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ABSTRACT
This study is based on the analysis and interpretation of remote sensing and electrical data. This 
allows to characterise the geological formations in Figuil and to evaluate a basement-sediment 
contact or contact line (CL) of the Babouri-Figuil basin’s SE flank in the north Cameroon region. 
Manual and automatic extraction techniques applied on the Landsat 8 images brought out 130 
lineaments following E – W (90°–100°N), N-S (0°- 10°N) and NNE-SSW (60–70°N) main directions. 
According to the lineaments map, the lineaments’ density map and the geological background 
mainly, the basement formations witness a high density of lineaments, while the low density of 
lineaments matches with the sedimentary formations. Meantime, in the western of Figuil, the 
geoelectrical surveys using DC electrical method was realised. The quantitative and qualitative 
interpretations of results revealed an electrical contrast between the basement characterised 
by high electrical gradients and the sedimentary formations characterised by low electrical 
gradients. This electrical contrast makes it possible an electrical discontinuity which materi
alises the real position of the basement–sediment contact or contact line of the SE flank of the 
Babouri-Figuil basin. The abovementioned information reveals proper electrical and reflection 
conditions for an efficient structural and geological evaluation.
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1. Introduction

The geological reconnaissance studies carried out in 
Figuil, especially in the Babouri-Figuil basin are laid 
the first limits of sedimentary and basement forma
tions. However, these studies are limited to surface 
observations that can sometimes be biased by sedi
mentary deposits. The knowing of limits of the 
Babouri-Figuil basin in the Figuil area, is a key factor 
in petroleum exploration in the north Cameroon 
region where the quest for hydrocarbons is a major 
challenge for petroleum industries. It is for this pur
pose that a remote sensing investigation supported by 
DC electrical investigation was carried out in the 
Figuil area that constitutes the study area. The study 
area (Figure 1(c)) is located in the Figuil subdivision 
(Figure 1(b)) of the North Cameroon region (Figure 1 
(a)). Its boundaries stretches from 13°52ʹ30’’ to 14° 
03ʹ00’’ eastward and from 9°42ʹ00’’ to 9°52ʹ00’’ in the 
north direction (Figure 1(c)).

In recent years, the remote sensing investigations 
are increasingly used to solve the above-mentioned 
geological problem (limits of sedimentary basin 
areas) and globally the study of the solid-earth system. 
This advanced technology method also finds its appli
cations in various scientific fields such as geological 

mapping, recognition of rock material in geology and 
detection of faults (Colombero et al. 2020). It consti
tutes a very efficient and important tool for the 
exploration activities. It enables measuring the reflec
tion of the earth features without any direct contact 
(Adiri et al. 2017).

In this study, we focus on geoelectrical methods, 
those that measure electrical conductivity or resistivity 
especially DC electrical method because sedimentary 
material is typically more conductive than basement 
material (Telford et al. 1990). The conductivity of 
a geologic unit, in general, reflects its lithology, its 
porosity, and the saturation and conductivity of its 
pore water (Telford et al. 1990; Gouet et al. 2020). 
A unit consisting of crushed or sedimentary rock will 
have higher porosity than uncrushed or basement 
rock; this means potentially higher pore water content 
to carry electrical currents through the unit (Telford 
et al. 1990; Gouet et al. 2020).

However, although very effective, joining of remote 
sensing method with another (DC electrical method in 
this case) could allow to cartography with more 
detailed information the structural and geological fea
tures of the prospected area. Lineaments resulting 
from remote sensing method can be interpreted as 
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faults, fractures, joints, rivers or all mechanic disconti
nuities which provide information about the tectonic 
characteristics of the study area (Corgne et al. 2010).

2. Geological and tectonic setting

The Babouri-Figuil basin, born from the opening of 
the South Atlantic Ocean in the Lower Cretaceous, is 
a half-graben that is part of the large West and Central 
Africa Rift System (Guiraud and Maurin 1992). It is 
the most northerly of the Cretaceous basins of North 
Cameroon. Its structure is similar to that of a syncline 
with an E-W axis shifted towards the South (Colin 
et al. 1992) with a sediment pile power that can reach 

1500 m (Schwoerer 1965). The southern flank of the 
syncline was almost entirely delimitated by a major 
tectonic accident (Tillement 1971; Maurin and 
Guiraud 1989, 1990).

The survey was conducted in the northern 
Cameroon, especially in the Figuil area (Figure 1). 
This locality lies in the Mayo Louti division. The 
climate is sudano-Sahelian type, characterised by an 
average high temperature of 28°C.The drainage is 
mainly made up of seasonal rivers (Mayo) which 
flow along large fractures into the Mayo-Louti and 
Mayo-Figuil, two tributaries of the Benue River. The 
network is dendritic and parallel. The relief is made up 
of plains with heights ranged from 350 to 453 m.

Figure 1. Location map of the study area.

Figure 2. Geological map of the study area and Babouri-Figuil (Leroy and Cirotteau 1962).

148 D. H. GOUET ET AL.



The main geological formations (Figure 2) encoun
tered outside in the Babouri-Figuil basin in the study 
area are the Precambrian plutonic and metamorphic 
rocks (granites, gneisses, micaschists) (Toteu et al. 
2006). These rocks result from the major tectonic 
events that would have affected the study area, such 
as the basin development, sediments deposition, diag
enesis, folding and fracturing, metamorphism, uplift 
due to the granitic plutonism, emplacement of veins, 
erosion and compression (Mouzong et al. 2014, 
Wouatong et al. 2017). The geological reconnaissance 
allowed to identify outcrops of sedimentary (Figure 3 
(a)) and metamorphic (Figure 3(b)) rocks.

In the tectonic setting, two intense Neoproterozoic 
tectonic episodes have affected the prospected area: 
The general NNE-SSW to N-S directed D1 phase, 
responsible for P1 folding and S1 foliation on the 
schist. The D2 phase, considered as a major deforma
tion phase, has set up an S2 schistosity trending NE- 
SW at sub-vertical dipping, the axial plane of P2 folds, 
and load-bearing L2 lineation (Ndjeng 1992). This 
deformation phase is responsible for a high-grade 
metamorphism at the green schist facies, which trans
formed clays into schists, limestones into marbles and 
sandstones into quartzites (Toteu et al. 2006). These 
deformations play an important role in the lineament 
development that is controlled by the geological fea
tures (Corgne et al. 2010).

3. Methods

3.1. Remote sensing

3.1.1. Remote sensing data
The Landsat 8 image (path 185 and row 53) used in 
this study is a scene made up of 1 cirrus cloud detec
tion band of 30 m resolution, 1 panchromatic band of 
15 m resolution, 2 thermal bands of 100 m resolution 
and 8 multispectral bands of 30 m resolution. The 
scene was acquired on April, 2017 and downloaded 
from https://earthexplorer.usgs.gov/website. Bands 2– 

7 were stacked and the technique of pan-sharpening 
was applied in order to enhance the image resolution 
and accentuate the structural discontinuities present 
in the image. The image being georeferenced (UTM 33 
in the WGS84 datum) and geometrically corrected, 
only the radiometric corrections were applied to elim
inate the noise contained in the scene (Javhar et al. 
2019). The atmospheric and topographic effects were 
also corrected to reduce the dry haze and errors 
assimilated to an additive factor on the radiometric 
signal of these bands. Extractions of lineaments were 
achieved using manual and automatic methods 
through Erdas Imagine, PCI Geomatica and ArcGIS 
10.4 software packages (Javhar et al. 2019). After this 
extraction, the different families of fractures (numbers 
and cumulative lengths) were found with Rockworks 
16. Figure 4 summarises the main tasks used for the 
extraction of lineaments in the study area.

3.1.2. Lineaments
In the present study, the automatic and manual extrac
tion techniques were applied, then combined in order 
to cartography the maximum possible lineaments 
occurring in the study area; the resulting final map 
was considered as the fracturing network (Javhar et al. 
2019).

In automatic extraction, lineaments are detected 
with the module Line of PCI Geomatica which uses 
the Canny filter as an edge detection algorithm to 
identify discontinuities, junctions and other character
istics of linear structures (Corgne et al. 2010). 
According to Javhar et al. (2019), this edge detection 
algorithm is one of the best performer algorithms 
since it yields good and accurate results than other 
edge detection techniques. The values of parameters 
such as the filter radius (RADI), edge of the gradient 
threshold (GTHR), the curve length threshold 
(LTHR), angular difference threshold (ATHR) and 
linking distance threshold (DTHR) must be defined 
in optimal way in order to obtain reliable information 

Figure 3. Outcrops of study area: (a) Sandstone outcrop and (b) Gneiss outcrop.
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suitable for the extraction of lineaments (Adiri et al. 
2017). In this study, the Canny filter was applied on 
the principal component analysis (PCA) of the pan 
sharpened image. The proposed parameters are pre
sented in Table 1.

During the manual extraction, geological features 
and contrasts are enhanced using some digital proces
sing image operations such as colour composition, prin
cipal component analysis (PCA) and convolution 
directional filters (Aretouyap et al. 2020). This extrac
tion technique is based on visual interpretations and 
observations of lineaments. It is the commonly used 
technique for the detection of lineaments; it allows to 
easily identify the specific characteristics of the images. 
Moreover, the colour composition of bands by assign
ing to each of them, one of the basic colours: Red (R), 
Green (G) and Blue (B), facilitates visual perception of 

images (Aretouyap et al. 2020). Also, this operation 
allows an easy interpretation when the spectral charac
teristics of the different types of soil occupations are 
known. Colour composition was applied on the pan 
sharpened of the stacked image (Figure 5). After that, 
principal component analysis (PCA) was applied in 
order to improve the image quality (Figure 6) and 
reduce the number of bands to be processed by 
a hierarchical compression of the information. This 
image processing operation therefore infers and elim
inates the degree of redundancy of information existing 
within the original bands (Azman et al. 2020). On the 
contrary, the convolution or Sobel directional filters 
applied on PCA image consisted to enhance the con
tours and highlight the directions of geological discon
tinuities in the picture. In order to generate sufficiently 
detailed images for lineament detection, the chosen 
matrix was 7*7 and the gradient operators were 
oriented following the N 0° E, N 45° E, N 90° E, 
N 135° E directions.

3.1.3. Density and validation of lineaments
The density of lineaments defines the level of fracturing 
of the study area (Jahvar et al. 2019). This parameter is 
widely used in remote sensing approach to show the 

Figure 4. Flowchart used in the study.

Table 1. Parameters used for automatic lineament extraction.
Parameters Default parameters Proposed values

1 RADI (pixels) 10 8
2 GTHR [0; 255] 100 50
3 LTHR (pixels) 30 30
4 FTHR (pixels) 3 3
5 ATHR (degrees) 30 15
6 DTHR (pixels) 20 20
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correlation between the distribution of fractures and 
the concentration of lineaments (Adiri et al. 2017). In 
this work, the validation of lineaments was done using 
structural information coming from previous studies 
(Essi et al. 2017), geological, slope and shaded relief 

map. Slope and shaded relief map were generated from 
SRTM image using ArcGIS 10.4. This information has 
allowed to confirm the presence of previously mapped 
structures in the study area; and to reveal other new 
structures. It should also be noted that lineaments 

Figure 5. Colour composition map.

Figure 6. Principal component analysis (PCA) map.
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corresponding to tracks, asphalt roads, electrical lines 
and forest boundary lines were considered as artefacts 
(Aretouyap et al. 2020) were discarded.

3.2. DC electrical method

The study used DC electrical method for complemen
tary geophysical investigation. This method uses ver
tical electrical sounding and resistivity profiling 
techniques to evaluate the resistivity of subsurface 
structures in the study area.

3.2.1. Principle
The DC electrical method consists in injecting an 
electrical current in the ground between two electro
des A and B, and then, measuring the induced poten
tial difference between two other electrodes M and 
N called potential electrodes (Parasnis 1997; Gouet 
et al. 2015, 2020).

Knowing the injected current intensity and measur
ing the potential difference help to determine the 
ground’s apparent resistivity ρa (Rho) following 
Equation (1) (Parasnis 1997; Gouet et al. 2015): 

ρa¼ 2π AM� 1� AN� 1� BM� 1þBN� 1� �
VMN=IABð Þ

(1) 

- ρa: apparent resistivity in Ohm-metre;
- AM and AN: distance between current electrode 

A and potential electrodes M and N respectively, in 
metre (m);

- BM and BN: distance between current electrode 
A and potential electrodes M and N respectively, in 
metre (m);

-VMN: potential difference between potential elec
trodes M and N, in mV

- IAB: electric current injected between current 
electrodes A and B, in mA.

For the Schlumberger symmetrical configuration 
(Figure 5), the apparent resistivity ρa is given by 
Equation (2) as follows (Parasnis 1997; Gouet et al. 
2015, 2020) 

ρa¼ π=4 AB2VMN=MNIAB
� �

(2) 

This resistivity value enables to characterise 
a formation at the centre O of the ABMN quadrupole 
or station point (Figure 7). The resistivity characterises 
an electrical property of an earth’s material. It depends 
on parameters such as fracturing, fractures and fis
sures clayey filling, porosity and the clayey clogging 
of alluvium (Chapellier 2000; Kiberu 2002; Gouet et al. 
2015, 2020). Thus, according to Telford et al. (1990), 
the electrical properties of sedimentary rocks differ 
from those of plutonic and metamorphic rocks.

3.2.2. Vertical electrical sounding
The vertical electrical sounding (VES) is an investiga
tion technique which enables the downward assess
ment of the successive layers by determining their 
apparent resistivity and thickness values (Chapellier 
2000; Egbai 2011; Raimi et al. 2011; Coker 2012). The 
value of the resistivity characterises a lithology without 
providing information upon its water content or its 
mineralisation (Chapellier 2000; Egbai 2011; Raimi 
et al. 2011; Coker 2012). However, it aids in identify
ing and differentiating among lithologies. That is, for 
a given geological layer, water bearing strata and ster
ile (dry) strata do not exhibit the same resistivity.

In geophysical investigation, two types of sounding 
are used during a survey (Chapellier 2000): parametric 
and interpretative soundings. In the framework of this 
study, soundings (parametric and interpretative) were 
realised using Schlumberger array with AB/2 varying 
from 1.5 m to 300 m and MN/2 from 0.5 m to 30 m. In 
the Schlumberger array, the distance between A and 
B varies as well as the distance between M and 
N (Figure 7(b)). The obtained resistivity values corre
spond to the calculated apparent resistivity values 
through Equation (2), at the centre O of the ABMN 
quadrupole (Figure 7(b)).

The interpretation of data from interpretative 
sounding will enable to determine the discontinuity 
in the basement or the thicknesses of the weathered, 

Figure 7. (a) Schlumberger electrical profiling. (b) Schlumberger electrical sounding (Gouet et al. 2013).
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then the fractured zone, respectively. It represents 
results of 1D inversion of the apparent resistivity as 
a function of electrodes spacing (half current distance) 
(Telford et al. 1990; Chapellier 2000; Jenny et al. 2004; 
Egbai 2011; Raimi et al. 2011; Coker 2012). The 1D 
inversion enables to deduce the true resistivity of the 
ground, and from the resistivity, the composition of 
the different layers. It requires a log/log diagram where 
half distance AB is the abscissa and the apparent 
resistivity, in Ohm-metre is the ordinate.

The data are processed, modelled and interpreted 
using WinSev 6.4 a 1D inversion software from 
Geosoft (Jenny et al. 2004). With this software, using 
the equivalence and suppression principles, it shows 
that each interpretative sounding curve is not unique 
(Chapellier 2000). Thus, the parametrical soundings 
and field geological data help to constraint resistivity 
and thickness models for each interpretative sounding 
curve (Chapellier 2000).

3.2.3. Resistivity profiling
The resistivity profiling is an investigation techni
que, which enables to infer the electrical properties 
of a layer by determining it apparent resistivity any 
depth. In general, the chosen four-point configura
tion is kept constant and moved along profiles 
(Figure 7(a)), while apparent resistivity is calculated 
using Equation (1). Prior to the field works, opti
mum electrodes spacing of the configuration can be 
determined by model calculations, if assumptions 
on resistivity and depth of the target and on resis
tivity of the surrounding material are possible 
(Telford et al. 1990; Keary and Brooks 1991; 
Parasnis 1997). Targets of resistivity profiling are 
near-surface resistivity anomalies, caused by, e.g. 
fracture zones, contact zones or cavities. Any com
mon electrode configuration (e.g. Wenner or 

Schlumberger) can be used for profiling purposes 
(Telford et al. 1990; Keary and Brooks 1991; 
Parasnis 1997). In this study, resistivity profiling 
was realised using Schlumberger array (Figure 5 
(a)). Here electrodes A, B, M and N are fixed 
following pre-definite values (Gouet et al. 2020). 
The apparent resistivity’s are calculated from 
Equation (2) and plotted as a resistivity profiling 
(Telford et al. 1990; Keary and Brooks 1991; 
Parasnis 1997) using graphic software.

3.2.4. Material and data acquisition
The data acquisition is done using vertical electrical 
soundings and electrical profiling along two (02) 
profiles (Figure 8). The electrical sounding and 
profiling use Schlumberger array. The inter-station 
spacing along profiles is 200 metres and the step is 
100 m. The AB maximum length was held at 650 m 
to detect desired lithological formations at an 
approximate depth of about 130 metres as pro
posed by Loke (2000).

In the study area, plutonic and metamorphic 
rocks constitute basement formations. In this 
study, sounding profiles were oriented mainly in 
the N150°E direction (Figure 8) in order to inter
sect sedimentary and basement formations 
(Figure 3) and subsurface structures.

The direct current data were collected with Syscal 
Junior 48 (IRIS Instrument) resistivity-metre which 
runs under the Rho mode to measure only the resis
tivity (Rho) of ground structures.

The electrical soundings were interpreted by 
WinSev 6.4 software. They allowed to obtain the 
ground distribution of layers at each station, hence, 
providing geoelectrical 1D model of the study area. 
The electrical profiling, the electrical panel and the 
resistivity map were interpreted by graphic, 

Figure 8. Map of the geoelectrical surveys (sounding and profiling).
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Figure 9. Sobel filter following the E-W and NW-SE.

Figure 10. Lineament map of the study area.
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Res2dinv and Oasis montaj software, respectively. 
They allowed to obtain the resistivity profiling, the 
pseudo-section and the resistivity map.

4. Results

4.1. Remote sensing

4.1.1. Sobel directional filter
The application of Sobel directional filters and espe
cially that of the E-W and NW-SE directions 
(Figure 9) resulting from the manual method has 
proved to be very useful in the characterisation of 
the sediment-basement medium. The result of this 
filter shows the presence of a contact line (CL) which 
almost marks the real limit in depth between the 
sedimentary formations and the basement. This con
tact is the NE-SW direction. The superposition of the 
Sobel filter results with the hydrographic network of 
the study area reveals that this lineament could char
acterise a fracture or a fault.

4.1.2. Lineaments and density
The distribution pattern of lineaments represented in 
Figure 10 shows the heterogeneous character of the 
study area. The manual and automatic extraction of 

lineaments allows to detect a total of 130 lineaments 
following E – W (90°–100°N), N-S (0°- 10°N) and 
NNE-SSW (60°–70°N) main directions (Figure 11). 
These lineaments have a minimum length of 47 m 
and a maximum length of 1804 m, with a cumulative 
and average lengths of 92404 m and 704 m, respec
tively (Table 2). The statistically the short lineaments 
are numerous than the long lineaments. Indeed, 85% 
of lineaments have a length less than or equal to 1 km. 
The density map (Figure 12) presents the distribution 
of lineaments within three classes: the low (0–1.3 km 
\km2), the moderate (1.3–2.6 km \km2) and the high 
(2.6–3.8 km \km2) density values. In the study area, 
the high density or permeability zones are located in 
the northern and southern part (basement zone) while 
the low density or low permeability zones are observed 
at the centre part (along the Babouri sedimentary 
basin). However, the E-W major direction observed 
on the rose diagram (Figure 11) corresponds to the 
orientation of Babouri-Figuil sedimentary fault and 
corroborates the geophysical and geological studies 
made in the study (Essi et al. 2017).

Concerning shaded relief and slope map, Figures 13 
and 14 reveal that, lineaments are mostly located 
between two neighbouring of pixels values. Most of 
fractures are linked to the beds of the Mayo Louti 

Figure 11. Rose diagram.
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River and its affluents. The both maps play 
a significant role in lineament validation since they 
control water infiltrations and runoffs. The slope map 
was classified into low (0°–5°), moderate (5°–17°) and 
high (17°–55°) values. Hence, the steeper slope char
acterises the more difficult groundwater infiltration 

Table 2. Summary of the statistical analysis of lineaments.
Criteria Landsat 8 image

Number of lineaments 131
Total length of all lineation 92,404 m
Maximum length 1804 m
Minimum length 47 m
Average length 705 m
Standard deviation 312 m

Figure 12. Lineament density map of the study area.

Figure 13. Map of shaded and lineament map of the study area.

156 D. H. GOUET ET AL.



and the higher runoff rainfalls zones. Areas with steep 
slopes and containing fractures are observed outside 
in the Babouri-Figuil basin.

4.2. DC electrical method

4.2.1. Resistivity profiling
The electrical profiles presented in Figure 15 corre
spond to the resistivity profiling along the parallel 
lines L1 and L2. Figure 15 represents the qualitative 
interpretation of profiling data along the parallel lines 
L1 and L2. They cover five field trenches exposed at 
apparent depths characterised by five geometric con
figurations of the AMNB quadrupole. Thus, they pro
vide qualitative information on the lateral variations of 
resistivity contrasts at each depth level. For a given 
position xd (m), the field trenches represented by 
AB = 27 m and AB = 65 m characterise the surface 
layers and those represented by AB = 200 m, 
AB = 300 m and AB = 550 m, characterise the deep 
layers.

The observation of the resistivity profiling of the 
parallel profiles L1 and L2 (Figure 15) shows on the 
one hand a downward increase of resistivity and on 
the other hand, a quasi-parallel evolution of the resis
tivity profiling. These profiling shapes show stratifica
tion of the layers and infer a stability of the subsoil 
structures (Ndougsa-Mbarga et al. 2013). We also 
note, between xd (m) = 100 m and xd (m) = 200 m 
along profile L1 and between xd (m) = 200 m and xd 
(m) = 300 m along profile L2, a rapid decrease of 
resistivity profiling. This decreases mainly reveals the 
presence of a conductive discontinuity zone at the 

positions xd (m) = 200 m and xd (m) = 300 m on 
profiles L1 and L2, respectively. According to these 
observations, the abovementioned discontinuity zone 
(black line) looks like a transition zone (Figure 15) 
between two geological formations having very dis
tinct electrical responses (Telford et al. 1990; Keary 
and Brooks 1991; Parasnis 1997). The high electrical 
responses characterise resistant formations and the 
low electrical responses characterise conductive for
mations (Gouet et al. 2015). Thus, according to the 
in situ geological reconnaissance work and the 
researches from Colin et al. (1992), the two above- 
mentioned formations would be plutonic or meta
morphic formations and sedimentary formations, 
respectively.

4.2.2. Resistivity map
Interpolation of electrical profiling data (AB = 390 m, 
AB = 200, AB = 65 m and AB = 27 m) has produced 
2D resistivity maps for field trenches exposed at 
apparent depths of 74 m, 38 m, 12 m and 5 m 
(Figure 16). These maps represent apparent resistivity 
isobaths and their stacking enabled to realise 3D resis
tivity map which shows the spatial distributions of the 
resistivity (Figure 16). It was carried out using Oasis 
montaj software (Whitehead 2010) and help to discri
minate areas with conductive anomalies, favourable to 
tectonic features (faults, fractures or contact zones) 
(Telford et al. 1990; Keary and Brooks 1991; Parasnis 
1997).

The observation of the resistivity map at different 
depth levels (Figure 16) shows a discontinuity zone 
characterised by an electrical contrast forming a 60°– 

Figure 14. Map of slope and lineament map of the study area.
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70°N or NNE demarcation line (two black lines) which 
symmetrically separates geological formations. 
Indeed, the symmetrical formations at this demarca
tion line (Figure 16) have a resistant relief (red colour) 
characterised by high resistivity gradients (Rho > 
135 Ω.m) and an electrically conductive relief (blue 
colour) characterised by low resistivity gradients (Rho 
< 135 Ω.m). According to Telford et al. (1990), Keary 
and Brooks (1991) and Gouet et al. (2015, 2020), the 
two reliefs mentioned above mainly characterise base
ment and sedimentary formations and the discontinu
ity zone represents the demarcation line (two black 
lines) which materialises the geological contact zone 
(Figure 16).

The geological signatures that can be identified in 
the study area in support of geological reconnaissance 
works, correspond to the basement-resistant forma
tions (plutonic or metamorphic) and to the conduc
tive sedimentary formations. The electrical contrast 
observed inevitably reflects the basement-sediment 
contact area (Figure 16).

4.2.3. Electrical panels
The Figure 17 shows the 2D inversed models of the 
apparent resistivity panels along L1 and L2 profiles. 
These models were realised using the inversion 
Geotomo’s Res2Dinv software and represent the 
pseudo-sections of true resistivities of the study area 

Figure 16. 3D resistivity map.

Figure 15. Resistivity profiling alone profiles L1 and L2.
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(Loke 2000). The software uses a modelling sub- 
routine which computes apparent resistivity values 
forward, a non-linear least-squares optimisation 
inversion routine (Sasaki 1992). The computer soft
ware produces an apparent resistivity pseudo-section 
that adjusts to real measurements, determining the 
true resistivity for the inversed model. In this study, 
the apparent resistivity panels result from the combi
nation of Schlumberger’s profiling and electrical 
soundings. The depth of investigation for each profile 
is about 140 m. This depth corresponds to the max
imum length of the cable (AB = 650 m) according to 
the position xl along a profile (Loke 2000).

The observation of pseudo-sections along L1 and 
L2 profiles (Figure 17) show towards N150° E, the 
conductive fields characterised by the low resistivity 
(Rho < 100 Ω∙m, blue colour) and towards N150° W, 
the resistant fields characterised by the relatively high 
resistivity (Rho ˃ 400 Ω∙m, green colour to red col
our). The observed resistivity ranges are attributed to 
the nature of layers in the study area (Telford et al. 
1990; Keary and Brooks 1991; Parasnis 1997). These 
ranges indicate that rocks of the study area present 
the electrical characteristic of sedimentary rocks with 
an average resistivity value below 300 Ω.m and of 
those basement rocks (plutonic or metamorphic 
rocks) with an average resistivity value above 
1000 Ω.m (Telford et al. 1990; Keary and Brooks 
1991; Parasnis 1997). The resistivity contrast between 
these two geological formations characterises the dis
continuity zone which cross profiles L1 and L2 at the 
respective positions x = 180 m and x 
= 200 m (Figure 17). This discontinuity materialises 
the potential boundary between the basement and 

sedimentary formations (Figure 15). It is transverse 
to the direction N150 °E and confirms results of 
resistivity profiling and resistivity map.

4.2.4. 2-D geoelectrical sections
The Figure 19 presents the 2-D geological sections 
along profiles L1 and L2. They were realised through 
the interpretations of eleven (11) vertical electrical 
soundings and geological reconnaissance of outcrops. 
These interpretations represent the results of 1D 
inversions of the apparent resistivity as a function of 
depth through Schlumberger electrical soundings 
(Gouet et al. 2020). The electrical sounding curves 
S1_L1, S2_L1, S1_L2 and S2_L2 along profiles L1 
and L2 are shown as examples (Figure 18 (a,b)). The 
2-D geoelectrical sections show the vertical and hor
izontal changes of the subsurface layers along profiles 
in the underground until 140 m depth (Gouet et al. 
2020). In the study area, the 2-D geoelectrical sections 
along profiles L1 and L2 (Figure 19) show a diversity 
of 1-D geoelectrical models revealing the horizontal 
and the vertical changes of layers in depth. The 
1-D geoelectrical models identified vary between two 
to three geoelectrical layers.

According to the 2-D geoelectrical sections along 
parallel profiles L1 and L2 (Figure 19), we note two 
electrical responses from either side the red line (dis
continue red line) passing through 1-D geoelectrical 
models S2_L1 and S2_L2. The first response, charac
terising resistant (red, green and blue colours) 
1-D geoelectrical models, is located in the NW zone. 
The lithology represented by this response can be 
assimilated to plutonic or metamorphic formations 
(Figure 19). The second response characterises 

Figure 17. Pseudo-sections along profiles L1 and L2.
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Figure 18. (a) Vertical electrical sounding curves S1_L1 and S4_L1 along the profile L1. (b) Vertical electrical sounding curves 
S1_L2 and S4_L2 along the profile L2.
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conductive (black colour) geoelectrical columns. It is 
located in the SE zone and the corresponding lithology 
is sedimentary formations (Figure 19). The discon
tinue red line passing through 1-D geoelectrical mod
els S2_L1 and S2_L2 (Figure 19) mark the transition 
zone between the basement formations and the sedi
mentary formations. It characterises thus the potential 
basement-sediment contact along the direction N150° 
E and confirms results from previous studies (resistiv
ity profiling, resistivity maps and pseudo-sections).

5. Discussion

The Sobel directional filters applied following the 
E-W and NW-SE directions and correlate with the 
hydrographic network, shows the presence of 
a lineament contact or contact line (CL) which deploy 

following the NE-SW direction and which almost 
marks the limit of the sediment-basement contact. 
Results of distribution pattern of lineaments repre
sented in Figure 12 shows that, high density or perme
ability zones are located in the northern and southern 
part of the study area while the low density or low 
permeability zones are observed at the centre of the 
area study. According the research studies of 
Colombero (2020), formations of the northern and 
southern part characterise the basement formation 
and formations of the centre part characterise the 
sedimentary formations or formations of Babouri 
sedimentary basin.

The statistical analysis observed in Figure 20 
shows that the frequency distribution of lineaments 
is highly variable with short values of lengths. They 
can be distributed in six classes: two major classes 

Figure 18. Continued.
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(41% and 38%) ranged from 367 to 607 m, then 607 
to 847 m; two small classes (14% and 4%) which 
extend over a length ranged between 847 and 
1087 m, then 1087 and 1327 m and two minor classes 
(1%) with length varying between 1807 m and 
2047 m, then 2527 and 2767 m. The high variability 
of lineament length values observed indicate the 
diversity of tectonic activities in the study area. This 
diversity characterises by the plurality of geological 
formations: sedimentary, metamorphic and plutonic 
rocks (Ntsama et al. 2014, Wouatong et al. 2017). 

Moreover, the tectonic activities are at the origin of 
the abundance of fractures visualised on the linea
ment density map. Also, according of works of Javhar 
et al. (2019), Azman et al. (2020) and Aretouyap et al. 
(2020), the high density of lineaments suggests the 
presence of the plutonic or metamorphic basement 
formations while low density indicates the sedimen
taryformations of Babouri-Figuil (Javhar et al. 2019; 
Owolabi et al. 2020). The transition zone of the SE 
flank of the Babouri-Figuil basin between the high 
density of lineaments and the low density of 

Figure 19. 2D-Geoelectrical section along profiles L1 and L2 and geological correlation.

Figure 20. Diagram showing distribution of lineaments in the area.
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lineaments materialises the boundary or contact line 
(CL) between the basement and sedimentary forma
tions (Figure 12).

The observation of the rose diagram shows the 
presence of lineaments oriented along a major 60°- 
70°N or NNE-SSW direction. This direction is the 
same forthe transition zone of the Babouri-Figuil 
basin SE flank between the basement and sedimen
tary formations (Figure 2). Then, according to 
Javhar et al. (2019), Azman et al. (2020) and 
Aretouyap et al. (2020), the lineament called con
tact line (CL) observed particularly by the density 
map, characterises the boundary under the sedi
mentary deposits between the basement and sedi
mentary formations following the SE flank of the 
Babouri-Figuil basin.

Analyses of the resistivity variations through the 
electric profiling provide mainly qualitative informa
tion on the lateral contrasts of resistivity of the studied 
subsoil (Keary and Brooks 1991; Chapellier 2000; 
Burger et al. 2006). During these analyses, a major 
conductive discontinuity area was identified. It is 
located between two well-contrasted electrical forma
tions which correspond mainly to plutonic or meta
morphic formations and sedimentary formations. 
However, the resistivity contrasts observed from the 
inverted pseudo-sections highlight resistant and con
ductive horizons. They bring out a major conductive 
discontinuity which crosses the profiles L1 and L2. 
This discontinuity suggests a transition zone between 
the resistant formations and the conductive forma
tions highlighted by the resistivity profiles.

Furthermore, analyses and interpretations of the 
resistivity maps following Schlumberger (1920) and 
Telford et al. (1990), enable to characterise the elec
trical 3D distributions of resistivity for the investi
gated subsurface sections. The resistivity maps show 
clearly the spatial and directional continuity of the 
major corridor of conductive discontinuity observed 
by the previous results. Indeed, in the direction N150 
°E, perpendicular of the double black line (Figure 7), 
we note a resistant relief (red colour) on the right 
characterised by high resistivity values and 
a conductive relief (blue colour) on the left, charac
terised by low resistivity gradients (Figure 9). The 
contrast that results from the electrical responses of 
the two formations materialises the contact area 
(double black line, Figure 9) mentioned above.

The geological recognition of the outcrop forma
tions and the interpretation of the sounding curves 
along the realised profiles allow to confirm or to 
improve results (resistivity maps and pseudo- 
sections) in the study area (Gouet et al. 2020). It 
appears from these observations that the 1D geoe
lectrical sections derived from sounding points 
S2_L1 and S2_L2 mark the transition zone under 
the sedimentary deposits between the resistant 

formations (plutonic or metamorphic basement) 
and the conductive formations (sediment rocks). 
This transition zone materialises the boundary 
between the two above-mentioned formations and 
thus confirms the results of previous studies.

Resistivity profiles, resistivity maps, pseudo- 
sections and geoelectrical sections are marked 
mainly by conductive zones which characterised 
the low electrical gradient areas. These electrical 
responses seem to correspond to the sedimentary 
formations observed during geological reconnais
sance in the Babouri-Figuil basin (Keary and 
Brooks 1991; Chapellier 2000; Burger et al. 2006). 
In addition, on the NNW side, the resistivity pro
files, the resistivity maps, the pseudo-sections and 
the geoelectrical sections are marked too by the 
resistant zones. These resistant zones are charac
terised by the high electrical gradients (Keary and 
Brooks 1991; Chapellier 2000; Burger et al. 2006). 
The electrical responses observed in the resistant 
zones seem to correspond to the plutonic or meta
morphic formations of Babouri-Figuil basement. 
The transition zone of the conductive and resistant 
formations materialises the boundary between the 
basement formations and the sedimentary forma
tions. It characterises the basement-sediment con
tact of the SE flank of the Babouri-Figuil basin.

In definitive, the combination of remote sensing 
and electrical DC methods permit to bring out the 
geological formations of the Figuil area and the 
discontinuity or geological contact which charac
terises the real position of the transition zone 
between the basement and sedimentary formations 
of the SE flank of the Babouri-Figuil basin.

6. Conclusion

Preliminary work on geological studies revealed the 
presence of basement (plutonic and metamorphic) 
and sedimentary formations in the study area. 
However, the remote sensing approach used as 
a basic surveying tool has permitted the extraction 
of lineaments in the study area. The processing of 
this method using Landsat 8 images with some 
enhancement techniques such as pre-processing, 
principal component analysis and directional filters 
allowed to delineate 130 lineaments following mainly 
the E – W (90°–100°N), N-S (0°–10°N) and NNE- 
SSW (60°–70°N) directions which characterise the 
tectonic events of the study area. This characterisa
tion is allowed to circumscribe the basement (pluto
nic and metamorphic) and sedimentary formations 
in the Figuil area. Especially, lineaments in the NNE- 
SSW (60°–70°N) direction allowed to bring out the 
discontinuity or contact line (CL) between the base
ment and sedimentary formations. Also, geophysical 
surveying results (resistivity profiling, resistivity 
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maps, pseudo-sections and geoelectrical sections) 
from panels and electrical soundings permitted to 
identify the limit of basement formations and sedi
mentary formations. The basement formations are 
located mainly in the NNW part of the study area 
and are characterised by relatively high values of the 
resistivity gradients (˃ 400 Ω.m). Furthermore, in the 
SSE zone, we find the sedimentary formations char
acterised by relatively low resistivity gradients (< 
400 Ω.m). The basement-sediment contact charac
terised by the electrical contrast of the resistive and 
conductive formations, materialises the real position 
of the transition zone or contact line (CL) between 
the basement and sedimentary formations of the SE 
flank of Babouri-Figuil basin. This contact is trans
verse to the direction of the profiles or direction 
N150 °E.
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