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Abstract

In onshore Almada Basin, northeast Brazil,
sandy and/or conglomeratic turbidites and shales
outcrops of Urucutuca Formation occur. These rocks are
part of an exhumed portion of the filling-section of the
Almada Canyon, which is well mapped by seismic studies
in offshore part. Such outcrops are unique examples of
passive margin transgressive marine sequence turbidites
in Brazil, which were sedimented during the
Maastrichtian/Campanian. They are analogous to some
important turbidite reservoirs of Campos basin, the main
brazilian petroleum basin. In this work, a set of geo-radar
(GPR) profiles was measured at an outcrop in Almada
Basin. The dataset, after a selective processing flow,
released high resolution images, that allied to 3D
visualization resources and geological interpretations of
the exposed section and cores obtained in a nearby well,
could help to delineate several subsurface structures like
channels and interfaces between different lithologies.
Furthermore, it was possible to evaluate the relative
electric permitivitty from the GPR signal, and using
forward modelling algorithms, to test some electrical
conductivity values, in such a way it was possible to
provide a geophysical characterization of that exposed
section. These information aims to be useful for designing
more detailed stratigraphical models, that can improve the
knowledge of analogous turbidite reservoirs and afterward
aid to enhance the production on oilfields associated to
this kind of reservoirs.

Introduction

Turbidite reservoirs are the most important type
of petroleum reservoirs in Brazil, mainly in Campos Basin,
the largest Brazilian oil producer basin. Because many of
the geological features likely to control production fom
turbidite reservoirs are smaller than the resolution from
even the highest quality seismic reflection surveys, it is
necessary to add information of equivalent outcrops on
land to the seismic model of such reservoirs, in order to
produce accurate porosity and permeability models of
them (Young et al.,, 1999; Young et al., 2001). The
information from reservoir analogues can lead to new
discoveries and to enhance oil recovery by a better well
location strategy.

The absence of turbidite outcrops in the on shore
portion of Campos Basin lead us to study Almada Basin
turbidite outcrops, which are contemporaneous and
geologically similar to some important Campos Basin

channelized turbidites, as found in Pargo and Carapeba
Fields.

On the other hand, the GPR method has been
widely used for high resolution imaging of internal
structure of reservoir analogs (Young et al, 2001) due to
its sub-meter resolution, which can reveal several
stratigraphical features. This paper shows GPR images
obtained at one of the Almada Basin outcrops and their
interpretation through the comparison to the exposed
section geology and forward modelling of the GPR data.

Regarding geological framework, Almada Basin
is a passive margin basin in north -east coast of Brazil,
between 14° 15’ S and 14° 55’ S. It's bounded by the
Itacaré High, at north, and by the Olivenca High, at south.
It also comprises a small on shore portion, which spreads
over 200 km ? with a maximum sedimentary coverage of
1800 m. The offshore portion is larger, spreading over
roughly 1300 km? until a bathymetric level of 200 m, with
a maximum sedimentary coverage larger than 6000 m.

Early detailed geological mapping of on shore
portion was done in 1963 (Carvalho, 1965). In this
portion, sandy and/or conglomeratic turbidites and
planctonic foraminiferous shales outcrop. These
geological features are related to Urucutuca Formation
(Mesozoic/Upper Cretaceous) and are an exhumed part
of the filling-section of the Almada Canyon, a huge
erosive feature, which is seismically well defined in
offshore portion. These rocks are analogues to other
formations founded in Campos, Espirito Santo and
Cumuruxatiba basins, in Brazil.

Detailed studies of the outcrops can be found in
Bruhn & Moraes (1989) and Mendes (1998). Figure 1
shows the main U rucutuca Formation channeling turbidite
outcrops location (Bruhn & Moraes, 1989). In this paper
we restrict ourselves to outcrop 2A (Figure 2). A scientific
project called “Turbiditos” (Dias et al., 2004), provide new
geological and geophysical datasets, which lead to new
stratigraphical and structural interpretation of that on
shore portion. According to the geological interpretation of
“Turbiditos” project, Almada Canyon origin is possibly
related to the movement of ancient faults of the basement
during the Cretaceous, which produced weak zones that
conditionated sub-aerial and submarine erosion and the
collection of the region’s fluvial systems. Initially those
faults acted as strike-slip faults, but during the deposition
of Urucutuca Formation they werere-activated as normal
(gravity) faults, creating a submarine conduct which
spreaded from the continent, where possibly bounded a
river mouth among the mountains, until the deepwater
portion. That submarine depression received several
fluvial discharges, which created flows and hyperpicnal
floods that ran through the canyon as turbidity currents,
leading to substrata erosion and carrying a huge volume
of sediments from the basin. Those sediments are called
hyperpicnal turbidites (d’Avila et al., 2004).
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Methodology

Ground penetrating radar (GPR), also known as
geo-radar, has become, in recent years, a popular
geophysical technique to study shallow subsurface
sediments, as it allows for fast acquisition of high-
resolution images of the sedimentary architecture. GPRis
based on the reflections of electromagnetic waves,
transmitted from a point at the surface through the
subsurface. These reflections are caused by changes in
the electromagnetic properties of subsurface features,
that can be associated to changes in lithology or variation
in the water content. Good references for this method can
be found in Annan (1992) and Davis & Annan (1989).

The field survey was carried out in 3 outcrops
near llhéus, northeast of Brazil (Figure 1). In this work, we
will restrict ourselves to the profiles acquired on the most
important outcrop, named 2A. We have done 5 GPR
fixed-offset profiles in outcrop 2A. A single common mid-
point profile also was carried out for velocity estimation
purposes.

We have used a Sensors & Software Inc.
PulseEKKO 1V system, operating with 100 MHz antennas.
Time window and station spacing were set to 300 ns and
0.25 m respectively. Distance between antennas was
fixed in 1m. Geographic information was obtained using a
Trimble DGPS system and a clinometer to provide a
relative topography between GPS points. The CMP profile
was also done with steps of 0.2 m (Ceia et al. 2004).

The processing sequence applied to the outcrop
2A dataset consist of: Trace Editing, Dewow, Time-zero
Correction, Time-window Limitation, Velocity Analysis,
Stolt +k Migration, Band-Pass Time Filtering, Elevation
Correction.

Velocity information was obtained with CMP
profiles and NMO reflection hyperbole semblance. From
semblance velocity plots we obtained velocity models for
outcrop 2A (Table 1). Those models were used for Stolt
Migration. Elevation correction was done using a constant
velocity of 0.1 m/ns. A band-pass filter with 30-70-180-
500 MHz cutoff frequencies was applied in order to
eliminate unwanted noise mainly at low frequencies.
The maximum penetration depth in those outcrops were
~15m (Ceia et al. 2004).

Time (ns) Velocity (m/ns)
t£ 50 0,100
t>50 0,200

Table 1 — Velocity model obtained from semblance
analysis of the CMP profile carried on outcrop 2A.

Discussion and Results
Initially an interpretation was done through the

association between the reflectors observed in the
radargrams, the geological interpretation of the exposed
section (rectangle in Figure 3) and cores obtained in a
nearby well (SST-1). Figure 3 shows a summary of the
structures observed at this outcrop. Although 3 channels
were identified by the radargrams, one of these channels
was confirmed by the geological interpretation (d”Avila et
al., 2004) of the exposed sediments (on the center of the
figure), which reported two main lithologies:
conglomerates and heterolithes (thick sandstones with

thin shale bedding). This channel has roughly 9 m depth
and a 54 m width. Its traverse axis is NE-SW. Inner onlap
stratification can be seen in this channel. According to
d"Avila et al. (2004), those fine-grain sediments were also
reshaped by tides.

Using the velocities described in Table 1, it was
possible to estimate relative permitivitty values through
Equation 1.

e =.—. (1)
where:

€, = electric relative permitivitty,
¢ = light speed,
v = velocity of EM waves in a certain medium.

The values founded were 9, that probably is
associated to the heterolithes (silt, clay and sandstone),
and 2.25 that is probably associated to gravely high
density turbidites (coarse sandstone and conglomerates),
but such low values can indicate either air waves
influence on CMP soundings or the presence of
petroleum in the sediments. In fact, traces of petroleum
were founded in drill cuttings in a well 5 m ahead from the
SST-1 (Lima, 2005), but deeper than the GPR maximum
penetration. This way, air waves supposition seems to be
more reasonable.

Using the geological interpretation showed in
Figure 2 and the information form the radargrams, we
built a framework b be used as input for 2D forward
modelling algorithm (Giannopoulos, 2002). That
algorithm is based on finite difference time domain
(FDTD) method, whose approach to the numerical
solution of Maxwell’s equations is to discretize both the
space and time continua. It allows model building derived
from simple geometric shapes as rectangles, circles and
triangles, such a way that the combinations of those
shapes can reproduce some complex geological models.
To reduce computational requirements, some
suppositions are assumed by GPRMAX2D algorithm in
order to simplify the models, like:

All media (layers) are considered to be linear
and isotropic.

The GPR transmitting antenna is modelled as a
line source.

The constitutive parameters are, in most cases,

assumed not to vary with frequency.

The parameters choice was the key step for
model building. The area was chosen as a rectangle with
21 m width and 13 m high, based on an outcrop
photograph showed in Figure 2. DC relative permitivitty
values were based in Annan (1992) tables and from those
derived from CMP analysis. Conductivities values were
based in Annan (1992).

A constant offset was chosen, with 1 m
separation. Spatial step size (along the profile) was
chosen to be 0.25 m. A Gaussian type pulse with 100
MHz central frequency were also chosen. All of that to
simulate the conditions of the GPR profiles carried out on
outcrop 2A, such a way we can compare the forward
modelling results to the real data.
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After several tests, we found the synthetic model
showed in Figure 4, which produce a synthetic radargram
(Figure 5), that was the best reproduction of the GPR
data showed in Figure 6. Only the amplitude calculated
from vertical electrical field (E;) is showed. The values
used in the final synthetic model are shown in Table 2.

The comparison show that the synthetic model
can reproduce the main features displayed in Figure 6.
Differences can be due to the variation of electrical
properties of the rocks of the same lithology (ex. Water
content variation) or to an even more complex layering
geometry.

Lithology Relative Conductivity (mS/m)
Permitivitty

Free Air 10 0

Shale 11.0 6

Sandstone 6.0 0.1

Conglomerate | 4.0 0.05

Table 2 — Relative Permitivitty and Conductivity values
used for the synthetic model showed in Figure 4.

Conclusions
The GPR method has been successful revealing
some stratigrahic features on Almada basin turbidite

outcrops, like channels and layering pattern. GPR images
show good agreement to geological interpretation of the

exposed section. Heterolithes (thick sandstones with thin
shale bedding) and conglomerates were the two main
lithologies reported by geological studies. Relative
permitivitty values were estimated from the velocities
obtained in the CMP analysis, but some low values
founded, indicates that air waves had influenced CMP
analysis. A 2D forward modeling was used to provide
conductivity and values. It also helped to improve relative
permitivitty estimations.
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Figure 1 —Map showing the location of the studied area. After Bruhn & Moraes (1
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Figure 2 — Outcrop 2A photograph. After d”Avila et al. (2004).
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Figure 3 - Summary of the structures observed on outrcrop 2A. After Ceia et al. (2004).
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Figure 4 — Synthetic model of a section of outcrop 2A showed in Figure 2.
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Figure 5 — Synthetic radargram of the model showed in Figure 4.
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Figure 6 — Radargram of a GPR profile carried on the section of outcrop 2A
showed in Figure 2.
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