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ABSTRACT
The Pernambuco Basin represents one of the most prominent regions for deep water oil and gas
exploration off the Brazilian coast. This study aims to identify and describe the occurrence of carbonate
buildups in the offshore regions of the basin. The study was based on an analysis of a set of 143 2D time-
migrated seismic sections that cover the offshore region of the Pernambuco Basin. An interpretation of
the seismic dataset was used 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 buildups. The carbonate buildups formed in two main intervals during post-
rift sequences of the Santonian-Maastrichtian and Paleocene-Middle Miocene, which extend the known
periods of carbonate deposit formation in the basin. The formation of carbonate buildups was controlled
by the tectonic evolution of the Pernambuco Plateau, which created a series of paleotopographic highs
that enabled the establishment of oceanographically and climatically favorable conditions for carbonate
formation and deposition. These findings are important for understanding the evolution of the basin and for

future evaluations of its petroleum potential.
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INTRODUCTION

The development of a carbonate platform is
dictated by a combination of many factors,
including tectonics, eustasy, basinal physiography,
oceanography and climatic conditions (Fulthorpe
and Schlanger 1989, Sun and Esteban 1994, Wilson
2002, Bachtel et al. 2004). These factors contribute
to different types of carbonate depositional systems,

from isolated platforms to rimmed shelf systems,
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as well as a full spectrum of variations in between
(Pomar 2001, Bosence 2005). Methodologies for
identifying these structures in seismic data have
greatly advanced due to interest by the petroleum
industry (Saller et al. 2004, Melville et al. 2004).
The discovery of important oil fields associated with
carbonate buildup has driven efforts in academic
research to study ancient and recent examples of
carbonate systems in rift marginal basins (Sarg et
al. 1995, Kuznetsov 1997, Kusumastuti et al. 2002,
Zampetti et al. 2004, Ronchi et al. 2010, Burgess
etal. 2012).
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The Pernambuco Basin forms part of the eastern
portion of the Brazilian continental platform. This
region is found along 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 separation 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 is an
area of hyper-extended continental crust forming
a region called the Pernambuco Plateau (Fainstein
and Milliman 1979, Gomes et al. 2000, Oliveira
2013, Magalhaes 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
interpretation of seismic data and geophysical
surveys (Cordoba et al. 2007, Magalhaes 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 has a salt layer with large halokinetic
features, such as diapirs and salt domes (Cordoba et
al. 2007, Buarque et al. 2016). Although carbonate
rocks have been found in the onshore region of the
Pernambuco Basin in outcrops and stratigraphic
boreholes (Lima and Pedrao 1989, Lima Filho 1998,
Coérdoba et al. 2007, Barbosa et al. 2008, Maia et
al. 2012), the occurrence of carbonate deposits has
never been studied offshore of the Pernambuco
Basin. This paper aims to identify and describe a
series of structures that we had identified as large
carbonate buildups. The objectives were to verify
the occurrence of carbonate structures (mainly
based on morphology), suggest a classification
and determine their possible age according to
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stratigraphic inferences. Our 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 depicting
the main occurrences of buildups, classify the
occurrences into 3 types of morphologies and infer
the age of their formation. These carbonate buildups
represent important oil and gas sources in many
sedimentary basins (Kusumastuti et al. 2002, Saller
et al. 2004, Ronchi et al. 2009, Burgess et al. 2013,
Jamaludin et al. 2014, Kosa et al. 2015, Saqab and
Bourget 2015), and the structures revealed here can
be investigated as hydrocarbon reservoirs in the
future.

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) and
is located in northeastern Brazil (Fig. 1). The
Borborema Province is regarded as a structural
province consisting of a complex collage of
continental masses (Almeida et al. 1981, Santos
et al. 2010). 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 PESZ (Figs. 1 and 2), and it is linked to
the South 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 coastline and comprises the Maracatu High.
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The distal offshore region of the Pernambuco Basin
developed over a large region of hyper-extended
continental crust (Magalhaes 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, called the Gaibu High, which trends
E-W (Figs. 2 and 3). Itamaraca High is another
important outer high that trends NW-SE and it is
located on the northeastern border of the plateau
(Fig. 3). The main sets of structures that controlled
the Pernambuco Basin’s evolution are ductile
Precambrian shear zones that trend mostly NE-SW
and E-W. These 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 (Polonia 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).

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). Interpretation
of seismic and potential field data has provided
evidence of a significant sedimentary column in
the plateau regions, which possibly reaches up to
6 km in thickness, over the main depocenters of
the Pernambuco Plateau (Oliveira 2013, Magalhaes
et al. 2014). Studies of the coastal zone of the
Pernambuco Basin have shown that a magmatic
event occurred there during the Upper Albian and
generated a series of volcanic rocks that formed
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 (Long
et al. 1986 by Rb-Sr isochrons, and Nascimento
2003 by Ar”/Ar*zircon fission tracks). Buarque

et al. (2016) proposed that this magmatic event

continued in plateau regions, forming extrusive

and intrusive structures during the post-rift period.

Seismic interpretations have also demonstrated the

presence of a salt layer covering the center of the

Pernambuco Plateau (Buarque et al. 2016), which

is most likely Upper 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, which forms a narrow rift that
is parallel to the opening of the South Atlantic. It
comprises two different depocenters separated
by the Cabo de Santo Agostinho High (Fig.
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 Granito
do Cabo de Santo Agostinho.

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 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)
(Figs. 1 and 2). The plateau comprises of at
least four main basement lows and a major
outer high, which trends E-W and is located
in its center and is 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 1 - Location of the Pernambuco Basin (PEB) on the eastern border of Borborema Province (BP). The compartmentalization
of the PEB is directly linked to the South crustal domain (SD) of the BP. The basin is bounded by the PESZ and 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 Magalhaes et al. (2014). The thin yellow line polygon marks the location of the
2D seismic surveys (study area).
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Figure 2 - Tectonic compartmentation of the Pernambuco Basin (modified from Buarque et al. 2016). Three mains
domains are depicted: 1) the inner basin; 2) the platform domain formed by the Maracatu High; and 3) the plateau basin.

MATERIALS AND METHODS

This study is mainly based on the analysis of 143
time-migrated two-dimensional (2D) seismic
sections obtained from the Brazilian Repository of
Exploration and Production (BDEP) and curated by
the 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
varied qualities and imaging depths, which were
integrated to allow for the interpretation of regional
features, as well as the basement contour and main

seismic sequences. After interpreting the main
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seismic sequences, a set of 59 seismic lines was
selected. This set represents the highest imaging
quality available, with a total length of 4,339.5 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 s two-way time
(TWT) and covers approximately 13.915 km? of
the Pernambuco Plateau (Fig. 3). Post-processing
procedures, mainly consisting of frequency filters,
were applied to reduce problems related to the signal
ratio noise. 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
seismic 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
et al. 2007). This interpretation was tentative; there
are no boreholes in the offshore Pernambuco Basin.

The interpretation of the carbonate structures
consisted mainly of 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). We adopted the term isolated carbonate
buildup as proposed by Burgess et al. (2009). This
term refers to carbonate platform strata deposited
as a geomorphic feature that shows significant
relief relative to adjacent, chronostratigraphic-
equivalent, and deeper-water strata. Burgess et al.
(2009) focused on isolated carbonate buildups with
no significant attachment to landmass. In our study,
we analyzed carbonate buildups formed in the shelf
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margin and isolated carbonate buildups formed in
the distal Pernambuco Plateau region.

The control exercised by tectonic and eustatic
processes in the formation of isolated carbonate
buildups are well known in Mesozoic and Cenozoic
sequences (Erlich et al. 1990, Kusumastuti et al.
2002, Zampetti et al. 2004, Schlager 2005, Menier
et al. 2014, Saqab and Bourget 2015, Courgeon et
al. 2016). Shallow marine environments created
over platforms and epeiric seas were commonly
associated with repeated transgressive pulses (3rd
to 4th order),which allowed the establishment and
growth of carbonate buildups (Sagab and Bourget
2015). Minor erosional events or major exposures
of carbonate buildups are also common due to
regressive pulses. The drowning of the carbonate
buildups occurs when a fast sea level rise causes
the environment to deepen below the photic zone
and prevent carbonate formation. Back-stepping
and vertical orientation of the carbonate buildups
are associated with the drowning processes
(Kusumastuti et al. 2002, Zampetti et al. 2004,
Menier et al. 2014). The demise of carbonate
buildups caused by the complete drowning process
normally results in the structure burial by other
carbonate deposits or marine shales (Erlich et al.
1990, Campbell and Stafleu 1992, Zampetti et al.
2004). Carbonate buildups and adjacent platforms
can undergo multiple events of drowning, and
the effect of major flooding can eventually form
a drowning unconformity (Erlich et al. 1990,
Campbell and Stafleu 1992, Courgeon et al. 2016).
The indications of drowning are horizontal to sub-
horizontal marine onlap reaching the preserved
flanks of the structure, and parallel reflectors
capping the buildup. High amplitude reflectors
marking the onlapped boundary of the buildups are
also common (condensed surfaces) (Erlich et al.
1990, Kusumastuti et al. 2002). However, analysis
of outcrops, borehole logs and seismic data has
shown that identification of the growth, exposure
and drowning events of carbonate buildups can



CARBONATE BUILDUPS OF THE PERNAMBUCO BASIN 847

represent complex challenges and pitfalls (Campbell
and Stafleu 1990, Erlich et al. 1990, Zampetti et al.
2004). For example, the limits of strata imaging
due to seismic resolution and effect of differential
compaction can inhibit correct identification of
truncation surfaces and onlap terminations.

RESULTS

SEISMIC STRATIGRAPHY

Five main seismic sequences are defined: Sq. 1 -
rift phase 1 (Barremian-Aptian) and rift phase 2
(Albian), Sq. 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 portion of the basin and from
comparisons with available data from the offshore
region of the neighboring Alagoas Basin (Figs. 2
and 3).

The deposits of Sq.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. 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 the top of the Sq. 1 rift sequence, which
possibly indicates the beginning of the sag phase
deposit formation (Figs. 4 and 5). 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
(Sq. 2) may contain 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 most likely related to
the eustatic maximum that occurred during the
Cenomanian-Turonian interval, which marked
a stage of deep circulation of oceanic waters
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 most likely represented
by sedimentary deposits of the Santonian-
Maastrichtian interval. In the neighboring Alagoas
Basin, this sequence is related to a transgressive
event, with its maximum occurring during the
Turonian with the deposition of a carbonate ramp
(Koutsoukos 1989, Campos Neto et al. 2007) and
a regressive event at the end of the Coniacian
(Campos Neto et al. 2007) (Figs. 4 and 5). Within
this sequence, we found that the main carbonate
buildups occurred in the platform region and in
paleotopographic 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 low frequency. In the distal region
of the plateau, the sequence transitions to a pattern
of free and chaotic reflections.

The Lower Cenozoic post-rift seismic sequence
(Sq. 4) comprises deposits of the Paleocene-
Middle Miocene interval. In the neighboring
Alagoas Basin, this sequence is mainly related
to a regressive event (Campos Neto et al. 2007).
Evidence of this regressive cycle has been well
recorded in the dipping seismic sections observed
herein in the offshore region of the Pernambuco
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Figure 3 - Map of the seismic basement contours based on the interpretation of 143 time-migrated two-dimensional (2D) seismic
sections (depth in time). The main topographic highs and depocenters are shown. The locations of the 59 selected seismic
sections are shown; sections 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.
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Figure 4 - Definition of the seismic stratigraphic sequences and main unconformities observed in 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.
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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 5).
In the north portion of the plateau, this depositional
event is limited by an unconformity that may
represent 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.
The proximal region of the platform 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 5).
This depositional sequence has been well studied
in neighboring 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 frequency. In the distal region, the
sequence is mainly characterized by free to chaotic
reflections.

CARBONATE BUILDUPS

Three types of carbonate buildups were identified
in this study with regard to their location in
the offshore regions of the basin (Pomar 2001,
Kusumastuti et al. 2002, Rosleff-Soerensen et al.
2012): shelf margin reefs, patch reefs and isolated
carbonate buildups (Fig. 5). The locations and
estimated diameters of the structures are indicated
by the black polygons in Fig. 3. Large isolated
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
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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. 6 and 7).

Shelf margin reefs are found at the borders of
the Maracatu High, parallel to the coastline (Figs.
3 and 6a). 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 quantification
of the morphologic parameters is related to the
intersection of the seismic surveys on the carbonate
structures. Spacing between the surveys can lead
to misinterpretation about the continuity of these
structures, which may interfere with the calculation.
The length of the margin reef system is most likely
larger than what was observed, but because of the
spacing between the seismic surveys, this 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. 6a). The identification
of onlap termination on the shelf margin reefs is
complicated by the presence of interfingering
between the deposits forming the carbonate buildup
and the surrounding strata (probably siliciclastics),
producing what is known as depositional wings or
stringers (Burgess et al. 2013, Kosa et al. 2015).

Over the Maracatu High and behind the reef
barriers in the shelf margin, two large carbonate
buildups were found, interpreted here as patch
reefs, forming a back-reef zone (Figs. 3 and 6b).
Their 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 structure
interior. Some small patch reefs are indicated only
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Figure 5 - Schematic geological section across the offshore domains of the PEB based on the interpretation of 2D seismic sections
and 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 (depth in time TWT).

Figure 6 - Carbonate structures observed in seismic sections (interpreted and non-
interpreted) of the PEB. Structure locations are shown in Figure 3. a) Shelf margin reef
in the border of the Maracatu High showing depositional wings. b) Patch reef located
over the Maracatu High. ¢) Small isolated carbonate platforms. d) Large isolated
carbonate platform exhibiting prograding clinoforms over the Gaibu High. Division
of seismic sequences: yellow - Sq. 5, red - Sq. 4, green — Sq. 3, orange - Sq. 2. Black
lines: stratal surfaces and growth stages. White lines: onlap surfaces. a and b vertical
scale 0.2 s, horizontal scale 1 km. ¢ vertical scale 0.3 s, horizontal scale 1 km. d vertical
scale 0.4 s, horizontal scale 2 km.
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by high-amplitude reflection with a convex-upward
shape and show disrupted to chaotic reflections in
its interior (Fig. 6b).

The third carbonate buildup type is the isolated
carbonate buildups found in the plateau regions
(Figs. 3, 6c, d and 7). These large buildups were
built over structural highs and paleotopographic
highs (outer highs, salt diapirs, and magmatic
structures). During the evolution of the plateau,
the topographic conditions and sea-level variations
most likely enabled the production and deposition
of carbonate deposits (Figs. 6d and 7). A total of
four isolated carbonate buildups were studied, and
their lengths range from 4 to 26 km, widths range
from 3.5 to 25 km and heights range from 0.34 to
0.62 s. The isolated buildups exhibit continuous
and high-amplitude seismic reflection at its 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 at the base of the buildup,
along with underlying reflectors, below the center
of some carbonate platforms, as a result of the pull-
up effect caused by an increase in seismic velocity
due to the high-density carbonate rocks.

In a few regions with good coverage of seismic
sections, it was possible to interpolate the 2D
interpreted horizon related to the top of the isolated
carbonate buildups. 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).

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
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sandy limestones of Estiva Formation, outcrops of
carbonate deposits are scarce in its onshore regions.
Thus, the identification of carbonate buildups
provided here represents one of the first systematic
descriptions 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
that favorable conditions for carbonate depositions
prevailed 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 Pernambuco Basin is
most likely a result of tectonic uplift and extensive
erosion (Lima Filho 1998), which may have
removed the record of these carbonate deposits
from the proximal part of the basin. Considering
extrapolation of the chronostratigraphy on which
our interpretation is based, we infer that the age
of the described carbonate buildups and isolated
platforms are assigned to two main periods/seismic
sequences: Sq. 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 Turonian-Santonian. As observed for the
now submerged seamounts, topographic highs
formed within the plateau 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 conditions generated by Pernambuco
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Evaporites
Volcanics

Figure 7 - Seismic section (interpreted and non-interpreted) showing an isolated
carbonate platform in the Pernambuco Plateau. The geometry formed below the
structure, caused by the velocity pull-up, can be observed. This buildup is not
located over a paleotopographic high formed by a basement ridge.

Figure 8 - Contour map of the surface marking 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.
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Plateau formation provided important parameters
for development of these structures. Notably, the
major isolated carbonate platforms developed over
outer topographic highs, such as the Maracatu
High and Gaibu High (Magalhaes et al. 2014) (Fig.
3). This investigation suggests that development
of isolated carbonate platforms offshore of the
Pernambuco Basin was directly controlled by
the formation of the Pernambuco Plateau, which
once led to the creation of topographic highs that
created local conditions for carbonate deposition.
These same processes are not so important for the
neighboring Alagoas Basin, for example, for which
the Campanian-Maastrichtian and Paleogene distal
sequences are mainly dominated by siliciclastics
(Campos Neto et al. 2007).

Our interpretation suggests that the carbonate
buildups observed in the seismic sections of
Pernambuco Basin show evidence of rapid
drowning events (Fig. 6). Drowning events
occurred in carbonate buildups in different periods
of the post-rift/drift phase (Figs. 6 and 7), according
to the proposed age of the sequences (Sq. 3 and Sq.
4) (Fig. 5). Stratigraphic relations show rapid onlap
and growth shut down (Figs. 6 and 7) (Erlich et
al. 1990). The large isolated platform positioned
over the Gaibu High in the central region of the
plateau (Fig. 6d) shows evidence of at least three
pulses of growth before the complete drowning.
It is possible that this large isolated buildup
experienced eventual exposure, and consequent
erosional events, as indicated by truncation of
internal reflectors forming prograding clinoforms
(Fig. 6d). The top of this structure, capped by a
thin pack of Upper Cenozoic strata,is marked by a
high amplitude reflector which shows evidence of
truncation.

These carbonate buildups formation, at least
within the plateau domains, were influenced by the
elevated topography regional structures. However,
the influence of relative sea-level changes, and
proper subsidence of the plateau in the major
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drowning events are unclear. Lack of better seismic
data and offshore boreholes (chronostratigraphic
data) prevents more in-depth considerations
about the age of these events, and its correlation
with major sea-level excursions that affected the
Atlantic. These aspects must be addressed by future
investigations.

Large carbonate buildups that formed over
outer highs in the pre-salt interval (microbialites
formed in the gulf stage of South Atlantic Ocean)
represent important prospects in the Santos Basin
(Sao Paulo Plateau), located at the southeast
margin of Brazil (Gomes et al. 2011, Boyd et al.
2015). Despite its difference in origin, from an
exploratory point of view, the structures described
here formed in marine systems during the drift
phase of South Atlantic (post-salt interval). Being
located over outer basement highs, these structures
may represent important oil and gas reservoirs due
to the regional effect of focusing migration paths
(Burgess et al. 2010, Gomes et al. 2011).

CONCLUSIONS

Basic interpretation methods and post-processing
procedures, including band pass frequency
filtering, were applied to a set of 142 multichannel
seismic sections that cover a large part of the
offshore domain of the Pernambuco Basin in
northeastern Brazil. This investigation successfully
identified and described three types of carbonate
buildups in the basin: 1) shelf margin reefs, which
developed inthe Maracatu High along the border
of the Pernambuco Basin outer hinge; 2) patch
reefs that formed over the Maracatu High along
the continental platform behind the shelf margin
reefs; and 3) isolated carbonate platforms that
developed in the Pernambuco Plateau regions,
associated with paleotopographic highs formed by
outer basement highs, salt diapirs and magmatic
structures. The carbonate buildups described
in this investigation were formed within post-
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rift sequences. Considering the inferred ages for
the seismic sequences, the carbonate buildups
are constrained within two main intervals, the
Campanian-Maastrichtian and Paleogene-Middle
Miocene. Formation of carbonate buildups in the
Pernambuco Plateau domains were controlled
by the formation of the plateau, which possibly
created local conditions for expressive carbonate
deposition during post-rift periods. Stratigraphic
relations show that carbonate buildups within the
two sequences shows evidence of growth stages
and drowning. The causes of drowning could be
associated with major Atlantic relative sea-level
oscillations, or tectonic events of Pernambuco
Plateau evolution. The lack of offshore data prevent
more detailed conclusions on these processes.

The findings presented here contribute 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 for evaluating
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 southeast Brazilian margin.
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