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RESUMO

A Bacia de Pernambuco representa uma das mais proeminentes fronteiras de exploragéo
petrolifera da margem brasileira. O presente estudo trata da caracterizacdo dos
principais tipos de estruturas vulcanicas, assim como também da ocorréncia
de buildups carbonéaticos que ocorrem na regido offshore desta bacia. O estudo foi
baseado na analise de 145 se¢Bes sismicas 2D, migradas em tempo, que cobrem
praticamente todo o Platd de Pernambuco. A metodologia utilizada se baseou na
interpretacdo das principais sequéncias tectono-estratigraficas, na identificacdo e
descricdo dos corpos vulcanicos e das estruturas carbonaticas. Quanto as estruturas
vulcanicas, os resultados permitiram a identificacdo de vulcdes, soleiras, vents e
sequéncias vulcanoclasticas, localizadas principalmente em associacdo com altos
externos do platd. A interpretacdo das principais sequéncias estratigraficas sugere idade
cretacea superior e cenozdica para 0s corpos vulcanicos encontrado neste trabalho. Isto
permite propor que o0 evento magmatico, cuja idade na regido onshore é albiana, teria
uma abrangéncia temporal maior na regido distal da bacia. A dos buildups carbonaticos,
permitiu classificar as estruturas encontradas em trés tipos pricipais: recifes de margem
de plataforma, patch reefs e plataformas carbonaticas isoladas. Essas estruturas estdo
inseridas em duas principais sequéncias deposicionais, no intervalo de estratos do pos-
rifte da bacia: Santoniano-Maastrichtiano e Paleoceno-Mioceno Meédio. Os resultados
obtidos permitiram uma importante contribuicdo ao conhecimento do arcabougo
estratigrafico da Bacia de Pernambuco, bem como de sua evolucdo como parte do Rifte
do Atlantico Sul. Além disso, os dados aqui apresentados permitirdo uma melhor
compreensdo sobre os efeitos e produtos do magmatismo para o sistema petrolifero da
bacia. Da mesma forma, a descri¢do das estruturas carbonéticas € importante porque a
exemplo do que ocorre em outras bacias marginais brasileiras, a confirmagdo da
ocorréncia destas estruturas permitird que estas possam ser investigadas como possiveis
plays petroliferos.

Palavras-chave: Estruturas wvulcanicas, buildups carbonaticos, estratigrafia sismica,
Bacia de Pernambuco.



ABSTRACT

The Pernambuco Basin is one of the most prominent frontier of oil exploration in the
brazilian margin. This study aims to characterize the major volcanic structures as well
as the carbonate buildups of the offshore portion of this basin. A set of 145 2D
multichannel seismic sections that cover the Pernambuco Plateau region are used to
interpret the major tectono-stratigrafic sequences and to describe the volcanic and
carbonate structures. For the volcanic structures, the results allowed the identification of
volcanoes, sills, vent complexes and volcaniclastic sequences, located mainly in
association with external plateau highs. The interpretation of the main stratigraphic
sequences suggests Upper Cretaceous and Cenozoic age to the volcanic bodies found in
this work. This allows us to propose that the magmatic event, which its age in the
onshore region is Albian, would have had a greater time span in the distal region of this
basin. For the carbonate buildups, this study allowed the classification of three different
types of structure: the shelf margin reefs, patch reefs and isolated carbonate platforms.
These structures are in two main depositional sequences, related to the post-rift phase:
Santonian-Maastrichtian and Paleoceno-Middle Miocene. The findings presented in this
report provide a better understanding about the Pernambuco Basin as well as the
evolution of this basin as part of the South Atlantic Rift. Moreover, the results presented
here can also be useful for the understanding of the magmatism in the basin petroleum
system. In the same manner, the description of the carbonate buildups is important
because as happens in others brazilian basins margins, the confirmation of the
occurrence of these structures will allow them to be investigated as possible oil and gas

play.

Keywords: Volcanic structures, carbonate buildups, seismic stratigraphy, Pernambuco
Basin.



Apresentacédo

A presente dissertacdo foi elaborada em cumprimento aos requisitos para
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cooperacdo em P&D, desenvolvido entre a Universidade Federal de Pernambuco e a
Sinochem Brasil Petroleo Brasil Ltda. (convénio n°® 52/2013 UFPE).

O estudo tem como objetivo principal, a interpretacdo e caracterizacdo das
principais estruturas wvulcanicas que ocorrem na regido offshore da Bacia de
Pernambuco, mais precisamente, no Platd de Pernambuco. Para isso, utilizou-se da
interpretacdo de se¢Bes sismicas 2D como base para seu reconhecimento e classificagéo.
Dados gravimétricos e magnetometricos, também foram utilizados a fim de auxiliar na
interpretacdo das estruturas vulcanicas. Devido a presenca de estruturas carbonaticas na
area de estudo, estando elas inseridas nas mesmas sequéncias deposicionais que as
estruturas vulcénicas aqui estudadas, fez-se necessario a busca por critérios que
permitissem a diferenciacdo entre as estruturas de origem magmatica e as estruturas
relacionadas as construcdes carbonaticas. Os resultados obtidos permitiram identificar
também a ocorréncia e feicdes morfolégicas das estruturas carbonaticas (buildups
carbonaticos), sendo estas incorporadas ao arcabouco da pesquisa, devido a sua
importancia para o conhecimento da bacia e seu contexto exploratorio.

Os resultados do trabalho fornecem uma avaliagcdo qualitativa sobre a ocorréncia
das principais estruturas vulcanicas e das principais estruturas carbonaticas na area de
estudo. As informacdes fornecidas aqui permitirdo o avanco da discussdo sobre a
abrangéncia espacial e temporal do magmatismo e de sua possivel influéncia no sistema
petrolifero da Bacia de Pernambuco e em sua evolucdo. Além disso, aqui é apresentado
0 primeiro trabalho sistematico sobre estruturas carbonéticas isoladas e relacionadas
com plataformas nesta regido.

O Capitulo 1 descreve brevemente a regido do Brasil em que a Bacia de
Pernambuco esta localizada, assim como traz também uma introdu¢do ao tema do
estudo, justificativas, objetivos e a abordagem metodoldgica utilizada para a sua
realizacdo.

O Capitulo 2 apresenta em forma de artigos cientificos, os principais resultados
obtidos na pesquisa. O primeiro artigo foi publicado na revista Journal of South

American Earth Sciences e trata das estruturas vulcénicas. Nele, sdo abordadas as



Vi

principais estruturas vulcanicas encontradas no Platd de Pernambuco, sua caracterizagio
a partir da anélise de sismofacies e uma discussdo sobre possiveis processos geoldgicos
envolvidos na formagdo das estruturas vulcénicas. Também foram discutidas as areas de
maior influéncia magmatica, dentro da &rea coberta pelos levantamentos disponiveis, na
regido e sua possivel origem. O segundo artigo esta submetido para publicacdo e trata
das principais estruturas carbonaticas encontradas na regido offshore da Bacia de
Pernambuco. Nele foram descritas a localizacdo dos principais buildups carbonéticos
encontrados, assim como a classificacdo das estruturas com relacdo as suas morfologias.
Tendo como base a interpretacdo sismoestratigrafica, também foram inferidas as idades
dos buildups carbonéaticos e a possivel influncia da formacdo do platd no
desenvolvimento dessas estruturas.

O Capitulo 3 apresenta uma sintese dos resultados obtidos pela pesquisa e
apresentados nos dois artigos que compdem esta dissertacdo. Nesse capitulo, também
estd colocada de forma sintetizada, a discussdo a respeito dos critérios usados para a
formulacdo da metodologia aplicada na caracterizacdo dos dois grupos de estruturas
geoldgicas - estruturas vulcanicas e buildups carbonaticos, sobre a contribuicdo destes
novos dados para o conhecimento da bacia e sua importancia no contexto geoldgico

local e regional.
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CAPITULO 1 INTRODUCAO

1.1 Bacias Marginais da Plataforma Brasileira

A plataforma brasileira foi formada durante a abertura do Rifte do Atlantico Sul, no
Cretaceo Inferior (Almeida et al., 2000; Jackson et al., 2000; Bueno, 2004; Dickson et al.,
2003; Davison, 2007; Aslanian et al., 2009; Moulin et al., 2010; Lentini et al., 2010). O
processo de rifteamento comegou com um magmatismo volumoso que afetou a por¢édo sul da
Placa Sul-Americana e que formou a Provincia Magmatica Parana-Etendeka (Fig. 01), tendo
seu principal pulso magmatico datando entre 138 e 127 Ma. O processo de rifteamento
avancou da regido sul para a regido norte devido a um processo diacrdnico, em que sua
primeira ruptura € estimada em torno de 132 Ma., com a producédo das primeiras geracdes de
seaward dipping reflectors (SDRs) na Bacia de Pelotas e na Bacia do S&o Jorge (Fig. 01). O
segundo estagio de rifteamento avancou em direcdo ao norte, alcancando a Bacia de Santos,
cujo break-up tem idade de aproximadamente 126 Ma. J& o terceiro estagio de rifteamento,
avancou além do Platé de S&o Paulo, alcancando a regido da Bacia do Jacuipe e da Bacia de
Sergipe, durante o Aptiano Superior, em torno de 112 Ma. (Bueno, 2004). Provavelmente, o
ultimo estagio de abertura do Rifte do Atlantico Sul avancou da Bacia de Sergipe, alcancando
a Bacia de Alagoas e de Pernambuco, durante o Albiano (Matos, 1999; Cordoba, 2007;
Barbosa, 2014) (Figs. 01 e 02). A ultima regido a ser separada da Placa Africana €
representada entdo pela Bacia Paraiba e Plataforma de Natal, onde o ramo distensional do
Atlantico Sul conectou-se com o braco transformante do Atlantico Equatorial (Matos, 1999;
Barbosa & Lima Filho, 2006; Lima Filho & Barbosa, 2010).

O segmento extensional, pertencente a margem leste brasileira, inclui as bacias
marginais brasileiras que estdo localizadas no lado leste do Nordeste brasileiro até a porgédo
meridional da Bacia de Pelotas, no Sul brasileiro (Fig. 01). Este setor foi dominado por uma
tectdnica extensional e caracteriza-se por falhas normais preferencialmente paralelas a costa,
localmente afetadas por zonas de transferéncia e que apresentam altos angulos em relacéo as
primeiras. O segmento transformante é representado pela regido equatorial, onde o processo
de separacdo foi dominado por cisalhamento e também menor extensdo (Antobreh et al.,
2009). Este segmento inicia-se na Bacia Potiguar, na por¢do norte do Nordeste do Brasil e
estende-se até a Bacia da Foz do Amazonas.

O conhecimento reunido sobre a evolugdo do Atlantico Sul permite propor que a

evolugdo tectono-sedimentar das bacias marginais brasileiras do setor extensional



compreendem quatro etapas principais de preenchimento (Milani et al., 2007), ou mega-
sequéncias deposicionais:
1) Estagio Pré-rifte — Inclui os depositos que preencheram as depressdes formadas durante as
primeiras ativacdes litosféricas no inicio do Rifte (Neo - Jurassico para Eo-Cretaceo). Esta
etapa é representada por red beds, depdsitos fluviais, edlicos e rochas de ambiente lacustre
raso.
2) Estagio Rifte — Inclui depdsitos de natureza diversas, formados enquanto o processo de
abertura diacrénica da plataforma brasileira ocorria. Ele é marcado por ruptura litosférica e
depocentros importantes que datam do Eo-Cretaceo. Os lagos profundos desta fase formaram
folhelhos negros que se tornaram as rochas geradoras mais importantes nas bacias brasileiras.
Conglomerados, arenitos, coquinas e rochas igneas basicas também ocorrem.
3) Estagio Marinho Restrito — Esta fase é caracterizada pela presenca de depdsitos
evaporiticos, principalmente halita e anidrita, muito expressivos em termos de ocorréncia e
espessura nas bacias de Santos, Campos e Espirito Santo. A bacia evaporitica se estende até as
bacias do Sergipe e Alagoas e € menos expressiva nas regides onde a margem torna-se
estreita. Descobertas recentes mostraram que, de fato, a bacia de sal atingiu a regido da Bacia
de Pernambuco (Antunes et al., 2006; Coérdoba et al., 2007; Barbosa et al., 2008; Buarque et
al., 2016a), mas devido a falta de pocos na regido offshore da bacia, a idade e a natureza dos
depdsitos ainda sdo desconhecidas. Abaixo dos depositos evaporiticos, existem rochas
carbonaticas e siliciclasticas depositadas sobre a discordancia de break-up e que, juntamente
com os evaporitos, formaram os primeiros depositos da secdo pés-rifte. Na Bacia de Santos,
essas rochas carbonaticas representam o0s reservatorios do Pré-Sal e carregam grandes
volumes de petroleo.
4) Fase Marinha Profunda — Ap0s a deposicdo evaporitica, houve a evolucao para condicdes
marinhas profundas. Durante o Albiano, da Bacia de Santos até a Bacia de Sergipe, ha um
registro expressivo de formacdes carbonéticas. Carbonatos sdao dominantes até o Turoniano,
na maioria das bacias, e em alguns casos formam rochas geradoras e reservatérios. Do Neo-
Cretaceo até o recente, uma grande sequéncia siliciclastica foi depositada devido a varios
ciclos de eventos regressivo-transgressivo. Estes depositos siliciclasticos sdo de natureza
variada, principalmente folhelhos e arenitos marinhos, de plataformas rasas, deltas costeiros e
turbiditos.

Quanto & proposicdo dos estagios de propagagdo do rifteamento na Figura 01, é
importante destacar que o quarto estagio € o0 menos estudado e ainda ndo é claro como se deu

a transicao do setor extensional para o transformante.



1.1.1 A Porcao Leste da Plataforma continental do NE do Brasil

A Bacia de Pernambuco e outras bacias da margem continental do tipo Atlantico se
desenvolveram na porcao leste da Provincia Borborema (BPB), no Nordeste do Brasil (Figs.
01 e 02). A BPB representa a por¢éo nordeste da Plataforma Sul Americana (Almeida, 1981,
Van Schmus et al., 2008; Santos et al., 2010; Araujo et al., 2013). Ela é limitada a sul pelo
Craton Séo Francisco, a oeste pelos dominios da bacia intracratonica da Parnaiba e a norte
pelas bacias marginais do Potiguar e Ceara (Matos, 1999; Castro et al., 2012). A borda leste
da BPB compreende trés bacias marginais: Pernambuco, Paraiba e a Plataforma de Natal (Fig.
02) (Matos, 1999; Brito Neves et al., 2002; Barbosa & Lima Filho, 2006; Barbosa et al., 2007;
Magalhaes et al., 2014). Essas trés bacias foram formadas no ultimo estagio de separacédo
entre a América do Sul e a Africa, durante o break-up no Creticeo médio (Rand &
Mabesoone, 1982; Barbosa & Lima Filho, 2006), tendo sido dominado pelo regime
extensional (Matos, 1999).

A formacdo da BPB esta associada a uma colagem complexa de massas continentais
(Almeida et al., 1981; Neves et al., 2003; Santos et al., 2010), e a sua evolucdo envolveu uma
série de eventos orogénicos Pré-Cambrianos (Van Schmus et al., 2008; Santos et al., 2010;
Neves et al., 2012; Araujo et al, 2013), estagios de rifteamento e break-up continental durante
o0 Cretaceo (Chang et al., 1992; Matos, 1999). A BPB é composta de grandes fragmentos de
rochas gnaissicas/migmatiticas do Arqueano/Paleoproterozdico (Sa et al., 2002; Neves et al.,
2003, 2012, 2015; Dantas et al, 2013) e secundariamente de rochas
Mesoproterozéicas/Neproterozoicas do Cinturdo do Cariris Velhos, que formaram o
embasamento para as rochas supracrustais (Neves et al., 2009). A BPB também ¢é afetada por
intrusbes do Proterozdico até o Cambriano, que estdo relacionada com ciclos orogénicos
(Santos & Medeiros, 1999; Leite et al., 2000; Archanjo et al., 2008; Van Schmus et al., 2008;
Santos et al., 2010; Neves et al., 2012). Eventos vulcanicos intraplaca também sao registrados
durante os ultimos 200 Ma. (Sial, 1976; Sial et al., 1981; Knesel, et al., 2010). Um processo
tardio de soerguimento da regido central da BPB causou o desnudamento das bacias interiores
e das regides continentais adjacentes (Morais Neto et al., 2008; Gurgel et al., 2013; Jelinek et
al., 2014).

A provincia esta dividida em trés grandes dominios, que sdo delimitados por zonas de
cisalhamento de escala continental: O Complexo Pernambuco-Alagoas, ou 0 Dominio do Sul;
a Zona Transversal, ou o Dominio Central; e o Dominio do Norte (Vauchez et al., 1995;
Neves & Mariano, 1999; Brito Neves et al., 2002; Ferreira et al., 2008; Medeiros et al., 2011;



Araujo et al., 2013; Neves et al., 2015) (Fig. 02). As Zonas de Cisalhamento mais importantes
da BPB sdo a Zona de Cisalhamento de Pernambuco (ZCPE) e a Zona de Cisalhamento de
Patos (ZCPA), ambas com orientacéo principal E-W (Fig. 01 e 02). As zonas de cisalhamento
principais e suas ramificacGes de sistemas de cisalhamento, foram reativadas durante o
rifteamento continental para assim formar as bacias marginais e elas ainda mostram
evidéncias de reativagdo durante o periodo pés-rifte. Estas reativacdes estdo provavelmente
relacionadas com o campo de estresse distante, criado pelo sistema de montanha dos Andes e
que provavelmente influenciou a reativacdo da BPB (Bezerra et al., 2007; Ferreira et al.,
2008; Bezerra et al., 2011, 2014; Rossetti et al., 2011; Gandini et al., 2014; Nogueira et al.,
2015; Almeida et al., 2015; Marotta et al., 2015; Peulvast & Bétard, 2015).

1.1.2 Arcabougo Estrutural da Bacia de Pernambuco

A Bacia de Pernambuco, pertencente ao Dominio Sul da BPB (Figs. 01 e 02), é
separada da Bacia de Alagoas; ao sul, pelo Alto de Maragogi e da Bacia da Paraiba, ao norte,
pela ZCPE (Fig. 02). Essa bacia apresenta uma estreita zona costeira implantada sobre um
rifte estreito, que forma uma bacia interior na plataforma continental (Barbosa & Lima Filho,
2006; Maia, 2012; Barbosa et al., 2014; Buarque et al., 2016a). De sua area total de 20.800
kmz2, apenas 2,8% esta localizado na regido onshore. A quebra da plataforma é marcada por
um alto externo em paralelo com a linha de costa, nomeado de Alto do Maracatu (Fig. 03). A
regido offshore distal foi desenvolvida sobre uma regido de crosta continental hiperextendida,
que formou o Platé de Pernambuco (Fainstein & Milliman, 1979; Gomes et al., 2000;
Oliveira, 2013; Magalhaes et al., 2014).

O Platd de Pernambuco apresenta importantes depocentros desenvolvidos sobre o0s
grabens principais e altos do embasamento desenvolvidos na regido central, nas bordas leste e
nordeste (Oliveira, 2013). Os principais conjuntos de estruturas que controlaram a evolucgédo
da Bacia de Pernambuco sdo as zonas de cisalhamentos Pré-Cambriana, com orientacdo
principal E-W e NE-SW e falhas de transferéncia obliqua, com orientacdo NW-SE (Figs. 01,
02 e 03). As zonas de cisalhamento E-W e NE-SW foram reativadas, devido ao processo de
rifteamento no Cretaceo, como falhas de cisalhamento e falhas normais durante o estiramento
e afinamento da crosta continental. Devido a isto, estruturas de transferéncia de direcdo NW-
SE foram criadas para acomodar os esfor¢os obliquos do processo de rifteamento (Polénia,
1997; Lima Filho, 1998; Almeida et al., 2005; Oliveira, 2013). Secundariamente, falhas



normais de direcdo N-S, WNW-ESE E NNW-SSE, foram também formadas durante a
abertura da bacia.

A bacia pode ser dividida em trés principais dominios estruturais (Maia, 2012; Oliveira,

2013; Barbosa et al., 2014; Buarque et al., 2016a):

(1) Bacia Interna, que representa um rifte estreito em paralelo com a linha de costa (Fig.
03) e é composta por dois diferentes depocentros separados pelo Alto do Cabo de
Santo Agostinho. Na zona costeira, esse alto estrutural estd associado com a
ocorréncia de rochas vulcénicas intrudidas na cobertura sedimentar e uma bem
estudada ocorréncia de um &lcali-feldspato granito, nomeado Granito do Cabo;

(2) Alto do Maracatu, que representa um alto externo, de direcdo N-S, também em
paralelo com a linha de costa (Fig. 03). Esse alto externo, formado pela plataforma
continental, separa a bacia interior dos dominios do platd.

(3) Plat6 de Pernambuco, formado pela crosta continental estirada e que se estende até a
isobata de aproximadamente trés mil metros. A zona de transi¢do de crosta continental
hiperafinada para o dominio de crosta oceanica ainda nao € tdo claro (Figs. 02 e 03)
(Oliveira, 2013; Magalhdes et al., 2014). O platd € formado por pelo menos quatro
baixos do embasamento principais e um importante alto externo, no seu centro, de
direcdo E-W, nomeado de Alto de Gaibu. Estudos geofisicos anteriores sugerem que
possivelmente hd uma enorme influéncia de magmatismo intrusivo e extrusivo
relacionado com esta estrutura (Oliveira, 2013; Magalhaes et al., 2014; Buarque et al.,
2016a).

1.1.3 Estratigrafia da Bacia de Pernambuco

O conhecimento geoldgico da Bacia de Pernambuco ainda apresenta muitas lacunas.
Apenas dois pocos estratigraficos foram perfurados na zona costeira da bacia, 0 9JG (1100 m)
na regido norte da bacia e o0 poco 2 CP (2.953 m), em sua porcéo sul (Fig. 04). Nenhum destes
pocos atingiu 0 embasamento (Lima Filho, 1998). A zona costeira é estreita e fortemente
afetada por eventos tectbnicos relacionados com a abertura da bacia e também com eventos de
reativacbes pos-rifte. A sucessdo sedimentar na zona costeira da bacia é representada,
principalmente, por depositos siliciclasticos de idade Aptiana-Albiana, carbonatos de idade
Cenomaniano-Turoniano e depdsitos do Neogeno (Rand e Mabesoone, 1982; Lima Filho,
1998; Maia, 2012; Maia et al., 2012; Barbosa et al, 2014). A bacia foi afetada por um evento



magmatico sin-rifte durante o Albiano Superior, 0 que gerou uma série de rochas vulcanicas
incluidas na Suite Magmatica Ipojuca: trachyandesito, andesito, basaltos, riolitos, traquitos e
uma ocorréncia de um granito alcalino (Sial et al., 1988; Lima Filho, 1998; Nascimento,
2003). Devido a falta de pocos na regido offshore, a interpretacdo do preenchimento
sedimentar neste dominio baseia-se na interpretacdo de dados sismicos, o que forneceu
evidéncias de uma importante coluna sedimentar ao longo dos principais depocentros de todo
0 Platd de Pernambuco, atingindo até 6 km de espessura (Oliveira, 2013). A interpretacao
sismica também sugere a presenca de uma camada de sal que abrange a regido central do
platd e abundancia de estruturas vulcanicas (Barbosa et al, 2014; Buarque et al., 2016a).

Uma questdo importante permanece no fato de que, para as bacias da margem sudeste, o
Albiano marcou o inicio da deposicdo de carbonatos em ambiente marinho de plataforma rasa
(megassequéncia de plataforma rasa). No entanto, como observado em afloramentos na faixa
costeira da bacia e no registro do poco 2 CP, a sedimentagdo na zona proximal da Bacia de
Pernambuco durante o Aptiano e o Albiano permaneceu dominada por siliciclasticos (Lima
Filho, 1998). Isto se deve, provavelmente, ao fato de que a atual zona costeira encontra-se
sobre a bacia interna, formada por um rifte estreito e separada da bacia do platd pelo Alto do
Maracatu (Fig. 03). Estudos anteriores reuniram todos os depdsitos siliciclasticos em uma
unica formacgdo denominada Formacdo Cabo (Alheiros & Ferreira, 1989), embora alguns
estudos tenham apontado para diferencas entre as sucessdes de idade Aptiana e Albiana (Lima
Filho, 1998; Lima Filho & Szatmari, 2002; Lima Filho & Santos, 2012).

A bacia também possui o registro de um evento magmatico expressivo (Sial et al., 1988)
(Figs. 04, 05, 06, 07), cuja idade foi determinada através do método 40Ar / 39Ar entre 104 a
100 Ma., com uma idade para o pulso principal formador de rochas igneas na bacia em torno
de 102 Ma. (Nascimento, 2003). Este magmatismo incluiu grandes intrusbes e abundante
registro de derrames (Lima Filho, 1998; Nascimento, 2003). O magmatismo originou uma
variedade de rochas vulcénicas: ignimbritos, traquitos, riolitos, basaltos, traquiandesitos; e
uma ocorréncia de granito feldspato alcalino (Sial et al., 1988; Lima Filho, 1998; Nascimento,
2003). Lima Filho (1998) propés a denominacdo formal dessas rochas como a Suite
Magmaética Ipojuca, que apresenta relacbes de corte e sindeposicdo com as rochas
sedimentares de idade Albiana.

Até 2009, a coluna estratigrafica da bacia tinha apenas trés unidades estratigraficas:
Formacdo Cabo (Aptiano-Albiano), que foi atribuida aos depositos proximais formados por
sistemas aluviais; Formacgdo Estiva (Cenomaniano-Santoniano), que incluia calcarios

arenosos, siltitos calciferos, margas e carbonatos recifais; Formacdo Algodoais, cuja



composi¢do apresentaria depositos fluviais, areno-argilosos, de idade incerta (Lima Filho,
1998; Lima Filho & Santos, 2001; Cérdoba et al., 2007). Com o aumento do conhecimento
sobre a regido, alguns trabalhos propuseram a divisao da coluna estratigrafica da bacia em um
numero maior de unidades. Esta inclusdo de novas unidades se baseou na consideracdo de
aspectos estratigraficos importantes como a ocorréncia de discordancias, observadas em
afloramentos e em dados sismicos na regido onshore, sedimentoldgicos (diferenciacdo de
associacOes de facies e de sistemas deposicionais) e na relacdo das unidades com os eventos
tectonicos envolvidos na evolucdo da bacia (Barbosa et al., 2009; Maia, 2012).

Mais recentemente, Barbosa et al. (2014) propuseram a revisdo da estratigrafia da
Bacia de Pernambuco com base em nova anélise dos dados disponiveis (se¢des sismicas da
regido onshore, registro do poco 2 CP e mapeamento geoldgico ao longo da zona costeira)
(Fig. 04). Estes autores propuseram que a sequéncia siliciclastica, Aptiana-Albiana, poderia
ser dividida em trés formagdes: Formacdo Cabo, relacionada com a uma primeira fase rifte da
bacia (Aptiano); Formagéo Suape, relacionada com a segunda fase do rifte (Albiano Inferior a
Médio); e a formacdo Paraiso, que representaria 0s depoésitos da fase Pds-Rifte (Albiano
Superior). Acima da Formacao Paraiso, ocorre a sucessdo de carbonato da Formacao Estiva
(Cenomaniano-Turoniano-Santoniano), relacionada com a invasao marinha na zona costeira.
E possivel que, como ressaltado por Barbosa et al. (2014), as FormagBes Suape e Paraiso
possam ser subaflorantes na faixa costeira, devido a configuracdo estreita da faixa dentro do
graben que formou a bacia interna. Apesar disso, a ocorréncia de depositos separados por
discordancias, abaixo da profundidade onde ocorrem os depositos carbonéticos da Formacao
Estiva, na faixa costeira, pode ser observada em secdes sismicas e através do registro de perfis
do poco 2 CP (Figs. 04, 05, 06, 07) (Barbosa et al., 2014).

Ainda ndo foi constatada até o presente momento, a ocorréncia de rochas evaporiticas
na faixa costeira da Bacia de Pernambuco, nem em afloramentos, nem nos dois pocos
estratigraficos que cruzaram o registro Aptiano-Albiano. Maia (2012) observou a ocorréncia
de tracos de minerais evaporiticos em rochas de ambiente de sabkha encontradas no
testemunho do poco 2 CP, de idade Aptiano-Superior. A maioria dos trabalhos anteriores
sobre a existéncia de evaporitos nas bacias marginais brasileiras afirma que o registro de
rochas evaporiticas se estende da Bacia de Santos, na margem Sudeste, a Bacia de Sergipe e
Alagoas, no Nordeste do Brasil. A proposicao da existéncia de evaporitos na porcdo offshore
da Bacia de Pernambuco foi feita com base na interpretacdo de dados sismicos pela primeira
vez por Antunes et al. (2006) e por Barbosa et al. (2008). Baseado na reavaliacdo dos dados

sismicos disponiveis, um pequeno numero de trabalhos tratou a existéncia da bacia de sal na
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regido do Platd de Pernambuco (Cérdoba et al., 2007). No entanto, a idade da bacia de sal e a
natureza das rochas que formam este intervalo sdo ainda desconhecidas devido a falta de
poc¢os na regiao do plato.

As rochas vulcanicas geradas através do evento magmatico representam um capitulo
especial no arcaboucgo geoldgico da Bacia de Pernambuco. A origem do vulcanismo, apesar
de certo debate, é creditada por muitos autores & manifestacdo de uma anomalia termal
relacionada ao manto — o Hotspot de Santa Helena (Fig. 08) (Rand & Mabesoone, 1982; Long
et al., 1986; Sial et al., 1988; Jackson et al., 2000; Golonka, 2000; Ngakoet al., 2006, Buarque
et al., 2016a). Golonka et al. (2000) sugeriram que o Hotspot Santa Helena, afetou a regido
norte da placa sul-americana antes que ele se tornasse uma influéncia critica no break-up da
Africa e da América do Sul, na regido da Bacia de Pernambuco. Ngako et al. (2006)
mostraram que a Placa Africana foi submetida a varias anomalias mantélicas nos ultimos 200
Ma. e que um dos hotsposts cruzou a regido da Bacia de Pernambuco ha aproximadamente
100 Ma., no ponto exato onde o break-up entre a Africa e a América do Sul ocorreu (Fig. 08).
Os fatos marcantes que resultaram dessa interacdo entre as anomalias térmicas que estdo
envolvidas com a ruptura da crosta continental, a Pluma de Tristdo na regido sul e o Hotspot
de Santa Helena na regido Norte, durante a abertura do Atlantico Sul séo: 1 - o diacronismo
na abertura do ramo sul; 2 - a formacdo do golfo restrito entre as duas zonas afetadas pelos
hotspots. A formacdo da cordilheira de Walvis, no sul, e da possivel restricdo formada na
regido do Platé de Pernambuco, levou possivelmente a formacdo da gigante bacia de sal do
Atlantico Sul (Aptiano) (Jackson et al., 2000; Davison, 2007).

A ocorréncia de grandes derrames de lava, corpos intrusivos e depdsitos piroclasticos
na regido onshore da Bacia de Pernambuco, aponta para a importancia destas litologias em
seu registro sedimentar (Barbosa et al., 2014) (Figs. 02, 04, 06, 07). A necessidade de
incorporar este evento ao sistema petrolifero da bacia é fundamental, mas nenhuma
investigacdo sistematica foi desenvolvida até o presente. O magmatismo sinrifte poderia
apresentar um efeito diacrénico nos dominios da bacia, devido a0 movimento da placa em
relacdo ao local do hotspot. Analises anteriores sugeriram que o magmatismo na regido de
offshore se estendeu até o Paledgeno (Cérdoba et al., 2007; Barbosa et al., 2008).

Seguindo as consideracdes mais recentes feitas em relacdo ao arcabouco estratigrafico
da bacia, a carta estratigrafica proposta por Maia (2012) e modificada por Barbosa et al.
(2014), sintetiza as revisdes propostas para a estratigrafia da Bacia de Pernambuco na altima
década (Fig. 09).



11

-30° -20° -10° 0° 10° 20° 30° \40'20,
Africa
Ll s (Fixed)
< 10
g @@‘ & . . .
Demerara 3 A8 oo Kinematic Reconstruction
Platcau TN at Chron C34

~| Eulerian poles are:
Ams / AFR (Campan, 1995):

61.66°N 34.37°W Rot: +33.55°
Ant/ AFR (Sahabi, 1993): 0
2°N 136.9°E Rot: -13.5°

Offshore
Onshore ol Midlioceamisid JRT : Jatoba-Reconecavo-
|:| Cratons i JoceAnISIIoge ] Jurassic- Cretaceous Tucano Basin
Cretaceous Main structural Basins
|- 7 /\ constraints used for
Volcanism the kinematic fit l:] SPBS (Seawards
Dikes and (lincament or platcaux) Dipping Reflectors)
i7 volcanism P Hinge Line
Andean Cordillera |:] Aptian Salt

Figura 1 - Reconstrucdo das Placas Sul Americanas e Africana para a isocrona 34 (84 Ma.)
(Adaptado de Moulin et al., 2010). As linhas pontilhadas, preta, azul e marrom, representam
as trés fases da propagacdo do rifte como proposto por Bueno (2004). A linha pontilhada
laranja representa a quarta etapa, tal como adotada neste trabalho.
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Figura 2 - Mapa da Provincia Borborema no nordeste brasileiro e as principais estruturas
geoldgicas de sua borda leste. As areas rosa, verde clara, laranja, azul e verde escura
representam as zonas costeiras das bacias de Alagoas, Pernambuco, Paraiba, Plataforma de
Natal e Potiguar, respectivamente. Os dominios offshores de cada bacia estdo representados
pelas zonas sombreadas. A posicdo do limite da crosta continental com a crosta oceanica
(COB) e as zonas de fraturas sdo baseadas em Magalhées et al. (2014). Quanto a cobertura
dos dados geofisicos: perimetro da linha continua amarela = cobertura dos dados
aeromagnéticos; perimetro da linha continua azul = cobertura dos dados sismicos (de
Buarque et al., 2016a).
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Figura 3 - A) mapa estrutural simplificado dos principais dominios da Bacia de Pernambuco.
B) secdo geoldgica esquematica baseada na interpretacdo de duas sec¢fes sismicas 2D (A - A'
e B - B), que estéo representadas pelas linhas continuas vermelhas em (A). A estrela preta
marca a localizagdo do poco estratigrafico 2CP-01-PE (de Buarque et al., 2016a).
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Figura 04 - Secdo cronolitoestratigrafica do poco 2 CP-01-PE com o perfil litologico e os
perfis geofisicos disponiveis. As discordancias observadas estdo correlacionadas com a se¢do
sismica obtida na regido do pogo (Fig. 03). A idade dos depdsitos e a descrigdo litolégica
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etal., 2014).
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Figura 05 - Secdo sismica migrada em tempo, com orientacdo dip, localizada na porgéo
onshore da Bacia de Pernambuco (ver localizacdo na Figura 03). 1 e 2 — discordancias
observadas na Figura 04. 3 —um corpo de natureza desconhecida interpretado na secéo . 4 —
soleiras (modificado de Barbosa et al., 2014).
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Figura 06 - Afloramentos de depdsitos Albianos da Formacdo Suape. F e G) discordancia que
separa o topo da Formacdo Cabo a partir dos depositos de piroclastos da Formagdo Suape. H e
I) depositos piroclasticos (tufo e queda de cinzas?) expostos perto de Serinhaem - PE. J)
depdsitos intercalados de rochas piroclasticas e derrames perto do Porto de Suape. K) detalhe
de um tufo com abundantes fragmentos de riolito e basalto (de Barbosa et al., 2014).
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Figura 07 - Exposi¢do de derrame riolitico cortado por diques de traquito, na area do Porto de
Suape. Do lado esquerdo da imagem, um segundo derrame de traquito se formou e deformou
o riolito criando um rollover. A éarea laranja marca a ocorréncia de traquito misturado com
rochas piroclasticas. A e B) detalhes dos diques de traquito mais recentes cortando o corpo de

riolito (de Barbosa et al., 2014).
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Figura 08 - Mapa de localizagéo de hotspots nos dias atuais e o deslocamento deles na Africa.
As linhas pontilhadas grossas indicam o trajeto dos hotspots desde 100 Ma. até os locais em
que eles se encontram ativos nos dias atuais. A linha pontilhada fina (faixa amarela) mostra o
trajeto do Hotspot de Camardes desde 200 Ma. atrds, de Hoggar até o Monte Camardes. A
linha fina continua (faixa azul) mostra a trilha do Hotspot St. Helena, de Serra Leoa até a sua
posicdo atual. 1 e 2 indicam a localizacdo das superplumas. Os numeros entre parénteses
representam as idades em Ma. (modificado de Ngako et al., 2006).
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Figura 9 - Carta estratigrafica da Bacia de Pernambuco, com a compilacdo das informacdes
obtidas na regido onshore da bacia (afloramentos e pocos estratigraficos) e da regido offshore,
a partir da interpretacdo de dados sismicos (modificado a partir de Maia, 2012).

1.2 Justificativas da Pesquisa

O estudo de rochas vulcanicas em margens passivas tem uma grande aplicabilidade
para o entendimento da evolugdo das margens continentais e para a exploracao petrolifera. Os
processos de soerguimento local e regional, alteracdo da porosidade e permeabilidade,
deformacéo e aquecimento associado com o magmatismo na coluna sedimentar, costumavam
ser interpretados como aspectos negativos pelos exploracionistas da industria do petréleo

(Rhorman, 2007). No entanto, esta visdo de que o magmatismo ndo é tdo prejudicial ao
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sistema petrolifero das bacias tem aumentado nas ultimas trés décadas (Raymond &
Murchison, 1988; Gries et al., 1997; Galushkin, 1997; Othman et al., 2001; Schutter, 2003;
Huafeng et al., 2015). Alguns exemplos de campos de petroleo desenvolvidos em rochas
plutbnicas, vulcanicas e piroclasticas (Seemann, & Scherer, 1984; Hawlander, 1990; Vernik,
1990; Levin, 1995; Chen et al., 1999; Jinglam et al., 1999; Gu et al., 2002; Luo et al., 2005;
Feng et al., 2008; Watton et al., 2014; Huafeng et al., 2015; Olavsdattir et al., 2015; Wang &
Chen, 2015), assim como a participacdo das rochas vulcanicas atuando como selo para as
acumulacdes de petrdleo e gas, ou a influéncia do magmatismo no processo de maturacéo das
rochas geradoras (Mango, 1992; Gries et al., 1997; Chen et al., 1999; Jin et al., 1999; Zu et
al., 2007; Fjeldskaar et al., 2008; Lenhardt & Gotz, 2011; Jiyan et al., 2014; Xiao-Yin et al.,
2014), vem demonstrando que essas rochas vulcanicas e o processo de magmatismo em si,
podem ser incorporados nos prospectos de exploracao de petroleo e gas (Wu et al., 2006; Lee
et al., 2006; Rohrman, 2007; Yulong et al., 2009; Olavsdottir et al., 2015). Exemplos de
campos de petr6leo em desenvolvimento, com a presenca de reservatérios de petrleo em
rochas igneas, tém demonstrado a importancia de estudar a natureza e potencialidade desses
tipos de estruturas em bacias sedimentares no Mar do Norte, india, Japdo, China, Brasil e
Argentina (Jinglam et al., 1999; Kawamoto, 2001; Wu et al., 2006; Rohrman, 2007; Sruoga &
Rubinstein, 2007; Zou et al., 2008; Xiao et al., 2010; Wu et al., 2010; Jin et al., 2013;
Ramachandran et al., 2013; Reis et al., 2014; Hou et al., 2015).

No entanto, quando se estuda estruturas magmaticas através da interpretacdo de dados
sismicos em regides onde ndo se tem acesso a dados de pogos estratigraficos, a correta
identificacdo e caracterizacdo dessas estruturas podem ser desafiadoras, uma vez que
estruturas magmaticas podem ser erroneamente interpretadas com outros tipos de estruturas
geoldgicas, por apresentar similaridades entre si em dados sismicos, tais quais evaporitos,
montes de contornitos, montes de turbiditos e buildups carbonéticos (Zhang & Marfurt, 2011,
Burgess et al., 2013). Este ultimo, por sinal, representa uma das principais causas de erros no
processo de interpretacdo sismica de edificios vulcanicos (Burgess et al., 2013). Por
ocorrerem inameros buildups carbonatos na area de estudo (Buarque et al., 2016b), foi dada
neste trabalho especial atencdo na distingdo das estruturas carbonaticas e dos edificios
vulcanicos . Apesar dessas limitacGes, a interpretacdo de estruturas magmaticas é viavel a
partir da interpretacdo de dados sismicos regionais, utilizando-se da analise de algumas
feicdes chaves, como por exemplo a geometria do corpo, facies sismicas, refletividade,
velocidade sismica e relagdes de corte (Conceicdo et al., 1993; Leslie et al., 2002; Smallwood
& Maresh, 2002; Jamtveit et al., 2004; Planke et al., 2005; Oreiro, 2006a,b; Moreira et al.,
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2006; Hansen, 2006; Rohrman, 2007; Hansen et al., 2008; Klarner et al., 2008; Magee et al.,
2013; Posamentier et al., 2014; Alves et al., 2015; Magee et al., 2015). Apesar do fato de
soleiras, diques e derrames de lava serem bem documentados na regido costeira da Bacia de
Pernambuco, a falta de dados sismicos (Lima Filho, 1998; Nascimento, 2003) e pocos
estratigraficos cobrindo a regido onshore e offshore, tornam dificil a realizagdo de estudos
mais detalhados dessas estruturas (Almeida et al., 2005; Barbosa et al., 2014; Maia, 2012;
Maia et al., 2012), incluindo as relacdes cronoestratigraficas com as principais sequéncias
tectono-estratigraficas, a classificacdo de suas geometrias e a estimativa dos volumes de
rochas magmaticas intrudidas.

Apesar da Bacia de Pernambuco ser hoje considerada uma promissora regido de
fronteira exploratdria de petroleo no Nordeste do Brasil, e que na Gltima década tenha atraido
interesses de varias companhias de petroleo (Fig. 10), a bacia ainda carece de melhoria do seu
conhecimento quando comparada com bacias produtoras vizinhas (Fig. 11) (Barbosa et al.,
2006; Magalhaes et al., 2014; Buarque et al., 2016a). E importante salientar que os primeiros
modelos tectono-sedimentares propostos para a regido em que esta bacia se encontra,
indicavam um baixo potencial petrolifero para toda a area que engloba a Bacia de
Pernambuco, a Bacia da Paraiba e a Plataforma de Natal, denominada na época de Bacia
Pernambuco - Paraiba - Rio Grande do Norte. Este considerado baixo potencial petrolifero
relacionava-se a presenca de uma estreita zona costeira e as pequenas espessuras sedimentares
encontradas nas zonas onshores dessas bacias (Asmus & Carvalho, 1978; Mabesoone &
Alheiros, 1993; Feijo, 1994). Acreditava-se que toda esta area, por estar ligada ao Gltimo
estagio de separacdo com a Africa, teria se comportado como um alto estrutural durante muito
tempo e que por isto, ndo teria alcangado condicdes para a geracao e acumulacéo de petroleo e
gas (Asmus & Carvalho, 1978; Mabesoone & Alheiros, 1993; Feijé, 1994). Dessa forma, a
falta de atrativos exploratérios levou também a uma defasagem do conhecimento cientifico, e
somente a partir da revisdo desses primeiros modelos tectono-sedimentares para a Bacia de
Pernambuco, é que a area passou a ser alvo de um maior interesse exploratério (Alves &
costa, 1986; Mello et al., 1988; Polonia, 1997; Barbosa et al., 2009; Barbosa & Lima Filho,
2010).

De fato, a Bacia de Pernambuco apresenta caracteristicas bem distintas das bacias a norte
da Zona de Cisalhamento de Pernambuco (Fig. 12). Apesar da sua estreita zona costeira,
pogos estratigraficos perfurados nesta area atingiram mais de 3500 m de profundidade, sem
terem alcancado o embasamento cristalino; enquanto que na Bacia Paraiba, a maior

profundidade registrada para o embasamento é de 400 m, e na Plataforma de Natal € de 200 m
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(Lima Filho, 1998; Barbosa & Lima Filho, 2006; Barbosa, 2007). Diferencas ainda maiores
entre a Bacia de Pernambuco e suas vizinhas a norte podem ser destacadas quando se compara
as suas regides offshores atraveés de secdes sismicas (Fig. 12). Referente ao dominio da Bacia
de Pernambuco, encontra-se uma configuracao tectono-sedimentar complexa, com a presenca
de altos estruturais e pronunciados depocentros. Além da grande espessura sedimentar,
estimada na regido offshore, existe ainda a presenga de camada evaporitica. Ja a area a norte
da Zona de Cisalhamento de Pernambuco, apresenta um embasamento raso, com uma estreita
plataforma continental que possui uma quebra abrupta, podendo ter sido gerado um bypass da
sedimentacdo da plataforma continental para a regido de talude. Além disso, na regido a norte
ndo foi observada a ocorréncia de estruturas evaporiticas (Fig. 12). Essas diferencas mostram
gue o embasamento cristalino a sul e a norte da Zona de Cisalhamento de Pernambuco se
comportou de forma bastante diferente durante o processo de rifteamento das bacias e que
apesar da proximidade geogréafica, elas apresentam diferengas significativas quanto a sua
evolucdo e potencial petrolifero.

A complexa evolucdo da Bacia de Pernambuco também envolve um rifteamento obliquo,
além da possivel influéncia do Hotspot Santa Helena, conforme mencionado acima (Long et
al., 1986; Wilson & Guiraud, 1992; Jackson et al., 2000; Ngako et al., 2006; Adam et al.,
2007; Fairhead & Binks, 1991) (Figs. 03, 05, 06, 07, 08).

O melhor entendimento da estratigrafia e evolucdo da bacia representam algumas das
principais exigéncias para o futuro desenvolvimento econdmico da bacia. Portanto, os
resultados apresentados neste trabalho tém um papel importante para o conhecimento da
evolugdo desta parte da Margem do Atléntico Sul, assim como ajuda a entender melhor a
influéncia do magmatismo presente na regido e sua relacdo com o sistema petrolifero da
bacia. Devido a necessidade de diferenciar as estruturas magmaticas das de outras naturezas,
tais quais as estruturas carbonéticas identificadas durante a realizacdo deste trabalho, a
pesquisa ganha ainda mais relevancia ndo apenas no campo académico, como também no
exploratorio, uma vez que sdo descritas pela primeira vez buildups e plataformas carbonaticas

na regido offshore da Bacia de Pernambuco.
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Figura 10 - Mapa dos blocos explorat6rios sob concesséo na regido da Bacia de Pernambuco e
na Bacia da Paraiba. 01 - Blocos sendo explorados pela Niko Resources LTD e a Petra
Energia. 02 - Blocos sendo explorados pela Petrobras e a Galp Energia. 03 - Blocos
explorados pela Queiroz Galvio Oleo e Gés e Petra. Linhas verdes - secdes sismicas
disponiveis no BDEP da ANP. Linhas brancas - sec¢fes sismicas pertencentes a ION
(modificado de SISMQOS, 2014).
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Figura 11 - Mapa do Brasil contendo todas as suas bacias sedimentares juntamente com a sua
necessidade de conhecimento. A regido da Bacia de Pernambuco, Bacia da Paraiba e
Plataforma de Natal apresentam indice maximo de necessidade de conhecimento, sendo essas
as bacias sedimentares da margem continental brasileira de mais escasso conhecimento
(modificado de MME-EPE, 2012).
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Figura 12 - Figura composta ilustrando as principais diferencas entre a regido offshore da
Bacia de Pernambuco, a sul da Zona de Cisalhamento de Pernambuco, e a Bacia da Paraiba, a
norte da zona de cisalhamento. A) mapa das bacias marginais na borda leste do nordeste
brasileiro e a localizagdo das duas se¢des sismicas apresentadas em B e C. B) secdo sismica
interpretada referente a Bacia da Paraiba (modificada de Magalhédes et al., 2013). C) secdo
sismica interpretada da Bacia de Pernambuco (modificada de Barbosa et al., 2008b).

1.3 Objetivos

Esta pesquisa tem como objetivo geral o estudo da evolugdo tectonica da Bacia de
Pernambuco através da identificacdo e caracterizacdo de estruturas magmaticas no Platd de

Pernambuco, com base em interpretacao sismo-estratigrafico.

A interpretacdo sismica tem como objetivo atingir as seguintes metas:

l. Identificar padrGes sismicos de estruturas magmaticas e determinar critérios para
diferencié-las das estruturas sedimentares;
Il. Usar dados potenciais para subsidiar a diferenciacéo;
1. Analisar os padrdes de sismofacies das estruturas magmaticas e caracterizar o tipo de
emplacement das rochas magmaticas;
IV. Mapear as estruturas ao longo da bacia e propor seu posicionamento
cronoestratigrafico;

1.4 Metodologia

1.4.1 Compilagdo do conhecimento prévio

Inicialmente, os dados ja existentes sobre os temas que envolvem a dissertacdo foram
compilados: relatorios, publicacbes, teses e dissertacdes que se referem ao magmatismo
presente na Bacia de Pernambuco. Também foi feita uma compilacdo bibliografica
relacionada a identificacdo de estruturas magmaticas em dados sismicos e de estruturas
sedimentares que apresentam aspectos semelhantes aos de corpos magmaticos em dados

sismicos, como é o caso de buildups carbonaticos.
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1.4.2 Dados de sismica de reflexdo

O presente trabalho utilizou-se de um banco de dados formado por 143 secOes
sismicas 2D provenientes de campanhas de levantamentos regionais, migradas em tempo e
que recobrem a regido do Platd de Pernambuco. Os dados sismicos foram obtidos juntos a
Agéncia Nacional do Petroleo G&s Natural e Biocombustiveis (ANP), através do repositério
de dados de exploracdo e producdo (BDEP). A interpretacdo dos dados sismicos foi realizada
no Laboratdrio de Sismoestratigrafia do DGEO, SISMOS, que disponibilizou a infraestrutura
necessaria, além do acervo de dados: gabinete, computadores, softwares.

Devido ao fato de que o conjunto de se¢des sismicas representa um conjunto de dados
de diferentes levantamentos sismicos, apresentando qualidade e profundidade de
imageamento diferentes, foi realizada inicialmente a integracdo de todos os dados. Essa
integracdo foi necessaria para que fosse realizada a interpretacdo das feigdes regionais, tais
quais o contorno do embasamento e as principais sequéncias sismoestratigraficas. Em
seguida, foi feita uma selecdo das secBes com melhor imageamento sismico e entdo 59 secdes
sismicas foram selecionadas para o detalhamento da pesquisa aqui apresentada (Fig. 13).
Estas secdes sismicas selecionadas, representam um total de 4340 km de levantamento que
cobrem uma area de aproximadamente 14000 km? (Fig. 13). Atributos sismicos, baseados na
aplicacdo de filtros de frequéncia, foram empregados a fim de reduzir problemas ligados a
razdo sinal/ruido e gerar volumes sismicos com um melhor destaque das anomalias de

amplitude.

A interpretacdo do conjunto de dados sismicos seguiu as seguintes etapas:
1 - Interpretacdo das principais regides afetadas pelo magmatismo;
2 - Interpretacdo das principais sequéncias estratigraficas;
3 - Identificacdo das feices magmaticas;
4 - Classificacdo das feigdes encontradas conforme os critérios da literatura;

5 - Elaboracdo de um modelo geral para os principais tipos de relaces encontradas.

Ja no segundo momento, em que analisou-se as estruturas carbonaticas encontradas na
area de estudo, devido a necessidade de separa-las do conjunto de estruturas vulcanicas, foram
realizadas as seguintes etapas:

1 - Interpretagdo das principais estruturas carbonéticas;

2 - Revisdo das principais sequéncias estratigraficas;
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3- Classificacdo das estruturas carbonaticas encontradas conforme critérios da literatura;
4 - Criacdo de um mapa de ocorréncia das estruturas carbonéticas descritas;

1.4.3 Conjunto de dados potenciais - Gravimétricos e Magnetométricos

Um conjunto de dados geofisicos potenciais foi utilizado com o intuito de auxiliar na
interpretacdo dos corpos magmaticos e posteriormente na diferenciacdo entre essas estruturas
e os buildups carbonaticos. Para isto, utilizou-se de dados aéreos e maritimos, que assim
como os dados sismicos, foram obtidos através do BDEP-ANP. Os dados aeromagnéticos
recobrem boa parte da Bacia de Pernambuco, tanto a regido onshore quanto a regido offshore.
Eles foram adquiridos e utilizados dos seguintes levantamentos geofisicos: 1 - "Plataforma
continental do Nordeste™, que foi realizado em 1970 com 176 linhas de voos com direcdo de
orientacdo NE-SW, espacamentos de 5 km e altura de voo de 700 m; 2 - "Platb de
Pernambuco”, que foi conduzido em 1988, tendo suas linhas de voos orientagdo N30°W,
espacamento de 3 km, linhas de controle orientadas em N60°E e uma altura de voo de 500 m;
3 - "Maragogi - Canavieiras", que foi realizado em 1986, possuindo 180 linhas de voo com
orientacdo N30°W , linhas de controle orientadas em N60°E, espacamento de 3 km e 500 m
de altura de voo. Estes dados auxiliaram no mapeamento de anomalias magnéticas em
praticamente toda a area do platd, o que tornou possivel comparar os resultados da
interpretacdo sismica as areas associadas com possiveis influéncias do magmatismo.

O conjunto de dados magnéticos e gravimétricos maritimos, foram adquiridos
juntamente com os dados sismicos durante a aquisicdo de 26 linhas sismicas do programa de
aquisicdo sismica VB00_2D_BM_SEAL, realizado em 2000. Estes dados foram utilizados
como auxilio na interpretacdo das linhas a eles associadas, a partir da observacdo dos perfis
geofisicos 2D processados. Neste caso, tomou-se como hipdtese que os dados geofisicos
ofereceriam evidéncia para a distin¢do, nos dados maritimos, entre corpos igneos (anomalias
magnéticas), intercalados nos estratos sedimentares, e estruturas sedimentares como 0s
buildups carbonaticos.

Nos dados aeromagnéticos, foi utilizado o filtro de amplitude do sinal analitico (ASA)
aplicado ao dado magnético de campo total e surveys maritimos para entdo obter o mapa ASA
e perfis geofisicos ao longo das sec¢des sismicas VBO00. Ja o filtro da primeira derivada
vertical (VD) foi aplicado nas anomalias Bouguer ao longo dos perfis gravimétricos. A

andlise qualitativa tanto do mapa de ASA quanto da VD se mostram Uteis em realgar as
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anomalias residuais magnéticas e gravimétricas, ajudando a definir a localizacdo das fontes

(Gunn, 1997), seus centros e limites espaciais.

1012600
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9035000
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Figura 13 - Mapa mostrando a localizacdo das 59 sec¢Ges sismicas selecionadas para esta
pesquisa na regido offshore da Bacia de Pernambuco. O contorno estrutural do embasamento,
que é baseado na interpretacdo de 143 secGes sismicas, revela os principais altos topograficos
e depocentros da bacia.
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The Pernambuco marginal basin is located on the eastern continental margin of northeastern Brazil,
covers an area of 20,800 km?, and represents one of the most prominent frontiers for deep water oil and
gas exploration off the Brazilian coast. The onshore region of this basin was highly affected by extrusive
and intrusive magmatism during the Upper Albian, and the relation of that event with the volcanic
structures observed in the offshore sector has not been thoroughly characterized to date. This study aims
to characterize the major extrusive and intrusive volcanic structures of the offshore portion of this basin,
which is dominated by the Pernambuco Plateau, and its stratigraphic relations. A set of 143 2D multi-
channel seismic sections that cover the Pernambuco Plateau region are used to interpret the major
tectono-stratigraphic sequences and describe the distribution of volcanoes, sills, vent complexes and
related volcaniclastic sequences. The interpretations are supported by aeromagnetic and gravimetric
geophysical surveys. Volcanoes are classified into two groups that differ in terms of their morphology:
shield-like structures and cone-shaped volcanic structures. Sill intrusions are mainly identified beneath
the volcanic structures and are characterized by high-amplitude reflectors with short extensions and
abrupt terminations. Volcaniclastic sequences are found adjacent to the volcanoes and are characterized
by high-amplitude, disrupted reflections with local chaotic configurations. Vent complexes are classified
on the basis of their morphologies as either eye-shaped or crater-shaped. The volcanic features identified
within the available seismic dataset are concentrated in two main areas: in the centre of the plateau and
near its northeastern border. These two regions are host basement outer highs and are surrounded by
hyper-extended continental crust, which forms the plateau itself. The extrusive and intrusive features
described in the offshore region were formed during the post rift Cretaceous and Cenozoic intervals and
point to the continuation of magmatic events after the rifting process. The findings presented in this
report provide a better understanding of the magmatism on the northeastern passive margin of Brazil
and can also be useful for future modelling of the Pernambuco Basin petroleum system.

© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

Detailed studies that consider the morphology, growth mecha-
nisms and intrusive relations of different types of volcanic struc-
tures have been increasing since the nineties (Hasenaka, 1994;
Rossi, 1996; Smith, 1996; Thouret, 1999; Davies et al, 2002;
Michon and Saint-Ange, 2008; Grosse et al., 2009; Calves et al.,
2011; Magee et al., 2013, 2015; Alves et al., 2015). Those analyses are
based on remote sensing, laboratory experiments, field

* Corresponding author.
E-mail address: bv.buarque@gmail.com (B.V. Buarque).

http://dx.doi.org/10.1016/j.jsames.2016.05.014
0895-9811/© 2016 Elsevier Ltd. All rights reserved.

observations, and interpretations of high-resolution seismic data.
In addition to its importance for volcanology, a better compre-
hension of those processes provides valuable information for un-
derstanding the evolution of continental margins due to the
process of magma generation during rifting and as for the evalua-
tion of sedimentary basins for oil and gas exploration (Chen et al.,
1999; Wu et al,, 2006; Rohrman, 2007; Delpino and Bermudez,
2009).

The processes of local and regional uplift, porosity and perme-
ability alteration, deformation, and heating associated with mag-
matism in sedimentary basins have been considered negative
aspects of basin evolution by the oil industry in the past (Rohrman,
2007). However, the advanced understanding of the products and
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effects of magmatism gained over the last three decades has
revealed that magmatic processes can be beneficial to petroliferous
systems (Raymond and Murchison, 1988; Gries et al., 1997;
Galushkin, 1997; Othman et al.,, 2001; Schutter, 2003; Rateau
et al, 2013; Huafeng et al., 2015). For example, there are several
hydrocarbon fields within extrusive and intrusive volcanic rocks
(Seemann, and Scherer, 1984; Hawlander, 1990; Vernik, 1990;
Levin, 1995; Chen et al., 1999; Jinglam et al., 1999; Gu et al., 2002;
Luo et al, 2005; Feng, 2008; Holford et al., 2012; Watton et al,,
2014; Huafeng et al., 2015; Olavsdéttir et al, 2015; Wang and
Chen, 2015), whereas some types of volcanic rocks can also act as
seals for oil and gas accumulation and provide migration pathways
(Rateau et al., 2013). There is also growing evidence for the influ-
ence of magmatism on the maturation of source rocks (Mango,
1992; Gries et al., 1997; Chen et al., 1999; Jin et al., 1999; Zu et al.,
2007; Fjeldskaar et al., 2008; Rodriguez Monreal et al., 2009;
Lenhardt and Gotz, 2011; Jiyan et al., 2014; Xiao-Yin et al.,, 2014).
Those discoveries demonstrate that magmatic processes should be
incorporated into oil and gas exploration (Jinglam et al., 1999;
Kawamoto, 2001; Wu et al,, 2006; Lee et al.,, 2006; Rohrman,
2007; Sruoga and Rubinstein, 2007; Zou et al., 2008; Yulong
et al., 2009; Xiao et al., 2010; Wu et al., 2010; Jin et al., 2013;
Ramachandran et al., 2013; Reis et al., 2014; Hou et al., 2015;
Olavsdottir et al., 2015).

However, when studying volcanic structures in seismic data in
regions where there are no stratigraphic wells, the accurate iden-
tification and characterization of volcanic structures can be a
problematic issue because of the similarities of their signatures to
those of sedimentary rocks such as evaporites, contourite mounds,
turbidity mounds and carbonate buildups (Zhang and Marfurt,
2011; Burgess et al., 2013). In addition, the dimensions of certain
volcanic structures may lie below the seismic resolution. However,
despite those limitations, many volcanic structures can be suc-
cessfully identified from seismic data based on the analysis of a few
key features such as body geometry, seismic facies, reflectivity,
seismic velocities, and cross-cutting relationships (Conceicao et al.,
1993; Leslie et al., 2002; Smallwood and Maresh, 2002; Jamtveit
et al., 2004; Planke et al., 2005; Oreiro, 2006a,b; Moreira et al.,
2006; Hansen, 2006; Rohrman, 2007; Hansen et al., 2008;
Klarner et al., 2008; Magee et al., 2013; Posamentier et al., 2014;
Alves et al., 2015; Magee et al., 2015).

This study aims to characterize the major volcanic features of
the offshore Pernambuco Basin through an extensive investigation
of multichannel 2D seismic sections and magnetometric and
gravimetric surveys that are available from the Bank of Exploration
and Production Data of the Brazilian Petroleum National Agency
(BDEP-ANP). The analysis presented here focuses mainly on the
offshore regions of the Pernambuco Basin that are dominated by
the Pernambuco Plateau, have the highest potential for oil and gas
production and are still scarcely known (Fig. 1). The results provide
a qualitative assessment of the distribution of the main volcanic
structures such as sills and volcanoes, allowing the delineation of
areas with major volcanic influence within the area covered by
available seismic surveys. The definition of those areas can help
future exploration programs and can be useful in future investi-
gation regarding the origin and extension of the magmatism in the
Pernambuco Plateau. The analysis conducted here is further sup-
ported by recent works that investigated the structural framework
of this marginal region of Brazil based on analyses of geophysical
data, including gravimetry and magnetometry (Oliveira, 2013;
Magalhaes et al., 2014; Magalhaes, 2015).

2. Geological setting

The Pernambuco Basin comprises an Atlantic-type rift margin

(Franke, 2013; Peron-Pinvidic et al., 2013) located in the eastern
part of the Borborema Province (BP) in northeastern Brazil (Fig. 1).
The BP represents the northeastern portion of the South American
Platform (Almeida et al.,, 1981; Van Schmus et al., 2008; Santos
et al., 2010; Araujo et al., 2013) and is bounded to the south by
the Sao Francisco Craton, to the west by domains of the large Par-
naiba intracratonic basin, and to the north by the Potiguar and
Ceara marginal basins (Matos, 1999; Castro et al., 2012). The eastern
border of the BP comprises three marginal basins: the Pernambuco,
Paraiba, and Natal Platform basins (Fig. 1) (Fainstein and Milliman,
1979; Rand and Mabesoone, 1982; Mabesoone and Alheiros, 1993;
Matos, 1999; Brito Neves et al., 2002; Barbosa and Lima Filho, 2006;
Barbosa et al., 2007; Magalhaes et al., 2014). Those three basins
were formed during the final stage of separation between South
America and Africa as part of the Cretaceous South Atlantic rift
(Reyment and Dingle, 1987; Fairhead and Binks, 1991; Wilson and
Guiraud, 1992; Rand and Mabesoone, 1982; Barbosa and Lima
Filho, 2006).

The BP is divided into three large domains, which are bounded
by continental-scale shear zones: the Pernambuco Alagoas Com-
plex, or the South Domain; the Transversal Zone, or the Central
Domain; and the North Domain (Vauchez et al., 1995; Neves and
Mariano, 1999; Brito Neves et al., 2002; Ferreira et al., 2008;
Medeiros et al., 2011; Araujo et al., 2013; Neves et al., 2015)
(Fig. 1). The most important shear zones within the BP are the
Pernambuco Shear Zone (PESZ) and the Patos Shear Zone (PASZ),
both of which trend mainly E-W (Fig. 1). Those main shear zones
and their branching shear systems were reactivated during conti-
nental rifting to form the marginal basins.

The Pernambuco Basin, which is linked to the South Domain of
the BP (Fig. 1), is separated from the Alagoas Basin to the south by
the Maragogi-Barreiros High, and from the Paraiba Basin to the
north by the PESZ (Fig. 1).

The structural framework of Pernambuco Basin can be divided
in three main sectors (Barbosa and Lima Filho, 2006; Maia, 2012;
Oliveira, 2013; Barbosa et al., 2014):

(1) The inner basin, which forms a narrow graben that is parallel
to the coastline. It comprises two different depocentres
separated by the Cabo de Santo Agostinho High (Figs. 2 and
4).

(2) The Maracatu High, which forms an elongated outer hinge,
trends almost NS and lies parallel to the coastline (Figs. 2 and
4). This outer hinge, which was formed by the continental
platform, separates the interior basin from the offshore
domains.

(3) The Pernambuco Plateau (PEP), which was formed from the
hyper-extended continental crust and extends to isobaths of
approximately 3000 m (Fainstein and Milliman, 1979; Gomes
et al,, 2000; Oliveira, 2013; Magalhaes et al., 2014). The
transition zone from hyper-extended continental crust to
oceanic crust domain remains poorly understood (Figs. 1, 2, 4
and 12) (Oliveira, 2013; Magalhaes et al., 2014). The PEP
comprises at least four main basement lows and a major
outer high that trends E-W and is located at its centre; this is
called the Gaibu High (Figs. 2 and 4). Previous geophysical
studies have suggested that this structure was strongly
influenced by both intrusive and extrusive magmatism
(Figs. 2 and 12) (Oliveira, 2013; Magalhaes et al., 2014).
Another important outer high, named the Itamaraca High, is
located on the northeast border of the plateau and trends
NW-SE (Fig. 4).

The main structures that have controlled the evolution of the
Pernambuco Basin include ductile Pre-Cambrian shear zones that
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trend mostly E-W and NE-SW and oblique transfer faults, that trend
NW-SE (Figs. 1 and 2) (Polonia, 1997; Lima Filho, 1998). The E-W
and NE-SW shear zones were reactivated as strike-slip and oblique
faults during the Cretaceous rifting process. Meanwhile, the
NW-SW transfer structures were created to accommodate the
oblique movements of the rifting process (Polonia, 1997; Lima
Filho, 1998; Almeida et al., 2005; Oliveira, 2013). Secondary
normal faults trending N—S, WNW-ESE, and NNW-SSE were also
formed during the opening of the basin. The rift process spanned
from the Aptian to the Middle Albian in the onshore region (Lima
Filho, 1998; Cdrdoba et al., 2007; Barbosa et al., 2014).

The sedimentary succession in the coastal zone mainly com-
prises siliciclastic formations of Aptian and Albian age, carbonates
of Cenomanian-Turonian age, and Neogene deposits (Rand and
Mabesoone, 1982; Lima Filho, 1998; Maia, 2012; Maia et al., 2012;
Barbosa et al., 2014). Owing to the lack of wells in the offshore

regions, the proposed age of the seismic sequences in this domain is
based on the interpretation of seismic data, the onshore record and
from correlations made to the offshore stratigraphy of the northern
portion of neighbouring Alagoas Basin (Campos Neto et al., 2007).
The interpretation of seismic and potential field data has provided
evidence of a significant sedimentary column in the plateau re-
gions, which reaches up to 6 km in thickness, over the main
depocentres of the PEP (Oliveira, 2013).

The coastal zone of the Pernambuco Basin records a magmatic
event that occurred during the Albian and generated a series of
volcanic rocks, which form the Ipojuca Magmatic Suite. These
include trachyandesites, andesites, basalts, rhyolites, trachytes, and
one occurrence of an alkali-feldspar granite (Sial et al., 1988; Lima
Filho, 1998; Nascimento, 2003). The age of the main pulse of the
magmatic event is 102—103 my (Long et al., 1986 by RbSr isochrons,
and Nascimento, 2003 by Ar>®/Ar*°zircon fission tracks).
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The origin of that magmatism motivates debate. Some authors
have discussed the influence of a thermal anomaly caused by the
Santa Helena Hotspot (Rand and Mabesoone, 1982; Sial et al., 1988;
Wilson, 1992; Wilson and Guiraud, 1992; Jackson et al., 2000;
Golonka and Bocharova, 2000; Ngako et al., 2006) or the Ascen-
sion Hotspot (Long et al., 1986; Peyve and Skolotnev, 2014) in this
region. According to Sial (1976), the bimodal characteristic of this
magmatism suggests a hotspot influence, which caused the initial
uplift of materials from the mantle, and with the continuation of
the process, the fusion of the crust caused the contamination of the
mantle magma and the consequent mixtures of mafic and felsic

volcanic rocks. Golonka and Bocharova (2000) suggested that the
Santa Helena hot spot affected the region of northern Brazil before
it became the critical influence on the separation of Africa and
South America. Ngako et al. (2006) proposed that the African plate
was subjected to a number of mantle anomalies in the last 200 my
and that one of those hotspots crossed the Pernambuco Basin re-
gion over approximately 100 my. Torsvik et al. (2009) also pointed
that the Santa Helena hotspot acted as a second hotspot in the
south Atlantic rifting (Fig. 3).

Some previous works have recognized the existence of volcanic
structures in the offshore Pernambuco Basin (Gomes et al., 2000).
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However, the lack of age data for the oceanic crust in the transition
of the continental crust off the Pernambuco Plateau and of the
volcanic rocks in the plateau make it difficult to correlate the
magmatism in the onshore and offshore regions. Thus, the influ-
ence of a hotspot in the formation of the plateau and in the origin of
the volcanic structures observed in the offshore region is little
studied.

3. Materials and methods
3.1. Seismic data
This study is based mainly on the analysis of 143 time-migrated

2D seismic sections that were obtained from the BDEP-ANP. The set
of seismic sections covers almost the entire Pernambuco Plateau
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(Fig. 4). The surveys represent a set of different generations of data
with different qualities and imaging depths, which therefore
needed to be integrated to allow the interpretation of regional
features, as well as the basement contour and the main seismic
sequences. After the interpretation of the regional sequences, a set
of 59 seismic lines was selected that possessed the best imaging
quality and had a total length of 4339.5 km (Fig. 4). The selected
sections were used to perform a detailed interpretation of the
volcanic features in the region (Fig. 4). The selected set of 2D
seismic sections have imaging depths that vary from 8 to 12 s two-
way time (TWT) and cover an area of the PEP of approximately
13,915 km? (Figs. 1 and 4). All the volumes were normalized to
represent the peak of the wavelets as the normal polarity. Post-
processing procedures, which mainly consisted of frequency fil-
ters, were applied to reduce problems related to the noise to signal
ratio. Band pass filters were applied to produce different versions of
the original volumes by emphasizing high frequencies (50 Hz) and
low frequencies (15 Hz). This procedure was performed to improve
the detection of volcanic features, which are normally associated
with high amplitudes and the strong attenuation of the seismic
signal, and can be highlighted using low frequency filtering
(Rohrman, 2007).

The investigation was limited by the minimum and maximum
spacings between the 2D seismic sections, which are 2 and 18 km,
respectively. The resolution of the seismic data is also very impor-
tant because in deeper regions the signal/noise ratio and resolution
decrease due to the acquisition processes, indicating that the
identification of structures in deep regions of the sedimentary
cover is difficult. For this reason, this investigation mainly
concentrated on the post-rift interval.

3.2. Geophysical surveys

The potential field dataset, which was acquired from aerial and
maritime surveys, was obtained from the BDEP-ANP. The aero-
magnetic survey, which is called the “Platé de Pernambuco”, was
acquired by Petrobras S/A and Lasa/Prospec in 1988; it covered
most of the Pernambuco Basin region and encompassed the
onshore and the offshore areas. The maritime magnetic and
gravimetric data were acquired together during the 02-VB00-2D-
BM-SEAL 2D seismic program in the year 2000. This set of
geophysical surveys consists of magnetic and gravimetric profiles
that were acquired along each of the 2D lines of the seismic
program.
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Fig. 6. Definition of the seismic stratigraphic sequences and main unconformities
observed in the seismic surveys of the Pernambuco Basin. The ages of the sequences
are tentatively based on available data from the onshore region of the Pernambuco
Basin and the offshore region of the Alagoas basin.

The analytic signal amplitude filter (ASA) was applied to the
total magnetic intensity field data from the aeromagnetic and
marine surveys to obtain an ASA map and profiles through the
VBOO seismic sections. For the 3D aerial survey, this transformation
can be mathematically defined as the square root of the sum of
squares of the derivatives in the X, y and z directions (Nabighian,

1972; Roest et al., 1992):

o= (L) (0) (L) m

For the 2D shipboard surveys, the ASA filter is defined mathe-
matically as the square root of the sum of the square of the hori-
zontal (df/dx) and vertical (df/dz) derivatives (Verduzco et al.,
2004):

ASA = (%)2 + (ZJ;)Z (2)

The first vertical derivative convolution filter (VD) was applied
to the Bouguer anomalies along the gravimetric profiles. In the
spatial domain, this process is mathematically defined as (df/dz).

The coupled geophysical analysis (ASA and VD) proved useful in
enhancing the residual magnetic and gravimetric sources and
consequently in helping to define the locations of buried anomalies
(Gunn, 1997) and their centres and edges (Figs. 7 and 12). The
gravimetric and magnetic profiles acquired along the 2D lines were
used to constrain the possible locations of volcanic structures based
on their geophysical signatures. This procedure is useful for dis-
tinguishing volcanic structures from other geological features that
may appear similar in seismic section such as carbonate buildups,
turbidite mounds and sequences, and salt structures (Fig. 7)
(Oreiro, 2006a,b; and Burgess et al., 2013).

3.3. Basis of the systematic analysis of volcanic structures

The systematic approach described in Magee et al. (2013) was
adopted here to analyze the volcanic structures in the PEP in detail.
The first step involved the identification of horizons that mark the
limits of the structures, their base and top (Fig. 8): (1) the PS ho-
rizon represents a palaeo-seabed during magma extrusion and
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Fig. 7. Seismic section (see the location in Fig. 4) showing a series of volcanic structures. A) Magnetic and gravimetric curves acquired over the seismic section showing an anomaly
caused by the volcanic structures. B) Examples of the interpreted volcanic buildings (PV1—PV3), sills and related sequences of volcaniclastic deposits (VC—dotted yellow line).
SB = Sea bed; Sq.4 = Middle Miocene Unconformity; Sq.3 = Maastrichtian Unconformity. C) Detail of volcaniclastic deposits and sill intrusions presenting high amplitudes with
abrupt terminations. D) Detail of cone-shaped volcanic buildings and volcaniclastic deposits between them. PV2 is interpreted as having a polygenetic evolution. (For interpretation
of the references to colour in this figure legend, the reader is referred to the web version of this article.)

marks the base of the volcanic structures, and (2) the TV horizon
marks the top of the volcanic structures. However, it is worth
noting that the measured heights of the volcanoes depend on the
point of intersection of the 2D seismic profile and the volcanic
structure (Magee et al., 2013). Those two markers were mapped in
all the seismic sections that intersected the volcanic structures. The
downlap terminations of the TV horizon correspond to the outer
limits of each structure (Fig. 8). The PS horizon normally exhibits a
high-amplitude reflector associated with the palaeo-seabed, over
which the magmatic extrusion formed. This reflector decreases
sharply in amplitude below the volcanic structures, as expected
due to seismic signal attenuation. Another important aspect is the
upward deflection of the reflector, along with underlying reflectors,
below the centre of the volcanic structures as a result of the pull-up
effect caused by increases in seismic velocity due to the higher
density of volcanic rocks that form the structures (Figs. 8a-b and 9).

In the literature, vent complexes were previously named (1)
dyke-fed volcanic vents and volcanoes (Joppen and White, 1990;
Skogseid et al., 1992; Davies et al., 2002), and (2) hydrothermal
vents (Bell and Butcher, 2002; Jamtveit et al., 2004; Planke et al.,
2005). However, studies based on analyses of data from the field
and from wells (Gevers, 1928; Jamtveit et al., 2004; Svensen et al.,
2006) showed that the composition of vent complexes varies
from almost entirely volcanic to almost completely sedimentary
deposits (Du Toit, 1904, 1912; Gevers, 1928; Seme, 1997; Dingle

et al.,1983; Woodford and Chevallier, 2001; Jamtveit et al., 2004).

Vent complexes are pipe-like complexes formed by the frac-
turing, transport, and eruption of hydrothermal fluids and sedi-
ments that are normally triggered by sill intrusions (Jamtveit et al.,
2004; Planke et al, 2005; Hansen, 2006). Heating froma sill
intrusion increases the pressure of pore fluids in the host rocks,
leading to metamorphic reactions near the intrusion (Fig. 5). When
the fluid pressure exceeds the lithostatic load pressure, the over-
burden rocks are fractured, and a column of gases rises toward the
surface, remobilizing unconsolidated sediments and forming an
inward/outward-dipping strata near the conduit zone. When the
rising gas reaches the surface, a blowout crater is produced,
forming the upper-part of the vent complex. The upper part may
resemble an eye, dome, or crater (Fig. 5). The shape of the eye and
dome-shaped upper part is generally convex and is not a result of
the eruption process but a differential compaction process; the
crater infill experiences less compaction than the surrounding
sedimentary strata (Hansen, 2006).

Vent complexes are usually represented as poorly imaged
structures in seismic sections, implying that the geometry of the
upper part cannot be easily recognized in most cases (Hansen,
2006). The identification of vent complexes depends on (1) the
quality of the seismic survey, 2) the length of its upper part, and 3)
erosion processes affecting the upper part of the vent complex. In
general, a vent complex needs to be intersected by a seismic line
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Fig. 8. Volcanic structures observed in seismic sections of the Pernambuco Plateau. A to E) composed detail of the samples and the location of the structure shown in Fig. 4. A, B, and
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within 0.75—1 km from the centre of the structure for it to be well
imaged in a seismic profile (Planke et al., 2005). In this study, the
spacings of the 2D seismic sections are larger than 1 km, and
therefore, the occurrence of vent complexes in the study area is
expected to be more than the recorded value (Fig. 4). Hence, we
adopted the approach presented by Planke et al. (2005) to char-
acterize vent complexes (Fig. 5). Thus, four parameters regarding
the general aspects of the vent complexes and the host sedimentary
strata were analyzed: 1) the size and geometry of the upper part of
the vent complex, 2) the configuration of seismic facies of the
overlying reflections, 3) the configuration of the seismic facies of
the underlying reflections, and 4) the relationships between the
basal and overlying sedimentary strata in the upper part of the vent
complex (Planke et al., 2005).

4. Results
4.1. Seismic Stratigraphy

Due to the lack of offshore wells, the ages of the main seismic
sequences are based on available data from the onshore part of the
basin and from comparisons with available data from the offshore
region of the neighbouring Alagoas Basin (Mohriak et al., 1998,
2000; Campos Neto et al., 2007) (Figs. 2 and 6). Thus, for practical
purposes, four main seismic sequences were defined in our inter-
pretation: Sq.1 - rift phase 1 (Aptian) and rift phase 2 (Albian); Sq.2
- Cretaceous post-rift (Albian-Maastrichtian); Sq.3 - Lower Ceno-
zoic post-rift (Maastrichtian-Middle Miocene); and Sq.4 - Upper
Cenozoic post-rift (Middle Miocene-Recent) (Fig. 6). The two pha-
ses of rifting have previously been discussed by Matos (1999) and
Barbosa et al. (2014).

The rift sequence is generally represented by discontinuous
reflections with low amplitudes and low frequencies and that are

disrupted by a large number of faults. In some regions, preserved
blocks show locally parallel configurations, and in some sections it
is possible to identify the intra-rift unconformity from the top of
the first rift phase. In the borders of the inner basin and the Mar-
acatu High (Fig. 4), chaotic to free seismic facies probably indicate
the occurrence of conglomerates derived by mechanical deforma-
tion during the rift phases. An increase in the continuity and fre-
quency of the reflectors can be noted near the top of the Sq.1 rift
sequence, which possibly indicates the beginning of sag deposit
formation (Figs. 2 and 6). A salt layer is interpreted in the rift
sequence as being related to the first rift phase. The layer has been
squeezed through the second rift sequence, forming diapirs and
other structures related to its lateral inflation. The deformation of
the salt layer, which migrated from proximal to distal regions due
to the forces applied during basin subsidence, produced local
compressional features, as in the schematic depicted in Fig. 2.

The Cretaceous post-rift seismic sequence (Sq.2) probably con-
tains sedimentary deposits of the Albian-Maastrichtian interval.
The base of this sequence shows evidence of the most significant
flooding pulse in the basin, which is represented in the onshore
region by the Estiva Formation (Lima Filho, 1998). The pulse was
probably related to the eustatic maximum that occurred during the
Cenomanian-Turonian interval, which marked a stage of deep cir-
culation of oceanic waters across the Atlantic Ocean (Pletsch et al.,
2001). In the northern PEP, the depositional event is limited by an
unconformity that apparently represents a strong erosive event
across the basin.

The Sq.2 seismic sequence is characterized by continuous in-
ternal reflections with medium and low amplitudes and fre-
quencies. These reflections are typically parallel in the proximal
region of the basin, transitioning to a freer internal configuration
with incipient parallel reflections in the distal regions of the PEP
(Fig. 6).
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The Lower Cenozoic post-rift seismic sequence (Sq.3) comprises
deposits of the Maastrichtian-Middle Miocene interval. In the
neighbouring basin, this sequence is mainly related to a regressive
event that is recognized in the Alagoas Basin (Campos Neto et al.,
2007). Evidence of the regressive cycle is well recorded in the
dipping seismic sections observed herein in the offshore region of
the Pernambuco Basin. This process in mainly observed within the
platform and is dominated by shallow processes, where the pro-
gradation of clinoforms can be clearly identified. This seismic
sequence is characterized by a low continuity of internal reflections,
low frequencies, and amplitudes that range from low to medium. In
the proximal region of the platform, it is mainly marked by pro-
grading clinoforms and a parallel configuration of internal re-
flections that pass to incipient parallel and free internal reflections
in the distal regions.

This work estimates that the Upper Cenozoic post-rift seismic
sequence (Sq.4) comprises deposits ranging from Middle Miocene
to recent times (Figs. 2 and 6). This depositional sequence is well
studied in neighbouring basins, including the Alagoas and Potiguar
basins (Feijo, 1994; Campos Neto et al., 2007). Over the platform
and in the proximal region of the plateau, this sequence is

characterized by reflections with good continuity, high amplitudes
and low frequencies. In the distal region, the sequence is mainly
characterized by free to chaotic reflections (Fig. 6).

4.2. Extrusions

Volcanic structures, volcaniclastic sequences and vents were
interpreted based on a few key elements such as geometry, seismic
facies, reflectivity signals, and cross-cutting relationships; the in-
terpretations were constrained by geophysical data (gravimetric
and magnetic signatures). A correlation was found between the
structures, and there was a local increase in the gravity and mag-
netic anomalies obtained in the geophysical 2D profiles (Fig. 7).
Fourteen extrusive structures were clearly identified as palaeo-
volcanoes over the PEP region (Fig. 4). Most of the volcanoes
identified in the post-rift sequences are observed to be positioned
within an interval ranging from 0.3 to 1.5 s (TWT), beneath the
seafloor, in the central region of the PEP.

Based on the most important set of considerations regarding the
morphological parameters used to classify the volcanic structures,
the volcanoes identified in the seismic sections of the PEP were
classified into two main groups: group 1 (GV1) and group 2 (GV2)
(Figs. 4 and 8). The locations and estimated diameters of the GV1
and GV2 structures are indicated by the blue and orange polygons,
respectively, in Fig. 4.

The height (TWT)/width ratio of the four structures in GV1 is
approximately 0.6. These structures are slightly rounded or have
flat tops and are characterized by slightly convex to concave or
straight slope profiles (Figs. 8 and 9). Their diameters range from 1.5
to 12 km, and the maximum heights of their cones range from 0.1 to
0.5 s (TWT). The height (TWT)/width ratio of the ten structures in
GV2 is approximately 0.2. These structures have a more classical
cone-shaped morphology with steeper flanks than those in GV1
(Figs. 7—9). The GV2 structures have sharp peaks and concave to
straight slope profiles. Their estimated diameters vary from 0.45 to
4.5 km, and their maximum heights range from 0.03 to 0.6 s (TWT).
These structures are buried under onlapping young strata, and they
usually show some draped reflections, probably due to a differen-
tial compaction process (Figs. 7 and 9).

The GV2 structures have a simple conical shape because of their
probable monogenetic evolution (Figs. 7 and 8). An exception
observed within that group is that a volcanic structure was classi-
fied as a stratovolcano. In that case, high-resolution internal re-
flections within the structure allow the identification of an inverted
“V” shape configuration formed by the accretion of materials dur-
ing extrusive growth, representing at least six different growth-
deposition phases; this is evidence of its polygenetic evolution
(Figs. 8 and 9).

A seismic facies analysis allowed the distinction of three groups
of seismic facies possibly associated with the evolution of the
extrusive processes that created the volcanic structures. These
seismic facies were classified into the following groups according to
the formation of the volcanic structures: SF1, SF2, and SE3 (Fig. 9).
Seismic facies type one (SF1) is present in all the volcanoes and can
be further divided into two sub-groups: (i) SF1i, which was formed
by medium to high-amplitude reflections that range from contin-
uous to disrupted, and (ii) SF1ii, which is comprised of low-
amplitude reflections that also vary from continuous to disrupted.
SF1 presents a sheet-like configuration and forms the structures of
the GV1 group (Figs. 8a-c and 9). This seismic faciesis usually
restricted to areas near the flanks of the structures of the GV2 group
(Fig. 9b and c). SF1 has a parallel to sub-parallel configuration, but it
usually shows concave-downward reflections near the top of the
flanks.

The presence of volcaniclastic sequences related to the
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Fig.10. A) example of a vent complex found in a seismic section over the Pernambuco Plateau and B) a schematic interpretation of its parts. C) A crater-shaped vent complex and D)
an eye-shaped vent complex. It is possible to observe the configuration of internal reflections. Note the presence of onlap terminations and the doming of the overlying strata above
the upper part of the vent complex (red dashed line). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

formation of the volcanic structures is inferred from the occurrence
of strata with a well defined top and poorly defined base. The
characteristic set of reflections occurs immediately beneath and
around many volcanic structures at the volcanic apron. Those fea-
tures are characterized by a set of generally disrupted reflections
with high amplitudes and locally chaotic configurations (Fig. 7).
Those elongated bodies can extend up to approximately 10 km and
are interpreted as volcaniclastic sequences or a mixture of cyclic
events of flows and pyroclastic deposition.

Seven structures were identified as vent complexes (see the
location in Fig. 4), and they commonly have low to moderate
amplitude reflections that delimit the top of the upper part of
the vent structure and a low-amplitude reflection that delimits
the base of the upper part (Fig. 10). Four structures had an eye-
shaped geometry, and the other three had a crater-shaped ge-
ometry (Fig. 10). The minimum and maximum diameters of the

upper parts of the seven vent complexes varied from 284.23 m
to 1.2 km, and their total width varied from 0.092 to 0.244 s
(TWT).

Within the eye or crater-shaped strata, the configurations of the
overlying reflections varied between chaotic and disrupted, and the
underlying reflections of all the vent complexes showed inward
dipping around the vent chimney (Fig. 10). The basal relationship
with the sedimentary strata is characterized by truncation, whereas
the overburden relationship is concordant in most of the examples,
but onlap terminations are also observed (Fig. 10).

4.3. Sill intrusions
Volcanic sills are identified in seismic sections of the PEP region

mainly beneath the volcanic structures. They are positioned be-
tween 1.53 and 4.3 s (TWT) (Fig. 7), mainly within the Cretaceous
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classes represented by two different centroids.

Post-rift sequence (Sq.2) but also in the rift sequence (Sq.1) and in
the Palaeogene sequence (Sq.3). The sill intrusions in the plateau
could not be completely analyzed due to the attenuation of seismic
signals below the depth where abundant volcanic structures are
present. The main criteria used here to identify sill intrusions were
the high amplitudes of the seismic reflectors, which coincide with
short extensions of the event, and abrupt terminations of those
reflectors (Planke et al., 2005; Hansen et al., 2008; Rohrman, 2012;
Alves et al., 2015). The high amplitudes are a result of the high
contrast in impedance that results from the high differences in
density/velocity between magmatic rocks and the host sedimen-
tary rocks. In terms of geometry, the reflections appear in a concave
shape in the 2D seismic surveys, and most of them are probably
saucer-shaped in three dimensions (Galerne et al., 2011; Alves et al.,
2015) (Fig. 7). The lengths of the sill structures as observed in the
2D sections range from 0.5 to 1.96 km.

44. Interpretation of the results

The morphological characteristics of the GV1 structures agree
with those of shield-like volcanoes as defined through seismic data
in other parts of the world such as offshore southern Australia
(Schofield and Totterdell, 2008; Magee et al., 2013) and offshore
western India (Calves et al., 2011). The morphometric parameters of
the GV2 group correspond to the cone- and sub-cone-shaped vol-
canoes classified by Grosse et al. (2009) in the onshore region of
Central America and the southern Central Andes. Moreira et al.
(2006) and Oreiro (2006a, 2006b) also identified cone-shaped
volcanoes in offshore southeastern Brazil by analyzing 3D seismic
data.

A cross plot between the heights of the volcanoes (in time), and
their apparent diameters (km) was created. This cross plot presents
the data of volcanoes from the Pernambuco Basin and from the
Seduna Sub-Basin off the shore of Australia (Magee et al., 2013)

(Fig. 11). The aim of the cross plot was to compare general features
between two sets of volcanoes described using similar parameters.
To constraining the seismic interpretation of two volcanoes groups
(GV.1 and GV.2), it was used a statistical clustering software that
clearly identified itself two different classes of volcanoes (Class 1
and Class 2) such as the seismic interpretation realized. The anal-
ysis of the cross plot suggests that the volcanoes interpreted as
shield volcanoes (GV.1) and cone-shaped volcanoes (GV. 2) show
similar ratios in both cases. Group 1 shows no direct relation be-
tween height and diameter, but it presents a clearly separation
from the GV.2 volcanoes, which have minor basal diameter. Vol-
canoes of Group 2 show a slight positive correlation between height
and diameter (Fig. 11). The outliers observed in the cross plot could
be the result of artifacts and specific differences in the constitution
of the volcanoes that impact the indirect estimation of their
heights.

The strata identified as volcaniclastic sequences in the seismic
sections probably have different origins. Facies SF1 probably rep-
resents the products of lava flows and hyaloclastite breccias
(Symonds et al., 1998; Planke et al., 2000, 2005; Spitzer et al., 2008;
Calves et al., 2011; Magee et al., 2013). Possible slumps or slides of
materials that formed the volcanic structures can also be associated
with features observed in that seismic facies as high amplitude
pods. Seismic facies type two (SF2) typically forms a relatively thin
package over which SF1 reflections downlap. It is characterized by a
set of continuous and contorted high-amplitude reflections that are
sub-parallel and occur over the basal PS horizon. It is present in the
GV1 and GV2 structures and may represent magmatic extrusions
that first formed over the PS horizon at the beginning of the growth
of the volcanic structures (Calves et al., 2011; Magee et al., 2013)
(Fig. 9). Seismic facies type three (SF3) usually forms a part of the
central portion at the core of the structures, and it consists of low-
amplitude, discontinuous reflections that exhibit a chaotic pattern
configuration. The chaotic seismic facies may represent more than
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Fig. 12. Map of the analytic signals of the magnetic anomaly in the Pernambuco Basin. Large positive anomalies are visible that are correlated with the Cabo de Santo Agostinho
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one element in terms of process and lithology: (1) minor magmatic
intrusions interconnected in a dense network (Magee et al., 2013);
(2) homogenized acoustic impedance due to hydrothermal activity
(Planke et al., 2000; Jaya et al., 2010); and (3) fracturing and brec-
ciation of hyaloclastites (Planke et al., 2000) (Fig. 9).

A localized deformation of sedimentary seismic reflections was
observed immediately above a GV2 structure in the southern
portion of the PEP, near the limits with the Alagoas Basin (Figs. 4
and 8e). That strata deformation was generated by high-angle
gravity faults restricted to a zone above the volcano structure.
Those features indicate caldera collapse (Fig. 8e).

The parameters of the seismic facies of the volcaniclastic
sequence found in the PEP are similar to those of the volcaniclastic
sequences in the northern part of the Santos Basin described by
Moreira et al. (2006) and Oreiro (2006a, 2006b). In addition, the
seismic facies observed in the PEP are similar to the volcaniclastic
seismic facies in the southeastern region of the Hawaii islands
described by Leslie et al. (2002).

The term volcaniclastic sequence represents a descriptive
approach that is attributed to strata rich in volcanic constituents
without any genetic implication (Fisher, 1961, Fisher and
Schmincke, 1994). Vertical sets of high-amplitude reflections are a
result of intercalated deposits with different physical properties. A
possible model of their formation is the occurrence of lava flows

deposited during the initial eruptive phase or intertrapped pyro-
clastic flows that were interbedded with sediments deposited in
periods of volcanic quiescence. Shallow sill intrusions may also be
present in the volcaniclastic sequences (Oreiro, 2006a).

5. Discussion

Over the last decade, the Pernambuco Basin has attracted
renewed interest as a promising oil exploration frontier in north-
eastern Brazil. However, knowledge of this region remains poor
compared to neighbouring productive basins (Barbosa et al., 2007;
Magalhaes et al., 2014). Despite the fact that volcanic features such
as sills, dykes, and lava flows can be easily identified and assessed in
outcrops in the coastal zone of the Pernambuco Basin, a lack of
seismic data (Lima Filho, 1998; Nascimento, 2003) and wells
spanning the onshore and offshore regions of the basin hinder the
detailed study of those structures in the subsurface (Almeida et al.,
2005; Barbosa et al., 2014; Maia, 2012; Maia et al., 2012).

The results show the abundance of the extrusive and intrusive
features that affect the Cretaceous and Cenozoic strata in the Per-
nambuco Plateau. Considering the extrapolation of the chro-
nostratigraphy, it is possible to infer that the ages of the volcanoes
observed in the sections could be placed into two main intervals,
one belonging to Santoanian-Maastrichtian and the other

263
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belonging to the Oligocene-Recent. Thus, considering the limita-
tions of the investigation due to the spacing of the 2D seismic
sections, our results indicate that the real number of volcanic fea-
tures in the study area seems to be quite important.

Two main areas of magmatic influence are suggested: a region
on the northeastern border of the plateau, where the Itamaraca
High is located, and a second sector in the central portion of the
plateau, which probably represents the largest volcanic centre of
the basin and also coincides with the location of the Gaibu High
(Figs. 4 and 12). Both Itamaracd and Gaibu represent outer highs
(basement highs) of the plateau, and their origin is still unclear
(Magalhaes et al., 2014). They could be associated with magmatic
doming or may simply represent crust heterogeneities with
concentrated magmatism.

Considering the possible origins of the magmatism recorded
onshore and offshore the Pernambuco Basin, it is interesting to
highlight that the basin can be classified as a magma-poor margin
(i.e., an absence of SDRs) (Magalhaes et al.,, 2014). Thus, the
magmatic processes that continued after the end of the rift in the
distal region, as observed in the seismic sections in this study,
could actually represent evidence of the continued action of a
local thermal anomaly that affected the hyper-extended crust that
formed the plateau after the rifting process. The continuation of
the magmatism during the drift period could explain the dia-
chronism between the ages of the Cretaceous magmatic pulse in
the onshore regions and Cenozoic magmatism in the offshore
regions.

Some considerations regarding the possible hotspot activity
that affected the thinned continental crust that formed the
plateau domain can be constrained by the geophysical data pro-
cessed in this research. In the magnetic anomaly map, it is
possible to define alignments related to strong positive anomalies
that cross the plateau region (Fig. 12). Those anomalies are related
to the concentration of volcanics in the onshore and offshore
regions. It is important to note that the basement outer highs
coincide with the concentration of volcanics (inferred from local
and regional magnetic data) in the central portion of the plateau
and in its border near the continental-oceanic crustal boundary
(Fig. 12). The alignment of the major anomalies that mainly trend
NW-SE coincides with the alignment of the Pernambuco
Seamount chain that trends 135°—140° and is located to the north
of the Pernambuco Plateau, over the oceanic plate, and which
could be the expression of a hotspot track (Peyve and Skolotnev,
2014).

This investigation tentatively suggests that the volcanic rocks in
the onshore region of the basin, which date to the Upper-Albian,
and the younger volcanic rocks in the plateau region mainly orig-
inated from the diachronic action of a hotspot, as indicated in the
geophysical map in Fig. 12. The hotspot activity probably formed a
line of large magnitude intrusions that obliquely trended NW-SE as
the South American plate moved away and rotated in a westward
direction (Fig. 12). The volcanic structures described herein (vol-
canoes, sills and vents) were probably the product of that influence,
which occurred over a long time. The quantity and quality of data
applied in this research was insufficient to analyze the relation
between the rift process and volcanism because the role of the rift
faults in the conduction of magma through the sedimentary col-
umn could have been very important. However, based on seismic
sections that show the presence of volcanoes and sills immediately
above rift faults, one can argue that this fact suggests that those
faults really acted as natural conduits for the ascending magma.
Due to the dimension of that process throughout the basin, the
nature of magmatism and possibly the long-time increase in the
geothermal flow needs to be considered in the petroleum system
modelling (Galushkin, 1997; Fjeldskaar et al., 2008).

6. Conclusions

Basic interpretation methods and post-processing procedures,
including band pass frequency filtering, were applied to a set of 142
old 2D multichannel seismic sections that cover a large part of the
offshore domain of the Pernambuco Basin in northeastern Brazil to
investigate volcanic structures. Although constrained by limited
geophysical data, it was possible to identify different types of
intrusive and extrusive volcanic structures including volcanoes,
sills and vent complexes in the offshore domains of the Pernam-
buco Basin. The analysis of local potential field data allowed the
correlation of an increase in gravimetric and magnetometric
anomalies with volcanic structures.

The palaeo-volcanoes differed in morphology, but their internal
seismic reflections patterns were similar. They were divided into
two different groups; the GV1 group of volcanic structures repre-
sents a shield-like morphology, and the GV2 group represents a
more classical cone to sub-cone-shaped morphology. In contrast to
the Albian age of the magmatism recorded in the onshore region of
the Pernambuco Basin, the volcanic structures observed in the
offshore region formed during the Upper Cretaceous and Cenozoic.
Two main intervals are proposed based on the comparative strati-
graphic framework: Santoanian-Maastrichtian and Oligocene-
Recent.

The sill intrusions characterized by high amplitude reflectors
with limited extension and abrupt terminations were identified
below the volcanic structures. The adjacent regions of the vol-
canoes showed sequence intervals that are characterized by strong
and discontinuous reflections with local chaotic configurations,
which were interpreted as volcaniclastic sequences that formed
around the extrusion centre because of interbedded magma flows,
pyroclastic flows, and/or sediments.

The vent complexes have crater and eye-shaped geometries and
are probably related to intrusions that caused highly pressurized
and heated gases and fluids to ascend through the sedimentary
column.

Considering the seismic coverage applied in this study, a large
number of important volcanic structures were observed on the
central and northeastern borders of the plateau. The results
corroborate previous propositions that the concentration of
magmatic structures was caused by a thermal anomaly, over which
the hyper-extended continental crust of the Pernambuco Plateau
drifted westward due to the opening of the South Atlantic. In
complement, an oblique alignment of highly magnetic anomalies
observed in the processed total magnetic anomaly map, are asso-
ciated with magmatic processes, and trend NW-SE is argued to be
evidence of the action of a hot spot track in this region.

The findings presented here enhance the understanding of the
evolution of the Pernambuco Basin and knowledge of the opening
of the South Atlantic in this region. The information provided by
this study is critical to better understand the role of volcanic
structures in the petroleum system of the Pernambuco Basin,
including their potentially negative or positive influences on local
and regional scales. Overall, these features can be incorporated into
exploration processes as examples for sedimentary basins with
similar characteristics.
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Abstract

The Pernambuco Basin represent one of the most prominent frontiers for deep water oil
and gas exploration off the Brazilian margin. This study aims to identify and describe
the occurrence of carbonate buildups in the offshore regions of the basin. The study was
based on the analysis of a set of 143 2D time-migrated seismic sections that cover the
offshore region of the Pernambuco Basin. The interpretation of the seismic dataset
allowed us to define the main seismic sequences related to the main regional pulses of
deposition and to identify three main groups of carbonate buildups: 1) shelf margin
reefs, 2) patch reefs, and 3) isolated carbonate platforms. The carbonate formed in two
main intervals in post-rift sequences, the Santonian-Maastrichtian and the Palaeocene-
Middle Miocene, which extend the known periods of carbonate deposit formation in the
basin. The formation of carbonate buildups and carbonate platforms was controlled by
the tectonic evolution of the Pernambuco Plateau, which created a series of
palaeotopographic highs that enabled the establishment of oceanographically and
climatically favourable conditions for carbonate formation and deposition. These
findings are very important for understanding the evolution of the basin and for future

evaluations of its petroleum potential.

Key words - Carbonate Buildup, Pernambuco Basin, Brazilian margin, Seismic
Stratigraphy

1. Introduction
The development of a carbonate platform is dictated by many factors, including

a combination of tectonics, eustasy, basinal physiography, oceanography and climatic
conditions (Fulthorpe and Schlanger 1989; Sun and Esteban 1994; Wilson 2002;



Bachtel et al. 2003). These factors contribute to a variety of types of carbonate buildups,
from isolated platforms to rimmed shelf systems, as well as a full spectrum of variations
in between (Pomar 2001). The methodologies applied to the identification of these
structures in seismic data have seen great advancements bolstered by interest by the
petroleum industry (Saller et al. 2004; Melville et al. 2004). The discovery of oil fields
associated with carbonate platforms has driven efforts in academic research mainly
regarding ancient and recent examples of carbonate platforms in rift marginal basins
(Sarg 1988; Kuznetsov 1997; Zampetti et al. 2004, Burgess et al. 2012).

The Pernambuco Basin forms part of the eastern portion of the Brazilian
continental platform. This marginal region is formed in the eastern border of the
Borborema tectonic province (Almeida et al. 1981; Santos et al. 2010) (Fig. 1). The
region is claimed to be the last continental link between South America and Africa
before the final breakup and formation of the South Atlantic Ocean (Fainstein and
Milliman 1979; Rand and Mabesoone 1992; Mabesoone and Alheiros 1993; Lima Filho
1998; Matos 1999; Nascimento 2003). The Pernambuco Basin presents a region of
hyper-extended continental crust, forming a region called the Pernambuco Plateau
(Fainstein and Milliman 1979; Gomes et al. 2000; Oliveira 2013; Magalhdes et al.
2014), which represents one of the most prominent frontiers for deep water exploration
off the Brazilian coast (MME-EPE, 2012). The geology of the Pernambuco Basin in
offshore domains is unknown due to the lack of stratigraphic wells. The main tectono-
stratigraphic characteristics of the plateau region are based on the interpretation of
seismic data and geophysical surveys (Cordoba et al. 2007; Magalhées et al. 2014;
Buarque et al. 2016). The inferred model for the basin suggests that the rift deposits are
Aptian-Albian in age and are related to two rift phases (Maia et al. 2012; Buarque et al.
2016). The plateau basin also carries a salt layer that has produced halokinetic features,
such as diapirs and salt domes (Cdrdoba et al. 2007; Buarque et al. 2016). Although
carbonate rocks have been found in onshore region of the Pernambuco Basin in
outcrops and stratigraphic boreholes (Lima and Pedrdo 1989; Lima Filho 1998; Cordoba
et al. 2007; Barbosa et al. 2008; Maia et al. 2012), the occurrence of carbonate deposits
has never been studied in the offshore domain of the Pernambuco Basin.

This paper aims to identify and describe a series of structures that we identified
as large carbonate platforms and buildups. The objectives were to verify the occurrence
of carbonate structures, mainly based on morphology; suggest a classification; and

determine their possible age based on stratigraphic inferences. The methodological



approach was mainly based on the analysis of 2D seismic reflection data covering the
plateau region. The results allowed us to create a map with the main occurrences of
buildups and classify the occurrences in 03 types of morphologies as well as to infer the
age of their formation. The data presented here are useful for the understanding of the
evolution and stratigraphy of the last bridge between South America and Africa during
the Pangea breakup. It is also important for future exploration projects in the basin, once
carbonate buildups can represent important oil and gas fields (Kusumastuti et al.
2002;Saller et al. 2004; Burgess et al. 2013; Kosa et al. 2015).

2. Geological Setting

The Pernambuco Basin is located in the eastern part of the Borborema Province,
which represents the northeastern portion of the South American Platform (Almeida et
al. 1981; Van Schmus et al. 2008; Santos et al. 2010; Araujo et al. 2013), in
northeastern Brazil (Fig. 1). The Borborema Province is regarded as a structural
province that consists of a complex collage of continental masses (Almeida et al. 1981,
Santos et al. 2010), and its evolution involved a series of Precambrian orogenic events
(Santos et al. 2010; Neves et al. 2012) and late rifting stages that culminated in
continental breakup during the Cretaceous (Chang et al. 1992; Matos 1999).

The Pernambuco Basin is separated from the Alagoas Basin to the south by the
Maragogi-Barreiros High and from the Paraiba Basin to the north by the Pernambuco
Shear Zone (Figs.1 and 2) and is linked to the Southern Domain (SD) (Fig. 1).This
basin exhibits a narrow coastal zone that was implanted over a narrow graben, which
formed an interior basin, in the continental platform (Fig. 2) (Maia 2012; Barbosa et al.
2014; Buarque et al. 2016). The platform break is marked by an outer hinge that runs
parallel to the coast line and comprises the Maracatu High. The distal offshore region of
the Pernambuco Basin developed over a large region of hyper-extended continental
crust (Magalhdes et al. 2014), which formed the Pernambuco Plateau (Fainstein and
Milliman 1979; Gomes 2000; Oliveira 2013), and extends to isobaths of approximately
3000 m (Figs. 1 and 2). The Pernambuco Plateau comprises at least four main basement
lows and a central outer high, that is, the Gaibu High, which trends E-W (Figs. 2 and 3).
Another important outer high, which trends NW-SE, is located on the northeastern
border of the plateau, the Itamaraca High (Fig. 3). The main sets of structures that

controlled the Pernambuco Basin evolution are ductile Precambrian shear zones that



trend mostly NE-SW and E-W, which were reactivated as strike-slip and normal faults
during the rifting process. The second main group of structures are oblique transfer
faults that trend NW-SE (Pol6nia 1997; Lima Filho 1998). Additionally, normal faults
that trend N-S, WNW-ESE and NNW-SSE formed as the basin opened (Figs. 1 and 2).
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Figure 1 - Location of the Pernambuco Basin (PEB) in the eastern border of Borborema
Province (BP). The compartmentation of the PEB is directly linked to the Southern
Domain (SD) of the BP. The basin is bounded by the Pernambuco Shear Zone and by
the Maragogi-Barreiros structural high. The pink, light-green, orange, blue and dark-
green areas represent the coastal zones of the Alagoas, Pernambuco, Paraiba, Natal
Platform and Potiguar Basins, respectively. The offshore domain of each basin is
depicted by hatched zones. The positions of the COB and fracture zones are from



Magalhées et al. (2014). The thin yellow line polygon marks the location of the 2D
seismic surveys (study area).

The sedimentary succession in the coastal zone is mainly represented by
siliciclastic formations of Aptian—Albian age, carbonates of Cenomanian—Turonian age
and siliciclastic Neogene deposits (Rand and Mabesoone 1982; Lima Filho 1998; Maia
2012; Barbosa et al. 2014). The interpretation of seismic and potential field data has
provided evidence of a significant sedimentary column in the plateau region, which
possibly reaches up to 6 km in thickness, over the main depocentres of the Pernambuco
Plateau (Oliveira 2013; Magalhdes et al. 2014). The coastal zone of the Pernambuco
Basin records a magmatic event that occurred during the Albian and generated a series
of volcanic rocks, forming the Ipojuca Magmatic Suite (Sial et al. 1988; Lima Filho
1998; Nascimento 2003). The age of the main pulse of this magmatic event is 102-103
my by Rb-Sr isochrons and Ar**/Ar*zircon fission tracks (Long et al. 1986; Nascimento
2003). Buarque et al. (2016) proposed that this magmatic event continued in the plateau
region, forming extrusive and intrusive structures during the post-rift period. Seismic
interpretations have also demonstrated the presence of a salt layer covering the centre of
the Pernambuco Plateau (Buarque et al. 2016), which is probably Aptian in age.

The Pernambuco Basin can be divided into three main structural domains (Maia

2012; Oliveira 2013; Barbosa et al. 2014):

(1) The inner basin, forming a narrow rift that is parallel to the opening of the South
Atlantic. It comprises two different depocentres separated by the Cabo de Santo
Agostinho High (Figs. 2). In the coastal zone, this structural high is associated
with volcanic rocks intruded into the sedimentary cover and one occurrence of
an alkali feldspar granite, known as the Cabo de Santo Agostinho Granite.

(2) The Maracatu High, which forms an elongated outer hinge, trends almost N-S,
and lies parallel to the coastline (Figs. 2 and 3). This outer hinge, formed by the
continental platform, separates the interior basin from the offshore domains.

(3) The Pernambuco Plateau, which formed over the hyper-extended continental
crust and extends to isobaths of approximately 3000 m (Fainstein and Milliman
1979; Gomes et al. 2000; Oliveira 2013; Magalhaes et al. 2014) (Figs. 1, 2). The
plateau comprises at least four main basement lows and a major outer high,
which trends E-W and is located in its centre, called the Gaibu High. Previous

geophysical studies have suggested that this structure was strongly influenced by



both intrusive and extrusive magmatism (Figs. 2 and 3) (Oliveira 2013;

Magalhaes et al. 2014).
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Figure 2 - Tectonic compartimentation of Pernambuco Basin (modified from Buarque et
al. 2016). Three mains domains are distinguished: 1) the inner basin; 2) the platform
domain, formed by the Maracatu High; and 3) the plateau basin.

3. Material and Methods

This study is mainly based on the analysis of 143 time-migrated 2D seismic
sections obtained from the national Repository of Exploration and Production (BDEP),
kept by the Brazilian National Agency of Petroleum, Natural Gas and Biofuels (ANP).
The set of seismic sections covers almost the entire Pernambuco Plateau. The surveys

represent a set of different generations of data with different qualities and imaging



depths, which needed to be integrated to allow for the interpretation of regional features
as well as the basement contour and main seismic sequences. After the interpretation of
the main seismic sequences, a set of 59 seismic lines were selected. This selected set
presents the best imaging quality, with a total length of 4340 km (Fig. 3). The selected
seismic sections were used to perform a detailed interpretation of the carbonate buildups
in the region (Fig. 3) (Burgess et al. 2013). The selected set of 2D seismic sections has
imaging depths that vary from 8—12 seconds two-way time (TWT) and covers an area of
the offshore region of approximately 13.915 km? (Fig. 3). Post-processing procedures,
mainly consisting of frequency filters, were applied to reduce problems related to noisy
signal. The approach suggested by Rohrman (2007) based on the use of high frequency
filters helped to distinguish the carbonate buildups from volcanic structures (Buarque et
al. 2016), which are abundant in the Pernambuco Plateau. All of the volumes were
normalized to represent the peak of the wavelets as the normal polarity.

The interpretation of the seismic sequences, and possible ages, was based on the
stratigraphic relations recorded in the onshore region of the Pernambuco Basin (Lima
Filho 1998; Maia et al. 2012; Barbosa et al. 2014) and on the well-studied offshore
record of the Alagoas Basin (Campos Neto 2007). This interpretation was tentative;
there are no boreholes in the offshore Pernambuco Basin.

The interpretation of the carbonate structures was based mainly on a systematic
description, which was based on the morphology and stratigraphic relation of these
structures with the underlying and overlying strata (Saller et al. 2004; Burgess 2013;).
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Figure 3 - Map of the seismic basement contours based on the interpretation of 143
time-migrated 2D seismic sections (depth in time). The main topographic highs and
depocentres are shown. The locations of the 59 selected seismic sections are shown;
they were selected to best describe the carbonate buildups (black zones). The dotted
black lines mark the extension of Precambrian shear zones towards the platforms.
Isobaths at 200 m, 2000 m, 3000 m and 4000 m are shown. Structures in the continent:
thin black lines - lineaments, thin red lines - shear zones, and thin pink lines - faults in
the onshore region of the marginal basins.

4. Results

4.1 Seismic Stratigraphy

Five main seismic sequences are defined: Sq.1 - rift phase 1 (Barremian-Aptian)
and rift phase 2 (Albian), Sg.2 - Cretaceous post-rift (Cenomanian-Santonian), Sq.3 -



(Campanian-Maastrichtian), Sq.4 - Lower Cenozoic post-rift (Paleocene-Middle
Miocene), and Sq.5 - Upper Cenozoic post-rift (Upper Miocene-Recent) (Figs. 1 and 4).
The ages of the seismic sequences are based on available data from the onshore part of
the basin and from comparisons with available data from the offshore region of the
neighbouring Alagoas Basin (Figs. 2 and 3).

The deposits of Sqg.1 were tilted by the syn-rift faults and have synthetic and
antithetic orientations (Fig. 4). The rift sequence is generally represented by
discontinuous reflections with low amplitudes and low frequency, disrupted by a large
number of faults. In some regions, preserved blocks show locally parallel
configurations, and in some sections, it is possible to identify the intra-rift unconformity
from the top of the first rift phase. An increase in the continuity and frequency of the
reflectors can be noted near to the top of the Sq.1 rift sequence, which possibly indicates
the beginning of the sag phase deposits (Figs. 4 and 7). The occurrence of two rift
phases was previously discussed by Maia et al. (2012) and Barbosa et al. (2014) based
on evidence found in outcrops and seismic data in the onshore region of Pernambuco
Basin.

The first Cretaceous post-rift seismic sequence (Sg.2) possibly contains
sedimentary deposits of the Albian-Santonian interval. The base of this sequence shows
evidence of the most significant flooding pulse in the basin, which is represented in the
onshore region by the Estiva Formation (Lima Filho 1998). This pulse is probably
related to the eustatic maximum that occurred during the Cenomanian-Turonian
interval, which marked a stage of deep circulation of oceanic water across the Atlantic
Ocean (Pletsch et al. 2001). The Sq.2 seismic sequence is characterized by continuous
internal reflections with medium and low amplitudes and frequencies. These reflections
are typically parallel in the proximal region of the basin, transitioning to a free internal
configuration with incipient parallel reflections in the distal regions of the plateau (Fig.
4).

The second Cretaceous post-rift seismic sequence (Sq.3) is probably represented
by sedimentary deposits of the Santonian-Maastrichtian interval. In the neighbouring
Alagoas Basin, this sequence is related to a transgressive event, with its
maximumoccurring during the Turonian with the deposition of a carbonate ramp
(Koutsoukos 1989; Campos Neto et al. 2007) and a regressive event in the end of the
Coniacian (Campos Neto et al. 2007) (Figs. 4 and 7). Within this sequence, we found

that the main carbonate buildups occur in the platform region and in palaeotopographic



highs in the Pernambuco Plateau. Over the platform and in the proximal region of the
plateau, the seismic sequence is characterized by continuous internal reflections with
high amplitudes and a low frequency. In the distal region of the plateau, the sequence
transitions to a free and chaotic reflections.

The Lower Cenozoic post-rift seismic sequence (Sq.4) comprises deposits of the
Paleocene-Middle Miocene interval. In the neighbouring Alagoas Basin, this sequence
Is mainly related to a regressive event (Campos Neto et al. 2007). Evidence of this
regressive cycle is well recorded in the dipping seismic sections observed herein in the
offshore region of Pernambuco Basin. We assert that this process mainly affects the
platform depositional systems and is dominated by shallow processes, where the
progradation of clinoforms can be clearly identified (Figs. 4 and 7). In the north portion
of the plateau, this depositional event is limited by an unconformity that apparently
represents a strong erosive event across the basin. This seismic sequence is
characterized by a low continuity of internal reflections, a low frequency, and
amplitudes ranging from low to medium. In the proximal region of the platform, it is
mainly marked by prograding clinoforms and a parallel configuration of internal
reflections, passing to an incipient parallel and free internal reflections in distal regions.

The Upper Cenozoic post-rift seismic sequence (Sq.5) comprises deposits
ranging from the Middle Miocene to recent times (Figs. 4 and 7). This depositional
sequence is well studied in neighbouring basins, including the Alagoas and Potiguar
basins (Feij6 1994; Campos Neto et al. 2007). Over the platform and in the proximal
region of the plateau, this sequence is characterized by reflections with good continuity,
high amplitudes and low frequency. In the distal region, the sequence is mainly

characterized by free to chaotic reflections.
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Figure 4 - Definition of the seismic stratigraphic sequences and main unconformities
observed in the seismic surveys of the Pernambuco Basin. The ages of the sequences are
indirectly estimated on available data from the onshore region of the Pernambuco Basin
and the offshore region of the Alagoas basin.

4.2 Carbonate buildups

Three types of carbonate buildups have been identified in this study with regard
to their position in the offshore portion of the basin (Pomar 2001; Kusumastuti et al.
2002; Rosleff-Soerensen et al. 2012): shelf margin reefs, patch reefs and isolated
platforms (Figs. 5 to 7). The locations and estimated diameters of the platforms are
indicated by the black polygons in Fig. 3. Large carbonate buildups were identified
based on a few key elements, such as geometry, reflectivity signals and cross-cutting
relationships (Saller et al. 2004; Burgess et al. 2013). The identified buildups are in
post-rift sequences and are observed to be positioned within an interval ranging from
0.2 to 2.63 s (TWT). Some seismic reflection aspects are observed in the carbonate
buildups, such as continuous high-amplitude capping reflections and onlap termination

over their flanks (Figs. 5 and 6).
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Figure 5 - Carbonate structures (blue area) observed in seismic sections (interpreted and
non-interpreted) of the PEB. Locations of the structures are shown in Figure 3. A) Large
isolated carbonate platform exhibiting prograding clinoforms over the Gaibu High. B)
Patch reef located over the Maracatu High. C) Shelf margin reef in the border of the
Maracatu High showing depositional wings. D) Small isolated carbonate platform.

Shelf margin reefs are found at the margins of the Maracatu High, parallel to the
coastline (Figs. 3 and 5C). These reefs present widths ranging from 1.3 to 4.7 km,
lengths ranging from 1.2 to 13 km, and heights ranging from 0.2 to 0.39 s. It is
important to highlight that the quantification of the morphologic parameters is related to
the intersection of the seismic surveys on the carbonate structures, and because of the
spacing between the surveys, misinterpretation about the continuity of these structures
may interfere with the measurement. The length of the margin reef system is probably
larger than what was observed, but because of the spacing between the seismic surveys
this issue cannot be confirmed.

The shelf margin reefs display medium-amplitude, continuous to sub-
continuous, mounded reflections at their tops and low-amplitude internal reflections
(Fig. 5C). The identification of onlap termination on the shelf margin reefs is

complicated by the presence of interfingering between the marginal carbonate deposits



with surrounding sediments (probably siliciclastics), producing what is known as

depositional wings or stringers (Burgess et al. 2013; Kosa et al. 2015).
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Figure 6 - Interpreted seismic survey (interpreted and non-interpreted) showing an
isolated carbonate platform (CBU) in the PEP. It is possible to observe the geometry
formed below the structure, caused by the velocity pull-up. This buildup is not located
over a palaeotopographic high formed by a basement ridge.

Over the Maracatu High and behind the reef barriers in the shelf margin, 2 large
carbonate buildups were found, interpreted here as patch reefs - forming a back-reef
zone (Fig. 3 and 5B). They present length ranges from 4 to 9.5 km and width ranges
from 4.3 to 5.7 km, with a mean height of 0.23 s. The patch reefs display continuous
and high-amplitude seismic reflection at its flat tops and continuous to semi-continuous,

medium- to high-amplitude seismic reflections in the interior of the structures. Some



small patch reefs are indicated only by high-amplitude reflection with a convex-upward
shape and disrupted to chaotic reflection in its interior (Fig. 5B).

The third carbonate buildup type is the isolated platforms found in the plateau
regions (Figs. 3, 5A and 5D, and Figure 6). These large platforms were built over
structural highs and paleo-topographic highs (outer highs, salt diapirs, and magmatic
structures). During the evolution of the Pernambuco Plateau, the topographic conditions
and sea-level variations probably enabled the production and deposition of carbonate
deposits (Figs. 5A and 6). A total of four isolated carbonate platforms were studied, and
they present lengths ranging from 4 to 26 km, widths ranging from 3.5 to 25 km and
heights ranging from 0.34 to 0.62 s. The isolated platforms exhibit continuous and high-
amplitude seismic reflection at their flat tops and mainly continuous to semi-continuous,
medium- to high-amplitude, and, in some cases, chaotic or free seismic reflections in
their interior. Another important aspect is the upward deflection of the seismic reflector
of the base of the buildup, along with underlying reflectors, below the centre of some
carbonate platforms, as a result of the pull-up effect caused by an increase in seismic

velocity due to the higher density associated with carbonate rocks
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Figure 7 - Schematic geological section across the offshore domains of PEB, based on
the interpretation of 2D seismic sections, showing the main interpreted seismic
sequences and the stratigraphic position and morphology of the main types of carbonate
buildups. The stratigraphic sequences are detailed in Figure 4.

In regions with better coverage of seismic surveys, with closer crossing seismic
sections, it was possible to produce the interpolation of the 2D interpreted horizon
related to the top of the isolated carbonate platforms. This allowed us to create a contour
map of the top surface, which revealed that these structures possess an elongated



morphology with a flat top due to the end of the carbonate buildup growth (Burgess et
al. 2013; Kosa et al. 2015). (Fig. 8).
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Figure 8 - Contour map of the top of the isolated carbonate buildup shown in Figure 6.
It exhibits an elongated morphology and a flat top, which differ from other types of
structures common in the basin, such as volcanoes.

5. Discussion

Despite the fact that carbonate rocks have been found in two stratigraphic
boreholes drilled in the coastal zone of the Pernambuco Basin, related to the
Cenomanian-Turonian marls and sandy limestones of Estiva Formation, outcrops of
carbonate deposits are scarce in its onshore regions. Thus, the identification of
carbonate buildups provided here represents the first systematic description of carbonate
structures for the offshore domains of this basin.

The age claimed here for the carbonate buildups is younger than the age
observed for the onshore record, which indicates favourable conditions for carbonate
depositions prevailing until the uppermost Cretaceous and Early Paleogene (Figs. 5, 6
and 7). The lack of Cretaceous post-Turonian and Paleogene deposits in the onshore
region of basin is probably a result of tectonic uplift and extensive erosion (Lima Filho

1998), which likely removed the record of these carbonate deposits from the proximal



part of the basin. Considering the extrapolation of the chronostratigraphy on which our
interpretation is based, it is possible to infer that the age of the described carbonate
buildups and isolated platforms can be assigned to two main periods/seismic sequences:
Sg. 3 Campanian-Maastrichtian and Sq. 4 Paleocene-Middle Miocene (Figs. 5, 6 and 7).

Markedly, the ages interpreted here show a correlation with the age of carbonate
deposits found in seamounts (Pernambuco Seamounts) located in the oceanic basin to
the north of the Pernambuco Plateau (Skolotnev et al. 2012). These authors investigated
microfossils found in carbonate rocks dredged from seamounts, the tops of which are
~2400 m below the relative sea level. They defined the carbonate rocks capping the
seamounts as forming during the Campanian-Maastrichtian and the Turonian-Santonian.
As observed for the now submerged seamounts, topographic highs formed within the
plateau region reached oceanographic and climatic conditions that enabled expressive
carbonate deposition. The inferred age of the carbonate buildups in the offshore
Pernambuco Basin suggest that this phase of carbonate deposition occurred during the
post-rift period. Certainly, the tectonic setting generated by Pernambuco Plateau
formation represented an important condition for the formation of these structures.
Notably, the major isolated carbonate platforms developed over outer topographic
highs, such as the Maracatu High and the Gaibu High (Magalhaes et al. 2014) (Fig. 3).

This finding represents an important discovery regarding the perspective of
future exploratory projects. Carbonate buildups and platforms located over basement
highs can represent important oil and gas reservoirs due to the effect of focusing
migration paths around the highs. Carbonates deposited over outer highs in the pre-salt
interval represent a very important prospect in the Santos Basin, in the southeastern
margin of Brazil. This type of petroleum play corresponds to some of the most
prominent discoveries in the region (So Paulo Plateau - Southeast Brazil) (Gomes et al.
2011).

This investigation suggests that the process of development of carbonate
platforms in the offshore of the Pernambuco Basin was directly controlled by the
formation of the Plateau, which once it led to the creation of topographic highs that
created local conditions for carbonate deposition. The same processes is not present for
the neighbouring Alagoas Basin, for which the Campanian-Maastrichtian and Paleogene
sequences are mainly dominated by siliciclastics rocks (Campos Neto et al. 2007).

However, the importance of sea level variations in the development of the isolated



carbonate platforms within the Pernambuco Plateau needs to be constrained by future

investigations.

6. Conclusions

Basic interpretation methods and post-processing procedures, including band
pass frequency filtering, were applied to a set of 143 multichannel seismic sections that
cover a large part of the offshore domain of the Pernambuco Basin in northeastern
Brazil. The investigation successfully identified and described three types of carbonate
buildups in the basin: 1) shelf margin reefs, developed along the border of the
Pernambuco Basin outer hinge, the Maracatu High; 2) patch reefs that formed over the
Maracatu High along the continental platform behind the shelf margin reefs; and 3)
isolated carbonate platforms developed in the Pernambuco Plateau regions, associated
with palaeotopographic highs formed by outer basement highs, salt diapirs and probably
magmatic structures.

The carbonate buildups described in this investigation were formed within post-
rift sequences. Considering the inferred ages for the seismic sequences, the carbonate
buildups are constrained within two main intervals: Campanian- Maastrichtian and
Paleogene-Middle Miocene. The formation of carbonate buildups in the Pernambuco
Plateau domains was controlled by the formation of the plateau, which possibly created
local conditions for expressive carbonate deposition during post-rift periods.

The findings presented here provide important contributions to understanding
the evolution of the Pernambuco Basin and knowledge about the opening of the South
Atlantic in this region. Moreover, the information provided by this study is critical to
the evaluation of the petroliferous potential of the Pernambuco Basin. The configuration
of carbonate buildups and platforms formed over outer highs within the Pernambuco
Plateau has impressive similarities with known large oil reservoirs formed in the pre-
salt interval in the Santos Basin, Sdo Paulo Plateau, in the southeastern Brazilian

margin.
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CAPITULO 3 DISCUSSAO A RESPEITO DA DISTINCAO ENTRE AS ESTRUTURAS
VULCANICAS E SEDIMENTARES

Neste capitulo é realizada uma sintese dos resultados referentes aos capitulos
anteriores em relacdo a metodologia utilizada pela pesquisa, com base na interpretacdo
sismica e na utilizacdo dos dados magnéticos e gravimétricos para a distincdo das estruturas
vulcénicas e os buildups carbonaticos. Devido a similaridade de aspectos morfologicos entre
estruturas montiformes, por exemplo, que podem representar tanto estruturas vulcanicas
quanto buildups carbonaticos, especial énfase foi dada ao auxilio dos perfis geofisicos 2D na

interpretagéo realizada.

3.1 Resultados do estudo das estruturas vulcanicas pos-rifte da Bacia de Pernambuco

A analise detalhada dos dados sismicos revelou a abundéncia de estruturas extrusivas e
intrusivas que afetaram as rochas sedimentares do Cretaceo Superior e Cenozdico na regido
do Platd de Pernambuco (vide Capitulo 2). Os edificios vulcanicos apresentam magnitude e
morfologia diferentes, com diametros variando de 450 m a 12 km e alturas variando de 0,03 a
0,6 s (TWT), e foram classificados em dois diferentes grupos: vulc@es do tipo escudo (shield
volcanoes) e vulcbes de edificio conico, tanto de origem monogenética quanto de origem
composta.

A pesquisa sugere que as rochas vulcanicas da regido costeira da bacia, que datam do
Albiano Superior, e as rochas vulcanicas da regido do platd, foram principalmente geradas
pela acdo diacrdnica de um hotspot. A atividade do hotspot Santa Helena teria formado um
alinhamento de areas com alta concentracdo de intrusfes na direcdo NW-SE, enquanto a placa
Sul Americana se movia de forma rotacional em diregdo oeste. Apesar da quantidade e
qualidade dos dados sismicos usados neste trabalho terem sido insuficientes para analisar de
forma mais detalhada a relacdo entre os processos do rifteamento e do vulcanismo presentes
na regido do platd, pdde-se observar a presenca de vulcoes e soleiras sobre falhas do rifte e
portanto pode-se afirmar que ha indicios que as falhas relacionadas ao rifteamento da bacia
teriam atuado como condutos para 0 magma que ascendeu através do pacote sedimentar.

Foram observados dois principais intervalos com a presenca de corpos vulcanicos, que
considerando a extrapolacdo cronoestratigrafica, pertencem ao Santoniano - Maastriquitiano e
ao Oligoceno - recente. Também foi observado que existem duas areas de maior influéncia

magmatica na regido do platd: a regido na borda nordeste e a da regido central do plato,
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referentes ao Alto de Itamaracd e ao Alto de Gaibu, respectivamente (Fig. 14). Ambas as
estruturas representam altos externos do embasamento do plat6 e suas origens ainda carecem
de mais estudo. E possivel que esses altos estejam associados com processos de domamento
magmatico ou representem simplesmente heterogeneidades crustais que permaneceram

topograficamente elevadas durante o processo de estiramento crustal (Magalh&es et al., 2014).

3.2 Identificacdo dos Buildups carbonéticos do estagio pds-rifte da Bacia de Pernambuco

Durante a andlise dos dados sismicos, observou-se a ocorréncia de estruturas que
apresentam aspectos morfoldgicos semelhantes aos edificios vulcanicos. Porém, a utilizacéo
de critérios adotados pela pesquisa (Vide topico 3.3) permitiu a identificacdo dessas estruturas
como sendo construcdes carbonaticas - plataformas isoladas e buildups recifais.

Trés tipos de buildups carbonaticos, todos desenvolvidos no estagio pos-rifte, foram
identificados com base em sua morfologia e local de formacdo na porcéo offshore da bacia
(Figs. 14 e 15): 1) recifes de margem de plataforma (shelf margin reefs), que se localizam na
borda leste do Alto do Maracatu e apresentam comprimento variando de 1,2 km a 13 km e
altura variando de 0,2 a 0,39 s (TWT); 2) patch reefs que se desenvolveram na porcao mais
proximal em relacdo aos recifes de margem de plataformas, também em cima do Alto do
Maracatu e possuem comprimento variando de 4 a 9,5 km e altura média de 0,23 s (TWT); e
3), plataformas carbonaticas isoladas localizadas na regido do platd, que apresentam
comprimento variando de 4 a 26 km. As estruturas carbonéticas, assim como as estruturas
vulcanicas, ficaram concentradas em duas sequéncias deposicionais, cujas idades inferidas
sdo: Campaniano-Maastriquitiano e Paleoceno-Mioceno Médio. Estas idades se mostram
semelhantes as idades encontradas por Skolotnev et al. (2012) para carbonatos desenvolvidos
sobre montes submarinos, cujos topos encontram-se atualmente em profundidade de
aproximadamente 2400 m abaixo do nivel do mar, ao norte do Platd de Pernambuco. A
datacdo dessas rochas, dragadas a partir de cruzeiros cientificos, com base no estudo de
microfosseis, indicaram idade Campaniana-Maastriquitiana e Turoniana-Santoniana. Isto
indica que da mesma forma que os montes submarinos, que formavam altos topograficos, 0s
altos externos na regido do Platd de Pernambuco também alcancaram condicdes climaticas e

oceanograficas que permitiram a formacéo de depositos carbonaticos.
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Figura 14 - Mapa do embasamento sismico da regido offshore da Bacia de Pernambuco, com
a localizacdo das segOes sismicas selecionadas para esta pesquisa, e a localizacdo das

principais estruturas carbonaticas e vulcanicas interpretadas neste trabalho.
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Figura 15 - Sessdo geoldgica da regido offshore da Bacia de Pernambuco, baseada na
interpretacdo de dados sismicos 2D, mostrando as principais sequéncias sismicas, posi¢des
estratigraficas e morfologia dos principais tipos de buildups carbonaticos. As sequéncias
estratigraficas sdo baseadas no artigo do tépico 2.2 deste trabalho.

3.3 Metodologia aplicada para a distin¢do entre edificios vulcanicos e buildups carbonéaticos

E importante destacar que em algumas bacias sedimentares a distingdo entre buildups
carbonéticos e outras estruturas, quando a pesquisa exploratdria dispde apenas de dados
indiretos, representa uma tarefa desafiadora. Isto se deve as semelhangas morfoldgicas que
frequentemente se apresentam entre essas construcdes e outras estruturas, por exemplo,
corpos de rochas vulcanicas (Burgess et al., 2013; Posamentier et al., 2014).

Uma das primeiras abordagens a serem feitas para a identificacdo de determinadas
estruturas cuja génese espera-se estar ligada a deposi¢do carbonatica, em areas com limitacéo
de dados, é verificar se a regido apresentou fatores favoraveis a formacdo de sedimentos
carbonéticos durante sua evolucdo. Apesar da existéncia de producdo carbondtica em altas
latitudes, com pouca luminosidade e &gua com baixas temperaturas (Rao, 1981; James, 1997;
Roberts et al., 2006), essas regides ndo permitem, normalmente, o desenvolvimento de
grandes plataformas carbonaticas isoladas e buildups (Schlager, 2005). Ao passo que regies
de baixas latitudes, com aguas quentes e alta luminosidade (James & Kendall, 1992; Pomar,
2001), oferecem condigdes para ampla formacdo e acimulo de carbonatos. Também é sabido
que durante periodos transgressivos e de nivel de mar alto, devido a inundacdo dos altos
topogréaficos e a reducdo do aporte de siliciclastos, ocorre o favorecimento da formacdo de
carbonatos (Catuneanu, 2006; Nalin et al.,, 2010). Do mesmo modo, certos intervalos

geoldgicos, por exemplo o Devoniano e o Mioceno, representam periodos favoraveis a
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proliferacdo da fabrica carbonatica, devido a aspectos oceanograficos e bioldgicos que
predominaram em ambientes plataformais rasos desses intervalos do tempo geoldgico (Tucker
& Wright, 1990; Greenlee & Lehmann, 1993; Kiessling et al., 1999). Apesar da Bacia de
Pernambuco apresentar fatores favoraveis a formacdo de depdsitos carbonéticos, como a
paleogeografia, estes ndo auxiliam a distinguir de forma efetiva as estruturas carbonéticas,
devido a falta de dados diretos. A abundéncia de estruturas vulcanicas sempre impde a
possibilidade de erro, induzido pela identificacdo baseada apenas na morfologia.

Embora as caracteristicas sismicas das constru¢es carbonaticas sejam bastante
variadas (Eberli et al., 2004), ocorrem aspectos comuns que podem auxiliar em sua
identificacdo. Por exemplo, a litificacdo precoce e desenvolvimento de depdsitos dominados
por granulometria maior nos estratos que formam os flancos de plataformas isoladas (Pomar,
2001; Burgess et al., 2013) e que permitem uma elevada inclinacao destes.

Praticamente todas as estruturas carbonaticas na area de estudo apresentam reflexdes
sismicas associadas ao topo da estrutura com forte amplitude, possivelmente devido ao forte
contraste de impedancia acustica entre as rochas carbonaticas e as rochas capeadoras, que
possivelmente representam folhelhos marinhos. Burgess et al. (2013) propuseram que a
presenca de hidrocarbonetos em estruturas carbonaticas e a presenca de rochas com alta
porosidade, podem fazer com que a forte amplitude normalmente associada ao delineamento
do topo dessas feicBes ndo esteja presente. Ainda, outros critérios ajudam a distinguir os
edificios carbonaticos de outras estruturas, como dobras tardias, que sdo as terminacdes dos
refletores sismicos em forma de onlap nos flancos da estrutura carbonatica e a presenca de
feicBes do tipo "pull-ups”, que estdo relacionadas ao aumento das velocidades sismicas
associadas ao corpo de rochas carbonaticas. Além disso, podem ocorrer estruturas
denominadas de asas deposicionais (depositional wings), relacionadas a intercalacdo de
sedimentacdo carbonatica na margem da plataforma e sedimentacdo pelagica. Este processo
de intercalagdo pode impedir o desenvolvimento dos flancos com alta inclinacdo, mascarando
assim os onlaps ao longo dos flancos (Fig. 16). Estas feices ainda podem ser interpretadas
como rochas vulcanoclasticas associadas a formacdo de edificios vulcanicos (Burgess et al.,
2013). Acontece que embora recorrentes e de facil identificacdo, os parametros citados acima
também podem estar associados com estruturas vulcanicas e desta forma estes néo
representam parametros definitivos ou determinantes, na identificacdo de estruturas
carbonéticas.

Nesse contexto, de limitagdo de dados de subsuperficie, 0 emprego de metodologias

baseadas no tratamento de métodos geofisicos potenciais (sinal analitico da anomalia
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magnética e a primeira derivada da anomalia Bouguer) (Figs. 16 e 17), podem fornecer
importantes subsidios para a identificacdo das estruturas vulcénicas e de outros tipos de
estruturas sedimentares (buildups carbonaticos, domos, diapiros de sal, etc.). Espera-se que
rochas magmaticas, que compdem corpos intrusivos ou extrusivos, fornecam anomalia
magnética, podendo também haver anomalia gravimétrica positiva associada a eles. Ja a
auséncia de anomalia magnética é um indicativo de que a estrutura se trate de um corpo de
natureza sedimentar, ainda que anomalia gravimeétrica positiva possa estar associada a
presenca de rochas carbonaticas. Esta pesquisa utilizou com sucesso a modelagem de perfis
2D, tanto de dados gravimétricos quanto de dados magnéticos levantados sobre secGes
sismicas nas quais foram identificadas estruturas de interesse, como possiveis buildups
carbonaticos ou estruturas formadas por rochas igneas e piroclasticas (Figs. 16 e 17). No
entanto, € importante destacar que o fato dos dados terem sido levantados por navios, e de que
as estruturas interpretadas se localizam na parte mais superior da coluna sedimentar,
favoreceram a distingdo da assinatura magnética de corpos igneos rasos. A utilizacdo de
levantamentos aéreos, ou mesmo de satélite, apresentam maior dificuldade na identificacdo de
feicOes tdo pontuais, devido a influéncia regional de fontes magnéticas profundas e de maior
porte.

A anélise permitiu verificar que a maioria das estruturas carbonaticas esta associadas
aos altos estruturais encontrados no platd. Desta forma, a presenca de anomalias positivas
(gravimétricas e magnetométricas) nos dados geofisicos, ndo exclui a possibilidade da
natureza carbonatica, mas a falta dessas anomalias, localmente, aumenta de forma
significativa a probabilidade de a estrutura representar uma construcéo carbonatica.

Apesar da andlise ter sido realizada com dados sismicos regionais (resolucao sismica
menor), o fato de algumas estruturas delineadas apresentarem corpos alongados de topo
plano, representa mais um indicativo de que a feicdo possa se tratar de uma estrutura
carbonética (Fig. 18).

Alguns aspectos estratigraficos também devem ser considerados para que a
interpretacdo sismica possa adquirir maior robustez, como foi possivel realizar no presente
estudo em relacdo a interpretacdo de uma estrutura apresentada na Fig. 17. Neste caso,
observa-se a presenca de trés estruturas com formato cénico préximas entre elas, que foram
inicialmente interpretadas como paleovulcfes submarinos formados abaixo do nivel de acéo
das ondas, uma vez que o formato de cone dos edificios encontra-se preservado (Oreiro, 2006;
Posamentier et al. 2014). De acordo com o posicionamento estratigrafico de suas bases, é

possivel interpretar a ordem de desenvolvimento das estruturas separadamente. Neste caso, é
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possivel perceber que caso se tratassem de buildups carbonaticos, como por exemplo recifes
em forma de pinaculos (pinnacle reefs), para que houvesse a criagdo das estruturas mais
novas, o rebaixamento do nivel do mar teria implicado na erosdo do topo das estruturas mais
antigas. Além disso, associado com edificios vulcanicos hd a presenca de sismofacies
tipicamente relacionadas a formacdo de depositos vulcanoclasticos e a formacdo de soleiras,

como discutido por Buarque et al. (2016a).
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Figura 16 - Sessdo sismica mostrando um buildup carbonatico (CBU), uma camada de
evaporitos e rochas vulcanoclasticas na Bacia de Pernambuco. A modelagem de perfis
magnéticos e gravimétricos serviu de apoio a interpretacdo dos dados sismicos. Notar a
auséncia de anomalia magnética positiva relacionada a estrutura carbonética, como é o caso
observado para o corpo interpretado como depdsitos vulcanoclasticos. O topo do CBU
encontra-se modelado na Figura 18 e para localizacdo e detalhamento das sequéncias, vide
artigo do topico 2.2 deste trabalho.
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interpretacdo dos dados sismicos. B) Sessdo sismica mostrando uma serie de estruturas
magmaticas e depoésitos adjacentes interpretados como sequéncias vulcanoclasticas (VC).
Foram interpretadas soleiras (sills) e edificios vulcanicos (os nimeros 01, 02, 03 indicam a
ordem de formacdo das estruturas). Notar anomalia magnética positiva associada a sequéncia
vulcanoclasticas, as soleiras e edificios vulcanicos. Para localizacdo da secdo sismica e
detalhamento das sequéncias, vide artigo do tdpico 2.1 deste trabalho.
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Figura 18 - Modelagem do topo de um buildup carbonatico encontrado na Bacia de
Pernambuco. Para localizagdo da estrutura, vide artigo do tdpico 2.2 deste trabalho.
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3.4 Rochas evaporiticas e depositos de turbiditos na Bacia de Pernambuco

Durante a interpretacdo das secOes sismicas, também observou-se a presenca de
rochas evaporiticas e de algumas superficies erosionais sobre as quais possivelmente ocorreu
a formacdo de massas de depositos turbiditicos na regido do plat6. A interpretacdo dos dados
permitiu inferir a ocorréncia desses depositos e também verificar que estes podem gerar
alguma dificuldade de distingdo em relacdo a ocorréncia de depdsitos de origem
vulcanoclastica. Devido a morfologia dos complexos turbiditicos e dos fluxos piroclasticos
(empilhamento e morfologia de leques), e a caracteristica das sismofacies associadas a ambos
0s depositos, é possivel haver dificuldade na distingéo entre estes.

Apesar da limitacdo dos dados 2D ndo ter permitido um mapeamento detalhado das
sucessOes de depdsitos turbiditicos, observou-se que na regido norte do platd, ha véarios
complexos e estruturas montiformes, possivelmente associadas ao empilhamento de fluxos
tubiditicos, que ocorrem relacionados a uma superficie de discordancia importante. A
discordancia marca o topo da sequéncia Sg.2 (Buarque et al., 2016a), de possivel idade
Maastrichtiana. A sucessdo de depdsitos turbiditicos parece estar associada a um forte evento
regressivo que ocorreu no inicio do Cenozoico. Apesar dos corpos turbiditicos apresentarem
sismofacies semelhantes ao que se observa para os fluxos piroclasticos, dominados por padrédo
cadtico a convoluto, é possivel distinguir os pacotes de depositos turbiditicos devido a sua
relacdo com a estratificacdo adjacente, também a associacdo com a feigdo erosiva do topo do
Maastrichitano e a aspectos como a continuidade lateral e a espacialidade em relagédo aos
edificios vulcanicos. Também no caso dos pacotes de depositos turbiditicos, o uso de métodos
geofisicos potenciais se faz bastante Util na sua distincdo em relagdo as rochas vulcanicas e
vulcanoclésticas, conforme a abordagem ja descrita nesta pesquisa (Figs. 16 e 17).

A presenca de rochas evaporiticas na regido do platé esta associada aos depocentros da
bacia. Conforme a interpretacéo desta pesquisa, a camada de evaporitos foi depositada sobre a
sucessdo sedimentar da primeira fase rifte, com possivel idade Aptiana. Dessa forma, as
rochas evaporiticas sdo mais antigas do que as estruturas vulcanicas interpretadas neste
trabalho. De forma geral, as facies sismicas associadas ao corpo de rochas evaporiticas
permitem sua distingdo em relacdo as estruturas vulcanicas. A interpretacdo das sismofacies
revelou que a camada de evaporitos exibe comumente auséncia de reflexdes sismicas (padréo
free ). Além disso, a camada evaporitica possui uma continuidade lateral mais expressiva do

que as demais estruturas investigadas. Também foi possivel verificar que a camada de
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evaporitos propiciou a formacdo de varias estruturas relacionadas a halocinese/tecténica

salifera — domos e diapiros (Fig. 16).

CONCLUSOES

Métodos basicos de interpretacdo sismica e procedimentos de poOs-processamento,
incluindo o uso de filtros de frequéncia, foram aqui aplicados em um conjunto de 143 se¢des
sismicas 2D que cobrem grande parte da regido offshore da Bacia de Pernambuco, no nordeste
do Brasil. Esta pesquisa teve como objetivo identificar e caracterizar estruturas vulcanicas e
carbonaticas que ocorrem dentro da sucessdo sedimentar da bacia. De forma complementar, a
modelagem de um conjunto de dados geofisicos potenciais auxiliou na interpretacdo das
estruturas e na confirmacdo de sua natureza geoldgica.

Vulcdes, soleiras, vents e sequéncias vulcanoclasticas, ligadas aos edificio vulcanicos,
foram identificados nos dominios da Bacia de Pernambuco. Observou-se que os vulcdes
diferem em termos morfoldgicos, apesar de suas facies sismicas apresentarem padrdes
similares. Os vulcdes foram classificados em dois grupos, um relacionado aos vulcdes do tipo
escudo (shield volcanoes) e o outro que representa vulcées com formato em cone e sub-cone
(cone-shaped). Soleiras ocorrem abaixo de edificios vulcanicos e caracterizam-se por
reflexdes sismicas de alta amplitude e curta extensdo lateral, apresentando interrupcéao
abrupta. As sequéncias vulcanoclasticas, associadas aos edificios vulcanicos, sdo
caracterizadas por reflexdes sismicas de alta amplitude e sismofacies caoticas, como resultado
da intercalacdo de derrames de lava, fluxos piroclasticos e sedimentos. Estruturas associadas a
migracdo de fluidos hidrotermais do tipo Vents devem apresentar associacdo com soleiras.
Estas estruturas apresentam de forma geral, a parte superior de sua extensdo no formato de
cratera ou de olho (eye-shaped).

Em contraste com a idade do magmatismo que é bem documentado na regido costeira
da bacia, cuja idade € Albiana, esta pesquisa sugere que uma abundante quantidade de rochas
vulcanicas encontradas na regido do platd foi formada durante o Cretaceo Superior e
Cenozoico. Com base na interpretacdo sismoestratigrafica, sugere-se que estas rochas se
formaram em dois intervalos distintos: Santoniano-Maastrichtiano e Oligoceno - recente.
Esses resultados corroboram com a possibilidade ja discutida anteriormente de que o
magmatismo na regido da bacia de Pernambuco estd ligado a influéncia de uma anomalia

termal do manto, possivelmente identificada como o Hotspot de Santa Helena. Isto sugere que
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a medida que a placa se deslocava em relacdo a anomalia térmica, o swell produzido por sua
ascensdo continuou afetando a regido de placa continental estirada do Platd de Pernambuco.

A metodologia aplicada, que envolveu a integracdo de dados sismicos e potenciais,
permitiu além da caracterizacdo das estruturas vulcanicas, a identificacdo de abundantes
buildups carbonaticos. Estas fei¢cbes foram classificadas em trés tipos principais, conforme
sua morfologia e posicdo estratigrafica-estrutural: recifes de margem de plataforma,
desenvolvidos na borda do Alto do Maracatu; patch reefs, formados sobre a plataforma do
Alto do Maracatu, atras dos recifes de margem de plataforma; e plataformas carbonaticas
isoladas, desenvolvidas na regido do plat, associados com paleoaltos topograficos - altos
externos do embasamento, didpiros de sal e possivelmente edificios magmaticos.

Os buildups carbonaticos descritos no trabalho foram formados durante a deposicao
das sequéncias pos-rifte da bacia. Considerando as idades inferidas para a interpretacdo das
sismo-sequéncias, essas estruturas apresentam dois intervalos principais de formacdo:
Campaniano - Maastrichtiano e Paledgeno - Mioceno Médio. Sugere-se que a formacao
dessas estruturas carbonaticas na regido distal da bacia, deve ter sido controlada pela
formacdo do platd, que possivelmente criou condicGes paleotopogréaficas e oceanogréaficas
locais, que favoreceram a expressiva deposicdo de sedimentos carbonaticos.

A abordagem levada a cabo por esta pesquisa permitiu que com a integragdo de dados
indiretos, sismicos e potenciais, em uma regido ainda pouco conhecida, fosse possivel a
identificacdo e caracterizacdo de estruturas sedimentares e magmaticas dentro da sucessao
sedimentar offshore da Bacia de Pernambuco.

Os resultados apresentados aqui trazem importante contribuicdo para o entendimento
da evolucdo da Bacia de Pernambuco e para o entendimento da abertura do Atlantico Sul
nessa regido. Estas informacgdes também sdo importantes para futuras avaliacdes do potencial
petrolifero da bacia, com implicacdes na identificacdo de plays e de intervalos estratigraficos

de interesse.
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