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Abstract

The Jequitinhonha Basin (JB) is one of the sedimentary basins in the Brazilian Eastern Margin. Although
several regional studies have been conducted to define its tectonic framework and petroleum system, neither
one is very well-understood. For instance, the extent and influence of the volcanic rocks in the petroleum sys-
tem of the JB are still matters of debate among geoscientists. We found a new integrated interpretation for the
structural framework of JB in which we discover the major faults, the mapped volcanics, and a new basement
map. Finally, we evaluate the correlation of known exudation occurrences with our findings. Several exudation
occurrences are observed in the evaporite province (to the north), although only one exudation occurrence is
seen in the Royal Charlotte domain (to the south) thus corroborating the negative impact of the Abrolhos mag-
matic event for the petroleum systems in the JB. At least seven exudation occurrences are observed in the
oceanic crustal domain. This fact strengthens the possibility of the existence of an Urucutuca-Urucutuca postrift

petroleum system.

Introduction

According to Beglinger et al. (2012), the presence or
absence of magmatism influenced the petroleum sys-
tem in several basins of the Brazilian Eastern Margin
(BEM). In places where the volcanism was an active
process, the development of syn-rift lacustrine source
rocks would be hampered. A younger magmatic event
could overmature the syn-rift lacustrine source rocks or
even erode the older sedimentary sequences.

In spite of all efforts to date, most of the sedimentary
basins of the BEM remain under explored. This is
mainly due to a poor understanding of their petroleum
system including the influence of the Tertiary vol-
canism.

A massive magmatic event occurred especially in
the Jequitinhonha, Cumuruxatiba, and Espirito Santo
Basins (Figure 1), forming the Abrolhos Volcanic Bank
in the Espirito Santo Basin, the Royal Charlotte Bank in
the Jequitinhonha Basin (JB) and the Sulfur Minerva
seamount in the Cumuruxatiba Basin. The linear trend
of the volcanic rocks suggests evidence of an active hot
spot in the area (Mizusaki et al., 2002).

This scenario applies in particular to the JB (Fig-
ure 1). Notwithstanding some previous regional studies
related to the tectonic framework and structural evalu-
ation (Kiichle et al., 2005), the influence of the volcanic
activity on the petroleum system of JB is still not well-
understood. In fact, Beglinger et al. (2012) suggest that
there is no proven petroleum system in the JB, but they
propose a hypothetical lacustrine syn-rift plus one tran-
sitional fluvio-marine, one shallow and one deep marine
postrift speculative system. However, Clark (2002) af-
firms that a proven postrift Regéncia-Maricuru petro-
leum system exists within the basin.

In this paper, we propose a regional stratigraphic-
structural framework for the JB. This framework com-
prises the main sedimentary units and incorporates salt
domes, volcanic intrusions, and the basement relief, as
mapped through an integrated interpretation. High-res-
olution airborne magnetic data, satellite gravity data,
and more than 1500 km of 2D seismic lines were made
available for this study.

Available geochemistry and oil exudation data en-
abled us to correlate the hydrocarbon occurrences with
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the Tertiary volcanic intrusions. Our results indicate
that, in the JB, the volcanism had an adverse impact
on hydrocarbon generation.

Geologic setting of the JB

The JB shows a tectonic evolution characterized by
three main phases (Chang et al., 1992): a Neo-Jurassic-
Cretaceous prerift phase characterized by an intracon-
tinental syneclise event, a Neocomian-Aptian rift phase
exhibiting an intense distensive domain until the Gond-
wana breakup (de Almeida et al., 1996), and an Albian
postrift phase identified as a passive margin environ-
ment (Kiichle et al., 2005).

The structural framework is composed of the Oli-
venca High, which extends to the south as a shallow
platform and in the shallow-water domain. The base-
ment is composed of metamorphic rocks and granites
of the Rio Pardo Group. CORDOBA (1990) divides the
basin into two structural compartments. The northern
section exhibits a sequence of phased normal faults,
whereas the southern portion is characterized by an
expressive border fault. Several horsts, grabens, and
half-grabens can be observed in both compartments
(CORDOBA, 1990).
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The Ilhéus transfer zone is a Paleoproterozoic north-
west—southeast transpressive shear zone related to the
tectonic events observed in outcrops of the Rio Pardo
group. During the Cretaceous, in the opening stage of
the Atlantic Ocean, several of these shear zones were
reactivated. For instance, we can cite the Salvador and
the Itabuna transfer zones in the Camamu-Almada Ba-
sin and the Ilhéus transfer zone in the JB (Rangel et al.,
2007; Ferreira et al. 2009).

Chang et al. (1992) describe five main megasequen-
ces within the sedimentary evolution of the Brazilian
passive margin basins (Figure 2). From bottom to top:
continental, transitional, carbonatic, marine transgres-
sive, and marine regressive.

The Late Jurassic-Barremian continental megase-
quence is composed of lacustrine and fluvial sediments.
In the northern portion of the JB, organic-rich shales
were deposited within the half-grabens.

The Aptian evaporitic transitional Megasequence is
formed by massive salt bodies in the north of the JB
related to conglomerates and fine-grained clastic sedi-
ments. The Albian carbonatic megasequence tops the
Aptian salt. The main rock types are dolomites from a
shallow-water, high-energy carbonatic platform, inter-
bedded with clastic sediments of delta
fans. Calcilutites and calcarenites inter-
calated with shale and marl are also
found. (Kiichle et al., 2005; Milani et al.,
2007).

The marine transgressive megase-
quence, Late Albian-Turonian, is charac-
terized by low-energy sediments and
turbiditic sedimentation along paleocan-
yons. Turbiditic sandstones, calcilutites,
marl, and shale are the most common
rock types (Asmus et al., 1971; Santos
et al., 1994).

The marine regressive megasequence
is composed of a group of synchronal
depositional systems: delta-fans, flu-
vial-deltaic, continental platform, carbo-
natic platform, slope, and basin (Kiichle
et al., 2005). During the Paleogene-Eo-
gene, a large volcanic event formed the
Royal Charlotte complex (the Abrolhos
Formation) in the southern portion of
the JB (Figure 1).

The JB petroleum system is still a
matter of debate. Beglinger et al. (2012)
suggest that there is no proven petro-
leum system, but they consider a hypo-
thetical lacustrine syn-rift plus one
transitional fluviomarine, one shallow,
and one deep marine postrift speculative
system. Several researchers believe that
the same petroleum systems observed at
Camamu-Almada could be present in JB
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Figure 1. BEM sedimentary basins. The JB is in red.

due to its proximity and similar sedimen-
tary evolution (Gaglione et al., 1987; Gon-
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calves et al., 2000; Araujo, 2007). Clark (2002) considers
the Aptian-Albian Regéncia-Maricuru petroleum system
as the most relevant and active in JB. In that system, the
source rocks are the organic-rich shales of the Regéncia
Formation (TOC = 5%), and the main reservoirs are the
fluvial-deltaic sandstones of the Maricuru Formation
(Gaglione et al., 1987; Goncalves et al., 2000).

Available data set

ANP (National Petroleum, Natural Gas, and Bio Fuels)
has provided more than 1500 linear km of public-domain
poststack time-migrated 2D seismic lines
(Figure 3). ANP also provided check

(Hassan and Yalamanchili 2013; Hidalgo-Gato and Bar-
bosa, 2015).

Figure 5 shows the first vertical derivative of the
TMI-RTP. To the northwest, we can observe in the Oli-
venca High a strong northeast-southwest signature re-
lated to the shallow Proterozoic basement. Egydio-Silva
et al. (2011) identify three deformational events in the
Rio Pardo Group. The first one, in the Middle Protero-
zoic, in the autochthonous zone, northwest structures
are observed. The second one presents a folding event
also producing northwest—southeast structures. Finally,

shots, stratigraphy, and composite well

logs (density, sonic, porosity, resistivity, Megasequence Lithology meﬁ:::?:ms f:::::-s
and gamma ray) of three wells in the
study area (Figure 3). R Sediment
The high-resolution airborne magnetic . ’ yield
survey herein interpreted is composed of £
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data were provided as a total magnetic
intensity (TMI) anomaly. Before interpre- ; ;
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tation, we transformed these data to the ; Dictans

- Rift istension degree
pole (RTP) using the energy balance
algorithm (Keating and Zerbo, 1996). The
final RTP anomaly map is shown in Fig-
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chosen according to the IGRF model of
the year of the airborne magnetic survey
(2002).

The regional gravity data set is com-
posed of an offshore free-air satellite
gravity and bathymetry public domain
data compilation (Sandwell et al., 2013,
2014). We gridded both at 1 x 1 km size.
Next, we calculated the Bouguer anom-
aly by applying a 2.2 g/cm?® density
correction. Finally, we computed the
residual gravity anomaly shown in Fig-
ure 4, by removing the gravity effect
of the Moho discontinuity (Laske et al.,
2013).

Structural and seismic interpretation

To highlight and interpret geologic
and structural features at several depths,
we applied several enhancement filters
to the high-resolution airborne magnetic

Figure 2. Schematic model of the Brazilian evolution stages, lithologies, and
controlling factors. Modified from Chang et al. (1992).

data, including vertical and horizontal
derivatives, depth slices, and the ampli-
tude and phase of the monogenic signal

Figure 3. RDP-TMI anomaly map of the JB. Seismic lines are shown in blue,
and the wells are in black dots.
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in the Upper Proterozoic, a third event occurred and
can be observed by the northeast-southwest disruptive
structures. To the southwest, we also observe a small
portion of shallow basement with a strong high-fre-
quency signature. Another important geologic feature
is the Royal Charlotte igneous intrusion, mapped in
the southern portion of the JB. Unconventional filtering
was also used in this work. Figure 6 shows the phase
of the monogenic signal of the TMI-RTP. In this map,
it is possible to observe the main magnetic features
without enhancing undesirable features and noise. The
northeast-southwest trend in the Olivenca High and the
Royal Charlotte igneous intrusion can be mapped
clearly.
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Figure 4. Satellite isostatic gravity anomaly of the study area (Sandwell et al.,
2014). Seismic lines are shown in blue, and the wells are in black dots.
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Quantitative interpretation and 2D forward
modeling

Five horizons were mapped (Figures 7 and 8) using
information from three wells (Figures 3 and 4) available
for this study. Kiichle et al. (2005) describe half-
grabens in JB as a typical basement structure. The seis-
mic lines interpreted herein do not give any insight into
the basement geometry, but the upper sequences can be
mapped clearly. In seismic line L0066-0100 (Figure 7),
we observe salt diapirs in the transitional sequences
(Menezes and Milhomem, 2008). These salt bodies are
concentrated in the north portion of the JB and are not
observed in the southern portion (Figure 9). Listric
faults and growth faults are present above the salt,
deforming the Albian, Upper Creta-
ceous, and Paleogene sequences. Line
L0066-0096 (Figure 8) also shows listric
and growth faults above the transitional
sequence associated with salt bodies.
The Royal Charlotte Tertiary igneous
intrusion is well-imaged and is associ-
ated with minor igneous intrusions in Al-
bian and Paleogene sequences (white
lines). The basement half-grabens are
barely visible, and the same is true for
a deepwater oceanic crust. Combining
the geologic features mapped with po-
tential fields, seismic, and previous pub-
lications, we propose a new and detailed
structural map for JB (Figure 9).

Beyond qualitative interpretation, mag-
netic data can also be very well-adapted
for the estimation of magnetic sources.
The Peters half-slope (Peters, 1949), the
Euler deconvolution (Thompson, 1982),
and the Werner deconvolution (Werner,
1953) are the most well-known depth
estimating techniques. Figure 10 rep-
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resents the magnetic basement map
accomplished by combining the tech-
niques adopted on the airborne mag-
netic data (Figure 3). In this map, we
observe several geologic features al-
ready described by Chagas (2003) and
Castilho (2005). The Olivenca High, the
Canavieiras and Belmonte Canyons, and
the Jequitinhonha Trench are very well-
defined in this map. It is important to
emphasize the thick sedimentary infill of
the JB in general. In the Olivenca High,
the depths are approximately 6000 m,
whereas in the Jequitinhonha Trench,
the depths are more than 11,000 m.
To the northeast, we observe several
basement highs and lows with the north-
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Figure 5. First vertical derivative of the TMI. Some structural features were in-
terpreted. Lines L0066-0100 (Figure 7) and L0066-0096 (Figure 8) are shown in
the black lines. Interpretation features: white, hinge line; red, igneous intrusions;
and black, Royal Charlotte tertiary intrusion.

east direction presenting depths greater
than 12,000 m. These structures are re-
lated to the opening of the Atlantic
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Ocean during Cretaceous being described by Ferreira
et al. (2009).

Nonuniqueness is a major issue in geophysical inter-
pretation. To reduce the uncertainty in the interpreta-
tion, geophysicists often combine several methods to
constrain solutions for a reasonable geologic model
that fits the geophysical data (Adriano et al., 2014;
Adriano et al., 2015; Cunha et al., 2015). Here, we mod-
eled two seismic lines (TWT) (L0066-0096 and L0O066-
0100) (Figures 7 and 8) using the RTP-TMI and satellite
gravity data to provide depth constraints to the interpre-
tation. The properties used for the modeling exercise
are described in Figures 11 and 12. These properties

were acquired in the 1BAS-0081, 1-BRSA-669-BAS,
and 1-BAS-0007-BA wells (Figures 3 and 4). In line
L0066-0100, the half-grabens are identified presenting
depths approximately 11,000 m. Salt domes are also
observed, but the satellite gravity data have insufficient
resolution for detailed mapping. Line L0066-0096 (Fig-
ure 12) also shows salt domes in the Albian sequence
and half-grabens in the basement. Igneous intrusions
are also identified in the seismic interpretation and
confirmed by Werner deconvolution (red dots) (Fig-
ure 12). The Royal Charlotte Tertiary intrusion is also
confirmed by the satellite gravity and the airborne mag-
netic data.

Relationship between igneous
activity and petroleum occurrences

148

Figure 6. Phase of the monogenic signal of the TMI. Igneous intrusions are
shown in red, and the Royal Charlotte Tertiary intrusion is in black.

Considering the lack of petroleum
studies in the Cumuruxatiba, Jequitinho-
nha, and Camamu-Almada sedimentary
Basins, the potential for petroleum oc-
currence in the JB is still a matter of de-
bate among geoscientists. Nevertheless,
some studies related to oil evaluation,
hydrocarbon exudations, and tectonic
evolution have been performed. Sanabria
(2013) describes onshore exudations in
the northern portion of JB. According to
the author, the onshore exudations can
be associated with the northwest—south-
east transfer zones that acted as hydro-
carbon migration pathways. Lima et al.
(2005) identify at least 12 exudations in
the JB proposing a possible contribution
by the Tertiary igneous activity in the ma-
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Figure 7. Interpreted seismic line L0066-0100 (TWT). Salt domes and listric faults are observed. Well 1BAS-0080 was used for the
calibration of the horizons. No igneous activity is observed in this line.
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Figure 8. Interpreted seismic line L0066-0096 (TWT) showing salt domes, igneous intrusions, and the Royal Charlotte tertirary
intrusion.
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Figure 9. Our structural map of the JB combining magnetic, gravity, and seismic data.

150 e s




turation of the Cenomanian-Turonian source rocks of the
Urucutuca Formation (Figure 10). The authors also af-
firm that the deepwater exudations observed could be
related to geologic transfer zones. The position of these
exudations in the northern portion of the JB suggests
that the major petroleum potential is concentrated to
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the north and probably the Tertiary igneous activity is
a negative factor for hydrocarbon occurrence consider-
ing the single exudation observed in the southern portion
of the JB (Figure 10). The massive igneous activity acted
as an erosive agent for the syn-rift sequence, the main
source rocks of the JB. However, we observe that the
deep-water exudations are clearly associ-
ated with the northwest-southeast struc-
tures, mostly controlled by the Ilhéus
transfer zone oceanwards. Probably, dur-
ing Cretaceous, the reactivation of the II-
héus transfer zone acted as a migration
pathway being an important exploratory
trend to be observed in JB.

Araujo (2007) analyzed 11 oil samples
in the Camamu-Almada and JB by liquid
and gas chromatography. This study re-
veals a strong relationship between the
source rocks and saline lacustrine envi-
ronment. Another important factor is that
the oils analyzed in the Camamu-Almada
are thermally more evolved than the sam-
ples analyzed in the JB (Figure 13). Con-
sidering that Camamu-Almada present
much less igneous activity compared
with the JB (Caixeta e]t al., 2007; Gontijo
et al., 2007), this information suggests
that sedimentary burial has a greater im-
pact on source rock maturation than
does igneous activity.

Figure 10. Our depth-to-basement map (m) using the high-resolution airborne

magnetic surveys.
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Figure 11. The 2D forward modeling of the seismic line L0066-0100 (Figure 7). The properties used are described in the figure.
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Figure 12. The 2D forward modeling of the seismic line L0066-0096 (Figure 8). A low-pass filter of 5000 m was applied due its
Royal Charlotte complexity anomaly. The properties used are described in the figure. The Werner solutions in red dots confirm the

igneous intrusions in the seismic interpretation.
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Figure 13. Relationship of the parameters of thermal matu-
ration (S + R) /(+) C29 (m/z 217) and S/S(S + R) C29 (m/z 217).
(Modified from Araujo (2007)).

Conclusion

In this paper, we interpreted airborne magnetic,
satellite gravity, and seismic data, and we proposed a
detailed structural map for the JB. The integrated inter-
pretation workflow consisted of producing several
enhancement maps for a consistent identification of
structural features and igneous bodies presented in
the JB. In the satellite gravity data, the Moho effect was
removed to enhance shallow sources. Northeast-south-
west normal faults are identified in the shallow- and
deepwater domain. A secondary northwest-southeast
structural complex is also identified. Seismic lines were
interpreted with the aid of three wells for the definition
of the main sedimentary sequences and the basement
structural style. Salt domes are also identified present-
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ing a northwest—southeast trend possibly related to the
IIhéus transfer zone.

A quantitative study was also performed. A basement
map in depth is proposed using airborne magnetic data.
In this map, we observe several geologic features such as
the Olivenca High, the Jequitinhonha Trench, the Cana-
vieiras and Belmont Canyons, the Royal Charlotte igne-
ous intrusion, and a northeast-southwest extensional
domain in the northeast of the JB. Two-dimensional for-
ward modeling was also performed constrained by seis-
mic interpretation and density well-log information.

Finally, exudation observations were combined with
the interpretation products interpreted herein. Most of
the exudation occurrences are located in the north
of the JB, in the salt-dome domain, providing evidence
that this area is strategic for hydrocarbon occurrence.
Considering that only one exudation point was ob-
served nearby the Tertiary Royal Charlotte igneous
intrusion, we conclude that the Tertiary igneous volcan-
ism has had a negative impact on the petroleum system.
The northwest—southeast transfer zones and the listric
faults are probably the main migration paths in the JB.
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