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Abstract 

Knowing where potable water is in certain parts of Cameroon is a difficult operation. The aim of this work is: to present the 

results of vertical electrical soundings (VES) carried out in ten villages of Adamawa and to determine the areas favourable to 

the implantation of drinking water boreholes and propose a structural interpretation. Correlations between the sounding curves 

and the lithologic sections enabled to determine: the depth of the geological layers likely to contain water and the maximum 

depth of the boreholes. Resistivity maps were computed to map areas suitable for water drilling and to locate resistivity 

lineaments and their direction. These maps demonstrated that the preferred structural directions in the region are N-S, E-W, 

NW-SE, and NE-SW. Structural interpretation has been performed through pseudo-sections, geoelectric sections, and geologic 

sections to highlight areas of faults, fractures, and other types of geological objects. This structural interpretation enabled to 

highlight: faults supposed to be crustal and inferred; geological formations of tertiary volcanism; Cretaceous sediments; pan-

African syn and post-tectonic granitites and relics of an ebonite basement. 
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1. Introduction  

Geo-electrical methods are widely used to locate water 

supply areas in Precambrian basement lands and in alteration 

and fracturing areas that are not often continuous [1-7]. 

Geoelectric techniques are based on the response of the earth 

to the flow of electric current. They can be used in a 

multitude of situations: archaeological research, geothermal 

exploration, hydrogeological exploration and mineral 

exploration [1-7]. The resistivity measurements are 

associated with varying depths relative to the distance 

between the current electrodes and the potential electrodes in 

the surveys. Measurement results can be interpreted 

qualitatively and quantitatively in terms of the lithological 

and/or hydrogeological subsurface model [1-7]. 

Cameroon, despite natural predispositions that allow it to have 

significant water resources, is struggling to reduce the 

percentage of the population that does not have sustainable 

access to a drinking water supply. The country has generally 

favorable natural conditions. Water resources are everywhere 

abundant, especially in the Adamawa region which is 

considered as the water tower of Cameroon [8-11]. In this 

region, finding suitable areas for drilling drinking water is not 

easy. Similarly when water is available, it has a dubious 

appearance [8-11]. The aim of this paper is to present the 

results of vertical electrical soundings (VES) carried out in ten 
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villages of Adamawa. The study will consist to determine: the 

zones favorable to the implantation of the water boreholes; the 

depth of the rock layers expected to contain water and the 

maximum depth of the boreholes; the different geological 

formations probable to be traversed by the drilling tool, locate 

the resistivity lineaments and their directions. 

The paper is subdivided into four parts: the geologic and 

hydrographic setting; the principle of the geoelectric method 

used to carry out this study as well as the justifications related 

to the choice of the method and the interpretation of the results. 

2. Geologic and Hydrographic 
Setting  

2.1. Geological Setting 

The study area is located in Cameroon, east of the Adamawa 

region represented by the rectangle (Figure 1). The Adamawa 

plateau, the Cameroon Volcanic Line (CVL), the Djerem and 

Mbere troughs and the Central African Shear Zone (CASZ) are 

observed here. It extends between latitudes 6°N and 8°N and 

longitudes 13°E and 15°E. The Adamawa region has already 

been the subject of several scientific research projects involving 

geology, hydrogeology and geophysics [12-19]. Previous 

geological and geophysical studies conducted in the area 

indicate that: the basement consists of metamorphic rocks and 

granitoids associated with the pan-African orogeny (615 ± 27 to 

652 ± 10 Ma) or earlier (880 ± 55 to 1008 ± 65 Ma). It is 

intensely cut by a cluster of major accidents [12-16]. A 

submeridian distension in the Cenozoic is responsible for the 

rise of the horst and the collapse of the Djerem and Mbere 

troughs; uplift which caused a large Bouguer anomaly (-80 to -

100 mg and -120 mg/cm) [12-16]. The continental crust beneath 

the study area varies in thickness from 23 to 33 km. This crust 

overcomes an abnormally hot mantle [12-16, 18, 19]. It is 

characterized by a low speed of propagation of "P" waves (7.8 

km/s). The establishment of volcanism is probably linked to 

pan-African fractures [12-16, 18, 19]. South of Ngaoundere, 

pyroclastic cones are present with sometimes crater lakes. 

The Adamawa region is located at the confluence of three 

major tectonic structures: the Cameroon Volcanic Line 

(CVL), the Central African Shear Zone (CASZ) and the 

Djerem and Mbere troughs (Figure 1). The region is covered 

by a sequence of tertiary-age basaltic volcanic rocks. These 

rocks are alkaline, indicating an affinity with continental rifts 

[8-11]. In the region, the sedimentary formations consist 

mainly of conglomerates, arkosic sandstones and limestones 

of the Cretaceous sedimentary basins of Djerem and Mbere. 

These formations have undergone intense volcanic activity 

leading to the establishment of structures covered with 

volcanic materials that have reached the surface by deep 

fractures. These fractures constitute the main crustal 

lineaments of the region [8-11]. 

Along the study area, faults, rocks belonging to the Lom 

group, Cretaceous sediments, Ebonite basement relics, 

neoprotezoic-metasediments, syn and post-tectonic granites, 

and gneisses are observed (Figure 2). 

 

Figure 1. Location of the study area: The Adamawa plateau, the Cameroon Volcanic Line (CVL) and the Central Africa Shear Zone (CASZ). 



 American Journal of Geophysics, Geochemistry and Geosystems Vol. 4, No. 4, 2018, pp. 38-59 40 

 

 

Figure 2. Geologic map of the study area. 

2.2. Topographic and Hydrographic Setting 

The topography of the region presents different gradients. 

The relief is of staggered tabular type showing topographic 

sets or flattening surfaces (Figure 3). These ensembles appear 

to belong to morphological types arising from tectonics or 

erosion or the combined play of the two [8-20]. It is actually 

a series of peneplains separated by collapses and exhalations 

affecting the old pedestal. The plain of the river Djerem and 

the Mbere-trough belong to the topographic ensemble whose 

average altitude varies between 700 and 800 m (Figure 1 and 

2). This Djerem-Mbere axis materializes a tectonic moat 

bordered by faults whose depth of collapse can reach 600 m 

approximately [8-20]. From this ensemble, stand from place 

to place peaks’ representing large massifs high about 1700 m. 

These are crystalline massifs, plateaus or interfluves most 

often tabular, sedimentary rock hills aligned along the W-E 

to NE-SW direction. Some valleys have steep slopes, while 

in most cases the incline of the slopes is quite gentle [8-20]. 

 

Figure 3. Topographic map superimposed on the hydrographic map of the study area. 
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In terms of hydrography, the Adamawa is Cameroon's water 

tower (Figure 2). In general, it presents a very dense 

hydrographic network. This hydrographic network is 

subparallel to dendrite, but polygonal and less dense in 

plains, plateaus or flat-topped hills. It includes three major 

watersheds [8-20]: the Sanaga-watershed (Djerem, Mbere 

and Lom), the Logone-watershed (North Vina and Faro) and 

the Benue watershed. The Sanaga-watershed is drained by 

the major collectors that are the rivers Djerem and Mbere and 

their many tributaries (rivers and streams). 

Climatically: The Adamawa region is characterized by a 

Sudan-type wet tropical-type tropical regime split into two 

categories of months: seven rainy months and five arid 

months [8-20]. 

3. Method and Data Processing  

3.1. Principe and Method 

DC electrical methods were developed in 1911 by the work 

of the Schlumberger brothers. Their principle is to inject an 

electric current into the subsurface using two metal 

electrodes called current [1-7, 21-23]. Two other so-called 

potential or measurement electrodes are used to measure the 

potential difference produced by this current at a distance 

from the injection electrodes (Figure 4). 

 

Figure 4. Main electrode configurations. A and B are the injection electrodes, M and N are the measurement electrodes. For the pole-dipole and pole-pole 

configurations, certain electrodes are said to be "at infinity", that is to say located at a relatively large distance from the rest of the device (typically several 

hundred meters). 

Figure 4 shows the configurations when injecting current 

with two electrodes (A and B) in the case of a homogeneous 

half-space. M and N are the potential measurement 

electrodes. The potentials in M and N are written 

respectively: 

�� � ��
�� � 	


� � 	
��  ��  �� � ��

�� � 	

� � 	

��            (1) 

With ρ the resistivity of the medium (in Ohm. m), I the 

injected current (in Ampere), AM, BM, AN and BN the 

distances that separate the different electrodes (in meters). 
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The potential difference between the two electrodes is then 

written: 

�� � �� � ��
�� � 	


� � 	
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� + 	
��                  (2) 

and the resistivity of the medium is: 

� � ���������
� � 	


� � 	
�� � 	


� + 	
��

�	
              (3) 

The subsurface is rarely homogeneous, in this case the 

measured resistivity is considered to be apparent. The 

apparent resistivity is a weighting of the various rocks 

resistivity interested in the measurement and can be written 

in the following form: 

�� � ∑ ����
∑ ��

                                       (4) 

Where �� is the resistivity of the rock � at the depth ℎ� 

In reality the apparent resistivity depends on the geometry of 

the configuration between the electrodes and it is written: 

�� � ! �������
�                                    (5) 

Where ��� � ��� is the measured voltage; I is the intensity 

of the injected current; K is called the geometric factor. The 

expression of the geometric factor depends solely on the 

geometry of the parameters of the actual electrode 

configuration and is of the following form: 

! � 2# � 	

� � 	


� � 	
�� + 	

��
�	

                      (6) 

Each electrode configuration has its own formula by which 

the value of the geometric factor can be calculated. The 

apparent resistivity formula does not give a true value of the 

resistivity for inhomogeneous half-spaces such as a 

horizontally stratified half-space. Apparent resistivity 

includes the effects of all the rock formations through which 

the current has penetrated. The main factors influencing the 

value of the apparent resistivity are [1-7, 21-23]: the physical 

and geometrical parameters of the geological structures (for 

example, the true resistivity of the layers and the thickness of 

the layers); the parameters of the electrode configuration; and 

the intensity of the applied current. The complexity of the 

relationship between these parameters is determined by the 

complexity of the geological structures. 

3.2. Field Techniques  

The electrode configurations or electrode array (Figure 3) 

determine the relative positions of the different electrodes 

and the field techniques. Each of them has its own 

advantages and disadvantages. In order to select an 

appropriate electrode configuration for a particular survey, 

we must balance the expected benefits and disadvantages of 

using one or the other. In practice, the most frequently used 

electrode configurations are [1-7, 21-23]: the Schlumberger 

array (symmetric); Wenner's array (symmetric); and the 

dipole-dipole, pole-dipole and dipole-pole (non-symmetric) 

arrays, each with different advantages and limitations in 

terms of vertical penetration, lateral resolution, field 

placement, but all the same general rules [1-7, 21-23]: 

1. The Schlumberger array (Figure 4) is characterized by 

the following elements: the midpoint of the space 

between the potential electrodes is identical to the 

middle of the spacing between the current electrodes; 

the MN segment is shorter and represents the third of 

the AB line (MN <AB/3). Vertical electrical sounding 

(VES) using the Schlumberger array provides better 

resolution and takes less time to deploy than the 

Wennerarray. The Schlumberger array is advantageous 

because most of the time only the external electrodes A 

and B are displaced. A crew of three is normally 

sufficient for a VES with two people moving the outer 

electrodes; the instrument operator usually moves the 

internal electrodes. The Schlumberger network can be 

challenging or confusing for crews and operates 

according to ASTM G57. 

2. The Wenner array (Figure 4) is considered as special 

case of the Schlumberger array. The only difference 

between them is that the line segment MN is equal to 

one third of the line segment AB in the Wenner array 

(MN = AB/3). The Wenner array is at a disadvantage 

when performing VES surveys. Because you have to 

move the four electrodes for each new measurement, it 

means a lot of walking when the spacing of the 

electrodes becomes important. The Wenner electrode 

array is used for profiling or mapping in soil testing 

because of an old standardized test specified in ASTM 

G57. 

3. The attributes of the dipole-dipole arrays (figure 4) are 

as follows: it is not a symmetric electrode 

configuration; the pair of potential electrodes is planted 

outside the current electrodes, so there is no common 

medium; but all the electrodes are mounted in a straight 

line; the space between M and N is equal to the space 

between A and B (MN = AB); and the distance 

between the midpoints of two pairs of electrodes (L) is 

longer than the spacing of the electrodes, i.e. MN = AB 

<L. 

4. The pole-dipole or dipole-pole network is similar to the 

dipole-dipole network, but the dipole-pole network is 

used when the surveyor needs to probe deep into a 

cross-section of the earth. The achievable depth is 

entirely based on the distance between the two 
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electrodes (the dipole and the pole). Like the dipole-

dipole network, the dipole-pole or pole-dipole network 

is most often used for mineral exploration. When 

conducting a survey using the dipole-pole network, the 

transmitting electrode is moved to infinity. In other 

words, the electrode is away from the transmitter and 

must be so far away from the receiver dipole that the 

instrument does not detect the effect of the remote 

electrode (pole), which is often 10 times the distance 

from the survey area. 

5. For the pole-pole configuration, the four electrodes of 

the pole array are arranged so that the distance between 

the transmitter dipole (A and B) and the receiver dipole 

(M and N) is small. In fact, the distance should be 10% 

that of dipole A and B. In a polar survey, a receiving 

electrode is also moved to infinity, but in addition, one 

of the potential electrodes, is moved to infinity in the 

opposite direction. In other words, in an array of polar 

poles, one electrode is stationary at infinity on either 

side of the study area. The main problem with the use 

of the polar pole network is the space that makes it 

much less common than the dipole-dipole network and 

the dipole-pole network. The two infinite electrodes are 

fixed and must be placed far in opposite directions. 

3.3. Field Procedure and Data Processing 

The equipment used during the survey is a Geotrade GTR-3 

resistivity meter (Figure 5) powered by a DC/DC converter 

having a Geotrade GTE 6/1 battery of 400 watt of power 

with a variable output between 50 volts and 600 volts, DC 

voltage. This apparatus is equipped with a microprocessor 

capable of directly calculating the apparent resistivities once 

the values of K, AB and MN are introduced. The 

Schlumberger electrode configuration (Figure 5 and 6) was 

used to highlight vertical resistivity variations. 

 

Figure 5. Geotrade resistivity meter. 

 

Figure 6. Schlumberger implementation device with current displacement illustration under the electrode array. 

The field implementation procedure (Figure 5 and 6) 

consisted in injecting a current between the electrodes A and 

B placed at the outer limits of the device; the potential 

difference is thus measured between the electrodes M and N 

placed on either side of the center of the device (O). The 

spacing of the electrodes A and B was limited to about 8 

times the spacing of the M and N electrodes with an AB/MN 

ratio between 4 and 20. In places with good access paths, the 
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cables were extended to more than 400 m to measure depths 

above 80 m. The penetration depth varied between 0.25AB 

and 0.5AB [24-26]. The corresponding receiving or potential 

electrode distance (MN) ranged from a minimum of 0.5 m 

for AB = 2 m to a maximum of 50 m at AB = 400 m. At all 

positions, the spacing between the potential electrodes was 

less than or equal to one fifth of the separation of the current 

electrodes [24-26]. The measurements were made during the 

dry season. The quality of the VES data was generally good. 

The electrode positions were usually wetted with water and 

salt to lower the contact resistance and ensure good electrical 

contact between the ground and the steel electrodes. 

4. Resultsand Interpretation  

The main goal of DC resistivity studies is to measure 

horizontal or vertical variations in the apparent resistivity of 

inhomogeneous subsurface areas. There are different types of 

DC resistivity interpretation techniques [24-26]: vertical 

electrical sounding (VES); resistivity maps, pseudo-sections 

and geo-electrical sections. The vertical electrical sounding is 

used to determine the vertical variation of the resistivity as a 

function of the depth below a measurement point, the 

apparent resistivity maps aim to determine the horizontal 

variations of the resistivity, the pseudo-sections and the geo-

electric sections aim to determine the lateral and vertical 

variations of the resistivity along a measurement line and 

gives a 2D image of the subsurface resistivity distribution. 

4.1. Interpretation of Sounding Curves and 

Lithologic Sections  

The sounding curves and the lithological sections published 

show how the apparent resistivity of the geological layers 

changes with depth. The measured data is represented on log-

log graphs. The horizontal axis of a resistivity curve is 

logarithmically scaled by half the electrode spacing (AB/2), 

and the vertical axis is logarithmically scaled by the apparent 

resistivity. In the case of the Schlumberger array, half of the 

current electrodes (AB/2) can be considered as the 

investigation depth. By visually analyzing an apparent 

resistivity curve, one can often determine the number of 

layers and the resistivity relationships between layers [24-

26]. 

4.1.1. Interpretation of the Baoussi VES Station 

 

Figure 7. Sounding curve and lithology log of the Baoussi station. 
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Figure 7 shows the apparent resistivity curve calculated for a 

four-layer half-space above the Baoussi locality. The survey 

curve has the polynomial form. It has a minimum depth of 10 

m indicating the occurrence of inhomogeneity at this depth. It 

then believes to reach a depth of about 85 m for an average 

apparent resistivity of 180 Ohm.m. The fit between the 

experimental curve and the theoretical curve was made by 

the least squares method with a RMS of 13.7%. The 

lithological section shows the different layers traversed by 

the drilling tool. These layers are: Topsoil, sandy clay, 

weathered rock and granitic rock. The drill toolhas reached a 

depth of 43 m. The weathered rock layer of apparent 

resistivity 46.7 Ohm.m is likely to play the role of reservoir 

rock. This layer is at a depth of about 15 m and has a 

thickness of about 6 m. The correlation between the 

resistivity curve and the lithological section resulting from 

drilling, predicts the occurrence of aquifers in the intervals 8-

13m and 25-30m. The first layer can be interpreted as a free 

layer and the second as a captive layer. 

4.1.2. Interpretation of the Dena VES 

Station 

Figure 8 shows the apparent resistivity curve calculated for a 

four-layer half-space above the Dena locality. The sounding 

curve is polynomial increasing: the minimum depth reached 

is 2 m for a resistivity of 300 Ohm.m; the maximum depth 

reached is 90 m for a resistivity 1600 Ohm.m approximately. 

The fit between the experimental curve and the theoretical 

curve was made by the least squares method with an RMS of 

17.7%. The lithological section shows the different layers 

traversed by the drilling tool. These layers are: topsoil, gray 

clay, weathered rock and basaltic rocks. The drill tool has 

reached a depth of 51 m. The weathered rock layer that can 

contain fractures (apparent resistivity of 157 Ohm.m) is at a 

depth of 16 m and is approximately 1m thick. The correlation 

between the resistivity curve and the lithological section 

resulting from the drilling predicts the occurrence of a 

captive layer between 40 and 50m. 

 

Figure 8. Sounding curve and lithology log of the Dena station. 
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4.1.3. Interpretation of the CSI kora VES 

Station 

Figure 9 shows the apparent resistivity curve calculated for a 

six-layer half-space above the CSI kora locality. The 

sounding curve reached a depth of approximately 60 m. The 

curve is polynomial and has a maximum at a depth of 20 m 

for a resistivity of 1800 Ohm.m. The fit between the 

experimental curve and the theoretical curve was made by 

the least squares method with a RMS of 6.34%. The 

lithological section shows the different layers traversed by 

the drilling tool. These layers are: red fine clay, late clay, red 

fine clay, weathered rocks and volcanic rock. The drill tool 

has reached a depth of 43 m. The weathered rock layer, 

which can act as a reservoir rock and enclose the water 

(apparent resistivity of 46.7 Ohm.m), is at a depth of 21 m 

and has a thickness of approximately 8 m. The correlation 

between the resistivity curve and the lithological section 

resulting from drilling predicts the presence of the captive 

layer between 22 and 56 m. 

 

Figure 9. Sounding curve and lithology log of the CSI kora station. 

4.1.4. Interpretation of the Djohong VES 

Station 

Figure 10 shows the apparent resistivity curve calculated for 

a six-layer half-space above the locality of Djohong. The 

sounding curve is polynomial with two extrema: the first 

extremum is at 10 m depth with a resistivity of 1500 Ohm.m; 

the second extremum is at a depth of 60 m with a resistivity 

of 550 Ohm.m. This sounding curve reached a depth of about 

80 m for an average apparent resistivity of 1600 Ohm.m. The 

fit between the experimental curve and the theoretical curve 

was made by the least square method with a RMS of 5.71%. 

The lithological section shows the different layers traversed 

by the drilling tool. These layers are: red sandy clay, lateritic 

cuirass, clay, weathered rocks and volcanic rocks. The drill 

tool has reached a depth of 68m. The layer weathered rocks 

(resistivity of 46.7) likely to be the reservoir rock is at a 

depth of 26 m and is about 11 m thick. The correlation 

between the resistivity curve and the lithological section 

resulting from drilling predicts the presence of a fractured 

base between 41 and 57 m depth. 
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Figure 10. Sounding curve and lithology log of the Djohong station. 

4.1.5. Interpretation of the Bafouck VES 

Station 

Figure 11 shows the apparent resistivity curve calculated for 

a five-layer half-space above the Bafouck locality. The 

lithology section, on the right side, shows the parameters of 

the associated geological model. This survey curve is 

polynomial increasing. It has two angular points and 

increases by 2 m to reach a depth of approximately 45 m for 

an average apparent resistivity which varies between 600 

Ohm.m and 1800 Ohm.m. The fit between the experimental 

curve and the theoretical curve was made by the least squares 

method with a RMS of 6.46%. The lithological section shows 

the different layers traversed by the drilling tool. These layers 

are: topsoil, lateritic, clay, fine sand and weathered rock 

(sedimentary rock). The drill tool reached a depth of 43 m up 

to the weathered layer. The correlation between the resistivity 

curve and the lithological section resulting from the drilling 

predicts that the rock roof has not been reached. The free 

groundwater has been exploited; the clay and sandy 

formations between 5 and 20 m constitute the flow interval of 

this layer. 
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Figure 11. Sounding curve and lithology log of the Bafouck station. 

4.1.6. Interpretation of the Bembarang VES 

Station 

Figure 12 shows the apparent resistivity curve calculated for 

a five-layer half-space above the Bembarang locality. The 

sounding curve is polynomial and has a maximum at 10 m 

depth indicating the presence of heterogeneity. It reaches a 

depth of about 42 m for an average apparent resistivity of 

2000 Ohm.m. The fit between the experimental curve and the 

theoretical curve was made by the least squares method with 

a RMS of 2.87%. The lithological section shows the different 

layers traversed by the drilling tool. These layers are: 

lateritic, lateriticcuirass, clay, weathered rock and healthy 

rock (tertiary volcanism). The drill tool has reached a depth 

of 43 m. The weathered rock layer of apparent resistivity 

46.7 Ohm.m likely to be reservoir rock is at a depth of about 

31 m and has a thickness of 8 m. The correlation between the 

resistivity curve and the lithological section resulting from 

the drilling shows the rock-roof at 31 m, with a captive layer 

at 32 m, while the sounding curve indicates the rock-roof at 

15 m with a layer about 30 m. 
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Figure 12. Sounding curve and lithology log of the Bembarang station. 

4.1.7. Interpretation of the Mikila VES 

Station  

Figure 13 shows the apparent resistivity curve calculated for 

a four-layer half-space above the Mikila locality. The 

sounding curve is polynomial and has two extrema: a 

maximum at the depth of 3 m with a resistivity of 5000 

Ohm.m and a minimum of 15 m with a resistivity of 3000 

Ohm.m. This curve reached a depth of about 60 m for an 

average apparent resistivity of 9000 Ohm.m. The fit between 

the experimental curve and the theoretical curve was made 

by the least squares method with a RMS of 26.7%. The 

lithological section shows the different layers traversed by 

the drilling tool. These layers are: topsoil, clay, red sandy 

clay and weathered rocks. The drill tool reached a depth of 

43.30 m to the layer of weathered rocks (apparent resistivity 

421376 Ohm.m) layer likely to be the reservoir rock. The 

correlation between the resistivity curve and the lithological 

section resulting from drilling shows that the rock-roof was 

not reached. The commissioning of this borehole suggests 

that a free layer was captured between 15 and 18 m in the 

reddish clay sand layer. 
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Figure 13. Sounding curve and lithology log of the Mikila station. 

4.1.8. Interpretation of the Gbeza VES 

Station  

Figure 14 shows the apparent resistivity curve calculated for 

a six-layer half-space above the locality of Gbeza. The 

sounding curve is polynomial with a minimum depth of 9 m 

resistivity 700 Ohm.m. The curve reached a depth of about 

60 m for an average apparent resistivity of 1900 Ohm.m. The 

fit between the experimental curve and the theoretical curve 

was made by the least squares method with an RMS of 

2.46%. The lithological section shows the different layers 

traversed by the drilling tool. These layers are: compact red 

clay, lateritic, clay sand, variegated clay, weathered rock and 

schist. The drill tool has reached a depth of 52 m. The layer 

weathered rocks (resistivity apparent 46.7 Ohm.m) likely to 

contain water is at a depth of 17.55 m and has a thickness of 

2 m approximately. The correlation between the resistivity 

curve and the lithological section resulting from drilling 

predicts the presence of a captive aquifer between 22 and 41 

m deep. The rock-roof has not been reached. 
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Figure 14. Sounding curve and lithology log of the Gbeza station. 

4.1.9. Interpretation of the Bindiba VES 

Station  

Figure 15 shows the apparent resistivity curve calculated for 

a three-layer half-space above the locality of Bindiba. The 

sounding curve has the shape of a decreasing hyperbole that 

reaches a maximum at about 8 m depth indicating the 

probable occurrence of a discontinuity. The highest resistivity 

is 7000 Ohm.m and the lowest 180 Ohm.m. It reaches a 

sounding depth of about 80 m. The fit between the 

experimental curve and the theoretical curve was made by 

the least squares method with a RMS of 28.2%. The 

lithological section shows the different layers traversed by 

the drilling tool. These layers are: lateritic clay, clayey sand 

and red clayey sand. The drilling tool has reached a depth of 

47 m up to the layer of red clayey sand apparent resistivity of 

187 Ohm.m likely to contain water. The correlation between 

the resistivity curve and the lithological section resulting 

from drilling predicts the presence of a captive aquifer 

between 18 and 45 m deep. The rock-roof has not been 

reached. 
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Figure 15. Sounding curve and lithology log of the Bindiba station. 

Quantitative interpretation of apparent resistivity curves and 

lithologic sections has been performed using computer 

programs such as: IP2 win software that can analyze 

geoelectric data with a Schlumberger configuration [27-28]. 

The Forage software is software for tracing lithologic or 

geological sections [29]. This software’s were used to 

estimate the parameter values describing the geophysical 

models obtained. We used survey curves to determine the 

number of layers, their thicknesses, and the lithological 

sections to describe rock types. The use of resistivity charts 

allowed us to establish correlations between the sounding 

curves and the lithological cuts of boreholes. 

4.2. Qualitative Interpretation of Apparent 

Resistivity Maps 

Qualitative interpretation presents the results for different 

depths in the form of maps, pseudosections and geoelectric 

sections. These types of representation allow highlighting the 

occurrence and preferential directions of the geological 

structures through the lateral and vertical variations of 

apparent resistivity [1-7, 21-23]. 

4.2.1. Interpretation of the Apparent 

Resistivity Map for AB/2 = 10m  

To obtain the map of Figure 16, the data were interpolated by 

kriging. The map shows four zones of resistivity anomalies: 

north of Baoussi there is a low resistivity anomaly of about 

250 Ohm.m; to the west of Gbeza the resistivities are strong 

and can reach 5750 Ohm.m. South of Gbeza there is a low 

resistivity anomaly of about 250 to 750 Ohm.m; in the Mikila 

region we observe a low resistivity anomaly of about 1600 

Ohm.m. Areas where water can be found at 10 m depth are: 

Baoussi, Dena, Kora, Djohong, Mikila, Bafouck, Gbeza, 

Bindiba and Bembarang. The rivers Djerem, Mbere, Lom 

and Vina pass into these areas and are likely to participate in 

the recharge of groundwater. Areas of blue color are areas of 

low resistivity. These areas may be associated with locations 

where the rock has sufferedfracking and alteration. While red 

color areas may be associated with basement areas. 
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Figure 16. Apparent resistivity map superimposed on the hydrographic map for half the current electrode spacing of AB/2 = 10m. 

4.2.2. Interpretation of the Apparent 

Resistivity Map for AB/2=30 m 

Figure 17 shows the apparent lateral resistivity variation in a 

horizontal plane at a depth greater than the depth of the 

previous map. The map is superimposed on the hydrographic 

map. It has four zones of resistivity anomalies: north of 

Baoussi there is a low resistivity anomaly of about 250 to 

1500 Ohm.m; west of Gbeza the resistivities are strong and 

can reach 7000 Ohm.m. South of Gbeza there is a low 

resistivity anomaly of about 250 to 750 Ohm.m; in the Mikila 

region we observe a high resistivity anomaly of about 5000 

Ohm.m. The areas where water can be found at 30 m depth 

are: Baoussi, Dena, Kora, Djohong, Bafouck, Gbeza, 

Bindiba, Bembarang and Ngaoundere. The rivers Djerem, 

Mbere, Lom and Vina pass into these areas and are likely to 

participate in the recharge of groundwater. Areas of blue 

color are areas of low resistivity. These zones can be 

associated with places where the rock has brutalfractures and 

strong alterations. While red color areas may be associated 

with basement areas. 

 

Figure 17. Apparent resistivity map superimposed on the hydrographic map for half the current electrode spacing of AB/2=30m. 
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4.2.3. Interpretation of the apparent 

resistivity map for AB/2=50 m 

The map of apparent resistivities Figure18 is superimposed 

on the hydrographic map of the study area. It has four zones 

of resistivity anomalies: north of Baoussi where there are 

small resistivity anomalies of about 750 to 2500 Ohm.m; to 

the west of Gbeza the resistivities are relatively low and can 

reach 4000 Ohm.m. In the south of Gbeza there is an area of 

low resistivity anomaly of about 750 to 1500 Ohm.m; in the 

Mikila region we observe a zone of strong resistivity 

anomaly of about 12000 Ohm.m. Areas where water can be 

found at 50 m depth are: North of Baoussi, Dena, Kora, 

Djohong, Bafouck, Gbeza, Bindiba, Bembarang and 

Ngaoundere. The rivers Djerem, Mbere, Lom and Vina pass 

into these areas and are likely to participate in the recharge of 

groundwater. Areas of blue color are areas of low resistivity. 

These areas may be associated with locations where the rock 

has severefracturing and alteration. Red color areas can be 

associated with basement areas. 

 

Figure 18. Apparent resistivity map superimposed on the hydrographic map for half the current electrode spacing of AB/2=50m. 

The apparent resistivity maps (Figure 16, 17, 18) do not only 

highlight the preferential zones of groundwater. They also 

enabled to observe the preferential directions of the 

geological structures through the lateral and vertical 

variations of the apparent resistivities. The preferred 

directions of the lineaments of the zone are: N-S, E-W, NW-

SE and NE-SW. The distribution of isoanomal apparent 

resistivities across the area allows us to conclude as well. 

Resistivity increases with depth. This indicates that as we 

progress in depth we approach the basement rocks in some 

areas especially in the center of the map. Subsurface rocks 

appear to be permeable and porous, indicating the occurrence 

of unconsolidated rocks derived from severe fracturing and 

alteration. 

4.3. Structural Interpretation 

All data can be displayed as a 1D profile of apparent 

resistivity. The layout and shapes of the anomalies on a 

resistivity profile help us to determine the types of geological 

structures and their geometric parameters [1-7, 21-23]. The 

apparent resistivity profiles P1 and P2 (Figure 2) were 

chosen because they cross the set of geological formations of 

the study area and the lithological sections of the different 

localities also exist. The purpose of the survey is to indicate 

the zones of lateral extension of the fractured and altered 

layers likely to contain water. 
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4.3.1. Interpretation of P1 and P2 

pseudosections profiles 

The resistivity pseudosection can be seen as a continuous 

vertical electrical sounding (CVES) in which a number of 

VESs carried out according to measurement stations are 

fused together. The resistivities along the pseudosection vary 

both vertically and laterally along the survey line steadily. 

Pseudosections help detect significant faults and lateral 

changes in rock formations. On a pseudosection, the first 

dimension is the distance along the line of inquiry and the 

second is the depth. The pseudosections of P1 and P2 profiles 

give an approximate image of the distribution of the 

underground resistivity. The shape of the contours depends 

on the Schlumberger matrix used. The plot of these 

pseudosections serves as a guide for the realization of 

geological sections along the profiles. They give a general 

impression of how the apparent resistivity varies under the 

electrode array [1-7, 21-23]. Overall, the two pseudo-sections 

(Figure 19 and 20) have discontinuities or electrical 

anomalies that can be associated with underground 

geological structures. The observation of the color 

distribution on the two pseudo-sections shows that the 

geological layers are heterogeneous. The pseudosections 

show several color contours that exhibit different relatively 

strong and weak resistivity transitions. They can detect a 

number of heterogeneities close to the surface along each 

profile. The boundaries of the geological layers cannot be 

strictly recognized. The resistivities of the formations vary 

from 45 Ohm.m to 5995 Ohm.m. The blue color may be 

associated with weathered rocks with low resistivity values. 

The green color marks the transition zone between weathered 

rocks and basement rocks. The yellow and red colors can be 

associated with basement rocks with relatively high 

resistivity values. 

 

Figure 19. Apparent resistivity pseudosection of P1 profile. 

 

Figure 20. Apparent resistivity pseudosection of P2 profile.

4.3.2. Interpretation of Geoelectric 

Sections of P1 and P2 Profiles  

The geoelectric model is a representation of the variation of 

the electrical resistivity below the surface as a function of 

altitude. It is obtained after the data inversion. Generally, it is 

assumed that the resistivity does not change in the 

perpendicular direction to the profile. The initial model can 

be a homogeneous model or an estimated model obtained 

using a priori geological information. The final model 

obtained after the inversion usually requires several iterations 
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and is not unique. Additional information such as resistivity 

logs is needed to constrain inversion and get the best model 

[1-7, 21-23]. Figure 21 and 22 show the 1D 

geoelectricsections of the measurement stations assembled 

along the P1 and P2 profiles. Formation boundaries are seen, 

as well as inferred faults (F1 and F2). They have a 

geologically unrealistic aspect mainly because of the 

problems of equivalence of the layers. The studied zone 

presents a relief of strong declivities. Therefore, the 

topographic difference has been taken into account in the 

profiles. After adjusting the input data and selecting the 

optimal inversion parameters, a few iterations were sufficient 

to obtain the inverted resistivity models representing the 

subsurface distribution to the depth of approximately 60 m 

from the ground surface. The information obtained on the 

subsurface along the resistivity cross sections was interpreted 

on the basis of the high and low resistivity values and their 

relation to the known characteristics of the studied area. 

 

Figure 21. Geoelectric section of apparent resistivity of the P1profile. 

 

Figure 22. Geoelectric section of apparent resistivity of the P2profile. 

4.3.3. Interpretation of Geological Sections 

of P1 and P2 Profiles  

The geological section accounts for the lithological 

characteristics of the geological formations traversed. It 

requires a good interpretation and represents the deep hidden 

terrain from the formations that are outcropping. It draws the 

possible shape of subsurface terrains as they are logically 

deduced from the indications of the map and the 

interpretation of the pseudosections. The geological sections 

enable to predict the different geological structures in place 

and the distribution of the rocks in a vertical and lateral way. 

Figure 23 and 24 show the geological sections along the P1 

and P2 profiles. On the P1 profile, we observe the supposed 

faults, the tertiary volcanic formations, the Cretaceous 

sediments and the pan-African syn and post-tectonic 

granitoids. On the P2 profile we observe: supposed faults, 

Cretaceous sediments, relics of an ebonite basement, and 

pan-African syn and post-tectonic granitoids. The faults 

observed are the result of the different tectonic movements 

that affected the area. 
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Figure 23. Geological section along the P1 profile: a) supposed faults b) tertiary volcanism c) cretaceous sediments d) pan-African syn and post-tectonic 

granitoids. 

 

Figure 24. Geological section along the P2 profile: a) supposed faults b) cretaceous sediments c) ebonite basement d) Pan-African syn-tectonic and post-

tectonic granitoids. 

5. Conclusion 

The aim of this work was to present the results of electrical 

soundings (VES) carried out in ten villages of Adamaoua, to 

determine the points favorable to the implantation of drinking 

water boreholes and to propose a structural interpretation. 

Correlations between the sounding curves and the lithologic 

sections enable to determine the depth of the geological layers 

expected to contain water and the maximum depth of the 

boreholes. The resistivity maps showed the preferential 

directions of the resistivity lineaments of the study area: N-S, 

E-W, NW-SE and NE-SW. These different lineaments match 

with the preferential directions of the crustal faults of the 

Adamaoua region. These resistivity lineaments are marked by 

strong gradients separating the different resistivity anomalies 

observed on the resistivity maps. Structural interpretation has 

been performed through pseudo-sections, geoelectric sections, 

and geological sections to highlight areas of faults and 

fractures and other types of geological objects. This study 

exploited geologically cuttings at the ten locations and samples 

were taken for visual and laboratory analysis. The drilled 

boreholes were cased using 75 mm high-pressure PVC casing 

materials. The PVC cases were split at various depths. The 

split region of the well ring was filled with gravel to ensure 

good water distribution in the borehole. The results of the 

laboratory analyzes were not presented in this paper. 
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