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Abstract: Due to the success of oil and gas production, turbidites have become exploratory targets
over the past 40 years in the rift and passive margin basins in the North and South Atlantic. The
turbiditic reservoirs in rift and passive margin settings of Atlantic sedimentary basins located in Brazil
(Campos Basin) and Portugal (Lusitanian Basin) represent potential economic units for the hydrocar-
bon exploration. However, despite being considered analogous reservoirs, these units present distinct
potentials for the accumulation of hydrocarbons. In this context, the work presented discusses the
results obtained from the analysis of static (source rock, reservoir rock, seal and trap) and dynamic
elements (migration, tectonic, diagenetic and thermal processes) of both studied petroleum systems,
using geological, seismic, well, geochemical and petrographic data. The developed methodology
of multiscalar characterization of the two petroleum systems was successful, leading to a specific
classification of the efficiency of the static and dynamic elements. These served as the basis for a
petroleum systems analysis of the potential of turbiditic reservoirs in both analyzed basins. In the
Campos Basin, the salt diapirs and the associated faults provided the origin of excellent migration
routes for the hydrocarbons generated in lower intervals, allowing them to reach Cretaceous turbidite
reservoirs. At Lusitanian Basin, the diagenetic processes reduced significantly the porosities of
the potential turbiditic reservoirs, besides the intense influence of the salt tectonics that may have
been responsible for the migration of hydrocarbons along faults or by their walls, towards upper
formations and to the surface.

Keywords: sedimentary basins; petroleum systems; static elements; dynamic elements; turbiditic reservoirs

1. Introduction

In many sedimentary basins of the world, there are proven petroleum systems that
have already produced drilled and yet-to-be-drilled prospects. Commercial prospecting of
oil and/or gas from reservoirs depends on the efficiency of static and dynamic elements, and
their associated processes. Therefore, it is essential to understand all the dynamic elements
involved in the generation and evolution of a sedimentary basin. These consequently
contribute to the good performance of the static elements of the petroleum systems, and
their associated essential processes. In this context, multiscale analysis is necessary for a
better understanding of each type of reservoir.

Although turbidite reservoirs do not represent the largest hydrocarbon reserves in
the world, they have become of great interest to the hydrocarbon industry over the past
40 years [1]. In this article, we present the results obtained from the analysis of the static
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and dynamic elements of the petroleum systems contained in a case study that executed
an analysis of petroleum systems of two turbidite reservoirs: the turbidite sandstones of
the Carapebus Formation (Upper Cretaceous) of the Campos Group (oil producer of the
Roncador Field in the Campos Basin, Brazil), and the reservoirs of prospects drilled in the
sandstones of alluvial fans, deltas and turbidites of the Abadia Formation (Neo-Jurassic) in
the Lusitanian Basin (Portugal).

According to the classic definition published in the AAPG Memoir 60 [1], a petroleum
system encompasses a set of active source rocks and all the essential elements and processes
necessary for the accumulation of oil and gas. According to the authors, the essential
elements are: source rock, reservoir rock, seal rock and source rock burial (overburden).
The processes associated with the essential elements include the formation of traps and the
generation–migration–accumulation of oil. All elements must be positioned in time and
space so that the processes necessary to form an oil accumulation can take place. Petroleum
system studies describe the genetic relationship between a hydrocarbon generation kitchen
and the resulting oil (oil and/or gas) accumulation. Proof of the existence of a petroleum
system is the presence of hydrocarbons, even represented by a puff of gas or a drop of oil
(low volume but high concentration).

Since the classic work of the AAPG Memoir 60 [2], various concepts of petroleum sys-
tems have been reviewed. The static elements of petroleum systems [3] are essentially the
mappable elements related to sedimentary processes (depositional systems, involving as-
pects such as erosion/climate and rates of accumulation and preservation), namely: source
rock, reservoir rock and sealing rock. A fourth, equally mappable element, is the trap [3],
which developed in association with both depositional history (stratigraphic traps), diage-
netics (diagenetic traps) and post-depositional tectonics (structural and geomorphic traps).

The dynamic elements of petroleum systems [3] consist of those that we can model
and are associated with post-depositional dynamics, which include: tectonic (burial or
subsidence history and associated overload, subsidence and uplift rates), and diagenetic
and thermal (heat fluxes) processes. All these dynamic elements may influence the different
petrophysical properties and permo-porous attributes of each studied reservoir rock, and
its consequent exploratory success as an accumulator, or not, of hydrocarbons.

On the other hand, the static elements and their linked processes are directly associated
with the geodynamic elements that affect the evolution of each sedimentary basin, which
also include tectonic, diagenetics and thermal processes. Therefore, subsidence and uplift
influence the distinct petrophysical characteristics of each reservoir rock under study,
consequently directly impacting the exploratory success and the viability of hydrocarbon
accumulations [3].

In regards to the basin geodynamics and their influence on dynamic elements, a sedi-
mentary basin is not only composed by the source rocks, reservoir rocks and sealings, but
the entire sedimentary column that plays an active and decisive role in the genesis, trapping
and conservation of hydrocarbons. The formation of a petroleum system is the result of a
succession of physical and chemical transformations (diagenesis, tectonic deformations,
compaction, etc.), which affect the sediments and strictly control the genesis, concentration
and dispersion of hydrocarbons. Important factors that control these transformations and
even initiate them are the geodynamic movements of uplift and subsidence of the basin, in
accordance with the mechanisms of tectonics, heat fluxes and gravity [4].

An analysis based on the multiscale characterization of the elements of the petroleum
systems was carried out in order to confirm that the petroleum systems worked in the
case study. This analysis sought to confirm the occurrence of the four static elements
(source, reservoir and sealant rocks and traps), as well as the generation and migration of
hydrocarbons (dynamic elements). To achieve this, all available data for each objective were
studied, including: interpreted 2D seismic reflection lines; exploratory well data (composite
profiles with logging data); geochemical data from source rocks; and petrographic analyses
with the description of the diagenetic processes acting on the reservoir rocks. In this context,
analysis of petroleum systems of the studied turbidite reservoirs was performed. These
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analyses were based on two studies: a table of the efficiency of the static and dynamic
elements and of the synchronism and economic aspects of the two petroleum systems; and
an illustrative scheme of static and dynamic elements of petroleum systems.

2. Geological Settings

In this section, the location maps (Figure 1), the stratigraphic charts and the petroleum
systems event charts of the Campos and Lusitanian basins are presented, demonstrating the two
petroleum systems addressed in the case study: Lagoa Feia-Carapebus and Cabaços-Abadia.
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Figure 1. Location maps of the Campos Basin (a), adapted from Bastos, [5] and the Lusitanian Basin
(b), adapted from Pena dos Reis and Pimentel [6], in Brazil and Portugal, respectively.

2.1. Campos Basin

The Lagoa Feia-Carapebus petroleum system included in the case study of the present
work had its generation in the Lagoa Feia Group shales and accumulation in the turbidites
of the Carapebus Formation (Turonian-Miocen).

The Lagoa Feia-Carapebus petroleum system is shown in the stratigraphic chart of
the Campos Basin (Figure 2), in which the source rocks of the Lagoa Feia Formation are
indicated by the green circle and the turbidite sandstone reservoirs of the Carapebus
Formation (Santonian, Campanian and Maastrichtian) are indicated by the yellow circles.
The seal rocks are the shales of the Ubatuba Formation (UBT). The petroleum systems event
chart for the Campos Basin is presented in Figure 3, with the positions of the source rock
and the reservoir of the Lagoa Feia-Carapebus petroleum system.
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Figure 2. Stratigraphic chart of the Campos Basin, adapted from Portella [7], showing the Lagoa
Feia-Carapebus petroleum system. The source rocks of the Lagoa Feia Formation are indicated by the
green circle and the turbidite sandstone reservoirs of the Carapebus Formation are indicated by the
yellow circles. The seal rocks are the shales of the Ubatuba Formation (UBT).
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Figure 3. Petroleum systems event chart of the Campos Basin, adapted from Alves [8]. Inside a–b line
marks the period of generation (from Barremian to Aptian) and the c–d line indicates the period of the
principle reservoirs (from Santonian to Maastrichtian) of the Lagoa Feia-Carapebus petroleum system.

2.2. Lusitanian Basin

The studied petroleum system, the Cabaços-Abadia of the Lusitanian Basin, involves
the generation of petroleum by the shallow water transitional marine sediments of the
Cabaços Oxfordian Formation (Neo-Jurassic) (Figure 4), composed of marly limestones
deposited in lake, lagoon and coastal environments [9]. TOC values range between 2% and
5% (up to 30%), with a type III kerogen dominance [10].
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Figure 4. Chronolitostratigraphic chart of the Lusitanian Basin, adapted from Pena dos Reis and
Pimentel [6].
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The oil migrated to Kimmeridgian (Upper Jurassic) turbidite sandstones belonging
to the Abadia Formation [11] (Figure 4). This petroleum system was tested as a target in
several exploratory wells drilled in the onshore of the Lusitanian Basin, in the Arruda,
Turcifal and Bombarral sub-basins, in the central part of the basin. The hydrocarbons
generated in the Cabaços Formation also migrated to the overlapping fractured Oxfordian
marine limestones of the Montejunto Formation and to intervals with potential reservoir of
the microbiolites of the Cabaços Formation [12].

The simplified petroleum systems of the Lusitanian Basin are presented in Figure 5,
below. The studied petroleum system of Cabaços-Abadia in the case study is shown inside
the blue dotted line.
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Figure 5. Simplified petroleum systems of the Lusitanian Basin. The Cabaços-Abadia petroleum
system is shown within the blue dotted line, referring to the third petroleum system, adapted from
Pena dos Reis and Pimentel [6]. The oil is generated in the marly limestones of the Cabaços Formation
and migrates to the turbidite sandy reservoirs of the Abadia Formation (modified).

3. Materials and Methods
3.1. Materials

The materials used for the research were the following: interpreted 2D seismic lines,
composite profiles of exploration wells, results of geochemical analysis of source rocks and
description of petrographic thin sections with photomicrographs.

3.1.1. Carapebus Formation

Figure 6 presents the map showing the Roncador Field (in orange), and the location of
the interpreted 2D seismic lines 66-08 and 53-240 [13], used in the research. The seismic
line 53-240 was chosen to be presented in the results (item 4), as it is more representative
in terms of showing the connection of source rocks of the Lagoa Feia Formation with the
turbidite reservoirs of the Carapebus Formation.



Energies 2022, 15, 8224 7 of 28

 

6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Map of Brazil (a); Roncador field on the Campos Basin (b) adapted from Furlan [13];
location of the 2D seismic lines 66-08 and 53-420 (c) adapted from Furlan [13]; location of wells in the
Roncador field (blue dots), of the analyzed wells (green dots) and of the well 3-RO-4-RJS (inside the
red rectangle), selected to be presented in the results (d) adapted from Ref. [14].

Data from 12 exploration wells executed in the Roncador Field (Figure 6) were used
in the investigation, whose well folders and composite profiles were downloaded from
the ANP Exploration and Production Databank [14]. The 12 wells studied were the 1-RJS-
436A-RJS, 1-RJS-436-RJS, 1-RJS-513-RJ, 3-RO-1-RJS, 3-RO-2-RJS, 3-RO-4-RJS, 3-RO-11-RJS,
4-BRSA-203-RJS, 4-BRSA-1220DA-RJS, 4-BRSA-1220D-RJS, 6-BRSA-377D-RJS and 6-BRSA-
963DA-RJS.

The 3-RO-4-RJS well (inside the red rectangle—Figure 6d) was selected to be presented
in the results as it is the most representative of the turbidite sandstone packages of the
Carapebus Formation, with oil occurrences, capped by the shales of the Ubatuba Formation
(sealing rock).

The geochemical profile of the source rocks of the Lagoa Feia Formation is presented
in the results, proving their effectiveness in the Campos Basin.

Eighteen photomicrographs of thin sections from the turbidites of the Carapebus
Formation [15] were analyzed in the research, divided by well: 06 from the Santonian
turbidites of Well 03; 06 from the Campanian of Well 04; and 06 from the Maastrichtian of
Well 05 (Figure 7). The thin sections of Well 05 were selected to be presented in the results,
due to the Maastrichtian being the most important interval of turbidite sandstones in the
Roncador Field.
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Figure 7. Location of the well cores 03, 04 and 05 used for petrographic analysis of the turbidite
reservoirs, respectively, of the Santonian, Campanian and Maastrichtian of Campos Basin [15].

3.1.2. Abadia Formation

Figure 8 presents the map showing the central sector of the Lusitanian Basin, and the
location of the interpreted 2D seismic lines AR9-80 and H [16], used in the investigation,
and the positions of the analyzed exploratory wells Benfeito-1 and Freixial-1. The seismic
line AR9-80 was selected to be presented in the results, because it is the most representative,
showing the listric faults that connect the source rocks of the Cabaços Formation with the
potential turbiditic reservoirs of the Abadia Formation. A range of 204 m of the composite
profile of the Benfeito-1 (Bf-1) exploratory well is presented on the results. This range
clearly shows various levels of turbidite sandstones from the Cabritos Member with several
gas shows, proving the effectiveness of the Cabaços-Abadia petroleum system.

Geochemical analysis of total organic carbon (TOC) and vitrinite reflectance from the
source rocks of the Cabaços and Vale Verde Formations (Upper Jurassic) are presented in
the results, in order to confirm the generating capacity of these rocks.

Seven photomicrographs of thin sections were selected with their respective descrip-
tions of turbidite sandstones of the Abadia Formation: 03 (three) photomicrographs
of the Benfeito-1 (Bf-1), in the following depth intervals: 895–900 m, 959–955 m and
980–985 m, and 4 (four) other photomicrographs of thin sections of plugs of the Freixial-1
exploratory well, at the following depths: 774.0 m (two units), 904.0 m and 936.0 m. Six
photomicrographs were selected as the most representative and are presented in the results.
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Figure 8. Location map of the 2D analyzed seismic lines H and AR9-80. This last line with the
analyzed exploration wells Freixial-1 (Fx-1) and Benfeito-1 (Bf-1), adapted from Ref. [16], was selected
to be presented in the results.
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3.2. Methods

The multiscale analysis of petroleum systems was based on the multiscale reservoir
characterization method (acronym CAMURES in Portuguese), which considers the visual-
ization of the sedimentary record through the integrated application of a set of techniques
and theories usual in sedimentary geology and based on the petroleum geology, directed
to the research of mineral resources contained in sedimentary basins [17,18].

The analyses presented in this article were based on the evaluation of three studies: a
table of static and dynamic elements, synchronism and economic aspects; an illustrative
scheme of the analysis of static and dynamic elements of petroleum systems (Figure 8); and
the calculation of the probability of geological success of the studied reservoirs.

Figure 9 shows the scheme of the interrelationship of the static elements (generator,
reservoir, sealant and traps: SE1 to SE4) with the dynamic elements (generation, migration
and accumulation: DE1 to DE3) of the petroleum systems and the factors and processes that
influenced their formation, as well as the synchronism between these factors and dynamic
elements, in time and space.
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Figure 9. Illustrative diagram of the factors and processes (dynamic elements) that affect the static
elements of a petroleum system. The graphic arrangement of these elements was performed according
to their moment of contribution within the petroleum system (timing).

For the source rock static element (SE1), the most influential factors are the overburden
rocks, generated by the first phase of tectonism (responsible for the implementation of the
basin) and constituted by the sedimentary column. The latter, in turn, affects the geothermal
gradient, and also contributes to the formation of dynamic elements of generation (DE1)
and migration (DE2), all interconnected by the active timing.

After the generation of hydrocarbons, other factors are responsible for helping them
to migrate to the reservoir rocks (SE2), such as gravity and the tectonic phase active
at this stage. The tectonism is responsible for the formation of faults and diapirism,
which in turn constitute migration routes and promote the formation of traps capable of
retaining hydrocarbons.
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As a result of hydrocarbons reaching the reservoir rocks (SE2), factors such as their
constituent minerals and the action of diagenetic processes will contribute to the formation
of their permo-porous characteristics. The physicochemical processes and fluid flows acting
on diagenesis directly influence the generation of porosity and permeability of reservoir
rocks, and consequently their ability to retain and let the hydrocarbons flow.

The good permo-porous characteristics (porosity and permeability) are essential for the
retention of hydrocarbons by the reservoir rock. However, it is also necessary to close the
oil system by a sealing rock (SE3), thus forming the fourth static element that constitutes the
trap (SE4). If the reservoir rock is sealed by the sealant rock, there will be the formation of a
commercial accumulation of oil and/or gas (DE3), or non-commercial. The latter occurs if there
is no sustained and stabilized hydrocarbon flow during the reservoir formation tests.

For the occurrence of a commercial accumulation, it is necessary that all static and dy-
namic elements originate and develop in an adequate space time scale, in the phenomenon
reported as timing (indicated in the scheme of the Figure 8 by the red arrows).

The illustrative scheme of Figure 8 is divided into three color bands related to the
static elements and the processes and active factors (dynamic elements) acting on them:
the gray band, related to source rock (SE1); the blue band, relative to the reservoir (SE2)
and the traps (SE4); and the green band, referring to the trapping of hydrocarbons, by the
traps (SE4) and sealing rocks (SE3). The dynamic elements generation (DE1), migration
(DE2) and accumulation (DE3) are distributed over the three bands of the static elements,
along with the red arrows indicating the timing.

In addition to presenting the geological data that prove the petroleum systems, the
probability of geological success (Pg) was calculated for each reservoir studied in the
case study. The probability of geological success (Pg) was obtained by multiplying the
probabilities of the following four factors of the play concept [19], expressed in notes from
0.0 to 1.0:

Pg = P source rock (Psr) × P reservoir (Pr) × P trap (Pt) × P dynamic (Pd)

Geological success is defined as reservoir capacity of having a sustained and stabilized
flow in a hydrocarbon flow test, disregarding the occurrence only of oil and gas shows
or hydrocarbon flows without pressure stabilization. This definition eliminates very low
permeability reservoirs of limited area extent, biodegraded oils, and other marginal cases
that cannot deliver a stabilized flow of hydrocarbons from a successful case [19].

After estimating the probability of all geological factors, the probability of success is
calculated using the equation described, and consequently, the geological risk value. The
calculated values for the probabilities of each one of the geological factors come from the
knowledge about the multivariable database (data from different observation scales) of the
studied petroleum system. In this context, the probability of geological success (Pg) of a
reservoir depends on the quantity and quality of the available data and on the analysis of
the coherence of these data by the explorationist’s evaluation.

The qualitative interpretation of geological hazard is expressed according to the
geological success probability formula (Pg). The numerical ranges of the results of this
equation are classified by geological risk ranges. The geological risk classifications are
namely: very high risk (0.0–0.05), high risk (0.05–0.15), moderate risk (0.15–0.25), low risk
(0.25–0.5) and very low risk (0.5–1.0) [19–21].

4. Results

Here, the results obtained through the multiscale characterization of static elements,
dynamic elements, synchronism and economic aspects (calculation of the probability of
geological success) of the two petroleum systems addressed in the case study are presented.

4.1. Campos Basin (Brazil)–Carapebus Formation

For the analysis of the static elements of the petroleum system of the Roncador Field at
Campos Basin, Brazil, the following results are presented: interpreted 2D seismic reflection
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line 53–420; composite profile of the exploratory well 3-RO-4-RJS; geochemical profiles of
the source rock of the Lagoa Feia Formation; petrographic analysis of the main reservoir
rock of the Carapebus Formation with the description of the noted diagenetic processes
and calculation of the probability of geological success.

Figure 10 shows the interpreted 2D seismic reflection line 53–420 [22], close to the
ring fence area of Campo de Roncador, in the Campos Basin. The most important seismic
reflectors were interpreted, being thus related: the top of the Aptian (corresponding to the
base of the Retiro Formation–base of the salt), the top of the Macaé Group, the top of the
Maastrichtian (which corresponds to the most important age of occurrence of the Cretaceous
turbidite reservoirs), the top of the Oligocene, the top of the Ubatuba Formation of the
Campos Group (the most important sealing rocks) and the top of the Emborê Formation.
The geological faults and saline domes of the Retiro Formation were also interpreted.
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Figure 10. Interpretation of the 2D seismic reflection line 53-420, near the ring fence area of the
Roncador Field, in the Campos Basin, Brazil, adapted from Furlan and Vincentelli [22]. The Carapebus
Formation reflector corresponds to the top of the Upper Cretaceous (Maastrichtian).

In the interpreted seismic section of the line 53-420 (Figure 10) it is possible to notice
that the large faults of the rift and drift phases are connecting the source rocks of the Lagoa
Feia Formation, marked by the top of the Aptian reflector (top of post-rift phase), with the
turbidite reservoirs of the Carapebus Formation (Upper Cretaceous).

From the analysis of the composite profile of the 3-RO-4-RJS well [14], two intervals of
the turbidite sandstones of the Carapebus Formation were observed (Figure 11), at their
respective depths and thicknesses: from 2607 m to 2633 m (26 m thick), and from 2800 m
to 3057 m (257 m thick). Several formation pre-tests were carried out at several different
depths along the deepest and thickest interval of the Carapebus Formation, proving the
effectiveness of this formation as a producer of oil and gas. Thick packs of shales and marls
from the Ubatuba Formation could be seen over the turbidite sandstones, sealing these
reservoirs. This well did not reach the generating shales of the Lagoa Feia Formation.



Energies 2022, 15, 8224 13 of 28
 

11 

 

 

 
Figure 11. The 835 m interval of the composite profile of exploratory well 3-RO-4-RJS, from depth of
2395 m to 3230 m (end of well). The occurrence of two intervals of Cretaceous turbidite sandstones
of the Carapebus Formation was observed, at the following depths and thicknesses: from 2607 m
to 2633 m (26 m thick) and from 2800 m to 3057 m (257 m thick). Several formation pre-tests (with
the acronym PT in the profile) were carried out at different depths of the deepest interval of the
Carapebus Formation, proving the effectiveness of this formation as a producer of oil and gas. Thick
packs of shales of the Ubatuba Formation could be seen over the turbidite sandstones, sealing these
reservoirs. This well did not reach the generating shales of the Lagoa Feia Formation, adapted from
Ref. [14].
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Based on the data evaluated in samples from the Lagoa Feia Formation, the average
TOC was 0.64%, with 95% of the data ranging from 0.01% to 6.0% (Figure 12). The analysis
of Rock-Eval pyrolysis data for the Campos Basin Rift Sequence allowed the identification
of two main types of kerogens, type I and type II, present in the same formation.
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Figure 12. Geochemical profile of the Lagoa Feia Formation representing the sum of all geo- chemical
information regarding this unit [23].

The Maastrichtian turbidite reservoir, the most important reservoir on the Roncador
Field, represents a major sand-rich, deepwater system in Campos Basin with large sand
volumes in the northeastern, northern and southern portions of the basin. The petrographic
analysis indicated, on average, a lithic arkose composition with very low quartz to feldspar
ratio (Q/F 1⁄4 0.65), and medium sand grain size. The sand grains were subangular to
sub-rounded, with poor sorting (Figure 13) [15].

The main diagenetic processes identified in the petrographic analysis of the turbidite
sandstones of the Carapebus Formation were the formation of pseudomatrix by the com-
paction of muddy intraclasts, the replacement of intraclasts and pseudomatrix by micro-
crystalline quartz, cementation by dolomite and calcite, the replacement of feldspars and
micas by kaolinite, and sometimes also by calcite. On a smaller scale, feldspar albitization
and pyrite precipitation were observed [24].

After analyzing all data from interpreted 2D seismic lines, exploratory wells, source
rock geochemistry and petrographic analysis, it was possible to verify that the dynamic pro-
cesses and the static elements occurred, proving that the Lagoa Feia-Carapebus petroleum
system worked.

The source rock probability score (Lagoa Feia Formation) was given based on good
average TOC, thickness and average depth (Psr = 0.8). Reservoir rock probability was
interpreted due to the very good porosity of the Carapebus Formation turbidites and
their excellent permeabilities (Pr = 0.8). The probability of traps was based on the pres-
ence of stratigraphic and structural traps and, in addition, to the excellent thickness
of the sealing rocks of the Ubatuba Formation (Pt = 0.8). Dynamic probability (tim-
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ing and migration) was interpreted based on the presence of efficient migration routes
(Pd = 0.7). The turbidite reservoirs of the Carapebus Formation (Campos Basin, Brazil)
have a qualitative interpretation of low geological risk (Pg = 0.3584).
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Figure 13. Photomicrographs of the Maastrichtian reservoir (Well 05) of the Carapebus Formation:
photos (a,d,e,f) with uncrossed polarizers; b and c with crossed polarizers. (a) Poorly sorted sub-
angular medium-grained sandstone, lithic arkose; observe the volcanic rock fragments (indicated
by red arrows). (b) Very poorly sorted subangular medium-grained sandstone, arkose; observe the
pebble-sized feldspar grains (indicated by red arrows). (c) Poorly sorted subangular coarse-grained
sandstone, arkose; observe the pebble-size feldspar grains (indicated by red arrows). (d) Moderately
sorted subangular fine-grained sandstone, arkose; observe the high content of micaceous grains and of
black carbonaceous fragments of burned wood (indicated by red arrows). (e) Detail of the compacted
carbonaceous fragments and micas. (f) Moderately sorted subangular fine-grained sandstone, lithic
arkose; observe the volcanic rock fragment (indicated by red arrow), adapted from Fetter et al. [15].
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4.2. Lusitanian Basin (Portugal)–Abadia Formation

For the analysis of the static elements of the petroleum system involving the Abadia
Formation at Lusitanian Basin, the following results are presented: interpreted 2D seismic
reflection line AR9-80; composite profile of the exploratory well Benfeito-1; geochemical
profiles of the source rock of the Cabaços Formation; petrographic analysis of the reservoir
rocks of the Abadia Formation with the description of the observed diagenetic processes
and calculation of the probability of geological success.

The interpreted 2D seismic reflection line AR9-80 (Figure 14) cuts the Arruda Sub-
basin in the NNW-SSE direction. The most evident structure in this seismic line was the
Montejunto Anticline (NW of the line), which is related to the diapirism of salt from the
Dagorda Formation [25]. The Abadia Formation (Upper Jurassic) presents itself in a wavy
wedge shape, with the total thickness (seismic) decreasing towards the Montejunto anticline
(NW). Two internal seismic facies were recognized in the Abadia Formation: a lower unit
dominated by sandy sediments (possible Cabrito and Castanheira Members—Figure 13),
interpreted as potential turbidite reservoir rocks, and an upper interval, formed by pro-
grading marls and siltstones (Upper Member–Margas Abadia), interpreted as potential
sealing rocks.
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Figure 14. The 2D AR9-80 seismic reflection line interpreted. The Benfeito-1 (Bf-1) and Freixial-1
(Fx-1) exploratory wells drilled, respectively, 972 m and 1255 m thick in the Abadia Formation,
adapted from Rasmussen et al. [26]. The occurrence of listric faults (in red) developed by the salt
tectonics of the Dagorda Formation can be observed, which may have enabled the migration of
hydrocarbons generated mainly in the Cabaços Formation (beneath the green reflector), and also
in the Brenha Formation and the Paleozoic, to the turbidite sandstones of the Abadia Formation
(beneath the orange reflector).

According to its composite profile [27], the exploratory well Benfeito-1 (Bf-1), was
drilled 972 m thick (from 165 m to 1137 m in depth) in the Abadia Formation lithologies,
and 247 m thick in the turbidite sandstones of the Cabrito Member, in which several gas
shows were detected (Figure 15), attesting to the Cabaços-Abadia petroleum system. At
the top of the Abadia Formation section, thick layers of claystones, marls and siltstones
could be observed, sometimes with thin layers of terrigenous sandstones. This package
extends from the top of the Abadia Formation, at 165 m depth, to the top of the Cabritos
Member, at 890 m depth, totaling 725 m in thickness, being interpreted as belonging to the
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Upper Member of the Abadia Formation, being the potential sealing rock. From 890 m to
1137 m (247 m thick) there was a predominance of potential reservoirs of sandstones from
the Cabrito Member. Several gas shows were detected in the sandstones of the Cabrito
Member (Figure 14), proving the occurrence of the Cabaços-Abadia petroleum system.
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Figure 15. The 204 m interval (from 940 m to 1144 m depth) of the composite profile of the Benfeito-1
(Bf-1) exploratory well. This range clearly shows various levels of turbidite sandstones from the
Cabritos Member. Several hydrocarbon shows were detected in these sandstones, including four at
this interval, attesting to the effectiveness of the Cabaços-Abadia petroleum system, adapted from
Ref. [27].
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The data obtained from outcrops in the Cabaços Formation showed TOC values
ranging from 0% to 3.29% (Figure 16a), with the highest values distributed in the Central
Sector in the zone of Runa, Turcifal, Arruda and Bombarral sub-basins and in the Serra
de Montejunto [28–30]. In the North Sector of the basin, the highest values were found in
the Figueira da Foz region, at the Cabo Mondego outcrop. Vitrinite reflectance (Ro) values
ranged from 0.25% to 1.37% (Figure 16b), with the highest values located mainly in the
Lourinhã region, reaching maturation according to the oil window. The maximum values
of Ro varied from 0.57% to 1.37%, with the highest values located in the Central Sector,
namely in the Bombarral region [28].
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Figure 16. Total organic carbon (TOC %) (a) and vitrinite reflectance (Ro%) data (b), respectively,
from the source rocks of the Cabaços or Vale Verde Formations, adapted from Pena dos Reis and
Pimentel [30].

The sandstones of the Abadia Formation analyzed from core sample thin sections
from the Benfeito-1 and Freixial-1 exploratory wells corresponded predominantly to lithic
arkosium, and secondarily to arkosium. Regarding the diagenetic processes observed in
drillhole samples from the Abadia Formation, mechanical compaction on the framework
constituents and the precipitation of carbonates (calcite) (Figure 17) by dissolution and
nucleation in the hybrid sandstones stood out [31].

After analyzing all data from interpreted 2D seismic lines, exploratory wells, source
rock geochemistry and thin sections, it was possible to verify that the dynamic processes
and the static elements occurred, proving that the Cabaços-Abadia petroleum system was
successful, even with small amounts of gas detected in the potential turbidite reservoirs of
the Abadia Formation across the Lusitanian Basin.

The source rock probability score (Cabaços Formation) was given due to the good
average TOC, thickness and average depth (Psr = 0.7). The reservoir rock probability was
interpreted based on the low porosity of the turbidites of the Abadia Formation, with a
strong action of diagenetic processes (Pr = 0.4). The probability of traps was calculated due
to the presence of stratigraphic and structural traps and, in addition, to the good thickness
of the sealing rocks of the Upper Member of the Abadia Formation and the evaporites of
the Dagorda Formation (Pt = 0.7). The dynamic probability (timing and migration) was
interpreted based on the presence of migration routes that carried the hydrocarbons both
towards the reservoir rocks and towards the surface (Pd = 0.4). The turbidite reservoirs of
the Abadia Formation (Lusitanian Basin, Portugal) have a qualitative interpretation of high
to very high geological hazard (Pg = 0.0784).
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Figure 17. Photomicrographs with crossed polarizers of core samples of the turbidite sandstone
reservoirs (Cabrito Member) of Benfeito-1 exploratory well: (a) 895 m to 900 m depth—very coarse
sandstone with fractured grains. Poikilotopic calcite (indicated by red arrows) filling intergranular
and grain fracture pores. Intense grain replacement. (b) At 950 m to 955 m depth—hybrid medium
sandstone rich in ooids intensely cemented by calcite (indicated by red arrows). (c) At 980 to 985 m
depth—hybrid medium sandstone with subangular grains heavily cemented by calcite (indicated
by red arrows). Note the partial replacement of grains by calcite. (Photomicrographs with crossed
polarizers of core samples of the turbidite sandstone reservoirs (Cabrito Member) of Freixial-1
exploratory well: (d) fine sandstone, poorly sorted, cemented by mosaic calcite (indicated by red
arrows) and poikilotopic. (e) Poorly sorted hybrid feldspathic sandstone, rich in ooids, intensely
cemented by mosaic calcite (indicated by red arrows) and poikilotopic. (f) Poorly sorted sandstone
with subangular grains, cemented by calcite in mosaics (indicated by red arrows), adapted from
Garcia et al. [31].
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5. Discussion

Here, the analysis of the efficiency of the static and dynamic elements, timing and
economic aspects (Table 2) is presented, in addition to the illustrative schemes for the static
and dynamic elements of the two petroleum systems considered. These served as the basis
for the analysis of the two studied reservoirs.

Table 1. Analysis of the efficiency of the static and dynamic elements, timing and economic aspects
of the proven petroleum systems.

Petroleum System Lagoa Feia- Carapebus Cabaços-Abadia

ST
A

T
IC

EL
EM

EN
T

S

Source Rock Shales of Lagoa Feia Formation Marly limestones of Cabaços Formation

Medium TOC 0.64%: regular; up to 6%: good 2% to 5% (up to 30%): good to excellent

Medium depth 4478 m 1906 m

Medium thickness 100 to 300 m 200 m

Kerogen Types I and II (oil and gas) Types I, II and III (oil and gas)

Hydrogen Index >900 mg HC/g TOC Up to 664 mg HC/g TOC

Vitrinite reflectance (Ro%) 0.6% (oil window) 0.5% to 1.3% (oil window)

Reservoir Rocks Cretaceous turbidites of the
Carapebus Formation

Jurassic turbidites of the Cabrito and
Castanheira Members

Medium porosity 19% to 29%: from good to very good 2% to 5% (Well Bf-1): insignificant and
8% to 9% (Well Fx-1): poor

Permeability—K (mD) Between 263 and 2560 mD: very good to
excellent No data available

Medium depth 2333.5 m 802.5 m

Maximum thickness 257 m 284 m (Well Fx-1)

Presence of oil and gas Confirmed Confirmed

Sealing Rock Shales and marls of the Ubatuba Formation
Marls of Superior Member of Abadia Fm., marls
from Tojeira Member, evaporites from Dagorda
Fm. and silty or sandy marls from Sobral Fm.

Medium thickness 1114 m 725 m Superior Mb./Abadia Fm.,
641 m Dagorda Fm.

Traps Stratigraphic and Structural Stratigraphic and Structural

D
Y

N
A

M
IC

EL
EM

EN
T

S

Tectonism—1st phase Responsible for the basin implementation Responsible for the basin implementation

Sedimentary column (maximum
thickness) 2390 m to the top of the reservoir 890 m to the top of the reservoir (Well Bf-1)

Geothermal gradient
Based on geochemical analysis, the

geothermal gradient reached the oil and gas
generation windows

Based on geochemical analysis, the
geothermal gradient reached the oil and gas

generation windows

Generation–migration Barremian—end of Albian/Recent Upper Jurassic

Main migration routes
Evaporitic sequence windows and listric or

transfer distension faults, erosive
non-conformities

Diapir walls of the Dagorda Fm. and listric fault
system interconnecting source rocks of Cabaços
Fm. (in addition to the generators of Brenha Fm.

and Paleozoic) to the
turbidite sandstones of Abadia Fm. (Cabrito and

Castanheira members)

Tectonism most active in the
generation–migration phase

Caused by the halokinesis of the
evaporites of the Retiro Fm. And

responsible for the faults of the Upper
Cretaceous to the Oligocene

Responsible for the diapirism of the
evaporites of the Dagorda Fm. And

associated fault system

Diagenesis

Pseudomatrix formation by compaction of
muddy intraclasts, replacement of intraclasts
and pseudomatrix by microcrystalline quartz,

cementation by dolomite and calcite

Pore cementation of turbiditic sandstones of
Cabrito Member of the Abadia Fm., in mosaic
and poikilotopic calcite, post-mechanical and
chemical compactions and post-generation of

kaolinite and of titanium minerals

Accumulation Confirmed Small quantities of gas
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Table 2. Analysis of the efficiency of the static and dynamic elements, timing and economic aspects
of the proven petroleum systems.

Petroleum System Lagoa Feia- Carapebus Cabaços-Abadia

TIMING Timing Confirmed Confirmed

EC
O

N
O

M
IC

S Probability of geological success
(Pg) 0.3584 (low risk) 0.0784 (high to very high risk)

Commerciality of accumulation Confirmed Not confirmed

It should be noted that the results presented in this work address both the static and
dynamic elements of the studied petroleum systems, as well as the factors and processes
acting on them. This work follows the same concepts and arguments of other works on
analogous petroleum systems, which have highlighted the importance of the most likely
elements of a play, and which can contribute to the generation, expulsion, migration and
trapping of hydrocarbons [32]. Other authors have highlighted the relevance of integrating
geology, geophysics and geochemistry (the G3 approach), which can provide powerful
inferences about the main elements and processes of the petroleum system [33].

The analysis of analogous reservoirs has been widely used for the evaluation of
exploratory plays [34–37]. In this context, in recent decades several authors have demon-
strated the importance of this type of analysis. The study of conjugate margins on Cre-
taceous turbidite analogues occurring in Equatorial Africa and the northeastern coast of
South America [38] has presented a great variety of analyzed data (stratigraphic and struc-
tural sections, geochemical data and seismic interpretation of the analyzed reservoirs). On
the other hand, the study of petroleum systems analogous to the Lusitanian Basin [39] in
basins located on the European continent also presents a good diversity of comparative
geological data. However, in the present work, a methodology is proposed based on the
classic concepts of the studies of petroleum systems, and their static and dynamic elements,
considering their synchronism relations.

5.1. Petroleum System Analysis and the Potential of the Turbiditic Reservoirs–Carapebus
Formation–Campos Basin (Brazil)

The source rock static element of the Lagoa Feia Formation (SE1) (Figure 18) has a
significant average thickness (100 to 300 m) and occurs at an average depth of 4478 m
(Table 2). It entered the oil generation window, as verified by geochemical analyses of
kerogen types I and II (oil) and vitrinite reflectance of 0.6%, in the diagenesis to catagenesis
range, and average TOC of 0.64% (average), reaching up to 6% (excellent) (Figure 11). Based
on these geochemical results, it was possible to verify that the overload, the sedimentary
column and the geothermal gradient were the relevant factors of the dynamic elements
that most contributed to the success of the source rocks of the Lagoa Feia Formation in the
Campos Basin, in terms of generation potential.

In regards to the dynamic elements generation (DE1) and migration (DE2) (Figure 17),
it could be seen that both were successful in Campo de Roncador, and the relevant factors
that most contributed to this good result were the presence of the large faults observed in the
rift and drift phases, associated with the walls of the saline domes of the Retiro Formation,
which allowed the connection of the generators of the Lower Cretaceous (Barremian-Aptian)
Lagoa Feia Formation with the turbidite sandstones reservoirs of the Carapebus Formation,
making possible the formation of efficient migration routes, as can also be seen in the
interpreted seismic section (Figure 10).

Regarding the static reservoir element (SE2) (Figure 18), it was verified that the tur-
bidite sandstones of the Carapebus Formation have good to very good porosity (from
19% to 29%) and very good to excellent permeability (263 mD to 2560 mD) [40]. The main
diagenetic processes (dynamic elements) observed in the petrographic analysis of turbidite
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sandstones of the Carapebus Formation (classified as lithic arkose to arkose and lithic
subarkosea) were the formation of pseudomatrix by the compaction of muddy intraclasts,
the replacement of intraclasts and pseudomatrix by quartz micro-crystalline, cementation
by dolomite and calcite, and the replacement of feldspars and micas by kaolinite, and
sometimes by calcite. Such diagenetic processes were observed locally in areas where the
porosity of these sandstones was completely obliterated by carbonate cementation [41].
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Figure 18. Illustrative scheme of the analysis of the static and dynamic elements in the study of the
Carapebus Formation’s reservoir in the Campos Basin. Legend: Elements, factors and processes that
were successful, in green; factors and processes that were relevant in the formation of the petroleum
system, in orange; and factors and processes that were not relevant in the formation of the petroleum
system, in white.

Concerning the formation of traps (SE4) (Figure 18), these were mainly stratigraphic,
and the lobular bodies of the turbidite sandstones associated with submarine fans were
effectively encapsulated and sealed by the shales and marls of the Ubatuba Formation (SE3),
due to the deposition of turbidites in irregular areas, associated with local shallow zones
caused by halokinesis [42]. The salt tectonics provided the mechanism for the formation
of traps, as well as the paths for the migration of oil to higher stratigraphic levels through
the windows in the evaporitic sequence [43] and also by the large faults developed by this
tectonic, as can be seen in the interpreted seismic line presented (Figure 10). Other traps
observed in these reservoirs were structural and combined or mixed, including wedging of
sandy bodies against the wall of saline domes and diapirs (pinch-outs), anticlines (4-way
closure), failed anticlines (3-way closure), and “turtle shell” structures, all induced by
salt tectonics. The success of the formation of these traps was also due to the adequate
timing of hydrocarbon migration and trapping, associated with salt tectonics, allowing the
formation of commercial accumulations of oil and gas in these lobular turbidite bodies of
the Roncador Field.
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5.2. Petroleum System Analysis and the Potential of the Turbiditic Reservoirs–Abadia
Formation–Lusitanian Basin (Portugal)

The static source rock element of the Cabaços Formation (SE1) (Figure 19), has an
average thickness of 200 m (up to 385 m in the Campelos-1 exploratory well) and occurs at
an average depth of 1906 m. It was found that the source rocks of the Cabaços Formation
entered the oil and wet gas generation window, as confirmed by geochemical analysis of
kerogen types I, II and III (oil and gas), vitrinite reflectance of 0.57% to 1.37% (Figure 16b)
from catagenesis to metagenesis, with maturation reaching the wet oil and gas window
and an average TOC of 2% to 5% (Figure 16a). Based on the geochemical results achieved,
it was possible to certify that the relevant factors of the dynamic elements that contributed
most to the success of the source rocks of the Cabaços Formation in the Lusitanian Basin
were the geothermal gradient and the burial history.
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 Figure 19. Illustrative scheme of the analysis of the static and dynamic elements in the study of the
Abadia Formation’s reservoir in the Lusitanian Basin. Legend: Elements, factors and processes that
were successful, in green; elements, factors and processes that have not been successful, in red; factors
and processes that were relevant in the formation of the petroleum system, in orange; and factors and
processes that were not relevant in the formation of the petroleum system, in white.

In regards to the dynamic elements generation (DE1) and migration (DE2) (Figure 18),
the occurrence of several gas shows in the turbidite sandstones of the Cabrito Member
from the Abadia Formation in the Benfeito-1 wells (Figure 14) and Freixial-1, shows that
these elements worked, however inefficiently, to generate an economic accumulation of
hydrocarbons. The migration of hydrocarbons may have been caused by the listric fault
system generated by the diapirism of the evaporites of the Dagorda Formation in the Serra
de Montejunto region, visible in the AR-90 2D seismic line (Figure 13), which may have
provided the formation of migration routes, for the hydrocarbons generated in the Cabaços
Formation (Upper Jurassic), and also in the Brenha Formation and in the Paleozoic, for the
turbidite sandstones (potential reservoir) of the Cabrito and Castanheira Members of the
Abadia Formation.
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Regarding the reservoir static element (SE2) (Figure 19), it was found that the turbidite
sandstones of the Cabrito Member of the Abadia Formation are medium-grained, opaque
to brownish, with clayey cement, sometimes friable, interspersed with levels of gray silty
clay and oolitic limestones (grainstone–packstone) with poor porosity, from 8% to 9%,
noted on the final drilling report of the Freixial-1 exploratory well [27]. Based on the
analysis and description of petrographic thin sections [31], it was found that the poorly
selected sandstones of the Cabrito Member show dissolution of feldspar grains and other
silicates, with intense replacement of these by carbonates (calcite). The cementation of the
matrix observed in the thin sections was by mosaic calcite and poikilotopic (Figure 17).
Texture relations between the diagenetic constituents and the framework demonstrate that
the cementation of the matrix by calcite was post-mechanical and chemical compaction,
and post-generation of kaolinite and titanium minerals, as it occurred by replacing these
diagenetic constituents.

The main forms of traps (SE4) (Figure 19) for the potential reservoirs of the Cabrito
and Castanheira Members of the Abadia Formation are stratigraphic, with the “Abadia
Marls” of the Upper Member and the Marls of the Tojeira Member of this formation acting
as main sealants (SE3) for the lobes of the turbidite sandstones. Other situations of potential
trap for these turbidite sandstones are the evaporitic deposits of the Dagorda Formation as
sealants, which due to their plasticity can generate stratigraphic and structural traps over
all potential reservoirs in the basin. Other potential sealants are the silty or sandy marls
from Sobral Formation.

The reasons why the stratigraphic and structural traps in the prospects that drilled the
sandstones of the Cabrito and Castanheira Members of the Abadia Formation have not yet
discovered commercial accumulations of hydrocarbons can be related as follows:

• The petrographic thin sections described for the sandstones of the Cabrito Member
(Figure 17) attest that they were subjected to strong diagenetic processes of substitution
of grains from their matrix and their replacement by calcite in mosaics and poikilotopic,
after mechanical and chemical compaction, which radically reduced its porosity;

• The diapiric structures of the Dagorda Formation, observed in the central portion of
the Lusitanian Basin, in the seismic line presented (Figure 14) and in the exploratory
wells studied (Benfeito-1 and Freixial-1), may have been responsible for the subver-
tical migration of hydrocarbons along faults related to these diapirs, or along their
walls. However, some of the diapiric structures were exhumed. This fact led to the
destruction of part of the structures that had stored the oil; and

• Compression features, such as anticlines and thrust systems, related to Alpine Inver-
sion (late Cretaceous), in addition to contemporary fractures, may be responsible for
having destroyed the integrity of traps and allowing the escape of stored hydrocarbons
towards overlapping formations and to the surface in the form of exudations.

6. Conclusions

The methodology employed in this work successfully evaluated analogous reservoir
formations, deposited in the same depositional environment, in Atlantic rift and passive
margin basins in Brazil and Portugal. A multiscale characterization of the static and
dynamic elements of petroleum systems (general objective) was carried out to prove that
the petroleum systems were successful in each case studied. The analysis of both petroleum
systems (specific objective) was carried out with the goal of reporting the main differences in
the static and dynamic elements of the studied petroleum systems and their active factors
and processes, which placed similar reservoir formations in a situation of exploratory
success or failure.

Being a study that analyzed analogous formations, the genesis of the investigated
basins had be taken into account, considering that the units deposited in the context of
basins of the passive margin type in the South Atlantic had greater depositional space than
in the Lusitanian Basin in Portugal.
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The processes of migration and accumulation of hydrocarbons in the Campos Basin
were closely linked to the dynamics of the evaporitic sequence which, due to very low
permeability, acted as an important conditioner for the flow of hydrocarbons generated in
the rift section, and evaporites can act both as retainers as carriers. In the Campos Basin,
salt diapirs and the associated large faults provided the formation of excellent migration
routes for the hydrocarbons generated in the rift and transitional sections to reach the
reservoirs of Cretaceous turbidite lobes of the Carapebus Formation, as can be seen in this
case study.

Regarding the static elements, the source rock of the Lagoa Feia Formation has an
excellent average thickness of 200 m, average TOC from regular to good (0.64% to 6%),
and an average depth of 4478 m. The turbidite sandstones of the Carapebus Formation
have an average porosity of 19% to 29% (good to very good) and excellent permeabilities
(up to 2650 mD). The sealing shales of the Ubatuba Formation reach an average thickness
of 1114 m. The presence of stratigraphic and structural traps and synchronism are also
relevant factors for the success of the petroleum system and the economic viability of the
accumulation. All the analyzed factors led to the calculation of the probability of geological
success in the low risk range (Pg = 0.3584).

The presented methodology sought to elucidate the possible reasons for the economic
failure, so far, of the prospects defined and drilled in the potential analogue turbidite
reservoirs of the Abadia Formation, in the Lusitanian Basin. In these potential reservoirs
a strong action of diagenetic processes was found (mainly pore cementation by calcite
and post-mechanical and chemical compactions) that radically reduced their porosities
(2% to 9%, insignificant to poor). The medium depth of these reservoirs is 284 m (Well
Fx-1), in a medium depth of 802.5 m. Despite being considered a shallow reservoir, several
hydrocarbons shows were detected in these sandstones. The intense influence of the salt
tectonics of the Dagorda Formation may have been responsible for the subvertical migration
of hydrocarbons along faults related to these diapirs, or along their walls. However, these
diapiric structures from the Dagorda Formation have been exhumed. This exhumation
together with the compression features related to alpine inversion and contemporary
fractures may be responsible for having destroyed the integrity of traps and allowing the
escape of stored hydrocarbons towards overlapping formations and to the surface, in the
form of exudations. The Abadia Formation reservoirs were classified as high to very high
risk, based on the calculation of the probability of geological success (Pg = 0.0784).

The potential of the Lusitanian Basin in terms of hydrocarbons is real and is not
exhausted. The knowledge we have about this basin is the result of a strong exploratory
effort from the 1950s to the 2010s, when several prospects were tested. However, it is
necessary to continue these works, with the execution of new geophysical prospections
(potential methods and seismic reflection lines) and exploratory drillings in structures
not yet tested. These exploratory works could help in the identification of hydrocarbon
reservoirs still trapped by the salt diapirs of the Dagorda Formation in the subsurface.

The analysis of the petroleum systems present in turbidite reservoirs in the combined
shores of the Atlantic allowed a better understanding of the factors and processes responsi-
ble for their efficiency. Through the identification and classification of static and dynamic
elements, according to the methodology presented in this work, it was possible to carry
out an analysis of the studied petroleum systems in a clearer and more critical way. The
multiscale analysis of the processes and products that define each type of reservoir becomes
essential as a contribution to the definition of the classification of the probability of the
geological success of a reservoir. In this context, the multiscale analysis of all elements
of both units studied allowed us to understand why the turbidite reservoirs of the Cara-
pebus Formation have a better probability of geological success than those of the Abadia
Formation. Permo-porosity and seal efficiency are the main features of this analysis.
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