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Abstract

Sea-bottom topography is an important parameter
in studies on marine acoustics since the sea floor
acts as a reflection and scattering boundary in
underwater sound propagation. This effect varies
with scale of relief. Back scattering coefficient is
frequency independent for large-scale bottom
roughness and frequency dependent for small
bottom irregularities as compared to signal
wavelength.
It follows that parameterization of bottom
topography influence on marine acoustics
depends strongly on the quality of bathymetric
database provided for modeling underwater sound
propagation.
As part of a Brazilian Navy project for
environmental characterization of South Atlantic,
for acoustic purposes a methodology was
developed for the construction of a well-
constrained quality comprehensive bathymetric
database. It is based on crossover error analysis
and minimization of a rather heterogeneous data
set of ~ 1,475,000 points covering a prototype
study area along the southeastern Brazilian
continental margin.
Results obtained until the present show that the
system is efficient in relation to irregular
distribution of the cruise surveys.  Further work
will be a zoning of the according to coverage
density, data accuracy, and resolution based on
spectral analysis.
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Abstract
Paper describes occurrence of carbonate reef

like features on shelf break of Amazon continental
shelf. Morphological, seismic and environmental data
are used in support to this interpretation.

Introduction
The Amazon River is the largest river in

world with a water discharge ranging between 80,000
to 250,000 m3/s (Oltman, 1968; Muller-Karger et al.
1988) while exceptionally can reach up to 354,793
m3/s (Figueiredo, 1993). This water discharge annu-
ally transports 1.2 x 109 tons of sediment to conti-
nental shelf (Meade et al. 1985) where approximately
90 % is silt and clay size sediments (Gibbs, 1967;
Meade, 1985). About half of the sediment accumu-
lates on the shelf with maximum depositional rates
between 40 - 50 m (Kuehl et al. 1986) creating a
feature mapped in early researches as the Amazon
subaqueous delta (Figueiredo et al. 1972, Martins et
al. 1972).

Despite being predominately dominated by
muddier sediments, siliciclastic relict sands, rich in
carbonates occurs as a rim to the subaqueous delta
(Zembruscki et al. 1970; Barreto et al. 1975). The
carbonatic sediment is composed by algae and bri-
ozoans debris and also by ooids. Accordingly to Mil-
liman and Barreto (1975) the ooids lying in water
depths between 80 and 200 m and range in age from
17 and 20 thousand years and were formed when sea-
level was low and water clear. Despite many publica-
tions on the Amazon margin no one have deal with
carbonate reefs so far.

This paper describes occurrence of carbonate
reefs along the north portion of the Brazilian shelf
break based on seismic data and bottom samples
(Figure 1).

The Data Set
The data set comprises digital seismic data

acquired with Parasound echosounder system during
cooperative scientific program between Fluminense
Federal University and Bremen University on board
of R/V Meteor, during cruise 34, leg 4 in 1996 (Fisher
et al., 1996). During AmasSeds research program
between Brazilian and American universities also
some 3.5 kHz profiles detected the carbonate features
(Costa, 1997; Costa and Figueiredo, 1998).

In order to obtain better resolution, digital
data from Parasound System were processed using
University of Bremen's Sesuit software, version 1998.

During Meteor cruise 34-4, a piston core
(GeoB 3920-2) was also collected 1,800-m land ward
of the reef and measurements of P wave velocity,
gama density, magnetic susceptibility and color re-
flectance were performed.

Results
Investigation of nutrients content in the wa-

ter column during AmasSeds project have shown that
oceanic water is the dominant source of ammonium
and an important source of phosphate to the algal
blooms on the outer shelf (DeMaster and Pope, 1996).
Nutrients are carried from open ocean to the shelf
break due to advection of subsurface waters in a es-
tuarine like situation. As for the algae, these nutrients
are also important to development and sustainability
of reef building biota.

Reefs were first noticed on 3.5 kHz AmasS-
des records and lately on Parasound data (Fig. 2). As
seem on seismic lines, carbonate reefs are highly
reflective and non-transparent to seismic waves. They
occurs as an elongated feature in the shelf break be-
tween 80 to 125-m water depth, offshore Cape Cas-
siporé in Amapá where shelf narrows to 150-km
wide. Reef can be 200 to 3,000-m wide with topo-
graphic expression from 3 to 6-m on the inner side
and 15 to 37-m on the outer side, however, total car-
bonate thickness was not possible to be measured.
Top of the reef can be flat or undulating and a com-
mon characteristic is that the reef acts as a barrier for
sediment going to deep-sea. Based on seismic profiles
from Araújo (1994), Costa and Figueiredo Jr. (1998)
and this paper, reefs are composed of several isolated
bodies with lateral continuity inferred to be at least 50
km. Coordinates of portion of the reef, accordingly to
Meteor data set is 4o 27.43' N and 50o 0,86' W at 128
m water depth.

Besides appropriated environmental condi-
tions and morphological characteristics, other data
supporting the reef interpretation, are the ooids col-
lected by Milliman and Barreto (1975) and more
recently the Meteor core with abundant beach rock
fragments. Beach rocks and ooids are good indication
of carbonate rich environment.

Carbonate reef in a muddier shelf break
environment is very attractive for oil industry since it
is the place where slope reflectors are anchored and
the shelf reflectors end. The intention of this paper is
to highlight the occurrence of these reefs in order to
provoke further research development in the area.



Amazon Shelf Break Carbonates Reefs
Conclusion

Morphological, seismic and environmental
characteristics of the feature under investigation
points out to a carbonate reef.
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Figura 1 – Study area located in the shelf
break were continental shelf is narrow.

STUDY AREA

Figure 2 – Shelf carbonate reef as seem on
Parasound System.
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Abstract

The Bransfiel d Basi n ( BB) is a back- arc basi n situated at
the nort hern tip of the Ant arcti c Peni nsula and presents a
complicated tect oni c history i nvol vi ng compressi ve,
extensi onal and stri ke-sli p processes. From reflecti on
seis mi c data acquired by PETROBRÁS and Mari nha do
Brasil in the austral summers of 1987/ 88 was elaborated a
stratigraphi c fra me work based  in seis mi c strati graphi c
interpretations (Sequence Stra tigraphy) in t he Central
Bransfiel d Subbasi n. In this se ismi c strati graphi c
interpretation were identified t hree seis mi c sequences
(SS1, SS2 and SS3 from t he t op to t he base) li mited by
three unconfor mities ( D1, D2 and D3). The SS3 sequence
is for med by strong layered re flecti ons
(parallel/subparallel) bel ow continental shelf and
reflecti ons parallels wit h low conti nuit y bel ow
sl ope/conti nental rise. In gene ral, SS1 appear as a faulted
and fol ded sedi ment ary wedge  that is filli ng several
grabens. SS2 was di vi ded i n t hree syste m tracts: a
Lo wst and Syste m Tract ( LST) , a Transgressi ve Syste m
Tract (TST) and a Hi ghstand Syste m Tract ( HST). Insi de
SS2 t here is a conspi cuous downl ap surface (DLS). The
LST is composed by mounds ( fans) bel ow
sl ope/conti nental rise and its r eflecti ons shows a
hu mmocky confi gurati on changing to parallel/subparallel
offshore. TST appear as a wed ge wit h reflecti ons showi ng
parallel/subparallel confi gurat ion onlappi ng and
downl appi ng D2. HST shows a  progradati onal reflecti ons
(obli que-tangential) wit h inter medi ate/ weak conti nuit y.
The reflecti ons of TST and HST ter mi nate updi p i n
erosi onal truncati on. SS1 shows progradati onal cli nofor ms
(sigmoi dal-obli que) in whi ch occur a lateral and vertical
change i n its seis mi c facies and presents a distinct topset
and foreset beds. These seis mi c sequences were correlated
wi t h seis mi c strati graphi c i nte rpretations perfor med i n BB
and nei ghborhood as well compared wit h t he “Vail ’s
Cur ve ” and a oxygen isot ope curve, suggesti ng a good
correlation. These correlati ons  toget her wit h the deri ved
drill infor mati on of the DSDP/ ODP progra ms i nduce the
foll owi ng sequences deposition ages: SS3 (ol der than 11
Ma), SS2 (11 – 5 Ma) and SS1 (5 Ma- Present).

Introdução

Nos ver ões austrais de 1987 e 1988 o fora m efet uados  dois
levanta ment os geof ísi cos mari nhos na marge m norte da
Pen ínsula Ant ártica, vi nculados ao Progra ma Ant ártico
Brasileiro - PROANTAR ( Fi gura 1). Tais levanta ment os
concentrara m-se no Estreit o de Bransfield, sendo utilizado
o Navi o Oceanogr áfi co Al mir ante Câmara da MARI NHA
DO BRASI L.

Os dados s ís mi cos fora m obti dos com um cabo do tipo
streamer, 72 canais, e registra dos num sis mógrafo DFS- V.
A fonte s ís mi ca fora m 8 air guns, total izando um vol ume
de 540 i n3 à uma press ão oper acional de 4. 500 psi. Estas
linhas s ís mi cas fora m preli mi nar ment e interpretados por
Ga mb ôa & Mal donado (1990) .
O obj eti vo deste trabal ho foi a  reinterpreta ção destas
mes mas linhas s ís mi ca sob o e nfoque da Estra tigrafia de
Seq üênci as strict o sensu, parti ndo da i dentifica ção dos
pri nci pais li mites de seqüênci as (discordânci as), as quais
subdi vi dira m o pacote sedi me ntar da Bacia de Bransfiel d
e m 3 seqüênci as s ís mi cas.

Fi gura 1 – Localiza ção das se ções s ís mi cas de reflexão. BS
= Estreit o de Bransfiel d; BCM = Marge m conti nental de
Belli ngshausen ( modif. Ga mb ôa & Mal donado, 1990).

Sis mo-estrati grafi a e estrati grafi a de seqüênci as

A Fi gura 2 apresenta a interpr etação de uma se ção s ís mi ca
di p (SA500010), que mel hor s intetizou  as uni dades
s ís mi cas i dentificadas na área.
A f áci es s ís mi ca do e mbasa me nto conti nental não é
visualizada face à bai xa raz ão sinal/ruído ou encobert o por
múl ti plas. O e mbasa ment o oc eâni co apresenta
confi gura ção ca óti ca, com o t opo marcado por hi pér bol es
de difra ção, que constitui a dis cordânci a D3.
A seq üênci a SS3 sobrejaz D3,  compondo- se por  reflexões
de médi a/alta conti nui dade e c onfi gura ção
paralela/subparalela, sugeri ndo estrat os cont ínuos, de
a mbi ente a mpl o e unifor me. As reflexões fortes s ão
interpretadas como i ntercala ção de fol hel hos/siltitos  com
arenitos. Esta f áci es s ís mi ca deve consistir num a mbi ent e
mari nho ner ítico. SS3 apresen ta um suave mergul ho bacia
adentro e, igual ao e mbasa me nt o, est á com dobras/fal has,
relaci onadas à subduc ção na Fossa Shetland do Sul e ao
movi ment o da Cordil heira Sc otia do Sul. No tal ude/sopé
conti nental os  refletores de SS3 t êm bai xa/ médi a
conti nui dade e confi gura ção paralela a subparalela, com
geo metria de preenchi ment o f rente de tal ude, constitui ndo,



Fi gura 2 – Se ção s ís mi ca di p ( SA500010).

certa ment e, depósit os de água s profundas de leques
submari nos. Conti nente adentr o, as reflexões de SS3
ter mi na m e m trunca ment o estr utural no e mbasa ment o
conti nental e, bacia adentro, em onl ap distal no
e mbasa ment o oce âni co. O t opo de SS3 é caracterizado por
u m consp ícuo trunca ment o er osi vo, denomi nado
discordânci a D2, que é tamb ém i dentificada por
ter mi na ções e m onl ap e  down lap dos refletores da
seqüênci a SS2 sobreposta. SS3 apresenta- se como uma
cunha sedi ment ar fal hada e de for mada. preenchendo
grabens for mados na fase rifte  da bacia, como sugeri do e m
Ga mb ôa & Mal donado (1990) .
A seq üênci a SS2 i nterpõe-se  entre as discordânci as D2 e
D1,  a qual é defi ni da pel o truncament o erosi vo up di p dos
pr ópri os reflet ores de SS2 e pelas ter mi na ções e m onl ap
dos reflet ores de SS1. SS2 é s ubdi vi di da e m tr ês trat os de
sistemas, face à uma consp ícu a superf íci e de downl ap
( DLS), al ém  dos  padr ões  de  confi gura ção e de
ter mi na ções das reflexões: a) de nível de mar bai xo
(Lowst and System Tract –LST ), b) transgressi vo
(Transgressive System Tract –TST) e c) de nível de mar
alt o (Hi ghst and System Tract –HST). Entre D2 e a DLS  é
defi ni do o LST,  compost o de montifor mas com
confi gura ção hummocky, tornando- se mais cont ínuas e
paralelas bacia adentro,  const itui ndo leques de tal ude/
fundo de bacia. Ai nda entre D2  e a DLS  ocorre o TST,
com confi gura ção paralela/subparalela e cont ínuas e,
tamb ém,  hummocky (pr óxi mo ao topo), com mergul ho
suave bacia adentro. O TST deve conter f áci es de retra ção
submari na, constituída por uma sucess ão de f áci es que
come ça, provavel ment e, em s ua base com um till  de
al oja ment o, sobrepost o por se di ment os gl áci o- mari nhos,
que, com a deglacia ção fica m cobert os por sedi ment os
mari nhos. A f áci es hummocky no topo do TST pode estar
relaci onada a cicl os menores de avanço e recuo da geleira
(pr óxi mo ao hi ghst and eust áti co -  transi ção TST/ HST),
podendo ser constituída por de pósit os ice- rafted e de
fl uxos gravitaci onais. Os refle tores do TST e LST
ter mi na m, conti nente  adentro,   em  onl ap  sobre  D2  e  em

downl ap bacia adentro, mais para o fundo da bacia
ter mi na m e m onl ap distal ou e m downl ap contra a
discordânci a D3. Entre a DLS  e D1 ocorre um trat o de mar
alt o (HST), representado por clinofor mas obl íquo-
tangenciais de médi a conti nui dade, “downl apando ” a DLS .
Aci ma de D1 assenta-se SS1, possui ndo cli nofor mas
si gmoi dais-obl íquas, em disti ntas ca madas de topset e
foreset. Tal confi gura ção i ndi c a um a mbi ente de alta
energia, com alternânci a de pr ocessos construti vos
(sigmói des) e by pass nos t ops ets (obl íquos). Em a mbi ente
gl aciais, tal confi gura ção suge re deposi ção direta ment e à
frente da groundi ng-li ne. Late ral ment e, os foresets das
cli nofor mas varia m de reflet or es fracos e bai xa/ médi a
conti nui dade a fortes e cont ín uos no tal ude/sopé
conti nental. Ai nda no tal ude/s opé conti nental, observa m- se
montifor mas com confi gura ção hummocky que ter mi na m,
conti nente adentro, em onl ap sobre reflet ores fortes e
cont ínuos. Tais varia ções i ndi cam uma transi ção entre
nu merosos escorrega ment os e desliza ment os (reflexões
fracas, médi a/ bai xa conti nui da de), passando para fl uxo de
detritos (reflexões fortes e con t ínuas abai xo do tal ude) que
por sua vez gera m correntes turbidíticas de alta densi dade,
erodi ndo a parte superi or do s opé conti nental. Tal
interpreta ção i mplica que a maior parte da deposi ção
ocorre nos per íodos de máxi mo glacial e no fi nal destes
per íodos, quando o r ápi do supri ment o de till  na borda da
pl atafor ma produziria instabili dades no talude superi or.
Al guns reflet ores de foreset de  SS1 ter mi na m e m topl ap,
abai xo de fortes reflet ores de t opset, que ter mi na m
abrupta ment e na borda da plat afor ma, enquant o que,  bacia
adentro, ter mi na m e m onl ap e downl ap em D1 . Os
refletores de t opset t êm a mplit ude vari ável/conti nui dade
médi a e s ão i ntercalados com refletores muit o fortes e de
alta amplit ude, ter mi nando  abrupta ment e na borda da
pl atafor ma. Montifor mas com confi gura ção ca óti ca
ocorre m direta ment e aci ma e abai xo das ter mi na ções
destas reflexões fortes de alta amplit ude. Estas reflexões
forte que ter mi na m na borda da platafor ma abrupta ment e
deve m constituir, provavel me nte, till  subglacial, tais



ter mi na ções abruptas represen tam till tongues. Tais
montifor mas corresponde m às  associa ções de bancos de
morenas com depósit os de des lizament os/escorrega ment os,
nos  mo ment os de retra ção da geleira (depósitos de
groundi ng-li ne).
Infere-se uma superf íci e trans gressi va (Transgressive
Surf ace–TS) no li mite entre os reflet ores de topset e
foreset de SS1, baseando-se na diferença entre  a
confi gura ção dos reflet ores de  topset e foreset, onde os
foreset constituiriam o trato de  mar bai xo (LST) de  SS1,
associados aos avanços da groundi ng- line at é a borda da
pl atafor ma; enquant o os reflet ores  de topset e foreset
aci ma da TS corresponderia m a depósit os pr ógl aciais de
bai xo ângul o, associados a cic los menores de avanço/recuo
das geleiras, variando para f ác ies mari nho profundo
intercaladas com depósit os ice - rafted e fluxos
gravitaci onais, causados por i nstabilidades na borda da
pl atafor ma/tal ude superi or,   consistindo e m HST/ TST
i ndi visos, de SS1, do Recente.  A infer ênci a da TS é
corroborada pelas abruptas ter mi na ções dos refletores de
topset, que após alcançare m um máxi mo avanço e m
dire ção à bacia, passa m a retroceder conti nente adentro. As
fortes reflexões sub-horizontai s s ão  interpretadas como
causadas por eros ão sub-glaci al e till  de aloja ment o,
indi cando que o máxi mo avanço da geleira est á cada vez
mai s e m dire ção ao conti nente . Tal fei ção estaria associada
a uma subi da eust áti ca. No topo de SS1 ocorre m
cal has/eleva ções, sugeri ndo ic ebergs scour, al ém de
grandes canais associados à ca lhas glaciais.
A Fi gura 3 esque matiza o arca bouço estrati gr áfi co da
Baci a de Bransfiel d construíd o a partir desta análise sis mo-
estratigr áfi ca, muit o se mel han te ao model o cl ássico da
Estrati grafia de Seq üênci as.

Fi gura 3 – Esque ma para o arc abouço estrati gr áfi co da
Baci a de Bransfiel d propost o neste trabalho.

Correl ações estrati gr áfi cas

A i nterpreta ção aqui efet uada foi correlaci onada com
outros estudos sis mo-estrati gr áfi cos e dados de fontes
di versas: a) marge m conti nent al ao redor da Ant ártica
( Cooper et al., 1991); b) Bacia  de Bransfiel d ( Ga mb ôa &
Mal donado, 1990 e  Priet o et al ., 1999); c) bacias circum-
vi zi nhas (Larter & Cunni ngha m, 1993; Larter et al ., 1997;
Rebesco et al., 1997; Viseras & Mal donado, 1999); d)
perfura ções do DSDP/ ODP na  Península Ant ártica; e)

curva de is ót opo de oxi gêni o ( Abreu & Anderson, 1998) e
f) “Curva de Vail ” ( Haq et al.,  1988). Nesta correla ção as
segui ntes pre mi ssas s ão assumidas: 1) a deposi ção glacial  é
s íncrona na Bacia de Bransfiel d e em regi ão circum-
vi zi nha (i.e., se a geleira avança e m dire ção à bacia no Mar
de Bellingshausen, tamb ém avançaria nas bacias de
Bransfiel d e de Powell); 2) o a vanço/recuo das geleiras
est ão associados à quedas e a subi das eust áti ca,
respecti va ment e, e 3) o mai or vol ume de terr ígenos que se
depositam no tal ude/sopé cont inental ocorre durante o
máxi mo glacial (avanço da gr oundi ng- line at é a borda da
pl atafor ma) e no fi nal destes per íodos (stillstand e iníci o da
retra ção da groundi ng-li ne).
Desta for ma, a partir das corre lações, chegou- se às
segui ntes concl us ões sobre a hist ória do preenchi ment o
sedi ment ar da Bacia de Bransf ield: 1)  SS3 corresponde à
fase rift da bacia, como j á sugerido por Ga mb ôa &
Mal donado (1990) e Prieto et al . (1999), sendo depositada
após 20-21 Ma ( Eo mi oceno), i níci o de abert ura da bacia
segundo Birkenmaj er (1983); 2)  D2, li mite entre SS3 e
SS2, representa o pri meiro gra nde avanço da geleira at é a
borda da platafor ma,  associado  ao cresci ment o da gele ira
no Oeste Ant ártico ( West Ant arctic Ice Sheet- WAI S). As
correla ções com a curva de is ót opo de oxi gêni o de Abreu
& Anderson (1998), com a “Curva de Vail ” ( Haq et al .,
1987) e com os dados de Rebe sco et al . (1997), sugere m
que este avanço da geleira ocorr eu em t orno de 11 Ma; 3)
SS2, portant o, depositou-se sob um regi me glacial, com
u m grande aporte sedi ment ar no talude/sopé conti nental,
devi do ao enor me poder erosi vo e de transporte das
geleiras e à grande quanti dade  de sedi ment os que deveria
existir no ca mi nho da geleira ( depositados durante o
per íodo pr é- glacial). Isto expli ca as montifor mas
localizadas no sopé conti nenta l, depositadas através dos
sistemas de groundi ng-li ne, interpretadas constituir o LST
de SS2. O TST de SS2 estaria  relaci onado à fase de recuo
da geleira, sendo que, dentro desta retra ção de mai or
orde m de grandeza, cicl os me nores de avanço e recuo da
groundi ng-li ne forneceriam o aporte sedi ment ar necess ári o
para a deposi ção deste trat o de  sistema, numa i ntercala ção
entre depósit os proglaciais de bai xo ângul o (como
descrit os por Larter & Vannes te, 1995) com depósit os
mari nhos. O t opo do TST e do LST de  SS2 é marcado por
u ma consp ícua superf íci e de downl ap ( DLS ). Correla ções
com os trabal hos de Larter & Barker (1989), Larter et al .
(1997), Viseras & Mal donado (1999), ODP Leg 113 (site
696), ODP Leg 178 e com a “Curva de Vail ”, sugere m 4, 6
Ma para a DLS.  Aci ma da DLS  sobrejaz o HST de SS2,
indi cando stillstand eust áti co. Os depósit os deste trat o
tamb ém est ão associados à cic los de menores de  recuos e
avanços da groundi ng-li ne. Neste context o de stillstand as
geleiras t êm mai or compet ênc ia de avanço, depositando- se
leques e deltas de groundi ng-l ine, confor mando as
cli nofor mas deste trat o; 4) O i níci o da deposi ção de SS1
est á relaci onada a um novo avanço da geleira at é a borda
da platafor ma, dentro do per ío do e m que ocorre a
for ma ção das geleiras do He misf éri o Norte (+/-  3 Ma). O
avanço da geleira, junta ment e com defor ma ções tect ôni cas
(dobra ment os), teriam causado o trunca ment o erosi vo,



discordânci a D1,  dos refletor es do TST e do HST de SS2,
sobre a qual é depositado um LST, com confi gura ção de
cli nofor mas sigmoi dais-obl íqu as, interpretadas como
dep ósit os de frente de groundi ng- line, de acordo com os
model os de Boult on (1990), Larter & Cunni ngha m (1993),
Larter et al. (1997) e Priet o et al . (1999). As fortes
reflexões com t ér mi no abrupt o pr óxi mo à borda da
pl atafor ma que s ão observada s dentro das ca madas de
topset nas se ções s ís mi cas constituiriam eros ão e till  sub-
gl acial, enquant o que a difere nça entre as reflexões de
topset e foreset estariam relaci onadas à uma nova subi da
eust ática, com o máxi mo avanço da geleira cada vez mais
e m posi ções conti nente adentr o. As reflexões de topset,
portant o, representa m depósit os de frente de groundi ng-
line de bai xo ângul o i ntercala dos com depósit os mari nhos,
se mpre i nfl uenciados por depósit os ice- rafted. O máxi mo
avanço glacial é marcado por uma superf íci e transgressi va
(Transgressive Surf ace–TS), marcada pela reflexão com
t ér mi no abrupt o mais para den tro da bacia. Abai xo da TS
est á o LST de SS1, enquant o que aci ma ocorre os tratos
TST/ HST (i ndi visos), condi z ente com o at ual nível de mar
alt o.

Concl us ões

Est e model o estratigr áfi co aqu i elaborado (vide Figura 3)
poder á, certa ment e, ser aplica do de uma for ma prediti va
e m outras bacias margi nais da  Ant ártica, desde que se
consi dere, obvia ment e, os fat ores locais.
Em s ínt ese, as interpreta ções e  correla ções realizadas neste
trabal ho sugere m a segui nte datação para a deposi ção das
seqüênci as: SS3 ( mais nova que 20- 21 Ma e mais anti ga do
que 11 Ma); SS2 (entre 11 e 5 Ma) e SS1 (de 5 Ma at é o
Presente).
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Abstract 

The opening of a marine gateway between South 
America and the Antarctic Peninsula since the Late 
Eocene to Early Oligocene involved the disruption of 
the final barrier to the initiation of the Antarctic Cir-
cumpolar Current (ACC). The separation of the 
southern continents increased the thermal isolation of 
Antarctica and favored the accumulation of extensive 
ice sheets which reached progressively the shelf edge. 
The deep water from the Weddell Gyre flows north-
ward into the Scotia Sea through corridors within the 
South Scotia Ridge and interacts with the ACC, re-
sulting in large contourite waves and drifts. These 
deposits were largely developed from the Miocene 
and their distribution and extent highlight the impor-
tance of Antarctic deep water production, which in 
turn may had profound influences on the global circu-
lation system and present climate. 
 

Introduction 

The Scotia Sea is a small ocean basin developed as 
results of the final processes of the continental frag-
mentation of Gondwana and the Late Paleogene sepa-
ration of the Antarctic Peninsula from South America 
(Livermore et al., 1994; Barker, 1995). During the 
2000-2001 austral summer season a sector of the 
central and southern Scotia Sea, north of the South 
Orkney Microcontinent was investigated using swath 
bathymetry, multichannel and high resolution seismic 
profiles, together with magnetic field measurements. 
A segment of the sea floor was also mapped with the 
multibeam echo sounder fitted to the BIO HES-
PERIDES (Fig. 1). The oceanic sea floor according to 
the magnetic anomalies oriented E-W in the mapped 
area is about 13.6 to 20.2 Ma old (chron C5C to C6), 
from north to south (Tectonic Map of the Scotia Sea, 
1985). 

 The area investigated with swath bathymetry 

is located at the exit of a major morphologic gap in 
the South Scotia Ridge, northward of the entrance to 
Jane Basin. The bathymetry ranges between 2500 in 
the SE corner and more than 3500 m in the northern 
sector. The sea bottom is accidented, with wide val-
leys, incised channels, depressions and areas of very 
irregular physiography. 
 
Countourite deposits 

The swath bathymetry map reveals an irregular bot-
tom relief and a variety of bedforms which are attrib-
uted to contourite deposits. Large drifts have an elon-
gated and mounded morphology oriented in two pre-
dominant directions: N-S in the southern sector and 
NW-SE in the northern sector. These deposits are 
over 1 s (twt) thick in the center of the drift and they 
have a wedge geometry with reflectors converging 
towards marginal zones of non-deposition (Fig. 2). 
Contourite waves fields are also well developed. 
Most sediment waves are slightly asymmetrical and 
they migrated in the direction of the bottom current, 
either upslope or downslope, whereas the wave fields 
tend to be elongated in the direction of the current. 
 A contourite channel-levee fan occupies the 
central sector of the swath map. It is about 80 x 40 
km and elongated in the downslope direction. Like 
turbidite fans, this system is developed from a main 
feeder channel and it is composed of several distribu-
tary channels and the associated levees. 
 The MCS profiles show strong basement 
reflections of the top of Layer 2 at a mean depth of 
0.8 s twt beneath the sea floor, although locally the 
sedimentary cover of the igneous crust is absent. Four 
large amplitude, continuous reflectors can be recog-
nized across most of the profiles. Seismic Unit I, at 
the top, is a rather thin sediment drape, some 0.5 s twt 
thick, which is attributed to the Quaternary. The other 
five units display high amplitude, discontinuous in-
ternal reflectors, characterized by wavy to subparallel 
internal configuration. Towards the base of each unit 
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are also observed oblique and sigmoid configuration 
which downlap the reflector boundary. Unit III shows 
densely packed reflectors of marked wavy configura-
tion, whereas the top and bottom boundary reflectors 
depict erosional character. This unit is of Late Mio-
cene to Early Pliocene age and reveals a marked cy-
clic pattern of deposition of alternating high and low 
energy periods. The overall seismic character of these 
units exhibit active bottom currents, which resulted in 
the development of large contourite wave and drift 
deposits over the entire area. 

Discussion and Conclusions 

The deposits in the central sector of the Scotia Sea 
result from the interplay between the northward flow-
ing Weddell Sea Bottom Water (WSBW) and the 
eastward directed flow of the ACC. The initiation of 
the ACC following the opening of the Drake Passage 
is considered perhaps the most important event con-
trolli ng the evolution of the Cenozoic climate and one 
crucial factor influencing the development of exten-
sive Antarctic icesheets during the Miocene (Kennett, 
1982; Barrett, 1996). More recently, however, it is 
contested if a deep circumpolar passageway alone is 
suff icient to produce a strong current and the subse-
quent permanent icesheets of the East Antarctic 
(Lawver and Gahagan, 1998). 

 In this presentation we show that the opening 
of seaways around Antarctica not only allowed the 
installation of a strong circumpolar flow, but also 
triggered a high production of Antarctic deep water. 
This water was swept northward from the Weddell 
Gyre into the South Atlantic and this flow could be 
the thermal motor influencing the late Cenozoic cir-
culation patterns, the cooling of the oceans since the 
Early Oligocene and, as consequence, the chilli ng of 
the world´climate. 
 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 1- Simplified map from the GEOSAT gravimetric anomaly map recently released by the US Navy 
showing the distribution of the main oceanographic features. The ACC (arrows) and the WSBW (open 
arrows) flow directions are shown. 
 

 
Figure 2.- High-resolution seismic profiles showing  
representative contourite drift (A) and large-scale  
contourite wave (B) deposits in the central Scotia 
Sea. 
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Abstract 

Bransfield Strait is an incipient oceanic back-arc 
basin developed between the South Shetland Block 
and the Antarctic Peninsula. The combined analysis 
of multichannel seismic profiles acquired during 
several oceanographic cruises and the satellite free air 
gravity anomaly map allow to establish the develop-
ment of this basin. The structures show an along-
strike evolution and they are heterochronous. The 
occurrence of an axial volcanism and the presence of 
a break-up unconformity reveal that the Central 
Bransfield Basin is an incipient oceanic basin. Conti-
nental extension was asymmetrical and developed a 
typical lower-plate passive margin in the Antarctic 
Peninsula and a starved upper plate margin along the 
South Shetland Block. This structure evolved from a 
low angle normal fault initiated in the continental 
margin of the Antarctic Peninsula with top-to-the-
NW displacement. The hanging wall of this fault is 
the South Shetland Block, which moved northwest-
ward from the Antarctic Peninsula margin. Thinning 
of the continental crust is also presently active in the 
Western and Eastern Bransfield basins, with forma-
tion of half-grabens and associate wedge structures 
generally opening northwestward. The initiation of 
Bransfield Strait and its present activity is as a com-
bined consequence of the end of spreading in the 
Phoenix-Antarctic ridge (3.3

�
0.2 Ma) and the west-

ward propagation of the transcurrent and transten-
sional tectonics active in the continental blocks of the 
South Scotia Ridge. 

 

Introduction 

The two major plates in the study area are the Scotia 
and Antarctic plates, in contact via a left-lateral tran-
spressive fault zone boundary located along the South 
Scotia Ridge (Fig. 1). This boundary extends north-
westward across the Drake Passage as a prominent 
submarine ridge between the South Chile Trench and 
the South Shetland forearc, called the Shackleton 
Fracture Zone. The southern end of the Shackleton 
Fracture Zone is subducted below the South Shetland 
forearc. The South Shetland Block may be considered 
as a crustal element independent from the Antarctic 
Plate. 

 The Bransfield Strait is a NE-SW elongated 
basin that lies between the northwestern tip of the 
Antarctic Peninsula and the South Shetland Block, 
and is widely interpreted as an extensional marginal 
sea associated with active subduction at the South 
Shetland Trench (Pelayo and Wiens, 1989; Gamboa 
and Maldonado, 1990; Barker and Austin, 1998). The 
South Shetland Trench is the last conspicuous expres-
sion of a subduction zone that existed all along the 
western margin of the Antarctic Peninsula. In addi-
tion, it is proposed that the rift of the Bransfield Strait 
merges eastward into an active transcurrent fault zone 
within the South Scotia Ridge (Galindo-Zaldivar et 
al., 1996). Meanwhile, González-Casado et al. (2000) 
propose that the Bransfield Basin develops only as a 
consequence of the sinistral transcurrence between 
the Scotia and Antarctic Plates. 
 The West Scotia and the Phoenix-Antarctic 
Ridges, extend across the central sector of the Drake 
Passage (Fig. 1). The Phoenix Plate ocean floor was 
subducted beneath the Antarctic Plate continental 
lithosphere at the South Shetland Trench, while far-
ther northwest new ocean floor was created at the 
Phoenix-Antarctic Ridge, which migrated southward. 
New bathymetric and magnetic anomaly data show 
that extinction of the last remaining Phoenix Ridge 
segments of the once-extensive Phoenix-Antarctic 
spreading center occurred at the time of magnetic 
chron C2A (3.3 ± 0.2 Ma), synchronous with a ridge-
trench collision south of the Hero Fracture Zone 
(Livermore et al., 2000). 
 Good markers for understanding the recent 
tectonic evolution of the area are the elongated bodies 
of Cretaceous mafic rocks located along the Antarctic 
Peninsula. These rocks are associated with large 
magnetic anomaly bands known as the Pacific Margin 
Anomaly or West Coast Magnetic Anomaly. The 
single elongated anomaly that is recognized in the 
southern region of the Antarctic Peninsula is divided 
into two branches in the northern Antarctic Peninsula 
by the opening of the Bransfield Strait. 
 
The Bransfield Strait structure 

A combined set of MCS profiles from Brazil , Spain, 
Japan and China have been used to determine the 
main features of the structure of the Bransfield Strait 
area. The Bransfield Basin has a lens shape and can 
be divided into three subbasins: Western, Central and 
Eastern.  
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Figure 1 - Tectonic map of the Scotia Arc. 1, active subduction zone. 2, inactive subduction zone. 3, tran-
spressive fault zone. 4, fault zone. 5, active spreading ridge. 6, inactive spreading ridge. 7, active exten-
sional zone. 8, active transtensional fault zone. 9, continental-oceanic crust boundary. 10, emerged conti-
nental crust of South America and Antactic plates. 11, submerged continental crust. 12, oceanic crust. 13, 
South Shetland Block. BS, Bransfield Strait. CHT, Chile Trench. PAR, Phoenix-Antarctic Ridge. HFZ, 
Hero Fracture Zone. SST, South Shetland Trench. SSB, South Shetland Block. SSR, South Scotia Ridge. 
PB, Powell Basin. SOM, South Orkney microcontinent. JB, Jane Bank. JA, Jane Arc.                    

                                         
Figure 2.- Tectonic model for the development of the Bransfield Strait and the South Shetland 
Block. 
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 Only incipient rifting occurred south of De-
ception Island in the Western Basin. This region is 
affected, however, by intense normal faulting that 
created rotated blocks on the continental crust. A 
fairly thick synrift sequence is observed in half-
grabens. The sedimentary fill shows wedges opening 
towards the NW. Some faulting affects the seafloor, 
indicating active tectonics and present-day rifting. In 
addition, the profiles show a recent stage of compres-
sion, which develops large folds in the basin filli ng. 
 The Central Bransfield Basin extends from 
Deception Island to the Bridgement Islands, both 
interpreted here as outcrops of an incipient spreading 
center that exists along the axis of the basin  with 
associated magnetic anomalies. The southeastern 
margin presents structures and sedimentary fill t hat in 
many ways resemble the features observed along 
passive margins, with development of syn rift and 
post rift sequences. In this part of the basin the conti-
nental crust was thinned in response to the NW-SE 
extensional tectonic regimen, which continues up to 
present as shown by earthquake focal mechanism data 
(Pelayo and Wiens, 1989). A low angle crustal fault 
dipping towards the NW, and that probably continues 
below the South Shetland Islands, served as the de-
tachment plane for the synthetic normal faults that cut 
a synrift sequence deposited along the Antarctic Pen-
insula side of the basin. The synrift sequence can be 
seen in MCS data and the sedimentary fill of the half-
grabens has wedge shapes opening towards the SE. In 
addition, there is a well developed drift sequence that 
is bounded at its base by a break-up unconformity, 
occurring only at the central part of the Bransfield 
Basin. The stretched continental crust forms a band 
about 30 km wide along the southern margin of the 
basin, whereas a narrow, steep slope topography 
marks the passage from the shelf along the South 
Shetland Islands to the axial area of this part of the 
Bransfield Basin.  
 The incipient spreading center along the 
Bransfield Basin is interrupted by a transform fault 
near the northern tip of King George Island. 
 The crustal structure in the axial part of the 
central Bransfield Basin has motivated several stud-
ies. In an earlier investigation using seismic refrac-
tion, Ascroft (1972) proposed the existence of a 
stretched continental crust intruded by an axial vol-
canic ridge below, and Moho depths of the order of 
14 to 20 km were obtained. Later researches obtained 
much greater Moho depth values  up to 30 km in the 
same area. Later, Grad et al. (1997), using OBS data, 
obtained a model of the crustal structure at the Brans-
field Basin that, while indicating Moho at depths of 
30 km, showed the presence of a high velocity layer 

(Vp = 7.3 – 7.2 kms) at the axial portion of the Brans-
field Strait. Torres (1997) modeled the crustal struc-
ture at the Central Bransfield Basin using magnetic, 
gravimetric and seismic data to describe a crustal 
structure similar to that proposed by Ascroft (1972) 
whereby a shallow Moho exists below the basement 
high at the central region of the basin.  
 The seismicity in the region is concentrated 
at the ends of the Central Basin at Deception and 
Bridgement Islands.  The focal earthquake mecha-
nisms determined for shallow and intermediate seis-
micity (Pelayo and Wiens, 1989) indicate NW-SE 
extensional stresses compatible with the opening of 
the Bransfield Strait. 
 The Eastern Bransfield Basin extends north-
ward of Bridgement Island to a region just south of 
Elephant Island. The structural style of this sector has 
features similar to those observed in the Western 
Bransfield Basin: steep normal faults occur along the 
northern margin. The Eastern Bransfield Basin is 
characterized by the development of half-grabens 
with sedimentary wedges opening towards the NW, 
indicating an extensional or transtensional regime. In 
addition, most of the sediments of the half-grabens 
show open, large folds indicative of a recent com-
pressional deformation.The deposits representing the 
synrift phase of the basin are cut by numerous normal 
faults, some of them affecting the present-day sea-
floor morphology (Fig. 2).  
 

Conclusions 

The Bransfield Strait is an asymmetrical backarc 
basin whose opening is probably related to a low 
angle normal fault with top-to-the-NW displacement, 
for which the South Shetland Block constitutes the 
hanging wall (Fig. 2). The margin adjacent to the 
Antarctic Peninsula presents all the features associ-
ated with a lower plate passive margin, such as the 
development of landward tilted half-grabens, the 
presence of a break-up unconformity, and the deposi-
tion of an oceanward dipping “drift” sequence. How-
ever, the margin near the South Shetland Islands is 
typical of an upper-plate margin: poorly nourished, 
sharp and with high angle faults. The extension is 
more developed in the Central Bransfield Basin, 
where a volcanic axis is recognized as the expression 
of a young spreading center, and there is possibly 
incipient oceanic crust. In the Bransfield basin ex-
tremities, the present-day deposits represent the syn-
rift sequence, and extension continues to progress.  

The Bransfield Basin probably develops as a 
consequence of two interacting processes. The main 
one is related to the end of the oceanic spreading at 
the Phoenix-Antarctic Ridge at Middle Pliocene times 
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(3.3 Ma) and the subsequent development of a roll -
back mechanism that produces the northwestward 
migration of the South Shetland Block (Fig. 2) . The 
second process that takes place in the region is the 
propagation of the sinistral transcurrent deformations 
associated with the Scotia/Antarctic Plate boundary 
(Fig. 1) that propagated through the continental 
blocks, becoming transtensional inside the South 
Scotia Ridge and extensional in the Bransfield Strait. 

 
References 

Ascroft, W.A.,1972, Crustal structure of the South 
Shetland Islands and Bransfield Strait, Br. Antarct. 
Surv., Sci. Rep. 66, 1-43. 

Barker, D.H.N. and Austin, J.A., 1998, Rift propaga-
tion, detatchment faulting, and associated magma-
tism in Bransfield Strait, Antarctic Peninsula, J. 
Geophys. Res. 103, 24017-24043.  

Galindo-Zaldívar, J., Jabaloy, A., Maldonado, A. and 
Sanz de Galdeano, C., 1996, Continental fragmen-
tation along the South Scotia Ridge transcurrent 
plate boundary (NE Antarctic Peninsula), Tec-
tonophysics 242, 275-301. 

Gamboa, L.A.P. and Maldonado, P.R., 1990, Geo-
physical investigations in the Bransfield Strait and 
in the Belli nghausen Sea- Antarctica. In: Antarc-
tica as an Exploration Frontier- Hydrocarbon Po-
tential, B. St. John. Ed., Geology and Hazards, 
Am. Assoc. Petr. Geol. 31, 127-141 

González-Casado, J.M., Giner-Robles, J.L. and 
López-Martínez, J., 2000, Bransfield Basin, Ant-
arctic Península: Not a normal backarc basin, Ge-
ology, 28, 1043-1046. 

Grad, M., Shiobara, H., Janik, T., Guterch, A. and 
Shimamura, H., 1997, Crustal models of the 
Bransfield Rift, West Antarctica, from detailed 
OBS refraction expreriments, Geophys. J. Int., 
130, 506-518. 

Livermore, R., Balanyá, J.C., Barnolas, A., Galindo 
Zaldívar, J., Hernández, J., Jabaloy, A., 
Maldonado, A., Martínez, J.M., Rodríguez-
Fernández, J., Sanz de Galdeano, C., Somoza, L., 
Suriñach, E. and Viseras, C., 2000. Autopsy on a 
dead spreading centre: the Phoenix Ridge, Geol-
ogy, 28, 607-610. 

Pelayo, A.M. and Wiens, D.A., 1989, Seismotecton-
ics and relative plate motions in the Scotia Sea re-
gion, J. Geophys. Res. 94, 7293-7320. 

Torres, L.C., Gomes, B.S. and Gamboa, L.A.G., 
1997, Determinacao da Espessura Crustal na 
Margem Ativa da Regiao Antártica, 5th Interna-
tional Congress of the Brazili an Geophysical Soci-
ety, Sao Paulo, Brazil , Expanded Abstract, 1, 67-
69. 



Continental crust fragmentation, small basin development and deep water 
circulation in the southern Scotia Sea (Southern Atlantic) 
Jesús Galindo-Zaldívar(1), Andrés Maldonado(2), Antonio Barnolas(3), Fernando Bohoyo(2), Javier Hernández-Molina(4), 
Luiz Gamboa (5),  Alipio José Pereira (5), José Rodríguez-Fernández(2), Luis Somoza(3), Emma Suriñach(6) George André 
Uller (7), and Juán Tomás Vázquez(4). 

1 - Departamento de Geodinámica. Universidad de Granada, Spain  
2 - Instituto Andaluz Ciencias de la Tierra. CSIC/Universidad de Granada, Spain 
3 - Instituto Geológico y Minero de España, Madrid, Spain 
4 - Facultad de Ciencias del Mar,Cadiz. Spain 
5 – Petrobras S/A. Brazil  
6 –Departament de Geologia Dinàmica i Geofísica. Universitat de Barcelona,  Spain 
7 - Universidade Federal Fluminense 
 

Abstract 

The development of the Scotia Plate between the 
South American and Antarctic plates since the 
Oligocene has produced the fragmentation of the 
former continental crustal strip that connected South 
America and the Antarctic Peninsula. This 
fragmentation developed numerous small oceanic 
basins bounded by blocks of stretched continental 
crust, which resulted in the present-day conspicuous 
structure of the Scotia Arc and the neighbouring 
areas. Seismic, gravity, magnetic and multibeam 
profiles were recorded in Protector Basin during the 
SCAN 2001 cruise on board of the B/O Hesperides. 
This basin of Middle-Late Miocene age constitutes a 
good example of small oceanic basin bounded by 
thinned continental crust. A profile of the southern 
basin shows the spreading ridge and the symmetrical 
oceanic magnetic anomalies. The basin, however,  
northward is very asymmetrical and ends by the 
closure of both continental margins. The Scotia Plate 
is in fact a complex mixture of oceanic and 
continental crust fragments that determines the deep 
water circulation in the region.  
 

Introduction 

The Scotia Sea in the southern Atlantic Ocean reveals 
a complex mosaic of tectonic and bathymetric 
features (Fig. 1 and 2). The Scotia Plate is the largest 
crustal element of this sea and accommodates in the 
boundaries the sinistral transcurrent motion between 
the South American and Antarctic plates. The Scotia 
Plate is bounded to the north by the North Scotia 
Ridge; to the west by the Shackleton Fracture Zone 
and to the South by the South Scotia Ridge 
(Livermore et al., 1994; Maldonado et al., 2000). The 
smaller Sandwich Plate is individualised in the 
eastern Scotia Sea by an active spreading ridge (Fig. 
1).  

 The opening of the Scotia Sea since the 
Oligocene conditioned the breakup of the continental 
connection between South America and the Antarctic 
Peninsula (Barker et al., 1991). Numerous continental 
blocks developed during this opening are now dis-
persed around the Scotia Sea. The continental blocks 
located at the southern boundary of the Scotia Plate 
form the South Scotia Ridge. 
 Several small oceanic basins are recognized 
in the region as result of this evolution. Two of the 
most important basins are the Powell and Jane basins. 
Powell basin formed during the eastwards drifting of 
the South Orkney microcontinent from Eocene-
Oligocene up to Early Miocene, whereas Jane Basin 
constitutes a back-arc basin developed from Early up 
to Middle Miocene (Maldonado et al., 1998). The end 
of the oceanic spreading and the migration of the 
boundary to the South Scotia Ridge conditioned the 
incorporation of these structures to the Antarctic 
Plate. 
 The objectives of the SCAN 2001 cruise of 
the B/O Hesperides during the 2000-2001 Antarctic 
summer concentrated in the determination of the 
tectonic style of the Scotia Plate near the Scotia-
Antarctic plate boundary, in addition to the study of 
deposits that may reveal the deep water circulation 
patterns. During this cruise, multichannel seismic, 
gravity, magnetic and multibeam  profiles were 
obtained in the Protector Basin and Pirie Bank areas 
(Fig. 2). 
 
The Protector Basin and the Pirie Bank in the 
tectonic framework of the Scotia Plate 

The Scotia Plate is an oceanic plate with numerous 
fragments of stretched continental crust formed by the 
activity of several spreading ridges. The main ones 
are the West Scotia Ridge and the Scotia-Sandwich 
Ridge. The magnetic anomalies of the Drake Passage 
show that spreading of the West Scotia Ridge started 
in Oligocene and ended after magnetic chron C5A 
(probably at about 6 Ma) due to the shifting of the 
spreading center to the eastern Scotia Sea (Barker et 
al., 1991; Maldonado et al., 2000).  The Sandwich- 
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Figure 1 - Tectonic map of the Scotia Arc. 1, active subduction zone. 2, inactive subduction zone. 3, 
transpressive fault zone. 4, fault zone. 5, active spreading ridge. 6, inactive spreading ridge. 7, active 
extensional zone. 8, active transtensional fault zone. 9, continental-oceanic crust boundary. 10, emerged 
continental crust of South America and Antactic plates. 11, submerged continental crust. 12, oceanic crust. 
13, South Shetland Block. BS, Bransfield Strait. CHT, Chile Trench. PAR, Phoenix-Antarctic Ridge. HFZ, 
Hero Fracture Zone. SST, South Shetland Trench. SSB, South Shetland Block. SSR, South Scotia Ridge. 
PB, Powell Basin. SOM, South Orkney microcontinent. JB, Jane Bank. JA, Jane Arc. 
 

        
 
Figure 2 - Track lines of SCAN 2001 cruise. 
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Figure 3 - SM09 profile across the Protector Basin. Bathymetry, Bouguer, Free-air, magnetic anomaly and 
seismic profile. 
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Scotia spreading ridge is presently active and has 
created the youngest oceanic crust of the Scotia Plate. 

 In addition to these ridges, other smaller 
ridges are found in the basins located between the 
continental blocks of the Southern and central Scotia 
Sea. The Protector Basin is a small oceanic basin 
formed at the western margin of Pirie Bank (Figs. 2, 
3). The spreading ridge has an approximate N-S trend 
and the opening was in an E-W direction. The mag-
netic anomalies and the seismic profiles obtained in a 
southern transect allow to recognize a single central 
ridge. The spreading was symmetrical taking into 
account the length from the ridge to the basin margins 
and the magnetic anomalies. Initial identification of 
magnetic anomalies indicates a Middle-Late Miocene 
age for the development of the basin. However, the 
features of this basin are very different in a northern 
profile. The basin ends northwards by the closing of 
the continental margins and becomes asymmetrical. 
Between Pirie and Bruce banks, there is another basin 
with similar features to those of Protector Basin. 
Northwards of these banks, in the central Scotia Sea, 
the bathymetry and free air gravity data indicates a 
similar tectonic style with continental banks sur-
rounded by oceanic crust. 

 In addition to the extensional deformations 
and oceanic spreading, the Scotia Sea has also under-
gone compressional tectonics. The most representa-
tive compressional structures are represented by the 
reverse faults and overthrust developed at the north-
ern boundary of the South Orkney microcontinent 
over the Scotia Plate (Galindo-Zaldívar et al., 1996). 
Moreover, the oceanic crust of Scotia Plate show 
internal deformations, as in the West Scotia Ridge 
that was affected by a thrust developed after 6 
Ma(Galindo-Zaldívar et al., 2000; Maldonado et al, 
2000). 

 The basement highs developed by continen-
tal blocks or deformed oceanic crust, act as a barrier 
for sea bottom currents. In the region around Pirie 
and Bruce banks, there is a complex interaction of the 
bottom waters from Weddell Gyre flow and the Ant-
arctic Circumpolar Current. Contouritic deposits are 
found between the continental crustal blocks that 
indicate two main current directions and the interac-
tion between these two flows. 

 
Conclusions 

The Scotia Plate is formed by a complex mosaic of 
oceanic and stretched continental crustal blocks that 
were fragmented and amalgamated between the Oli-
gocene and Upper Miocene times. The continental 
blocks formed the continental strip that connected 
South America and the Antarctic Peninsula.  

 Protector Basin is an oceanic basin devel-
oped by the stretching of the continental crust located 
at the western border of Pirie Bank during the Mid-
dle-Late Miocene times. This basin shows a southern 
symmetrical cross section, whereas it is largely as-
symetrical northwards and ends by the approximation 
of the two continental margins. Other similar small 
oceanic basins between continental blocks are devel-
oped in the southern and central Scotia Sea, like the 
basin located between Pirie and Bruce banks. 

 The tectonic evolution of the area produced a 
complex bathymetry with elevated banks and de-
pressed oceanic basins. In this region interacts the 
Antarctic Circumpolar Current and the bottom water 
from the Weddell Gyre developing a complex host of 
contourite deposits. 
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Abstract

Deep-water sedimentary processes in the
Southern Santos and Northern Pelotas Basins were
investigated based on the analysis of seismic reflec-
tion profiles and 3.5 kHz echograms, to demonstrate
the influence of downslope and alongslope processes
in both sediment distribution and bedforms.

The main observed submarine hazards are
associated with downslope seabed creep and growth
faults at the continental slope, resulting in a rough
topography over acoustically transparent, deformed
sediments. Large slump deposits were also docu-
mented, at the end of the continental slope, as well as
extensive turbidite deposits, covering large areas of
the São Paulo Plateau.

Introduction
Submarine mass transport refers to the

downslope movement of material, containing various
water amounts, for which gravity is the driving force
(Cook et al., 1982). It can be divided into rockfalls,
slides and different types of sediment gravity flows,
classified in accordance with the water content, sup-
port mechanism and mechanical behavior, being
debris flow and turbidity flows the two end members
representing plastic and fluid behavior respectively.

The initiation of the sediment instability is
associated with a variety of factors occurring during
or after deposition, including large sedimentation
rates, steep gradients, presence of gas within the
sediments, salt and mud diapiric movements, earth-
quakes, faults, bioturbation, erosion by bottom cur-
rents and waves and sea-level oscillations.

The presence of several features indicative of
deep-water sediment instability in southern Santos
and northern Pelotas Basins was reported by Mello
(1988) and by Silva et al. (1999). The later authors
observed several faults and escarpments in areas of
steep gradients of the continental slope in Santos
Basin, giving rise to slump scars, creep and slump
deposits, as well as turbidite deposits distributed
along the São Paulo Plateau.

In this work, the integration of new 3.5 kHz
data with older seismic information was used to map
the main morphological features indicative of seabed
instability and to characterize the main submarine
hazards.

Study Area
The study area is located in the southern

Santos and northern Pelotas basins, offshore the states

of Rio de Janeiro, São Paulo, Paraná and Santa
Catarina, in the meridional Brazilian continental mar-
gin, among latitudes 24o and 30o S and longitudes 43o

and 50o W. The two basins are limited by a tectonic
lineament constituted by the Florianópolis High and
the São Paulo Volcanic Ridge, along the continuity of
the Rio Grande Fracture Zone (Figure 1).

Contrasting morphologies are observed on
the two basins as a result of its geological and tec-
tonic evolution and the action of equally distinct
sedimentary processes. In Santos Basin, the São
Paulo Plateau is the most distinct province presenting
an irregular topography, resulted from intense salt
diapirism. The southern limit of salt occurrence coin-
cides with the end of the Plateau and the São Paulo
volcanic ridge. Greater depths are observed in Pelotas
Basin, forming a smaller rounded depression, limited
to the west by the continental slope and to the east by
the Rio Grande Rise. A large sedimentary drift, cov-
ered by an extensive field of stationary mudwaves is
located in this depression, and resulted from the ac-
tion of the Antartica Bottom Current (Silva et al.,
1999).

Data Set and Results
The 3.5 kHz data was collected in 1998,

during an oceanographic expedition aboard the R/V
Knorr from Woods Hole Oceanographic Institute.
This data set was integrated with older seismic lines,
collected by different institutions and compiled from
the National Geophysical Data Center. The complete
geophysical survey tracklines are depicted in figure 2.

The main morphological features are illus-
trated  in figure 2, as well as the areas of occurrence
of the principal sedimentary processes and deposits.
The outer continental shelf and shelf edge in Southern
Santos Basin presents ubiquitous erosive features,
giving rise to a steep continental slope, where distinct
creep and slump processes and deposits are observed.
As a result, the seabed is contorted and folded, gener-
ating a pressure ridge presented in the base of the
slope in depths around 2000 m. Distinct, circular to
elliptical collapse structures are found in the upper
slope, in water depths ranging from 400 to 900 m.
These structures are 400 to 1000 m in diameter and
have 40 to 75 m of relief, being aligned to growth
faults parallel to the regional isobaths. Figueiredo Jr.
et al. (1999) associated these features to hydrocarbon
or gas seeps, controlled by faults under the influence
of salt diapirs. A large salt ridge at the end of the
continental slope marks the beginning of the São
Paulo Plateau that is characterized by a rough topog-
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raphy, where numerous ponded basins, controlled by
salt domes and ridges, are covered by turbidite de-
posits. The pervasive occurrence of salt domes is
responsible by the elevated nature of the Plateau.
Many diapirs are almost reaching the present seafloor
and some collapse structures are observed probably
associated with the dissolution of the salt by the
ocean water.

The Florianópolis High is a prominent
structural feature, limiting Santos and Pelotas Basin.
This structure, on the outer shelf and upper slope is
characterized by deeply faulted blocks, where the
upper prograding sedimentary layers are eroded
away, leaving submarine exposures of the older hard
substratum.

The continental slope at Pelotas Basin is
equally steep, presenting regular bottom topography,
with sub-parallel sedimentary layers, interrupted by
several linear growth faults. An extensive contourite
deposit covered by a large field of mudwaves domi-
nates the continental rise. The nature and origin of
these bedforms were addressed by Silva et al. (1999)
who considered the action of the North Atlantic Deep
Water and the Antartica Bottom Water in the re-
working and re-sedimentation of the bottom sedi-
ments, forming the sedimentary waves.

Conclusions
The reconnaissance of the morphological features

along the continental slope and rise in southern San-
tos and northern Pelotas Basins revealed the distinct
nature of the sedimentary and erosional processes and
the main submarine potential hazards in the area.
These are associated with submarine sediment insta-
bility, related to seabed creep and slump, generating
slump deposits and debris flow deposits as well as
turbidite currents and associated deposits. Other dis-
tinct features are related to growth faults and collapse
structures, which might be genetically associated.
Contrasting with the irregular topography of the sea-
bed along the São Paulo Plateau, the continental rise
on the Pelotas Basin is deeper and dominated by
constructional features, related to a large contourite
drift and associated mudwaves field.
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Figure 1 – Location of the study area.
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Figure 2 – Interpretation of seismic and 3.5 kHz data, showing the main morphological features,
submarine deposits and sedimentary processes.
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Abstract

Based on bathymetric, satellite gravity and
seafloor isochron data, we investigate the structure of
the Ascension Fracture Zone (AFZ). The AFZ is a
double trough fracture zone, which is generally
continuous until the northeastern Brazilian
Continental Margin. The northern trough is quite
remarkable for most of its length, while the southern
one is less pronounced. However, structural highs are
usually observed bounding the southern through.
Particularly, close to the margin there is a quasi E-W
linear crustal basement high, which defines the
Maceió Lineament. The main changes in the fracture
zone strike occur at about 60-70, 40-50 and 20-30
m.y. An analysis of the free-air gravity anomalies and
seafloor age along the fracture zone shows that the
wavelength of the gravity anomalies widens with the
increasing age of the oceanic crust, while their
amplitudes show no linear relationship with the age.
The slope of the gravity anomalies on the younger
side of the fracture zone is steeper than that on the
older side for age offsets varying from 3 to 14 m.y.
Therefore, the shape of the gravity anomalies across
the AFZ is generally asymmetric. Apparently, the
AFZ follows a pattern, in which the basement highs
on the younger side of the fracture zone as well as the
widening and the asymmetry of the gravity anomalies
can be predicted by differential subsidence and lateral
heat flow. Further a flexural model using two
interfaces (water/crust and crust/mantle) with a
constant crustal thickness shows that major volcanic
edifices to the south of the AFZ can be younger than
the surrounding oceanic crust, while other structural
highs are denser than normal oceanic crust. Both
structures may be a result of the stress field near the
fracture zone, which in one side could have facilitated
magma upwelling due to brittle failure and on the
other allowed tectonic uplifting of deeper oceanic
crust and mantle rocks.

Introduction

The oceanic fracture zones (FZ) are features that
separate lithospheric plate segments of distinct ages
and hence different regional depths [e.g., Heirtzler
and Le Pichon, 1965; Heitzler et al., 1968]. These
structures perpendicularly offset the midocean ridge
axis and may extend their strike to the continental
margins, where their peculiar morphology is usually

disguised by terrigenous sedimentation, specially
when it is intense [Guazelli and Carvalho, 1981].

Since oceanic lithosphere cools with its
increasing distance from the ridge spreading center, it
gets denser, thicker and subsides. That is why a
crossing profile over a FZ reveals a contrast in depth
and lithospheric thickness, reflecting the age offset
between its two sides. This differential subsidence is
consequently related to the lithospheric thermal
history and age, leading to the development of
distinct structures in the provinces delimited by FZs.

 The Ascension Fracture Zone (AFZ) was
mapped in its transform area by Van Andel et al
[1973], who defined an offset of 230 km separating
two segments of the Mid Atlantic Ridge (MAR).
Gorini [1981], Palma et al. [1984] and Palma [1989]
extended its morphological trace to the Brazilian
northeastern continental margin. Extensive crests and
valleys with widths between 10 to 30 km and
topographic variations of 1800 to 2250 m characterize
the AFZ.

According to Brozena et al. [1985] and Palma et
al. [1984], this is a double FZ [e.g., Fleming et al.,
1970; Gorini et al., 1984], since a structural high
separating two valleys can be distinguished in the
MAR region. The structural high and both valleys
(down to 4000 m deep) can be traced westwards for
hundreds of kilometers [Palma et al., 1984].

This morphostructural configuration is generally
maintained towards the oceanic basin, but from 29ºW
to the continental margin, the strike of the AFZ
becomes hardly distinguished because of the thick
sedimentary cover and to the regional complexity of
the oceanic basement [Palma et al., 1984].

Here we study the western structure of the AFZ
based on bathymetry, gravity anomaly profiles and
seafloor age across the fracture zone from the
midocean ridge to the continental margin seafloor
age. Further we apply a simple flexural model to
investigate the structure of large volcanic edifices
nearby the AFZ.

Data set

We compiled bathymetric data from Noc.
Almirante Camara (cruises AC83AB, AC83AA,
AC86AA, AC86AC) from the GEODAS/NGDC
Database (version 4.0). Satellite free air gravity
[Sandwell and Smith, 1997] was obtained in 2-minute
grid through ftp to topex.ucsd.edu/marine_grav
(Figure 1). Seafloor gridded age data were obtained
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from Muller et al. [1997] and are also available from
the NGDC.

Data Analysis

The Free-air gravity map (Figure 1) shows the
structure of the AFZ. The positive gravity anomalies
indicate basement structural highs while negative
anomalies correspond to structural basins, some of
which probably filled with sediments. Basement
highs are conspicuous features only to the south of
the AFZ.

Eleven cross strike profiles (240 km interval)
display gravity anomaly and age offset variation
along the AFZ (Figure 2).  Profiles are referred to the
axis of the structural high that separates the two
fracture zone throughs. The troughs are linear features
as deep as 4000-5000 m that extends until the margin.

We examine gravity by looking at the amplitude
and wavelength of the anomaly with the increasing
age of the oceanic crust and age offset varying from 3
to 14 m.y.  The maximum amplitude is the difference
between the lowest value in the through and the peak
on the old side of the fracture zone [e.g. Wessel and
Haxby, 1990], while the wavelength of the anomaly is
the distance between the two peaks in both sides of
the fracture zone. This analysis shows a widening
tendency for the wavelength of the gravity anomaly
with an increasing seafloor age and no evident
relationship between the signal amplitude and the age
offset. Only three profiles show a structural step
between the two sides of the fracture zone. Close to
the ridge axis it is of the order of 19 mGal and
decreases to 5 mGal in the ocean basin. The slope of
the gravity anomaly on the young side of the fracture

zone is usually steeper (+ 0.6 mGal/km) than that on
the old side.

Modeling

We selected two profiles to investigate the
thermomechanical behavior of the lithospheric
structures across the AFZ. One at the Maceió
Lineament, surveyed by the Noc Almirante Camara
(cruise AC83AB) and another approximately at 21°W
obtained by a R/V Vema (cruise V3101).

We use a 2-D flexural model accounting for 2
interfaces: water/oceanic crust and crust/mantle,
assuming constant density values of 1.03, 2.90, and
3.30 g cm-3 respectively. It solves the General Flexure
Equation for a continuous plate floating over a fluid
of low viscosity , which is
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Figure 1 – Satellite free-air gravity map displaying location of selected profiles.
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where E is the Young’s modulus, σ is the Poisson’s
ratio, and Te is the elastic thickness of the plate.

The numerical solution for (1) [Banks et al.,
1977] is
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which allows predicting the geometry of the Moho.

The individual gravity effect of all interfaces is
computed by Parker’s [1973] equation
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where G is the gravitational constant (=6.67 x 10-11 N
m2 kg-2), ∆ρi is the density contrast, zi is the depth
average value, and hi(x) is the geometry of interface i.
The total gravity effect of the model is then computed
by the inverse FFT of the sum of individual gravity
effects calculated in the frequency domain.

Figure 3a shows the gravity effect of the
Maceió Lineament for an elastic thickness of 5 km.
This probably implies that the volcanic emplacement
of part of the lineament is relatively younger than the
surrounding oceanic crust (~ 10 m.y). The observed
misfits are mainly related to the simplification of the
model, which did not consider either a sediment cover
or a 3-D effect. The gravity effect of a structural high
at 21°W was also observed, being underestimated by
the model for different elastic thickness. In this case,
such high seems to be an outcrop of denser crustal
rocks. In fact, tectonic uplifting of deeper crustal
rocks and mantle has been reported along of many
fracture zones [e.g. Bonatti, 1994; Hecknian et al.,
2000].
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Figure 2 – Free-air gravity profiles selected for analysis,
displaying crustal age in both sides of the Ascension
fracture zone.

Figure 3 – a (top): Observed and modeled free-air
gravity for profile extracted from cruise AC83AB and
b (bottom): respective bathymetry.
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Conclusions

The continuous basement high to the south of
the AFZ as well as the signature of the gravity
anomalies with respect to crustal age suggests that the
structure of the fracture zone follows a pattern that is
predicted by differential subsidence and lateral heat
flow models [e.g. Sandwell and Schubert, 1982].
Apparently, the Maceió Lineament was formed on
newly oceanic lithosphere, as indicated by the low
elastic thickness. On the other hand, other structures
to the south of the AFZ are not necessarily of
volcanic origin and could result of tectonic uplifting.
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Abstract

Use of 3D-seismic surface mapping has proved to be
a rapid and efficient method of identifying the major
seafloor features that affect both oil exploration and
production processes. Accuracy of this method still
remains uncertain where no ground-truth tools are
employed. Integrating tools of conventional oceano-
graphic surveys dedicated to near surface geology
interpretation and 3D-seismic is the best method to
reduce uncertainties and calibrate the inversion of
seismic amplitude in lithology. Recognition of the
application of  3D-seismic data as a tool for hazard
evaluation in deep waters was early performed by the
Marine Geology section of Petrobras, which inte-
grated that technique with the latest available tec h-
nology of data interpretation and visualization. The
need of calibrating seismic data induced the applica-
tion of different methods of ground-truthing, com-
prising video and still-frame photography of the sea-
floor, several sample acquisition, surface and deep-
towed side-scan sonar imaging and 3.5 kHz sub-
bottom profiles. The gathered data was analyzed to
determine the nature and extension of surface and
near surface features. Major features such as mass
movement deposits, thick shallow sand accumula-
tions, active fault movement and the presence of
shallow gas and chemosynthetic communities are
investigated by the combination of those different
tools with a high accuracy and reliability. This article
presents  a case of integrating different marine geol-
ogy tools in order to calibrate 3D-seismic maps, such
as physiographic, bathymetric and ampli-
tude/lithologic maps. In order to better image the
attributes some up-to-date visualization methods
derived from remote sensing techniques were em-
ployed providing astonishing sea-floor landscapes.

Tools and methods

A series of conventional and non-conventional
methods of marine geology were used in this study in
order to identify the extent of their use in the chara c-
terization of the near-surface geology. It follows a
brief comment on some of them.

Long range side-scan sonar records are a fine
tool to perform regional and semi-detailed seafloor
studies and general characterization of the recent
geology. The backscatter patterns are usually associ-
ated to grain size and compaction degree of the sedi-
ments and to the roughness of the seafloor. The
penetration of its high frequency source (around 100
kHz) depends on those soil characteristics, varying
from a few centimeters to a few meters. Few studies
have been performed in order to associated the extent
of the beam penetration.

Regional studies with 3.5 kHz sub-bottom pro-
files were formerly performed by Kowsmann et al.
(1996). Around 380km of sbp lines, 4km apart spaced
covered the study area. The main physiographic fea-
tures and sedimentary deposits were interpreted in
accordance with the characteristics of the returning
echo based on the criteria proposed by Damuth
(1980).

Six-meter long piston cores were retrieved along
the study area for many interests. The cores are split
into two halfs, photographed and analyzed for sedi-
mentology and biostratigraphy purposes.

Mapping the seafloor from 3D-seismic yields
the possibility of creating physiographic and ampli-
tude maps. The physiographic map derived from a
coherence algorythm (dip maps) highlights discont i-
nuities in a image. It detects differences in dip across
a horizon using a different algorithm from that used
in calculating a dip map. Elaborating dip maps i n-
volves the mathematical comparison of points around
a single sample point  in a original map. The cohe r-
ence algorithm compares sets of samples on either
side of each sample point (three samples on either
side of a point in both directions). The result is a
plane connecting the results of the 3X3 computation
at each sample of the original horizon, which repr o-
duces the original topography of the mapped horizon.
In the analysis of amplitude maps is important to
remember that inherent to the seismic method is its
capability of registering changes of the physical char-
acteristics of the investigated soil through the record
of the relationship between the acoustic impedance
(pv , where p = density of the rock/sediment, v =
sound velocity propagation) of the different layers
crossed by the sound wave. The acoustic impedance
contrast between two media (in our case sea water
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and bottom sediments) can be analyzed from the
seismic amplitude maps.

The understanding of the seafloor morphol-
ogy has been revealed as an important step in the
comprehension of the evolution of the recent geology.
The development of visualization techniques resulting
both from the seismic interpretation tools and from
the remote sensing procedures provided high quality
images of the seafloor. In this study the software ER-
Mapper was used to construct an algorithm with
bathymetric and amplitude data coming from 3d-
seismic. The original files in the .xyz grid format
were converted in .ers ER-Mapper format. The algo-
rithm is a list of instructions or processing commands
that the program uses to transform the input data into
an image that can be visualized both in 2D and 3D
views. Vertical exaggeration is an artifact to better
visualize subtle forms of the submarine relief.

Case Study

A 3D-seismic dataset from the southeastern
Brazilian margin was selected in order to perform the
comparison with conventional geo-marine tools.
Initially, a physiographic map derived from the 3D-
seismic is elaborated via a coherence algorithm. This
map reproduces fair confidently the sea-floor topog-
raphy as stressed by Almeida et al. (2001). The long-
range side-scan sonar records produced quite confi-
dent seafloor images which were used as guidelines
for further studies. A polarity inversion on the sonar
records were performed aiming to correlate low back-
scatter (in general associated with sandy sediments)
with light gray and high backscatter (finer-grained
sediments) with dark gray (Fig. 1). Highly rough
textures were associated to complex seafloor topogra-
phy developed by outcropping/sub-outcropping mass
movement deposits.

The association of backscatter patterns to depo-
sitional styles were also corroborated by 3.5 kHz
records. Light gray sonar records corresponds to
prolonged echofacies, usually associated to sand
deposits, and some short hyperbolas within this facies
were related to shallow and narrow channels (Fig. 2).
The rough topography, initially associated to mass
movement deposits, as such as the salt-controlled
relief (escarpments) are marked by the long-tailed
hyperbolas.

A hand-guided interpretation of the sonar re c-
ords were compared automatic textural classification
in order to evaluate the efficiency of the method
(Bentz et al., 2000). Several classes were depicted
(Fig. 3) and then compared with 3D-seismic ampli-
tude maps (Fig. 4). The amplitude was extracted from

the first reflection, which corresponds to a positive
peak in Petrobras convention. Thus all amplitude
values at the seafloor are positive. The amplitude
maps indirectly suggest different sediment styles as
proposed by Almeida et al. (2001) and their use as an
accurate tool depends on the calibration with direct
measurements. As a first step, a comparison between
sonar record and amplitude map is performed and it is
observed a close relationship between the high am-
plitude values  with low backscatter areas, while high
backscatter corresponds to low amplitude values.
With the objective of calibrating all geophysical tools
with ground-truthing data several piston cores were
retrieved in the study zone (Fig. 4).

The sonar facies interpretation was corroborated
by the sediment cores, what would indirectly corrobo-
rate the analysis for the 3D-seismic amplitude. Nev-
ertheless a direct correlation is imperative in order to
actually confirm the interpretation of sedimentary
facies via seismic maps. A first analysis of the com-
parison of amplitude versus lithology was performed
by Torres and Machado (2000). Following studies
confirmed the correlation between high amplitude
values with sand deposits and low amplitude values
to fine-grained sediments (Fig. 4). The fine-grained
sediments at the seafloor have higher porosity than
the coarse-grained ones slowering the sound veloci-
ties. Gas-charged coarse-grained sediments become
very soft bottoms also inducing a sound speed slow-
ering. High amplitude values were also found in
zones of outcropping of consolidated sediments,
where the acoustic energy travels slightly faster than
the surrounding and softer seafloor. A fuzzy, low
amplitude pattern is observed at areas where mass
flow deposits occur. An excellent visualization of the
depositional system is obtained by coupling seismic
interpretation tools with remote sensing software. By
that mean, 3D panoramas are obtained with the co u-
pling of bathymetric and amplitude data upon one
single layer and with the performance of vertical
exaggeration (Fig. 5). Video and still-frame photog-
raphy supplemented  and supported the observations
above. A continuous research must be made in order
to calibrate the largest number of amplitude anoma-
lies.

Up to know, the approach presented in this study
has proved that integrating different tools is by far the
most confident method for seafloor and near surface
geology investigation. Also, 3D-seismic based geo-
hazard assessment has proved to be a rapid and quite
accurate method which can be used as a by-product of
the conventional exploration data.
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Figure 2: 3.5 kHz echofacies interpretation indicating
different depositional styles. See discussion in the
text.

Figure 3: Textural classes identified by remote sens-
ing techniques applied upon side-scan sonar images
(Bentz et al., 2000). The method constrained the
analysis to five classes selected by their backscatter
pattern.

Figure 1: Side-scan sonar mosaic illustrating the main
features described in the text. 1 and 2 are low backscatter
areas related to the development of a submarine channel
and lobe system; 3 is a moderate to high backscatter are
probably related to mud deposits; 4 is a high backscatter
area related to the rough topography of mass movement
deposits and 5 is a high backscatter pattern associated
to salt-controlled relief. Inset indicates area represented
in Fig. 3. Red line indicate the position of the 3.5 kHz
record of Fig. 2.
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Figure 4: Amplitude values draping the edge detection map of the seafloor derived from 3D-seismic data. Red and
yellow correspond to high amplitude values and correspond to the sonar facies 1 and 2 in Fig. 1. Blue and dark blue
correspond to fine-grained sediments (sonar textures 3 and 4 in Fig. 1). The fuzzy dark blue texture is interpreted as
blocks from mass movement deposits and is associated to the sonar texture 4 in Fig. 1. An imbricated system of
channels is observed in the upper left corner of the figure. Divergent channels are observed in the lower right area
(high amplitude area) and are interpreted as distributary channels in a complex of amalgamated channels and lobe
deposits. The elongated left-to-right light yellow amplitudes in the lower area is interpreted as the deposits of low-
density, almost laminar density flows. Bold circles indicate the location of 1 to 7 piston cores used in the calibration
of the geophysical indirect tools. Core 1 retrieved silty mud with intercalation of fine-grained millimeter to centim e-
ter thick sand layers; core 2 retrieved marly sediments overlaying diamictites (debris-flow deposit), cores 3, 4, 5 and
7 retrieved turbiditic coarse to fine-grained sands; core 6 retrieved intermingled silty mud, fine-grained sand and
diamictites. The sediment types retrieved fit very well with the amplitude values derived from the 3D-seismica data
and with the backscattern patterns from the side-scan sonar.Figure 2: Dip attribute - Coherence map calculated from
dip extracted from interpreted seafloor

Figure 5: 3D-perspective of the study area performed by coupling topographic and seafloor amplitude values from
3D-seismic with a remote sensing software (ER-Mapper). The image has a large vertical exaggeration which e n-
hances the observation of delicate physiographic features and their relationship with the seafloor amplitude vari a-
tions. This image highlights the irregular topography associated to mass movement deposits (1), the braided-channel
system in the upper portion of the figure (2), the lobate pattern of the area of amalgamated distributary channels and
depositional lobes (3), the smooth relief developed by the "almost laminar" (?) density flow (4) and the salt-
controlled escarpments (5).
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Abstract

The use of 3D-seismic surface mapping has proved to
be an adequate and reasonably accurate method for
proper imaging the deep-water seafloor and the near
surface sedimentary column. Attributes such as time,
amplitude and dip attitude derived from 3D-seismic
surveys are the basis for a thorough assessment of
geohazard evaluation. The development of new tech-
niques of mapping using seismic data and the updated
application of available technology have provided the
tools to improve the knowledge of the sea-floor of the
deepwater realm where the Brazilian offshore oil
industry is facing new challenges. This article pres-
ents the application of this methodology on a Brazil-
ian deepwater 3D-seismic dataset where complex
interplay between tectonics and sedimentation con-
trols the depositional patterns. The detailed identifica-
tion of the mapped elements demonstrates the suit-
ability of this technique. The resultant maps add reli-
ability to the interpretation of the surface and near
surface geology

Introduction

The migration of oil findings towards deeper and
deeper water has enhanced the need for more reliable
geohazards assessment. Previously used techniques
such as single channel HR seismic, sub-bottom pro-
filer, side-scan sonar and piston coring have proved
their efficiency but the acquisition of specific data for
this purpose is very expensive. However, the updated
use of existing technology and the large areal cover-
age coupled with the increasing quality of 3D-seismic
data yielded a viable alternative to investigate the
seafloor at minimum extra costs and with greater
definition of the existing features and processes.
Thus, with no additional data one can obtain good
resolution data maps which associated with some
basic concepts on rock properties and seismic data
response allow detailed interpretation of recent or
almost recent geological  processes. These products
are of major importance both for the petroleum explo-
ration industry as well as for understanding the events
responsible for shaping the sedimentary basins. Such
approach has being increasingly applied by the oil
industry (Pressler and Walker, 1999; Roberts et al.,
2000) and has several potential applications such as:
geotechnical characterization of the sea bottom; geo-
hazards assessment; detection of faults cropping at

the surface (with strong implications on hydrocar-bon
migration, trapping and sealing mechanisms), and for
the understanding of recent deep-water depositional
systems.
The technique is based on accurate mapping of the
sea bottom on a 3D survey. It was developed from the
need of a fast and efficient method to characterize the
submarine physiography, to detect faults cropping at
the sea bottom, to estimate the characteristics of the
shallow sediments and, finally, to evaluate the pres-
ence of abnormal fluids in the near-surface sediments.
It can be performed by mapping the reflector that
corresponds to the seafloor at every line and trace,
using at first automatic horizon detection programs
and then refined by the interpreter. Considering the
reflector (seafloor) has a positive reflection coeffi-
cient the mapping is done on the positive peak. Fol-
lowing this step, the amplitude values are extracted
from the data extraction and the amplitude and dip
attributes maps are produced. The first is the maxi-
mum amplitude in a half wavelength window around
the tracked time event. The second involves a
mathematical comparison of points around a single
point in an original image, highlighting discontinui-
ties in it. A new understanding of the seafloor topog-
raphy and a general overview on the sediments distri-
bution can be gained from the integrated interpreta-
tion of these maps and seismic sections. As a premise
for understanding the sediments characteristics via
seismic amplitude attributes it was considered as a
general rule that the fine-grained sediments have low
positive amplitude and the coarse-grained sediments
(sand and gravel) have high amplitude values. Some
complications must be considered in this simple
model: outcropping of consolidated sediments must
have high amplitudes at the seafloor, while the pres-
ence of light fluids (oil and gas) will  reduce the am-
plitude values. When seafloor samples are available, a
ground-truth calibration of the seismic mapping is
obtained.

Case Study

A data set was retrieved from a 3D-seismic sur-
vey along the southeastern Brazilian margin (interval
sampling 4 ms and 25x25m spaced shot points) in
order to illustrate the methodology described above.
The interpretation is only based on seismic data. The
product of the two-way-travel time map with the
sound propagation speed in ocean water (generically
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adopted as 1500m/s) results on the bathymetric map
(Figure 1).  The surveyed area is comprised in water
depths ranging from 2000 to 2500m (2666 to 3333
milli-seconds). Deep waters are a well known envi-
ronment for good seismic data quality. The coherence
maps (dip attributes maps) are a fine tool for the vis u-
alization of the seafloor topography (Figure 2). Sev-
eral features are observed such as narrow channels,
escarpments, flat/smooth areas, crenellated seafloor.
These features when coupled with the maximum
amplitude map (Figure 3) provide a reasonable basis
for the interpretation of the local surface geology. The
amplitude map indicate areas of possible sand-rich
(red and yellow colors in Figure 3) and mud-rich
deposits (blue and green).

Interpretation of sedimentary features

Both manual or automatic controlled methods of
textural classification of images (Bentz et al., 2000),
frequently used in remote sensing, can be applied to
the amplitude map in order to identify the main depo-
sitional features (Figure 4). Interpretation of the maps
is supported by the analysis of seismic lines. Sand-
rich areas are characterized by stronger amplitudes
and small dip (Figure 4, facies A). They occur both in
channeled and fan-shaped geometries and seem to be
the most recent sedimentary deposits in the surveyed
area. In the channeled area, strong amplitudes are
associated to cut-and-fill features where lateral dis-
continuities interrupts parallel, strong amplitude
seismofacies. In the fan-shaped areas (a complex of
amalgamated lobes and distributary channels) the
lateral continuity of the strong parallel reflections are
well marked and typical of sand-rich zones. The es-
carpment and high relief flanking the sand-rich area is
related to salt diapiric structures modifying the sea-
floor topography (Figure 4, facies B). High dips and
weak amplitudes are observed in this area. A dis-
turbed/rough topography (irregularities more than
20m high), are related to weak amplitudes and to a
chaotic seismofacies (Figure 4, facies C) and inter-
preted as mass movement deposits probably com-
posed of diamictites, with large blocks being uplifted
during flow evolution and frozen at its top (elutriation
process). Intermediate amplitude values associated to
an elongated geometry can hypothetically be associ-
ated to low-concentration, fine grained turbidite de-
posits or to sandy slurry flows (Figure 4, facies D).
All these patterns can also be seen on the 3 different
seismic sections (Figures 5, 6 and 7) located on Fig-
ure 4. Faults can hardly be detected on bathymetric
maps while their identification on dip maps is very
conspicuous. It is important to notice that footprints
originated from the acquisition and/or processing

steps, specially in the acquisition direction (east-west)
does not compromise the interpretation.

Complementary work

The goal of this article was to present a technique to
map the seafloor and interpret the shallow geology as
a byproduct of regular 3D seismic exploration sur-
veys. Application of these studies are very clear in
defining safe drilling and production operations and
enhances our perception of continental margins proc-
esses. The next step needed for an even better inter-
pretation is to develop a ground-truth calibration in
order to better correlate the indirect measurements
with the actual lithologies.
One must be aware when applying this technique to
deeper horizons. Only easy-to-track horizons can be
mapped using automatic detection algorithms. For the
more general case, it would be preferable to work
with time and surface crops of coherency volumes
that will certainly give correlated results but at a
higher cost and machine time.

Conclusions

It was our objective to present the usefulness of 3D
seismic-derived attribute maps in the understanding
of the near surface geology. The data set used in this
exercise was conventionally acquired with main pa-
rameters of 4 ms interval sample and 25x25m grid.
Higher frequency data sampled at intervals of 2 ms
with a finer spatial grid will improve the method
resolution. Provided that good quality 3D seismic
data is available to explore a given area, much can be
gained with the extraction and interpretation of the
seafloor seismic attributes.
This approach will certainly lead us to a new era of
understanding the recent sedimentary processes. The
magnitude of seafloor fluctuations, slope failures
deposits, deep water circulation and facies distribu-
tion at the continental margins will be much more
reliably understood. This knowledge will also be used
to better understand the processes that rule the depo-
sition of older sediments, improving the task of find-
ing new targets for hydrocarbon exploration
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Figure 1: Bathymetric map produced from the 3D
seismic data. Interval contour = 25m

...

Figure 3: Maximum positive seismic amplitude
strength at the seafloor. Red and yellow corresponds
to the highest amplitudes, blue and green to the low-
est ones

           Figure 2: Dip attribute - Coherence map calculated from dip extracted from interpreted seafloor
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Abstract

The integration of GEOSAT GM satellite altimeter
data, shipborne and land gravity data by least squares
collocation was used in order to calculate an inte-
grated representation of free-air anomaly and geoid
height in the northern brazilian margin   (52oW-30oW,
6oS-6oN). The comparison of the preliminary results
with data from an independent LEPLAC-V leg shows
that this technique can be very useful in the repre-
sentation of the gravity field, allowing the adequated
use of different kind of data.

Introduction

   The Earth’s gravity field elements represent a val u-
able tool in the detection and study of oceanic fea-
tures and continental margin structure. The classical
approach to represent the gravity field in this region is
the use of shipborne gravity data, that have a high
precision but usually a limited spatial distribution.
Since the late 1980’s the use of satellite altimeter data
has improved the knowledge of the gravity field over
the oceanic areas providing a global coverage, with
some problems in the regions near the continental
area. The integration of these data, heterogeneous in
kind and precision, is a powerful technique to repre-
sent the gravity field in the continental and adjacent
oceanic area.

The gravity field representation by least squares

collocation

   The elements associated with the gravity field,
mainly free-air anomaly and geoidal heights, can be
adequately integrated by least squares collocation
(Moritz, 1980, de Sá et al., 1993, Molina, 1996), with
significative advantages regarding the spatial
distribution of these data. The main advantages of this
method are:
• all the elements associated with the gravity field

can be used to calculate any element the gravity
field, provided that the covariance functions are
known;

• the calculation of the gravity field can consider
the input data accuracy;

• the calculated elements estimated variances may
be used to identify higher or lower confidence
areas due to the data distribution and/or original
data quality.

   The main limitation of the method is that the
covariance functions between all the elements
involved in the calculation have to be known, what is
not an easy task in most cases, mainly due to
heterogeneous distribution of data.
   Least squares collocation consists in determining an

approximating function T̂  from linear functionals

iL  applied to the anomalous potential T. Applying

the appropriated linear functionals to T̂  one can
calculate the corresponding element of the gravity
field (e.g., ∆g, N). The mathematical model is
(Moritz, 1980)

nsAXt ++= (1)

where t is the vector containing the observations, A is
a known fully populated matrix, X is the vector of
parameters that expresses the deterministic
component of the data, s is the vector of the
anomalous field signals. and n is the vector of
observational errors. The signals n can be calculated
by applying linear functionals to the anomalous
potential T. By removing the proper deterministic
component of the data, generally by a geopotential
model truncated at an adequated degree, the model
can be expressed as

nst += (2)

with

s L Ti= (3)

   In this work, the represented elements are gravity
anomalies, expressed by

∆ ∆ ∆g g g
T
r R

T nr d
P

r= − = − − +
∂

∂

2

 (4)

and geoidal heights,

N N N
T

nr d
r= − = +

γ  (5)
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where the subscript r means the stochastic
component, calculated by removing the deterministic
component of the gravity field, denoted by the
subscript d, R is the Bjehammar’s sphere radii and γ

is the earth’s mean free air gravity anomaly (Molina,
1996).
   The system given by (1) has the formal solution in
the form

tCCŝ 1
ttst

−
= (6)

and the associated variance can be expressed by

st
1

tt
T
st0

2
s CCCC −

−=σ (7)

where Ctt is the autocovariance matrix of the
observations t and Cst  is the cross-covariance matrix
associated with the signal s and the measurements t.
If the experimental errors of the measurements are
available, the variance of the errors can be adequately
included in the matrix Ctt (Moritz, 1980).

THE DATA

   The dataset used in this study includes satellite
altimeter data, shipborne gravity data and continental
gravity data. These data are described below and the
data distribution is shown in Figure 1. In order to
calculate the integrated model, all data had a
deterministic component removed by subtracting the
corresponding value calculated by the geopotential
model EGM96 (Rapp and Lemoine, 1998) truncated
at degree 180. This component was subsequently
restored to the gravity field calculated values.

Shipborne gravity data

   The GEODAS marine database (NGDC, 1991) and
EQUANT I and II legs available in the region were
processed and converted to a suitable format for
retrieving and processing. The database was
constructed based on the procedure used by xsystem

(Pal Wessel, personal communication), which makes
the storing, retrieving and processing of marine
geophysical data in an efficient way. After being
stored, all data were submitted to an analysis to
remove erroneous data points, by an automatic
procedure that detected points with a directional
gradient higher than a permissible limit specified, and
visual inspection, comparing gravity, magnetics and
bathymetry along the legs in order to correct or
eliminate bad data. The internal crossover errors were
calculated to determine the consistency and overall

accuracy of each leg. This kind of problem was
investigated in detail by Wessel & Watts (1988), and
consists in calculating the differences of gravity
values in the intersection of two tracks. The analysis
of the internal crossover errors detects if there is a
systematic component and/or a temporal drift
affecting the leg. Calculating these quantities, one can
correct each of the legs to eliminate such effects.
Even with this procedure, some points still remain
with large crossover errors. This could be attributed
to an inadequated Eötvös correction, which depends
essentially on the ship positioning. So, if one
considers each track independently, corrections to
each track that has at least two crossover points can
be calculated to minimize the overall crossover errors.
This approach was used by Prince & Forsyth (1984),
and permits the detection of shifted tracks that could
cause serious problems when using the data, by
generating erroneous gravity features in the digital
model. After this procedure, if some cruise remained
with large crossover errors, it was discarded. The
dataset obtained was processed to investigate the
distribution of the external crossover errors, in order
to garantee the dataset consistency.
   The distribution of the crossover errors shows some
legs with unrealistic large values that were discarded.
The selected dataset was analysed to check its
consistency, and the corrections for each track were
calculated and applied to the data (Molina, 1996).
This adjustment procedure removed spurious data
points, homogeneized the data, and permitted to
estimate the rms for this dataset, assuming that the
external crossover error of each cruise is
representative of its accuracy. The corrected marine
gravity dataset for the study region consists of 7,718
free-air anomaly shipborne data points.

Satellite Altimetric Data

   The GEOSAT Geodetic Mission altimeter data
were processed in order to obtain an altimetric dataset
in the northern brazilian region. All the corrections
avaliable in the Geophysical Data Records were
applied, obtaining a one-second-averaged sea surface
height (SSH) dataset, comprising near 150,000 data
points in the region.The points which did not satisfy
the usual quality criteria for satellite data (Sandwell &
McAdoo, 1990) were discarded.
   This altimetric dataset has a very dense spatial
distribution, with an average of one data point each 5
km between the tracks, and a denser distribution
alongtrack, what makes it feasible for a good
representation of the gravity field in the region.
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Continental Gravity Data

   The continental data available in the study area
(52oW-30oW, 6oS-6oN) comprises over 6,400 gravity
stations, referred to IGSN71 (IAG, 1974), with geo-
graphical coordinates, orthometric heights, free-air
and Bouguer anomalies calculated using the 1967
theoretical gravity formula and 2.67 g cm-3 for
Bouguer density. The data were carefully analysed to
exclude data points affected by large errors in the
dataset (Sá et al., 1993). In general, the overall preci-
sion for these data is better than 0.5 mGal for free-air
anomaly. To prevent problems in the representation
in areas devoid of data, the digital gravity model
obtained by Sá et al. (1993), interpolated at 0.5 de-
gree, was used to fill in continental regions where no
data were available.

THE INTEGRATED MODEL

Covariances determination

   Empirical covariances of the residual free-air
anomaly were computed, adjusted and propagated to
obtain the covariances between the elements involved
in the calculation of the free-air anomalies and
geoidal heights. The methodology used is described
in Knudsen (1987) and Molina (1996). In order to
ensure the covariances are isotropic within an
adequate radius, allowing them to be used into the
representation by least squares collocation, two-
dimensional covariances were calculated and the
results show that, within a range of at least 100 km,
this assumption is reasonable.

Model calculation

   The model calculation consisted in dividing the
region around each 3.5 arc min block in 10 sectors,
and searching the 20 nearest data points, 2 by sector,
to avoid directional bias. The appropriate covariances
were interpolated from the tabulated covariances, so
the equations (6) and (7) could be used to estimate the
free air anomaly and geoid heights and the associated
variances for each 3.5 arc min cell. As the represented

anomalous potential T̂  is harmonic outside the geoid
masses, the linear functional given by (5) represents
in fact height anomalies, associated to the quasi-geoid
surface, and not geoid heights values, associated to
the geoid surface. In practice, however, the
differences between height anomalies and geoidal
undulations is usually within 0.1 m in continental
areas, as noticed by Sjöberg (1993); in the oceans,

both values are the same. So, depending upon the use
of this variable, it can be considered equivalent to
geoid height. The calculated height anomaly is shown
in Figure 2, and the free-air anomaly is represented in
Figure 3.

DISCUSSION AND CONCLUSIONS

   Although marine gravity data has achieved an
expressive increase in quality in the last decade, the
data distribution is usually adequated only to
investigate limited regions of the oceanic crust.
Satellite altimeter data, however, showing a global
data distribution, can be used to represent the gravity
field all over the oceans, but the methodology to
convert altimeter data in gravity anomalies presents
some problems, mainly near the coastlines, due to
noise in the data. One additional problem is that the
use of these data independently does not permit the
integration with gravity land data to investigate
continental margin features. The least squares
collocation method described in this work is a
powerful technique that can be used to calculate the
gravity field elements.
   In order to make a preliminary evaluation of the
integrated model accuracy, a comparison of the free-
air anomaly calculated with the integrated model with
the values of a LEPLAC-V leg, not used in the model
calculation, is shown in Figure 4. The good
agreement between the predicted and the actual free-
air anomaly in this preliminary test shows that this
technique can be used to achieve good results in the
integration of continental and oceanic data, derived
from gravity and satellite altimeter, exploring the best
characteristic of each kind of data.
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Figure 2 – Representation of the integrated height anomaly in
the northern brazilian region. Contour interval: 1 m.

Figure 3 – Representation of the integrated free air anomaly in
the northern brazilian margin. Contour interval: 5 mGal.

Figure 4 – Comparison between a segment of a LEPLAC-V
leg and the values predicted by the integrated model in the
northern brazilian continental margin. Blue symbols represent
the observed values, and red symbols the corresponding
estimated values using the technique described in this work.
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Abstract

The quantitative relation among the first
order parameters controlling the basement topography
distribution at divergent continental margins could be
investigated through the development of a thermo-
mechanical model, including the effects of the pre-rift
mantle plume, lithospheric rifting, erosion in the rift
escarpment and sedimentation in the marginal basin.

The regional basement topography of
southeast Brazil, including the Brazilian highlands,
coastal ranges and the continental margin could be
conveniently modeled by this simple integrated
tectonophysical model.  The modeling was
constrained by a number of geophysical data such as:
topography/bathymetry, gravity, heat flux and apatite
fission track data.

In this work we discuss the modeling results,
its application to some transects crossing the
southeast Brazilian margin and how it might be used
as an interesting tool in evaluating the genesis and
evolution of rift basins at divergent continental
margins.

Introduction

A major controversy exists over whether extended
continental lithosphere, associated with rift basins at
divergent continental margins, possesses mechanical
strenght or flexural rigidity during rifting  Several
studies using gravity anomalies over rifted basins and
passive margins have concluded that the flexural
rigidity of continental lithosphere remains negligible
once it is extended, although low strenght has been
attributed to the normal faulting of the crust and high
heat flow in extended regions (Royden and Keen,
1980). Also little rationale has been given for why
flexural rigidity should remain low after rifting.
Moreover, other studies have concluded from gravity
data that the morphology of rifted basins and their
flanking topography are an expression of regional
isostatic compensation Weissel and Karner, 1989;
Ebinger et al., 1991) wich, in fact, requires that the
extended lithosphere possesses finite mechanical
strenght.

The answer for these questions are very
important for basin analysis since it controls a
number of important aspects for the oil industry as:
basement depth and morphology, stratigraphy and
heat flow.

Thus the main goal of this work becomes
one of devising tests to discriminate between zero and
finite Te across extensional basins and forward
modeling the crustal shape and time-line stratigraphy
of extensional basins and their respective free-air
gravity anomalies for determinating the relationship
between the topographic/bathimetric, basement and
moho reliefs.  Fundamental to any forward-modeling
analyses is the need to define exactly what loads are
being applied, or removed from the lithosphere.

In general, studies investigating the
mechanisms responsible for the formation of rift flank
topography have concentrated on young rift systems
such that the present day flank topography had not
suffered significant erosion.  To test for the existence
of  rift flank topography at an old rifted margin, we
have investigated the tectonic evolution of the coastal
mountain ranges bordering the southeast Brazilian
margin using a simple two-dimensional mechanical
model to determine the flexural response of the
lithosphere due to tectonic unloading, induced by
extension, and subsequently by erosion of the rift
topography and sedimentation in the adjacent basin.
Thermocronologic data such as fission-track ages
from Apatite, high resolution topography/bathimetry,
marine and continenatl gravity data and seismic
profiles are used to constrain the models.

Theoretical Background

Volcanic rift basins are located at divergent
margins adjoined by major erosional escarpments
wich separate uplands intracontinental areas (showing
relative low rates of erosion and subdued relief) from
coastal areas with much greater relief and higher rates
of erosion.  These escarpments are found along the
divergent margins of eastern Australia, southearn
Africa, western India, Red Sea and Gulf of Suez,
Madagascar and also at southeast Brazil.  Although
these margins have diverse ages of formation, varying
from Neogene for the Red Sea, late Cretaceous for
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southeast Australia, to early Cretaceous for southern
Africa and southeast Brazil, each one exhibits in
common: (1) steeper slopes facing the rift or ocean
basin, (2) a topographic culmination ot tableland at,
or just inland from, the present location of the
escarpment, and (3) a gradual decrease in elevation to
a regional topographic level at some distance inland.

Different hypothesis exist to explain the
topography adjacent to rift basins.  Most of them rely
on some type of thermal process engendered by
lithospheric rifting to drive flank uplift.  However in
the case of Southeast Brazil and Southern African
margins, any thermal support for rift flank uplift
should have dissipated long ago, because extension
ended at those margins in Late Jurassic/Early
Cretaceous time.

A number of studies have hypothesized that
the flexural rebound of the lithosphere in response to
its tectonic unloading during extension may play a
dominant role in the generation and permanent
support of rift flank topography (Weissel and Karner,
1989; Braun and Beaumont, 1989; Ebinger et al.
1991).  Implicit in these studies is that the extended
lithosphere maintains significant flexural strenght
during and after extension despite localized, but
intense, fracturing of the crust by normal faults and
the proximity to high heatflow regimes.

Methodology
.
. As discussed by Weissel and Karner (1989),
Ebinger et al. (1991) and Karner & Driscoll (1993)
flexural rebound of the lithosphere in response to
tectonic unloading during extension might be the
dominant process by wich rift flank topography is
generated.  Therefore the formation of rift basins and
their flanking topography can be quantitatively
modeled as the sum of the relief created by crustal-
scale faulting, for example by instantaneous slip
along a bounding planar or listric normal fault, to
produce a “kinematic topography” or hole wich is in
turn modified by the isostatic response of the
lithosphere.  The isostatic response to crustal thinning
is to produce a rebound or “isostatic topography”.
This rebound will tend to be regionally developed
around the region undergoing extension, thereby
resulting in permanent rift flanks that eventually are
modified by sedimentation and erosion/denudation
processes, while the moho will similarly be flexurally
modified.

In the modeling approach we first specify a
kinematic description of lithospheric extension by
simple slip along a low angle fault above the
detachment horizon (Wernicke and Burchfiel, 1982;
Hall et al., 1984; BIRPS and ECORS, 1986). that

produces a “hole” in the surface of the lithosphere
due to the collapse of the hanging wall block.  This
deformation results in the thinning of the lithosphere
and the pertubation of the geothermal gradient.  We
then calculate the isostatic reponse of the lithosphere
to the density perturbations introduced by the
kinematics of extension.  Then we calculate the
isostatic response of the water and sediment infilling
into the rift basin and the isostatic effects of the pos-
rift erosion.  The fundamental assumptions here are
that the kinematic and isostatic aspects of lithospheric
extension can be treated separately and that the
isostatic response of the lithosphere is analogous to
the flexure of a thin elastic plate floating on a fluid
substrate.

Discussion and Results

Both before and during the opening of the
South Atlantic, widespread basaltic extrusions dating
from about 160 to 120 Ma (Renne et al., 1992)
outpoured in the regions of the Paraná and Karro
basins, and over the regions that would subsequently
become the offshore Campos and Santos basins.
Tholeitic basalts constitute the basement of both the
Campos and Santos basins in addition to intruding the
rift sediments and early post-rift sediments to at least
Santonian age.  The climax of this major eruptive
episoide of basalt production was marked a period of
active rifting of the continental crust in the lower
Cretaceous that produced a sucession of rift basins
along the Brazilian margin.

Boreholes in the onshore part of the Campos
Basin have drilled through 600 m of tholeiitic basalts
and penetrated acid Precambrian igneous rocks
similar to the granitoid rocks that outcrop along the
coast.  These same Precambrian rocks form the
coastal Serra do Mar and Serra da Mantiqueira
mountains.

Despite of the Campos and Santos basins
have been studied for many decades by Petrobras (the
Brazilian oil company) there is a paucity of
stratigraphic and geochronological data avalaible for
the scientific community wich limit our control on the
evolution of the sedimentation history.  Nevertheless
we tried to parametrize our model by using one
refraction and some seismic reflection profiles that, in
a general sense, can be taken as an approximate
representation of the basin geometry and the crust
thickness in the region.

The flexural strenght of the lithosphere was
determined by modeling the total morphological
shape (both the flanks and rift basin) across regions of
continental extension.  Fundamental to this analysis is
that the rift flank topography represents the flexural
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Fig. 1 – Distribution of gravity and topographic station
in the southeast Brazil and adjoining continental margin.

rebound of the lithosphere in response to extension
(Weissel and Karner, 1989).  This assumption was
tested by modeling the free-air gravity anomaly.

The free-air gravity anomaly is proportional
to the magnitude of deviatoric stress in the
lithosphere and can be a powerful constraint on the
strenght of the lithosphere during and after extension.
This is because the various crustal and lithospheric
mantle loads engendered by rifting must be
compensated.  In defining the form of this
compensation we are actually describing the flexural
state of the lithosphere.

Density variations arising from the geometry
of the isostatically deformed surface and crust-mantle
interfaces are the major contributors to the free-air
gravity anomaly over the rift basin.  Second order
contributors include the anomalous temperature
strucuture of the lithosphere within the extended
zone, the variation of sediment density with depth due
the effects of compaction, and the variable bathimetry
towards the basin.  Free-air gravity anomalies within
extensional provinces are an important key to
understanding the mechanical behaviour of the
lithosphere and therefore represent a major
observational constraint in studies of rift basin
development.

As we can see from the model results the
calculated topography, basement, gravity anomalies
and fission track distribution are in good agreement
with the related observational data.

The flexural response of the lithosphere for
the surface loads has been calculated in the
wavenumber domain by using Fourier transforms.  A
crustal thickness of 35 km is assumed for all models.
Densities used are 3.33 g/cm3 for mantle, 2.80 g/cm3

for crust, 2.20 g/cm3 for sediments and 1.03 g/cm3 for
sea water.  The best elastic thickness obtained for the
rift fase was 30 km and the marginal escarpment
retreat was obtained for an erosional rate of 1
km/m.y.

Conclusion

The regional topography of southeast Brazil,
including Paraná Basin, Serra do Mar and Serra da
Mantiqueira, could be conveniently modeled by a
simple tectonophysical model. This model was
constrained by a number of geophysical data such as:
topography, gravity, heat flux, bathymetry, and
apatite fission track data. In this work the theorical
results from the modeling of one transect crossing the
southeast Brazil and its adjoinning continental margin
is discussed together along with recent geological,
geophysical and geochemical evidences of
neotectonism in this area.

The results sugest that the topography of
southeast Brazil and its tectonic significance are
related to the interplay of the juro-cretaceous
magmatism in the Brazilian Highlands, mesozoic
rifting in the coastal areas, differential erosion in the
marginal escarpments and sedimentation in the
marginal basins.  The models allows the definition of
a number of fundamental parameters for basing
analysis and the oil industry and might be used as an
important tool in volcanic rifted margins.

Fig. 2 – Topographic/bathymetric map from the
southeast Brazil and adjoining continental margin.

Fig. 3 – Free-air gravity map from the southeast Brazil
and adjoining continental margin.
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Fig. 3 – Free-air gravity map from the southeast Brazil and
adjoining continental margin showing the modeled transects.

Fig. 4 – Simulation of the transient temperature structure of the
continental lithosphere due to the Tristão da Cunha Mantle
Plume (Pre-rift phase)

Fig. 5 – Integrated model showing the initial and final
configuration of the continental margim together with its
calculated free-air gravity anomaly.

Fig. 6 – Kinematics of the basement interface
after rifting considering the water, sediment and
volcanic loadings.

Fig. 7 – Model for the fission-track length and
distribution from the apatites samples located at the
coastal mountain ranges

Fig. 8 – Integrated final lithospheric model for transect
A crossing the southeast Brazilian continental margin.
Note the good agreement between the gravity and
topography data and those calculated from the model.
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Abstract

Eastern Brazilian continental margin shows
outstanding features, such as seamounts, ridges,
sectors of abnormally widened continental shelf,
besides igneous bodies regionally inserted in the
sedimentary sequences. The widespread distribution
of these features indicates conspicuous magmatic
activity in the area. The small number of available
petrologic, radiometric data and local gravity
modelling results suggest that this is a post-rift mainly
alkaline magmatic province of eocene age.
The genesis of these features has been ascribed for a
few independent magmatic sources. However there is
a striking coincidence of the area of magmatic
province with the Complexo Geoidal Leste Brasileiro
(CGLB), a long wavelength high of the gravity field
recently derived from satellite altimetry.
The relationship between the regional tectonic
framework and the CGLB, along with the absence of
a topographic bulge to explain the gravity high arise
the hypothesis that magmatic and gravity anomalies
are both manifestations of a mantle upwelling under
this whole region.
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Abstract

São Paulo Fracture  Zone (ZFSP) is a prominent
linear structure of the Equatorial Atlantic seafloor that
consists of a set of alternate troughs and ridges
transversal to the Mid Atlantic Ridge (MAR),
separating different levels of oceanic basement.
Based on multi-channel seismic data of Leplac
Project, associated with free-air anomalies derived
from satellite altimetry of the sea surface, it was
defined the extension of the ZFSP, as well as the
main structures that compose most of its western
limb.
The ZFSP is very well defined in the crest of the
MAR where it offsetts the axis segments ca. 630 km.
In this area the main morphologic features are two
transform valleys and the central rift valley offset by
the transforms. The western inactive limb of the
ZFSP is a ~200 km wide E-W swath of terrains
bounded to the north and south by transverse ridges.
These terrains are structured in two striking throughs
as deep as 500 m each separated by a nearly
continuous basement high, characterizing a double
fracture zone. In the middle of the research area
superimposed to the main E-W alignment, secondary
directions N-S and NW-SE are represented by two
outstanding ridges of origin not well understood yet.
Free-air gravity anomalies show the continuity of the
northern ridge and intermediate basement high up to
the Brazilian continental rise (~45°W). Farther
westernwards the intermediate basement high lines up
with a gravity high associated to the normal fault that
forms the southern boundary of the Foz do Amazonas
basin in the continental shelf.
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Abstract

Amazon submarine delta is the main feature
of the Amazon shelf. This area is influenced by sev-
eral energetic forces, such as the large tidal ampli-
tudes, the North Brazilian Current, the Trade Winds
and specially by the enormous water discharge from
the Amazon River.

Parasound Echosounder data, in a coopera-
tive scientific program between Fluminense Federal
University and Bremen University on board of R/V
Meteor, cruise 34, leg 4 in 1996. Has frequency of the
4 kHz and were processed with Sesuit Software.

Parasound Echosounder System has decisive
advantages over standard 3.5 kHz systems, among
them, provide a higher depth resolution; different
colors of the amplitude signal can be relating it with
the grain size; and the reflected signal can be digit-
ized, stored on a computer tape, and comparisons be
made with the physical properties measures on sedi-
ment cores.

A important characteristic observed in Para-
sound record in Amazon submarine delta is laterally
continuous sub-bottom reflectors by dozens meters.
This sub-bottom reflectors are plan-parallel and its
echos amplitudes are well distinguished. Is possible
to found in several records, trapped gas appears
masking the underlying reflectors.

Introduction
The Amazon River with a basin of drainage

of 7x106 km2 can reach 354.793 m3s-1 at maximum
water discharge (Figueiredo et al., 1993). Sediment
transport is approximately  1.2x109 tons yr-1 (Meade
et al., 1985) and with such sediment load, the river
builds up a submarine delta that extends until the
external platform (Figueiredo et al., 1972). Besides
river discharge, this region is also under the influence
of the North Brazilian Current (NBC), flowing in
northwest direction, deviating the discharge of the
Amazonas River in this direction; strong tidal
currents and northeast trade winds. All these factors
interact on the shelf, causing a differential sediments
distribution along the shelf (Costa, 1997), influencing
its sedimentary evolution (figure 1).

This study has the objective processing
digital seismic data of the echossonda and sub-bottom
profiler Parasound and to interpret them to understand
nature of the interbedded and interlaminated sands
and muds and also occurrence of gas.

Geomorphology and sedimentation of the Amazon
Continental Shelf

Sedimentation in the Amazon continental
shelf is controlled by the discharge of Amazon River,
estuarine circulation and tides. These act in the distri-
bution and deposition of the sediments, resulting in
sedimentary deposits possessing both fluvial and
marine characteristics.

The locus of sedimentation occurs at a tur-
bidity maximum due the flocculation. Suspended-
sediment concentrations within the turbidity maxi-
mum can become very high, forming nearbed zone of
fluid mud.  The upper portion of the fluid mud is
mobile, the lower portion is stationary, and below
these is the cohesive seabed (Jaeger et al., 1995).

Superficial distribution of the sediments in
the amazon shelf, to northwest of the river Para, it is
marked by the presence of terrigenous sediments,
composed by mud in the inner shelf and sands in the
outer shelf. Carbonate sediments are restricted to the
external shelf and they concentrate in front of the
Amazon mouth (Costa, 1997).

The Amazon submarine delta is the main
feature on the shelf. From the offshore river mouth it
runs in northwest direction, being wider in front of
the Amazon mouth (300 km) and becoming narrower
toward Cape Orange, where it is only 50 km wide.
The total length is approximately 650 km (Figueiredo
et al., 1992).

It is a well defined submarine delta, where
the topset, foreset and bottomset divisions can be
identified. The foreset is characterized by the pres-
ence of clinoforms and its inclined strata attest a pro-
gradation of this feature.

Due to this clinoform structure, beginning in
approximately 10 m of depth and extending the until
the isobath of 70 m or 80 m, the Amazon submarine
delta has potential to form deposits of about 60 m of
thickness (Figueiredo et al., 1995).

Parasound Echosounder System
The importance of being able to investigate

the sedimentary structure of the seabed has led to the
development of various types of low-frequency echo-
sounders wich have been used to good effect as sub-
bottom profilers (Grant et al., 1990).

These systems typically have used frequen-
cies of around 3,5 kHz.  The use of such low frequen-
cies implies the employment of large transducers and
wide beam-widths. This in turn leads to the genera-
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tion of side echoes which interfere with the desired
sediment echo (Grant et al., 1990).

The Parasound Echosounder System offers
new possibilities in subbottom profiling. The system
is based on the parametric principle. In addition to the
transmission of a first signal with a fixed primary
frequency, 18 kHz, a second primary frequency, be-
tween 20.5 and 23.5 kHz, is simultaneously radiated.
The secondary frequency ranges between 2.5 and 5.5
kHz, respectively. The low secondary frequency is
only generated in the central part of the beam which
is the narrow beam angle of the primary frequencies
(Kuhn et al., 1993) and free of side echoes.

Utilization of the parametric effect has deci-
sive advantages over standard 3.5 kHz systems.
- The relatively small beam angle of about 40 in-

creases the spatial resolution vertically and later-
ally and difraction patterns are strongly reduced
in the echogram, increasing the resolution of
sedimentary morphology (Kuhn et al., 1993).

- Due to the high primary frequencies, a compara-
ble short pulse length can be radiated. This, com-
bined with the low secondary frequency, leads to
higher depth resolution.

- Varying the second primary frequency and pulse
length, the operator can select either for maxi-
mum penetration or maximum depth resolution

- The reflected signal can be digitized and com-
parisons be made with the physical properties
measures on sediment cores (sound velocity, wet
bulk density, porosity, magnetic susceptibiity),
and with synthetic seismograms calculates from
these data (Kuhn et al, 1993).

- The different colors of the amplitude signal can
be relating it with the grain size.
A disadvantage of the Parasound system, is that

due to the small beam angle only very weak bottom
signals are reflected to the ship in areas with steep
topography (Kuhn et al., 1993).

Data Collection
The digital sub-bottom data, collected by

Echosounder Parasound System, were obtained by the
team of the University of Bremen, onboard the R/V
Meteor, during the leg 34/4, in April of 1996. These
data were processed by the software Sesuit - version
1998 of the University of Bremen.

In these data two waves, 18 kHz and 22 kHz
were emitted simultaneously and a signal of the dif-
ference frequency, 4 kHz, was generated. The source
used by the equipment is sweep type, consists of a
pulse emitted with growing frequency and with de-
fined length.

Seismic Processing
The difficulty in a seismic processing is re-

lated to the geologic complexity and to the acoustic
impedance. A seismic processing consists of some
basic stages as: geometry, data edition, filter applied,
deconvolution, NMO and  migration (Yilmaz, 1987).

The software used for the seismic processing
is Sesuit - version 1998 of the University of Bremen.

As the data don't surpass many dozens of
meters, the processing was simplified. An automatic
gain control was applied to enhance the seismic sign,
the noise was subtracted and a mute was applied.

Data Interpretation
The figure 2 shown a profile that character-

ize the presence of gas and the bedding of the sedi-
ment layers.

This profile,  near the Amazon mouth, is
characterized by plan-parallel and laterally continu-
ous sub-bottom reflectors. This continuity can be
observed by dozens of meters. The plan-parallel re-
flectors possess different echo amplitudes that are
associated with alternation of sand and mud beds.
This alternation could be caused by river discharge or
by variations of tide. This sub-bottom reflectors are
overlaying an irregular surface, probably relict sands,
topographically discordant of present bottom.

Trapped gas appears masking the underlying
reflectors and shows an abrupt lateral discontinuity.
Absence of organic matter or trapping strata could be
associated with this discontinuity.

Conclusions

This work shows that the Parasound data has
great quality and is possible have a good characteri-
zation of the first dozens meters of Amazon subma-
rine delta due to better depth resolution in the first
layers of the sediment.

Important characteristics of this feature that can
be studied better with the Parasound System are the
continuity of the sub-bottom reflectors, gas location
and identification of the sand and mud beddings.
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Figure 1 – Geometry of the Amazon submarine delta
and the acting oceanographic processes.

Figure 2 – Parasound record in Amazon submarine delta. Plan-parallel and laterally continuous sub-bottom
reflectors overlaying a irregular surface. Trapped gas appears masking the underlying reflectors.
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Abstract 

Interpretation of  regional gravity, magnetic 
and seismic data of the  offshore region from the 
platform toward the continental-oceanic crustal 
boundary in ultradeep water regions of  the Campos, 
Santos and the conjugate basins in the Angola margin 
indicate that the rift architecture along the South 
Atlantic sedimentary basins is highly controlled by 
fracture zones and volcanic centers.  Both along the 
Brazilian and West African margins the crustal limit 
is a tectonic feature of utmost importance for 
petroleum exploration in deep waters, and the 
integration of different geophysical tools suggest new 
models for the early phase of sedimentation along the 
divergent margins. Basement-involved structural 
features probably related to extensional tectonics, as 
well as salt tectonics structures, were  previoulsy 
interpreted to occur only on continental crust. 
However, analogies with other sedimentary basins 
and integrated interpretation of the geophsysical data  
suggest that these features might be interpreted  both 
on continental and oceanic crust. The characterization 
of fossil  volcanic ridges probably associated with 
early oceanic spreading centers indicate a mechanism 
of formation of volcanic rifted margins by 
progressive oceanic spreading center indentation 
along rifted continental crust. This mechanism, which 
shows  some similarities to the present-day structures 
observed along the Afar region, is associated with 
propagators advancing from the southern (Pelotas) 
towards the northern (Campos) provinces, with right-
lateral steps.  
 

Introduction 

The understanding of rift structrures  and salt 
tectonics in the ultradeep water provinces of the 
South Atlantic (bathymetries exceeding  2,000 m) 
constitute one major challenge for regional basin 
analysis and petroleum exploration (Jackson et al., 
2000).  In the South Atlantic, pre-salt source rocks 
and post-salt reservoirs are usually linked by 
migration pathways related to salt tectonics, and 
thermal maturation of source rocks is also dependent 
on the  thermal conductivities of salt and overburden 
strata, sedimentation history,  and by heat flow 
anomalies associated with magmatic activity through 
time. 

Several recent works have analyzed  rift and 
salt tectonics styles in the deep water region of the 
South Atlantic continental margins, particularly 
Chang et al., 1992;  Souza et al., 1993; Demercian et 
al., 1993; Fonck et al., 1998; Jackson et al., 1998,  
Jackson et al., 2000; Mohriak et al., 1999, Marton et 
al., 2000).  This work will focus mainly on the 
interpretation of  regional  potential field data  
(gravity and magnetics) and also on seismic profiles 
in the southern part of the Eastern Brazilian margin, 
which will be used as a guideline to interpretation of 
the tectonic domains and structural styles observed in 
a regional transect from the platform towards the 
oceanic crust domain both along the Brazilian and 
West African margins. 
 
Geophysical  Data: Gravimety and Magnetic 
Anomalies 

Potential field data (e.g., Geosat) show that the 
southeastern region of Brazil is characterized by a 
negative Bouguer anomaly  near depocenters in the 
platform, and by increasing positive anomalies from 
the shelf towards the deep water region. Volcanic 
plugs are characterized by linear anomalies that  
usually follow E-W trends along transform faults and 
NW trends along possible leaking fractures or shear 
zones (Souza et al., 1993). The boundary between 
continental and oceanic crust may be interpreted  by 
modelling the gravity anomalies and comparing with 
the regional seismic profiles (Bassetto et al., 2000). 
Major magnetic anomalies also indicate that different 
basement domains  and structures  extend from 
oceanic  towards continental crust.  

 
Geophysical  Data: Seismic Interpretation 

Figure 1 (modified from Dias, 1993) 
schematically shows of  the regional distribution of 
the rift phase sediments in the Eastern Brazilian  
sedimentary basins.Figure 2 (modified from 
Schobbenhaus et al., 1984 and Mohriak et al., 2000) 
shows an alternative interpretation of the tectonic 
framework of the Southeastern Brazilian margin  
based on potential field and seismic interpretation of 
the margin, including the oceanic crust structures in 
the São Paulo Plateau. Figure 3  (modified from 
Macedo, 1990 and Gladczenko et al., 1997) shows 
alternative interpretations of  a transect extending 
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from the onshore region of the Santos Basin towards 
the crustal limit.  

Four tectonic compartments associated with 
sedimentary basins  can be identified along these 
profiles: 1) the onshore continental domain of the 
intracratonic Paraná Basin; 2) the offshore  (shelf-to-
upper-slope) continental domain characterized by 
crustal thinning and syn-rift phase sediments; (3) the 
offshore (lower slope to bathyal depths) continental to 
transitional crust  domain characterized by syn-rift 
sediments, salt tectonics and volcanic wedges 
associated with seaward-dipping wedges; and (4) the 
ultradeep water region characterized by 
compressional salt tectonics, reduced syn-rift 
sediments,  and presence of  volcanic wedges 
associated with seaward-dipping reflectors in the 
transition to a  pure oceanic crust (Cainelli and 
Mohriak, 1999).  The oceanic region is characterized 
by major features such as the Florianópolis Fracture 
zone and the Abimael ridge (Figure 2), probably 
associated with early phases of oceanic crust 
formaion and spreading (Mohriak et al., 2000), and 
several other  magmatic structures usually observed 
in  pure oceanic crust (e.g., Reston et al., 1999). 
 
Tectonic Interpretation 

Some similarities in rift structures and 
tectonics styles are observed in conjugate margins 
across the South Atlantic when seismic data in the 
Eastern Brazilian margin  are compared with  
equivalent regional profiles in the West African 
margin (Jackson et al., 1998; Jackson et al., 2000; 
Marton et al., 2000; Mohriak et al., 1999). Previous 
geodynamic models for evaporite deposition in the 
South Atlantic suggested that syn-rift sediments and 
salt layers were contemporaneously deposited across 
the conjugate margins,  and the salt basins were 
subsequently  split apart as a consequence of oceanic 
crust inception and continental drift (e.g., Asmus and 
Baisch, 1983; Asmus, 1984).  The data provided by 
the regional profiles in the ultradeep water region of 
conjugate basins indicate that the deposition of 
Aptian salt post-dates the rift-phase along the 
Brazilian and West African margin, as suggested by 
by Fonck et al., 1998 and Marton et al., 2000. The 
salt distribution is highly asymmetric, with some 
segments  characterized by very wide salt provinces 
(example, Campos and Santos basins), as a function 
of preferential emplacement of oceanic ridges along 
one of the margins (Mohriak et al., 1999; Jackson et 
al., 2000).  The boundary between continental and 
oceanic crust is characterized by igneous features, 
particularly intrusive plugs, volcanoes, wedges of 
seaward-dipping reflectors extruded during  inital  

stages of oceanic crust emplacement, fracture zones, 
and  fossil spreading centers. This interpretation  
indicate a mechanism of formation of volcanic rifted 
margins by progressive oceanic spreading center 
indentation along rifted continental crust,  with  some 
similarities to the present-day structures observed 
along the Afar region, where two branches of oceanic 
crust formation are associated with propagation of  
the Red Sea and  the Gulf of Aden rifting between 
Africa and Saudi Arabia (Manighetti et al., 1998).  In 
the South Atlantic this mechanism was probably  
associated with oceanic ridge propagators advancing 
from the southern (Pelotas) towards the northern 
(Campos) provinces, with right-lateral steps.  
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Abstract

Based on a quali-quantitative evaluation of high
resolution seismic records, bottom samples and a
digital bathymetric map, studies of the seabed on the
Ilha Grande Bay were carried out in order to investi-
gate the regional seabed potential hazards to the op-
erational oil and gas industry activities. These hazards
were divided into two general environmental risk
attributes: structural and sedimentary. In these stud-
ies, we observed a juxtaposition of environmental risk
attributes at three sites: the area of Estrelas sound, the
area between Itapinhocanga and Conceição de Jacareí
sounds and the central channel. Close to Estrelas
sound evidences of fractures (or faulting) were ob-
served, besides bottom texture transitions and sedi-
ments with high porosity, susceptible to great packing
at superficial level.  Between Itapinhocanga and Con-
ceição de Jacareí sounds, sites of strong topographic
slope (greater than 30º) were observed, combined to
mobile seabed (subjected to bottom flows around 50
cm/s). The coastal depression between the land and
Ilha Grande (central channel), showed large basement
outcrops.  They reach depths of 23 m, in places where
depths are around 40 m. These integrated studies
revealed a structurally heterogeneous seabed associ-
ated to bottom texture transitions and mobile seabed
sedimentary sites.

Introduction

Qualitative estimatives of submarine potential risks
can be appraised by integrating geophysical, oceano-
graphic and geological information of the seabed (e.g.
Baraza et al., 1999). These information are currently
used in to geo-technical calculations for submarine
structures establishment, and in offshore engineering
projects (Lee & Baraza, 1999).
The identification of potential risk sites in high envi-
ronmental sensibility areas such as Ilha Grande Bay is
important to the efficient development of oil and gas
sector activities.  Particularly, this bay is close to a
prospective brazilian sedimentary basin (Santos Ba-
sin).  Further, there is an oil terminal facility (TEBIG)
located in this region, where the inner shelf bottom
geomorphology allows large oil tankers approach to
the coastal line. These turn the bay into a strategic
area for the oil industry. In the study area, the risks
were qualitatively defined in two basic attribute
types: the structural ones and the sedimentary ones.
These attributes were verified based on high-

resolution seismic records (sub-bottom profiler 7.0
kHz and side scan sonar 100 kHz), besides bottom
samples collected with van-Veen grab sampler.  A
digital bathymetric map, and the results obtained in
previous studies of ecofacies and the observed bed-
forms (Ceccopieri, in prep.) where also used. Moreo-
ver, some physical properties of the sediments were
investigated, as an additional sedimentary risk attrib-
ute.

Potential Risk Attributes

Structural
Structural risk is related to several features of the
seabed: basement outcrops, islands, old marine ter-
races, the coastal depression between the land and
Ilha Grande (central channel). Besides, there are the
troughs of paleo-channels and dredged channels, on
the eastward side of the bay, that are used to access
TEBIG (the oil terminal) and the Sepetiba Port.  All
of these features define strong topographic slopes
(greater than 30º). They are real obstacles to the es-
tablishment of submarine structures, and also may
represent unstable areas of the sedimentary layer
prone to mass movements. Further, the seismic record
analysis showed several rocky outcrops, combined to
alignments of possible faults and fractures of the area,
associated to depressed and uplifted blocks.  The
alignments and fractures are predominantly oriented
in the NE-SW direction (N50-70E) and, secondarily,
in the NW-SE direction.  According to Natrontec
(1998), since the Jurassic the region has been sub-
jected to tectonic events, due to old fault zones re-
activation and the installation of new ones.  This neo-
tectonism has been observed mainly in the Monsu-
aba´s area.  Then, the structural characteristic of the
bay can be observed by the orientation of the islands
and the rivers of the Ilha Grande, and by the sub-
merged paleo-channels.  They are related to a past
drainage of this region during sea level low-stands
(Mahiques, 1987).

Sedimentary
Previous studies concerning to the Ilha Grande Bay
ecofacies and bedforms (Ceccopieri, in prep.) identi-
fied two sedimentary risk attributes: bottom texture
transitions and mobile sea-bottom.  Evidences of
modern sediment transitions from facies dominated
by higher energy agents (waves) to facies dominated
by lower energy agents (tides, bottom currents) were
observed.  They were related to the complex subma-
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rine topography and to the coast line orientation.  The
analysis of bedform parameters suggested that the
combined effects of currents and waves exist in these
areas.  Among the bedforms observed, mega ripples
were dominant in depths around 15 to 17 m, mainly
close to Conceição de Jacareí sound.  In this site,
occurs a westward-to-eastward transition from fine
ecofacies to the thick ones.  Based on these features,
bottom flows were estimated and a gradation in the
magnitude of the same ones was observed.  The flows
close to the bottom might vary between 35 to 60
cm/s, randomly reaching 80 cm/s, turning the bottom
mobile.  These transition areas reflected sites of vari-
able energy. The mobile bottom can cause erosion,
displacements and burials of the structures, implying
in loads not forecasted.  Even so, certain sediment
properties that compose the different bottom types,
can attenuate or increase these undesirable situations.
Then, these properties should be considered to access
the sedimentary risk potential in the study area.

Sediment Physical Properties

This study of the superficial sediments (~10 cm) was
based on the analyses of five bottom samples, consid-
ering their bulk density, water content and porosity.
These properties were obtained by the difference
among humid and dry weights of these samples.
These samples were selected in addition to 153 ones
that were collected in a previous study by Mahiques
(1987).  Sample 1 is a terrigenous sandy mud.  Sam-
ples 2 and 5 are a terrigenous mud.  Samples 3 and 4
are, respectively, a sandy mud (rich on bio-clastics
content) and a muddy sand.

Sediments with high porosities (~60%), are suscepti-
ble to great packing capacity. They represent a poten-
tial risk to the submarine structure installation that
may sink in the porous bottom, associated to the high
values of water content.  These attributes also gener-
ate buoyancy problems, by causing the structure to be
unstable over the substratum.  In these analyzed bot-
tom samples, the water content, the bulk density and
the porosity showed a normal behavior.  Porosity and
water content had a direct linear correlation (fig.1),
and an inverse relation with bulk density (fig.2).
Therefore, sites 1, 2 and 5 would be unstable, at least
in a superficial level of the bottom.  The samples with
relative larger bio-debris and sand content (samples 3
and 4) showed the smallest porosities.  It is related to
the relative poorly sorting of its sedimentary matrix.
This characteristic also define a relatively larger den-
sity for these bottom types and a smaller packing
capacity in these sites, in a superficial level of the
seabed.

Conclusions

As a result of the accomplished studies, it can be
traced at least three sites in the study area that deserve
attention, in case the area comes to be used for pipe-
lining, and even for engineering works. It was ob-
served some sites where a juxtaposition of some risk
attributes occurred.  It can be observed that there are
basement outcrop alignments, transitional bottom
textures and highly porous sediment in the surround-
ings of Estrelas sound. Between Itapinhocanga and
Conceição de Jacareí sounds, it was observed mobile
seabed combined to transitional textures.  In the cen-
tral channel the rocky outcrops and the greater slopes
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are prominent obstacles.  This approach recognized
important bottom features of the seabed.  It was a
contribution to studies of environmental impact and
risk analyses, aiding the environmental and territorial
management of Ilha Grande Bay.
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Sonar Characterization of Modern Subaqueous Mass-Movement Deposits Bor-
dering the Brazilian Continental Slope.
Luis Claudio Ribeiro Machado, PETROBRAS S/A, Brazil

1- Introduction

Diamicts are very badly sorted siliciclastic sediments
or rocks (Flint, 1961) and are the main product of
mass movements, especially debris flow. Diamicts,
which are deposited by debris flow, form tongue-
shaped bodies.  In the marine realm beyond 200m
deep, particularly at the continental slope, the pre-
dominant sediment is mud. This mud is the source
sediment for mass movement deposits that cover the
sea bottom of the Brazilian offshore margin at the
foot of the continental slope, roughly between 2000m
and 2500m of water depth (Fig.1-A). This study of
mass movement deposits is based on a very compre-
hensive geological and geophysical database of the
Campos Basin at these water depths.  Its philosophy
is being successfully extended to the Brazilian off-
shore basins which have a steeper upper continental
slope.

Because of the nature of the source rock (slope mud)
these diamicts are muddy: a matrix of disintegrated
mud involving mud clasts (Fig. 1-B) which vary in
size from pebble to coarse slab (megagravel).

FIGURE 1 - A- Continental shelf, slope and São Paulo Plateau.
Mud (green) falls along slope originating debris flows that de-
posit diamicts (brown) at the foot of the slope. B- Samples (piston
cores) from Magalhães et al. (2000).

Diamict tongues are now widely recognized at the sea
bottom due to regional surveys using side-scan sonar
and swath bathymetry, Sub-Bottom Profiler (2D
seismic of 3,5 kHz) and piston cores.  Regional side-
scan sonar surveys both in the USA East Coast
(USGS' EEZ Survey) and in the Campos Basin in
Brazil (Petrobras' Procap-2000) have displayed the
pervasiveness of the giant offshore mass movement
deposits bordering the continental slope of these
Western Atlantic continental margins.

In the Campos Basin the presence of a carbonatic
outer continental shelf since the Paleocene is indica-
tive of an earlier existence of the physiography of
steep continental slope. It is believed that the eodi-
agenetically cemented carbonate bioherms (coral and
red algae) at the outer continental shelf builds a stiff
wall that keeps the steepness of the continental slope.
A muddy steep upper slope is the main reason for the
existence of mass movement deposits at its base. The
presence of a widespread debris apron bordering
almost the entire Brazilian continental slope north-
ward of the 24° latitude seems irrefutable now.

2- Sonar Record and Diamicts

Side-scan sonar is an acoustic geophysical tool which
provides a cheap regional big picture of the area.
Sonar intensity of the backscatter provides soil grain
size information and reveals subtle depositional fea-
tures and sedimentary geometries.   Soil grain size is
key in side-scan sonar interpretation. Backscatter is
proportional to the soil roughness and acoustic im-
pedance contrast between water and soil.  Smooth
surface like fine sand normally reflects forward and
absorbs almost all the signal and nearly nothing
comes back to the fish to be recorded.  Irregular soil
reflects backwards considerable fraction of the sound
waves, producing intense sonar records.

The main type of mass movement at the foot of the
slope is debris flow.  Debris flows are dominated by
jellified behavior of the matrix, have a basal shear
zone, mainly responsible for the movement, and the
top usually is a rigid plug, which travels at the piggy-
back of the flow (Middleton & Hampton, 1973).
During the flow evolution, the biggest clasts are ex-
pelled towards the top of the flow by grain collision,
hindered settling and dispersive pressure, producing a
rough inverse grading.  The top of the resultant de-
posit is a diamict populated by a miryad of large
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protudent clasts. In a subaereal mass movement de-
posit it is possible to see the protudent clasts (figure
2), mainly in the boulder/cobble granulometric class.

Clast size is key in mass movement sonar identifica-
tion.  The gravel (granule/pebble/boulder/cobble)
granulometric class showed in Fig. 2 is one of the
roughest soils that can be found in marine basins and
usually produces the highest soil backscatter of the
entire sonar survey. This high backscatter is due to
the high roughness, providing the clast size is inferior
to the pixel of the sonar.

FIGURE 2 - Mass Movements occurred in December of 1999 in
La Guaira (near Caracas, Venezuela). A- The blue line sketches
the shape of the diamict tongue.  Flow lines are noticeable. B-
Protudent clasts of gravel size. Photos' author unknown.

Each pixel is a unique mean value of the roughness
and acoustic impedance contrast of all the soil con-
tented in its limits.

The pixel size of most sonar records used by the ma-
rine geology team at Petrobras is around 5m x 5m
(precisely 6.5x6.5m).  The granulometric class of
gravel (grain size from 0.002 up to 4.1m - Blair &
McPherson, 1999) is smaller than this pixel size.
Gravel is a very common coarse grained sediment
while megagravel (grain size from 4.1m up to
1075km) is not.  Examining these numbers, we see
that megagravel generally is bigger than the size of
the pixel of the sonar which means that this tool is

capable of resolving individual grains.  The resultant
sonar texture over a megagravel deposit is variegated,
with patches and spots, like a leopard skin.

Diamict tongues of gravel size are interpreted as
deposits of highly-disintegrative debris flows (Fig.4)
while of megagravel size are considered of the less-
disintegrative ones (Fig 6.).

3- Diamict Tongues

The diamict tongues typically display the elliptical
contour of a tongue, whose length generally doubles
the size of its width. Most of them have giant dimen-
sions, some 10 x 20 km, eventually reaching 15 x 30
km or more (Fig. 3).

FIGURE 3 - Continental slope-related diamict tongues (in
brown) with giant dimensions. Their overlapping forms the debris
apron shown in Fig. 1.   The slope and its canyons are to the left,
in green.

The tongues stack up with enough lateral superposi-
tion to produce a unique, big, stripe of debris apron
around the slope, as shown in Fig. 1.

In deepwater areas like the São Paulo Plateau, it is
common to find abrupt elevations around 150m in
height.  These elevations, generally salt tectonic
driven, have also debris aprons at their foot.  In this
case the size of the debris apron is proportional to the
contrast in relief: they are not more than 1km in
length (in the downslope direction).

4- Highly-Disintegrative Debris Flows Deposits

The main signature of these tongues is the overall
homogeneous surficial texture, of very high back-
scatter intensity. Once the diamict tongue is a giant
feature, its side-scan signature is characterized as
giant areas of high backscatter intensity.  Generally it
is the highest value of all the survey.  It is just the
roughest soil that is contained into this pixel size.
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This typical texture is showed in the non-painted area
at the bottom of figure 6-B (painted at Fig. 4C).

FIGURE 4 - Highly-Disintegrative Debris Flow Deposits.

In the areal geometry aspect, the elliptical-like typical
tongue outline is outstanding, usually with very well
defined and smooth-traced borders and with strong
backscatter contrast to the surrounding environment.

Sometimes transversal pressure ridges near the outer
edge are evident. Often lines of the radial spreading
of the flow are present.  Sometimes these lines are
straight and very long (Fig. 5). They are thought to be
furrows produced by the ploughing of big outrunner
clasts, which slide over the entire tongue in different
velocity or timming.

FIGURE 5 - Furrows produced by outrunner clasts over a
diamict tongue.

In a quick processing with incorrect radiometric (in-
tensity) compensation, this strongest signal decays
intensely and steadily towards the nadir of the fish,
producing a feature that resembles a negative photo-
graph of a steel-tube (bottom of Fig. 6-B and upper
left of Fig. 5).  The artifact allows the immediate
identification of muddy diamicts resulting from
highly-disintegrative debris flows.

5-Less-Disintegrative Debris Flow Deposits

The soil of the slope, which collapses to give origin to
the debris flows, is stratified: stratified mud and
eventually some diagenetically hardened carbonate of
the outer shelf.  During the disintegration process of
the debris flow (comminuition) these sediments are
bound to produce oblate clasts, respecting the anisot-
ropy of the stratified material. During the debris flow
these oblate clasts, particularly the big ones, tend to
travel in a horizontal position like a surfboard.  That
is also the position they are prone to rest at the top of
the diamict in the end of the process.  It is a slab of
the slope which was transported to deep water.  Once
the pixel size (~5m) is smaller than the clast, many
pixels would rest over the horizontal surface of the
oblate horizontal clast, giving the backscatter of the
horizontal mud, and the clast will be easily individu-
alized by the sonar, creating the mentioned big
patches at the record.
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Megagravel horizontal oblate clasts often appear
equidimensional in areal view, and somehow they are
roughly equally distributed over the top of the mass
movement, covering the entire tongue of diamict.
This gives a sonar signature which is like a leopard
skin (Fig. 6D). Many of these clasts reach diameters
as big as 300m (olistostromes).

FIGURE 6 - Less Disintegrative Debris Flow Deposits.  Both in
Sonar and SBP the huge protudent clasts (megagravel - olis-
tostromes) are evident.

Considering the abundance of carbonates in the
outer shelf near the shelfbreak, it would not surprising

to find that many of the megagravel clasts found over
some tongues in water depths around 2500m could be
olistostromes or olistolists, of carbonate composition.
The eodiagenetic early cementation of the carbonates
could help to explain why such big clasts travel such
large distances (over 50km) without disintegrating.
However, these features, which are abundant on sonar
and SBP records, are yet to be sampled to test this
hypothesis.

6- Conclusions

The East Brazilian continental margin is fre-
quently dominated by carbonate-rich outer shelves
and a siliciclastic muddy slopes.  Since the outer shelf
is partially cemented it holds the topography and the
continental slope is steep. This steep muddy slope is a
fabric of mass movements, producing an extensive
debris apron at its foot.  The debris apron is com-
posed of stacked and overlapped huge muddy diamict
tongues with dimensions around 10x20km.

Two types of debris flow deposits (diamict
tongues) are recognized: highly-disintegrative and
less-disintegrative.  Sonar signature of the less-
disintegrative debris flow deposits is variegated, like
a leopard skin. The pixel of the sonar record, some 5
x 5m, is smaller than the megagravel clasts at the top
of the diamict tongue. Some clasts are more than
300m in diameter, and could be olistostromes.

Smooth and very strong backscatter signature of
the highly disintegrative debris flow deposits is pro-
duced when clast size (gravel) is smaller than the
pixel of the sonar record. Many clasts are contained
into a unique pixel. In this case the soil is the rough-
est one for the sonar sensor and consequently pro-
duces strong intensity of sonar recorded.  This strong
backscatter easily identifies this diamict from the
other sediments of the basin.
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Surface geological mapping using 3D seismic attributes as an aid to subsurface geology
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Abstract

 This article is an example on how to approach a new
marine seismic 3d dataset and get a fast
understanding of the surface geological behavior,
which leads to an easier process of building a
subsurface geological interpretation.

. Introduction

 Present days deep water 3d are being collected as a
normal procedure in the petroleum exploration
routine. The surface geology can be easily understood
highlighting the subsurface interpretation model by
performing some easy to do tasks on the sea bottom
reflection. This is the modern equivalent of surface
geological mapping and is possible to be done under
water tables of more than 1000 meters. The simple
mapping of the time horizon plus the maximum
amplitude and dip attribute extraction will give the
interpreter a welcome insight of the geological
framework. The joint analysis of these maps linked to
seismic data inspection will be normally enough to
build this interpretation.

. Example

 The following maps were obtained from a recently
acquired deepwater Brazilian offshore data. It has
almost 50 km in the transverse direction and less than
3000 km2. Figure 1 is the time topographic map,
figure 2 is the dip attribute map and figure 3 the
maximum positive amplitude map. All 3 maps are
from the sea bottom. Figure 4 is a seismic section
obtained at the position shown by a yellow line at
figure 2. A quick look at the figures will pop up the
geological picture of the sea bottom.

 The first feature we want to emphasize is the exact
locations were faults outcrop at the sea bottom. It is
not easily detected on the sections as can be seen at
figure 4, but are well shown at the dip attribute map,
as weak amplitudes. They also appear as weak
amplitude trends on the amplitude map. The small
circles that appear on both amplitude and dip attribute

maps are collapse structures. Figure 4 shows a
sequence of interpreted features. From left to right :
1-Local fault expression; 2-Slope edge line; 3-
Collapse structure; 4-Collapse structure associated to
a deep normal fault. Also remarkable are the 3 fault
complex trends: A northwestern aligned, on the SW
corner of the map; a NE trend at the right and a
transverse direction fault system related to the slope
edge, around T6600. The first and second fault
systems are salt related structures. Their sea bottom
expression is an indication of the importance of salt
tectonics on present days. The amplitude map can be
used to lithology prediction. Stronger amplitudes are
usually related to carbonate bottoms and weak
amplitudes to shaly sediments. Sand filled sediments
will show an intermediate amplitude behavior. In this
case amplitudes don’t change very much and are
probably associated to a shaly bottom. They also
show acquisition and processing footprints: In the L
(line) direction the observed variations are probably
related to source energy changes and cable feathering.
The 12 T (trace) direction regular spaced amplitude
marked lines are probably related to artifacts derived
from the blocked seismic data migration. Stronger
amplitudes regions can be also related to concave
surfaces which are known to focus the energy at the
recording surface.

. Conclusions

 There are still other attributes that can be extracted
from this data, including the pre-stack (AVO) related
ones. There is still a lot of information not mentioned
here that can be enounced. The point is the way this
kind of procedure may help the interpretation of a
given area. One must keep in mind that this will only
be feasible on good seismic data quality areas.
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Surface geological mapping using 3D seismic attributes: An example

Figure 1- Topographic map (2 way traveltime, milliseconds)

Figure 2 – Dip attribute map. Yellow line shows the figure 4 seismic line
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Figure 3 – Amplitude map

Figure 4 – Seismic section
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Abstract
The tectonic evolution through time of the

Saint Paul’s Fracture Zone System (SPFZ) was
determined based on the analyses of free air
anomalies, predicted bathymetry, magnetic isochrons,
as well as data from 13 deep submersible dives. The
SPFZ is located at 1°N on the MAR and represents
one of the largest discontinuities, which offsets the
MAR axis roughly 600 km. The relative age
difference between the opposite sides of the transform
fault is about 36 Ma.

The evolution through time show that in the
inactive segment of SPFZ changes its configuration
from a triple FZ in the transform fault to a double FZ
and can be traced up to the continental shelf break in
Brazil. A fossil spreading segment is observed at
33°W.  Towards the west (37°50W, 60Ma), the SPFZ
is cut by a N25°W structure, and at 40°W (80Ma) by
the North Brazilian Ridge (NBR).

Evidence from analysis of the ridge axis
morphology, petrology of both basalts and uplifted
abyssal peridotites, high ultramafic/volcanic ratio,
osmium isotope composition, plate kinematics, and
mantle tomography suggest that the mantle
surrounding the SPFZ is cooler than other areas in the
Atlantic Ocean.  Re-depleted model ages ranging
from 0.56 to 1.1 Ga for peridotites samples indicate
that the lithosphere entrained in this part of the
oceanic mantle could have formed in the Pan-
African-Brazilian orogeny.  Chemical and physical
tools support the hypothesis that parts of the mantle in
the Equatorial Atlantic preserve an older, subducted
slab formed in a collision event period prior to 460
Ma.
Introduction

Several studies (e.g., Gorini, 1977, Bonatti
et. al 1993, Bonatti, 1990; Bonatti, and Honnorez,
1976; Schilling et al 1995) allowed to characterize
different tectonic and magmatic aspect on the Atlantic
Equatorial region.  More recently submersible dives
(Hekinian et al, 2000; Sichel at al, 2000), Os isotopic
analysis (Esperança et al., 1999), mantle tomography
and plate kinematics (Maia et al., 2001) provide
arguments on the origin of the mantle underlying this
region.  This paper syntheses all information of a
multiyear project CAPES/COFECUB (LAGEMAR –
UBO and IFREMER).

Results
The Equatorial Atlantic contains the highest

concentration of closely spaced fracture zones
recognized in the world's oceans. One of these major
structural discontinuities is the St-Paul's Fracture
Zone (SPFZ) located between 1°N-30°20'W and
0°30'N-24°W.  The distribution of Free–air gravity
altimetric data shows that the SPFZ cuts the entire
Atlantic Ocean, from the Amazon basin in Brazil
through the coast of Liberia in Africa (Haxby, 1987;
Sandwell and Smith, 1997) (Figure 1a). The SPFZ is
a multiple fracture zone system (Gorini, 1977). The
St.Paul transform fault is a triple fracture zone
interrupted by four Intra-Transform Ridges (ITR)
spreading centers (Figure 1b). The northern portion of
the SPFZ has two inter ridge segments. The St. Peter-
St. Paul massif (SPSPM) was a small ridge segment
discontinuity where spreading ceased during mantle
uplift. The ITR display rift valleys showing recent
volcanic and tectonic activities at depths of 4700m.
These rift valleys are less than 2 km wide and about
20km long, and exhibit a general N-S strike
orientation.  Five dives took place in the
southernmost inter ridge segment and their adjacent
walls.  In the East wall, there is evidence of recent
volcanic (e.g., glassy flow surfaces) and tectonic
activity is observed from the N-S oriented fissures.
There is abundant cover of pelagic sediment in the
ITR.  A complete geological section from 4500m to
1850m was done based on submersibles dives
(Hekinian et al., 2000) (Figure 1c). Several dikes that
are 2-4m thick cut the section. Peridotites associated
with basalt flows and dikes were also observed near
the 3970-4000m depth.

Significant tectonic movement allowed the
exposure of abundant abyssal peridotites; some of
them exposed in the islets of St. Peter and St. Paul.
The SPSPM massif consists of a sigmoid ridge
divided by an E-W trending fault into two domains:
A) N Ridge - strongly tectonized fault scarps
composed of foliated mylonitized peridotite with
sporadic gabbroic intrusions at depths of 3900 -
2500m, with several thin outcrops of basalt (2700 -
1700m); B) S Ridge – undeformed spinel lherzolite
(2000 - 1400m). The active E-W fault that divides the
two ridges consists of basalts and dolerites (Figure
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1d).  These informations are inferred from
observations of seven deep dives (NAUTILE)

Immediately out of the transform section, the
SPFZ changes from a triple to a double FZ.  A fossil
inter ridge spreading segment is observed at longitude
33°W. Towards the west, at 37°50W (60 Ma), the
SPFZ is cut by a N25°W structure, and at 40°W (80
Ma) it is cut again by the North Brazilian Ridge
(NBR) Carneiro, 2000) (Figure 1a). Detailed work on
the SPFZ structure near the Brazilian continental
margin is shown in this volume (Perales et. al.,
2001in this Volume).

The existence of cold, depleted upper mantle
beneath the equatorial Mid-Atlantic Ridge (MAR)
was inferred from the ridge axis morphology,
petrology of both basalts and uplifted abyssal
peridotites, Re and Os concentrations, and Os isotopic
compositions. Preliminary results suggest a Re-
depletion Os model age of 560 Ma to 1.1Ga for some
subchondritic samples (Esperança et al., 1999). These
data show a good correlation between 187Os/188Os and
Pt/Os that is consistent with a mantle source that
preserved chemical characteristics of an older
depletion event.

Global upper mantle tomographic models
and the Os model ages are both consistent with the
presence of “cold”, depleted mantle in this region. It
is speculated that perhaps a fossil detached subducted
slab is present in the equatorial region (Maia et al,
2001).  The existence of a fossil subduction in the
Equatorial Atlantic is corroborated by paleo-
reconstructions for the period between 460 and 300
Ma. This old subduction zone remained active until
around 300 Ma. The Os model ages for the mantle
material are consistent with a fossil subducted slab
model that is at least that old, and it could also have
been created in another divergent period prior to 460
Ma.
Conclusions
1. Physical aspects of the ITRs of the SPFZ:
a- The SPFZ is the only fracture zone in the
Equatorial Atlantic to present intra-transform ridges.
b- These ridges do not show a sigmoid shape like the
Fracture Zones in the Pacific that is attributed to the
relatively cooler thermal state of the mantle in the
SPFZ region.
c- The ridge axes show some sparse volcanic activity
(i.e., pillow lavas, diabase dikes) but marked tectonic
activity (i.e., normal faults).
d- Serpentinized peridotites are observed in the flanks
of the axial valley. These are cut by diabase dikes and
pockets of gabbro.

2- The St. Peter and St. Paul’s Rocks Massif:
a- The N flank is composed of mylonitized peridotites,
plastically deformed at high temperature. A thin basaltic
cover is seen in some of the deformed blocks.
b- The S flank is composed of serpentinized peridotites
that are not mylonitized.  They are covered by
endurated carbonate sediments.
c- A E-W tectonic graben covered by basalts is found in
the junction of the two flanks.
3. Behavior of the SPFZ System from the MAR to the
Brazilian Coast:
a.  The transform portion of the SPFZ can be defined as
a triple FZ.  Out of the active portion towards the west
the SPFZ changes its configuration to a double FZ.
4.  The Re-Os isotope composition of the SPFZ abyssal
peridotites:
a. The range of 187Os/188Os of the abyssal peridotites
sampled in the area is large (0.1211-0.148).  A number
of the samples have chondritic to sub-chondritic
compositions.
b. The range of Os isotopic composition of these
peridotites is similar to that of other oceanic peridotites.
 c. The samples with sub-chondritic Os isotopic
compositions have a petrogenetic history that suggests
parts of the oceanic mantle in the region was depleted in
the late Proterozoic to early Phanerozoic (i.e., they were
not formed only by recent depletion of asthenospheric
mantle during MORB formation).

It is proposed that the physical and chemical
evidence support the hypothesis that parts of the
underlying oceanic mantle in the Equatorial Atlantic
preserve an older, detached subducted slab formed in a
previous collisional event, and can represent a cold spot
region.
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Abstract

Analysis of bathymetry and gravity data reveals the
morphostructure and the mantle Bouguer anomaly
(MBA) variation along the ridge axis between the
Ascension and Bode Verde Fracture Zones. These
fracture zones are first order ridge discontinuities,
which are superimposed by four second order
discontinuities and at least two main third order
discontinuities. Such discontinuities bound seven
individualised ridge segments with distinct
morphotectonic styles. Despite of this segmented
structural framework, two tectonic domains
encompass the lower order discontinuities. To the
south of the Ascension Fracture Zone and north of the
Bode Verde Fracture Zone the ridge axis shows a
deep median valley (> 3000 m), suggesting a domain
controlled by extensional processes. On the other
hand, the median valley is generally absent midway
between the two fracture zones. Instead, there occurs
a topographically high volcanic edifice shallower than
2000 m associated with several off-axis seamounts to
the east. The existence of such topographic anomaly
along the ridge crest should reflect a domain
controlled by intense magmatism and probably less
faulting. The MBA variation within the whole first
order segment agrees with this interpretation. The
crustal thickening associated to the anomalous
topographic high at segment centre is not necessarily
an indicative of a hotspot influence at ridge axis.

Introduction

The large scale segmentation of the South
Atlantic Ridge apparently outlines long-lived tectonic
corridors with wavelengths between 102 to 103 km
[Kane and Hayes, 1992]. Superimposed on these long
wavelength segments are smaller scales of
segmentation dividing the ridge into progressively
smaller and short-lived segments [Macdonald et al.,
1988]. The overall segmentation is generally defined
by large to small offset fractures.

The Ascension (AFZ) [Van Andel et al., 1973;
Palma et al., 1984] and Bode Verde Fracture Zones
(BVFZ) [Gorini et al., 1984], bound a ridge segment
with no major transform offsets and unusual tectonics
[Figure 1]. The region displays several off ridge axis
volcanic edifices, including the Ascension Island at
7°50´S and 14°20´W. Particularly, between 8°30´S
and 10°S, a high crestal topography lacking axial
valley and earthquake epicentres contrasts with the

typical relief of the Mid-Atlantic Ridge [e.g.,
Brozena, 1986; Mello, 1993; Palma, 1998]. Rock
samples dredged along and off ridge axis show
isotopic spikes in the La/Sm, Nd/Zn and Sr/Nd ratios
[e.g., Schilling et al., 1985; Fontignie and Schilling,
1996].

According to Schilling et al. [1985], Brozena
[1986] and Brozena and White [1990], the ridge
segment, between the AFZ and the BVFZ is
influenced by a hotspot near or at the ridge axis. This
hotspot influence explains the high crestal topography
and the enriched basalt geochemistry along the ridge
axis. Schilling et al. [1985] proposed that the Circe
hotspot, located about 450 km east of the ridge axis at
8°10´S, is responsible for an aesthenospheric flow
which is being channelled from it toward the ridge
axis. Brozena [1986] suggested that the hotspot is, in
fact, beneath the high crestal topography at 9°50´S
and 13°20´W. Ridge jumps and propagating rift at
about 8°30´S on the ridge axis are interpreted as a
consequence of such hotspot [Brozena and White,
1990]. Alternatively, Mello [1993, 1994] suggested
that the elevated topography and enriched basalt
along the ridge axis might result from a tectonic and
magmatic segmentation that varies in time and space.
An increase in crustal thickness and/or mantle
temperatures was modelled at the centre of the
segment around 9°10´S [Palma, 1998; Minshull et al.,
1998]. However, Minshull et al. [1998] proposed that
the thermal anomaly in the region is relatively small
~50°C and not compatible with a mantle plume. They
suggested that the ridge tectonics around the
Ascension area could be explained either by a weak
and episodic plume or by melting of small mantle
heterogeneities.

Here we investigate the ridge segmentation,
between the AFZ and the BVFZ from multibeam
bathymetry and shipborne gravity.  Detailed analysis
of both data allows the correlation of structure and
gravity anomalies, providing further discussion on the
previous ideas about the South Atlantic Ridge around
the Ascension area.

Data set

The predicted bathymetry derived from a
combination of satellite gravity and shipborne
bathymetric data [Smith and Sandwell, 1997]
provides an overview of the regional topography
[Figure 1]. For local scale analysis, we used
multibeam bathymetry, single beam 12 kHz
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bathymetry and shipborne gravity. A total of 9 cruises
and 11 legs surveyed the ridge axis between the AFZ
and the BVFZ.

The multibeam bathymetry grid was gathered
from the Ridge Multibeam Synthesis Project (http://
imager.ldeo.columbia.edu/). Contoured maps of these
data allowed detailed interpretation of the ridge axis
morphostructure. The single beam bathymetry and
gravity data were obtained from the GEODAS/NGDC
Data Base (CD-ROM V3.0). An overall crossover
error analysis of these data checked their reliability,
especially considering that they were collected by
several cruises at different times. We performed the
levelling of these data applying methods by Wessel
[1989] and Prince and Forsyth [1984]. This analysis
assumes that the effect of whatever the source of error
is constant over the length of straight-line segments.
The corrected data were used to compute the MBA.

Analysis and Interpretation

The topographic maps [Figures 1 and 2] and the
MBA map [Figure 3] show that the morphostructure
of the ridge crest in the region is formed by seven
segments named from A to G. Immediately to the
south of the AFZ, Segment A depicts a rugged crestal
relief with a rift valley (> 3000 m) in the ridge axis.
The rift valley floor shows axial volcanic ridges (15-
30 km long, 3-6 km wide and 100-200 m high) that
are associated with a crustal thickening as indicated
by a MBA low. Apparently, Segment B is a transition
zone between Segments A and C further to the south.
Segment B is short and bounded by two second order
discontinuities, showing no significant MBA
variation (less focused magmatic activity) within de
median valley. The southern second order
discontinuity outlines a V-shape structure and
corresponds to an abrupt limit, marked by a steep
topography and MBA gradients between Segment C
and B. The inside corner highs edging both second
order discontinuities are associated with MBA highs
and so crustal thinning/denser lower crust. Segment C
shows two terrains with no apparent discontinuity. To
the north, there is a smoother crestal relief associated
with an incipient median valley, which presently
appears filled in by axial volcanic ridges not related
to notable MBA signature. To the south there exists a
shallow (~2700 m) median valley flanked by elevated
rift mountains (< 2000 m) and a significant MBA low
(-60 mGal) ~20 km to the east of the median valley.
This feature is consistent with the existence of several
off-axis volcanisms in the region (seamounts).
Segment D displays a volcanic high (< 1500 m) at the
ridge axis. Such high correlates well with the location

of the lowest MBA (-70 mGal) along the ridge,
marking the site of maximum crustal thickening and
intense magma upwelling. To the north of the BVFZ,
Segments E, F and G show a rift valley within the
axial zone.

Conclusions

The ridge segment between the AFZ and the
BVFZ is formed by four second order discontinuities
and two main third order discontinuities. Such
discontinuities limit individualised ridge segments
with distinct morphotectonic styles. Two tectonic
domains control the region and are superimposed by
the second and third order discontinuities. Segments
C and D show morphotectonic styles related to
intense magmatic activity as indicated by the
morphology and the MBA signature, while Segments
A, B, E, F and G seem to be less magmaticaly
controlled. The existence of a V-shape discontinuity
pointing north may reflect a recent preferential
northward magma flow along the ridge axis, but it
may change in time and space as the accretion
process progresses. In fact, ridge discontinuities of
lower order are seen as variable features that may
migrate along the ridge strike.

The maximum MBA low observed along
Segment D can be explained by a crustal thickening
of ~3 km, which is about the same amount observed
along ridge segments in the North Atlantic away from
hotspot influence [Sempéré et al., 1993; Detrick et al.,
1995]. Minshull et al. [1998] also showed that if there
is a hotspot there, it is only 50°C hotter than normal
mantle. Therefore, the existence of a plume in the
region requires further constrain.
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Figure 1 – Predicted topography map. The black
box corresponds to the area covered by  scientific
surveys.
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Figure 2 – Topographic map from
multibeam bathymetry (Conrad cruises
C2601 and C2602) displaying the ridge
structure formed by 5 segments.
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Figure 3 – Mantle Bouguer Anomaly
variation along the ridge axis. The
black contour lines correspond to the
isobath of 2500 m.
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