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Abstract  A geophysical study combining gravimetric and geo-electric methods was carried out in East Cameroon 
in order to characterize the soil and subsoil of this area. This work constitutes a preliminary study for the evaluation 
of areas suitable for hydraulic drilling. The aim of this work is to determine the different lineaments that would be 
found in this area as well as the different layers of land found in this part of Cameroon. The superposition of maxima 
map of the horizontal gradient reveals the presence of E-W, N-S, ENE-WSW, NNW-SSE, NNE-SSW and NE-SW 
oriented contacts. Borings curves obtained from the geoelectrical data allowed the geological section of the area to 
be drawn up, which is characterized by laterites, clays and fissured granites. 
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1. Introduction 

Methods based on potential fields have been widely 
used for many years to map anomalies due to specific 
contrasts in the earth's crust. Gravimetry is used to 
highlight areas of the subsurface with a density contrast. 
The boundaries between these zones are detected by 
analyzing the gravimetric gradients [1,2,3,4]. Our study 
area is located in the eastern part of Cameroon and is 
affected by a series of tectonic accidents due to the 
collision between the Pan-African chain and the Congo 
craton [5,6,7,8,9]. This area has already been the subject 
of several studies. The results of [10] revealed that  
the Lower Eseka-Dja fault line is located in the granitic 
basement of the Ntem complex slightly south of the 
granite/chist metamorphic contact that constitutes  
the overthrust line to the Congo craton. The work of [11] 
suggests an E-W normal fault in the Mengueme-Abong-
Mbang area; while [12] highlight areas of high gravity 
gradients that separate different anomalies. A geoelectrical 
investigation was carried out in the Batouri area to 
highlight the presence of clay minerals in the Tindikala-
Boutou area along the Kadey River using the continuous 

flow method. The study identified a large conductive 
weakness or discontinuity as a Precambrian granitic shear 
zone in agreement with previous geological and tectonic 
studies [13]. Another geoelectrical investigation had been 
carried out in the same Tindikala-Boutou area aiming to 
identify host structures for gold mineralization by direct 
current and induced polarization methods [14]. 

The geomorphology of the area makes groundwater 
exploration difficult, thus limiting access to groundwater 
resources. In this work, we propose to conduct a soil and 
subsoil reconnaissance study for the feasibility of 
hydraulic drilling. The gravimetric results will highlight 
the existence of lineaments in the area, which would 
constitute real traps for the aquifers. The electrical method 
revealed the different layers of soil present in the area. 

2. Geological Setting 

The entire Eastern Region of Cameroon is made up of 
older land forming the old Precambrian basement  
(Figure 1). Folded metamorphic rocks and several series 
of intrusive granites can be distinguished. There are also 
non-metamorphic sedimentary terrains. A boring on the 
Boden-Batouri road revealed the presence of gravels 
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whose appearance is characteristic of the features of the 
horizontal sandstones of the Oubangui. A little further 
south, about 100 km along the Mdokayo-Batouri track, 
horizontal sandstones of the Carnot Sandstone series were 
observed [15]. Geological surveys conducted in recent 
years [16-21] reveal that Central Africa consists of a 
Precambrian basement. [22] show that the Eastern Region 
is underlain by an old basement of Precambrian age. 

The tectonics of East Cameroon indicate that this part 
of the country corresponds to the mobile zone of Central 
Africa, where the Pan-African orogeny took place. This 
orogenic zone affects the majority of the metamorphic 

terrains of Central Africa and occupies almost all of 
Cameroon. The most abundant rocks are granites and 
migmatites. 

Geochronological work [24] allows the evolution of the 
northern edge of the Congo Craton during the Archean 
and Proterozoic to be related to major tectonic episodes. 
The Proterozoic cover of the craton is framed by two 
breakaway zones that characterize three blocks [25]. The 
Pan-African chain is considered to be the result of 
convergence and collision between the Congo Craton and 
the mobile belt [6,8,18,26,27,28,29,30], or as a collision 
between different blocks of the mobile belt [7,31]. 

 

Figure 1. Geological map of the study area modified from [23] 

3. Data and Processing 

3.1. Gravity 

This work was made possible by using regional 
Bouguer and free-air gravity anomaly grid data derived 
from the Earth Gravity Model -EGM2008 [32]. The 
EGM2008 model has been corrected for long wavelengths 

(300 km) using data from the GRACE satellite. The model 
provides local Earth gravity data sets and has proven 
useful for regional geophysical modelling [33]. This new 
model provides gravity data with a nominal resolution of 
5°x 5°. [34] discussed the EGM2008 model in comparison 
to field data. The EGM2008 gravity data for the study area 
was employed to develop the Bouguer anomaly map 
(Figure 2) using Geosoft software. This map is the result 
of superimposing the effects of geological structures 
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located at varying depths (shallow, medium and deep). It 
also contains information on discontinuities in the subsurface. 

The Bouguer anomaly map obtained shows all negative 
anomaly values, with amplitudes ranging from -109.9 à  
-35.2 mGal, and reflects the lateral variations of the 
density in the subsurface. There are two areas of low 
anomaly, one in the north and the other in the west. In the 
north, there is a sector of light anomalies with a main E-W 
direction. This anomaly could correspond to an intrusion 
of light rocks such as granites. The light anomalies, very 
localized, would characterize small sedimentary basins 
which are most often structures related to subsidence. The 
medium anomalies with a closed contour cover the 
southern part of the map with an amplitude ranging from  
-87.3 à -78.5 mGal. The heavy anomalies with a general 
WNW-ESE direction and an amplitude ranging from -70.5 
à -35.2 mGal, are much more observed in the center of the 

Bouguer anomaly map covering the localities of Minta, 
Bertoua, Batouri, Abong Mbang and Yokadouma. These 
anomalies may be associated with either basement uplift, 
or intrusions of high-density rocks or heavy material 
deposits in the basement. The gradients observed in the 
study area materialize discontinuities or transitions 
between heavy and light gravity sectors. These gradient 
zones are formed as elongated bands. 

The residual anomaly map is obtained by subtracting 
the regional anomaly from the Bouguer anomaly. Recall 
that the regional map chosen for this work is the Bouguer 
map extended upwards to 10 km since we are interested in 
the effects of surface structures. 

Figure 3 shows the positive and negative anomalies related 
to the anomalies observed on the Bouguer map. However, 
there is a large discrepancy with the Bouguer anomaly map 
in some places, reflecting the deformation of the basement. 

 
Figure 2. Bouguer anomaly map of the study area 

 

Figure 3. Residual anomaly map 
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This residual anomaly map illustrates individualized 
positive and negative anomalies which appear at a depth 
of 1500 m, with an amplitude between -21.0 and  
31.3 mGal and are separated by gradient zones. 

The light residual anomalies observed on the residual 
anomaly map (Figure 3), are located to the north, northwest, 
east and west with amplitudes ranging from -21.0 à -9.4 
mGal. They are due to a bowl-shaped formation and suggest 
subsidence or a trough-giving rise to a thickening of the 
ground. The heavy residual anomaly zones are three in 
number, characterized by positive residual anomalies, one 
of which predominates in the center of the map covering 
Minta, Bertoua, Batouri, Abong Mbang and Yokadouma 
with a WNW-ESE direction and an amplitude from 5,9 to 
31,3 mGal. It can be interpreted as an intrusion of very 

dense material whose nature remains to be determined. 
The separation corridors of the negative and positive 
anomalies are likely to be fault zones or tectonic faults. 

The vertical gradient map highlights anomalies with 
low amplitudes and short wavelengths. The vertical 
gradient is used to amplify short-wavelength anomalies 
and individualize bodies [35]. Figure 4 shows the vertical 
gradient map of residual anomalies with amplitudes 
ranging from -5.3E-04 to 5.6E-03 mGal/m. We note on 
this map that the heavy anomalies correspond to the 
granites and migmatites outcropping on the surface. The 
light anomalies on this map are scattered throughout the 
map and can be associated with synformal structures. 
These group of anomalies contain values ranging from  
-5.3E-04 to -2.1E-04 mGal/m. 

 

Figure 4. Vertical gradient map of the study area 

 

Figure 5. Horizontal gradient map of the Bouguer anomaly 
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Gravity plays an important role in the identification of 
deep faults, their boundaries and branching [36,37,38,39]. 
The horizontal gradient map (Figure 5) of the Bouguer 
Anomaly shows a priori almost equally distributed 
gradient zones. Considering a gravity feld 𝐺𝐺(𝑥𝑥,𝑦𝑦) , the 
horizontal gradient magnitude HG is giving by the 
following expression (equation 1) [40].  

 ( ) ( )2 2, ,G x y G x y
HG

x y
∂ ∂   

= +   
∂ ∂   

 (1) 

It shows areas of horizontal gradients with almost 
circular amplitudes and shapes. On the map, it is easy to 
distinguish the gradient zones corresponding to 
contact/fault type structures (high gradient zone) and those 
corresponding to the presence of intrusive formations.  

In the center and far north of the study area, we note the 
presence of strong horizontal gradients, i.e. high densities 
(≥3.58E-04 mGal/m) are observed along the S-N direction. 
They indicate a major tectonic structure penetrating the 
crust. This structure would have been favored by the 
collapse of the region's basement. 

Figure 6 shows local maxima of the horizontal gradient 
extended upwards at several altitudes, including 0 m to 10 
km. According to [38], this superposition of maxima 
allows the geological contacts associated with the faults or 
fractures suspected in the previous maps to be highlighted. 
The degree of importance (depth) of a lineament is determined 
by the continuous presence of local maxima at increasingly 
higher elevations of the upward extension. Analysis of the 
maxima of the horizontal gradient of the Bouguer Anomaly 
extended upwards at these different altitudes shows 
precisely the orientation of the dip of each lineament. 

 
Figure 6. Superposition map of horizontal gradient maxima 

 

Figure 7. Interpretative structural map of the study area 
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Figure 8. Euler solution map 

The lineament map (Figure 7) is obtained by plotting 
the lineaments resulting from the superposition of the 
horizontal gradient maxima (Figure 6). These lineaments 
follow several structural directions including: E-W, N-S, 
ENE-WSW, NNW-SSE, NNE-SSW and NE-SW. 

The results obtained from the processing of the gravity 
anomalies confirm and clarify the arrangement of the 
brittle structures recognized by the geological studies, and 
highlight new lineaments. The lineaments on the upwardly 
extended horizontal gradient map correspond to the major 
features affecting the study area. 

The interpretative structural map (Figure 8) shows that 
the fractures are dense and oriented in almost all 
directions. The more fractured the area is, the more 
interconnected the fractures are and the higher the chance 
of encountering a productive fracture. The strong presence 
of tectonic lineaments in the study area facilitates the 
preferential circulation of groundwater, which may imply 
the presence of abundant fractured aquifers. 

3.2. Electrical method 
The geoelectrical data used in this study were collected 

in 2013 by GEOFOR Constructions S.A., a company 
specializing in geotechnical and hydraulic drilling. Six 
electrical boreholes were carried out in our study area as 

shown in Table 1. The maximum spacing of the injection 
electrodes is 166 m, which corresponds to an average 
borehole depth of 31.54 m. The data obtained in the field 
was processed for soil characterization. 

The grouping of the curve types allows a first approach 
to analyze the data, to position the main limits between the 
different hydrogeological sequences. A different symbol 
was assigned to each type of electrical curve (A, H, K, Q, 
KH and many other combinations depending on the 
number of layers). 

In our study area, six electrical sounding curves were 
made using the JOINTEM software. The interpretation of 
these curves allowed us to propose a succession of 
geological layers that is, as close as possible to the 
geophysical measurements made in the field. 

The analysis of the sampling curves (Figure 9)  
allows us to distinguish five types of curves with Root 
Mean Square (RMS) between 0.009 and 0.101. These 
different types of curve are classified in Table 2. The 
interpretation of the sounding curves highlights the 
presence of 4 to 5 soil layers. We distinguish between a 
superficial arable land, laterite, clays which are sandy and 
lateritic, fractured granites and granites. The following 
table gives the summary results of the apparent resistivity, 
the thickness and the types of rock encountered at each 
depth. 

Table 1. Measurement stations and resistivity range 

Measuring stations Longitude (degree) Latitude (degree) Altitude (m) Resistivity (Ω.m) 

S1 : Garoua-Boulaï 14,55 5,88 996 [112,1-509,7] 

S2 : Minta 12,83 4,56 696 [150,9-829,6] 

S3 : Salapoumbe 15,69 2,61 493 [225,7-976,3] 

S4 : Moloundou 15,18 2,06 372 [245,7-1129,4] 

S5: Yokadouma 15,07 3,53 528 [1129-2155,3] 

S6: Abong Mbang 13,17 3,99 694 [251,2-590,1] 
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Figure 9. Electrical sounding curve at the (a) Garoua-Boulaï, (b) Minta, (c) Salapoumbe, (d) Moloundou, (e) Yokadouma and (f) Abong-Mbang 
stations 
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Table 2. Summary table of the different electrical sounding curves in our study area 

Stations Resistivity in Ω.m 
𝜌𝜌1,𝜌𝜌2, … ,𝜌𝜌𝑛𝑛  

Type of 
curves 

Number of 
Layers 

Thickness in (m) 
ℎ1,ℎ2,…,ℎ𝑛𝑛−1 

Total 
thickness (m) Type of rock 

S1 44,89/693,17/322,27/11,96 KQ 4 0,24/2,88/29,52 32,6 Arable ground/lateritic clay/weathered 
clay/fractured granite 

S2 405,73/840,99/377,16/633,97/110,79 KHK 5 1,14/7,68/9,46/15,82 34,11 Arable ground/laterite, clay/lateritic 
clay/fractured granite 

S3 917,24/1023,49/160,13/825,92 KH 4 1,83/7,05/24,36 33,24 Arable ground/lateritic clay/fractured 
granite/granite 

S4 250,28/1711,29/880,0/226,09/152 KQQ 5 0,75/1,66/9,26/22,99 34,66 Arable ground/laterite/clay/sandy 
clay/fractured granite 

S5 1272,57/1366,64/1064,43/2464 KH 4 1,90/5,84/25,56 33,30 Arable ground  /laterite/lateritic 
clay/granite 

S6 150,57/284,08/715,60/469,40/242,23 AKQ 5 0,23/2,48/9,83/22,10 34,65 Arable ground/laterite/weathered 
lateritic clay/sandy clay/fractured granite 

 

Figure 10. Geological section of the six electrical boring of the study area 

The interpretation of the borehole curves allows us to 
establish the geological section of our study area. This 
section is obtained from the geoelectric model of the 
electrical boreholes and the knowledge of the geology of 
the area. It highlights the geological structure of the 
subsoil in a vertical direction as shown in Figure 10. 

Figure 10 allows us to distinguish a granitic basement 
with two (02) different geological structures encountered 
from the surface to the depth and to establish the lithology 
of this area. To this end, we have subdivided the subsoil of 
the study area into three layers, as shown in Table 3. 

Table 3. Characteristics of the three main subsoil layers in the study 
area 

Number 
of Layer Dominant lithology Resistivity range 

in (Ω.m) 
Thickness 

range in (m) 
1 Arable ground [44,89-1272,57] [0,23-1,90] 
2 Clay [226,06-1711,29] [1,66-29,52] 

3 Fractured and 
fissured granite [11,96-2464] Infinity 

4. Conclusion 

The aim of this study was to obtain knowledge of the 
subsoil of the East region of Cameroon in order to carry 
out hydraulic drilling. The results obtained in the 
framework of this study, after interpretation of the gravity 

and geoelectric data, provided new elements in terms of 
knowledge of the structures of the area, confirmation of 
the presence of certain faults as well as the identification 
of the ground layers in the study area. The qualitative 
analysis of the Bouguer anomaly map, indicates that the 
heavy anomaly zones observed on it with a maximum 
amplitude of -35.2 mGal are due to intrusions of very high 
density material in the subsoil. Further analysis has shown 
that this material is granite. The areas of negative 
anomalies observed on the map with amplitudes ranging 
from -87.3 à -78.5 mGal are related to the gravimetric 
effect of the intrusion of light granites with a negative 
density contrast to the crust. This granitic intrusion is 
probably responsible for the large anomaly observed to the 
north and west of the region and is a consequence of the 
collapse of the region's basement. The interpretation of the 
residual anomaly map also permit the researchers to relate 
it to a number of geological structures already observed at 
surface level. It equally illustrates on the one hand the 
close relationship between the light anomalies and 
collapse of basement and on the other hand the close 
relationship between the heavy anomalies observed and 
basement uplift. The analysis of the structural map of the 
area demonstrates the relatively shallow geological 
structures of little lateral extension which extend, 
according to the areas of the study zone, in the following 
directions: E-W, N-S, ENE-WSW, NNW-SSE, NNE-
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SSW and NE-SW. These main tectonic faults responsible 
for the structuring of the study area are highlighted and 
well located by the multi-scale analysis of horizontal 
gravity gradients. The vertical electrical boreholes carried 
out in our study area allowed us to distinguish a granitic 
basement with two different geological structures 
encountered from the surface to the depth and to establish 
the lithology of this area. The subsoil of the study area 
was divided into three main layers: arable land, clay and 
fractured and fissured granites. 
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