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MAGNETIC CHARACTER OF THE BRAZILIAN
CONTINENTAL SHELF AND UPPER SLOPE"

ROBERTOQ FAINSTEIN** JOHN D. MILLIMAN*** and HARDY JOST****

ABSTRACT  The general magnetic character of the Brazilian continental shelf and slope has
been defined on the basis of 35,000 line km of magnetic data collected in 1972-73, Anomaly patterns
on the shelf and upper slope south of Vitéria suggest that most underlying structures are related
to seaward extensions of continental features, In contrast, many of the magnetic anomalies on the
continental margin between Abrolhos Plateau and northeastern Brazil seem to be related to oceanic
structures, particularly seamounts and fracture zones. Magnetic anomalies off the Amazon probably
originated prior to the rifting of South America from Africa.

REBUMO  As feigdes magnéticas gerais da plataforma e talude continental do Brasil foram de-
finidas com base em 35000km de perfis magnéticos, realizados em 1972-73, No setor situado ao
sul de Vitéria, as anomalias magnéticas da plataforma ¢ da parte superior do talude sio correla-
cionavels as feicSes estruturais da margem continental. Em contraste, muitas das anomalias da pla-
taforma, entre Abrolhos e a regiso nordeste, parecem relacionadas com as estruturas ocelnicas,
de modo especial com as elevagdies submarinas € zonas de fratura. Na costa amazbnica, as anomalias
parecem ligadas & separaglio da América do Sul e Africa.

INTRODUCTION  Brazil has the longest north-south coastline in the world (5°N to |

34°S), and yet until recently, the geology of offshore Brazil was poorly knownt, in order
to document the morphology, oceanography and structure of the Brazilian continental
shelf, slope and rise, Project REMAGC (Global Reconnaissance Survey of the Brazilian
Continental Margin) was established in 1972, The project is conducted jointly by the
Woods Hole Oceanographic Institution (WHOI), Petréleo Brasileiro S/A (Petrobras),
Companhia de Pesquisa de Recursos Minerais (CPRM), Departamento Nacional da
Produgiio Minera]l (DNPM), Conselho Nacional de Desenvolvimento Cientifico e Tec-
nolégico (CNPg) and Diretoria de Hidrografia ¢ Navegagiio do Ministério da Marinha
do Brasil (DHN/MM).

As a part of this program, a preliminary geological and geophysical survey of the
Brazilian continental shelf and upper slope was made aboard the R/V Professor Besnard
(Instituto Oceanografico, Universidade de S3o Paulo). This survey, lasting from November
18, 1972 to April 8, 1973, covered a total of more than 35,000 km (Fig. 1), during which
time bathymetric, seismic, magnetic and oceanographic measurements were made and
bottom sediment and suspended matter samples were collected. The purpose of this paper
is to present a general picture of the magnetic patterns of the Brazilian shelf and upper
slope as delineated from the data collected during this cruise.

METHODS Magnetic measurements wese made with a towed proton-precession Varian
magnetometer, model V-75. The sensor fish was towed at a depth of 10 to 15m below
the sea surface and approximately 80 to 100 m behind the ship. Magnetic values were
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Figure 1 - Track of N/O Professor W,
Besnard during the nearshore phase cruises
off Brazil, November 15, 1972 to April 6,
1973 :
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read every 5 min (a horizontal interval of 3 to 4 km) and digitized on to standard Fortran
coding forms. No attempt was made to correct for diurnal variations although in some
parts of the South Atlantic variations can reach as much as 80 gammas. Such diurnal
variations may explain several instances in which the calculated magnetic anomalies of
intersecting tracks did not agree with one another. On the other hand, navigational errors
may also acceunt for some lack of agreement.

Ship’s navigation was provided mostly by a combination Magnavox satellite receiver
and a Hewlett-Packard mini-computer. An average of 15 fixes were received each day,
with an estimated accuracy of +400 m for each fix. Due to problems with the receiver,
navigation during much of the work south of 28°S was restricted to celestial fixes, dead
reckoning and nearshore radar fixes.

Data processing involved the removal of the normal field in order to obtain the mag-
netic anomaly for each digitized point. The normal field was deduced from 1965 estimates
(Cain etal., 1964, 1985; IAGA, 1969) and the ship’s navigation. :

The track lines in some instances were sufficiently close to one another to provide
reasonably accurate maps {particularly in the Amazon area, off Sergipe-Alagoas and in

the area south of Itajai). Perhaps because of the closely-spaced data patterns, or perhaps -

because of the regional geology, each of these areas displays magnetic anomalies which
correlate with known or suspected geological features. In contrast, many areas lack the
necessary data control to allow us to delineate meaningful geological patterns. However,
as data from other cruises (both past and future) are processed and incorporated into this
picture, regional patterns in these areas should become more clear.

MAGNETIC FRAMEWORK OF BRAZIL  Southern Brazil The southern Brazilian
continental margin is characterized by positive magnetic highs which are normally less

than 150 gammas in amplitude (Fig. 3). South of Porto Alegre the anomalies parallel the

shelf break and values generally are less than + 100 gammas, but locally exceed 300 gammas.
Practically no negative anomalies occur in this area. This smooth pattern probably re-
flects the thick sedimentary sequence of the offshore extension of the Pelotas basin in Rio
Grande do Sul State (Fig. 2).

- This pattern of smooth and gentle anomalies changes abruptly north of Porto Alegre
{Figs. 3 and 4). Anomalies immediately seaward of Porto Alegre are characterized by
relatively short wavelength and low amplitude highs and lows. Most probably these ano-
malies represent a seaward extension of faults within the Torres Syncline (Fig. 2).

North of Porto Alegre the magnetic anomalies display two distinct patterns. Nearshore
anomalies have short wavelengths and high amplitudes (Figs. 4 and 5); amplitudes exceed
1700 gammas. These features probably are caused shallow-buried igneous bodies. North
of Santos this nearshore pattern becomes linear, trending northeast and extending into
the late Precambrian granitic formations of Rio de Janeiro city.

The outer shelf between Porto Alegre and Rio de Janeiro is characterized by the
same broad wavelength and gentle anomaly patterns seen in the south (Figs. 3 and 4),
Most probably this pattern reflects the thick sedimentary cover present throughout the
outer shelf and slope as well as the lack of magnetic intrusives.

Southeastern Brazil The magnetic pattern east of Rio de Janeiro city is complex and more
difficult to relate to local geological features. The area is characterized by a series of alter-
nating magnetic highs and lows, the highs having short wavelengths and high amplitudes
and the lows having long wavelengths and low amplitudes. A steep-sided anomaly trending
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Figure 3 — Magnetic anomalies (in gammas) off southern Brazil, from the Brazil-Uruguay border to
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Figure 5 — Magnetic anomaly profiles off southern Brazil
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normal to the coast line just north of Cabo Frio (Fig. 4) may represent a major structure,
perhaps a fault or the edge of a sedimentary basin.

The shelf and slope between Cabo S3o Tomé and Vitbria is characterized by very
broad and low amplitude magnetic anomalies, generally less than 100 gammas (Figs. 4
and 6). This subdued magnetic pattern may be the result of a thick sedimentary sequence,
although present geological data indicate that sedimentary thicknesses on the adjacent
shoreline are less than 1000 m (DNPM, 1971).

Abrolhos Region The Abrolhos-Royal Charlotte Bank complex is the dominant geomor-
phic feature on the continental margin between Vitéria and Salvador (Fig. 1). The magnetic
character of these features is very different from that of the southern shelf. First, we find
some major negative anomalies, the most prominent of which separates two prominent
magnetic highs on Abrolhos Plateau between 18 and 19°S (Fig. 6). Second, Abrolhos and
Royal Charlotte Bank are characterized by numerous short wavelength highs and lows,
with values generally not exceeding +250 gammas (Fig. 7). The magnetic anomalies
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coincident with the offshore banks, such as Banco Vitoria, Banco Champlain and Banco
Montague, are undoubtedly indicative of an igneous origin. The anomaly patterns over
Abrolhos Plateau, however, are more difficult to explain. Are they related to buried sea-
mounts over which sediments have accreted, or are the anomalies related to post-depo-
sitional intrusion or faulting? The geometry and trend of the linear magnetic highs and
lows may suggest a structural control, and unpublished seismic refraction and reflection
data collected by Petrobras suggest that basic intrusives are not common,
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Figure 8 — Magnetic anomalies {(in gammas) off eastern and northeastern Brazil
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Northeastern Brazil — At present we do not have sufficient magnetic data from the narrow
shelf and slope between 12 and [5°S to permit construction of an anomaly map. Although
the continental margin north of 12°S remains narrow, we have collected a sufficient number
of profiles to delineate the magnetic character of the outer shelf and upper slope. Off both
Aracaju and Maceié, we find major slope anomalies with well-developed highs (+200
gammas) followed on the seaward side by negative values in excess of ~200 gammas (Fig. 8).
We have not connected these two slope anomalies because of the lack of sufficient data,
but we suspect that they represent a continuous magnetic feature (Summerhayes, Fainstein,
and Ellis, in preparation). Landward of the slope anomalies, the magnetic pattern is rela-
tively smooth, with low-amplitude and stightly negative values.

Negative anomalies become prominent over much of the shelf and slope north of
Maceié. Whether this pattern indicates actual negative fields or systematic deviations
from the 1965 estimates of Cain ¢ al. (1965} is not known. The shelf just south of Natal is
characterized by several major local negative anomalies. These may be related to down-
faulted blocks, as delineated by structural exploration {Petrobras, unpublished data).
At present, however, we cannot say whether these anomalies lie within the westward con-
tinuation of the Recife-Jodio Pessoa basin which lies between 6 and 8°S, or is a southward
extension of the Potiguar basin (Fig. 2). '

The Pernambuco Plateau, seaward of Recife, exhibits several major magnetic ano-
malies, most of which are positive, rising above a generally negative background (Figs.
8 and 9). These localized anomalies may well be magnetic signatures of seamounts behind
and around which the sediments composing the Pernambuco Plateau accumulated. Other
anomalies associated with seamounts are seen seaward of Jo%io Pessoa, although at least
one major anomaly (600 gammas) does not coincide with any known topographic high.

With the exreption of one localized positive anomaly, the area off Cabo de S&o Roque
is characterized by negative anomalies. This pattern may indicate a seaward extension
of the Potiguar basin, with its limits perhaps delincated by the magnetic high which occurs
along the middle slope. More data are needed in this area, however, in order to delineate
clearly the boundaries of the basin.

While the data between Fortaleza and Cabo de S3o Roque are sparse, preliminary
analysis suggests that this area has a generally subdued magnetic character. The Ceara
Plateau on the slope off Fortaleza, on the other hand, is characterized by isclated peaks
of positive and negative anomalies (Fig. 9). Most of the positive peaks can be correlated
with seamocunts extending eastward from the Fernando de Noronha Chain.

North Brazil The magnetic anomalies west of Fortaleza (40 to 44°W) tend to be smooth
with low amplitudes. A magnetic high on the shelf between 40 and 41°W probably is re-
lated to the presence of igneous rocks drilled in this area (Kazumi Miura, personal com-
munications, 1972). These rocks lie on a linear trend coincident with the proposed inter-
section of the Romanche Fracture Zone and the continental margin (Francheteau and
Le Pichon, 1972).

On the shelf west of Baia de S&c Marcos, the magnetic anomalies are generally ne-
gative, with some sporadic positive values (Figs. 9 and 10). The perpendicular trend of
anomalies with respect to the coast line characterizes the Amazon shelf between Bafa de
S#io Marcos and Cabo Norte. The anomalies are generally regular short-wavelength fea-
tures with amplitudes of 200 to 300 gammas. This pattern corresponds closely with a series
of grabens and horsts which cut the shelf between 44 and 46°W (Rezende and Ferradaes,
1971). Other data from Petrobras {Schaller efal., 1971) also indicate major horst-graben

* structures over much of the Amazon shelf (Fig. 2). The anomalies at 48 and 50°W may
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Figure 9 — Magnetic anomaly proﬁles. off northern Brazil

correlate to the eastern and western Mexiana grabens of Rezende and Ferradaes (1971),

although the actual relation between the landward grabens and shelf anomalies is not
clear. Presumably this horst-graben feature predates the rifting of South America from
Africa, as it is found on the shelf off Liberia (Behrendt etal., 1973), which corresponds
with the Amazon shelf anomalies in the reconstruction of South America and Africa (Bullard
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Figure 10 — Magnetic anomalies (in gammas) off northwestern Brazil

etal., 1965), Another indication of the age of these anomalies is the fact that they do not
extend significantly beyond the upper slope; seaward anomalies in this area tend to run
parallel to the shelf rather than perpendicular to it (Cochran, 1973).

CONCLUSIONS  The collection of a substantial body of geomagnetic data from the
continental margin of Brazil allow us to make some general statements about the structures
of the shelf and upper slope over much of the area. In general the magnetic pattern of the
continental shelf indicates continuation beneath the shelf of structures delineated on land.
This applies both to areas of broad uplift and coastal sedimentary basins. The magnetic
character of the slope and the marginal banks and plateaus, however, is usually different
from this continental pattern, reflecting the influence of oceanic processes and structures.
Oceanic fracture zones and seamounts are only two examples of oceanic structures which
merge onto the continental margin.
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