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RESUMO

As bacias sedimentares do sudeste da Provincia Tocantins e Sul da Provincia Tapajés
foram afetadas pela colocacdo de grandes volumes de rochas basélticas do Tridssico-Juréssico
incluidas na Provincia Magmatica do Atlantico Central (CAMP), evento que precedeu o
rifteamento do Pangea e abertura do Oceano Atlantico Central. Nesta regido destacam-se a
Bacia paleozoica dos Parecis e a Bacia Intracraténica pré-cambriana-paleozoica (Bacia Araras-
Paraguai) invertida durante o Ordoviciano. Essas bacias estdo sobrepostas as rochas
metamorficas da Faixa Paraguaia do Toniano e cristalinas-metamorficas paleo- a
mesoproterozoicas do Craton Amazonico. As sucessdes sedimentares neoproterozoicas a
cambrianas dessas bacias sdo recortadas e recorbertas por basaltos do jurassico que afloram nas
regides de Tangara da Serra e Chupinguaia, estado de Mato Grosso e Ronddnia,
respectivamente. A ocorréncia de menos de 5 % de basaltos aflorantes nesta area, ndo é
compativel com a magnitude do evento relacionado ao CAMP, por isso suspeitava-se que 0
volume em subsuperficie poderia ser maior. Desta forma, a reinterpretacdo de métodos
geofisicos e geoldgicos prévios em combinacdo com uma modelagem da crosta, permitiu a
obtencdo de uma nova interpretacdo para o campo gravitacional relacionado as variacdes de
densidade intracrustais do Sudeste do Craton Amazoénico (campo gravimétrico residual). Este
campo gravimétrico, permitiu presumir a presenca de corpos densos dentro das bacias pré-
cambrianas e paleozoicas, interpretados como derrames basalticos toleiticos continentais
associaveis ao CAMP, provavelmente com um volume de 3 milhes de km®. Esta abordagem
se mostra eficaz para 0 mapeamento de corpos de alta densidade em subsuperficie associaveis
aos basaltos, ampliando a area de distribuicdo deste evento magmatico e fornecendo um melhor

entendimento da historia geoldgica do Sudeste do Craton Amazonico.

Palavras-chave: Grandes Provincias igneas (LIP). Sul do Craton Amazonico. Bacia dos

Parecis. Bacia Araras-Paraguai. Modelagem Crustal. Campo Gravimétrico Residual.
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ABSTRACT
The sedimentary basins in the Southwestern Tocantins and Southern Tapajos provinces were
affected by the emplacement of large Triassic-Jurassic basaltic rocks volumes termed as Central
atlantic Magmatic Province (CAMP), result of the Pangea break up and opening of the Central
Atlantic Ocean. Two basins, object of this study, were implanted over Tonian metamorphic
rock of the Northern Paraguay Belt and Paleo to Mesoproterozoic rocks of the Amazonian
Craton: 1) the Paleozoic Parecis Basin; and 2) the Late Cryogenian-Ordovician Intracratonic
Basin or Araras-Paraguay Basin, afterwards inverted during the Ordovician. The mapped basalt
exposed locally in these basins reach 5 % in volume, being the most ocurrences at the
Chupinguaia and Tangara da Serra regions, states of Mato Grosso and Rond6nia, respectively.
These exposed basalts are not compatible with the great volume and magnitude related to the
CAMP, which have motivated the research in subsurface of other occurrences. The
reinterpretation of previous geophysical and geological methods combinated with a crustal
modelling allowed a new interpretation to the gravity field related to the intracrustal density
contrast or residual gravimetric field for this part of Amazonia Craton. The anomaly in this field
allowed to identify higher density bodies within the Paleozoic Parecis and Araras-Paraguai
basins, interpreted as continental tholeiitic flood basalts associated to the CAMP, reaching a
volume 3 million of km® The study of the residual gravimetric anomaly based on crustal
modelling applied here can be effective to guide future works in the mapping in subsurface of
highly density rocks associated to the basalts, allowing to obtain the probable distribuition in
area and contributing for a better understanding about the magmatic events of the CAMP in

sedimentary basins.

keywords: Large Igneous Province (LIP). South Amazonian Craton. Parecis Basin. Arara-

Paraguay Basin. Crustal Modelling. Residual Gravimetric Field.
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CAPITULO |

1.1 INTRODUCAO
1.1.1 Apresentacao

A fragmentacdo do Pangea foi acompanhada pela formacdo das Grandes Provincias
igneas (LIP) como, por exemplo, as Provincias Magmaticas do Atlantico Central ou CAMP
(Marzoli et al. 1999) que, aparentemente, evoluiu para a construcdo da Dorsal Meso-Oceanica,
iniciada no Eojurassico e continuando até os dias atuais (Barros et al. 2007, Bensalah et al.
2011, Coffin & Eldholm 1993, Davies et al. 2017, Korte et al. 2019, Martins et al. 2008,
Mchone 2006, Montes-Lauar et al. 1994, Olsen 1999, Oyarzun et al. 1997, Saunders 2005,
Schaller et al. 2012, Wilson 1997). O CAMP ¢ formado por diversos pulsos de atividades
vulcanicas compostos por basaltos toleiticos continentais depositados no interior de grandes
bacias riftes, além de uma producdo de soleiras e diques que intrudiram em depdsitos
sedimentares. Este vulcanismo extensivo (transicdo do Neotridssico-Eojurassico) foi
acompanhado pelas principais mudancas geoquimicas oceanicas e atmosféricas, desencadeando
grandes mudancas paleoambientais, paleoclimaticas e paleogeogréficas, tais como:
Aquecimento do clima, eventos anoxicos, acidificacdo oceanica, entre outras (Davies et al.
2017, Greene et al. 2012, Marzoli et al. 1999, Kasprak et al. 2015, Kiessling et al. 2009, Korte
et al. 2019, Ruhl et al. 2011, Ruiz-Martinez et al. 2012, Schaller et al. 2012, Schoene et al.
2010, Whiteside et al. 2010).

Grandes volumes de basaltos toleiticos continentais sdo amplamente identificados em
algumas bacias sedimentares da Amazonia legal, Norte e parte Central da América do Sul
(Abrantes Jr 2016, Barros et al. 2007, Gdes & Feijo 1994, Melfi et al. 1988, Merle et al. 2011,
Montes-Lauar et al. 1994, Renne et al. 1992, Rocha-Campos et al. 1998, Vaz et al. 2007), tais
como: Solimdes e Amazonas representados pelo magmatismo Penatecaua do Jurassico inferior
(190 = 20 Ma); Parana, com a Formacdo Serra Geral do Cretaceo inferior (137-131 Ma);
Parnaiba, representados pela Formacdo Mosquito do Triassico superior- Jurassico inferior
(199+ 2.45 Ma); e dos Parecis através das formacGes Tapirapud e Anari do jurassico inferior
(197-200 £ 6 Ma). O magmatismo basaltico dessas bacias esta relacionado com a fragmentacéo
do Pangea e abertura do Oceano Atlantico Central, com excecdo dos basaltos produzidos na



Formacdo Serra Geral que foram originados de um evento posterior (Baksi & Archibald 1997,
Mizusaki et al. 2002, Svensen et al. 2018; Fig.1).

A combinacdo de dados geoldgicos prévios (Barros et al. 2007, Montes-Lauar et al.
1994, associados com analise do campo gravimétrico do Sul do Craton Amazénico aqui
desenvolvida, revelaram anomalias que indicam a ocorréncia de rochas de grande densidade
em subsuperficie. A correlacdo dos dados geofisicos com mapas geoldgicos disponiveis (Bahia
et al. 2007) sugere que os corpos de basaltos jurassicos atribuidos a CAMP aflorantes nas bacias
dos Parecis e Araras-Paraguai, de idades fanerozoica e pré-cambriana-paleozoica,
respectivamente, projetam-se para o interior destas em subsuperficie. A aplicacdo desta técnica
que seré apresentada neste trabalho, fornece uma nova abordagem de deteccédo de corpos igneos
ndo-aflorantes, permitndo identificar novos locais deste evento magmatico e fornecendo um

melhor entendimento da historia geoldgica da regido.

1. 1. 2 Objetivos

No presente trabalho, através da utilizacdo do método gravimétrico, foi estudado de
forma detalhada a anomalia gravimétrica residual, originada de uma crosta modelada no Sul do
Craton Amazonico, possibilitando a partir da correlacdo com dados geoldgicos ja publicados
(Barros et al. 2007, Montes Lauar et al. 1994), interpretar e associar valores de gravidade
compativeis aos registros geoldgicos relacionados ao magmatismo sedimentar do CAMP no
Sul do Craton Amazbnico. Portanto, o objetivo desta dissertacdo foi: 1) a interpretacdo dos
dados gravimétricos desta regido por meio da anomalia gravimétrica residual que mostre a
variacdo de densidade das rochas em subsuperficie; e 2) a correlacdo entre os resultados
gravimétricos com o0s registros geoldgicos presentes no Sudeste do Craton Amazonico,

relacionando com eventos geoldgicos da regiao.
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Figura 1- Mapa da distribuicdo dos remanescentes do CAMP (diques, soleiras e fluxo de lavas) (Modificado de
McHone 2000). A porg¢do destacada com retdngulo de coloragéo acinzentada, representa a area de estudo deste
trabalho.



CAPITULO II

2.1 CONFIGURACAO GEOLOGICA

2.1.1 Localizagdo da Area

A area de estudo esta localizada no Sudeste da Provincia do Tocantins e Sul da Provincia
do Tapajos (Sul do Craton Amazénico) (Fig.2), destacando-se: a Bacia paleozoica dos Parecis,
abrangendo os estados de Mato Grosso e a porgdes leste do estado de Ronddnia, centro-oeste
do Brasil, e uma Bacia Intracraténica pré-cambriana-paleozoica (Bahia et al. 2006, Bahia 2007,
Bahia et al. 2007, Siqueira 1989, Nogueira & Riccomini 2006, Nogueira et al. 2019; Fig.2).
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Figura 2- Localizacdo da &rea de estudo, retdngulo de colora¢do avermelhado, mostrando os basaltos toleiticos
continentais mapeados nas Bacias dos Parecis e Arara-Paraguai, além da configuracdo atual do Sul do Créaton
Amazdnico (Modificado de Nogueira et al. 2019).

2.1.2 Arcabouco Tectbnico e Litoestratigrafico
2.1.2.1 Bacia dos Parecis

O embasamento da Bacia dos Parecis é composto por rochas intrusivas e metamorficas
de baixo grau do Craton Amazoénico (Bahia et al. 2006, Bahia 2007). Na porgao oeste da bacia,

ocorrem os granulitos do Complexo Jamari. Nos estados de Mato Grosso e Goias, regides Norte



e Sul da bacia, ocorrem 0s gnaisses, migmatitos e granitbides de idade
arqueana/mesoproterozoica do Complexo Xingu, assim como, rochas metassedimentares.
Relacionado ao Mesoproterozoico, intrusdes bésica e ultrabasica estdo presentes nesta Bacia
(Bahia et al. 2007). A evolucéo da Bacia dos Parecis ocorreu em duas fases distintas (Pedreira
& Bahia 2004), tais como: 1) fase de tafrogénese; e 2) fase de sinéclise. A primeira fase,
corresponde a formacdo dos Grabens Pimenta Bueno e Colorado, cujo a evolucao é associavel
a implementacéo desta Bacia intracratonica do tipo rift-sag e um evento extensional seguindo
0 término do supercontinente Rodinia (~1.0 - 0.75 Ga). Nesta fase, ocorre a deposicdo de
conglomerados em sistemas de leques aluvias, glaciais, fluviais e marinhos costeiros. A fase de
sinéclise, corresponderia ao desenvolvimento da bacia em decorréncia da subsidéncia térmica.
Durante esta etapa, teria ocorrido o magmatismo basico continental e implementacdo de
sistemas deposicionais eblicos e fluviais em um contexto de bacia intracraténica (Cordani et al.
2000, Pedreira & Bahia 2000, Siqueira & Teixeira 1993).

Incluindo sedimentos paleozbicos, mesozoicos e cenozicos, alem de rochas intrusivas
basicas e ultrabasicas de idade Cretacea, a Bacia dos Parecis é caracterizado por um
preenchimento sedimentar-magmatico alcangcando espessura superior a 6.000 m (Bahia et al.
2006, Bahia 2007, Siqueira 1989, Siqueira & Teixeira 1993). O arcabouco estratigrafico da
Bacia dos Parecis € subdividido em seis supersequéncias, tais como: Ordoviciano, Devoniano,
Carbonifero-Permiano, Jurassico, Juro-cretdceo e Cretaceo (Bahia & Pedreira 1996, Bahia
2007, Siqueira 1989, Siqueira & Teixeira 1993; Fig.3).

A Sequéncia Ordoviciano € representada pela Formacdo Cacoal. Esta formacdo €
constituida de conglomerados, arenitos feldspaticos, margas ferruginosas, siltitos, calcarios
dolomiticos e folhelhos, interpretados como depdsitos de sistema de leques aluviais e deltaicos.
Inicialmente essa fomacéo foi definida por Siqueira (1989) e, posteriormente, redefinida por
Rizzotto et al. (2004). Esses depdsitos sdo formados durante os estagios de falhamento inicial
das bordas da Fossa Tectonica de Rond6nia (Bahia & Pedreira 1996, Bahia et al. 1996, Bahia
2007). Gaia et al. (2017) e Afonso & Nogueira (2018), baseado em anélise de facies e
estratigrafica, assim como, correlagdo com carbonatos do Grupo Araras, expostos no Estado de
Mato Grosso, reinterpretaram a Formagdo Cacoal como depositos glaciais na base e de
plataforma rasa a moderadamente profunda no topo. A presenca de diamictitos na base e capas
carbonaticas neoproterozoica no topo, ligadas ao evento pds-glacial Marinoano (~635 Ma) a
partir da Hipdtese Snowball Earth, foram as evidéncias geoldgicas para a interpretacdo desta

formagéo (Afonso & Nogueira 2018, Gaia et al. 2017). Esta nova interpretacao indicou que 0s



depositos de diamictitos e carbonatos da Formacdo Cacoal, representam uma cobertura
sedimentar do embasamento Paleoproterozoico/ Mesoproterozoico, ndo pertencendo a Bacia

dos Parecis (Fig.4).

A Sequéncia Devoniano é composta pelas formacbes Furnas e Ponta Grossa. Estas
unidades ocorrem de forma restrita a por¢do sudeste da Bacia dos Parecis, sendo descrita em
sua totalidade na Bacia do Parana (Bahia et al. 2006, 2007). A Formag&o Furnas, interpretada
como ambiente fluvial (Bahia et al. 2006, Bahia 2007), é constituida por sedimentos
conglomeraticos e arenosos, passando gradativamente para sedimentos peliticos da Formagéo
Ponta Grossa, sendo esta depositada em ambiente marinho raso, passando para ambiente
marinho profundo no topo (Bahia et al. 2006, Bahia 2007).

A Sequéncia Carbonifero-Permiano é constituida pelos depdsitos Glaciais da Formacao
Pimenta Bueno (Bahia & Pedreira 1996) e depdsitos glaciais ou periglaciais da Formacao
Fazenda da Casa Branca por Caputo (1984). Entretanto, Gaia et al. (2017) e Afonso & Nogueira
(2018) redefiniram e reinterpretaram a Fomagdo Pimenta Bueno como de idade Siluriano,
anteriormente considerada de idade Carbonifera (Pedreira & Bahia 2004, Bahia et al. 2006;
Fig.4).

A Sequéncia Jurassico e Juro-Cretdceo € composta pelos derrames basalticos das
formacgBes Anari e Tapirapud e pelos arenitos edlicos da Formagio Rio Avila, respectivamente
(Bahia et al. 2006, Bahia 2007, Batezelli et al. 2014, 2016, Ribeiro Filho et al. 1975,). A
sequéncia Jurassica esta relacionada a abertura do Oceano Atlantico Central e ruptura do
Pangea, enquanto a sequéncia Juro-Cretaceo esta relacionado a separagdo entre América do Sul
e Africa, ligados a abertura do Atlantico Sul (Almeida et al. 2000; Bahia et al. 2006, Svesen et
al. 2018).

Por fim, a Sequéncia Cretaceo composta pelas formacdes Salto das Nuvens e Utiariti
(Grupo Parecis), comp@e os ultimos litotipos da Bacia dos Parecis, depositados em ambiente
fluvio-edlico e fluvio-lacustre (Bahia et al. 2006, Bahia 2007, Rubert et al. 2017). O pacote
sedimentar desta Ultima Sequéncia é recoberto de maneira discordante, por sedimentos
arenosos, siltosos e areno-siltosos, além de uma crosta lateritica (Bahia et al. 2006, Bahia 2007,
Schobbenhaus et al. 1981).

2.1.2.2 Bacia Intracratdnica Invertida (Araras-Paraguai)



Apbs a tectbnica compressional que levou a orogénese da Faixa Paraguai durante o
Toniano-Criogeniano (900-640 Ma), se iniciou a intalacdo da Bacia Arara-Paraguai criogeniana-
ordoviciana no Sudeste do Craton Amazonico influenciada por um regime de subsidéncia termal
extensional (Cordani et al. 2000, Cordani et al. 2013, Nogueira et al., 2019, Santos 2016). Essa
bacia é constituidan no embasamento por rochas metamarficas do Grupo Cuiaba que caracterizam
0 Norte da Faixa Paraguai, discordantemente recobertas pelos depositos glaciogénicos
Marionoanos da Formacéo Puga (Nogueira et al. 2019, Santos 2016)

O preenchimento sedimentar dessa bacia é composta por rochas do Cryogeniano da
Formacdo Puga, Ediacarano do Grupo Araras e Cambriano-Ordovociano do Grupo Alto
Paraguai, discordantemente depositados sobre as rochas do Grupo Cuiaba (Nogueira et al.
2019; Figs.2 e 5). As rochas sedimentares cryogenianas da Formacao Puga sdo compostos por
depositos glaciogénicos (pelitos, arenitos e diamictitos) (Fig.5). Os depositos Carbonaticos do
Grupo Araras estdo expostos no Sul do Craton Amazénico e sdo compostos por 4 formacdes, tais
como: 1) Formagao Mirassol d’Oeste, composta por capas dolomiticas interpretado como ambiente
de plataforma rasa; 2) Formacgdo Guia, composta por carbonatos e folhelhos, interpretados como
plataforma profunda; 3) Formacao Serra do Quilombo, composta por plataformas dolomiticas rasa
a moderadamente profunda e 4) Formacdo Nobre, dolomitos relacionado a ambiente de maré
(Nogueira & Riccomini 2006, Nogueira et al. 2007, Nogueira et al., 2019, Rudnitzki et al. 2016,
Santos et al. 2017; Fig.5). Além disso, as rochas sedimentares siliciclasticas cambrianas-
ordovicianas do Grupo Alto Paraguai, encerra os depositos sedimentares da Bacia Araras-Paraguai
(Bandeira et al. 2012, Santos et al. 2017; Fig.5).
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Figura 3- Litoestratigrafia da Bacia dos Parecis e Araras-Paraguai, contendo os principais eventos geolégicos e
paleoambientes dessas bacias (Modificado de Nogueira et al. 2019).



2.1.3 Dados Geofisicos

Levantamentos regionais geofisicos através de métodos potenciais foram realizados em
toda extensdo da Bacia do Parecis. Nas areas de dificil acesso, os levantamentos
aerogravimétricos e aeromagnéticos forneceram um conjunto de dados trataveis por modernas
técnicas de interpretacdo, enquanto em areas acessiveis, linhas sismicas de reconhecimento e
gravimetria terrestre permitiram a visualizacdo sismoestratigrafica da bacia, impulsionando a
atividade exploratoria de hidrocarbonetos (Bahia et al. 2007, Siqueira & Teixeira 1993,
Teixeira 2001)

-10

-12

-14

-16

Figura 4. Mapa dos levantamentos gravimétricos e magnéticos da Bacia dos Parecis (Bahia et al. 2007).

2.1.3.1 Dados Gravimétricos

Medidas aerogravimétricas realizados pela Petrobras em 1988 na Bacia dos Parecis,
apresenta espagamento diferente ao longo dos perfis. Os levantamentos aerogravimétricos
cobrem as porgdes leste, na Sub-bacia Juruena e, posteriormente, estendido para oeste e sudeste
da bacia, até a Sub-Bacia Alto Xingu. O gravimetro utilizado foi do tipo LaCoste & Romberg
ZLS. A navegacédo e o posicionamento planialtimétrico foram controlados com uso de GPS.
Por meio da interpolacéo dos dados aéreos e terrestres, 0 mapa de anomalia Bouguer foi obtido
pelo programa Oasis da Geosoft, utilizando a projecdo Lambert para converter as coordenadas

de graus para metros (Bahia et al. 2007).
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Por meio da interpretacdo do mapa gravimétrico da Bacia dos Parecis (Fig.7), Bahia et
al. (2007) identificou as assinaturas geomeétricas das principais falhas da bacia, assim como,
estrutura dos dominios geoldgicos e a localizagdo dos principais depocentros da bacia. Os
baixos gravimétricos a norte e no centro-oeste da bacia, sdo separados por um alto estrutural
com direcéo leste-oeste, confirmando a tendéncia regional das estruturas (Bahia et al. 2007).
Estes baixos gravimétricos coincidem com o prosseguimento dos Grabens Pimenta Bueno e
Colorado por baixo da sequéncia mesozoica, interpretada como a fase precursora ou rift da
bacia. O mapeamento durante o Projeto Sudeste de Ronddnia, correlacionou os lineamentos no
mapa gravimétrico com as Falhas Itapud e Presidente Médici (Pinto Filho et al. 1977), geradas
no embasamento cristalino durante a formacéo da Provincia Rio Negro-Juruena (Tassinari &
Macambira 1999) e reativadas como falhas normais durante a abertura do Oceano Atlantico. A
Sub-Bacia do Alto Xingu de Siqueira (1989), apresenta dois depocentros a NW e SE do rio
Xingu, sendo bem definidas e separadas por um alto estrutural denominado de Alto do Rio
Xingu (Bahia et al. 2007).

61 F 57
| | Arcode Sub-baci
Sub-bacia de Vilhena : T
. Rondénia |

Figura 5. Mapa gravimétrico Bouguer da Bacia dos Parecis (Bahia et al. 2007).
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Bahia et al. (2007) obteve o mapa da segunda derivada vertical da Bacia dos Parecis
com o objetivo de delinear melhor os corpos em subsuperficie. A partir da interpretacdo da
segunda derivada, foi interpretado perfeitos altos e baixos estruturais numa configuracdo
grabens-horsts, definindo os depocentros da bacia, alinhados segundo uma estruturacdo NW-
SE (Bahia et al. 2007). A partir da interpretagdo do mapa da segunda derivada vertical,
identificou-se quatro eixos andmalos positivos, cujo as dire¢bes principais sdo coerentes com a
estruturacdo da bacia. A Fossa Tectbnica de Rond6nia, apresenta uma continuidade para leste
dos lineamentos que limitam os Grabens Pimenta Bueno e Colorado, fortalecendo a hipétese
de uma evolucdo da Bacia dos Parecis do Ordoviciano ao Permiano a partir da fase rifte
intracratdnico e passando, consequentemente, para a fase de sinéclise termal, caracterizando a
bacia como do tipo rift-sag ou steer-head (Bahia et al. 2007).

-1819

025 0 075
ila %5-.

Figura 6. Mapa da segunda derivada da Bacia dos Parecis (Bahia et al. 2007).
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CAPITULO Il

GEOPHYSICAL AND GEOLOGICAL EVIDENCES FOR THE
CENTRAL ATLANTIC MAGMATIC PROVINCE (CAMP) IN
PRECAMBRIAN AND PHANEROZOIC SEDIMENTARY BASINS OF
THE SOUTH AMAZONIAN CRATON, BRAZIL.

ABSTRACT

The emplacement of large volumes of basaltic rocks during the Triassic-Jurassic termed
as Central Atlantic Magmatic Province (CAMP) preceded the Pangea break-up and the opening
of the Central Atlantic Ocean. Central Brazil is an important site where the record of CAMP
can be assessed in detail. Previously mapped basalts in this region, which include the Southwest
Tocantins and Southern Tapajos provinces, represent a volume of 0.19 million km?, being not
consistent for the magnitude of the CAMP. Interpretations of previous geophysical and
geological data combined with crustal modeling were carried out in the Paleozoic Parecis and
Late Cryogenian-Cambrian Araras-Paraguay basins. This study allowed a new interpretation
for the gravity field related to the density contrast intracrustal or residual gravimetric field for
the Southern Amazonian Craton. The basalts exposed on these basins occur as lava flows, sills
and dikes hosted in Neoproterozoic and Paleozoic rocks, presenting an estimated magma
volume in subsurface of 3 million km?, interpreted as high-density rocks correlated to the
continental tholeiitic flood basalts of the CAMP. The use of residual gravimetric anomaly based
on crustal modeling combined with previous geological data were effective in the identification

of the CAMP record in these sedimentary basins of the Amazonia.

Keywords: Large Igneous Provinces. Residual Gravimetric Field. Crustal modelling. Parecis

Basin, Araras-Paraguay Basin. Jurassic-Triassic. Amazonian Craton.
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3.1. INTRODUCTION

Large tholeiitic basalt volume was widely identified in the Triassic-Jurassic interval in
several sedimentary basins worldwide, attributed to the Pangea break up and opening of the
Central Atlantic Ocean (ca. 190 Ma), representing a Large Igneous Province (LIP) termed as
Central Atlantic Magmatic Province or CAMP (Marzoli et al., 1999). The Pangea rifting
occurred concomitant with the opening of the central Atlantic Ocean and involved the
production of a new oceanic crust in the mid-dorsal ridge from Early Jurassic to the present.
The CAMP comprises several pulses of volcanic activity occurred around 200 and 202 Ma,
suggesting that most of the basalt volume was emplaced around 201 Ma (Marzoli et al., 2018;
Korte etal., 2019; Fig 1A). The CAMP magmatism in the brazilian Amazonia, north and central
South America, consists in the record of several units, such as: the Penatecaua Magmatism (190
+ 20 Ma) in the Solimdes and Amazonas basins; the Mosquito Formation (199.7 £ 2.45 Ma) in
the Parnaiba Basin; and the Anari and Tapirapud formations (197-200 + 6 Ma) in the Parecis
Basin (Barros et al. 2007, Coffin & Eldholm 1993, Gdes & Feijo 1994, Melfi et al. 1988, Merle
et al. 2011, Montes-Lauar et al. 1994, Renne et al. 1992, Rocha-Campos et al. 1998, Saunders
2005, Vaz et al. 2007, Wilson 1997; Fig. 1A). The younger basalts of Serra Geral Formation
exposed in the Parana Basin, southeastern of South America, succeed the CAMP and has been
related to the late-stage of the West Gondwanaland break-up and opening of the South Atlantic
at around 134 Ma, termed Parana-Etendenka magmatism (Baksi & Archibald 1997, Mizusaki
et al. 2002, Svensen et al. 2018; Fig 1A).

The basalts of the CAMP flowed in large rift basins also forming dikes and sills intruded
into the sedimentary deposits, extending over about 11 millions km? with estimated magma
total volume of 3 millions km? (Korte et al. 2019, Marzoli et al. 2018). This event triggered a
whole range of paleoenvironmental, paleogeographic and paleoclimatic changes, such as:
climate warming, photic zone euxinia and ocean acidification (Davies et al. 2017, Greene et al.
2012, Marzoli et al. 1999, Kasprak et al. 2015, Kiessling et al. 2009, Korte et al. 2019, Ruhl et
al. 2011, Ruiz-Martinez et al. 2012, Schaller et al. 2012, Schoene et al. 2010, Whiteside et al.
2010). The large amounts of CO, during this volcanic event was responsible for a sharp global
warming (Blackburn et al. 2013, Korte et al. 2019, Svensen et al. 2007). The direct consequence
was the drop of the marine and continental biodiversity in the end of Triassic, culminating in
one of the five most expressive mass extinctions of the planet (Davies et al., 2017, Korte et al.
2019, Marzoli et al. 2004, Marzoli et al. 2018, Olsen 1999). The reduction of the organic

productivity modified the carbon cycle causing significant paleoceanographic changes
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indicated by the *3C values in marine and continental deposits (Blackburn et al. 2013, Davies
etal., 2017, Korte et al., 2019, Marzoli et al., 2018, Ruhl et al. 2011; Fig. 1A).

The CAMP event spans rift basins of the Eastern North America and Morocco, where
it is well-exposed and has been intensively studied (Bensalah et al. 2011, Hames et al. 2000,
Jourdan et al. 2009, Knight et al. 2004, Korte et al. 2019, Marzoli et al. 2011, Marzoli et al.
2018, McHone & Puffer 2003, McHone 2006, Saunders 2005, Schaller et al. 2012; Verati et
al. 2007). In contrast, the constituents of the CAMP are poorly studied and understood in
Western Africa, Europe and some regions of the South America, represented by subvolcanic
bodies and extrusive deposits (Barros et al. 2007, Coffin & Eldholm 1993, Deckart et al.1997,
Korte et al., 2019, Martins et al. 2008, Marzoli et al. 2018, Montes-Lauar et al. 1994, Nomade
et al., 2007, Oyarzun et al. 1997, Reis et al. 2006, Verati et al. 2007, Wilson 1997). In this
work, we evaluated the presence of the CAMP in the Southern Amazonian Craton based on the
occurrences mapped in the Phanerozoic Parecis and Late Cryogenian-Ordovician Araras-
Paraguay basins (Fig. 1B). These exposed basalts in both intracratonic basins represent a
minimum volume, not consistent with that attributable to the CAMP (Fig. 1). Thus, the
interpretation of previous geophysical and geological data combined with new gravimetric
analyses modified considerably the record of the CAMP in these basins. The residual
gravimetric anomaly interpretation allowed the mapping of high-density rocks in the
subsurface, which have been interpreted and associated here to the CAMP basalts. The applied
method led to expand the distribution area of CAMP in the Southern Amazonian Craton
providing a new approach to detection of non-outcropping igneous rocks with high-density in

sedimentary basins of the Amazon.
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Figure 1- The spatial relationship of the CAMP worldwide. (A) The CAMP occurrences distributed as dikes, sills
and lavas flow in a scenario before opening of the Central Atlantic Ocean and Pangea break up during Permian-
Triassic (Modified of McHone, 2000). (B) Geology of the Southern Amazonian Craton and location of the mapped
basalts in the Parecis (Modified from Nogueira et al. 2019).
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3.2. GEOLOGICAL SETTING IN THE SOUTHERN AMAZONIAN CRATON

The Southern Amazonian Craton area is located in the Southwestern Tocantins Province
and Southern Tapajés Province (Barros et al. 2007, Cordani et al. 2000, Montes-Lauar et al.
1994, Nogueira et al. 2019; Fig. 1B). Two basins, object of the study site, were implemented
over Tonian metamorphic rock of the Northern Paraguay Belt and Paleo to Mesoproterozoic
rocks of the Amazonian Craton: 1) the Paleozoic Parecis Basin; and 2) the Late Cryogenian-

Ordovician Intracratonic Basin or Araras-Paraguay Basin.

The Paraguay belt was originated during the Tonian-Cryogenian period (c. 900-640-
Ma) throught a collisional main tectonic event among the Amazonia, Sdo Francisco and Parana
continental blocks named as Brasilian-Pan-African Orogeny (Cordani et al. 2000, Cordani et al.
2013, Nogueira et al. 2019, Santos 2006). Furthermore, the Paraguay Belt is compound of rocks
deformed by ductile tectonic structures from the transpressional structural domains and recorded
mainly in the metamorphosed rocks of the Cuiaba Group (Alkmin et al. 2001, Cordani et al. 2000,
McGee et al. 2012, Nogueira et al. 2019, Pedreira & Bahia 2000, Siqueira & Teixeira, 1993).

The Araras-Paraguay Basin was implemented during the Cryogenian-Ordovician in the
Southeastern Amazonian Craton. This basin was inverted during the Ordovician, associated to
the opening of the Paleozoic basins in the Amazon, as well as, deformed during the Cretaceous
by brittle to brittle-ductile transtensional tectonics (Cordani et al. 2000, Cordani et al. 2013,
Nogueira et al. 2019, Santos 2016).This basin was filled by the following units: 1) the Late
Cryogenian Puga Formation, composed of glaciogenic diamictites, siltstones and sandstone; 2)
the Ediacaran Araras Group, constituted of limestone, dolostones and subordinate siliciclastic
rocks; and 3) the Cambrian-Ordovician Alto Paraguay Group, which consists of sandstone and
pelites (Fig.1B). The dolostones of the base the Araras Group that overlie glaciogene
diamictites are interpreted as a cap carbonate linked to Marinoan pos-glacial event and related
to the Snowball Earth hypothesis (ca. 635 Ma). The deposits of the Araras-Paraguay basin
unconformably overlies the crystalline rocks of Amazonian Craton and metamorphic rocks of

Cuiaba Group exposed in the Northern Paraguay Belt.

The Parecis basin is a rift-sag type basin formed during an extensional event in the

Amazonian Craton following Rodinia break up in 1.0 and 0.75 Ga (Pedreira & Bahia 2000,
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Teixeira 2001). This basin has approximately 500000 km? implanted directly over the Amazon
Craton, center-western Brazil (Bahia et al. 2006, Bahia 2007, Siqueira & Teixeira 1993,). The
stratigraphy records present a sedimentary-magmatic filling, which reach 6000 m thick,
including Paleozoic, Mesozoic and Cenozoic deposits intruded by Cretaceous basic and
ultrabasic rocks (Siqueira, 1989; Siqueira & Teixeira, 1993; Bahia et al., 2006, Bahia, 2007).
The basin was structured during the Neo-Ordovician, when the Amazon was affected by an
extensional event yielding intracontinental rift systems generated by fault zones reactivation of
the basement (Cordani et al. 2000). Six supersequences were recognized in the Parecis basin,
such as: Ordovician, Devonian, Carboniferous-Permian, Jurassic, Jurassic-Cretaceous and
Cretaceous (Bahia & Pedreira 1996, Bahia 2007, Siqueira 1989, Siqueira & Teixeira 1993).

The Paleozoic sediments of the Parecis Basin overlie Late Cryogenian and Ediacaran
sedimentary rocks exposed in the Colorado and Pimenta Bueno grabens correlate with the
sucessions exposed in the base of the Araras-Paraguay Basin (Fig. 1B). The Late Cryogenian
glaciogene diamictites of Cacoal Formation is overlaid by dolostones and siltstone belonging
to the Ediacaran Espigdo d’Oeste Formation (Afonso & Nogueira 2018, Gaia et al. 2017,
Nogueira et al. 2019). Based on facies analysis, carbon isotope and stratigraphic correlation,
the Cacoal Formaion was reinterpreted (Bahia et al. 2007) as a Neoproterozoic formation linked
to the Marinoan pos-glacial event (~635Ma), interpreted only as sedimentary filling of the
basement, completely disconnected of the Paris Basin evolution (Afonso & Nogueira 2018,
Gaia et al. 2017, Nogueira et al. 2019). Moreover, the Parecis Basin sedimentary started with
the Pimenta Bueno Formation, previously considered as Carboniferous (Bahia et al. 2006,
Pedreira & Bahia 2004), and repositioned in the Ordovician-Silurian interval (Afonso &
Nogueira 2018).

3.3 MAPPED AND UNMAPPED CAMP RECORDS IN THE SOUTHERN AMAZONIAN
CRATON
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CAMP mapped basalts are found in the Phanerozoic Parecis Basin represented by the
Anari and Tapirapud formations exposed on the southeastern Colorado Graben and
Chupinguaia region, respectively. Basalts overlaid these supersequences were dated by K/Ar
method that indicated Lower Jurassic age to the Anari Formation (Pinto Filho et al. 1977,
Santos et al. 1980) (Tab.1). Montes Lauar et al. (1994) using the Ar/Ar dating method,
suggested ages at around 197 Ma to the Anari and Tapirapua formations, close to the ages found
by Marzoli et al. (1999) and Barros et al. (2007) (Tab.1). These ages and the geochemistry
related to the Anari and Tapirapua formations are compatible with a same manthelic origin
(Baksi & Archibald 1997, Montes Lauar et al. 1994). Furthermore, there is mapped basalts by
CPRM, located at the Emal-Unidade Itaipu mine at Barra do Bugres (Fig. 1B), as well as,
exposed basalts occurrences had not still been mapped in the Late Cryogenian-Ordovician
Araras-Paraguay Basin very close to the mapped and dated basalts in Tangara da Serra (distance
around 5 km) (Fig. 1B). Due to the great CAMP magnitude added to the proximity of the Arara-
Paragay Basin and Parecis Basin basalts, we interpreted that both basins present basaltic bodies
of the CAMP (Fig. 1B), there being no mapping of older basaltic bodie than mapped basalts of

the Jurassic in the Southern Amazonian Craton, corroborating our interpretation

Table 1- The K/Ar and Ar/Ar ages to the Anari and Tapirapud formations.

Period (method) Age (Ma) Authors
Lower Jurassic (K/Ar) 197-198 Pinto Filho et al. (1977)
Lower Jurassic(K/Ar) 197-198 Santos et al. (1980)
Lower Jurassic (K/Ar) and (Ar/Ar) 197 Montes-Lauar et al. (1994)
Lower Jurassic (Ar/Ar) 198 Marzoli et al. (1999)
Lower Jurassic (Ar/Ar) 200+6 Barros et al. (2007)

3.4 METHODOLOGY

This paper combined results from the gravimetric method (crustal modeling) with
previous geological and geophysical data in the Southern Amazonian Craton, to investigate the
presence of CAMP basalts in this area. This method is widely used to identification and
interpretation of crustal features based on the density contrast of rocks in the crust (Telford et

al. 1990). To obtain information about the geological record from the gravity data it is necessary
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to separate the residual from the regional gravimetric signal (Lowries 2007, Telford et al. 1990).
Therefore, we have performed this separation for the data from the Southern Amazonian
Craton. The regional gravimetric field is a signal predicted by the modeled Earth's crust with
longer wavelengths, produced by large geological structures and deeper than the residual field,
which is strongly affected by density variantions closer to the surface. Thus, the gravimetric
interpretation of shorter wavelength signals is necessary to characterize sources near the crust
top (Blakely 1996, Lowries 2007).

There are several ways to determine the regional-residual field for a gravity dataset
(Beltrdo 1989, Martinez-Moreno et al. 2015, Spector & Grant 1970, Tenzer et al. 2012). We
have obtained the crustal gravimetric signal from the calculated gravimetric anomaly of a
modeled crust and discretized in 3D rectangular prisms (regional gravimetric signal). The
gravimetric signal of N prisms at each observation point is obtained by the Plouff (1976)
algorithm. The shapes of the crustal model are presumably known and defined by two surfaces,
top and base. The shape of the top surface is defined by ETOPO-1/Terrain digital Model (DTM)
(Barthelmes 2009, Barthelmes & Kohler 2012; Fig. 2), obtained from the International Center
for Global Earth Models navigation service (ICGEM) (Amante & Eakins, 2009). In addition,
the shape of the base surface (depth of the South America Moho) is supplied by Uieda &
Barbosa (2016) (Fig. 3). The residual gravimetric anomaly was obtained by subtracting the

observed Bouguer anomaly from the modeled crust’s regional anomaly
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Figure 2- Digital Terrain Model (DTM) ETOPO 1 of the Southern Amazonian Craton. I- Paraguay Belt, 11-
Araras-Paraguay Basin and I11- Parecis Basin.
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3.5 RESULTS

3.5.1 Observed gravimetric data

The observed gravimetric anomaly data were downloaded from the International Center
for Global Earth Models (ICGEM) navigation service from the full-shaped gravimetric field
with EIGEN-6C4 satellite selection model and 0.05° regulated gridstep. Moreover, this
anomaly was calculated using the WGS84 reference ellipsoid and a longitude-latitude selection
grid (-W64 °, -E49 °, -N9 ° and -S16 °, Fig. 4). In order to obtain the anomaly in decimal
degrees, these coordinates were converted to Universal Transverse Mercator (UTM) due to the
Plouff (1976) algorithm requires that the input data is arranged in a three-dimensional model
in rectangular (x, y and z) coordinates. By setting a grid of observation points (X; y) and a z-
axis, the observed gravimetric anomaly data were interpolated in a regularly spaced mesh M =
mx X my (Fig. 4), where mx =501; my = 341 and M = 170841 (observed points total number).
Furthermore, the spacing between points is X = 3322 and y = 2424 m (x-axis eastward and y-
axis northward). A striking feature in the Bouguer map is the northward elongated positive

anomaly around 57,5°, characterizing high-densiy values within the Parecis Basin.

........................

-64° -62° -60° -58° -56° -54°

-52° -50°

Figure 4- Observed Bouguer Gravimetric Anomaly using the WGS84 reference ellipsoid and Longitude-latitude
selection grid (-W64 °, -E49 °, -N9 ° and -S16 °).
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3.5.2. Predicted signal: regional gravimetric anomaly

The regional gravimetric anomaly (Fig. 5) at the same X, y and z coordinates as the
observations was produced using the ETOPO 1 and Moho data in a considerably large window

than the data-window, to minimize edge effects. Note the complexity of this signal, which

mostly resulted from the complex shape of the Moho.

Figure 5- Regional gravimetric anomaly (gravimetric anomaly for any point of observation above the Earth's
surface by a crust modeled and discretized in rectangular prisms) showing same points number of the observed
gravimetric anomaly.
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3.5.3. Residual gravimetric anomaly

The residual gravimetic signal is shown in Fig. 6. This anomaly displays gravimetric
highs and lows of the Southern Amazonian Craton, identifying density contrast of rocks in the
subsurface. We interpreted from the residual anomaly, which the Blue dashed and dotted lines
represent anomalies with greater gravimetric signatures, associated to large basalt volumes in
subsurface and surface. While the white circles, represent basalts exposed next to Tangara da
Serra and Barra do Bugres, preseting a gravimetric sig nature less representative of the CAMP
Basalts. Besides that, we identify a sector with mapped basalts that do not show up gravimetric
signatures related to basaltic bodies gravity values, around -30 Mgal, (white dashed polygon).

Figure 6- Residual gravimtric anomaly showing the gravimetric highs and lows of the southwestern Tocantins
Province and southern Tapajos Province.
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3.5.4 Association of the CAMP continental tholeiitic flood basalts (CTFB) from the
gravimetric and geological interpretations.

The residual gravimetric anomaly interpretation shows the intracrustal density
variations in the Southern Amazonian Craton (Fig. 6). This interpretation allowed to identify
the main occurrences of high-density rocks within the sedimentary basins. The highest gravity
anomaly values (above -20 mgal) occur in the the Araras-Paraguay and Parecis basins. They
are interpreted as the result of high-density rocks associated to the CAMP CTFB. (Figs. 6 and
7). Previous interpretations of the gravimetric highs in these sites have usually been attributed
them to isolated structural-paleogeographic highs (e.g. Bahia et al. 2007). However, structural
highs in sedimentary basins can not account for very high values in a residual gravimetric

anomaly (around -20 mgal), unless they are associated with extremely dense bodies.

The use of residual gravimetric anomaly added to the analysis of previous geological
data in the Southern Amazonian Craton allowed us to propose the following: 1) gravimetric
signatures with high gravity values and its elongating inside of Parecis Basin (N-S-trend),
associated with areas of both exposed and mapped basalts and non-outcropping mapped basalts
(Barros et al. 2007, Montes-Laura et al. 1994; Fig. 7; sector 1); 1) mapped basalts, located at
the Emal-Unidade Itaipu mine at Barra do Bugres (Fig. 7, sector 2), present low gravimetric
signatures compared with other areas, as Tangara da Serra (sector 1). The relatively low
gravimetric signature on these sites may be related to the reduced thickness of the basalts, due
to relatively intense erosion of these rocks (around 2-10 meters); Ill) high gravimetric
signatures, with NW-SE-trend within Araras-Paraguay and Parecis basins (Fig. 7, sector 3),
probably being result of non-outcropping basalts and related to possible occurrences of CAMP
CTFB; and 1V) Previously mapped basalts next to Tangara da Serra (Fig. 7, sector 4) that do
not present a visible signatures on the residual anomaly. This extremely low gravimetric
signature is incompatible with the gravimetric highs from high-density CAMP basalts (sector
land 3,) as well as, with other sites with low gravimetric signatures (sector 2). There are mapped
basalts, located at the Emal-Unidade Itaipu mine at Barra do Bugres, which present low
gravimetric signatures compared with other anomalies related to basalts signature of the CAMP
(anomalies 1 and 2). The relatively low gravimetric signature on these sites may be related to
the reduced thickness of the basalts, due to relatively intense erosion of these rocks (Dikes from
the 2 to 10 meters). Furthermore, it was identified occurrences of Previously mapped basalts,

next to Tangara da Serra, which do not present a visible signature on the residual gravimetric
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anomaly. This extremely low gravimetric signature is incompatible with the gravimetric highs
from high-density CAMP basalts, as well as, with other sites with low gravimetric signatures.

Deeper detailed geological and geophysical studies are needed for an accurate
interpretation. The Araras-Paraguay Basin display elongated N-S and NW-SE trending
gravimetric signatures similar to the elongated N-S trending gravimetric signatures of CAMP
basalts of the Tapirapud Formation. This correlation allowed the discovery of other CAMP
occurrences from the residual gravimetric anomaly interpretation in the Southern Amazonian

Craton and the sketching of a tectonomagmatic evolution of this region (Fig. 8).
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Figure 7- Geological map showing the location of the CAMP CTFB in the Southern Amazonian Craton. Note the
occurences of the exposed CAMP basalts and interpretated from the residual gravimetric anomaly (dashed and
dotted polygons, anomalies 1 and 2).

3.5.5 Estimates of CAMP voulume in the Southern Amazonian Craton

The pristine CAMP volume in the Proterozoic, Paleozoic and Mesozoic basins is
represented by sills, dikes and lava flow (Marzoli et al. 2018). The possible occurrences of the
CAMP CTFB from the residual gravimetric anomaly interpretation and previous geological
data allowed to estimate the volume in subsurface of this region. Marzoli et al. (2018),
calculated a volume of 0.19 millions km?® for the CAMP basalts, multiplying the area of the
basin surface by the cumulative thickness of the CAMP product. The correlating of gravimetric
signatures interpreted from the residual gravimetric anomaly, which allowed to interpretate that
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the CAMP basalts cut the basement, Araras-Paraguay and Parecis basins, we recalculated the
CAMP volume by the method Marzoli et al. (2018) from around 3 millions km?3, considering
that the basins have at least 6 km-thick of stratigraphic pile and including in this evaluate,

basalts in the surface and subsurface.

3.5.6 Tectonomagmatic evolution from the residual gravimetric anomaly and geological

data interpretations

Sublithospheric activity beneath the South American Platform originated from mantelic
processes has promoted the formation of CTFB in the Southern Amazonian Craton (Almeida
et al. 2000; Fig. 8A). The Pangea break up around 225-220 Ma led to the opening of the Central
Atlantic Ocean and production of large volumes of basaltic rocks, during the first reactivation
sub-phase of the South American Platform from the Upper Triassic-Jurassic onwards (Almeida
et al. 2000, Marzoli et al. 1999, McHone 2006, Zalan, 2004; Fig. 8B). The large volume of
basaltic rocks is related to the CAMP event (c. 200-202 Ma) with peak activity at around 201
Ma, represented by the intrusive (sills and dikes) and/or extrusive (lavas flow) rocks formed in
the Paleozoic Parecis and Late Cryogenian-Ordovician Araras-Paraguay basins in the Southern
Amazonian Craton. Extensional fractures and faults formed during the opening of the Atlantic
Ocean have acted as pathways for CAMP basaltic magma (Fig. 8B). Thermal subsidence in the
Southern Amazonian Craton took place after the Sinemurian (c. 190-160 Ma) caused by
lowering of the isotherms and progressive reduction of the heat flow in the region. The opening
of the Central Atlantic and the Waldenian Reactivation (e.g. Zalan 2004) have possibly favored
the deposition of Upper Jurassic aeolian sediments in Parecis Basin (Bahia et al. 2006, Batezelli
et al. 2014, 2016). The extensional event related to opening of the South Atlantic (c. 140-110
Ma) and Equatorial Atlantic (c. 113-95 Ma), as well as, the first tectonic event related to the
Andean Orogeny (ca. 88 Ma), which took place in the Turonian-Coniacian boundary (Peruvian
Orogenic phase), favored the increase of accommodation space with expressive deposition of
the Late Cretaceous Salto das Nuvens and Utiariti formations in the Parecis Basin, overlying
the CAMP basalts (Bahia 2007, Granot & Dyment 2015, Jaillard et al. 2000; Menegazzo et al.
2016, Rubert et al. 2017, Zalan 2004) (Fig. 8C). At the late Cretaceous and early Cenozoic (c.
72-65 Ma) the Southern Amazonian Craton experienced uplift and extreme erosion related to a
new contractional pulse of the Peruvian orogeny occurred in the late Campanian (Jaillard et al.
2000, Menegazzo et al. 2016). This orogenic event caused partial remotion of deposits of the

confluence zone between the basins. The exposure of the most superficial portion of the CAMP
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has partilly been removed contrasting with the low topography modelled of rocks of the Late
Cryogenian-Ordovician Araras-Paraguay Basin. In this region the root of this geotectonic

structure is exposed and the magmatic conduits of the CAMP may be observed (Fig. 8D).

Before 250 Ma Around 201-190 Ma

PRECAMBRIAN BASEMENT  PARECIS BASIN ARARASAPS/}EAGUAY CAMP basalts
; AT e (Mesozoic)
*.5 1.1 Cretaceous / Cambrian .
i o = AN\ Unconformity
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Figure 8- Tectonomagmatic evolution of the CAMP into the Southern Amazonian Craton. (A) Initial phase before
Pangea break up (ca. 250 Ma). (B) Increase of basalts volume due to CAMP intumescence, Pangea break up and
opening Central Atlantic Ocean (c. 201-190 Ma). (C) Extensional event related to opening of the South Atlantic
(c. 140-110 Ma) and Equatorial Atlantic (c. 113-95 Ma), as well as, the first tectonic event related to the Andean
Orogeny (ca. 88 Ma) that favored the deposition of the Cretaceous sediments in the Parecis Basin (c. 88-72 Ma);
(D) Uplifting of the Southern Amazonian Craton, leading to the erosion of Cretaceous cover and CAMP basalt
and, exposing most of the magmatic conduits located at the Araras-Paraguay Basin and basement rocks (c. 72-65
Ma).
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3.6. FINAL REMARKS

The analysis of previous geophysicl and geological data combined with the residual
gravimetric anomaly interpretation of a modeled crust, allowed us obtaining surface and
subsurface evidences for the CAMP event in the Southern Amazonian Craton. The Paleozoic
Parecis and Late Cryogenian-Ordovocian Araras-Paraguay basins were the prime candidates to
test this methodology with reasonable answer. The CAMP basalts in this area probably
correspond to the intrusive (dikes or sills) and extrusive (lava flow) rocks coincident with N-S
and NW-SE trending gravimetric signature. Our results indicated a volume at least 3 million
km?® of basalts emplaced into the Southern Amazonian Craton during the Triassic-Early
Jurassic. This volume is greater than the previous 0,19 million km?, estimated for basins on
surface exposures. Perhaps, the incresing of volume reached by associating of the residual
gravimetric anomaly interpretation with previous geological data may be related to the rocks
into the deep continental crust, possibly at the Moho. Based on these data we proposal a
tectonomagmatic evolution for this part of the Amazonian Craton that include: 1) initial phase
before Pangea break up (ca. 250 Ma); 2) progressive increase of basalts volume due to Pangea
break up, causing intumescence of CAMP basalts in the crust concomitant with the Central
Atlantic Oceanic opening; 3) event extensional related to opening of the South Atlantic and
Equatorial Atlantic, as well as, the first tectonic event related to the Andean Orogeny, leading
to the deposition of the Cretaceous sediments in the Parecis Basin; and 4) uplifting of the
Southern Amazonian Craton, causing erosion of Cretaceous rocks, CAMP basalts and older
rocks, exposing only magmatic conduits. Finally, the study of residual gravimetric anomaly
based on crustal modeling has proved to be an effective method to map high-density rocks in
subsurface, contributing to better understand the CAMP magmatic events in sedimentary

basins.
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CAPITULO IV

4.1 CONCLUSOES

A integracdo de dados geoldgicos prévios com a intepratacao de dados gravimétricos do
sudeste do Craton Amazonico, definiu a relacdo entre os valores apresentados no campo
gravimétrico residual, originado por meio da modelagem crustal da regido estudada, com as
estruturas geoldgicas presentes nas bacias, levando em consideracéo a relacdo das respostas
gravimeétricas aos registros geoldgicos relacionados ao magmatismo do CAMP. Essa integracdo
nos permitiu correlacionar os dados e recalcular o volume CAMP, alcangando pelo menos 3
milhdes de km®. A partir da anélise da anomalia gravimétrica residual, interpretamos que os
altos paleogeograficos-estruturatais presente no interior da Bacia dos Parecis, podem apenas
ser correlacionados com assinaturas gravimétricas positivas (valores de gravidade maiores que
-20 Mgal), se houver intrusdes basalticas do CAMP (rochas altamente densas) adicionados a
interpretacdo da dessa anomalia. Concluimos que a interligacdo de dados geoldgicos e a
interpretacdo da anomalia gravimétrica residual no Sul do Craton Amazo6nico a partir da
modelagem crustal, torna-se um método eficaz para o estudo do magmatismo do CAMP em

bacias sedimentares.
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