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Abstract 
Vertical electrical sounding was done at 47 points using an ABEM 1000 Terrameter and a set of cables that could 
probe up to a depth of 500m. Resistivity was determined in two sites located in the district of Douala III 
(Bomkoul and Ngoma) 6 km west of the main town on the left bank of the Wouri River. The choice of these 
neighbourhood is as a result on the one hand, the presence of clay deposits from which sections have helped to 
configure resistivity data with those of geoelectric sections, and on the other hand, by the ability to extend the 
measuring device over great distances without being hindered by urbanization. The depths of investigation range 
from a minimum of 30 m and a maximum of 120 m. The results show a wide variability in resistivity values 
throughout the study area; it may be related to the high variability of facies described on sections by diggers. 
This variability may be due to the complexity of deposits recorded in the Douala sedimentary basin and also 
because of the presence of water in both sandy and clay sediments due to climate. The suggested resistivity is 
between 20 and 600ohm.m for clays and greater than 1000 ohm.m for sand. Given the weak thickness of some 
layers, the cancellation phenomena that affect very thin layers between two layers of different geoelectric 
properties of the latter have been observed, thus assigning to clay layers, sand resistivity. 
Keywords: Gulf of Guinea, Douala Sedimentary Basin, vertical electrical surveys, sections, apparent resistivity, 
true resistivity 
1. Introduction 
Geologists make use of direct and visual observations to examine rocks that show on the surface, study them and 
deduce the architecture of the substratum. Geophysicist also try to determine the architecture or geometry of the 
hidden substratum by measuring certain physical properties from the surface. There are many geophysical 
methods, each providinges guidance on the nature of the substratum via the study of changes in physical 
parameters. Geophysics thus is essentially based on the measurement of contrasts in the materials’ physical 
properties of the substratum and an attempt to deduce the nature and distribution of materials responsible of these 
observations (Chapellier & Mari, 2000). 
Most geophysical studies carried out so far in the Douala basin were conducted by oil companies, whose 
ultimate goal is the search for oil. This implies investigations at depths neglecting surface formations. Other 
geophysical studies have been carried out by drilling companies, but only in order to solve specific problems. 
Geophysical data, especially data obtained through electrical methods in the basin is very scanty, specifically in 
terms of the subsurface. 
This study focuses on the determination of apparent resistivity of sediments in Bomkoul and Ngoma areas of the 
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Douala subbasin, using the electrical surveys method. The objective of this work is to assign a range of 
resistivity values for each type of sediment found in the study areas. This will lay the foundation for a qualitative 
geoelectric characterization of lithological variations of superficial formations in the Douala sedimentary basin. 
The results of this study could have application in various fields of geology. In hydrogeology for example, they 
could be important in the search ground water, or in environmental geology the setting up the depositional 
models which can be used to infer depths and quantities of clays, as far as the search for clay materials level is 
concerned. 
1.1 Description of the Study Area 
The Douala subbasin is situated between 3°00' and 4°30' North latitude and 9°20' and 10°10' East longitude and 
covers an area of approximately 12,000km2. The study sites are Bomkoul and Ngoma which are districts of the 
Douala III municipality and between 4 ° 05 'and 4 ° 10' North latitude and 9 ° 45 ' and 9 ° 50' East longitude 
(Fig.1) 

 
Figure 1. Map of the study area Represents the localisation map of the study area 

 
1.2 Methodology 
The method used is the electrical surveys which principle is based on the identification of soil layers using their 
resistivity (Castany, 1982; Detay, 1993; Fetter, 1994; Chapellier & Mari, 2000; Giliet al., 2004). Several devices 
can be used: Wenner, dipoledipole, Schlumberger (Dubois & Diament, 2005). The device used in this study is the 
one of Schlumberger. 
The resistivity of the soil varies according to two main parameters: the lithological nature, water content and 
water mineralization. 
The determination of these resistivities is done by interpreting the electrical surveys datas. The realization of 
electrical surveys is by injecting current (I. using two electrodes A and B. It creates an equipotential network 
among which two curves in particular come to the surface at M and N (receiving electrodes. and enables 
measurement of the potential difference (Meyer Stadelhofen, 1991; Collin, 2004). 
Thus, depending on the geological context, one can from the resistance values, determine the lithological nature 
of the soils encountered (Chapellier, 1987; Dubois Diament, 2005; Chiarelli, 2008). 
The potential difference is: 

ΔV= VMVN  with         VM=


.      and     VN =



. 
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ΔV= 


.  

We deduce the resistivity by the formula: ρ= K  

ρ is expressed in ohm.m, ΔV is in mV and i in mA, K (geometric factor. is a coefficient depending on the 
geometry of the quadrupole AMNB and is expressed in metres (Meyer de Stadelhofen, 1991). 
The method of resistances by electrical surveys is a quantitative interpretation (Astier, 1971; Meyer Stadelhofen, 
1991; Abrego, 2007). 
After carrying out field measurements, key elements enable the interpretation the data collected: 
By solving the general equation of potential at the surface of two parallel, homogeneous and isotropic soils, we 
can construct a sequence of curves representing the apparent resistivity (Chapellier& Mari, 2000). 
All these curves carry the abacus name CH1. These curves represent ρa / ρ1 according to OA / h1 for different 
values of ρa / ρ1 (OA = AB / 2). They are plotted on a loglog scale. Each curve of the abacus matches with a 
curve of an electric survey run on a substratum composed of two soils with the first soil having a unit thickness 
and resistivity (Chapellier & Mari, 2000). 
The graphical interpretation of these surveys shows differences depending on whether the surveys are based on 
two or three soils (Meyer Stadelhofen, 1991; Girard, 2010). 
1.3 Results and Interpretation 
Figure 2 presents the different survey points in the study area. The surveys were carried out in Bomkoul and 
Ngoma. The lithological data of these sections will be used for correlations with the resistivity data. 

 

Figure 2. Map of electric surveys Represents the map of the survey points and section in the study area 
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1.4 Description Outcrops 
In Bomkoul and Ngoma, clays, silts, sandstones, nodular clays constitute the major field macroscopic 
differentiated facies. Several traditional sections located at different topographical levels have revealed thick clay 
deposits (610m) and bottom to top, surmounted by materials representing almost the entire surface of the area 
with local variations. Fifteen lithofacies were identified and described in Table 1, in the eight representative 
sections including six in Bomkoul and two in Ngoma. Their presence in lithologic sections depends on their 
topographic position: on the upper, medium or lower slopes. 
 
Table 1. List of facies codes and corresponding lithologies (modified from Miall, 1978 and Postma, 1990) 

Facies 
codes 

Descriptions Colour Sedimentary Structures Deposit process 

S1 Sandstone medium to coarsegrained 
(30 cm to 2 m thickness. 

5Y7/6 to 
5R4/6 to 8/1

horizontal laminations, oblique 
ferruginous massive red 

Cohesive debris flows 

S2 Sandstone horizon end alternating 
way (1–4 m thickness. 

5R4/6 to 
5R5/4 

  

S3 sandy clay (2 m thickness . 5R5/4   
F12 Horizon clay gravel and sandstone 

fragments (10–20 cm 
Thickness. 

5R4/6   

F11 Horizon nodular clay, gastropods and 
bivalves matrix (1–2 m thickness. 

5R4/6   

F10 Silts with gastropods and bivalves 
bioclast (4 m thickness. 

5GY4/1 Subhorizontal laminations, low 
bioturbations,10cm thickness 

suspension deposit in a quiet 
environment 

F9 Sand micaceous clay, gastropods and 
bivalves mould(2 m thickness . 

5GY4/1 horizontal laminations  Planar bed flows with an average 
hydrodynamic 

F8 Horizon clay nodular (2 à 3 m 
thickness. 

5R5/4 to 
5Y7/6 

  

F7 Micaceous sandy clay, coal, 
gastropods and bivalves mould (6 m 
thickness.  

5G4/1 fine horizontal laminations, 
60cm thickness 

Bed flows (Miall, 1978. with an 
average planar hydrodynamics 

F6 Micaceous sandy clay, coal, 
gastropods and bivalves mould (4 m 
thickness. 

5G6/1 horizontal laminations   

F5 Mottled clay, plates and some 
ferruginous nodules (2–4 m 
thickness. 

5R4/6 Fine horizontal laminations, 
60cm thickness 

 

F4 Micaceous clay studded with 
gastropods moulds and crusts of 
hardened plates (6 m thickness. 

5G6/1 horizontal laminations  Suspension deposits in a weak 
current environment with low 
energy (Miall, 1996. 

F3 Mottled sandy clay, presence of some 
ferruginous nodules (4 m thickness. 

5Y6/1 horizontal laminations  Deposit in the lower part of a 
lower flow regime (Miall, 1978; 
Postma, 1990. 

F2 Clay with gastropods moulds and 
coal (4 m thickness. 

5G6/19+ horizontal laminations  

F1 Compact clayrich muscovite and 
charcoal fragments (4–6 m thickness. 

5G6/1 horizontal laminations   
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Figure 3. Representative lithologic sections at Ngoma Represents the lithological section of Ngoma area 

 
Figure 4. Representative lithologic sections at Bomkoul Represents the lithological section of Bomkoul area 

 
1.5 Bomkoul 
The survey data for Bomkoul are presented in Tables 2 to 4 and plots in Figures 5 to 7. The surveys were carried 
out in dry weather (May) facilitating implementation. The investigation area is very accessible in some places 
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and the device could extend to over 240 m at the surface. 
Theoretical investigation depth is given by Barker’s formula (Banton & Bangoy, 1997) as: 
Depth = 0.19×L where L = AB for each measuring point. 
 
Table 2. Survey data S8 Bomkoul 

MEASURING 
 POINTS 

AB/2(m) MN/2(m) FACTOR
1/K 

RESISTANCE
(Ohm) 

RESISTIVITY 
(Ohm.m) 

1 1.5 0.5 0.1592 151.700 1112.5 
2 2.1 0.5 0.0766 84.828 989.5 
3 3 0.5 0.0364 51.431 836.5 
4 4.4 0.5 0.0167 21.298 745.8 
5 6.3 0.5 0.0081 12.389 687.5 
6 9.1 0.5 0.0039 7.177 548.5 
7 13.2 0.5 0.0018 3.747 204.5 
7b 13.2 5 0.0213 39.220 204.5 
8b 19 5 0.0095 15.244 125.6 
9b 27.5 5 0.0044 5.778 112.3 
10 40 5 0.0020 1.834 125.4 
11 58 5 0.0010 0.394 413.2 
12 83 5 0.0005 0.394 849.3 
13 120 5 0.0002 0.041 1106.5 

 

 
Figure 5. Projection of electric survey values S2 Bomkoul 

 
Table 3. S10 Survey data Bomkoul 

MEASURING  

POINTS 

AB/2(m) MN/2(m) FACTOR

1/K 

RESISTANCE

(Ohm) 

RESISTIVITY 

(Ohm.m) 

1 1.5 0.5 0.1592 281.000 1764.7 

2 2.1 0.5 0.0766 130.120 1699.7 

3 3 0.5 0.0364 42.337 1163.2 

4 4.4 0.5 0.0167 14.422 865.4 

5 6.3 0.5 0.0081 5.106 632.3 

6 9.1 0.5 0.0039 1.512 392.0 
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7 13.2 0.5 0.0018 0.284 155.2 

7b 13.2 5 0.0213 5.300 155.2 

8b 19 5 0.0095 0.724 76.4 

9b 27.5 5 0.0044 0.130 29.8 

10 40 5 0.0020 0.027 29.7 

11 58 5 0.0010 0.019 125.4 

12 83 5 0.0005 0.006 578.6 

13 120 5 0.0002 0.005 1116.5 

 

 
Figure 6. Projection of electric survey values S3 Bomkoul 

 

Table 4. Survey data S11 Bomkoul 
MEASURING  
POINTS 

AB/2(m) MN/2(m) FACTOR
1/K 

RESISTANCE
(Ohm) 

RESISTIVITY 
(Ohm.m) 

1 1.5 0.5 0.1592 159.000 1132.5 
2 2.1 0.5 0.0766 69.500 907.8 
3 3 0.5 0.0364 29.574 812.5 
4 4.4 0.5 0.0167 10.374 622.7 
5 6.3 0.5 0.0081 2.919 361.5 
6 9.1 0.5 0.0039 0.617 160.0 
7 13.2 0.5 0.0018 0.137 74.8 
7b 13.2 5 0.0213 2.400 74.8 
8b 19 5 0.0095 0.197 20.8 
9b 27.5 5 0.0044 0.119 18.5 
10 40 5 0.0020 0.055 27.3 
11 58 5 0.0010 0.052 54.4 
12 83 5 0.0005 0.075 160.6 
13 120 5 0.0002 0.254 1144.5 
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Figure 7. Projection of electric survey values S4 Bomkoul 
 
1.6 Ngoma 
The experiment was repeated in Ngoma, also in May. Several survey points have been made. The survey data is 
presented in Tables 5 to 6 and plots in Figures 8 to 9. 
 
Table 5. Survey data S27 Ngoma 

MEASURING  
POINTS 

AB/2(m) MN/2(m) FACTOR
1/K 

RESISTANCE
(Ohm) 

RESISTIVITY 
(Ohm.m) 

1 1.5 0.5 0.1592 218.330 1371.1 
2 2.1 0.5 0.0766 175.140 975.5 
3 3 0.5 0.0364 205.710 768.5 
4 4.4 0.5 0.0167 539.640 587.4 
5 6.3 0.5 0.0081 13.676 401.5 
6 9.1 0.5 0.0039 3.895 126.7 
7 13.2 0.5 0.0018 0.147 80.5 
7b 13.2 5 0.0213 18.176 74.5 
8b 19 5 0.0095 2.231 38.3 
9b 27.5 5 0.0044 0.167 38.3 
10 40 5 0.0020 0.945 128.4 
11 58 5 0.0010 0.054 458.7 
12 83 5 0.0005 0.111 998.7 
13 120 5 0.0002 0.278 1214.5 

 



www.ccsenet.org/esr Earth Science Research Vol. 5, No. 1; 2016 

102 
 

 
Figure 8. Projection of electric survey values S9 Ngoma 

 
Table 6. Survey data S28 Ngoma 

MEASURING 
 POINTS 

AB/2(m) MN/2(m) FACTOR
1/K 

RESISTANCE
(Ohm) 

RESISTIVITY 
(Ohm.m) 

1 1.5 0.5 0.1592 114.590 1263.2 
2 2.1 0.5 0.0766 48.031 978.6 
3 3 0.5 0.0364 20.511 563.5 
4 4.4 0.5 0.0167 6.164 369.9 
5 6.3 0.5 0.0081 1.749 216.6 
6 9.1 0.5 0.0039 0.321 83.1 
7 13.2 0.5 0.0018 0.053 46.6 
7b 13.2 5 0.0213 0.994 46.6 
8b 19 5 0.0095 0.003 56.7 
9b 27.5 5 0.0044 1.576 112.5 
10 40 5 0.0020 1.362 207.5 
11 58 5 0.0010 0.774 412.5 
12 83 5 0.0005 0.504 721.1 
13 120 5 0.0002 0.275 1243.1 

 

 
Figure 9. Projection of electric survey values S10 Ngoma 
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1.7 Bomkoul 
In Bomkoul region on the basis of lithological sections (Figure 3), the resistivities of 5 geoelectric layers were 
identified with the survey lead (Figures 9 & 10). The summary of interpretation is shown in table 7. 

 

Table 7. Summary of the interpretation of the survey at Bomkoul 
Layer  Resistivity (ohm.m) Layer thickness  (m) Roof depth (m) Lithology of layers 
1 (1050 to 1800)   1 to 4 0 Sandstone 
2 (400 to 1050) 2 to 4 4 clayey sand 
3 (200 to 700) 1 to 3 9 Nodular clay 
4 
 

(80 to 550) 2 to 4 11 mottled clay 

5 (0 to 125) 4 13 sandy clay 
6 (20 to 130) 2 17 Silts 
7 (20 to 70) 4 19 Compact gray clay 

 
1.8 Ngoma 
At Ngoma, from lithological sections (Figure 4), the resistivities of 4 layers were determined accurately, the last 
layers were confusing because of their relatively low thicknesses (Figures 12 &13). The summary of 
interpretation is shown in table 8. 
 
Table 8. Summary of the interpretation of the survey in Ngoma 

Layer  Resistivity (ohm)m) Layer thickness (m) Roof depth (m) Lithology of layers 
1 (1100 to 1900) (1 to3) 0 clay gravel 
2 (500 to1700) 4 3 sandy clay 
3 (400 to 950) (2 to3) 7 nodular clay 
4 (220 to 520) 4 10 silts 

 

1.9 Discussion 
Because of the great variability of facies, it would be risky to make correlations between the different surveys. 
However, it is possible to suggest a classification of soils according to their resistivity (Chilton & Foster, 1995; 
Idris Nda & Nwosu, 2006; Keller, G.V. and Frischanecht, F.C, 1966). Table 9 is a tentative classification of 
materials with their corresponding resistivities. 
 
Table 9. Tentative classification of soils based on resistivity 

Material ResistivityValues (Ohm.m.
Clay 20600 
Sand >1000 
Sand clay 01000 
clayey sand 7001900 

 
Thus for an application to Hydrogeology, favourable areas to search for underground water would present 
resistivities of about 400 to 1700 Ohm.m (Singhal & Gupta, 2010). 
In Bomkoul the aquifer zone consisting of an alternation of coarse sands and sandy clay, laying on a clay 
substratum of relatively low resistivity (about 725 ohm.m), has resistivity values between 400 and 1050 Ohm.m 
(Figures 10 &11). 
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Figure 10. Multilayer interpretation of the electrical survey at Bomkoul 

 
Figure 11. Geoelectric identification of different levels at Bomkoul 

 
In Ngoma, the aquifer zone consists of sandy clay, coarse sand and sand located at 3 m depth resting on a clay 
substratum of low resistivity (1100 ohm.m approximately), has a resistivity ranging from 500 to 1700 Ohm.m 
(Figures 12 &13). 

 
Figure 12. Multilayer interpretation of electrical survey in Ngoma 
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Figure 13. Geoelectric identification of different levels in Ngoma 

 
As part of the search for clay areas for the installation of a landfill, for example, or a ceramic industry, 
favourable areas would have resistivity values between 0 and 1000 Ohm.m, according to our investigations. 
In Bomkoul and Ngoma regions mineralization of pyrite in the dark gray facies could end up in depths varying 
between 110 and 1100 cm with resistivity values between 40 and 1400 Ohm.m. The soil facies is between 0 and 
3m, therefore the resistivity varies between 550 and 1900 ohm.m while the depth of sedimentary facies is 
between 3 and 11m with a resistivity ranging from 25 to 500 Ohm.m. 
1.10 Conclusion 
The work done here was aimed at determining the actual resistivity of superficial formations of study sites in the 
Douala sedimentary sub-basin from vertical electric surveys. Several electrical surveys have been made in the 
areas of Bomkoul and Ngoma. The measuring instrument giving the apparent resistivity ground layers, the 
Qwseln software was used for the interpretation of the survey, and has enabled to obtain accurate resistivity of 
the crossed materials. It was therefore possible to suggest resistivity values for clays between 20 and 600ohm.m 
and resistivity values greater than 1000 ohm.m for sand. These results generally show that the Matanda 
formation in the Douala sub-basin has very low resistivity, either sand or clay, nevertheless with much higher 
values for sand. Hypotheses were made as to the origin of this remarkable difference. But confirmation of the 
latter could be the subject to a future study. 
Three points have emerged from this study: electric methods are well suited for the recognition of favourable 
hydrogeological areas; this method has helped to highlight the resistivity of the surveyed materials in each area. 
It is very suitable to formations of Douala basin as a results of the good resistivity contrast between clay and 
sand materials. Possible confusions may come from incomplete saturation or a handling error when running the 
survey. 
But electric surveys have limitations since they fail to give a visualisation of the lateral continuity or not of 
crossed layers. Furthermore, the experimental determination of the values of the physical parameter of interest 
(in this case in this case, the resistivity) and its variations may reflect different situations, and only a good initial 
knowledge of the natural context allows you to choose the best geological interpretation. The geophysical study 
therefore cannot provide detailed information but gives a good overview of the surveyed site. Each geophysical 
method has its scope and limitations. It should therefore not be used for systematic surveys but should remain 
adapted to a specific problem to answer specific questions. However methods can be coupled to facilitate 
interpretations and enable to give a better approach and visibility of the desired aquifer. 
It would therefore be appropriate to extend knowledge on the resistivity of the different formations in the study 
sites, make electrical trails which give a more qualitative approach and increase the lengths of AB line to 
increase the depth of investigation. It would also be beneficial to envisage the use of tomography which is a 
combination of vertical electric survey and electric trail. The latter used to define the geometry of aquifers faster. 
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