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Abstract

The present work aims to contribute with the
debate about crustal boundary delimitation in
Brazilian equatorial margin and consequently the
definition of the distal boundary of an area
considered as the new exploratory frontier of oil and
gas. This work used two geophysical transects form
the LEPLAC Project, located in the Para-Maranhao
Basin. After the seismic interpretation the
tectonophisycs modeling was made relating the
seismic data with gravimetric free-air data. The
results, close to the Amazonas Fan and Ceara Rise in
especial, showed discordant with the major part of
the published works.. This may implies a new
exploration frontier for oil and gas in the equatorial
margin.

Introduction

The boundary between the continental and
oceanic crust on a divergent-transcorrent mixed
continental margin is complex, due the large
thickness of the sedimentary package and the
different tectono-magmatic processes associated to
your genesis and evolution (Mascle et al., 1987).
Because of this, determine the crustal boundary
require a geophysics methods union, in this work the
junction of the potential methods (gravimetry and
magnetometry) and acoustic method
(sismoestratigraphy) for the creation of a
tecnophysical model.

The Focus of these studies in Brazil was
concentrated on Southeast Margin, in the Santos,
Espirito Santo and Campos Basins. However,
recently the ANP ( National Oil and Gas Agency) is
auctioning blocks on Brazilian Equatorial Margin,
due to discovery of hydrocarbons on the Africa west
coast; and how the both margins presented an

analogue evolution there is a possibility those
resources be present on the brazilian margin.

This Project extends from the Amapa to the
Rio Grande do Norte, encompassing all Brazilian
Equatorial Margin and counts with 10 lines (Figure 1)
of the LEPLAC Project (Brazilian Platform Survey
Project) arranged along the margin, for this work
were selected two lines ( 4 and 5 - Figure 1) located
in the Prara-Maranhdo Baasin. Based on
tectonophysical modeling was made a map with the
crustal boundary indicated, aiming to contribute to
subsequent demarcation of new exploratory
frontiers on this margin.

Figure 1: Bathymetric map of the Brazilian Equatorial
Margin, with the 10 lines of the project indicates and
the lines 4 and 5 highlighted in black.

Method

The used data come from the first phase of
the LEPLAC Project, ceded by Brazilian Navy. The
data are of seismic profiles, magnetometry and
gravimetry, and were acquired by ship,
simultaneously.

The selected lines were pre-analyzed and
the gravimetry (Free-air) and magnetometry were
used on the qualitative form and related with the
seismic profile for better line understanding and a
better model making and also used to find the
anomalies witch indicate the crustal boundary, G
Anomaly in magnetometry and Edge Effect in
gravimetry.

The seismic interpretation was made
utilizing the DIDGER 3 sofware, where the main
horizons were identify using the sismoestratigraphy
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principles, like the difference between the velocities
and densities. The interpreted profiles were related
with the stratigraphic chart of the basin, which was
proposed by Milani et al (2007), due similarities.

The crustal boundaries present a signature
called Edge Effect Anomaly. This anomaly can be
Single (corresponds to a sediment filling of a strong
continental crust that confines the strong oceanic
crust) (long wavelength and high amplitude)
associated to margins with high stiffness, and
Double (short wavelength and low amplitude)
associated to margins with low stiffness (Watts and
Marr, (1995)). There is two types of double Edge
Effect, the Onshore Dipping Double (corresponds to
a sediment filling of a weak continental crust that
confines the strong oceanic crust) an d Offshore
Dipping Double (corresponds to a weak continental
crust that confines the weak oceanic crust).

The modeling was done in the GM-SYS
software, GOSOFT, which is based on the solution of
Tawani’s line integral, which consists of the
approximation of polygons of irregular bases, to
creation of two-dimensional models, being possible
to calculate its area to obtain the mass and the
density of the bodies (Talwani,(1959)). Seismic
horizons and the gravity anomalies were inserted
and these were related with the density values
proposed by Telford et al. (1993), Sperle and Sichel,
(2004) and Watts et al. (2009), and the velocity
proposed by Mooney, Prodehl and Pavlenkova,
(2002), and the values were selected according to
stratigraphic chart proposed by Milani et al (2007).

Results

The selected lines to be analyzed and
modeled in this work were 4 and 5 (Figure 1), after
an analysis of the all lines, they were selected for
presenting a better quality and respond better to the
purpose of this work, which is the crustal
delimitation. These lines are found in Para-Maranhao
Basin and they have unique characteristics.

Line 4 extends from the break of the
continental shelf to the Ceara Rise., with
approximately 464 km long. It presents an extensive
sedimentary package, in seismic profile is possible
to observe 3 big horizons, being they, the top of the
crystalline basement, the seabed and two others
classified as sandstone and shale.

The anomalies pre-analysis indicated that the
Anomalies G and Edge Effect, therefore, the crustal
boundary would be between 130-150 km from the
break of the continental shelf, approximately. The

Edge Effect Anomaly, of this line, was classified as
low stiffness (double, Onshore Dipping double),
according Watts and Marr, (1995)).

The modeling (Figure 2) of this line showed
that the crustal boundary is approximately 150 km
from the continental shelf break, as indicated by pre-
analysis; the Ceara Rise (2,7 g/cm?®) has a different
density of the oceanic crust (2.85 g/cm?®), showing
that it was formed in a distinct event from the
oceanic crust formation.; and below the Ceara Rise
there is a crustal thickening, what is expected for a
LIP (Large Igneous Province).
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Figure 2: Model of line 4, showing the crustal
boundary in approximately 150 km after the
continental shelf break. The Ceara Rise as a distinct
body and the crustal thickening.

Such as line 4, the Line 5 also extends form
the break of continental shelf to Ceara Rise., with
approximately 507 km long, however, this line
presents a structural high right after the slope. The
structural high origin can be connected with the
Gurupi Guyot or Gurupi structural high origin, which
originated from an active fault (Zanoto e Szatmari,
(1987)). In the seismic profile we can identify the
horizons, seabed, the crystalline basement and
others two classified as sandstone and shale, as line
4.

In pre-analysis is possible to notice the
structural high clearly, and the possible anomalies G
and Edge Effect right after it, in approximately 150
km from the break of continental shelf. Due the
structural high presence wasn’t possible to classify
the gravity anomaly as Watts and Marr, (1985).

However, the modeling (Figure 3) of this line
indicated that the crustal boundary is found, in
approximately, 50 km after the break of continental
shelf, this boundary so close to the slope may be
due to the position of the margin as to the continent’s
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(Africa and south America) separation. The
boundary, therefore, is before the structural high,
which already is found in oceanic crust, probably
formed together with the Gurupi Guyot through an
active fault. It is also possible to observe the crustal
thickening promoted by Ceara Rise.
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Figure 3: Model of line 5, showing the crustal
boundary in approximately 50 km after the
continental shelf break. The Structural high is quite
evident. The Ceara Rise shows as a distinct body
and the crustal thickening.

Using previous works of crustal delimitation
in this region, and making a comparison between the
proposed boundaries, is possible to observe that the
boundaries found in this work correspond with the
boundaries proposed by Santos, (2013) and is very
distant from those proposed by Moulin, (2010), as is
possible to observe in Figure 4.
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Figure 4: Map with the comparison of crustal
boundaries in the Brazilian equatorial margin. The
blue lines are the divisions of the margin basins; the
black lines are the lines modeled lines in this work
with the respective boundaries indicated on a black
point. his map has the isolines spaced every 250 m.
Works used in comparison Seton et al,(2012);
Davison, (2006); Santos (2013); Nobrega Il (2011);
Moulin, (2010); Torvic (2009); Milani e Thomas Filho,
(2000). Source: Santos, (in preparation).

Conclusions

The analysis of the abovementioned results
resulted in the following conclusions:

e The modeling confirmed that the Brazilian

Equatorial Margin presents a complex structures
due to its multiphase evolution and the Ceara
Rise, as a LIP, really promote a crustal
thickening;

e The position in which the lines were acquired

showed that the position of the margin during the
separation influences the position of the
boundaries, even in very close places, as shown
by the lines 4 and 5;

e The gravimetric modeling proved to be

satisfactory while the magnetometry was much
complex and with a variety of parameters that
would compromise the accuracy of the method;

¢ In Line 5 modeling, was possible to observe than

in the structural high the calculated anomaly did
not present a good fit, this is probably due the
fact of this feature is of three-dimensional form
and the model is two-dimensional;

e This work can contribute to the debate to define

new exploratory frontiers in the Para-Maranhao
Basin, using a more local approach than the most
of the available works.
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