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Abstract: The crustal structure and extension during the Mesozoic South Adlantic rifting in the Cabo
Frio region, between the Campos and Santos basins, is investigated based on onshore brittle structures
and offshore aeromagnetic anomalies. A correlation between the fault systems, the kinematic indica-
tors of tholeiitic dykes of the Cabo Frio Dyke Swarm and the pattern of magnetic anomalies show evi-
dence of widespread extensional tectonics, with an increasing rate towards offshore and an oblique
component in the first stages of rifting. The pattern of magnetic anomalies also suggests an offshore
prolongation of the Cabo Frio basement and a possible transitional crust zone.
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During the Mesozoic breakup of the Gondwana
supercontinent, extension took place mainly along a
NW-SE axis in the South Atlantic, giving rise to
widespread N40-50E orthogonal structures in the
southeast Brazilian margin. Nevertheless, the Cabo
Frio region, which includes the Cabo Frio Structural
High, an offshore tectonic feature that separates the
Campos and Santos basins (Fig. 1), displays onshore
NW-SE (N30W), N-S and E-W (N8OE) fault sys-
tems associated with magmatic activity (Stanton and
Schmitt, 2007).

The southeastern Brazilian margin and especially the
Cabo Frio region has been the site of intense tecton-
ism and associated basic and alkaline magmatism
since the Cretaceous, represented by onshore and
offshore lineaments, dyke swarms, sills, plugs, vol-
canic edifices and islands formation. In the first
stages of rifting in the Cretaceous (130 Ma), mag-

matism was characterized by tholeiitic dyke swarms.
Later, during the Cenozoic, the region was affected
by another important tectonic event which led to
the formation of the E-W magmatic Lineament of
Pogos de Caldas-Cabo Frio (Sadowski and Dias
Neto, 1981; Almeida et al, 1996), the NW-SE
Cruzeiro do Sul Deformation Zone (Souza, 1991),
alkaline intrusions (Cabo Frio Island, Morro de Sao
Joao), innumerous onshore alkaline dykes (Bennio
et al., 2002), and offshore basic magmatic bodies
(Rangel, 2005; Oreiro, 2006), which characterizes
this as one of the most active regions of Brazil
(Asmus and Ferrari, 1978; Ojeda, 1982; Almeida ez
al., 1996).

Some authors suggest that NW-SE transfer faults,
active during rifting, along with E-W and NE-SW
extensional structures, and the reactivation of oceanic
fracture zones like the Rio de Janeiro Fracture Zone
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Figure 1. Free-air anomaly map from satellite of the southeastern Brazilian margin, showing the main regional tectonic features: RJFZ:
Rio de Janeiro Fracture Zone; CSDZ: Cruzeiro do Sul Deformation Zone; CF: Cabo Frio coastal area.

(Fig. 1) were responsible for the widespread magmat-
ic and tectonic activity, associated with the possible
presence of a mantle plume (Asmus and Ferrari,
1978; Sadowski and Dias Neto, 1981; Almeida,
1991; Szatmari and Mohriak, 1995; Cobbold et 4/,
2001; Thomaz Filho ez al., 2005; Alves ez al., 20006;
Oreiro et al., 2007).

To better understand the crustal architecture of
the Cabo Frio region we investigated the brittle
structures related to the rifting phase and the aero-
magnetic anomalies, aiming to establish a correla-
tion between the existing fault and dyke systems,
their spatial distribution, and the pattern of mag-
netic anomalies. As the magnetic intensity indi-
rectly reflects the composition of the crust, its
variations are associated with rock types distribu-
tion and density variation, and can be ascribed to
geological features and processes (Schwarz, 1991).
The magnetic data is correlated with the onshore
mapping of tholeiitic dykes.

The studied area

The Cabo Frio region is located in the easternmost tip of
the Neoproterozoic-Eo-Paleozoic Ribeira Orogenic Belt
(ROB) in a separate domain known as the Cabo Frio
Tectonic Domain (CFTD) (Fig. 2), which registered the
latest amalgamation event of the Gondwana continent,
in the Cambrian (Schmitt ez /., 2004). The basement of
the CFTD is composed of Paleoproterozoic ortogneisses
interleaved with Neoproterozoic supracrustals, both
intensely deformed during the Buzios Orogeny, ca. 520
Ma (Schmitt ez /., 2004). The main structural trend is
NW-SE-oriented, orthogonal to the predominant NE-
SW trend of the ROB. This geological terrane is direct-
ly correlated with the rocks that crop out on the Angolan
coast, its counterpart in Africa.

Methods

Structural data were obtained during detailed geolog-
ical mapping at the Cabo Frio coast and islands
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Figure 2. Simplified geotectonic map of southeastern Brazil, showing the location of the Cabo Frio Tectonic Domain, which compris-
es the Cabo Frio region (modified after Schmitt ez al., 2004). Legend: CFPCL: Cabo Frio-Pogos de Caldas Lineament; CF: Cabo Frio

coastal area.

between 2005 and 2007. In order to differentiate the
post-rift phases of tectonic activity from the rifting
phase, cross-cutting relationships based on available
geochronology of the dykes were used. Seven NE-
SW-oriented diabase dykes were sampled, for geo-
chemical and geochronological analysis (Ar-Ar,

unpublished).

The high resolution aecromagnetic data were obtained
in 2002 by FUGRO-LASA and correspond to a 5x5
s grid, with 1000 m of line spacing at 150 m altitude.
The grids and maps were constructed using GMT
(Generic Mapping Tools version 3.4.1) and Mirone
software (Luis, 2007).

To characterize the crustal magnetic pattern, profiles
were extracted from the aeromagnetic anomaly map,
allowing a correlation between anomaly variations,
basement structures and posible magmatic intrusions
like dykes. The magnetic response of dykes was also

investigated using a 2D model for bodies with differ-
ent widths, lengths and depths (Fig. 5).

Results

The region of Cabo Frio is characterized by a high
crustal magnetization, with a large spatial variation.
The magnetic anomalies display different patterns in
the southern sector, marked by strong lineaments,
when compared to its northern part, characterized by
chaotic anomalies, without clear orientation, proba-

bly associated with the basement of the CFTD.

The magnetic anomaly map reduced to the pole (Fig.
3) displays N45E-S45W oriented high, amplitude
magnetic anomaly trends in the continental part of
Cabo Frio and Buzios Cape, and another subordinate
N30E trend, on the adjacent continental shelf of
Campos Basin. The linearity of the magnetic anom-
alies is intercepted by N30W negative lineaments,
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possibly related to transfer faults, which have been
mapped onshore (Riccomini ez al., 2004; Zaldn and
Oliveira, 2005). The most prominent positive anom-
aly is observed offshore close to the Badejo High, a
horst structure formed during the rift phase at the
Campos basin (Guardado ez al, 1989). This area
shows long, high amplitude (200-400 nT) magnetic
trends N30E-S30W oriented, displaying longer wave-
length anomalies when compared with those observed
in the continental region. This is also evident on the
profile A-A’ extracted from the aeromagnetic anomaly
map (Fig. 4). To the northwest, the magnetic profile
displays high amplitude and short wavelength anom-
alies, followed by a low magnetic region in the central
part, which bounds a large plateau of high positive
anomalies, to the SE, corresponding to the area south

of the Badejo High.

The continental region displays four main fault sys-
tems: N45E, N70-80E, N-S and N40W. These are all
high angle faults, with normal and oblique slip
(Stanton and Schmitt, 2007), and they probably
served as conduits for the magmatism in the area. The
dyke swarm in the Cabo Frio region, amongst which
the thickest and most abundant bodies are N50E-
S50W oriented (Tetzner and Almeida, 2003; Stanton
and Schmitt, 2007), tholeiitic in composition, with
ages varying between 125-130 Ma (unpublished
data). Their conduits are subvertical, varying in width

from centimetres up to 50 m, a few metres to more
than 4 km in length at the surface, and exhibit kine-
matic indicators of transtention sin and/or late-intru-
sion, such as bridges, oblique fracturing, en echelon
patterns, etc (Stanton and Schmitt, 2007). Some
dykes are cross-cut by faults. This dyke swarm
intrudes orthogonally the basement Cambrian struc-
ture, but is parallel to the predominant NE-SW main
structures that link the Ribeira Belt terranes (Fig. 2).

Discussion

The high magnetization intensity and the NE-SW
linear pattern observed offshore, on the continental
shelf of Campos basin close to the Badejo High and
onshore at the Cabo Frio region, where several N50E
dykes are mapped, show similar characteristics, sug-
gesting that they are related to the same processes.
The magnetic anomaly pattern seems to reflect the
presence of mafic intrusions in the form of dykes, but
may also be related to the presence of deep crustal
faults, which are commonly associated with strong
magnetization contrasts (Ussami ez al, 1991).
Nevertheless, as the magnetic contrast related to
dykes is commonly higher than those associated with
simple faults, and the anomalies observed at the shelf
can reach 500 nT, the magnetic lineaments most
probably reflect a magmatic source underneath. Both
the structural direction and the location observed for
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these igneous bodies are well correlated with the posi-
tion of the short-wavelength positive magnetic anom-
alies displayed on the aecromagnetic map.

Despite the same general orientation observed for
the continental and oceanic anomalies, the offshore
area corresponding to the Badejo High displays
higher intensities and longer wavelengths, possibly
indicating a wider and vertically continuous source.
Also, the Badejo High area exhibits anomalies which
assume a NNE-SSW strike. The existence of two
subparallel NE-SW magnetic anomaly trends, N45E
and N30E oriented, may be associated with two dis-
tinct structural systems present onshore (Stanton
and Schmitt, 2007): A) a predominantly N45E-
S45W system of faults and dykes, and B) a subordi-
nate N30E-S30W system. A paleomagnetic recon-
struction model by Ernesto (1996) showed that the
South American plate displayed a clockwise rotation
since the Mesozoic what could account for the slight
change in the structural direction revealed by the
magnetic lineaments at the Cabo Frio region. If this
hypothesis is correct, a subtle change of the axis of
extension may have occurred during rifting, associ-
ated with an oblique component of extension. This
supports an alternative explanation for the two sub-
parallel magnetic anomaly trends observed in this
area, reflecting a change in the field of stress in the
first stages of rifting.

Disrupting the positive magnetic lineaments there are
NW-SE negative linear anomalies, which seem to rep-
resent transfer faults. On the other hand, these anom-
alies could reflect a magnetic contrast due to differ-
ences in the composition of the crustal basement, but
their linearity strongly suggests the presence of faults.
These results are supported by the NW-SE transfer
faults that have been widely documented onshore of

with wider and deeper magmatic
sources.

Santos Basin (Macedo, 1989; Riccomini ez al., 2004;
Zaldn and Oliveira, 2005; Riccomini, 2008) as well as
at the Campos Basin itself (Oreiro ez al., 2007). These
structures acted like accommodation zones, as repre-
sented by the Cruzeiro do Sul Deformation Zone
(Souza, 1991), and have been associated with tecton-
ic adjustments during the margin evolution.

The presence of magmatic features like dykes and vol-
canic edifices in the offshore area of Cabo Frio was
reported by Oreiro ez al. (2007), based on seismic data,
and may explain the high magnetic anomalies
observed. Many studies also suggest an increase of mag-
matism in the surroundings of the Cabo Frio High
(Mizusaki and Mohriak, 1993; Oreiro, et al, 2007).
Fodor ez al. (1989) reported the ages for the offshore
basalts varying from 67 to 123 Ma for this area. Such
excess of magmatism, associated with an increase in
both intensity and wavelength of the magnetic anom-
alies towards offshore, may be an evidence of intense
extension in this portion of the Campos Basin.

In order to allow interpretations about the possible
magnetic sources, enabling a better correlation with
local tectonics, we modeled the magnetic response of
different magmatic bodies, represented by dykes
(Figs. 4 and 5). The simulation using PDYKE showed
that the depth to the source is the strongest parame-
ter for the magnetic anomaly of dykes. One large
dyke conduit or a closely spaced dyke swarm at 1000
m depth has a similar response of a smaller dyke
intruded close to the surface. However, if both sources
are placed close to the surface, they display the same
strong positive anomaly, with values around 100 nT.

Considering that the stress intensity during dyke
emplacement is smaller for individual, closely spaced
dykes than for a single large dyke of 1000 m (Jin and
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Figure 5. A 2D Magnetic model showing the distinct anomalies produced by two different tabular magmatic bodies or dykes. The val-

ues of k = 0.03 SI and H = 50000 are the same for two models. a) A large dyke or a dyke swarm, depth = 500 m; width = 2000 m; ver-
tical extent = 1000 m, b) A thinner dyke or swarm, depth = 10 m; width = 100 m; vertical extent = 100 m.
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Johnson, 2008), the anomalies observed are most
probably associated with a group of dykes in the form
of a swarm rather than to one large magmatic con-
duit. These results are coherent with the linear shape
of the magnetic anomalies and also with the struc-
tures mapped at the onshore area of Cabo Frio
(Stanton and Schmitt, 2007; Valente ez /., 2007).

Conclusions

The main magnetic structural direction onshore and
offshore at Cabo Frio is N50E-S50W oriented, result-
ing from the extensional tectonics during Mesozoic
rifting with a WNW-ESE principal axis of extension,
and an oblique component. Also, subordinate direc-
tion NW-SE is observed, which seems to be related to
the transfer fault systems described onshore.

The magnetic anomalies display a “mosaic pattern”,
characterized by: a) positive NE-SW magnetic linea-

ments, well correlated with the presence onshore dyke
swarms, b) the basement of the CFTD, which is dom-
inated by Cambrian inherited NW-SE structures,
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