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The Ceara Plateau offshore Fortaleza holds some particulacharacteristics when
compared to the other seamounts of the Brazilian EquatoridVargin (BEM). Not only it is
the largest and the closest to the continent, it is also locatd at the boundary between
the continental and the oceanic crusts, while all the otherseamounts along the BEM are
located on oceanic crust. For this reasons, the Ceara Plataarepresents a key area to
study the stratigraphy of the region throughout proximal taleep ocean faciesin relation
to sea-level and oceanographic variations. Seismic interptation is performed providing
important stratigraphic features of the sedimentary patten of the Ceard and Potiguar
basins. Moreover, seismic imaging of the Ceara Plateau shaswa “disorganized” interior,
probably of volcanic origin, overlain by a series of horizéal seismic re ectors that can be
interpreted as pelagic/hemipelagic sediments. As large wertainties exist about the age
of the initial formation of this seamount, three scenarios ost be considered. If the age of
the volcanic edi ce is Coniacian (1), then the overlying pagic/hemipelagic sedimentary
succession can include an almost continuous record of the lst 90 Ma at the Equatorial
Atlantic Ocean. In the case that the volcanic edi ce is Eoceain age (2), the sedimentary
sequence would still encompass the upper Paleogene and alhe Neogene. There is
also the possibility that the volcanic edi ce was built durig multiple magmatic events
(3). In this case, it is likely that the sediments are intergered with volcanic rocks at
the edge of the structure. Although the age estimation (beteen Coniacian and Eocene)
has an uncertainty of more than 40 Myr, the current interpretion is that it developed
initially as a volcanic edice, formed by a series of magmati events that occurred
between the Santonian and the Eocene. Since then, the topo@phy has been leveled
by pelagic/hemipelagic sedimentation. Whichever was the itial age, a continuous and
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constant sequence of sediments deposited onto the Ceara Plgau, at the same latitude,
and thus under the same oceanographic conditions, for the Ist several tens of million
years. This would candidate the Ceara Plateau as a suitablepportunity to record a
long-term history of the Atlantic Equatorial Margin.

Keywords: ceara plateau, potiguar basin, brazilian equato rial margin, cenozoic, seismostratigraphy

INTRODUCTION GEOLOGICAL SETTING

Seamounts represent a fascinating feature of the ocean@ea orhe BEM is characterized by a number of seamounts of di erent
because they retain important elements to reconstruct tleanc origin. Some of them are linked to the interaction between th
evolution. While most of them have a volcanic origin andmargin and tectonic lineaments such as the Romanche fracture
are capped by condensed sedimentary sequences, some hzmee, while others, observed from the Para-Maranhéo tajeati
a continuous and thick sediment coveBdder et al., 1990 basins, are related to magmatic origin. In Ceard and Potigua
Because their topography spans over a broad bathymetric rand®sins magmatic rocks were already sampled revealing diteren
seamounts have the potential to record a variety of changes somposition and ages, which vary from Coniatian to Pleistocene
ecological, oceanographic, and sedimentary conditidgasn{n  with activity peaks during the Santonian and Eocelgz(isaki
etal., 198p etal., 2002; Thomaz Filho et al., 2008; Perlingeiro et é320
In this study we present a seismo-stratigraphic reconstoucti The Ceara Plateau is a at top seamount that raises in
of the sedimentary sequence of the Ceara Plateau, which isfrant of the continental shelf of the BEM, o shore the city of
seamount that raises o shore of the Brazilian Equatoriakila  Fortaleza (Brazil). This is the largest seamount in therenti
(BEM). The Ceara Plateau is located between the Ceard aB@EM, with a surface area of 450 RrtFainstein and Milliman,
Potiguar basins, some of the deep-water basins o shore thd BE1979, in water depth of about 400 m. The Ceara Plateau is
that formed in the Cretaceous. Since the breakup of the rearth located between the Potiguar and Ceara basins that are part
part of the South Atlantic Ocean, the BEM: of the ve oshore sedimentary basins bordering the BEM,
which include, from NW to SERigure 1): Foz do Amazonas,
Para-Maranhdo, Barreirinhas, Ceara, and Potiguar, whieh a
roughly limited by the Atlantic Equatorial fracture zoné@hese
basins started their development during the Early Cretasgou
as a series of several continental rift basins through a cexpl
The Ceara Plateau, in particular, crosses di erent bathyimetr evolution with tectonic regime varying from predominantly
regions and can preserve a vertical record of distinctiveormal (distension) to predominantly strike-slip (transton
environments. Here there is the potential to retrieve a high-and transpression) regime. This complexity is due to the direra
resolution, multi-record, and continuous sedimentary ik transform character of Gondwana breakup in this portion of
considering that the Plateau: the ancient megacontinent which conditioned the segmeoiat
. . of the breaked up margin in parts with dominance of normal
(1) has been _undergomg steady-st_ate subsidence _f%ting (distentional tectonic regime) separated by zondthw
accommodating an amount of sediments ENcompassing, minance of strike slip rifting (transtension and transgsies
about 7(.) Myr, . . . tectonic regime). These zones nucleated the future oceanic
(2) has maintained a location proximal to t_he contlneljt, ablefracture zones of the Equatorial Atlantic Ocean. The BEM
tSc; dgigrl:]aeﬁgtee a supply of both pelagic and terngenou% therefore a transform margin, however, the post-breakup

. . . . . . tectono-sedimentary evolution has been interpreted as\iaba
(3) was notinvolved in major tectonic events, which mightba y P b

ted sedi t burial di . dch dits latitud like a normal rifted margin such as the East Brazilian cost,
a ected sediment bunial diagenesis and changed Its fatitude, i, the main subsidence mechanisms driven by thermal and

Although the BEM has a large number of commercial seismiésostatic subsidence. Nevertheless, it has not ruled caitrdle
lines and borehole data, detailed stratigraphic analyses a@é the fracture zones in the tectonic reworking of the drift
lacking, moreover paleoceanographic and tectonic/volcanigedimentary section over the Upper Cretaceous and Cenozoic
studies have been limited. This paper will present, for the rstuntil the present francolin and Szatmari, 1987; Marinho and
time, data supporting the identi cation of the main horizons Mascle, 1987; Szatmari et al., 1987; Zanotto and Szatr8&i, 1
and stratigraphic units on the Ceara Plateau, giving insighMatos, 1999, 2000; Milani and Thomaz Filho, 2000; Mohriak,
into the geological evolution of this portion of the BEM 2003; Moulin etal., 2030

through the Cenozoic. This represents a framework necessary In Ceara and Potiguar Basins, the syn-rift sedimentary
for characterizing the tectonic and paleoceanographic hysto deposits of assumed pre-Aptian and early Aptian ages are
of this region, and which would represent a suitable site fofresh water continental and lacustringlgtsch et al., 2001;
future International Ocean Discovery Program (IODP) drii Condé et al., 2007, Pessoa Neto et al., ROThe rst
expeditions. marine incursion on continental crust in those basins was

(1) occupies a stable low-latitudinal setting,

(2) is characterized by oceanographic conditions that haste n
changed signi cantly \(Vagner and Pletsch, 1999; Mduller
etal., 2008; Torsvik et al., 2009; Heine et al., 2013
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FIGURE 1 | Map of the Brazilian Equatorial Margin and bathymet  ric map of the Ceara Plateau (Bathymetric grid: GEBCO_2014. Av  ailable at: https://
www.bodc.ac.uk/data/online_delivery/gebco/). Tectonic fracture Zones based onMiller and Roest (1992)and Basile et al. (2005)

registered during pre-breakup time, in the late Aptian. Thisstress at the Equatorial Margin breakuplgtos, 1999, 2000;

is conrmed by the presence of more than 100m of saltCondé et al., 2007; Figueiredo et al., 2007; Pessoa Netq et al

late Aptian in age, related to shallow marine facies drilled i2007; Soares et al., 2007; Trosdtorf et al., 2007; Moulin.et al

the present day shallow water of Ceard basior{dé et al., 2010.

2007. The nal opening of the Equatorial Atlantic Ocean marked
The BEM breakup is diachronous among the basins. Thosa dramatic change in water mass distribution and circulation

located to the south of the Romanche fracture zone (Ceara anglith profound e ects on climate and ecosystem8u(ke,

Potiguar) breaked up at the end of the Aptian and those located975; Azevedo, 2004 The conditions transitioned toward

to the north of the referred zone breaked up at the end of thenore persistent bottom oxygenation from the Late Cretaceous

Albian. The Romanche fracture zone acted for some milliorthrough the Paleogene, with deep-water connection between

years as an accommodation zone for the strike slip tectonithe North and the South Atlantic fully established in the
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Campanian-Maastrichtiarf{fiedrich and Erbacher, 2006; SextonMagmatic Intrusive Events

and Wilson, 2009 Dozens of seamounts are present o shore the BEM. Most of them
) are clearly located on oceanic crust, therefore they are glearl
Stratigraphy dated as younger than the continental breakup. Potentiadl el

The BEM is a stable latitude passive margirey(den, 1976; datasuggestthatthe seamounts are volcanic caregien, 1976;
Milani and Thomaz Filho, 2000; Zalan, 2001; Basile et alSa et al., 1993; Ussami et al., 19@nly a few volcanic rocks
2005; McHone, 2006 The post-rift sedimentary succession inare dated from shallow water (continental crust) o shore the
shallow water settings is characterized by a series of depwdi Ceard and Potiguar basins, and they reveal ages spanning from
sequences separated by regional unconformities of the ord88 to 28 Ma (Santonian to Lower Oligocendjzusaki et al.,
of 2—3 million years Rabinowitz and LaBrecque, 1979; Dias2002; McHone, 20Q060nshore the Potiguar basin, magmatism
1991; Souza-Lima and Hamsi, 2003; Condé et al.,)20Ddeep spans from about 89 to 14 Ma. In the Fernando de Noronha
water settings the deposition is more continuous and eroson Archipelago the ages of magmatic rocks range from about ©2.5 t
localized Dias, 1991; Condé et al., 2007; Pessoa Neto et al).200I.3 Ma Mizusaki et al., 2002; Perlingeiro et al., 2DTis post-
Some of the erosional events might be interpreted as related breakup—Coniacian to Pleistocene—volcanism is known in the
sequence boundaries and, consequently, to erosion phaseés du literature as “Macau volcanismMizusaki et al., 2002; Thomaz
intensi ed bottom currents Condé et al., 2007; Pessoa Neto et al Filho et al., 2008; Perlingeiro et al., 2D.1So far, however, there is
2007. no direct sampling and dating of any o shore seamount from the
The Ceard Plateau is located at the boundary betwedBEM, except for Fernando de Noronha Archipelago. Therefore,
the Cearé and the Potiguar basirsSigure 1). Its sedimentary there is no clear assessment of the relationship betweémsats
succession includes the Ubarana Formation (Fm), whicland volcanic rocks in the seamounts, and the current age
comprises all the post-rift deep-water successions, from thestimate for the latest volcanic emplacement ranges bettheen
Lower Cretaceous (Albian) to the Preserfigure 2, Dias, Coniacian and the Eocene, thus has an uncertainty of mone tha
1991; Beltrami et al., 1994; Condé et al., 2007; Pessoa NdMyr.
et al.,, 200y, The Ubarana Fm consists of two members: the
Uruburetama Member (Albian-Campanian), and the Itapagé
Member (Campanian-Present). The Uruburetama MembeDATASET AND METHODOLOGY
represents a long-term transgressive cycle resulting frben t
high subsidence rate of the continental margin over theThe dataset used for this interpretation consists of post-stack
rst tens of million years after the breakup. This long-term 2D seismic lines of the Plano de Levantamento da Plataforma
transgressive cycle is punctuated by higher order regressiContinental Brasileira (LEPLAC) IIl. They have been accglire
events, which individualize at least 6 (six) third or secondoriginally in 1989 by the Brazilian Navy Diretoria de Hidr@ega
order depositional sequenceCdndé et al.,, 2007; Pessoae Navegag&o (DHN) and by the drilling log named 1-CES-112,
Neto et al., 2007 The Itapagé Member represents a long-and were previously used liyondé et al. (200Rp reconstruct
term regressive cycle following the overall shelf progradat the stratigraphy of the area. The data have been acquired with
into the basin, due to the decrease in subsidence raten air gun source (7 m depth), using a group interval o set of
since the CampanianCondé et al., 2007 This long-term 25m and a streamer of 2.5 km length, which retained a range
regressive cycle is punctuated by minor transgressive gvenof frequencies between 8 and 90 Hz. The seismic lines have
which includes at least 5 (ve) third or second order been reprocessed using a classic processing stream including:
depositional sequence€{nde et al., 2007; Pessoa Neto et alediting and de-multiplexing, geometric spreading corretio
2007. The most important discontinuities of the Cenozoic spike deconvolution (removing source signature), CDP grogpi
occurred at: (1) the middle-upper Miocene boundary (theand determination of stacking velocity, pre-stacking migrat
Tortonian unconformity); (2) the Rupelian-Chattian boundar and stacking, post-stack deconvolution, migration and band
(the Chattian unconformity); and (3) the Ypresian-Lutetian ltering and equalization. The processing was mostly oriehte
boundary Eigure 2). During the Upper Cretaceous the most on the recognition of the regional features, although it dioit
important discontinuities occurred during: (1) the Maastitian  successfully eliminate some of the deep large scale multiple.
(Intra-Maastrichtian unconformity); (2) the Maastriclatn- The drilling logs 1-CES-112, used kyonde et al. (2007)
Campanian boundary (base Maastrichtian unconformity); (3)for the stratigraphy of the regionFHgure 2), and other lines
the Campanian (Mid-Campanian unconformity—MCU); (4) the have been provided by the Agencia Nacional do Petréleo,
Turonian (Intra-Turonian unconformity); (5) the Cenomaain  Géas Natural e Biocombustiveis (ANP) after being collectged b
(Intra-Cenomanian unconformity); (5) the Cenomanian-Adlm  Petrobras.
boundary (Albo-Cenomanian unconformityfigure 2). These The seismic picking interpretation was performed by several
unconformities are associated to the main sequence bougslar users, which used di erent software (PetfellHS Kingdom?®,
identi ed in the basin from the previous studies. The geotmii GeoSuit€ and OpenDetect), and included the use of some
record in deep water is composed of hemipelagic/pelagic nebasic image processing. The data set was interpreted in two way
grained sediments, with localized gravity ows carryingase- time (twt) and the stratigraphy calibrated with data of twollse
grained sedimentsZ@alan, 2001; Condé et al., 2007; Pessoa Net-CES-112 and MAS-33-gure 3 see next paragraph for an
etal., 200). extensive description). The interpretation of the seismicadat
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FIGURE 2 | Stratigraphic scheme of Ceara basin ( Condé et al., 2007 ) together with (A) Geochronology, (B) discordances inthe C  eara Plateau and

(C) lithostratigraphy (formation and members) following Condé et al. (2007) and Pessoa Neto et al. (2007) , (D) Eustatic curve of Hagq et al. (1987), and
(E) Paleoclimatic curve of Zachos et al. (2008) . The Macau Event seems to occur in mainly 5 phases: 48.9 2.9,31.4 1.5,and 14.7 0.9 (Pessoa Neto et al.,
2007).

resulted in 6 horizons or re ectors mapped throughout bothdin of the main horizons. Chronology information from the wellis
LEPLAC 501 Figure 3) and line POT44 Figure 4), using the data helped to assign ages to the horizons and re ectors teegw
stratigraphic picks of the well 1-CES-112. The interpretatibn traced and mappedsigures 3-6).

the data was conducted with basic principles of seismic rewsct
identi cation based on amplitude, phase, and continuity. @nc
the mapped seismic horizons were tied to the well, they wer
identi ed according to the depth along the seismic data ciogs

RESULTS

. - . . - The study and interpretation of the seismic data revealed 6
with the well position. The image processing applied to thG‘horizons and/or re ectors mapped throughout both LEPLAC

stacked seismic lines included the use of Root Mean Squ .
(RMS) amplitude attribute (equivalent to the square root of th?eé%l and POT44 linesHgures 3-6). Based on the sequences

average of the squared values of the wavefor@it)opra and ;gﬁgv%?r:;e;gg]stg ethl(;(rilléﬁiié.wdﬂlgure 2), we can assign the
Marfurt, 2007. A gray scale and an opacity color scé&e(re 4 '

have been applied to enhance eventual impedance contrastsHorizon 1: Cretaceous-Paleogene boundary

related to the basement units and the post Cretaceous coverHorizon 2: Middle Eocene

(Figures 3 4). During the interpretation, in areas with absence of Horizon 3: Oligocene or Lower Miocene

well data and interruption of re ectors continuity, a compagan Horizon 4: Tortonian unconformity

of the seismic attributes has been applied to recognize retpeate\lh”e based on seismostratigraphic observations, we rized

equivalent lateral units or potential seismic facieg(res 3-6). . . . .
The main horizons have been tied and recognized through thglISO some re ectors, ofwhich the age is attributed speadaj

(a) use of synthetic data analysis obtained from the wellrgam Re ector 5: Coniacian Volcanic intrusive emplacement
ray and P-wave velocity log information of the 1-CES-112, (b Re ector 6: Upper Cretaceous Continental prograding
the cross cutting relationships and investigation of seisfacies wedges
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FIGURE 3 | Seismic pro le of the seismic line LEPLAC 501 across t he Cearéa Plateau showing seismic sequences horizons H1 (Cret aceous-Paleogene
boundary in light-blue), H2 (Middle Eocene in pink), H3 (Oli  gocene or lower Miocene in green), and H4 (Tortonian unconfor mity in orange) and the
re ector R6 (Continentalward prograding wedges in yellow)

The four horizons mapped on the seismic data have moderatehen compared to H1, H2 it shows a better continuity, which
to strong re ectivity, namely dierence between acousticallowed continuous mapping. Horizon 3 (H3, green) was mapped
impedance igures 3-6). Horizon 1 (H1, light-blue) is related above H2 and it was related to the Oligocene or Lower Miocene.
to the Cretaceous-Paleogene boundary. It has higher ampltudAs H2, H3 also could be traced from the southwest part of the
in the southwest, but it is still well traceable to the notitwward — line up to the Ceara Plateau. A major discontinuity a ectin@H
the Cearéa Plateau. Horizon 2 (H2, pink) was dated to the middlevas observed at around 50 km from the continental shelf (SW)
Eocene and, as H1, can be traced from the southwest to theeentiFigures 3 5). H3 seems to terminate in onlap against a sequence
extension of the Plateau. Despite its slightly lower ampligyde boundary, which is Horizon 4 in this region (H4, orange). lder
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FIGURE 4 | Seismic pro le with AGC applied of the seismic line PO T44 across the Ceara Plateau showing seismic sequences horiz ons H1
(Cretaceous-Paleogene boundary in light-blue), H2 (Middl e Eocene in pink), H3 (Oligocene or lower Miocene in green), a  nd H4 (Tortonian
unconformity in orange); and the re ectors R5 (acoustic baseme nt interpreted as volcanic emplacement in red) and R6 (Contine ntalward prograding
wedges in yellow).

the erosive event responsible for the Tortonian unconfoynat ~ The shape of R6 re ectors can be explained as a set of wedges
Horizon 4 (H4, orange) has possibly eroded H3. prograding toward the continental margin. If this is the césen
The mean sediment accumulation rates calculated betweehe progradation was probably induced by a rapid growth of the
the sea bottom surface and the horizons H4, between Hédi ce controlled either by the volcanic eruptions or by chmeef
and H3, between H3 and H2, and between H2 and H1 arelevelopment. The presence of the prograding wedges would also
of 40, 15, 12, and 4 m/Myr. The Cenozoic should be suggest that the volcanic edi ce is not entirely controlledan
represented in a maximum thickness o0fL400 ( 1s twt) for intrusive process.
the horizon H1 (K/Pg boundary). Mean sediment accumulation Despite being characterized by a low Signal/Noise (S/N)
rate increases sensibly upward in relation to (1) increase agtsponse, the seismic imaging of the Ceara Plateau shows a
sediment input from the continent through the geological 8m seismically disorganized internal architecture, overlady a
in relation to paleoceanographic and paleoclimatic changesegries of horizontal seismic re ectors that can be interpdet
and/or (2) burial compaction of the ne hemipelagic/pelagic as pelagic/hemipelagic sediments. If the age of the volcanic
deposits. edi ce is Coniacian (scenario 1-ondé et al., 2007; Pessoa Neto
Volcanic events are instead responsible for the other twet al., 200y, then the overlying pelagic/hemipelagic sedimentary
re ectors traced on the Ceara Plateau. Gigures4 6 the succession can be formed by an almost continuous record of
Re ector 5 (R5, red) was traced from 2 s twt up to around 0.9 she last 80 Ma deposited at the Equatorial Atlantic Ocean. If
twt, cutting through H4. To the southwest of that emplacementthe volcanic edi ce is younger (Eocene) (scenario 2), thea t
a series of package units identi ed by the re ectors 6 (R6, y8llo sedimentary sequence encompasses the upper Paleogene and all
were mapped and interpreted as related to the volcanic edi cehe Neogene. Moreover, we cannot rule out the possibility that
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FIGURE 5 | RMS pro le of the seismic line LEPLAC 501 across the C  eara Plateau showing seismic sequences horizons H1 (Cretace ous-Paleogene
boundary in light-blue), H2 (Middle Eocene in pink), H3 (Oli  gocene or lower Miocene in green), and H4 (Tortonian unconfor mity in orange) and the
re ector R6 (Continentalward prograding wedges in yellow)

the volcanic edi ce is the result of multiple magmatic intrwvs  was subaerial during its active phase, but then, as suggegted
events (scenario 3). the presence of a sedimentary succession leveling the akigin
Due to thermal subsidence and sedimentary load, after theolcanic topography, it became subaqueous at certain point due
initial breakup, the entire continental margin has been sgbgd to the prograding features. The present day morphology of the
to a continuous subsidencedias, 1991; Milani and Thomaz Plateau suggests that the magmatic activity ceased foraseve
Filho, 2000. The drowning margin is characterized by di erent million years. During the inactive magmatic phase, sediragnt
subsidence rates between basinga¢, 1991; Zalan, 2001; processes have been dominating as demonstrated by a thick
Mohriak, 2003. However, it is possible that the volcanic edi ce sequence of plano-parallel re ectors. This includes aggiada
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FIGURE 6 | RMS pro le with AGC applied of the seismic line POT44 across the Ceara Plateau showing seismic sequences horizons H1
(Cretaceous-Paleogene boundary in light-blue), H2 (Middl e Eocene in pink), H3 (Oligocene or lower Miocene in green), a  nd H4 (Tortonian
unconformity in orange); and the re ectors R5 (acoustic baseme nt interpreted as volcanic emplacement in red) and R6 (Contine ntalward prograding
wedges in yellow).

of pelagic/hemipelagic beds and the possible development wfedges, which represent the possible development of coral reef
coral reef platforms, which resulted in horizontal propagatio or volcanoclastic platforms at the edge of the rise in someestag
After that, the surface of the Plateau has been subjectexts suggested by the structures observed in the seismic lines
to constant deepening as showed by the constant and wellFigures 4 6). The current age estimation for latest volcanic
developed sequence of re ectors and the fact that nowadays tlemplacement ranges between the Coniacian and Eocene, with an
whole structure is 400 m below sea level. uncertainty of more than 40 Myrijias, 1991; Condé et al., 2007;
From the seismic dataset there is no evidence of drifteéPessoa Neto et al., 2Q0The units onlapping and draping above
terrigenous materials from the continent. Terrigenousiseghts  the intrusive volcanic units indicates that even if the \aniic
are, instead, observed and recognized on the continentlf shedi ce was subaerial during its active phase the magmatism
and in the proximal part of slope, shifted further down to thein this region has been inactive for a long time, from the

lower slope by gravity mass transpofigures 3-6). Paleogene to presenfigure 3). During the inactive magmatic
phase, sedimentary processes and their related deposits have
DISCUSSION controlled the construction of the rise. These include agigition

of pelagic/hemipelagic beds, which resulted in a horizontal
The seismic interpretation of the LEPLAC 501 and POT44levation increase~{gures 3-6). Using the reprocessed seismo-
(Figures 3-6) lines performed and proposed in this paper stratigraphic dataset of LEPLAC 5(Hidures 3 5), we recognize
highlights the presence of a sedimentary succession intivedia  a stratigraphic sequence characterized by several re cidre
deep (hundreds of meters) marine environment covering thd ortonian and Chattian unconformities are the most remébla
volcanic edice. This structure is surrounded by progradingCenozoic unconformities in the entire Brazilian continaht
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margin (Conde et al., 2007The whole continental shelf, in fact, dataset and the climate evolution can be raised following the
was exposed above sea-level during those timesi{é€ et al., scenario 1 Figures2 7). The Horizon 1 is of fundamental
2007; Figueiredo et al., 2007; Pessoa Neto et al., 200és®bal., importance because it may represent the K/Pg boundary, which
2007, 2008; Trosdtorf et al., 2Q0Nevertheless, in line POT44 marks the end of the Cretaceous with the mass extinction of
(Figures 4 6), we identi ed some features that resemble a quitethe dinosaurs and the beginning of the Cenozaitvérez et al.,
entrenched channel complex, proximal to the Ceara Plateais. Th1980; Renne et al., 201&lobal climate proxies indicate warm
would be compatible with a long-term sea-level drop during th conditions from the K/Pg boundary until the early Eocene
Tortonian. If the shelf break was exposed during that time anqZachos etal., 2001, 200#llowed by a long-term global cooling
the rise was quite shallow, the marine currents should haenb trend characterizing the Eocene. However, short- (5—10Dd«yd
much stronger than today because of funneling in the narrowmid-term episodesX 100 kyr) of warming climate such as the
corridor between the continental shelf and the risoéres and hyperthermalsi(ourens et al., 2005; Zachos et al., Jrid the
Castro Filho, 1996; Silva et al., 2D0Phese stronger currents middle Eocene Climatic Optimum (MEC@ohaty and Zachos,
would have been able to carve an entrenched erosional chanr#03; Jovane et al., 2007; Savian et al., 2014) ®gtarred
parallel to the coast during the Tortonian. throughout the Eocene. Horizon 2 can be correlated to thersir
Despite the apparent continuity of the succession wend important middle Eocene re ector along the BEM, which
cannot exclude that abrupt sea-level changes might haves probably a direct relation to the MECO event. These rapid
exposed temporally the rise and create some hiatuses. Aftevents stand out in the carbon and oxygen isotope records as
the last Tortonian transgression the drowning of the coralexcursions of about 1-3% toward lower values, indicatiray tie
reef/volcanoclastic platforms, constantly covered by Ipetiaigic ~ rising temperatures were accompanied8¢ enrichment of the
sediments, which could have leveled the topography mairigini oceanic dissolved inorganic carbon reservoir. Moreovey thre
the upper surface horizontal. Therefore, the surface of heelies  coeval with decreasing Ca@@ontent in sedimentary records,
been subjected to constant deepening, with no direct in uenc suggesting enhanced carbonate dissolution in the deepnocea
of drifted terrigenous materials from the continent. Thubke  These hyperthermal events resemble the well-known Paleecene
terrigenous sediments deposited on the continental shelf anEocene Thermal Maximum related to oceanic methane release
in the proximal part of slope have been transported to thg PETM—Dickens et al., 1995; Svensen et al., 2004; Zachos et al.,
lower slope by gravity. Based on the seismic response of tR€@05; Storey et al., 20Qalthough it is still unclear whether they
studied lines, we infer that the materials above the riserastly  had similar triggers. The strongest evidence against a comm
hemipelagic sediments, mainly composed of carbonate producedtigin is that hyperthermals seem to occur with an orbitally
in the upper water column and by ne detrital material delivered forced pacing, whereas the PETM is not in phase with changes
from the continent. in the orbital parameters. After the middle Eocene, a progvess
Even taking into account episodic erosion and abrupt sealimate cooling brought to the Antarctica complete glaciatat
level changes, the Ceard Plateau at the BEM encompassetheEocene-Oligocene transition (33.5 Ma), which coincigét
rather continuous Cenozoic and possibly uppermost Cretaceousajor current redistribution and intensi cation of therntwaline
depositional sequence, overlying the Cretaceous (Comaciacirculation Jovane etal., 2004, 2009; Savian et al.,)2B&fwveen
Santonian) volcanic body. Therefore, this sequence reptese the Eocene and the late Oligocene atmosphp@®, decreased
unique archive of global ocean and climate history up to tet | reaching values similar to todapfigani et al., 2005; Zachos et al.,
110 Myr, with a very high importance to unravel the evolution200§. The end of Oligocene and beginning of Miocene may be
of the major paleoclimatic events. This margin would thenrepresented by the Horizon 3, which is a signi cant transitio
represents a high-quality multi-record archive for the Ceaiz, during in which deep-waters warmed3 C ( 20-16 Ma\Wright
due to the almost continuous stratigraphy, which allows thest al., 199pand stable conditions existed in Antarctic&li(ler
integration of high-resolution records of fossils assemglek et al., 1991; Zachos et al., 2001; Pekar and Christie-BO¢l§.2
distribution, stable isotopes, paleomagnetism, biomarkansl  In this period several hiatuses are also observed in the Southe
additional lithologic and seismic attributes. Howevertaled Ocean deep-sea records and they are interpreted as probably
and integrated stratigraphic information on both carbonared related to Antarctic Circumpolar Current (ACC) intensi cian
terrigenous deposits are lacking. The Plateau has, thexefo(Pekar et al., 2006; Barker et al., 2007; Lyle et al.,)Zatd
the potential to disclose an archive showing the “equatoriaio global ocean circulation changeg/(ight and Miller, 1996;
perspective” of the major cooling events of the Pliocene, teidd Poore et al., 2006At 14 Ma, after the middle Miocene Climatic
Miocene, and Oligocene, which formed of permanent ice shee@ptimum (MMCO, Lear et al., 2000; Zachos et al., 2001; Warny
at high latitudes at about 3, 14, and 33 Mdathos et al., et al., 200§ another glacial stage is recognized in Antarctica
2009. Moreover, this location is key to analyze the climate(Sugden et al., 1993; Marchant and Denton, )9Between the
warming events of the Early/Middle Miocene, middle EoceneMMCO and the rst intensi cation of the northern Hemisphere
and early Eocene/Paleocene hypertermalscfios et al., 2008; glaciation (iNHG D MIS100—Mudelsee and Raymo, 2005;
Coccioni et al., 2002which can lead to a better understanding DeConto et al., 2008; Bailey et al., 2Dadong cooling trend is
of the climatic consequences of today global warming. Omgoi observed, interrupted by the early Pliocene warmth (5.5-3 Ma;
studies characterizing the 3D extension of seismostrapigical Ravelo et al., 2004; Dowsett et al., 2005; Robinson et al)).2008
packages, de ned by the re ectors and horizons recognizedlhis cooling trend is punctuated by a major cold event related
aims to recognize regional paleoceanographic signatures atitk Tortonian sea-level falMiller et al., 1998; Westerhold et al.,
global paleoclimatic changes. Several implications betwleen 2005, which is shown by Horizon 4.
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today
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FIGURE 7 | Evolutional scheme of the Ceara Plateau in relation  to the Brazilian Equatorial Margin trough time showing sea o or surface as expressed
by H1 (Cretaceous-Paleogene boundary), H2 (middle Eocene),  H3 (Oligocene or lower Miocene), and H4 (Tortonian unconformi ty); and the re ectors
R5 (acoustic basement interpreted as volcanic emplacement) an d R6 (Continentalward prograding wedges).
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