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Abstract: The Baixo Alentejo Flysch Group (BAFG) is an important stratigraphic unit that covers
over half of the South Portuguese Zone (SPZ) depositional area, and it is composed by three main
tectono-stratigraphic units: the Mértola, Mira, and Brejeira formations. All of these formations
contain significant thicknesses of black shales and have several wide areas with 0.81 wt.%, 0.91 wt.%,
and 0.72 wt.% average total organic carbon (TOC) (respectively) and thermal maturation values
within gas zones (overmature). This paper is considering new data from classical methods of organic
geochemistry characterization, such as TOC, Rock–Eval pyrolysis, and organic petrography, to
evaluate the unconventional petroleum system from the SPZ. A total of 53 samples were collected.
From the stratigraphical point of view, TOC values seem to have a random distribution. The Rock–
Eval parameters point out high thermal maturation compatible with gas window (overmature zone).
The samples are dominated by gas-prone extremely hydrogen-depleted type III/IV kerogen, which
no longer has the potential to generate and expel hydrocarbons. The petrographic analyses positioned
the thermal evolution of these samples into the end of catagenesis to metagenesis (wet to dry gas
zone), with values predominantly higher than 2 %Ro (dry gas zone). The presence of thermogenic
hydrocarbon fluids characterized by previous papers indicate that the BAFG from SPZ represents a
senile unconventional petroleum system, working nowadays basically as a gas reservoir.

Keywords: geochemistry; South Portuguese Zone; shale gas; vitrinite reflectance; total organic
carbon; carboniferous; unconventional petroleum system

1. Introduction

Shale deposits with considerable organic carbon content (and some potential for
hydrocarbon production) are frequently referred as both unconventional reservoirs and
source rocks [1]. However, globally, there are different perceptions of the definition about
an unconventional petroleum resource.

According to Law and Curtis [2], aside from economic parameters, there is a fun-
damentally important geological distinction between conventional and unconventional
systems: conventional hydrocarbon resources are buoyancy-driven deposits, occurring as
accumulations in classical structural and/or stratigraphic traps, whereas unconventional
hydrocarbon resources are generally not buoyancy-driven accumulations. Alternatively,
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unconventional plays cover a large area and are generally not restricted to geological
structures, unlike conventional plays [1].

On the other hand, it is also ordinary to say that unconventional gas reservoirs contain
low to ultra-low permeability and produce mainly dry gas. Reservoirs with permeability
greater than 0.1 mD (millidarcy) are considered conventional, and those with permeability
below 0.1 mD are classified as unconventional, although there is no scientific basis for
this designation [1].

From the engineering point of view, the US National Petroleum Council (NPC) con-
siders unconventional gas reservoirs those that can be operated and produced without
significant fluid flow, neither in economically viable amounts, unless the wells are stimu-
lated by some technique as hydraulic fracturing, accessed by a horizontal or multilateral
wellbore that gives more flow from the reservoir to the well [3]. This definition includes
tight gas sands and carbonates, as well as resource plays as coal and shales [4]. The
term unconventional resource play refers to rocks that work as both source and reservoir
of hydrocarbons.

This paper aims to evaluate the unconventional petroleum system from the South Por-
tuguese Zone (SPZ) considering new data from classical methods of organic geochemistry
characterization: total organic carbon (TOC), Rock–Eval pyrolysis, and organic petrography
(vitrinite reflectance).

The focus area is situated in a wide region along Setúbal, Beja, and Faro districts
(south of Portugal), which include the Baixo Alentejo Flysch Group (BAFG) [5], the mostly
turbidite sequence of SPZ prograding to the southwest (SW) with more than 3 km in
thickness (some sectors reach more than 5 km; Figure 1) [6].

Geological Framework

BAFG is an important stratigraphic unit that covers, in some places by unconformity,
more than half of the SPZ depositional area and is composed by three main tectono-
stratigraphic units (from the base to the top): the Mértola, Mira, and Brejeira formations [7].

All these formations contain significant thicknesses of black shales, mainly the south-
ernmost formation Brejeira (Figure 2). SPZ has several wide areas with 0.81 wt.%, 0.91
wt.%, and 0.72 wt.% (respectively) average organic carbon content and thermal maturation
values within hydrocarbons generation zones [8–10].

The SPZ has been described for many publications since the 1970s, which provided an
interpretation synthesis of the geological environment based on sedimentary processes,
volcanism, and synsedimentary tectonism [7]. According to Fonseca and Ribeiro [11], the
SPZ includes Late Devonian–Late Carboniferous sediments and volcanics deposited in an
intra-continental transtensional setting. This tectono-stratigraphic sequence was deformed
in a transpressional regime during the Upper Carboniferous, with vergence towards the
southwest (Figure 1), in a typical thin-skinned thrust belt being constituted by Upper
Paleozoic low- to very low-grade metamorphic rocks [8,12].
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Figure 2. Outcrop of Brejeira Formation, highlighting the black shale sequence and high deformation.

2. Materials and Methods

The outcrops were selected based on the existing bibliography about organic geo-
chemistry data related to the thermal maturation and TOC of the studied formations [9,10],
from which some interpolated (statistical relationships among the measured points) maps
were created to choose preferably the non-overmature areas for analyses. For each studied
outcrop, we gave priority to the darkest levels where grey, dark grey semi-black, and black
fine-grained rocks occurred. On the first field campaign, 8 samples were collected from
the Brejeira Fm. On the second campaign, 30 samples were collected, between Mértola Fm.
(4 samples), Mira Fm. (10 samples), and Brejeira Fm. (16 samples). On the third campaign,
15 samples were collected, all from Brejeira Fm. (Figure 1). Therefore, a total of 53 samples
were collected for this project.

TOC, Rock–Eval, and petrographic analyses from 1st and 2nd campaign were per-
formed by Weatherford Laboratories (Houston, TX, USA). For the 3rd campaign, the sam-
ples were analyzed by the Polish Geological Institute (PGI-Warsaw, Poland). The analyses
were kindly financed by Repsol E&P (Madrid, Spain), Partex Oil&Gas (Lisbon, Portugal),
and Polish Geological Institute.

2.1. TOC and Rock–Eval Pyrolysis

A total of 31 samples were collected for Rock–Eval pyrolysis (22 from Brejeira Forma-
tion, 3 from Mira Formation, and 1 from Mértola Formation). The Rock–Eval measurements
were performed at the PGI and Weatherford using the Rock–Eval 6 apparatus [13] in the
Bulk Rock operating “mode”, i.e., a basic mode intended for fundamental pyrolytic charac-
terization of rock samples. The rock was crushed to fine particle size (0.125–0.25 mm), and
100 mg samples were loaded into pyrolysis crucibles [14]. The samples were pyrolyzed
under helium as a carrier gas at 300 ◦C for 3–4 min, followed by heating at 25 ◦C/min to
550 ◦C. Free hydrocarbons (S1 peak), petroleum potential (S2 peak), maximum temperature
at S2 peak, and the amount of carbon dioxide (S3 peak) were measured in mg/g rock over
time. Each analysis required about 20 min.

The Bulk Rock pyrolytic operating mode involves pyrolysis and oxidation cycles in
temperature ranges of 300–650 ◦C and 300–850 ◦C, respectively. The method is used for
basic screening of all types of rock samples and allows for the determination of the full set
of the Rock–Eval parameters necessary to distinguish between poor and excellent source
rocks. The mode provides geochemical parameters, such as content of S1-free hydrocar-
bons released at temperatures below 300 ◦C, S2-hydrocarbons released from kerogen at
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temperatures between 300 and 650 ◦C, Tmax—maximum temperature measured in the
highest point of the S2 curve, HI—hydrogen index, OI—oxygen index, PI—productive
index, TOC—total organic carbon content, RC—residual (non-pyrolyzable) organic carbon
content, and PC—pyrolyzable (productive) carbon content.

2.2. Vitrinite Reflectance Analysis (VR)

Samples were prepared for petrographic analyses according to ASTM D2797 [15],
where the rock particles were mounted in a plastic briquette then ground and polished with
successively finer abrasives until a 0.05 mm finishing stage. Petrographic analyses were
performed at the Weatherford Laboratories using ASTM D7708 [16] for %Ro (reflectance in
oil) in shale. Selected vitrinite particles were positioned under the microscope crosshairs
at 500× magnification, their reflectance under incident white light was measured at a
detector, and then, compared with measured light reflected from a calibration standard.
At least 20 individual measurements of %Ro were determined for each shale sample, and
50–100 measurements were determined for %Ro in coal.

3. Results
3.1. Total Organic Carbon

The TOC values vary between 0.20 wt.% and 1.84 wt.%, with a mean value of 0.81 wt.%,
0.91 wt.%, and 0.72 wt.% for the Mértola, Mira, and Brejeira formations, respectively
(Table 1). Most of the samples (74%) had values between 0.5 wt.% and 1.0 wt.%, indicating
a poor organic carbon content for the source rocks evaluated. Figure 3 shows the variability
of the organic content in the studied samples.
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Table 1. Geochemical parameters (TOC and Rock–Eval pyrolysis), from the Mértola, Mira and Brejeira formation. Weath-
erford selected samples with TOC higher than 0.99 wt.% to pyrolyze. Polish Geological Institute (PGI) analyzed all of
them.

Lithostratigraphy
TOC S1 S2 S3 Tmax HI OI

Performerwt% mgHC/gRock mgCO2/gRock ◦C ngHC/gTOC mgCO2/gTOC

Brejeira Fm 0.66 0.02 0.09 0.17 490 14 25 PGI
Brejeira Fm 1.18 0.04 0.22 0.19 610 19 16 PGI
Brejeira Fm 0.66 0.03 0.13 0.05 351 20 8 PGI
Brejeira Fm 0.98 0.03 0.11 0 362 11 0 PGI
Brejeira Fm 0.77 0.03 0.15 0.05 317 19 7 PGI
Brejeira Fm 0.5 0.03 0.11 0.05 489 22 10 PGI
Brejeira Fm 0.57 0.02 0.1 0.02 490 18 4 PGI
Brejeira Fm 0.47 0.03 0.12 0 330 26 1 PGI
Brejeira Fm 0.52 0.02 0.13 0.01 386 25 2 PGI
Brejeira Fm 0.2 0.02 0.09 0.17 490 44 81 PGI
Brejeira Fm 0.46 0.02 0.09 0.03 490 20 6 PGI
Brejeira Fm 0.56 0.02 0.1 0.03 491 18 6 PGI
Brejeira Fm 0.55 0.02 0.1 0.01 335 18 1 PGI
Brejeira Fm 0.68 0.03 0.15 0.17 390 22 25 PGI
Brejeira Fm 0.68 0.03 0.15 0.01 364 22 1 PGI
Brejeira Fm 0.44 - - - - - - Weatherford
Brejeira Fm 0.72 - - - - - - Weatherford
Brejeira Fm 0.75 - - - - - - Weatherford
Brejeira Fm 0.32 - - - - - - Weatherford
Brejeira Fm 0.39 - - - - - - Weatherford
Brejeira Fm 0.68 - - - - - - Weatherford
Brejeira Fm 0.7 - - - - - - Weatherford
Brejeira Fm 0.75 - - - - - - Weatherford
Brejeira Fm 0.81 - - - - - - Weatherford
Brejeira Fm 0.79 - - - - - - Weatherford
Brejeira Fm 0.46 - - - - - - Weatherford
Brejeira Fm 0.67 - - - - - - Weatherford
Brejeira Fm 0.45 - - - - - - Weatherford
Brejeira Fm 0.9 - - - - - - Weatherford
Brejeira Fm 0.52 - - - - - - Weatherford
Brejeira Fm 0.58 - - - - - - Weatherford
Brejeira Fm 0.26 - - - - - - Weatherford
Brejeira Fm 0.989 0.04 0.05 0.36 383 5.06 36.40 Weatherford
Brejeira Fm 0.91 0.04 0.23 0.25 499 25.27 27.47 Weatherford
Brejeira Fm 1.361 0.11 0.06 0.18 438 4.41 13.26 Weatherford
Brejeira Fm 0.889 0.12 0.09 0.32 444 10.12 36.00 Weatherford
Brejeira Fm 0.842 0.06 0.03 0.3 426 3.56 35.63 Weatherford
Brejeira Fm 0.884 0.06 0.09 0.1 509 10.18 11.31 Weatherford
Brejeira Fm 1.373 0.04 0.01 0.44 424 0.73 32.05 Weatherford

Mira Fm 1.276 0.02 0.01 0.83 424 0.78 65.05 Weatherford
Mira Fm 0.23 - - - - - - Weatherford
Mira Fm 0.79 - - - - - - Weatherford
Mira Fm 0.95 - - - - - - Weatherford
Mira Fm 0.79 - - - - - - Weatherford
Mira Fm 0.52 - - - - - - Weatherford
Mira Fm 0.85 - - - - - - Weatherford
Mira Fm 0.993 0.01 0.01 0.67 312 1.00 67.47 Weatherford
Mira Fm 0.9 - - - - - - Weatherford
Mira Fm 1.836 0.02 0.05 0.42 357 2.72 22.88 Weatherford

Mertola Fm 0.66 - - - - - - Weatherford
Mertola Fm 1.496 0.08 0.04 0.28 347 2.67 18.72 Weatherford
Mertola Fm 0.73 - - - - - - Weatherford
Mertola Fm 0.78 - - - - - - Weatherford

Note: TOC (total organic carbon); S1 (the amount of free hydrocarbons in the sample); S2 (the amount of hydrocarbons generated through
thermal cracking of nonvolatile organic matter); S3 (the amount of CO2 (in milligrams CO2 per gram of rock) produced during pyrolysis of
kerogen); Tmax (maximum pyrolysis temperature); HI (hydrogen index); OI (oxygen index).



Minerals 2021, 11, 811 7 of 14

Stratigraphically, the TOC values seem to have a random distribution. However,
the obvious sampling concentration in Brejeira Formation complicates the interpretation.
Therefore, future systematic analyses are required to confirm this conclusion.

3.2. Rock–Eval Pyrolysis Parameters

All examined samples of the SPZ formation, presented in Table 1, show a very high
degree of similarity in terms of chemical composition and kerogen type as well as its degree
of thermal maturity. The hydrocarbon potential of the examined samples, based on the
hydrogen index (HI), are very low in a narrow range of values between 0.36 and 44 mg
HC/g TOC. The thermal maturity parameter as maximum temperature at S2 peak (Tmax)
is characterized by a very wide range of values between 312 and 610 ◦C. The average Tmax
value around 490 ◦C and the generation potential expressed as S2 parameter falls in the
range between 0.01 and 0.23 mg HC/g rock (Figures 4–6).

3.3. Organic Petrographic Analysis

All samples have small amounts of organic matter suitable for reflectance measure-
ments. Therefore, the number of measurements was limited. Non-fluorescent granular
amorphous organic matter (amorphinite) appears to be the dominant organic matter type
in these samples (Table 2). There are also small particles difficult to identify; they could
be solid bitumen, inertinite, or vitrinite. They were classified as pyrobitumen. There is
abundant pyrite (Figure 7). The mean Ro value for pyrobitumen (%) ranges between
1.63% and 2.29%, corroborating with the high maturity level found for the studied samples
as indicated by Rock–Eval parameters. The equation proposed by Schoenherr et al. [20]
translates the values above into vitrinite reflectance equivalent to 1.78%, 2.12%, 2.38%,
2.11%, and 2.42% for five analyzed samples (Table 3). Brownish black pollen and spores
were found in just one sample. In transmitted light, structureless organic matter is almost
black with brown tint remaining, suggesting a thermal alteration index (TAI) 3.7 for all
samples (Table 2). These reflectance values, TAI, and absence of fluorescence all suggest
that the organic matter is post-mature (overmature; Table 2).
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indicated by Rock–Eval parameters. The equation proposed by Schoenherr et al. [20] 

translates the values above into vitrinite reflectance equivalent to 1.78%, 2.12%, 2.38%, 

2.11%, and 2.42% for five analyzed samples (Table 3). Brownish black pollen and spores 

were found in just one sample. In transmitted light, structureless organic matter is almost 

black with brown tint remaining, suggesting a thermal alteration index (TAI) 3.7 for all 

samples (Table 2). These reflectance values, TAI, and absence of fluorescence all suggest 

that the organic matter is post-mature (overmature; Table 2).  

Figure 6. Hydrogen index (HI) vs. Tmax (maximum temperature in ◦C at S2 peak of Rock–Eval
pyrolysis) diagram (based on Espitalié et al. [18] and Espitalié [19]). For this graph, samples with
Tmax between 489 and 509 ◦C (see Section 4.2) are projected (all of them from Brejeira Fm.).
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Table 2. Results of organic petrography from 5 samples (Brejeira 1, 2, 3, 4, and 5), analyzed by Weatherford Laboratories.

Sample

Liptinite (%) Vitrinite Inertinite Solid
Bitumen

Liptinite
Fluores.

Oil
Prone

Gas
Prone Pollen/

Spores TAI

Alginite (%)
AOM (%)

Other
(%) (%)

Fluomes. Non Fluores.

Brejeira_1 0 0 80 0 0 0 20 0 0 80 absent 3.7
Brejeira_2 0 0 75 0 trace 15 10 0 0 75 absent 3.7
Brejeira_3 0 0 70 0 trace 15 15 0 0 70 absent 3.7
Brejeira_4 0 0 80 0 trace 5 15 0 0 80 sporadic 3.7
Brejeira_5 0 0 75 0 0 10 15 0 0 75 absent 3.7

Note: AOM (amorphous organic matter); Fluores. (fluorescence); TAI (thermal alteration index).
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Table 3. Results of organic matter maturation based on vitrinite reflectance analysis from 5 samples (Brejeira 1, 2, 3, 4, and 5).

Samples Brejeira_1 Brejeira_2 Brejeira_3 Brejeira_4 Brejeira_5

Minimum Ro (%) 1.5 1.5 1.89 1.78 2.07
Maximum Ro (%) 1.78 2.51 3 2.32 2.59
Number of points 10 25 7 5 5

Standard deviation 0.095 0.249 0.38 0.216 0.192

Mean Ro value of pyrobitumen (%) 1.63 1.98 2.26 1.97 2.29

VRE value (%) Schoenherr et al. (2007) [20] 1.78 2.12 2.38 2.11 2.42

4. Discussion
4.1. Organic Carbon Loss

The mature source rock is usually characterized by lower TOC values than its im-
mature equivalent, before burial and petroleum generation [21,22]. Therefore, some of its
original TOC preserved in the sediments during the diagenesis was converted to oil and/or
gas at the subsurface along catagenesis and metagenesis [21]. Although the gas is preserved
in the subsurface, inside the source rock, it is expected a lower TOC value compared to
the initial one, since the amount converted to hydrocarbon cannot be measured as organic
carbon anymore. For this reason, if the rock is mature, it will have a general lower TOC
value. The reduction in TOC can be explained by the conversion of convertible carbon
present in the kerogen (original or remaining potential) to extractable organic matter carbon
(free hydrocarbons) associated with the expulsion of gaseous and liquid hydrocarbons
from the source rock with increasing maturation [23]. During this process of petroleum
generation and expulsion, some authors consider a maximum carbon loss around 70–80%
in relation to initial TOC [23–25]. Under overmature conditions, the kerogen is basically
composed of a carbon-rich residue (relatively high carbon and low hydrogen) so there is
no more potential to generate oil [26–28].

However, if the thermal maturity is high, there is always some TOC that remains as
inertinite or pyrobitumen. Consequently, to compare the TOC from mature/overmature
and immature formations, it is essential to make assumptions about organic carbon spent
and then recalculate them all to the “initial TOC” values.

Therefore, all measured values at BAFG were recalculated to estimate the original
ones, considering the hypothesis of 50–60% loss of the initial TOC (the loss of carbon during
petroleum generation and expulsion [28,29]).

The recalculated original organic carbon for the samples presented here (Table 1) vary
between 0.65 wt.% and 4.59 wt.%, having a mean of 2.02 wt.%, 2.28 wt.%, and 1.80 wt.% for
the Mértola, the Mira, and the Brejeira formations, respectively. Therefore, these rocks can
be classified in terms of source rock organic richness as “Good/Very Good”. Weathering
seems not to be a key factor in the low observed TOC.

4.2. Thermal Maturation and Low-Grade Metamorphic Zones

It is important to highlight that the very low values of S2 are below the detection limit
of the equipment and can affect Tmax measurements [19]. This can explain partially the
wide range obtained for the studied samples (312 to 610 ◦C). The most trustable results
range from 489 to 509 ◦C (Figure 6). The major contribution of TOC is dead residual
carbon (average 98%), which together with very low hydrogen potential and higher Tmax
values around 490 ◦C suggests that the examined samples point to high thermal maturity
compatible with gas window (overmature zone). The samples are predominated by gas-
prone (Table 2) extremely hydrogen-depleted-type III/IV kerogen, which no longer has the
potential to generate and expel liquid hydrocarbons (Figures 5 and 6).

The petrographic analyses results position the thermal evolution of these samples
(Table 3) into the end of catagenesis to metagenesis (wet to dry gas zone), with values
predominantly higher than 2 %Ro (dry gas zone [21]).
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According to Fernandes et al. [10], the thermal organic maturation of southwestern
Portugal’s Upper Paleozoic rocks (SPZ) is too high, corresponding to the coal rank of high
meta-anthracite. This study detected areas with no increase in the VR values until 1 km of
depth, which is not compatible with the natural heat transfer. Therefore, it was interpreted
by the authors as a result of syn- to post-orogenic heating.

Analyses of the VR made by McCormack et al. [9] suggest that the Paleozoic rocks of
the SPZ (SW of Portugal) are strongly overmature with an average VR of 4.28%. The results
from thin levels of Carboniferous coal are very similar to the ones from the associated
mudrocks. This means that the results from the regional mudrocks are not significantly
influenced by the presence of reworked vitrinite. According to the authors, this is a very
important fact, as the existence of reworked vitrinite could lead to an over-estimation of the
vitrinite values, as the increase in tectonic stress during the coal formation could change
its negative biaxial anisotrophy to positive, in case of high tectonic stress [30,31]. Same
authors argue that any potential source rock, preserved in the Upper Paleozoic sequence, is
now overmature and any potentially generated hydrocarbons would have been lost during
the Hercynian deformation or the post-Hercynian uplift and erosion.

Based on the relation suggested by Fertl [32], Barberes et al. [33] projected the or-
ganic thermal maturation from gamma radiation data for the SPZ. The result was an
apparent inversed relationship between Th/K ratio and VR, allowing an estimation of
maturation degree.

Kisch [34] proposed a comparison scale between VR values, low-grade metamorphic
zones (diagenesis, anquimetamorphism, and epimetamorphism), coal rank, and the dif-
ferent windows of hydrocarbon generation. The limits established by Abad et al. [8] for
the SPZ and for each of the low-grade metamorphic zones were inserted on Kisch’s table,
in order to compare the bibliographic organic maturation data (from [9,10]), the illite’s
crystallinity (from [8]) and the maturation values estimated by Barberes et al. [33] (Figure 8).
Based on this table comparing the distribution, in percentage, of the bibliographic available
data for the different formations and for each metamorphic zone, it has been possible to dis-
tinguish two different scenarios: (1) according to the Fernandes et al. [10] and McCormack
et al. [9], the studied formations are mainly overmature in terms of hydrocarbon potential;
(2) according to Abad et al. [8] and the values estimated by Barberes et al. [33], the BAFG
formations are mainly between wet and dry gas and the beginning of the overmature zone.
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Figure 8. Comparative graph of VR values from Fernandes et al. [10], McCormack et al. [9], illite crystallinity [8], and the
estimated maturation by Barberes et al. [33]. The data are divided according to the percentage of occurrence samples for each
low-grade metamorphic zone in the three formations. This graph was built based on Kisch [34] proposal for comparison
between the VR values, the low-grade metamorphic zones (diagenesis, anquimetamorphism, and epimetamorphism);
adapted from Barberes et al. [33].
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It is important to mention that Branco and Pimentel [35] analyzed 32 samples at BAFG,
being 26 from the Mira Fm. and six from the base of the Brejeira Fm., to determine their
maturation thermal degree (illite crystallinity) and the organic geochemical parameters
(Rock–Eval pyrolysis), being posteriorly compared with previously existing data. The
authors’ data indicated all samples from Brejeira Fm. in diagenesis zone and most part of
Mira Fm. in anquimetamorphism zone. These data are not presented in Figure 8 because
the authors did not analyze any samples in Mértola Fm.

Different methodologies produce slightly different data and maturation appraisals.
Despite the possible methodological differences that may have caused the variations in the
results of maturation from the different authors, one conclusion can be stated: although a
significant amount of organic matter has been consumed in the generation of hydrocarbons,
there is no more potential for generation at the analyzed samples. However, the fact that
the rocks are not working as a source anymore does not indicate that they cannot work
as a reservoir (after all, it is an unconventional system), for trapping the thermogenic
hydrocarbons that are known to exist in this area [36,37].

4.3. Hydrocarbon Fluids

Barberes et al. (2018) [36] detected some gasoline hydrocarbons (mainly toluene)
in the soil/water system of Mira and Brejeira formations, linked to the presence of
2-methylpentane in all soil samples. The presented results showed that 93.5% of wa-
ter samples ranged between 1000 and 6000 µg/L of toluene concentration, with 55% higher
than 3000 µg/L. These values are much higher than those usually found in other places,
being only comparable with values from severe industrial contamination. According to the
authors, natural occurrence of a subsurface petroleum system is probably the responsible
for this hydrocarbon release [36].

According to a recent study [37] about molar and isotopic compositions of the surface
seeps of light hydrocarbons (C1–C5) from the Mira and Brejeira formations, there is a confir-
mation of the presence of an unconventional petroleum system, with possible interbedded
levels of source rocks with different maturation degrees (leading to a mixture of thermo-
genic gases). From a geological prospection point of view, the presence of hydrocarbons
in the SPZ formations (BAFG units) is clear and evident. These fluids are present in soil
and water in significantly high levels, especially in the fault/fracture zones, with light
hydrocarbon values reaching more than 1500 mg/L in soil samples (Figure 9).
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5. Conclusions

In this paper, the unconventional petroleum system of the South Portuguese Zone
(SPZ) was evaluated, considering new total organic carbon, Rock–Eval pyrolysis, and
organic petrography data, from 53 outcrop samples distributed among the Mértola, Mira,
and Brejeira formations (SW Iberia).

The integrated analysis of all these geochemical data corroborated that the potential
for petroleum generation has already been exhausted for the Mértola, Mira, and Brejeira
formations. The thermal maturity parameters (Tmax and %Ro) indicated overmature stage
of petroleum generation (dry gas zone). This information agrees with the most recent
bibliography from the same area.

However, once the system’s generation capacity has been reached, its functionality
is mostly dedicated to trapping the thermogenic fluids (mainly light and gasoline hydro-
carbons) produced by the same rocks (after all, it is an unconventional system), and they
were already detected in this area. Therefore, the Baixo Alentejo Flysch Group from SPZ
represents a senile unconventional petroleum system.

For a more in-depth assessment of this system’s generation and storage capacity, a
large investment would be needed to drill wells.
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