
Abstract
The AN field, located offshore in the Douala Sub-Basin within the Douala/Kribi-Campo Basin, is part of the larger 
Aptian Salt Basin in Equatorial West Africa. This study focuses on evaluating the petrophysical properties and deter-
mining the reservoir quality of the sandstones in the AN Field to enhance production efficiency. Furthermore, well log 
data, including caliper, gamma-ray, density, neutron, sonic, and resistivity logs, were collected from Well 1 and Well 
2 (pseudonym) in the AN field Douala Basin and analyzed using Techlog version 2015.1 software for petrophysical 
analysis and reservoir quality assessment. Moreover, the lithologic sequence consists of sandstone beds alternating 
with shale. In addition, three sandy reservoir units were identified (R1, R2, and R3), with thicknesses ranging from 
16.6 to 53.8 m, identified in Wells 1 and 2. In addition, the reservoirs exhibited poor average formation porosity 
(1.54 - 16.53%), low average permeability (0.02 - 5.93 mD), and significantly high average water saturation (64.81-
99.1%). In addition, analysis of true formation resistivity values versus water saturation indicated that all reservoir 
units in both wells were water saturated and unable to yield a commercial quantity of hydrocarbons. Furthermore, 
the gamma-ray log patterns indicate the depositional environment to be a deep marine setting, specifically fan valley 
sediments, encompassing braided river floodplains, deep tidal channel fills, and submarine fan lobes. In addition, the 
identified depositional environment aligns with a deep marine setting, which emphasizes the need for further explo-
ration and assessment to optimize production efficiency in this area. Moreover, the results from this study will guide 
wellsite decisions, reservoir development, and production planning, and impact critical financial decisions at every 
stage of the Exploration and Production lifecycle in the Douala Sub-Basin, Cameroon.
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Introduction 
The process of assessing hydrocarbon reservoirs 
through formation evaluation is vital, as it involves a 
comprehensive blend of geology, petrophysics, and 
reservoir engineering to achieve a thorough reservoir 
characterization [1-3]. In addition, well logs are the 
primary means employed to delineate petrophysical 
properties like lithology, porosity, saturation, and 
permeability [4-6 ]. Understanding these petrophysical 
characteristics is imperative for evaluating the quality 
and production potential of oil and gas reservoirs [7-
9]. Moreover, a detailed evaluation of the petrophysical 
properties of reservoir rocks enhances the capacity to 
estimate hydrocarbon reserves, determine reservoir bed 
thickness, and differentiate between gas, oil, and water-
bearing strata by examining their electrical resistivity 
and relative permeability values [10-13].
The Douala/Kribi-Campo basin, found along the 
southwestern coast of Cameroon, forms the northern 

segment of the Aptian Salt Basin located in Equatorial 
West Africa [14,15]. In addition, this basin extends 
southwards to Namibia and is situated within the Gulf 
of Guinea, bordered by the oil-rich regions of Angola, 
Congo, Gabon, and Equatorial Guinea to the south, 
as well as the Niger/Rio del Rey Basin to the north 
[14]. Moreover, this basin is renowned for its bowl-
like configuration, significant detrital debris content, 
and various geological formations shaped by tectonic 
activities [16,17]. In addition, hydrocarbon production 
commenced in the offshore Douala Basin as early as 
1977, with a rapid decline from 180,000 barrels per day 
(bpd) in 1985 to approximately 60,000 bpd, prompting 
the quest for fresh reserves [18]. Furthermore, the 
relevance of petroleum in bolstering the economic 
well-being of both developed and developing nations 
cannot be overstated due to its multifaceted applications. 
Moreover, continuous efforts are underway to explore 
and unearth new deposits to sustain these benefits. Also, 
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innovations are indispensable to enhancing current production 
methods and locating untapped fields. 
Numerous studies have explored the geological characteristics 
of the Douala Basin’s onshore region over the years. 
Moreover, fieldwork investigations conducted by 19 and 
20, as well as sedimentological examinations by 21 and 
paleontological analyses by 22 have contributed significantly 
to our understanding. However, there is a noticeable gap in 
research focusing on the offshore sector. In addition, recent 
studies in the offshore portion of the basin have honed in 
on deep-water channel systems, underscoring the importance 
of comprehending channel morphology for compelling 
hydrocarbon exploration in deeper waters [23, 24].
The offshore reservoirs in the Douala Basin exhibit promising 
petrophysical properties, boasting porosity levels ranging 
from 20 to 30.8%, substantial hydrocarbon saturation, 
and favorable permeability, particularly in channel sands, 
submarine fan lobe sands, and deep tidal channel-fill [23, 25]. 
The AN Field is located offshore in the Douala Sub-Basin, a 
component of the broader Douala/Kribi-Campo (DKC) Basin 
(Fig. 1). Due to a confidentiality agreement with Cameroon’s 
National Hydrocarbon Corporation (SNH), the precise well 
locations remain undisclosed. This study aims to improve 
the understanding of reservoir characteristics within the AN 
Field by utilizing subsurface data to reassess its hydrocarbon 
potential. Specifically, it focuses on the petrophysical 
characterization of the reservoirs using well log data, with 
key objectives including the identification of lithologic 

sequences, delineation of major reservoir units, evaluation 
of their petrophysical properties, and determination of the 
depositional environment. Ultimately, the study seeks to 
reduce uncertainties associated with hydrocarbon exploration 
and production in the area.

Geological Settings
The Regional Geologic Settings and Stratigraphy of Douala /
Kribi Campo Basin

The Douala/Kribi-Campo basin is part of a series of 
continental shelf basins stretching across West Africa from the 
Niger Delta in Cameroon to the Walvis Ridge near the Angola-
Namibia border. Moreover, it is subdivided into two sections: 
the Kribi-Campo sub-basin to the south and the Douala sub-
basin to the north. Furthermore, the Douala sub-basin extends 
between latitudes 3˚03’N and 4˚06’N, and longitudes 9˚00’E 
and 10˚00’E, covering an area of 12,805 km2 (Fig. 2). This 
sub-basin has a crescent shape, starting from the southeastern 
border of Mount Cameroon with an onshore width of about 
70 km, gradually narrowing towards the South up to Londji. 
Furthermore, the eastern boundary of the sub-basin is 
formed by the late Proterozoic Pan-African belt. Moreover, 
the formation of the Douala sub-basin and its half-graben 
structure is attributed to an E-W distension event that led to 
the separation of the African and South American continents, 
resulting in the opening of the South Atlantic [27].

Fig. 1 Map showing Cameroon (a), the Douala /Kribi Campo Basin and Rio Del Rey Oil block with AN Field in red triangle (B) and (C) 
Mamfe basin [26].
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Fig. 2 Location map of Cameroon (West Africa) and outlines of the Douala and Kribi/Campo sedimentary sub-basins. (Modified from 27 & 30).

On the other hand, the Kribi-Campo sub-basin, located 
onshore and offshore Cameroon, falls within latitudes 
2˚20'N - 3˚20'N and longitudes 9˚15'E - 10˚00'E, covering 
approximately 6195 km2. The subsurface of this basin is 
primarily composed of Archean rocks of the Ntem complex 
overlain by Paleoproterozoic rocks of the Nyong Unit. The 
northern region consists of Precambrian rocks affected by the 
Pan-African episode, comprising mostly schists and gneisses 
intruded by granites and diorites. In contrast, the southern 
part is characterized by the Ntem complex, representing the 
northern edge of the Congo craton, with granulite facies 
rocks formed during the Archean and reactivated during the 
Eburnean orogeny. Furthermore, the coastal region of the 
basin is dominated by Cretaceous sediments, predominantly 
sandstones with minor occurrences of limestone and shales. 
The geological evolution of these basins has resulted in 
a variation of sedimentary environments along the West 
African coast over time [25-29].

Stratigraphy of Douala /Kribi Campo Basin
The lithostratigraphy of the Douala Sub-Basin includes 
seven major formations that are connected to its geodynamic 
and sedimentary evolution [31]. Moreover, the formations 
consist of various layers, starting from the Precambrian 
Basement, followed by the Mundeck Formation, the 
Logbaba Formation, the N’kapa Formation, the Souellaba 
Formation, the Kribi Formation, the Matanda Formation, 
and finally, the Wouri Formation (Fig.3). Each Formation 
has distinct characteristics and compositions, ranging from 
ancient Precambrian rocks in the basement to more recent 
sediments like sands, shale, sandstone, and mudstones in 
the upper formations. Moreover, the sedimentary cycles 
within these formations reveal different environments such 
as continental, marine, and deltaic, with unique depositional 
patterns and rock types that offer valuable insights into the 
geological history of the Douala Basin.

Materials and Methods 
This research employed datasets provided by the National 
Hydrocarbon Corporation of Cameroon, specifically 
wireline logs in LAS format. These logs were utilized to 
calculate key petrophysical parameters and to interpret the 
depositional environment of the reservoir. Additionally, the 
data supported the evaluation of reservoir continuity and the 
spatial distribution of petrophysical properties. Collectively, 
these insights contribute to a more comprehensive 
understanding of the reservoir, thereby enhancing its overall 
characterization within the study area. Well 1 and Well 2 
in the AN field were the focus of the study, with the data 
meticulously organized, sorted, and quality checked before 
being imported into Techlog software for visualization as log 
Curves. The software was employed for data quality control, 
interpretation, and analysis of the digitized wireline logs. 
Petrophysical assessment was categorized into qualitative 
and quantitative evaluations. Furthermore, the Gamma 
ray (GR) log signature was used to delineate the various 
lithological units in each of the studied wells, whereby the 
sand bodies were differentiated from the shale bodies. In 
addition, the sand bodies were identified by the deflection 
to the left of the GR log signature as a result of the fact that 
sand bodies will have a low concentration of radioactive 
minerals, while deflection to the right signified shale which 
is as a result of high concentration of radioactive minerals 
[33, 34]. Conventionally, the GR log is set to a scale of 0-150 
API, with a central cut-off of 65 API units, in which less than 
65 API is interpreted as sand, while greater than 65 API is 
interpreted as shale. Moreover, fluid determination involved 
analyzing sandstone units using the resistivity log, where high 
resistivity values suggested the presence of hydrocarbons and 
low values indicated brine. Furthermore, the distinction was 
based on the conductivity of brine compared to hydrocarbons 
[4,35-37]. 
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Fig. 3 Stratigraphic summary of the Douala/Kribi Campo basin indicating petroleum play [32].

The gamma ray log was utilized in the computation of shale 
volume within a porous reservoir. Initially, the gamma ray 
index was determined using Equation 1 to estimate shale 
volume; however, this method tends to overestimate the shale 
volume. To rectify this, the correction was made by applying 
[38] Equation 2. 
Furthermore, the shale volume identified in the reservoirs 
through the gamma ray log was instrumental in adjusting both 
porosity and water saturation values.  Moreover, the volume 
of shale (Vsh) indicates reservoir quality—the cleaner the 
reservoir is, the lower the shale volume is. 
Porosity was assessed by inserting bulk density readings 
obtained from the density log into the [39] equation (i.e., 
Equation 3) within each reservoir. Additionally, total porosity 
was determined using Equation 4, and the interpretation of 
reservoir quality was facilitated by referring to the [40]. 
classification scheme.

log min

max min
GR

GR GR
I

GR GR
-

=
-

                                                             (1)

Vsh=0.083[2(3.17×I) GR] - 1.0                                                      (2)
NB: In Equation 1, IGR is the gamma ray index, GR log 
is the reading of formation, while GR minimum and GR 
maximum indicate values picked in the sand and shale base 
lines, respectively.
ØD=ρma-ρb/ρma- ρf                                                                                           (3)
ØT= ØN+ØD/2                                                                           (4)
where 
ØD = density-derived porosity
ρma = matrix density (2.65gm/cm3 (sandstone)) 
ρb = the formation bulk density 
ρf = fluid density (1.1gm/cm3)
ØT= Total porosity
ØN= Neutron porosity
The fluid saturation within a reservoir is usually expressed 
relative to the total pore space, where the fluids present could 
be saline water and/or hydrocarbons. The water saturation in 
the reservoir is contingent upon the amount of hydrocarbon 
present; a higher water saturation implies a
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lower hydrocarbon content in the reservoir. Archie’s 
saturation equation typically determines fluid saturation, 
but its efficacy can be limited in less clean sand formations. 
Subsequently, the water saturation in the reservoirs of this 
field was approximated using the Indonesian model (based 
on Equation 5) developed by [41]. which is tailored for shaly 
reservoirs like those encountered in this study.
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(5)

where;
Vsh: Volume of shale in reservoir, 
Rw: Formation water resistivity at formation temperature, 
Rt: True formation resistivity, n: Saturation exponent.
Hydrocarbon Saturation, Sh represents the hydrocarbon 
proportion within a formation’s pore volume and was 
calculated by subtracting the water saturation value from 
100%. Permeability was computed from log data utilizing 
the Tixier Equation 6. 
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=

                                                                     (6)

where Swirr is the irreducible water saturation
Reservoirs were graded based on their permeability levels, 
assisted by [41] permeability classification system. The 
Bulk Water Volume (BVW) in a reservoir is computed by 
multiplying the Water saturation (Sw) by the porosity (Ø) as 
expressed in Equation 7 below.
BVW=SwØ                                                                                                                     (7)
Notably, BVW aids in indicating whether a reservoir is at 
Swirr, a state where it produces water-free hydrocarbons 
due to the retention of all the formation water through 
surface tension or capillary pressure by grains. Moreover, a 
reservoir at Swirr exhibits constant or nearly constant BVW 
values throughout, as elucidated by [2, 42]. Consequently, 
when BVW has been calculated at multiple points within 
an interval, the values should be comparable to signify an 
essentially water-free completion.
In order to obtain precise formation evaluation and assess 
the reservoir quality necessary for effective reservoir 
management, a thorough reservoir correlation was conducted 
between the wells within the field. This involved determining 
the deposition environment of the reservoir units in Well 1 
and Well 2. Moreover, the correlation analysis of Well 1 and 
Well 2 was carried out by analyzing their respective well 
logs, which included gamma ray, resistivity, porosity, and 
lithology data. This analytical approach aids in identifying 
geological and reservoir characteristics by comparing the 
recorded log responses [43,44].
The beginning of this process involves selecting a representative 
reference well log for comparison with others through 
techniques such as cross-correlation and clustering. In addition, 
this correlation process assists in understanding the lateral 
continuity and variability of reservoir properties essential for 
tasks like well planning and reserve estimation [44]. 
The depositional environment of the reservoir units in Well 
1 and Well 2 within the field was determined using the Self-
potential and gamma ray log signatures in the absence of 

core samples as described by [45]. The distinct shapes of the 
curves can be attributed to factors such as water depth, the 
origin of sediment, and the prevailing hydrodynamic forces 
[46-49].

Results and Discussion 
Results
Lithologic Sequence and Reservoir Unit

From the qualitative analysis of the well logs signature, 
three (3) sandy reservoirs were identified in Well 1 and Well 
2 (Fig.4a-c). In addition, the lithologic sequences of Well 1 
and Well 2 consist of sandstones beds alternating with shale 
(Fig.4a- c).

Fluid Type Present in the Reservoir
The fluid types identified in the reservoir units of Well 1 and 
Well 2 are formation water and hydrocarbon (Fig. 5a-c).
To determine the fluid composition within the reservoir units 
of Wells 1 and 2 and evaluate their viability for commercial 
hydrocarbon extraction, a plot was created. Moreover, 
this plot depicted the relationship between true formation 
resistivity (Rt) and water saturation (Sw) (Fig. 6 and Fig. 7). 
Furthermore, the findings from these plots indicate that the 
predominant fluid phase in the reservoir units (R1, R2, and 
R3) in both wells is mainly water, suggesting their incapacity 
to deliver a commercially viable quantity of hydrocarbons.

Petrophysical Properties
Table 4.1 offers a detailed overview of the petrophysical 
parameters calculated based on the examination of the well 
log data. The table showcases the diverse petrophysical 
parameters acquired through the analysis of well logs for the 
three (3) clastic reservoirs encountered by the corresponding 
individual wells.
The analysis of the permeability (k) and effective porosity 
(Φ) plot (Fig. 8 and Fig. 9) offered significant insights into the 
reservoir’s physical attributes, including grain size, sorting, 
and cementation degree. Moreover, this plot facilitated the 
delineation of distinct zones indicating coarsening, fining, 
sorting, and cementation of clay within the reservoir. For 
well 1, the plot in Fig. 8 revealed that R1 is situated in a 
region characterized by fine grain size and poor sorting. At 
the same time, R2 and R3 are located in the cement clay zone, 
indicating poorly sorted sands with a medium grain size. In 
contrast, in well 2, reservoir unit R1 falls within the medium 
grain size field with better sorting compared to R2 and R3, 
which are positioned in the cement clay area and exhibit poor 
sorting (Fig. 9).

Reservoir Correlation
The analysis of reservoir correlation revealed a robust 
connection between Well 1 and Well 2, as evidenced by the 
gamma ray deflection (Fig.10). Both wells exhibited multiple 
clastic permeable units, within the reservoir units R1, R2, and 
R3. These formations displayed consistent log signatures and 
uniform thickness throughout the field, indicating comparable 
geological attributes. Furthermore, R1 and R2 demonstrated a 
thickness augmentation towards the east, while R3 exhibited a 
slight increase between the two wells (Fig.10).
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Fig. 4.a-c Log curves plot displaying sandstone reservoir interval three (R1, R2 & R3) using GR and Resistivity log signature of Well 1 
and Well 2.
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Fig. 5a-c Log curves plot displaying the fluid type identified from the reservoir units of Well 1 and Well 2.
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Fig. 6 Resistivity -Water Saturation cross plot of Well 1. Fig. 7 Resistivity -Water Saturation cross plot of Well 2.

Fig. 8 Log Permeability vs. Porosity for Well 1.

Table 4 Petrophysical Parameters of the Reservoir Units in Well 1 and Well 2.
Reservoir 1

GROSS Thickness NET PAY N/G PAY Phi(Φ) Sw(%) HC(%) Vcl(v/v) Perm (k) BVW
WELL 1 40.99 1.219 0.03   9.115 65.51 34.49 0.058 0.508 8.684
WELL 2 53.84 30.328 0.563   16.534 64.1 35.9 0.166 5.933 10.601
AVERAGE 47.42 15.77 0.2965 12.8245 64.805 35.195 0.112 3.2205 9.6425
Reservoir 2

GROSS Thickness NET PAY N/G PAY Phi (Φ) Sw(%) HC (%) Vcl(v/v) Perm(k) BVW
WELL 1 19.261 0 0  3.203 100 0 0.069 0 3.242
WELL 2 28.31 13.912 0.5   4.8  98.2 1.8 0.342 0.084 4.679
AVERAGE 23.7855 6.956 0.25 4.0015 99.1 0.9 0.2055 0.042 3.9605
Reservoir 3

GROSS Thickness NET PAY N/G PAY Phi (Φ) Sw(%) HC (%) Vcl(v/v) Perm (k) BVW
WELL 1 16.658  0.762 0.046  1.537 92.40 7.60 0.046 0.053 1.416
WELL 2 18     9.296 0.516 3.911 99.5 0.5 0.123 0.02 3.911
AVERAGE 17.329 5.029 0.281 2.724 95.95 4.05 0.0845 0.0365 2.6635

Fig. 9 Log Permeability vs. Porosity for Well 2.
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Fig. 10 Correlation panel of Well 1 and Well 2.

Depositional Environment
Analysis of the GR log patterns enabled the determination 
of the depositional environments of the reservoir units in 
Wells 1 and 2 [50]. In addition, the log characteristics in R1 
of both wells offer valuable insights into the depositional 
mechanisms, revealing aggrading processes. Furthermore, 
in Well 1, the sand lithologies in R1 appear blocky and are 
identified as channel sands (Fig. 11). These deposits exhibit 
aggregational features, indicating distributary channel infill. 
Also, distributary channel sands are characterized by high 

energy and cleanliness, making them advantageous reservoirs 
with minimal shale content. In addition, conversely, the GR 
log motif of the sand unit in R1 in Well 2 displays a serrated 
pattern, suggesting a fluvial plain and a shelf environment 
dominated by storms (Fig.11).
In both wells, the GR log signatures of reservoir unit R2 
demonstrate a diverse range of depositional environments, 
including fluvial floodplains, storm-dominated shelves, 
deep marine slopes, braided fluvial systems, and submarine 
canyons (Fig. 12).

Fig. 11 Log motifs indicating depositional environment of reservoir unit R1 of Well 1 and Well 2.
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Fig. 12 Log motif indicating depositional environment of reservoir 
unit R3 of Well 1 and Well 2.

In reservoir unit R3 of well 1 and well 2, the log signatures 
suggest a funnel/bell shape (prograding/retrograding) as 
shown in Fig. 13. Moreover, this shape indicates that the 
depositional environment could include crevasse splay, 
river mouth bar, delta front, shore face, submarine fan lobe, 
transition from clastic to carbonate, fluvial point bar, tidal 
point bar, deep tidal channel fill, tidal flat, and transgressive 
flat, as defined by [51] Additionally, the gamma ray response 
and depositional setting described by [41] suggest deep-sea 
settings, specifically supra fan lobes.

Fig. 13 Log motif indicating depositional environment of reservoir 
unit R3 of Well 1 and Well 2.

Discussion
The qualitative interpretation of gamma-ray (GR) logs from 
the studied offshore wells reveals a lithological composition 
predominantly comprising sandstones and shales. These 
findings are consistent with those of [52], who conducted 
a similar study in the Douala Basin aimed at identifying 
stratigraphic sequences. Their qualitative analysis of gamma-
ray logs also revealed a characteristic lithologic pattern of 
sandstones and claystones. Similarly, [28] in their assessment 
of the petroleum potential of the Douala Basin, reported 
alternating layers of sandstone and shale, with sandstone 
units being more laterally extensive than shale in their study 
area. The reservoir units identified in the studied wells were 
deposited in various environments, including braided river 
floodplains, deep tidal channel fills, and submarine fan lobe 
sands. These environments exhibit aggrading, retrograding, 
and prograding processes, respectively. In addition, these 
observations are consistent with the findings of [53] in their 
study of the Douala basin, where they also identified channel 

sand, submarine fan lobe sands, and deep tidal channel fills 
as the depositional environments in their studied reservoirs.
In their study, which focused on establishing the stratigraphic 
sequence and conducting facies analysis within the N'kapa 
formation, [54] identified progradational and retrogradation-
al patterns indicative of floodplain and lacustrine deposits, 
fluvial/mouth bar deposits, and shoreface deposits. Addition-
ally [53], in their examination of the N'kapa formation, high-
lighted a stratigraphic sequence through well log analysis, 
revealing reservoir deposition environments characterized 
by fluvial systems, deltaic plain facies, and tidal processes, 
which mirror the observations made in this research study.
Across the studied wells, three reservoir units (R1, R2, and 
R3) were identified, showing a correlation between the wells. 
These reservoirs are associated with sand bodies, with aver-
age net pay thicknesses of 47.4 m, 23.8 m, and 17.3 m for R1, 
R2, and R3, respectively. Also, petrophysical analysis indi-
cates poor reservoir quality for the identified reservoir units 
in Well 1 and Well 2. Ultimately, these findings contradict 
the observations made in the Douala basin by [24, 53] where 
the reservoirs in their study field displayed porosity of 20%, 
hydrocarbon saturation of 69%, and permeability of 76 mD.

Conclusions
This study has demonstrated that the three reservoir units (R1, 
R2, and R3) delineated are laterally continuous and correlate 
across both wells. Moreover, the lithological analysis of 
the GR logs reveals that the wells predominantly consist of 
thick sandstone layers with intermittent shale intercalations. 
Furthermore, petrophysical analysis indicates poor reservoir 
quality for the identified reservoir units in Well 1 and Well 
2. Moreover, the GR log motif provides insights into the 
depositional environment of these sediments, suggesting 
that they were deposited in a deep marine environment, 
specifically fan valley sediments, which encompass braided 
river floodplains, deep tidal channel fills, and submarine fan 
lobes. Moreover, the evaluation of reservoir units in the AN 
Field in the Douala Basin highlights the presence of water-
saturated reservoir units with poor petrophysical properties, 
indicating limited hydrocarbon potential.

Nomenclatures
Sw: Water saturation
GR: Gamma Ray
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