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ABSTRACT. The Potiguar Basin is a sedimentary basin located in northeastern Brazil. It covers about
48,000 km² and extends from onshore to offshore. The onshore basin is thought to have formed during the Late
Cretaceous, as a result of the opening of the Equatorial South Atlantic Ocean, filled with a thick sequence of
sedimentary rocks, including sandstones, shales and limestones, which were deposited by a variety of processes,
including marine, deltaic and fluvial. The study area is in the southern portion of the basin and the reservoir
is composed of arkose sandstones deposited by alluvial fan and fluvial systems of the Upanema Member of
the Alagamar Formation, which belongs to the post-rift phase of the Potiguar Basin. Recently, new drilling
campaigns revealed a reservoir heterogeneity in these deposits, which requested a new petrophysical approach.
Using conventional well logs and petrophysical laboratory analysis of plug samples, this study evaluated the
best way to calculate the effective porosity and shale volume, and to understand the stratigraphic controls in the
distribution of these properties. Three reservoir zones were mapped: the basal one, Zone 3, has disconnected
sand bodies, low porosity and high shale content; Zone 2 has better petrophysical properties, lateral distribution,
and connectivity between the fans; and Zone 1, which is the better reservoir zone, has larger sand bodies, higher
porosity values and well-connected fans.

Keywords: formation evaluation, shale volume, net sand, spectral gamma ray.

INTRODUCTION

The onshore Potiguar Basin has been explored for
oil and gas since the 1970s and several large fields
have been discovered and developed. Recently, sev-
eral authors have been studying and reanalyzing the
basin stratigraphy in the seismic and reservoir scale
(Anjos et al., 2000; Monteiro, 2012; Melo et al., 2019,
2021), mainly the Pendência and Açu formations, and
its tectonic events (Bertani et al., 1990; Matos, 1992;
Bezerra and Vita-Finzi, 2000; Nogueira et al., 2010;
De Castro et al., 2012; De Castro and Bezerra, 2015;
Bezerra et al., 2020).

Although, in the study area, the main producer
is in the Alagamar Formation, specifically in the
Upanema Member sandstones deposited in alluvial-

fluvial environmental conditions (Araripe and Feijó,
1994; Pessoa Neto et al., 2007), little has been pub-
lished about this sedimentary section using well logs.

The characterization of heterogeneities and the
understanding of their distribution play an important
role when planning the development of an oil and gas
field. In alluvial fans and fluvial depositional sys-
tems, these heterogeneities may manifest in the form
of discontinuous sand bodies with high variations in
reservoir qualities (mainly porosity and permeabil-
ity), making reservoir zonation a challenging task for
reservoir geologists. Therefore, to better understand
the distribution of the petrophysical properties and
their link with the depositional environment, it is im-
portant to integrate rock sample data with the well
log analysis.
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2 PETROPHYSICAL EVALUATION IN POTIGUAR BASIN

The sandstones of the Upanema Member, in the
study area, have a significant feldspar content and,
consequently, the gamma ray (GR) logs show higher
values in arkoses than in other reservoirs with high
quartz content. This factor makes it difficult to iden-
tify the difference between clean sandstones and shaly
intervals in GR. For this reason, the shale volume
(Vshale) was calculated using several methods such
as Larionov Old Rocks and Paleogene Rocks (Lari-
onov, 1969; Stieber, 1970; Clavier et al., 1984).

Considering these calculations, we use each Vshale
(Vsh) method to calculate the effective porosity and
then correlate it with the one measured in plug sam-
ples. By doing so, we identify the best way to esti-
mate clay volume and, using this method in each zone
for all 74 wells and also Kriging, we distribute it in
the study area. Additionally, we propose Net Sand
maps to identify the distribution of the petrophysical
properties, associated with the alluvial fan one, and
use this distribution to identify possible stratigraphic
limits due to its lateral continuity for each reservoir
zone in the study area.

In addition to the conventional logs, this work
also proposes the use of spectral gamma ray logs with
Th/K, Th/U and K/U ratios to characterize clay min-
erals present in the reservoir zones.

Geological Setting

The study area is located in the southeastern por-
tion of the Potiguar Basin, Brazil (see Figure 1). The
well correlation and studied interval are limited on
the base of the Lower Alagoas Unconformity (LCU),
which represents the erosion of the upper portion of
the Pendência Formation in the Potiguar Basin, and
on the base of the Lower Aptian Unconformity (LCA),
that represents the top of Alagamar Formation (Fig-
ure 2).

The Alagamar Formation is composed of sedi-
ments deposited between the Late Aptian and Early
Albian and it marks the change from continental de-
positional systems to marine between rift and drift
tectono-sequences (Araripe and Feijó, 1994). The
dominant tectonic regime, known as the post-rift
phase or transitional, had thermic subsidence as the
main space generator mechanism.

This geological formation is subdivided into, from
base to top, alluvial-deltaic systems (Canto do Amaro
Member), alluvial-fluvial-deltaic systems (Upanema
Member), and transitional shaly sandstones and
shales (Galinhos Member). The maximum transgres-
sion composed of black shales and marls, distributed
in almost all the emersed portion of the basin, is
known as Camadas Ponta Tubarão (CPT) marking
the first marine incursions in the onshore portion of
the basin (Araripe and Feijó, 1994; Pessoa Neto et al.,
2007) and working as the seal beds of the studied
reservoirs.

As the study area is located next to the Car-
naubais’ Fault System, as shown in Figure 2, the
reservoirs are mainly proximal alluvial fans and flu-
vial sandstones close to the basement of the basin
that worked as a sediment source for those deposits.
These sandstones are from Upanema Member and are
described as arkoses and lithic arkoses, poorly sorted
and compositional deposits (Pessoa Neto et al., 2007)
(Figure 3).

DATASET AND METHODOLOGY

Dataset

The study is based on a dataset derived from 74 wells
drilled in one field located in the Southeastern por-
tion of the Potiguar Basin (Figure 4). We used the
basic suite well log gamma ray (GR), resistivity in-
duction logs (ILD for deep resistivity and ILM for
medium), density (RHOB), neutron (NPHI), sonic
(DT), micro-resistivity (MSFL), photo-electric (PE)
and spectral gamma ray logs (SGR – composed by K
(%), U (ppm), Th (ppm) concentration logs – present
in 13 wells). Available mud logging data were also
used. All the calculations and log plotting were done
in Python, S&P Kingdom® and Techlog®.

From this dataset, four wells were cored and, from
these cores, 94 plug samples were made and sent to
petrophysical laboratory analysis with only five X-ray
diffraction (XRD) analysis data available (Table 1).
Unfortunately, the wells that have XRD data were
not logged with spectral gamma rays.

Theoretical Foundation

The first workflow is the initial quality control for the
log curves, followed by the reservoir zonation and well
correlation separating the sandstone intervals from
the shales using the conventional well logs. After the
zonation, the first step was to establish the best clay
volume equation to use before calculating the effective
porosity. To do so, the Gamma Ray Index (IGR or
APIGR) was calculated by equation 1 (Schlumberger,
1974):

IGR =
GR−GRmin

GRmax −GRmin
, (1)

where:

• IGR is the volume of shale,

• GR is the gamma ray reading of the formation,

• GRmin is the minimum gamma ray reading in
the formation (usually found in the cleanest
sandstone or limestone layers),

• GRmax is the maximum gamma ray reading in
the formation (usually found in the purest shale
layers).

Braz. J. Geophys., 42, 2, 2024
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Figure 1: Regional Potiguar Basin showing the studied area (red rectangle) and the regional fault lineaments
(in black). The Neogene rocks and deposits, the Açu and Jandaíra formations, crop out in the onshore section
of the basin (modified from Bertani et al., 1990; Angelim, 2006; De Castro and Bezerra, 2015).

Table 1: X-ray diffraction analysis from Wells 52 and 73 in five different plug samples and their respective min-
eral concentrations and depth. The presence of kaolinites, illites and mixed illites/smectites was identified as
the main clay minerals with concentrations up to 25% of the total rock mineral composition. It is important
to note that Well 52 has a considerably higher concentration of mixed-layer clay (illite/smectite) than Well 73.
Both have similar values of carbonates, quartz, K-feldspars and plagioclase.

Well Plug
Sample

Depth
(m)

Clay Minerals Carbonates Other minerals TOTALS

Chl. Kao. Ilt./
Mica

Mixed
Ilt./
Sme.

Cal. Sd. Qt K-
spar

Plagio-
case

Pyrite Clays CO3 Others

52

1 511.9 Tr Tr 1 24 2 0 32 31 9 1 25 2 73

2 544.3 Tr Tr 1 15 3 0 40 34 7 Tr 16 3 81

3 568.7 Tr 2 1 7 6 0 36 34 14 Tr 10 6 84

73
4 555.5 0 1 7 2 1 1 44 22 19 0 10 2 90

5 557.9 0 2 7 0 0 0 33 26 29 1 8 0 92

AVERAGE 0 2 3 10 2 0 37 29 16 1 14 3 84

Note: Tr = trace mineral concentration below 1% and not considered for the average calculation.
Chl. = Chlorite, Kao. = Kaolinite, Ilt./Mica = Illite/Mica, Mixed Ilt./Sme. = Mixed Illite/Smectite, Cal. = Calcite,
Sd. = Siderite, Qt. = Quartz, K-spar = K-feldspars, CO3 = Carbonates

Braz. J. Geophys., 42, 2, 2024



4 PETROPHYSICAL EVALUATION IN POTIGUAR BASIN

Figure 2: Potiguar Basin stratigraphic chart illustrating the different evolutionary stages. The Alagamar For-
mation is located between two unconformities: Lower Alagoas Unconformity (LCU) and Lower Aptian Uncon-
formity (LAU) (red lines in the chart). The Potiguar Basin is subdivided into 4 tectono-sequences and the
studied interval (blue arrow) comprises all the sedimentary records of the post-rift stage (modified from Pes-
soa Neto et al., 2007).

Braz. J. Geophys., 42, 2, 2024
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Figure 3: Well 42 with GR/CALI in track 1; ILD/MSFL in track 2; NPHI/RHOB in track 3; and mud logging
in track 4. On the right, there is the histogram of GR values colored by the respective zone color (Zone 3 in
blue; Zone 2 in green; and Zone 1 in yellow).

Figure 4: Location map of the study area in the southeastern portion of the Potiguar Basin. Wells with spec-
tral gamma ray logs are highlighted in red. A) Group of wells in the southwestern area. B) Group of wells in
the northeastern portion of the study area.

Braz. J. Geophys., 42, 2, 2024



6 PETROPHYSICAL EVALUATION IN POTIGUAR BASIN

This equation assumes that the gamma-ray log re-
sponse of the cleanest sandstone or limestone layer
represents the minimum, while maximum gamma-ray
values represent shaly intervals, respectively, for a
given formation. The equation calculates the shale
volume by comparing the gamma-ray response of the
formation to these reference values. This equation is
widely used and has been developed and refined over
time by petrophysicists and geoscientists through the
analysis of numerous well logs and field data.

After calculating the IGR, Vsh was calculated us-
ing several methods like Larionov Old Rocks and Lar-
ionov Paleogene Rocks (Larionov, 1969; Stieber, 1970;
Clavier et al., 1984) represented by equations 2 to 5:

VshLarionovOldRocks = 0.33(22IGR − 1) (2)

VshLarionovPaleogeneRocks = 0.083(23.7IGR − 1)
(3)

VshClavier = 1.7− (3.38− (IGR+ 0.7))
1
2 (4)

VshStieber =
IGR

3− 2IGR
(5)

An additional significant technique for the esti-
mation of Vsh involves the utilization of the neutron-
density model as introduced by Bhuyan and Passey
(1994). Nevertheless, this approach was not applied
within the context of the present study, attributable
to the elevated levels of gas saturation found within
the zones of the examined reservoir. This divergence
arises from the pronounced sensitivity of the neu-
tron log to the heightened hydrogen content within
the clay constituents, in contrast to the density log
(Paiva et al., 2019). After calculating the shale vol-
ume using these different methods, the next step
was to estimate the total porosity (Φ) and effective
porosity (ΦEffective). The porosity can be calculated
through the density (RHOB) and/or neutron (NPHI)
log. To convert bulk density to total porosity, there
is a widespread industry formula (equation 6):

ΦRHOB =
RHOma −RHOB

RHOma −RHOf
(6)

where:

• Φ RHOB = porosity from density log,

• RHOma = matrix density,

• RHOB = formation bulk density (log value),

• RHOf = density of the fluid saturating the rock
immediately surrounding the borehole – usu-
ally mud filtrate (1.11 for saltwater mud in this
study).

The neutron energy loss can be related to porosity
because, in porous formations, hydrogen is concen-
trated in the fluid filling the pores. Reservoirs whose
pores are gas-filled may have a lower porosity than the
same pores filled with oil or water because the gas has
a lower concentration of hydrogen atoms than either
oil or water. So, the neutron log values are used as
total porosity (Φ NPHI).

Once the density porosity is calculated, it is cor-
rected by the shale content according to the following
expression (Schlumberger, 1974) (equation 7):

ΦDcorrected
= ΦD −

[(
ΦDsh

0.45

)
0.13Vsh

]
(7)

Next, the corrected density-derived porosity ΦDC

is combined with the corrected neutron porosity
ΦNC

to estimate the neutron density porosity ΦND

(Schlumberger, 1974) (equation 8):

ΦNcorrected
= ΦN −

[(
ΦNsh

0.45

)
0.03Vsh

]
(8)

ΦND
=

√
ΦNC

2 +ΦDC

2

2
(9)

Where ΦN is the neutron derived porosity (neu-
tron log reading in decimal units) and ΦNsh

is the
neutron porosity at a nearby shale.

Φtotal =

(
ΦNPHI

2 +ΦRHOB
2

2

) 1
2

(10)

There are various definitions of ’effective’ poros-
ity (e.g., Hill et al., 1979; Clavier et al., 1984; Juhasz,
1986). However, the most common definition is from
Schlumberger (1987), (equation 11):

ΦEffective = ΦTotal(1− Vshale) (11)

This equation was used to calculateΦEffective for
each one of the Vshalemethods and then correlated
with the Φ measured in the plug samples. After cal-
culating the ΦEffective for each well, the following
cut-offs were defined to estimate the Net Sand inter-
vals to generate maps and understand the distribution
of the reservoir quality heterogeneities:

• ΦEffective > 10%

• Vshale < 50%

The ΦEffective cut-off was determined using the
core analysis data, where the samples with less than
10% of Φ have very low permeability (close to 1mD)
when compared to the other ones (see Figure 5).

Braz. J. Geophys., 42, 2, 2024



FERREIRA ET AL. 7

Figure 5: Correlation between the petrophysical laboratory measurement of effective porosity in 94 plug sam-
ples in four wells (PHI_CORE) and the permeability (K_CORE) also measured in these samples.

After understanding the thickness and distribu-
tion of the sandy bodies, another important step of
the petrophysical evaluation is trying to identify and
characterize the shaly intervals that work, or not,
as fluid-flow barriers inside and between the mapped
reservoir zones. In this workflow (Figure 6), spectral
gamma-ray logs play an important role when working
with arkoses, which naturally have higher radioactiv-
ity than the siliceous ones, because of the presence of
a 40K isotope.

The natural gamma-ray spectrometry tools detect
naturally occurring gamma rays of various energies
emitted from a geological formation. Amounts and
types of elements present are determined by how the
formation was deposited and what has happened to
it since deposition. These elemental concentrations
thus calculated show a correlation to depositional en-
vironment, geomorphic and diagenetic processes, clay
type and clay volume (Serra et al., 1980).

Radioactive isotopes initially contained mainly in
acidic igneous rocks are transported due to geolog-
ical processes to the sediments where they usually
accumulate in a clayey substance. Typically, the
high gamma ray response indicates the presence of
fine-grained deposits or clay-rich formations, such as
shale, claystone and mudstone, while the relatively
low gamma radiation indicates the presence of coarse-
grained clean sandstones and carbonate rocks. How-
ever, the main feature of SGR is the ability to dis-
tinguish gamma emissions from 40K, 238U and 232Th
(Klaja and Dudek, 2016).

The recognition of radioactive minerals, especially
clay minerals present in the rocks, and the under-
standing of the oxidizing and reducing conditions of
the depositional environment through the measure-
ment of uranium (oxidizing environments are free of
uranium while reducing environments are rich) al-
low a better determination of the mineralogical as-
pects. When combined with the vertical distribution
of lithologies and grain sizes, the reconstruction of
the depositional environment becomes more accurate
(Hassan et al., 1976).

Besides identifying those barriers through SGR
logs, characterizing what type of clay minerals are
present in the reservoir intervals is also important
(e.g., in order to avoid expansive clays). To do so,
Schlumberger (1976, 2009) and Doveton (1994 apud
Bhattacharya and Carr, 2016) established, through
empirical experiments, some graphics relating differ-
ent types of clay minerals using PE, K (%), U (ppm),
Th (ppm), and the ratios Th/K and Th/U.

RESULTS AND DISCUSSION
Vsh and Porosity evaluation of the reservoir
After calculating the effective porosity using all four
Vsh methods for the four wells that were cored and
plugged, the correlation between them was analyzed
in Figure 7. The method that best fits for this dataset
was the Vshale calculation through Larionov Paleo-

Braz. J. Geophys., 42, 2, 2024



8 PETROPHYSICAL EVALUATION IN POTIGUAR BASIN

Figure 6: I) Workflow for the petrophysical evaluation and stratigraphic correlation between the reservoir zones;
II) Workflow for the SGR log evaluation aiming a better clay mineral characterization.

Figure 7: Correlation between the petrophysical laboratory measurement of the effective porosity in 94 plug
samples in four wells (PHI_CORE) and the effective porosity calculated using the Larionov Paleogene Rock
method (PHIE_LARIONOV).

Braz. J. Geophys., 42, 2, 2024
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gene Rocks (Larionov, 1969), with an R2 of almost
0.97. After choosing Larionov Paleogene Rocks as
the best way to estimate ΦEffective, this petrophys-
ical parameter was calculated for the 69 remaining
wells. The distribution of this property can be ana-
lyzed in the histograms generated for all 3 zones in
the 74 wells (see Figure 8).

Figure 8: Histograms of effective porosity calculated
for all the wells in the study area: (a) PHIE ZONE
1 - histogram for the top reservoir zone; (b) PHIE
ZONE 2 - histogram for the intermediary zone; and
(c) PHIE ZONE 3 - histogram for the basal zone.

In Zone 3, the basal one, it is notable that most
of the ΦEffective calculated was lower than in the
other two zones, which can result in the worst pro-
ductions from this zone. The other two zones have
better ΦEffective values, with Zone 2 having the high-
est ones.

To understand the distribution of sand bodies
with the best reservoir properties in the study area,
Net Sand maps were generated (Figures 9, 10, and 11)
together with contour and structural maps of each

reservoir. The basal map, from Zone 3, has better
reservoir properties to the basinward, in the north-
western direction. In the Zone 2 map, the good reser-
voir properties are thicker and concentrated close to
the Carnaubais’ Fault System (CFS). The Zone 1 map
shows not only that the sand bodies are also thicker
and concentrated next to the CFS, but also more con-
tinuous laterally.

As the Upanema Member, in the Alagamar For-
mation, is classified as a succession of flooding events
in the post-rift phase of the Potiguar Basin, the higher
concentration of the sand bodies next to CFS in zones
2 and 3 could be linked to these flooding events. To
understand these events, the Th (ppm) log was used
to identify parasequences and sequence boundaries
(Figure 12). This element, during alteration or weath-
ering, is easily hydrolyzed and therefore has limited
mobility and a tendency to concentrate in residual
minerals, such as bauxite and clay minerals (Schlum-
berger, 1976).

Using well 57 in Figure 12 as an example, the
basal zone is characterized by the high content of con-
glomerate, probably linked with the initial alluvial fan
flows and an aggradational pattern in the Th (ppm)
curve. The top is easily delimited in most of the wells
by the presence of a regional shale layer with high Th
(ppm) and U (ppm) values, variable thickness and
presence in the mud log descriptions.

On the other hand, zones 1 and 2 are mostly com-
posed of an intercalation of sandstones and shales
with fining and coarsening upward cycle parase-
quences of higher stratigraphic order. As showed in
Figure 8, these sandstones have high porosity and
most of the hydrocarbon production comes from it.
Moving away from CFS, there is a higher shale con-
tent in these zones, represented by the lower net sand
thickness in the maps above and by the lower distance
between the NPHI-RHOB crossover and the higher
GR values in Figure 13. The geometry of the sand
bodies is well defined next to this fault system.

Above Zone 1 top, there are several thin shaly
sandstones, shale beds and carbonate mudstones,
marked by the considerably higher U and Th values,
that are called Ponta-Tubarão beds and are well dis-
cussed by Araripe and Feijó, 1994; Pessoa Neto et al.,
2007.

For Zone 2 and 1, based on the Net Sand maps and
Vsh content, the top zone has a higher water level that
prevented the sand bodies from going basinward and
then concentrate close to CFS. This stratigraphic ten-
dency of higher basin water level is also evidenced by
the Ponta-Tubarão beds above Zone 1.

Analysis of the shaly intervals
For the petrophysical characterization of the clay min-
erals, as the wells with SGR logs are dispersed in two
different portions of the studied area, it was generated
three types of graphs for each reservoir zone: K (%)
vs. PE (b/e) and K (%) vs. Th (ppm) (Figure 14),

Braz. J. Geophys., 42, 2, 2024



10 PETROPHYSICAL EVALUATION IN POTIGUAR BASIN

Figure 9: Isopach Net Sand Map colored below the faults for the basal reservoir (Zone 3) generated using the
cut-off of 10% for PHIE values and <50% for Vsh. The well data were interpolated using the kriging geostatis-
tical method. The thicker net sand values seem to go basinward, in the northwestern direction. This figure was
made using the S&P Kingdom software.

Figure 10: Isopach Net Sand Map coloured below the faults for the intermediary reservoir (Zone 2) generated
using the cut-off of 10% for PHIE values and <50% for Vsh. The well data were interpolated using the kriging
geostatistical method. The portions with thicker net sand values are concentrated near the Carnaubais’ Fault
System showing a geometry very similar to alluvial fans. This figure was made using the S&P Kingdom soft-
ware.

Braz. J. Geophys., 42, 2, 2024
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Figure 11: Isopach Net Sand Map coloured below the faults for the top reservoir (Zone 1) generated using the
cut-off of 10% for PHIE values and <50% for Vsh. The well data were interpolated using the kriging geostatis-
tical method. The portions with thicker net sand values are concentrated near the Carnaubais’ Fault System,
like the intermediary zone map, but with a better lateral continuity parallel to this fault system. This figure
was made using the S&P Kingdom software.

based on Schlumberger, 1976, 2009, and Th/U vs.
Th/K ratios (Figure 15), based on Doveton, 1994;
Bhattacharya and Carr, 2016.

The first type, K (%) vs. PE (b/e), and the sec-
ond, K (%) vs. Th (ppm), show a high concentra-
tion of illite and few points on the montmorillonite
field in both well groups. After deposition, during
compaction processes, montmorillonite usually trans-
forms into illite, passing through an intermediary
stage called mixed-layer clay (Hassan et al., 1976). In
the K (%) vs. Th (ppm) graphs, there is a tendency of
some points in this intermediary clay type. So, based
on these plots, we can assume that the compaction
may have played an important role in this transfor-
mation.

In the context of the third type of plot, Th/U
vs. Th/K, there is a concentration of data points
within the fields corresponding to illite and mixed-
layer clay minerals. Additionally, a limited number
of data points are situated within the domain asso-
ciated with smectite clay minerals. It is noteworthy
that the smectite clay does not feature in the other
graphs presented.

According to Fabricius et al., 2003, in tempera-
tures higher than 50-80°C, kaolinite and feldspars may
react to form authigenic illite and quartz cement, and
this process must be the source of this high concen-
tration of illite in the reservoir zones. Furthermore,

the Th/U vs. Th/K plot suggests that the environ-
ment was mainly oxidizing during deposition, and the
uranium (U) content of the rocks underwent leaching
processes.

Given the uniformity observed across all cross-
plots, which consistently indicates the presence of
analogous clay mineral compositions in both sectors
of the study area, it is plausible to infer that those
diagenetic processes played a similar role within this
area. When correlating the few XRD analysis data,
as shown in Table 1, with the graphs, both indicate
the presence of the same clay minerals, although the
XRD data identified a higher concentration of kaoli-
nite than the well log plots did.

After clay mineral identification, when correlat-
ing wells using SGR logs (Figure 16), it is very clear
that the K (%) log shows few variations in the three
reservoir zones and the Th (ppm) log varies a lot
more. This characteristic can be associated with the
shale content of the rock beds, because as the amount
of clay minerals gets higher, the Th (ppm) concen-
tration also gets higher. This is evidenced by the
NPHI/RHOB crossover and the mud logging that in-
dicate shale intervals where there is high Th (ppm)
content in Figure 12. Finally, calculating Vsh from
the Th (ppm) log can be an efficient way to under-
stand the shale content distribution in these reservoirs
and identify possible stratigraphic flow barriers.

Braz. J. Geophys., 42, 2, 2024
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Figure 12: Composite log of the Well 57 showing the well tops interpreted. From track 1 to 7, the following logs
are presented: CALI/GR, depth, Potassium (K - %), Thorium (Th – ppm), Uranium (U – ppm), NPHI/RHOB
and mud logging description. The top and base of the Alagamar Fm. and the top of Zone 1 are well marked
in the GR, NPHI and RHOB logs. However, the reservoir zone subdivision requires radioactive concentration
logs together with the conventional ones.

Braz. J. Geophys., 42, 2, 2024
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Figure 13: Well correlation section orientated from south to north. From Lower Alagoas Unconformity to Zone
1 Top, from Well 60 to 61, there are a few variations in the GR log, presenting a slightly serrated pattern. It
can be noticed It can be noticed the higher shale content in the direction of Well 69, evidenced by the higher
variation of this log, together with NPHI and RHOB; the shale, which separates Zone 3 from 2, gets thicker,
with higher GR values.

Braz. J. Geophys., 42, 2, 2024
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Figure 14: Both cross-plots are sourced from Schlumberger, 1976, 2009 to identify the clay minerals in the
reservoirs. A) Plot of K (%) vs. PE (b/e), revealing a preponderance of data points situated between ranges
corresponding to illite and montmorillonite; besides that, there is a trend in the direction of chlorite that can
be related to Mixed-layer clays. B) Plot of K (%) vs. Th (ppm) wherein data points also serve to indicate the
presence of illite, montmorillonite and mixed-layer clay with few points in the mica zone. This convergence of
outcomes underscores the similar clay mineral composition in the study area, alongside the equivalent impact
of diagenesis therein. This figure was made using the Techlog® software.

Braz. J. Geophys., 42, 2, 2024
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Figure 15: The plot Th/U vs. Th/K was initially proposed by Doveton, 1994 and modified from Bhattacharya
and Carr, 2016. There are few differences between the reservoir zones, revealing the presence of illite, mixed-
layer clay and a small contribution of smectite, kaolinite-chlorite and micas. These plots suggest that during the
deposition phase, the prevailing depositional environment was primarily oxidizing, and it is conceivable that the
uranium (U) content within the rocks underwent leaching processes. This figure was made using the Techlog®
software.
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Figure 16: Well correlation section orientated from WSW to ENE. From Lower Alagoas Unconformity to Alaga-
mar Formation Top, wells 56-64-51-57, there are few variations in the GR log, presenting a slightly serrated
pattern. From tracks 1 to 6, the figure shows GR, K, THOR, URAN, NPHI/RHOB and Lithology from mud
logging. The SGR logs, especially the THOR, help when identifying the zonation of the reservoirs, evidencing
that the zones have different stacking patterns.
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CONCLUSIONS

Petrophysical reservoir characterization encompasses
several different workflows using well logs with the
essential calibration of the rock data. This study pro-
posed the integration of plug sample data with well
logs to better identify the most effective method of
estimation of shale volume, its impact on effective
porosity calculation, when understanding the lateral
continuity and geometry of the studied sand bodies,
and the characterization of the clay minerals for each
one of the reservoir zones contained in the Upanema
Member of Alagamar Formation, yet little studied.

When it comes to identifying the most effective
method to calculate the shale volume in the reservoir
rocks from Upanema‘s Member, the comparing of the
Φ Effective values from plug samples and the ones
calculated from well logs using the Larionov Paleo-
gene Rocks method to estimate shale volume showed
an excellent correlation despite these rocks being de-
posited during Aptian-Albian. The application of this
methodology for younger rocks can be applied to Cre-
taceous rocks due to the small overburden that these
rocks are submitted.

The lateral continuity and geometry of the sand
bodies with good reservoir properties (Φ Effec-
tive>10% and Vshale<50%) were effectively identified
using the Net Sand maps. It was possible to see the
difference in sand dispersion between the three zones,
considering that in Zone 3 the sandy sediments tend
to go basinward and are more discontinuous, while in
zones 1 and 2, these deposits tend to be more contin-
uous laterally and concentrated close to their source.
This difference can be related to the water level vari-
ation at those times, resulting in the concentration of
the coarse grain deposits near the Carnaubais’ Fault
System.

Above these reservoirs, there are thicker shale de-
posits with higher Uranium content, which suggests
a change in the deposition and environmental condi-
tions in the Alagamar Formation, probably related to
the first marine incursions described by Araripe and
Feijó, 1994 and Pessoa Neto et al., 2007. Further-
more, the utilization of Spectral Gamma Ray logs has
demonstrated its efficacy not only as a method for dis-
cerning the prevalent clay mineral constituents within
the reservoir zones, matching with the clays identified
in the x-ray diffraction analysis qualitatively, but also
for giving insights about the climate conditions of the
rocks of the reservoir during deposition.

These logs, together with photo-electric logs, in-
dicated a predominance of illite, mixed-layer clay and
montmorillonite compositions, with a minor presence
of smectite, kaolinite-chlorite and micas. Another in-
terpretation is that these rocks were deposited in an
oxidizing environment, probably related to low water
levels.

Nonetheless, it is important to state that the most
definitive approach to ascertaining the specific clay
mineral types remains through the utilization of X-ray

diffraction techniques. Regrettably, such an in-depth
investigation falls beyond the scope of this present
paper due to the low number of samples with XRD
data.

Additionally, the Thorium concentration logs with
NPHI-RHOB measurements and mud logging data
have proven to be an effective approach for estimat-
ing shale content. This is due to the elevated Th
content observed in intervals characterized by higher
shale content. So, the shale volume estimation would
be better addressed using a Thorium concentration
log. Unfortunately, there are few wells with this log
and, therefore, the correlation between rock-porosity
and well-log-porosity turned out to be very effective.
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