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Abstract: The Pernambuco Plateau Basin (PPB) of northeastern Brazil contains an important record of conti-
nental rifting at the boundary between the major South Atlantic basins and the Equatorial Atlantic Gateway
(EAG). The geology and structure of the PPB are described using high-quality long-offset multi-channel seis-
mic data. The deep seismic imaging reported here shows that the PPB is not thick continental crust with a thin
sediment veneer, but thinned continental crust with half-graben with sediment thicknesses in excess of 3 km.
Within these deep graben we find large halokinetic structures in the form of salt diapirs and pillows that root
into the early synrift. Submarine volcanic edifices are also clearly imaged, the oldest of which have bases
close to the synrift-to-post-rift transition. We discuss the evolution of the PPB integrating the implications of
the newly observed evidence for synrift salt deposition and early post-rift submarine volcanic activity as
well as a re-analysis of recent plate models. The proposed best-fit model has PPB rifting in the Aptian and
early Albian, with final break-up relatively late in the Albian.

The gradual opening of the Equatorial Atlantic Gate-
way (EAG) played a major role in the evolution of
Cretaceous oceanography, climate and ecosystems
(MacLeod et al. 2011; Springer et al. 2011; Voigt
et al. 2013; Toussaint et al. 2017). Opening of the
EAG progressively increased the connections
between the South Atlantic and the Central Atlan-
tic–Tethyan marine realms, whilst simultaneously
separating the terrestrial realms of South America
and Africa (Heine et al. 2013; Pérez-Díaz and Eagles
2014, 2017a; Toussaint et al. 2017; Dummann et al.
2023). Before EAG opening, water mass exchange
between the global oceans was dominated by
west–east flow through the Tethys and the Central
Atlantic to the Pacific, but on opening this gradually

shifted towards the north–south-directed overturning
circulation typical of the modern Atlantic (Wagner
2002; Robinson et al. 2010; MacLeod et al. 2011;
Friedrich et al. 2012; Voigt et al. 2013). Although
there are far-field palaeoceanographic proxies for
the development of this water mass exchange across
the EAG, including carbon and neodymium isotopic
compositions of oceanic deep water (Robinson et al.
2010; Friedrich et al. 2012; Voigt et al. 2013; Dum-
mann et al. 2023), by their nature these require large-
volume, basin-scale exchanges to be taking place,
before such signals become unambiguous. In this
context, although substantial, deep exchange
between the South and Central Atlantic is evidenced
from 100 Ma (Dummann et al. 2023), the pathways,
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rates and nature of water exchange through the EAG
before 100 Ma are poorly understood (Arai 2014).

In its early stages, the closed EAG formed the
northern restriction to marine inflow to the central
South Atlantic basins – between the Rio Grande
and Ascension fracture zones – that are renowned
for the presence of massive Aptian salt deposits,
extending up to 2 km in thickness (Szatmari and
Milani 2016; Tedeschi et al. 2017; Szatmari et al.
2021; Cui et al. 2023). Following salt deposition,
break-up along the equatorial Atlantic is dominated
by strike-slip deformation along long-offset oceanic
transform faults with high relief, such as the Ghana-
ian Ridge at the Romanche fracture zone (Davison
et al. 2015; Basile et al. 2022). These geometries
led to the development of isolated passive margin
segments and deep basins until final break-up was
achieved (Heine et al. 2013; Heine and Brune
2014; Davison et al. 2015). The location of the
final Africa–South America separation was probably
the vicinity of the Côte d’Ivoire/Ghana Ridge and
the Piaui–Céara margin (Heine et al. 2013; Davison
et al. 2015). With this geometry it is most likely that
the Pernambuco Plateau Basin (PPB) was first con-
nected to oceanic waters from the south, as the north-
ern end of the South Atlantic basin, rather than
through the restricted basins of the equatorial Atlan-
tic (Pérez-Díaz and Eagles 2017a).

The early rift to break-up stage of the EAG cre-
ated multiple partially isolated, restricted, tropical
basins that were clearly prone to dysoxic conditions
(Monteiro et al. 2012; Setoyama and Kanungo
2020), and on a regional scale only became more
deeply ventilated in the Late Cretaceous (Dummann
et al. 2020). Such conditions are prone to the large-
scale accumulation of organic carbon in sedimentary

successions, which at the time supported carbon
removal from the ocean–atmosphere system (Dum-
mann et al. 2020, 2023) but have since become
source rocks for major hydrocarbon plays (Brown-
field and Charpentier 2006). Appropriate modelling
of the biogeochemical and climate impacts of the
EAG opening – within the EAG itself and in the
ocean basins to the north and south – relies upon
reconstructions of the temporal and spatial evolution
of the continental rift to break-up dynamics along a
complex system (Heine et al. 2013; Pérez-Díaz and
Eagles 2014, 2017a).

The Pernambuco Plateau is located at the south-
ernmost end of the EAG system, projecting from
the narrow, north–south-orientated, continental
shelf of NE Brazil, just to the SE of the coastal city
of Recife (Matos et al. 2021a, b) (Figs 1 & 2). The
plateau lies immediately south of the east–west-
trending Pernambuco Shear Zone (PESZ; Fig. 1), a
major pre-Cambrian shear zone that reactivated dur-
ing the Cretaceous (Matos et al. 2021b). Structurally
the Pernambuco Plateau consists of thinned conti-
nental crust that, in the modern, is present out to
water depths of 4000 m (Figs 1 & 2). In the context
of the EAG, the offshore sedimentary basin beneath
the Pernambuco Plateau – the PPB – has become a
target for potential scientific ocean drilling because
Cretaceous sediments are not as deeply buried as in
the main continental shelf basins of the Brazilian
Equatorial Margin (Dunkley Jones et al. 2019). Dur-
ing the critical Cretaceous opening period, this loca-
tion is also the oceanographic connection point
between the restricted basins of the EAG and the
main basins of the open South Atlantic system
(Heine et al. 2013; Pérez-Díaz and Eagles 2014,
2017a).

Fig. 1. Equatorial and South Atlantic bathymetry, major fracture zones (Granot and Dyment 2015) and sedimentary
basins (Cui et al. 2023). The regions of the conjugate continental margins that play a role in the Cretaceous
Equatorial Atlantic Gateway (EAG) are indicated by the black curves. Source: bathymetric data, ESRI World Imagery
accessed through NOAA Bathymetric Data viewer (https://www.ncei.noaa.gov/maps/bathymetry/).
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The Pernambuco Plateau is also positioned at an
important transition point in plate tectonic models, as
the style of rifting shifts from the orthogonal rifts of
the South Atlantic to the Equatorial Atlantic trans-
verse zone (Heine et al. 2013; Pérez-Díaz and Eagles
2014, 2017a). In the Late Jurassic to Early

Cretaceous, the Pernambuco Plateau was located
close to the centre of three major intracontinental
rift systems – the South Atlantic, Equatorial Atlantic
and West African rifts – during the final break-up of
the supercontinent Gondwana (Heine et al. 2013;
Heine and Brune 2014). Significant intraplate

Fig. 2. Survey location data. (a) Location of all 2D seismic reflection lines covering the Pernambuco Plateau and
surrounding region. The positions of onshore well 2CP and the offshore wells in the Alagoas Basin – 1-ALS-32-AL
and 1-ALS-42-AL, are also shown, but at this scale are indistinguishable. (b) Petrobras Aeromagnetic Survey (1988)
lines. (c) Detailed map of the Pernambuco Plateau with interpolated single-beam bathymetric data. The locations of
ION BrazilSpan seismic reflection lines are also shown. Key structural highs mentioned in the text are labelled.
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deformation occurred within this ultimately failed
triple-junction system (Darros de Matos 1999;
Valença et al. 2003; Marques et al. 2014; Bonifacio
et al. 2023) and kinematic modelling can apportion,
to some extent, the degree of extension accommo-
dated within these intraplate basins prior to final
break-up (Heine et al. 2013). The dating of these
rift dynamics, however, is relatively poor (Heine
and Brune 2014), especially in the early stages of
break-up for the northern South Atlantic and equato-
rial Atlantic, because of the absence of seafloor mag-
netic isochrons in the Cretaceous Normal
Superchron (CNS; Granot and Dyment 2015).
Plate models currently diverge in break-up age of
the equatorial South Atlantic, in the region of the
PPB, by more than 10 Ma, with some indicating an
Aptian break-up (∼120 Ma) (Heine et al. 2013;
Heine and Brune 2014) and others with break-up
in the late Albian (∼110–100 Ma) (Pérez-Díaz and
Eagles 2017a, b; Eldrett et al. 2023).

This study is based on an analysis of the Brasil-
Span seismic reflection survey acquired by ION
Geophysical across the PPB. These data were
made available for analysis as part of the site survey
for International Ocean Discovery Program Expedi-
tion Proposal 864, which was scheduled for drilling
in 2020 as Expedition 388 (Dunkley Jones et al.
2019), but postponed. These deep-penetration
images across the PPB provide information about
the deep structure of the PPB and major features
within the synrift-to-post-rift sedimentary succes-
sion. The aim of this paper is to document these fea-
tures and use them to inform the potential rift history
of the PPB in the absence of any direct stratigraphic
or age constraints in this region from borehole sam-
pling. This study links to existing work on the PPB
(Buarque et al. 2016, 2017; Matos et al. 2021a, b)
and recent efforts to characterize the northern end
of the EAG on the African conjugate margin (Aduo-
mahor et al. 2025; Duarte et al. 2025).

The Pernambuco Plateau

The Pernambuco Plateau is a section of continental
margin SE of Recife, NE Brazil, that is anomalously
wide (∼130 km) in comparison with the areas imme-
diately adjacent to the north and south (Figs 1 & 2). It
covers an area of around 12 000 km2 and is located
in the eastern part of the complex Borborema struc-
tural province, bounded to the north by the PESZ and
the Paraíba Basin, and to the south by the Sergipe
and Alagoas basins. This string of basins on the mar-
gin of NE Brazil were formed during the final stages
of separation between South America and Africa
(Torsvik et al. 2009; Heine et al. 2013) during the
break-up of Gondwana. Current models for the
basin formation involve hyperextension of crust,

partly accommodated by reactivation of the PESZ
(Buarque et al. 2016). The Pernambuco Basin itself
consists of the partially onshore inner Pernambuco
Basin and the outer PPB, separated by the Maracatu
High (Fig. 2). The PPB itself resides in average water
depths of ∼2.5 km, and includes the large Itamaraca
High in the north, the domal Gaibu High in the centre
and the Maragogi High in the south. The Maragogi
High separates the Pernambuco sedimentary system
from the Sergipe and Alagoas basins to the south
(Fig. 2). Onshore evidence indicates that rifting
spanned the Aptian to middle Albian, with exposures
comprising siliciclastic Aptian–Albian successions,
interpreted as synrift, Cenomanian–Turonian car-
bonates and Neogene siliciclastics (Barbosa et al.
2014). The inner basin also contains upper Albian
and possibly younger volcanics (Buarque et al.
2016).

Data and methods

Geophysical data

For the purposes of this study a database of 2D seis-
mic lines was compiled, comprising 189 lines pro-
viding ∼36 000 km in total length (Fig. 2a). This
dataset includes four principal surveys: the 0205
and associated legacy seismic surveys from the
Bank of Exploration and Production Data of the Bra-
zilian Petroleum National Agency (BDEP-ANP)
(referred to as the ‘0250 survey’); the Veritas Brazil
survey; the LEPLAC survey; and the ION Brazil-
Span survey. The 0250 survey (124 lines) has data
available to 8 s although with significant contamina-
tion from both random and coherent noise, especially
below c. 4 s two-way time (TWT). The LEPLAC
survey (26 lines) was recorded to 8 s with a 2.5 km
streamer and 96 channels. The Veritas Brazil survey
(26 lines) was recorded to 11 s with a 4 km streamer
and 318 channels and has been processed with wave
equation multiple attenuation, radon demultiple and
Kirchhoff prestack time migration processing steps,
although it is also contaminated with noise below
c. 5 s. The ION BrazilSpan survey (data now owned
by TGS) contains 27 lines recorded between 2010
and 2012 using a 10 km streamer with 408 channels.
The data have a nominal fold of 102 and are recorded
to 16 s. Both pre-stack time migration and pre-stack
depth migration surveys were available for analysis.
The dataset is high quality, having been processed
with surface multiple attenuation, Tau-P deconvolu-
tion, radon demultiple, apex-shifted multiple attenu-
ation, and pre-stack time and depth migration. The
entire seismic database was loaded into IHS King-
dom for analysis. Mistie analysis was performed to
correct for small vertical shifts in data due to differ-
ent acquisition or processing parameters between
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different surveys, but typically only shifted seismic
lines by 0–0.2 s.

Stratigraphic well ties are extremely difficult,
given the absence of deep penetration boreholes in
the PPB itself. It was not possible to tie seismic
lines to the onshore well 2CP, as the Maracatu
High separates the Interior Pernambuco Basin host-
ing the 2CP well from the outer PPB, which is the
main subject of this study (Fig. 2). Instead, seismic
lines were calibrated to stratigraphy by attempting
a long-distance well tie over oceanic crust from the
1-ALS-32-AL and 1-ALS-42-AL wells in the Ala-
goas Basin (Fig. 2). Confidence in this well tie is
low, due to multiple locations where stratigraphy
onlaps volcanic or basement features and must be
correlated to similar packages on the other side, giv-
ing a number of places for miscorrelation of similar
sedimentary sequences to occur. However, due to
the absence of any stratigraphic wells or boreholes
in the PPB, this is the best calibration that can be
achieved. Seismic horizons were then correlated to
biostratigraphic well tops from Alagoas wells and
interpreted throughout the basin. Interpreted hori-
zons were gridded using minimum curvature-based
methods (Wessel et al. 2013).

An aeromagnetic survey acquired in 1988 by Pet-
robras was also available for analysis (Fig. 2b). The
survey comprises a total area of 37 500 km2 and was
processed by the operator. Aeromagnetic data were
reduced to the pole using Generic Mapping Tools
(Wessel et al. 2013), using inclination and declina-
tion from the International Geomagnetic Reference
Field (IGRF) model based on the survey acquisition
year of 1988.

Plate model reconstructions

As part of this study, we reanalysed recent plate
model reconstructions, specifically that of Pérez-
Díaz and Eagles (2014; abbreviated to PDE14) and
Heine et al. (2013; abbreviated to H13). Synthetic
ridge crest trajectories (flowlines) for both models
were started at a shared set of modern ridge–crest–
transform intersections on the Mid-Atlantic Ridge
and calculated back towards the Pernambuco and
conjugate African margins. Break-up ages for the
two models are then estimated from the crossings
between flowlines and the continental–ocean boun-
dary (COB). Uncertainty in the position of the
COB was taken into consideration by using the
ensemble of COBs from the global compilation of
Eagles et al. (2015). The ages of constrained points
along the flowlines are adjusted to the Gradstein
et al. (2020) timescale for both models. The Creta-
ceous superchron dates in PDE14 were reinterpo-
lated under the assumption of minimum change in
spreading rates, rather than, as Pérez-Díaz and

Eagles (2014) did, being tuned to an assumed
salt age.

Results

The structure of the Pernambuco Plateau

Basin

Deep seismic reflection profiles – imaging to depths
of more than 30 km – reveal the structure of the mar-
gin around the PPB (Fig. 3), The Moho seismic dis-
continuity marks the increase in density and P-wave
velocity between lower crustal and upper mantle
lithologies (Peron-Pinvidic 2022). In seismic reflec-
tion data the Moho is often represented as a (rela-
tively) high-amplitude, normal-polarity reflection
or high amplitude zone with several high-amplitude
reflections close to 10 s TWT (Peron-Pinvidic 2022).
In the reflection data across the PPB the Moho is not
continuously visible or identified across the seismic
lines, probably due to attenuation within the overly-
ing crustal succession. Where not clearly identified,
the position of the Moho is interpolated between
the regions where it is more clearly imaged. Using
the picked position of the Moho and the top of base-
ment allows the identification of the ‘necking zone’
of significant crustal thinning, typically from ∼35
to 10 km, as the region of convergence between
the top basement and Moho (Mohn et al. 2010; Che-
nin and Manatschal 2025). To the north of the PPB,
the necking zone is relatively narrow at around 20–
30 km. Seaward dipping reflectors (SDRs) are inter-
preted to be present beyond the necking zone but are
not clearly imaged on the landward side (Fig. 3, A–A′).
Across the PPB (Fig. 3, B–B′), deep, slightly listric
normal faults are seen, cutting down to a zone of
higher, subhorizontal reflectivity. The normal faults
appear to either die out or root in the zone, possibly
indicating that it is a detachment fault. This zone of
reflectivity eventually joins with reflectivity inter-
preted as the Moho. Some reflectivity is observed
in the lower crust, including one strong reflection
package that appears to cut the Moho and continue
into the mantle. The necking zone is much wider
than that observed to the north, thinning crust from
around 25 km thickness to 10 km over a 70 km
wide zone. Oceanic crust is around 15 km thick for
the first 50 km from the continent–ocean transition
(COT) to the east, gradually thinning to around
6 km thickness at the eastern end of this line. To
the southern end of the PPB, Figure 3, C–C′ begins
further away from the shelf edge break, with the
observed ∼15 km thick crust probably already
thinned and the necking zone on this line reduced
back down to around 20–30 km. Oceanic crust is
around 10 km thick, thinning to around 8 km thick-
ness around 80 km to the east of the necking zone.

The deep structure of the Pernambuco Plateau



The seismically imagedMoho is significantly clearer
to the north and south of the Pernambuco Plateau
than directly beneath it.

The PPB is dominated by several large half-
graben structures, often containing more than 3 km
of sediment fill (Figs 4 & 5). Individual faults have
throws up to 5.2 km and heaves up to 9.5 km. Half-
graben strike north–south and display classic normal
fault-bounded basement blocks, and wedge-shaped
synrift sediment geometries (Figs 4 & 5). Pre-rift
strata are either thin, absent or significantly deformed
and so difficult to identify. Normal faults display
commonly observed features such as fault propaga-
tion folds, antithetic faulting and fault crest degrada-
tion. Analysis of the fault network is hampered by
the wide 2D line spacing between the high-quality
seismic surveys, and lack of deep seismic imaging
in the older surveys. However, major faults can be
correlated between 2D seismic lines with reasonable
confidence.

The style of faulting varies across the basin, with
areas dominated by deep half-graben and steep faults
(c. 60°; Figs 4 & 5a), while to the south of this there
are low-angle faults (,20°) with greater heaves
(8 km), and less sediment filling local depocentres
(Fig. 5c). This faulting has left synrift strata, and

Fig. 3. Deep seismic reflection image of the margin to the north (A–A′), over the centre (B–B′) and to the south of
the Pernambuco Plateau Basin (C–C′). The interpreted positions of the Moho seismic discontinuity (white dotted
line), the top of basement (finely dotted black dotted), the crustal ‘necking zone’ (black dotted line), continent–ocean
transition (COT; yellow dotted line), seaward dipping reflectors (SDRs; red lines), major normal faulting (black
lines), detachment surface (thin black dotted line) and the strong reflection package that seems to cross-cut the Moho
(blue line) are highlighted.

Fig. 4. East–west-trending dip line showing large-scale
half-graben containing kilometres of sediment fill.
Mobile salt restricted in half-graben and shallow
volcanics can also be seen (see detail in Figs 7 & 8).
The top panel shows the uninterpreted seismic line with
location map inset; the bottom panel shows the
interpreted seismic line.

M. Hoggett et al.



low-angle fault surfaces, exposed at the seafloor in
places (Fig. 5b). Synrift sequences (S1–S2) are
more than 3 km thick in some half-graben and

decrease to zero thickness on fault block crests,
sometimes appearing heavily eroded across block
crests with reflections marked by truncation. The

Fig. 5. West to east seismic reflection lines showing large-scale structures across the Pernambuco Plateau Basin. The
inset maps show the locations of each seismic line. S1 and S2 are early (pre-salt) and late synrift packages
respectively; P1 and P2 are early post-rift packages, possibly of Late Cretaceous age; late post-rift packages P3 and P4
are tentatively assigned Paleogene and Oligocene–Recent ages respectively. (a) East–west-trending dip line, indicating
polyphase faulting, based on the two different generations of faulting in the deep section. (b) Small salt diapirs in the
west of the section. The east of the section shows a series of faults and associated fault blocks becoming progressively
more rotated to the west. (c) Strong evidence for polyphase faulting, with deeper faults clearly cut by younger faults.
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earliest synrift sediments are poorly imaged but
appear to be of up to 1 km thickness (S1). Overlying
the earliest synrift is an evaporite sequence display-
ing well-defined halokinetic structures. The third dis-
tinct synrift package (S2) comprises sediments with
high-amplitude, continuous reflectors. This package
can be more than 3 km thick and fills half-graben to
their fault block crests. There is evidence of at least
two phases of synrift fault movement (Fig. 5a),
with a minimum of two phases of superimposed
faults (i.e. polyphase faulting) observed. However,
due to the lack of stratigraphic constraints within
the synrift, the ages of phases of fault movement
are unknown. A prominent unconformity separates
fault-bounded, wedge-shaped sediment packages of
the synrift from the post-rift sedimentation (P1–P4).

The post-rift succession appears to be dominated
by marine sedimentation. The very tentative seismic
tie to the Alagoas wells suggests that the basal post-
rift sedimentary packages (P1–P2) are Late Creta-
ceous in age. This age – and all other ages – should
be viewed with great caution due to the major uncer-
tainty associated with the long-distance well tie.
Seismic reflections within this early post-rift succes-
sion (P1–P2) are of moderate amplitude and contin-
uous with occasional brighter reflectors that may
indicate turbidite sedimentation. There are also

occasional saucer-shaped reflections within these
units that are probably small igneous sills. The
later post-rift succession, thought to be Paleogene
in age (P3), consists of continuous seismic reflectors
of low to moderate amplitude with uncommon
brighter reflectors, some of which appear slightly
mounded and may indicate turbidite sedimentation.
The section generally lacks evidence for major chan-
nel or other erosional features. The top post-rift suc-
cession – thought to be Oligocene to Recent (P4),
does contain a number of erosional channels, proba-
bly corresponding or analogous to a recent downcut-
ting canyon system (Fig. 4).

The integration of seismic data allows for the
mapping of major structural features across the
PPB. Overall, the structure of the Pernambuco Pla-
teau is dominated by a series of large (150 ×

40 km), north–south-trending crustal-scale half-
graben (to the NW–SE in the north of the plateau
and to the NE–SW in the south) (Fig. 6), which are
the focus of synrift sediment deposition that reaches
thicknesses in excess of 3 km. Based on the available
data, these half-graben terminate abruptly to the
north of the basin, around 8° S, close to the Itamaracá
High at the northern limits of the basin. The depth of
the Moho ranges between 30 and 10 km deep, at its
shallowest approaching the thickness of oceanic

Fig. 6. (a) Depth to basement (km below sea floor; km bsf) with major normal fault polygons derived from seismic
reflection profiling; continent–ocean transition (COT) is interpreted. ION seismic lines are shown in white. (b) Moho
depth (km bsf). Calculated β-factor (c) and thinning factor, defined as 1 − (1/β) (d).
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crust. There is slight shallowing of the Moho in the
vicinity of, but not necessarily directly under, the
deep half-graben. The extent of crustal thinning
can be estimated by the calculation of the β-factor,
the ratio of the thickness of the crust at a given
time relative to its initial thickness (McKenzie
1978). Here, β-factor and thinning factor maps are
estimated assuming a starting crustal thickness of
30 km, which is based on the average thickness of
preserved continental crust observed on the seismic
reflection profiles. Crustal thinning and extension
are significantly greater to the south of the PPB
than to the north (Fig. 6). Beta-factors approaching
4 imply multiple generations of polyphase faulting,
in accordance with that observed on seismic data
(Fig. 5c).

Salt deposition

Salt structures were identified and differentiated
from volcanics following the methodology of Buar-
que et al. (2016). In brief, salt structures are often
associated with listric faults in overlying deposits,
faults created by salt deformation, and do not have
the differential compaction of overlying and lateral
deposits that are characteristic of volcanics. Within

the deep half-graben systems of the PBB, there are
at least nine individual, kilometre-scale salt diapirs
(Figs 4, 5b & 7), which pierce up to 4 km of stratig-
raphy and are, on average, 2 km in diameter. These
diapirs root into evaporite sequences that were
clearly synrift wedge-shaped sediment packages
that mark growth into accommodation space created
by normal fault movement (Fig. 7a). Although evap-
orite deposition covers a total mapped area of
∼3000 km2, and has an approximate volume of
90 km3, it was restricted within the half-graben,
with no evidence of salt deposition or mobilization
near the crests of footwalls or at structural highs
(Fig. 5). Salt diapirs themselves appear to have gen-
erally rounded crests (Fig. 7b, c) and do not display
evidence of having been exposed or extruded at the
surface. Either not enough evaporite was deposited
or not enough post-depositional movement occurred
to form turtle structures or primary salt welds, but the
tallest diapir has developed a thin stem and is close to
becoming a teardrop diapir (Fig. 7a). Supra-salt fold-
ing appears to be limited in the post-rift succession,
but well-developed rim synclines and downward-
amplifying folds into salt withdrawal mini-basins
are observed in the Cretaceous synrift and early post-
rift sections (Fig. 7b, c). In the present day, salt is

Fig. 7. Halokinetic sequences in the Pernambuco Basin. (a) Synrift salt in the deepest half-graben. (b) Evidence for
passive diapirism. (c) Detail of the top of the diapir in (a). Locations of all sections are shown on the inset map.
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found at depths averaging 4 km below seafloor, well
below the expected levels of salt-sediment density
inversion of ∼0.6–1.5 km (Hudec and Jackson
2007). However, individual diapirs shallow to as lit-
tle as 800 m below the seafloor. A lack of evidence
for large brittle structures in the wall rocks or
above the diapirs and clear down-building suggests
diapir growth via a passive mechanism.

Volcanic structures

As with the determination of salt structures, the iden-
tification of volcanic structures was informed by and
based on the identification criteria of Buarque et al.
(2016). The characteristic features of magmatic
structures include an internal configuration of seis-
mic facies that sometimes exhibit chaotic patterns,
or apparent stratification with high-amplitude and
abrupt lateral interruption (sills). In the case of volca-
noes, they sometimes show an internal V-shaped
configuration and differential compaction of the
onlapping and overlapping sedimentary deposits
that cover these structures. A number of extrusive
volcanic features are observed across the PPB (Fig.
8). Volcanic features were mapped on 2D seismic
data and compared with maps of the magnetic field
as a proxy to identify volcanics not intersected by
2D seismic lines (Fig. 9). Volcanics were interpreted
on seismic reflection data due to high-reflection coef-
ficients between volcanic and sedimentary rocks
leading to high-amplitude seismic reflections (e.g.
Magee et al. 2018) (Fig. 8). The reduced-to-pole
(RTP) magnetic data (Fig. 9b) show better correla-
tion with seismically interpreted volcanic features
than unreduced magnetic data (Fig. 9a). The correla-
tion of the RTP magnetic field with volcanic features
probably indicates the location of further volcanic
features not covered by the seismic dataset (see
Buarque et al. 2016). There are, however, a small
number of areas with relatively high magnetic field
and no seismically observed volcanoes, and other
areas with low magnetic signal where volcanics are
observed on seismic reflection data. In addition, we
note that some magnetic anomalies are still some-
what asymmetric after RTP correction, possibly
implying a residual magnetic field. Further discus-
sion of the relationship between magnetic data and
volcanic structures across the PPB is given in Buar-
que et al. (2016).

The majority of the volcanoes are found to be
concentrated around the seaward edge of the plateau
(Fig. 9). The obvious exception to this is the large
volcanic edifice of the Gaibu High. This is a
35 km-diameter, c. 1.3 km high volcanic edifice
located in the centre of the plateau. The Gaibu
High has a flat top and steeply prograding reflectors
on its northern and southern flanks (Fig. 8b), which
may be carbonate reefs overlying volcanics or may

be clinoforms related to extrusive volcanic activity
(Buarque et al. 2016). Of similar size is the large Ala-
goas Seamount, located in the SE of the plateau, at
31 km diameter and 2.3 km height (Fig. 8a). The
Alagoas Seamount does not have clear prograda-
tional clinoforms and instead has a random, low-
frequency seismic noise in its interior. It also appears
to straddle the COT, as tilted fault blocks with sedi-
mentary strata are observed west of it, and normal
oceanic crust is observed to the east. Numerous
smaller volcanic edifices are found around the pla-
teau (Fig. 8c). In general, these do not appear to cor-
relate with large basement structures or anomalously
thin areas of crust. Additionally, very little of the
magmatic plumbing system is seismically imaged.

Re-analysis of plate model reconstructions

The results of the PDE14 and H13 plate tectonic
models are shown in Figure 10. The PDE14 model
flowlines imply break-up ages between 101 and
113 Ma using either the South American (SAM) or
African (AFR) ensemble of COBs. There is no com-
bination of a candidate COB and flowline that
implies break-up at any time before 113 Ma. For
the H13model, the flowline–COB intersections indi-
cate break-up ages between 108 and 140 Ma on the
SAM-side, although the most northerly flowline
does not exit the COB ensemble on the far side (old-
est inferred break-up thus .140 Ma). For the AFR-
side COB ensemble, break-up ages implied range
between 109 and 140 Ma. These generally older
and more widely spread H13 ages are due to the
model’s more strongly curved flowlines, which in
places intersect the ensembles quite obliquely. The
curvature of these flowlines is due to the H13 Euler
rotation poles that lie closer to the Pernambuco
basin segment of the Atlantic. Within the H13
model, however, there is divergent motion of ∼30–
40 km in the Early Cretaceous (∼143–124 Ma)
between the Borborema Block and SAM plate,
which is not included in the modelled flowlines of
Figure 10. If this were included, it would result in
shorter flowlines that gave an older set of ensemble
crossings and break-up ages, estimated to be ∼2–
10 Ma depending on the flowline. The H13 break-up
ages are thus ‘youngest possible’ ages in this analy-
sis. The H13 model was also built with constraints
from a specific ‘landward limit of ocean crust’
(LaLOC), which are highlighted in Figure 10, with
flowline crossing of this LaLOC giving preferred
best-estimates of break-up ages for this model.

Overall, the analysis of both models indicates that
there has been little asymmetry since break-up,
beyond the scale of the individual flowline segments,
with no consistent pattern of excess accretion to
either plate. If there are observed asymmetries at
whole-basin scale, these could therefore be
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attributable to stretching, rather than spreading, or
possibly to biases in the COB ensembles.

Discussion

The presence of large-scale salt deposits is a key
palaeoenvironmental indicator of a restricted basin,
with regular, repeated marine incursions sufficient
to supply major ions for the evaporative generation
of salt minerals (Schreiber and Tabakh 2002). On
the Brazilian margin, records of Early Cretaceous
marine sedimentation within the Sergipe–Alagoas
Basin indicate marine inundation during the late

Aptian, with the transition from the evaporites of
the Aptian Muribeca Formation to the fully marine
Riachuelo Formation (Arai 2014; Fauth et al.
2022; Luft-Souza et al. 2022). The Brazilian intra-
continental basins, such as the Araripe Basin, also
show evidence of transient marine incursions in the
early and late Aptian, with some fossil occurrences
with Tethyan affinities (Goldberg et al. 2019; Melo
et al. 2020; Araripe et al. 2022; Fauth et al. 2023;
Voltani et al. 2023). These Tethyan biogeographical
affinities are present in the Sergipe Basin (Arai 2014)
and even the marginal basins of southeastern Brazil
and the African Kwanza Basin (Kochhann et al.
2013; Sanjinés et al. 2022). This fossil evidence

Fig. 8. Volcanic features on the Pernambuco plateau. The inset maps show the locations of each seismic line. (a) The
Alagoas seamount. (b) The Gaibu High, with carbonate reefs capping. (c) Smaller volcanic cones on the edge of the
Plateau (a close up of the eastern end of the seismic line shown in Fig. 4).
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has been used to propose a Tethyan source for Aptian
marine water in the Sergipe Basin, via a seaway
through the interior basins of NE Brazil (Arai
2014). Furthermore, in some cases, these northerly
passages are suggested to be the seawater source
for the major salt basins of the Central Atlantic
basins (Szatmari et al. 2021). The viability of this
interior north–south linkage, however, is questioned
on the basis of basin geometry and sediment archi-
tecture (Assine et al. 2016). Instead, a three-way
incursion model is favoured to explain Aptian
marine deposition in the interior basins of northern
Brazil, with incursions from the Central/Equatorial
Atlantic into the northern Parnaiba and Potiguar
basins, but from the South Atlantic into the more
southerly Sergipe, Recôncavo and Araripe basins
(Assine et al. 2016). Such a model is more consistent
with detailed palaeogeographical reconstructions
through the rift sequence, which indicate southerly
opening of the South Atlantic before a continuous
passage was available through the Central/Equato-
rial Atlantic system (Fig. 11). However, it is worth
noting that recent seismic reflection studies of the
Guinea Plateau at the northern end of the EAG
image giant, upslope migrating sediment waves
from ∼117 Ma. These waves are interpreted as the
first large-scale, potentially hypersaline, northwards
deep-water outflows from the opening EAG basins
(Duarte et al. 2025).

The imaging of halokinetic structures in the Per-
nambuco Basin early synrift sediments, rooted in salt
layers hundreds of metres thick, suggests the incur-
sion of marine waters into the northern-most basins
of the South Atlantic close to the onset of rifting in
the PPB. The PPB salt was deposited in the early
synrift, rather than post-rift, stage, with repeated
refill and evaporative drawdown of waters sourced
over the basement rim. With the reconstructed rift
geometry presented here, the PPB consisted of a
series of narrow north–south-trending basins at the
northern extremity of, and potentially topographi-
cally higher than, the opening central South Atlantic.
Further, the structure of these deep synrift basins,
which were open to the south, but with onlapping
sediments onto large basement highs in the north,
support marine water recharge sourced from the
south, probably over theMaragogi High at the south-
ern rim of the PPB, rather than through a nascent
opening of the EAG.

If the source of seawater to the PPB is from the
south, then the geometry of the system–with the
PPB rift basins to the north of and topographically
above regions already post-break up–requires saline
flow across the major salt basins of the South Atlan-
tic. This flow could be during large recharge events
during main salt deposition in the central South
Atlantic salt basins (Cornelius 2023). Alternatively,
this flow to the northernmost point of the South

Fig. 9. Magnetic and reduced to pole (RTP) magnetic maps, with seismically interpreted volcanic structures
overlayed. The 2D seismic grid is shown as thin black lines; labelling of structural highs is in thick black, except
where above a volcanic structure, where colour gradient is used to represent depth to the top of the structure. COT,
continent–ocean transition.
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Atlantic system was after the substantial, irrevers-
ible, gateway opening along the line of the Wal-
vis–Rio Grande Ridge, and the onset of marine
conditions in the major basins to the south of the
PPB. In any case, a conservative assumption is that
the PPB salt deposits are no older than those of the
main salt basins to the south, probably slightly youn-
ger, as seawater incursions propagate to the northern-
most and youngest basins of the system.

There is still a substantial divergence in the age
estimates of salt deposition and its termination in
the main South Atlantic basins, between younger
radiometric ages of 100–115 Ma (late Aptian –

Albian) and older ages of ∼117–123 Ma (latest Bar-
remian – early Aptian) of bio- and/or isotope stratig-
raphy (see discussion and references in Eldrett et al.
2023; or for an alternative view, those of Szatmari
et al. 2021; Cui et al. 2023). Here, we note the com-
pelling arguments of Eldrett et al. (2023) that the
young radiometric dates are more uncertain, in
their stratigraphic context and/or methodology, but
consider the implications of both age ranges for the
interpretation of PPB evaporites. Within the early
Aptian estimates of salt age, there is also a range,
from the termination of salt deposition at ∼121 Ma
in the Campos and Santos basins (Tedeschi et al.

2017) to salt deposition on the Gabon margin
∼117–118 Ma (Eldrett et al. 2023). It is not clear
whether this represents a genuine diachroneity in
salt ages between the southern and more northern
basins, or uncertainty in the available chronostratig-
raphy. If the former, it indicates that the progress of
fully marine conditions from the central to more
equatorial and marginal basins of the West African
margin took some time, which would support a
younger age for the PPB salt than for the evaporites
in basins to the south.

On this basis, we present two illustrative, end-
member, chronostratigraphic interpretations for the
PPB salt. In the first, ‘old’ option, the PPB salt is syn-
chronous with, or very soon after, the deposition of
evaporites in the Santos and Campos basins, in the
early stages of Ocean Anoxic Event 1a (∼120–
121 Ma; Tedeschi et al. 2017). In the second we
use the reported depositional age of the main evapo-
rite sequence in the Gabon Basin on the conjugate
margin immediately to the south of the PPB of
∼113–114 Ma (Cui et al. 2023). These two illustra-
tive ages for the PPB salt (∼120 or 114 Ma) can be
compared with the break-up ages of the plate models
described above. Although neither salt age is incom-
patible with either plate model, using the youngest

Fig. 10. Comparison of the H13 (top row) and PDE14 (bottom row) plate model reconstructions focusing on the South
American (left) and African (right) conjugate margins. Pale blue lines are the synthetic flowlines at 10 Myr intervals
between 100 and 140 Ma. Light green lines are ensembles of published suggestions for the continental–ocean boundaries
(Eagles et al. 2015) with the landward limit of oceanic crust used in the model of Heine et al. (2013) highlighted in
darker green. Green labels state the times at which the flowlines pass into and out of the ensemble extremes.
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possible break-up ages for each model, 108 Ma for
H13 and 101 Ma for PDE14, we can derive mini-
mum estimates of post-salt, synrift sedimentation
rates. Given there is at least 3.4 km of post-salt
synrift sediment in the PPB (Fig. 7), the latest Aptian
salt scenario gives a minimum sedimentation
between salt (114 Ma) and break-up (108 Ma) of
∼570 m Ma−1 for the H13 scenario, and
∼260 m Ma−1 for PDE14. Conversely, some of the
flowline/COB combinations in the H13 model are
clearly excluded where they indicate a pre-Aptian
break-up. Under the assumption that marine incur-
sions to the PPB are southern-sourced, and must
post-date the salt basins to the south, then a pre-
Aptian break-up of the PPB would place any evapo-
rites in the post-rift succession, rather than in the
early synrift as clearly observed in the seismic
reflection data.

Volcanic structures have been well documented
in a previous study of seismic reflection data from

the Pernambuco region (Buarque et al. 2016;
Matos et al. 2021a, b), and the new ION data support
the identification of these features (Fig. 8). The
geometry of some of these volcanic structures, with
the absence of any erosion features, also indicates a
submarine origin and lack of any subsequent subae-
rial exposure. Within the PPB there are two distinct
basement highs: the east–west-trending Gaibu High
near the centre of the plateau and the Itamaracá
High, which trends NW–SE on the NE border of
the plateau (Fig. 2). As with the study of Buarque
et al. (2016), regional magnetic surveys (Fig. 9),
integrated with seismic reflection data (Fig. 8), sup-
port the conclusion that these two distinct highs are
probably magmatic centres within the PPB, although
they could represent preserved basement ribbons
surrounded by the hyper-thinned crust or aborted
spreading centres as observed in the Santos Basin
(Pichel et al. 2021; Mohriak and Szameitat 2023).
Whilst some of the volcanics identified by Buarque

Fig. 11. Illustrative palaeogeographical reconstructions from the plate model of Heine et al. (2013) for a late synrift
interval (top; 122 Ma slice in the H13 model) and for an early post-rift interval (bottom; 119 Ma slice in the H13
model). These reconstructions illustrate the connection between the Pernambuco Plateau Basin and the central South
Atlantic to the south rather than to the equatorial/Central Atlantic to the north.
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et al. (2016) are interpreted as post-rift Cretaceous or
even Cenozoic in age, the extrusive and intrusive
volcanics observed offshore in the ION seismic
data are closer to the synrift-to-post-rift transition,
for example the series of edifices, some with roots
in the top synrift and others the base of the post-rift
(Fig. 8c). Linking this magmatic activity to nearby
igneous centres thus provides a context for the PPB
stratigraphy in the absence of direct dating of the
sedimentary sequence. The most likely magmatic
system active close to the PPB in space, and close
to the synrift-to-post-rift transition in time, is the Ipo-
juca Magmatic Suite approximately 30 km to the
south of Recife in the onshore portion of the Pernam-
buco Basin. This magmatic suite is dated to 102–
103 Ma in Buarque et al. (2016), whilst the Cabo
Granite, a constituent of the Ipojuca Suite, is dated
to ∼105 Ma by Long et al. (1986). Although the
drivers of melting – ascribed to the interaction
between the Ascension Mantle Plume and the late
synrift thinning of continental crust (Long et al.
1986) – are uncertain, the simplest interpretation of
the early post-rift PPB volcanics is that they are prob-
ably related in petrogenesis to this neighbouring sys-
tem immediately to the south. Such an interpretation
is consistent with that of Caixeta et al. (2014), who
present evidence that the magmatic systems of the
offshore Sergipe–Alagoas are late synrift, late
Albian in age, and, where dated, cluster around
∼102–104 Ma. They infer that a significant compo-
nent of the offshore PPB volcanic system is similar
in age and petrogenesis, being associated with late
rifting (Caixeta et al. 2014). The offshore well data
from Sergipe–Alagoas also identify fine-grained,
Albian marine sediments as being synrift, with the
inference that rifting in the Brazilian northeastern
basins was still ongoing after marine conditions
had been fully developed in the South Atlantic
(Caixeta et al. 2014).

The seismic reflection data analysed here,
together with the relative positions of the salt depos-
its and the submarine volcanic structures, and the
new interrogation of break-up scenarios for this seg-
ment, provide important reference points for the rift
and break-up history of the PPB. This work builds
upon the indications of both these features in previ-
ous surveys (Buarque et al. 2016; Matos et al.
2021a, b), but now with improved imaging, espe-
cially of the deep salt. The probable bounding ages
of Aptian salt and late Albian PPB volcanics
(∼104 Ma) provide a bracketing of the PPB rift
development, and can be usefully compared to the
dynamics of plate models. First, the inferred late
Albian age of the volcanics at or close to the
synrift-to-post-rift transition, as in the Sergipe–Ala-
goas (Caixeta et al. 2014), are younger than any real-
ization of break-up ages from flowline/COB
combinations of the H13 model, with the youngest

being 108 Ma. A late Albian break-up age is also
towards the younger end of those realized in the
PDE14 model (101–113 Ma). The alternatives to
this scenario include that the volcanic structures
imaged, for example in Figure 4, are not, as we inter-
pret, close to the synrift-to-post-rift transition – or
even rooted in the late synrift, similar to the Ser-
gipe–Alagoas (Caixeta et al. 2014) – but instead sig-
nificantly post-rift. In this case a late Albian age for
these volcanics would not have the implication that
rifting continued to progress into the late Albian. A
second alternative that would argue against active
late Albian rifting is that the volcanics, whilst
being close to the synrift-to-post-rift transition, are
not late Albian in age, but older (.104 Ma).
Although, in the absence of any direct dating, this
is quite possible, it is not consistent with the age of
the magmatic suites in the onshore Pernambuco
Basin, or the offshore Sergipe–Alagoas Basin, that
have been dated, which tightly cluster with a late
Albian age (∼102–105 Ma) (Long et al. 1986; Caix-
eta et al. 2014). It is on this balance of evidence,
admittedly limited in the absence of any direct strati-
graphic constraints from the PPB, that we infer a
most likely scenario of late Albian magmatism in
the PPB associated with, or just after, the final stages
of rifting.

If the assumption that the early synrift salt in the
PPB requires northward saline water inflow from the
main South Atlantic basins is correct, then combin-
ing the two end-member options for salt ages
outlined above, of ∼120 and 114 Ma, and the
inferred late Albian age for the top of the synrift
(∼104 Ma), two estimates of post-salt, synrift mini-
mum sedimentation rates (assuming ∼3.4 km of sed-
imentation) can be derived, of ∼210 m Ma−1 for an
early Aptian salt, and ∼340 m Ma−1 for a late
Aptian–Albian salt (Fig. 12). It should be clearly
stated that – assuming the age of salt deposition is
fixed – the older the top of the synrift, associated
with break-up, then the more compressed the synrift
deposition becomes in time, with higher required
sedimentation rates. In these two scenarios the syn-
rift is either Aptian–Albian or Albian, with post-rift
sedimentation beginning in the late Albian, with
the potential for relatively quiescent post-rift sedi-
mentation through the Cenomanian and Turonian.
This post-rift succession is one of the prime targets
for the proposed scientific drilling of the PPB (Dunk-
ley Jones et al. 2019).

If correct, a young, narrow, restricted Equatorial
Atlantic at the start of the Late Cretaceous could
explain the persistence of poor ventilation, dysoxia
and high organic carbon accumulation along the
Equatorial Atlantic margins during the early Late
Cretaceous (Wagner 2002; Friedrich et al. 2006).
New neodymium isotope data from the South Atlan-
tic, however, are interpreted as representing water-
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mass exchange between the Central and South
Atlantic progressively increasing through the Albian
(Dummann et al. 2023), which, if correct, holds out
the intriguing possibility of some water mass
exchange through the fully marine, post-salt synrift
basins of the PPB, or to the east of the PPB, through
the potential deeper basins of the conjugate, west
African margin. The complexity of the EAG system,
and the timing of its evolution over the critical Early–
Late Cretaceous transition remains a major chal-
lenge, and one that urgently requires direct geologi-
cal sampling in key offshore basins, such as the PPB
(Dunkley Jones et al. 2019).

Conclusions

The analysis of deep-penetration multi-channel seis-
mic reflection data along long lines crossing from the
inner continental margin to oceanic crust across the
Pernambuco Plateau reveals a series of deep, approx-
imately north–south-trending continental synrift

basins with more than 3 km of sediment fill. In the
earliest synrift sediments there are substantial salt
accumulations that have since developed large halo-
kinetic structures in the form of salt diapirs and
pillows that penetrate upto 3 km through the overly-
ing synrift sediments. Several basement highs, often
associated with bathymetric highs in the modern, are
identified as either major fault blocks or volcanic edi-
fices, the latter also being identifiable on regional
aeromagnetic surveys. Palaeogeographical consider-
ations indicate a southern source of marine waters
sufficient to resupply evaporite depositional systems
in the early synrift and would require Pernambuco
Basin salts to be contemporaneous with or post-date
the major post-rift salt basins in the central South
Atlantic. Depending on the dating of the South
Atlantic salt basins, this constrains the base of the
Pernambuco synrift to be no older than early Aptian
(∼120 Ma), or potentially as young as the Aptian–
Albian boundary (∼113 Ma). Also observed are a
series of distinct submarine volcanic structures,
with the oldest rooted close to the synrift-to-post-rift

Fig. 12. Correlation of Pernambuco Plateau Basin (PPB) events against the Geological Timescale (GTS) 2020 (Gale
et al. 2020). Key recent estimates for the age of South Atlantic salt deposits (teal boxes), the age of the Sergipe–
Alagoas magmatic suite (red box) and the range of break-up ages from the PDE14 and H13 plate models (vertical
green bars) are summarized. Based on the assumption of PPB salt post-dating South Atlantic salt and PPB break-up
close to the age of the Sergipe–Alagoas volcanic suite, vertical bars with gradient fills indicate the range of timings
for salt deposition (teal) transitioning into synrift sedimentation (orange). The coastal onlap column shows Cretaceous
sea-level fall events using the nomenclature of Haq (2014), K denotes Cretaceous followed by the age code (e.g. Tu,
Turonian) and numerical designation. FAD, first appearance datum; GSSP, Global Boundary Stratotype Section and
Point, OAE, Oceanic Anoxic Event.
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transition. The most likely association of this mag-
matism is with onshore magmatic suites in Pernam-
buco, and offshore magmatism in the Sergipe–
Alagoas Basin to the south, which are dated between
102 and 105 Ma. This association provides a poten-
tial control point for the synrift-to-post-rift transition
in the Pernambuco Plateau region in the late Albian,
which is at the youngest end of break-up age esti-
mates from plate models. These observations also
suggest that the opening of a fully oceanic connec-
tion through the EAG was not established before
the latest Albian, or was predominantly established
oceanwards (eastwards) of the PPB.
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