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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 (Feijó 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 

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, Koša 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. c) 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. c 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, Koša 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 

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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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 (Magalhães 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 

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 
(São 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, São Paulo Plateau, 
in the southeast Brazilian margin.
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