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ABSTRACT

Seismic analysis of sparker lines of GEOMAR cruiakswed us to address a first stratigraphic saenar
for the shallow sedimentary record (~300 msechefdontinental shelf off Rio de Janeiro State, heart
Santos basin. Two sets of seismic sequences wamgfidd and interpreted as a succession of depoalt
sequences induced by repeated glacioeustatic cyddgmsitional sequences composing Set | (SqA-SqC)
are dominantly sigmoidal, reflecting periods of regsing accommodation space that favoured the
preservation of both aggradational and progradatianits; sequences of Set Il (Sq1-Sg5) are esdignti
seaward-thickening stacks of forced-regression e&dgnplying periods of declining accommodation
space. Comparison between seismic lines and chratigsaphic data allowed the mapped sequences to
be placed within the Plio-Quaternary. Correlatiafs suggest that most of Set | (SqA and loweriqort

of SgB) was deposited during the Pliocene (undifiéated Pliocene), while the upper portion of
sequence SgC and sequences of Set Il (Sql-Sg5)bkaveplaced within the Quaternary. Correlation of
chronostratigraphic data witit®0 isotopic “sea level curves” also supports thedtlygsis that sequences
Sq1-Sqg4 are fourth-order forced-regression seqsethed record 100-120 kyr glacioeustatic cyclegtier

last 440-500 kyr, while sedimentary units labelefb Svould represent the transgressive and highstand
deposition during the Holocene.

Resuwmo

A analise sismica de dados sparker das Operacd€8VIBR permitiu a elaboracdo de um primeiro
arcabouco estratigrafico da secéo rasa (~300 rdagelptaforma continental do Estado do Rio de danei
norte da bacia de Santos. Dois conjuntos de se@i$stsmicas foram interpretados como seqiiéncias
deposicionais induzidas por oscilagdes glacio-6uoa® O Conjunto | (SqA-SqC), composto por
sequéncias dominantemente sigmoidais, reflete ¢oedi de geracdo de espaco de acomodagdo
sedimentar capaz de preservar seus componentemeigraais-progradacionais; o Conjunto Il (Sq1-Sg5),
composto principalmente por prismas de regrességada, indica diminuicdo relativa de espaco de
acomodacédo. Dados cronoestratigraficos de pocasitram posicionar a segdo sismica investigada na
janela plio-quaternéria: a maior parte do Conjur(®8gA e parte inferior da SgB) foi atribuida urdade
Plioceno (indiferenciado); a secao estratigrafica se estende da porgao superior da SqC até orffmnju

Il foi atribuida uma idade quaternaria. A corretagiitre a base de dados e curvas globais de vesiacé
isotopicas d&'0 permitiu ainda sugerir que as seqiiéncias Sqlr&gidtram sequéncias regressivas de
quarta ordem (ciclos glacio-eustaticos de cercE0@e120 ka) durante os ultimos 440-500 ka. A secjaén
Sq5 representaria a deposicéo holocénica, comistifpdr depdsitos transgressivos e de sistemasate
alto.

Descriptors: Continental shelf, Forced regressiQuaternary, Pliocene, Glacioeustatic oscillations,
Eastern Brazilian Margin.

Descritores: Plataforma continental, Regressdoaétarg Quaternario, Plioceno, Oscilacdes glacio-
eustaticas, Margem continental leste brasileira.

(*) This is a contribution of the research group GEOMEM-Geology and Oceanography of Passive Continemtargins
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(**) Paper presented at the INTERNATIONAL GEOLOGICACORRELATION PROGRAM PROJECT NO. 526 - RISKS, RESRCES,
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2008, Natal, UFRN.
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INTRODUCTION dealing with the Quaternary section have focused on
the shelf morphology, superficial or subsurface
Studies from different geological settingsSediment distribution or on the geomorphology and
around the world provide examples of sedimentargtratigraphic evolution of coastal features, likey$
architecture of Plio-Quaternary continental shelfoastal plains and the shallow shelf environments
systems related to the interplay among severabfact during the Holocene (e.g. KOWSMANN; COSTA,
such as the amplitude and frequency of glaciogastatt979; MAIA et al., 1984MUEHE, 1989; MUEHE;
oscillations, variable rates of sediment supply an@ARVALHO, 1993; MUEHE; VALENTINI, 1998;
prevailing tectonic regime (e. g. FOYLE; OERTEL, TURCQ et al, 1999; MARTIN et al., 2003; ARTUSI;
1997; TRINCARDI; CORREGGIARI, 2000 TESSON FIGUEIREDO, 2007; MAHIQUES et al., 2007;
et al., 2000; HERNANDEZ-MOLINA et al., 2000; FLEMING et al, 2009). Therefore, the Plio-
RIDENTE: TRINCARDI, 2002: JIN et al., 2002; Quaternary stratigraphic window remains as an
LOFI et al., 2003: RABINEAU et al., 2005; important gap in the attempt to reconstruct the
GROSSMAN et al., 2006: TEZCAN: OKYAR, 2006:; Sedimentary history of the Santos basin continental
LIQUETE et al., 2008; TRIPSANAS; PIPER, 2008).shelf and of the Brazilian continental margin, as a
During the Plio-Quaternary, high-frequency and highwhole.
amplitude sea-level oscillations stand as one ef th In this paper we investigate and discuss,
major elements inducing base level variations thdt@sed on seismic and exploratory well data, the
control the morphological and stratigraphic evainti Stratigraphic architecture of continental shelfteyss
of prograding continental shelves. Concerning th€ff Rio de Janeiro State, in order to address 4 firs
middle-late Pleistocene, high-amplitude glaciogtitsta Stratigraphic framework of the shallow section o t
signals £ 100-120 m) are characterized by slow sealorthermn Santos basin.
level falls and rapid sea-level rises, punctuatgd b

short-lived intervals of sea-level highstand and MATERIAL AND METHODS
stillstand conditions (SHACKLETON; OPDYKE,
1976; CHAPPEL; SHACKLETON, 1986; CLARK et The stratigraphic analysis carried out in this

al. 2006). Sea-level oscillations are, therefonégerise study was based primarily on the interpretation of
and dominated by the falling part of the glacioatist about 5,000 km of single-channel sparker seismisli
cycles (RABINEAU et al., 2006), which favours the (500-1000 Joules, 100 to 1400 Hz), acquired on the
deposition of forced-regression depositscontinental shelf of the Santos and Campos basins
(POSAMENTIER et al., 1992; POSAMENTIER; during legs XVI and XX of GEOMAR Oceanographic
MORRIS, 2000). Forced-regression conditions reflecCruises in the early 80’s (Fig. 1). Maximum signal
the process of seaward migration of the shoreline ipenetration ranges from 300 to 400 msec, while the
direct response to falling relative sea-level, rdgss vertical resolution oscillates between circa 7 aRdn,
of the rate of sediment supply (POSAMENTIER et al.depending on the seismic line considered.
1992; HUNT; TUCKER, 1992; POSAMENTIER; Additionally, exploratory well information (wells 1P
MORRIS, 2000; PLINT; NUMMEDAL, 2000). and P2) was provided by the Brazilian National

The occurrence of high rates of clastic influxPetroleum Agency - ANP, while regional bathymetric
into the Santos basin is known to have forced massi data were extracted from ETOPO2 (SMITH;
shelf progradation during the late Cretaceous anBANDWELL, 1997) (Fig. 1).
notably during the Paleogene (MOREIRA; Interpretation of seismic data was
CARMINATTI, 2004; MODICA; BRUSH, 2004). implemented according to the general principles of
These depositional conditions prevailed until thenigh resolution seismic and sequence stratigraphy,
Oligocene, when the Paraiba do Sul River, thanore adequate to address analyses of Quaterndry hig
discharged into the northern Santos basin, wasequency glacioeustatic signals (fourth and fifth-
captured and reorganized to its present-day coaswders, circa 100-120, 40 and 20 kyr depositional
parallel orientation and diverted into the Campasirba cycles, e.g. TESSON et al., 1990; HUNT; TUCKER,
(Fig. 1) (MODICA; BRUSH, 2004). As a 1992; POSAMENTIER et al., 1992; EVANS et al,,
consequence, the shelf environment was drowned ad895; PLINT; NUMMEDAL, 2000;
became relatively starved of clastic input; at saene POSAMENTIER; MORRIS, 2000; CATUNEANU,
time, the shelf edge backstepped more than 50 kaD02; CATUNEANU, 2006, CATUNEANU et al.,
landward from the Late Eocene shelf edge, closesto
present-day position (Fig. 1).

However, very few studies have dealt with® a total of 24 legs of GEOMAR oceanographic cruisese carried
the stratigraphic and physiographic evolution of th out between 1969 and 1986 in a joint scientificgramme between
Santos basin shelf sedimentary section during thHerazilian universities and governmental agenciespirgg at the

. ._acquisition of seismic data, sub-bottom profilingida sediment
Pliocene or the Quatemary' Most of the Studle§amp|ing throughout the Brazilian continental margi
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2009). To calculate the thickness of each seismic ResuLTs
sequence, an estimated layer velocity of 1600 ras w
considered.
In the study area, no ages of The study area comprises the east-west

paleoshorelines nor of measured or estimated seh-le oriented continental shelf about 400 km long and
curves from cores are available, either for the LGMetween 70 and 120 km wide, off Rio de Janeiro State
(Last Glacial Maximum) or for earlier cycles andnorthern Santos basin. It extends from Cabo Frio, on
glacial maxima. For this reason, for a firstthe east, to S&o Sebastido island, on the west,

approximation of high-frequency and amplitudes ofresenting a rather gentle seaward-dipping gradient
Quaternary  sea-level variations, we used about 0.07° (Fig. 2). The shelf break is irregular,
compilation of global sea-level curves basedstio ~ displaying large indentations between Cabo Frio and
isotopic ratio calibrated by the dating of geolagic S@o Sebastido (Figs 1 and 2). The continental shelf
evidence, such as morphologic, diagenetic or ocgangbout 70 km wide and 170 m deep offshore of the

features, on continental margins (RABINEAU et al.Araruama lagoon (Figs 2 and 3); whereas it is wider
2006). (~120 km) and deeper (~200 m) off Sepetiba-S&o

Sebastido on its western limits (Figs 2 and 4).
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Seismic stratigraphic analysis shows areflection patterns are exhibited by seismic seqegn
pattern of stacked seismic units that togethertdates Sg4 and Sg5. Seismic data from several sectoitseof t
eight major seismic sequences bounded by angulatudy area evidence that on the inner shelf Sg4
unconformities. Mapped seismic sequences reveabnsists mainly of plan-parallel tabular seismidtsin
depositional features of a mostly prograding shelf(~25-30 m thick) that grade into parallel-oblique
defined by the continuous seaward displacement alinoforms located farther seaward at the distal eh
successive offlap breaks of outer shelf sedimentatpe shelf (Figs 3 and 4). On the other hand, the
wedges (Figs 3 and 4). In accordance with tharchitectural style and overall thickness and
geometry of their clinoforms and internal architeet  distribution of the youngest top seismic sequeng® S
the seismic sequences were grouped into tware quite variable across the shelf and contrast
distinctive stratigraphic sets, identified as Setad Il.  markedly with the depositional styles of sequences
Surface S1 distinguishes these two stratigraphicafe  Sq1-Sq4 (Figs 3 and 4). Sequence Sq5 is unevenly
sequences as a high amplitude reflector that partradistributed throughout the study area: on the mitko
an erosive surface easily mappable on the shalloghelf, it is represented either by local dune-like
seismic lines and thus representing a key horizon features (not exceeding circa 18 m thick, Figs & an
distinguish Set | from Set Il (COSTA MAIA, 2009) 6b), or by a patchy sedimentary cover (up to aliéut
(Fig. 3). 30 m thick, Figs 2 and 6c, d) infiling erosive

Sequences that compose the lowedepressions carved on surface S5. On the innef, shel
stratigraphic set (Set | shown in shades of gray anSq5 consists of a continuous along-strike wedge-lik
numbered SgA-SqC bottom-up in figurea&8 easily sedimentary prism, up to 15 m thick, that roughly
identifiable on the eastern sector of the shelf,dre follows the 50 m isobath from east to west (Figand
relatively poorly-imaged on the western sectohegit 6a).
due to multiple reflections or because of weak atiou Seismic sequences are bounded by sub-
return (Fig. 4). Nevertheless, seismic data shaat, th horizontal or gently-inclined  seaward-dipping
in the inner-mid shelf, sequences SqA, SqB and Sqf@flectors, expressed by irregular surfaces idiedtifs
are composed of plan-parallel seismic units (afteBA, SB and S1 to S5 (Figs 3 and 4). On the inner-mid
MITCHUM et al., 1977; seismic facieBP in figure shelf, the top of each sequence of Set | (surf&&gs
5). In contrast, in the outer shelf, these sequeace SB and S1) is usually a smooth erosive surface that
composed of seismic units consisting of sigmoidafjirades seaward into enhanced erosional surfaces
clinoforms (after MITCHUM et al., 1977; seismic characterized by toplap terminations (Fig. 5A). In
facies SC in figure 5). On the eastern sector of thecontrast, the top of each sequence of Séteflectors
shelf, seismic units SgA to SqC can grade seawai®?2 to S5) is an erosive and frequently steppedempp
into parallel-oblique clinoforms (after MITCHUM et surface that truncates the underlying seismic
al., 1977), composing prograding sedimentary wedgesequences Sql to Sg4 in a toplap termination
of relatively high angle of dipping foresets (~A.9°) (examples in Fig. 5). Erosive surfaces S2, S3 ahd S
(Fig. 3 and seismic facie®C in figure 5a). These though topping underlying sequences of limited ppdi
seismic units form individual prograding sedimentar extent, merge landward with the underlying surfate
wedges that can reach a maximum thickness of up to become shelf-wide erosive surfaces (Figs 3 and 4

35-45 msec (i.e., ~25-35 m) on the mid-shelf and As a general pattern, seismic sequences that
about 80-100 msec (i.e., ~65-80 m) at the leve¢heir compose Set (SqQA-SqC) stack on top of each other
respective offlap breaks (Fig. 3). as composite shelf-wide sigmoidal and parallel-

Seismic sequences Sql-Sq4, that composgblique prograding clinoforms, resulting in shelf
the upper stratigraphic s¢det Il, numbered Sql-Sq5 wedges that prograded for about 25 km (Fig. 3).
bottom-up in Figs 3 and 4), are laterally corrddigaat  Contrastly, the seismic sequences that composd Set |
the regional scale of the study area between Cabo F(Sql-Sqg5) show highly variable thicknesses in the
and S&o Sebastido island (Fig. 2). These seismitepositional dip. Seismic sequences Sql-Sg3 stack o
sequences differ broadly from sequences that mpke top of each other and have a more limited exteimeyT
Set I: sequences Sql, Sg2 and Sg3 are composedcohsistently pinch out in a progressively landward
seaward-thickening parallel-obliguginoforms (after direction showing significant thickness variationeo
MITCHUM et al.,, 1977), are bounded above andshort distances on the outer shelf (Figs 2, 3 and 4
below by internal truncation surfaces of local exte Sequence Sqg4, on the other hand, is a laterally
and present toplap terminations of about 0.2-078j.( continuous shelf-wide sequence, constituted mahly
4 and seismic facigdC in Fig. 5). These seismic units plan-parallel seismic units for most of its landdar
form individual prograding sedimentary wedges thaextent, though some contribution of the prograatetio
can reach a maximum thickness of up to 100-130 mseomponent is observed at the shelf break (Figsd3 an
(i.e., 80-105 m) at the level of their respectifitap  4). As a consequence, seismic sequences Sgl-Sg4
breaks (Figs 3 and 4). Distinct geometries andmiale form a composite seaward-thickening shelf wedge,
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whose front prograded seawards for about 15-25nkm ievel of the present-day offlap break, forming

the study area (Figs 3 and 4hese sequences canclinofoms that dip at higher angles than those aifIS
reach a maximum thickness of about 180-220 m at tHexamples in Figs and 4).
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Fig. 2. Bathymetric map of the continental shelf Bfo de Janeiro State, northern Santos basirstiliting features
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Fig. 4. Top-Uninterpreted dip single-channel setsatross the western shelf sector off Rio de Jar{effshore llha Grande
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[FR = forced regression SC - sigmoidal clinoforms ..., highstand system or
HS/TS - highstand system/ OC - oblique clinoforms trangressive §yst§m limit
transgressive system PP - plan-parallel reflectors . reflector termination

Fig. 5. Zoom-in of dip single-channel seismic lireesoss the outer shelf off Rio de Janeiro Statand B illustrate distinct
geometrical relationships displayed by seismicentibns, as well as various reflection patterns extérnal geometries that
characterise the prograding continental shelf syst& the study area. See Figure 2 for location.

Discussion sequences that compose Set | and Set Il. Set I-(SqA
SqC) is a dominantly sigmoidal set of sequences
Seismic stratigraphic analysis of GEOMARiSPlaying  aggradational ~ and  progradational
XVI and XX data sets carried out in this study mide c0mponents that record both enhanced regional
possible to subdivide the upper stratigraphic seati sub3|d_ence and/or Ionge_r-term relative sea_-l_e\&ﬂ ri
the northern Santos basin into definable deposition@"d higher rates of sediment supply, conditions tha
packages bounded by laterally continuous surfaces. &€ required for the development and subsequent
Seismic sequences of Set | (SqA-SqC, Figgrgservatlon of aggradatllongl depositional unitg.(e
3 and 4) and Set Il (Sq1-Sg5, Figs 3 and 4) arg€iSmic faciedPP andSC in Fig. 5) (CATUNEANU,
bounded by rather irregular bottom and top surfacegooz; TRlNCARD“ CORR,E,GGlAR" 2000).
suggesting the occurrence of erosive processegdela Subsidence conditions seem to have changed
to long-lasting subaerial exposure of the contiakent throughout the basin during the deposition of the
shelf (surfaces SA, SB and S1 to S5, Figs 3 and 4jeduences that make up Set Il. For instance, segsien
Sets | and Il were thus interpreted as a succession S41-Sq4 are characterized by a seaward downstepping
depositional  sequences induced by repeategHCceSSion of prog_radl_ng cl!nofor_ms _Iocated on the
glacioeustatic cycles of alternating sea-level lomge OUter shelf (e.g. seismic faci€3C in Fig. 5); these
and rising. In this context, the upper and/or loweS€duences are apparently detached from any prelserve
bounding surfaces of each sequence (surfaces SA, §ier shelf sedimentary system and are topped by
and S1 to S5) were interpreted as master sequenge@ward-dipping erosional surfaces that merge
boundaries fnsu HUNT; TUCKER, 1992; PLINT; Iapdward and form .shelf-vxlnde dllach.ronc.)us horizons
NUMMEDAL, 2000), since their unconformable (Figs 3_and 4). This conflgu_ratlon implies that the
expression is the most easily identifiable shettavi 9€n€ration of accommodation space was less
surface on the seismic lines. Each surface repiesen Important than during the build-up of Set I. As a
diachronous horizon originated at times of maximunfonséguence, sequences Sq1-Sqg4 stack on top of each
sea-level lowstands and most extensive subaerigfn® and form a composite seaward-thickening

exposure of the continental shelf (Fig. 7c), thasw Progradational wedge that reaches a maximum
subsequently reworked during sea level rises. thickness of about 180-220 m at the level of the

Seismic stratigraphic analysis also evidencerésent-day offlap break (Figs 3 and 4). According
highly variable along-dip depositional styles ofthis stratigraphic architecture, each depositional
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sequence was interpreted as representing a repetitimotifs were observed by RABINEAU et al. (2005)
of transgressive-regressive cycles, being esshntialacross the continental shelf of the Gulf of Lions,
composed of thicker regressive deposits and reducedestern Mediterranean sea, and have been intedprete
or even absent, transgressive and highstand units transgressive sedimentary prisms constructeerund
These prograding elements are indicative ostillstand conditionsAs for the inner shelf laterally-
depositional sequences formed under forcedsontinuous sedimentary prism, it probably represent
regression conditions (Fig. ensu POSAMENTIER sedimentary elements of Sq5 that developed under
et al., 1992; POSAMENTIER; MORRIS, 2000), sea-level highstand conditions, resulting in a veedg
whereas the plane-parallel or seaward gently-dgppinlike feature whose external limit roughly coincides
reflectors, like those observed in sequence Sggb (i with the -50 m isobath (Figs 2 and 6A).
and 4), are clearly not part of progradational vesxg As discussed above, the seismic stratigraphic
and have thus been interpreted as indicative afnalysis carried out in this study led to the
deposition during phases of sea-level rise, preservidentification of eight shallow seismic sequences
either as transgressive and/or highstand sedimentdrased on their bounding surfaces and on their
systems (TRINCARDI; CORREGGIARI, 2000; respective internal architectural elements. However
RIDENTE; TRINCARDI, 2002; CATTANEO; their age definition based on chronostratigraplatad
STEEL, 2003; CATUNEANU, 2006; CATUNEANU, remains elusive due to the lack of core data. Tties,
2009). Nevertheless, preservation of forced-regrass only option left was to rely on chronostratigraphic
deposits within stacks of regressive-progradingsuni correlations based on the oil industry’s explonator
requires a subsidence regime capable of induciag thvells that usually neglect the Plio-Quaternary isect
seaward tilting of the margin by, for example,because of its economic irrelevance for oil.
differential compaction and/or overloading subsimen Nonetheless, our chronostratigraphic reconstruction
(POSAMENTIER; MORRIS, 2000). In comparison can be partially supported by stratigraphic datamfr
with the sequences of Set |, sequences Sql-Sqg# (freexploratory well P1 (well 1-SPS-0003-SP, located at
Set Il) exhibit more limited landward extent ansbsh 110 m depth) and well P2 (well RJS-001-RJ, located
both a progressive seaward progradation and reducatl 49 m depth, figure 8a), which exceptionally pffe
or absent transgressive and/or highstand deptisiis; biostratigraphic dating within the Plio-Quaternary
landward pinch-out gradually shifts landwards (F2gs stratigraphic window.
3 and 4), which suggests the generation of Sediment intervals from well P1 sampled
accommodation space during deposition of Set llbetween 245 and 423 m below the seafloor were dated
regardless of the low subsidence rates expecteithdor as Pliocene deposits (undifferentiated Pliocene age
thermally old Santos basin (CHANG et al.,, 1992;Fig. 8B). Correlation by lateral projection with sais
MODICA; BRUSH, 2004). Still in the context of the lines located 2 km away from well P1 shows that the
forced-regressive shelf-edge wedges of sequences sismic section extending from sequence SgA up to
Set I, the high-angle dipping foresets (~0.8-1tB8t the upper portion of sequence SgB corresponds to the
characterize these clinoforms are prone to graeitat  Pliocene interval sampled at well P1 (Fig. 8B). For
instabilities inducive of sediment layer disruptiand this reason, sequences SgA and most of sequence SqB
sediment sliding or slumping (Fig. 3). that compose Set | may be placed within the Pliecen
Regarding the top seismic sequence Sq5, itsindow. Moreover, correlation of GEOMAR seismic
stratigraphic architecture supports the interpi@tadf  lines with chronostratigraphic data from well P2g&~
deposition that occurred under transgressive art, d) also offers additional data for tentativee ag
highstand conditions. The patchy sedimentary covesonstraint. By crossing seismic lines of our dataeba
that makes up Sg5 on the outer shelf has beemth those of Silva (1992), surface S1 has been
interpreted as transgressive units (in the sense obfrrelated with a regional erosive surface, the so-
CATTANEO; STEEL, 2003), deposited by reworking called “Marco P”. This horizon lies unconformably
during transgression, and whose preservation hawer sediments of SqC that were sampled 150 m
probably been favoured by the occurrence of prebelow the seafloor and dated by biostratigraphic
existing erosive depressions imprinted on surfase Sproxies (Figs 8c, d). According to SHIMABUKURO
(Figs 2 and 6c¢, d); these features can be toppeal by(1989,apud SILVA, 1992), sediments recovered at the
highly irregular sea-bottom morphology (Fig. 6D),level of “Marco P” lay at the top of biozone N710
which may correspond to carbonate bioconstructionginternational biozone NN19 of MARTINI, 1971)
already identified in the outer shelf of the stumhga indicated by the presence oPseudoemiliania
(SIMOES, 2007). The dune-like seismic featuresacunosa, whose occurrence corresponds to a large
mapped on the mid-shelf were equally interpreted afme span between 910-440 kyr (early-middle
having been formed under transgressive condition®leistocene). So, if the dated interval in fact
possibly as transgressive lags developed during sezorresponds to the top of biozone N710 (actually
level stillstands (Figs 2 and 6B); similar sedimepta subzone D at the top of biozone N710 of ANTUNES,
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1994), surface S1 could then be placed at aroufid 441992). Besides that, in all likelihood, erosive aogf

500 kyr, as stated by SILVA (1992). However, this‘Marco P” shows substantial spatial and temporal
age would be fully credible only if species youngerariability related to distinct degrees of shelbsgon

than 440 kyr, like for instand8ephyrocapsa oceanica  across the southern Campos and the northern Santos
(ANTUNES, 1994) were found within sediments basins.

overlying “Marco P”; unfortunately this is not

mentioned by SHIMABUKURO (198%pud SILVA,
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continental shelf of the study area.
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SL = sealevel (modified from RIDENTE; TRINCARDI, @P).

Nonetheless, despite the scant amount afpper portion of sequence S@Bd the upper portion
available chronostratigraphic data, it was possidle of sequence Sq@igs 9 and 10).
to place the shallow seismic section (~300 msec) In this scenario, the first four sequences of
depicted by the mapped sequences of Set | (SgA-SqSgt || would encompass the succession of oxygen
and Set Il (Sq1-Sg5) within the Pliocene-Quaternargnarine isotope stages (MIS) 12 to 2 (RABINEAU,
interval; and (2) to estimate a Quaternary agetfer 2006, Fig. 9B): Sql would be the record of depasitio
exposure surface S1 (lower-middle Pleistocendgetween MIS 12 and 10 (ca. 430-450 to 330-350 kyr
between 910-440 kyr) (Fig. 9a). Therefore, even iBP); Sg2 would be correlated to deposition that took
time intervals involving deposition of all sequesice place between MIS 10 and 8 (ca. 330-350 to 230-250
cannot be fully constrained in the study arealdhger kyr BP); Sg3 would be related to MIS 8 and 6 (ca.
part of the seismic sequences that compose Sei (S 230-250 to 130-140 kyr BP); and Sqg4 would be the
and part of SqB) are of Pliocene age, while theeupp testimony of deposition from MIS 6 to 2 (ca. 13®M14
part of SqC is Quaternary in age (Figs 8A, 9A and 10to 30-20 kyr BP). The fact that MIS 5 is represented
On the other hand, concerning the age of surface Sy the highest sea-level position (up f5-20 m
seismic stratigraphic analysis has shown that it iabove current sea-level, figure 9b), and that tve |
overlain by five depositional sequences (sequencega-level of the subsequent LGM (135-145 m, MIS 2)
Sql1-Sqg5, Figs 3 and 4). Considering that since thgas at a higher position than the preceding glacial
Middle Pleistocene (~last 800 kyr, SHACKLETON; maximum (150-160 m, MIS 6), can possibly explain
OPDYKE, 1976), there is a global prevalence of higlwhy sequence Sq4 is characterized by preserved
frequency fourth-order depositional cycles of circaransgressive and/or highstand units (Figs 3 and 9b
100-120 kyr, stratigraphic correlations discussedast but not least, sequence Sq5 is represented by
above hint at a time span of circa 440-500 kyrtf@r transgressive lags (dune-like features and ingllin
deposition of sequences Sql through Sqg5 (Fig. 9ajeposits developed during the Holocene transgmessio
Thus, as the four regressive sequences Sql-SEfgs 2 and 6B, C, D) and the continuous inner-shelf
exhibit similar internal geometry, as well as ailim sedimentary prisms deposited under highstand sea-
relation to their bounding surfaces, it is suggestat level conditions (Figs 2 and 6Aing thus interpreted
they record fourth-order depositional cycles foe th as a sequence still under construction.
last 440-500 kyr. The Pliocene-Quaternary limit Wdou
then be placed at an undetermined horizon between t
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The above proposed interpretation ofunits, as well as the shelf progradation for at&&ikm
sedimentary architecture of the study area is stersi  in the study area (Fig. 4). In contrast, the fimir
with many evidences coming from other Quaternargeismic sequences of Set Il (Sq1-Sq4) stack orotop
margins worldwide, where the depositional cyclicggy each other to form a composite regressive wedge
dominated by the falling part of high-frequency,developed under dominant forced-regression
fourth-order glacioeustatic cycles resulting in aconditions; stacked regressive seismic sequendes st
sedimentary pattern of stacked forced-regressioimply a prevailing subsidence regime, able to irduc
wedges (e.g. PIPER; AKSU, 1992; SYDOW;the seaward tilting of the margin, but also dedreps
ROBERTS, 1994; TRINCARDI; CORREGGIARI, accommodation space when compared to conditions
2000; EVANS et al., 1995; HERNANDEZ-MOLINA that seem to have prevailed during the deposition o
et al.,, 2000; RIDENTE; TRINCARDI, 2002; JIN et Set I; under these circumstances, the shelf pregrad
al., 2002; LOFI et al., 2003; BERNE et al., 2004:between circa 15-25 km in the northern Santos basin
OKYAR et al, 2005; RABINEAU et al., 2005; (Fig. 3).
TEZCAN; OKYAR, 2006; GROSSMAN et al., 2006; Correlation among seismic interpretation,
LIQUETE et al., 2008; TRIPSANAS; PIPER, 2008). chronostratigraphic data from boreholes (wells Rd a
P2, Fig. 8) and isotopic sea level curves (Fig. 9B)
CONCLUSION supports the hypothesis that sequences Sql-Sgdireco
100-120 kyr glacioeustatic cycles for the last £00-
The seismic analysis of GEOMAR data setkyr, whereas most sequences of Set | (SqA andopart
allowed the recognition and mapping of identifiablesqB) are Pliocene in age (Fig. 9a). Sequence Sg5 is
seismic sequences in the shallow sediment recofdiated to Holocene deposits found in the inner
(~300 msec) of the prograding continental shetfhef (internal prism) and mid-shelf (transgressive lag
northern Santos basin for the first time. Twodeposits) that are hence part of a sequence stiéu
distinctive sets of stratigraphic sequences, Satd  development (Figs 2, 3, 4, 6 and 9).
Set Il, were defined and described, constitutedight

mapped seismic sequences (SgA, SgB, SqC, Sql to ACKNOWLEDGEMENTS
Sg5) (Figs 3 and 4).

Seismic stratigraphic analysis also evidenced This study was funded by the Brazilian
major differences between the depositional styles d\ational Research Agency-CNPq (grant

Set | and Set Il indicating distinctive interplays477.458/2006-8) and the Research Agency of Rio de
between base-level variations and sequenc#neiro State-FAPERJ (grant E-26/110.812/2008).
preservation. Set | (SgA-SqC) is a dominantlyExploratory well data were provided by ANP-
sigmoidal set of sequences that illustrates aBrazilian National Petroleum Agency. We would also
aggradational-progradational shelf, reflectinglike to thank ANP (program PRH 11-UFF) for
relatively enhanced regional subsidence and/or granting the first author and CNPq for equally
longer-term relative sea-level rise, which favouredroviding research grants for, respectively, theosd,
deposition and preservation of aggrading sedimgntathe fourth and the last authors (PIBIC/CNPQq).
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