 009 013 007 003 008 011 0,08 0,10 0,68 0,03 0,10 0,05 0,06 | 0,00 0,07 0,01
Na,O 731 758 720 739 656 708 719 616 7,32 4,32 5,64 6,05 5,51 6,47 747 | 706 6,63 6,56
K,0 017 015 013 021 023 016 016 020 0,22 0,06 0,25 0,12 0,09 0,08 011 { 009 0,13 0,08
V,0; 002 004 000 002 o000 007 000 000 0,01 0,01 0,00 0,00 0,00 0,00 0,04 | 003 001 0,02
NiO 000 000 000 007 o000 000 002 000 0,00 0,04 0,02 0,04 0,01 0,01 0,00 { 0,03 0,03 0,04
OH 0,86 047 1,08 089 280 297 161 418 0,77 0,00 0,27 0,00 0,00 0,00 0,00 | 0,18 043 0,00
F 000 000 000 000 o000 000 000 000 0,00 0,00 0,00 0,00 0,00 0,00 0,00 000 0,00 0,00
Cl 001 o000 001 o000 009 003 000 012 0,00 0,001 0,01 0,00 0,00 0,00 0,01 {001 001 0,01
Total 100,0 100,0 100,0 100,0 100,0 100,0 100,0 1000 100,0 @ 100,1 100,0 100,2 1000 100,2 100,8 | 100,0 100,0 100,2
Si 263 263 264 264 268 266 265 2,72 2,65 2,40 2,51 2,54 2,50 2,56 264 | 264 262 259
Ti 000 000 000 000 o000 000 000 000 0,00 0,00 0,01 0,00 0,01 0,00 0,00 { 0,00 0,00 0,00
Al 136 136 137 135 137 136 1,35 136 1,35 1,61 1,46 1,45 1,49 1,43 134 | 136 139 141
Ca 03 034 03 03 034 035 036 034 035 0,60 0,48 0,47 0,51 0,44 036 | 039 041 043
Fe 001 o000 000 001 o000 000 000 000 0,00 0,00 0,03 0,00 0,00 0,00 0,00 { 0,00 0,00 0,00
Na 064 066 063 065 059 063 063 056 0,64 0,38 0,50 0,53 0,48 0,56 064 | 061 058 057
K 001 001 001 001 o001 001 001 001 001 0,01 0,14 0,01 0,01 0,01 0,01 | 001 0,01 0,01
An. 3530 3394 3560 3459 3619 3495 3555 3699 34,82 | 61,19 4840 46,83 51,36 43,99 3558 | 38,44 40,80 42,71
Ab. 63,73 6518 63,67 64,23 6235 64,13 6351 6167 6391 | 3843 50,16 5249 4815 5555 63,83 | 61,07 5847 56,83
Or. 09 087 073 117 146 092 095 134 128 0,37 1,43 0,67 0,49 0,46 060 | 049 0,73 047
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Tabela 9: Composicao quimica das granadas da litofacies Sdo Jorge.

SAO JORGE

Amostra MC07B MC12B
Cristal 1(C) 1(1) 1(B) 2(C) 2() 2(B) 3(C) 3(1) 3(B) | 1(C) 1(1) 1B) 2(C) 2(B) 3(C) 3(B)
Sio, 36,09 36,04 3581 3574 3545 3555 3543 3563 36,02 | 3690 36,52 36,12 36,37 36,02 36,38 36,34
TiO, 0,0 0,09 o000 000 000 002 015 008 009 | 005 o000 003 000 001 024 0,00
AlL,O; | 18,76 19,02 18,80 19,06 18,74 1890 18,79 19,01 18,92 | 18,82 18,72 18,35 19,30 18,90 18,47 19,28
Cr,04 000 001 o000 OO0 o007 o001 003 006 O000]| O0O0O5 001 OO0 OO0 001 0,04 0,00
MgO 094 092 045 093 093 059 o067 065 063 : 075 068 066 067 050 081 0,59
CaO 167 174 232 172 169 156 162 161 166 294 276 279 263 234 258 235
SrO 005 004 012 000 003 o000 002 o000 0,00 : 002 o007 009 000 008 012 0,06
MnO 26,34 26,37 24,94 26,12 26,77 26,58 27,26 27,33 26,35 26,60 26,03 26,45 26,17 26,34 26,03 27,01
FeO 14,66 14,72 15,13 14,83 1496 14,77 14,68 1451 14,86 14,43 1450 14,42 14,18 14,01 14,34 13,93
Na,O 005 005 006 009 004 o000 001 004 005: 000 o007 003 003 002 004 0,03
K,0 000 000 003 002 o000 004 001 o000 O003: 003 000 002 000 003 002 0,01
V,03 001 002 002 004 005 000 OO0 O0O1 oO001: 0O0O6 002 o000 000 002 0,00 0,00
NiO 002 000 003 000 OO0 004 005 000 OO0 : 004 o000 OO0 005 003 002 0,00
OH 130 098 230 147 129 193 129 106 136 000 063 105 060 169 089 0,39
F 000 000 000 OO0 000 000 000 OO0 O000°:00O0 000 O0O O00 000 0,00 0,0
Cl 0,02 o000 000 000 000 002 o000 o001 002 : 002 o000 000 001 000 0,00 0,00
Total 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0:100,7 100,0 100,0 100,0 100,0 100,0 100,0
Si 301 299 302 298 29 299 29 297 301 301 302 300 300 302 302 3,00
Ti 001 o001 000 OO0 OO0 OO0 001 o001 oO001: 000 000 OO0 000 000 0,02 0,00
Al 184 186 187 187 184 187 18 186 18 181 182 180 188 18 181 1,87
Cr 000 000 000 OO0 OO0 OO0 000 000 0,00 0,00 0,00 0,0 0,00 0,00 0,00 0,00
Fe® 013 015 0,09 017 024 016 021 0219 04212 : 016 024 0219 012 0410 0422 0,3
Fe®* 089 08 097 o087 08 08 081 08 092 : 083 o087 081 08 08 087 0,83
Mn 189 18 178 18 18 189 193 193 18 | 184 182 18 183 187 183 189
Mg 0,12 0211 o006 0212 012 o007 008 008 008 | 009 008 008 008 006 010 0,07
Ca 015 015 021 015 015 024 015 0214 015 | 026 025 025 023 021 023 021
Alm 29,08 29,20 32,22 29,08 2750 29,52 27,36 2757 3064|2747 28,74 27,01 2855 29,05 28,80 27,67
Pyr 388 378 18 388 390 247 280 2,72 261|301 279 271 276 209 332 243
Gross 472 476 661 472 449 433 436 438 462 | 781 754 748 728 658 7,03 6,48
Sps 61,90 61,86 58,99 6190 6396 63,31 64,95 64,86 61,83 | 61,01 60,37 62,00 60,24 6191 60,31 62,96
Uva 000 000 000 OO0 001 o000 OO0 001 oO00: 001 o000 OO0 OO0 000 0,01 0,00
And 033 038 033 042 059 036 050 045 028 068 056 080 047 037 047 0,46
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Tabela 10: Composi¢do quimica do anfibolio da litofacies Cumati.

Amostra MCO08
Cristal 1
SiO, 41,45
TiO, 0,13
Al,O3 11,03
Cr,03 0,00
MgO 8,20
CaO 11,71
SrO 0,01
MnO 1,06
FeO 20,23
Na,O 1,07
K>,O 1,24
V5,03 0,06
OH 3,67
F 0,14
Cl 0,07
Total 100,1
Si 6,37
Al v 1,63
T 8,00
Al y, 0,37
Ti 0,02
Cr 0,00
Fe* 0,81
Mg 1,88
Mn 0,14
Fe? 1,79
xC 5,00
Fe* 0,00
Ca 1,93
Na 0,07
2B 2,00
Ca 0,00
Na 0,25
K 0,24
TA 0,49
Mg/(Mg+Fe™) = 0,51

72



