
International Journal of Geosciences, 2012, 3, 640-649 
http://dx.doi.org/10.4236/ijg.2012.33064 Published Online July 2012 (http://www.SciRP.org/journal/ijg) 

Geoelectric Investigation for Groundwater Exploration  
in Yaoundé Area, Cameroon 

William Assatséss Teikeu1, Théophile Ndougsa-Mbarga2*, Philippe Nouck Njandjock1,  

Tabod Charles Tabod1 
1Department of Physics, Faculty of Science, University of Yaounde I, Yaounde, Cameroon 

2Department of Physics, Advanced Teachers’ Training College, University of Yaounde I, Yaounde, Cameroon 

Email: *theopndougsa@gmail.com 
 

Received March 2, 2012; revised April 12, 2012; accepted May 18, 2012 

ABSTRACT 

Yaounde zone is originally characterized by the small number of aquifers and bad renewal capacity. Within the frame- 

work of the emergency program which aims at supplying the city with drinking water, seventeen Vertical Electrical 

Soundings (VES) were carried out using Schlumberger configuration in parts of Yaounde (latitude 3˚ - 5˚N and longi- 

tude 11˚ - 13˚E) to determine the nature and thickness of aquifer zone and necessary geoelectrical parameters. Four to 

five geoelectric layers were delineated from the survey area. The first layer is the topsoil and has resistivity values 

ranging from 13 - 216 Ω·m and thickness is between 0.1 - 6 m. The second layer made up of clay sand and laterite has 

resistivity values ranging between 23 and 923 Ω·m and thickness ranged from 1 and 40 m. The third and fourth 

geoelectric layers consisting of clay and gneiss/migmatite with thickness varying from 1.7 - 63.3 m correspond to an 

aquifer horizon. Resistivity values of the aquifer ranges from 4 to 9215 Ω·m. The study indicates that average depth of 

the aquifer is 20 m and average thickness of the aquifer is 55 m. Soundings curves suggest several four layered geoelec- 

trical sections KH, KQ, HK type and some five layered sections of the HKH, KHK types. KH type is dominant and can 

be used as reference for future studies. The resistivity survey reveals that the parameters obtained through interpretation 

of VES curves corroborate the litho logs of boreholes from the area.  
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1. Introduction 

Yaoundé, the main town in the area is the capital of 

Cameroon. It is a metropolitan city that is densely popu- 

lated and whose population is on the rise. The progres- 

sive population growth has led to severe shortage of po- 

table water for the area which poses a great challenge to 

both the citizens and the government. To meet the needs 

of the population, a project called “emergency program 

to supply the city of Yaoundé with drinking water” has 

been run by the Minister of Energy and Water resource. 

The electrical resistivity method involving vertical elec- 

trical sounding (VES) technique was adopted for this 

survey. It involves the measurement of apparent resistiv- 

ity of subsurface as a function of depth or position by 

changing the electrode spacing interval while maintain- 

ing a fixed location for the center of the electrode spread 

[1]. The theory of resistivity and its application to ground 

water studies have been much discussed [2,3]. The ob- 

jective of the investigation is aimed at producing data 

which could serve as a basis for more detailed ground- 

water exploitation activities in the area.  

2. Hydrogeology and Geological Setting 

Yaoundé is located between latitudes 3˚ to 5˚N and lon- 

gitudes 11˚ to 13˚E on the western edge of the South- 

Cameroon plateau (Figure 1) [4]. The Relief is rough 

and dominated by hills alternating with valleys thus, 

shaping the area into domes and basins structure. The 

equatorial climate type is influenced by the middle-high 

altitude. Hydrographic system is constituted by perma- 

nent rivers, creeks, and lakes. The Mfoundi River domi- 

nates this system and crosses the city from the North to 

the South. Hydrogeology it is characterized by continu- 

ous alterites aquifers, approximately exploitable overly- 

ing water bearing fissures or fracture aquifers in the bed- 

rock. These types of aquifers are superimposed or iso- 

lated. In a crystalline medium, capacitive and conductive 

functions both exist within each aquifer. Generally, the 

weathered medium is capacitive while the basement is 

conductive [5]. Potentialities of these aquifers depend 

into hydrological balance parameters and their configure- 

tion. The weathered rock aquifer is the first encountered  
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Figure 1. Geological map of Yaounde area (modified [12]).  

 

beneath the subsoil. It is a free nappe aquifer overlaid by 

an unsaturated zone. In Yaounde, this nappe sited be- 

tween 10 and 15 m depth is of a regional extend, and the 

ground water flow is governed by interstice porosity [6]. 

In water bearing fissures and fractures, tectonics is the 

major factor governing the water flow. In Yaoundé, the 

bedrock is gneiss; this rock is neither porous nor soluble, 

but it is discontinuities (faults, diaclases) that give fissure 

permeability to the formation; this last being anisotropic 

and heterogeneous.  

Yaoundé city belongs to the Pan-African Chain of 

Central Africa [7]. The soil is made up of thin layer of 

topsoil, a clay sand horizon furniture, clay with occa- 

sional blocks of weathered rock underlying [8] and fi- 

nally bedrock which forms the base. Its basement is 

made up (Figure 1) of migmatites and gneisses [9]. 

These formations outcrop at the northern edge of the 

Congo Craton and they are subdivided into two groups: 

 The first is metaplutonic with garnet and pyroxenes 

high graded dark rocks; the major metamorphic facies 

being pyriclasites, pyribolites and pyroxenites. 

 The second is a metasedimentary group made up of 

middle light rocks containing garnet, alumina, kyanite 

and muscovite. Garnetiferous gneisses with disthene 

or plagioclase belong to this group. Metasedimetary 

rocks are common in the Yaounde area. They crop 

out in some river bed.  

3. Data Acquisition and Method 

3.1. Data Acquisition  

The Terrameter model SAS 300B was used to acquire 

seventeen (17) VES soundings using the Schlumberger 

configuration, and maximum electrode separation (AB/2) 

is restricted to 83 m. The Schlumberger configuration 

consists of a linear electrodes array (AMNB) as shown in 

Figure 2. Potential electrodes M and N are kept fixed at 

the centre of the array while current electrodes A and B 

are moved outward symmetrically [2].  

The operational principle lay on the fact that ground 

injection of current through current electrodes A and B 

enables the measurement of the potential drop between 

potential probes M and N. The current penetrates deeply 

into the ground as the electrode A and B spacing in- 

creases.  

3.2. Method  

In a heterogeneous ground in which there exists a vertical 

variation in resistivity with depth, the apparent resistivity  

 

 

Figure 2. Electrodes configuration. 
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rather than the true resistivity is measured. The current 

flow in such a medium is influenced by its density, po- 

rosity and salinity of the fluid contents.  

The apparent resistivity ρ can be expressed as: 

1
2π 1 1 1 1V

KR
I AM BM AN BN




    





    (1) 

where R corresponds to the resistivity of the space vol- 

ume between potential electrodes, and K is the geometric 

factor which depends on the electrode configuration. 

The Schlumberger configurations are given by r = AN 

– AM = BM – BN and L = AM + BM = AN + BN   

1
π
2

L

r r


     
  

K                (2) 

It is important to examine the electric current ground 

flow under the influence of external potential, because it 

enables to understand a major characteristic of direct 

current methods that is depth of investigation.  

We have, by the Ohm’s law [2], 

1
J V


                    (3) 

where J and V are the current density and potential re- 

spectively  

For two grounded electrodes (Figure 2), we have 
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Thus, the horizontal component Jx for the two elec- 

trodes system is  
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Furthermore r2 = x2 + y2 + z2,  
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Assuming to be in the median plane, then r1 = r2 = r 

and x = L/2, what allows us to write  
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J              (7) 

This equation highlights the fact that current density at 

vertical x position depends on the depth Z and the spac- 

ing electrodes injection.  

This phenomenon can be seen considering the current 

I (and not J). Integrating elementary current x
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This relationship shows that almost half of t

cu

 

he injected 

rrent propagating in the direction  0.5xx I I   in- 

vestigates a depth lower than half of e ara- 

tion.  

The true resistivity and thickness of the subsurface 

la

lectrodes sep

 through a quantitative 

lectrical section of Yaounde 

tiv

thickness of 0.2 - 34.1 m while the laterite material has  

yers were interpreted by partial curve matching with 

the two layer model master curves and the corresponding 

auxiliary curves. The thickness and resistivity values 

obtained from the partial curve matching were then used 

for a quantitative computer iteration using Jointem Soft- 

ware [10]. The results obtained from the computer mod- 

elling are presented in Table 1. 

4. Results and Discussion 

Our results have been obtained

interpretation. The main objective of the quantitative 

interpretation of VES curve is to obtain the geoelectrical 

parameters and geoelectric section. Geoelectrical pa- 

rameters are true resistivity and layer thickness. Interpre- 

tation of sounding curves shows the following curves 

types: KH, KQ, HK, HKH, and KHK (Figure 3). The 

apparent resistivity curves reveal a dominant curves type 

KH over the entire area. The dominant of this curve type 

shows that a homogenous subsurface succession and in 

most sounding curves the same layer were found.  

4.1. Geoelectric Section 

In the case study, the geoe

(Figure 4) shows four distinct layers namely the top soil, 

clayey sand/laterite, clay and gneiss/migmatite.  

The near-surface layer that had highly variable resis- 

ity ranging from 13 to 216 Ω·m, while its thickness 

ranges between 0.1 - 6 m. It reflects the variable compo- 

sition and moisture content of the topsoil. The second 

layer is composed of clay sand and laterite. The resistive- 

ity of clay sand overburden range from 4 to 700 Ω·m and 

I  yields 

to the expression of the current function flowing by one 

part of the plane given by [2]:  
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Figure 3. Some resistivity curves obtained from the study area.  

 
Table 1. Resistivity sounding results. 

VES Stn. Resistivity 

1

2

3

n


 



 
 
 
 
 
 
  
 


 Ω·m 

Thickness 

(h1/h2/h3···/hn) m 
Inferred lithology Curve types

1 128/168/21/1299 1.3/13.4/56.7 Topsoil/Clayey sand/Clay/Gneiss KH 

2 61/156/48/9 1.2/5.2/63.3 Topsoil/Clayey sand/Clay/Gneiss KQ 

3 72/358/116/2628 1.2/1.1/42.7 Topsoil/Clayey sand/Clay/Gneiss KH 

4 117/700/8/5165 5/4/19 Topsoil/Clayey sand/Clay/Gneiss KH 

5 74/923/60/1146 6/7.7/50.7 Topsoil/Clayey sand/Clay/Gneiss KH 

6 51/316/20/1172 1.4/11.5/45.5 Topsoil/Clayey sand/Clay/Gneiss KH 

7 39/136/63/174/34 0.1/1.7/2.9/11.3 Topsoil/Clayey sand/Laterite/Clay/Gneiss KHK 

8 95/23/196/89 3.3/3/45.4 Topsoil/Clayey sand/Clay/Gneiss HK 

9 51/230/21/2187 1.9/5.8/47.2 Topsoil/Clayey sand/clay/Gneiss KH 

10 124/79/4/1923 3.2/40/23 Topsoil/Clay/laterite/Gneiss QH 

11 13/147/18/1390 0.3/17.6/38.9 Topsoil/Clay/clay/migmatite KH 

12 216/101/9/1484 3.6/34.1/16.9 Topsoil/Clay/laterite /Gneiss QH 

13 85/206/43/169/23 0.7/1.2/1.7/17.8 Topsoil/Clayey sand/clay/Clay/Migmatite KHK 

14 14/303/38/8840 0.4/1/39.7 Topsoil/laterite/Clay/Gneiss KH 

15 39/97/12/9215 1/16.5/23.3 Topsoil/Clayey sand/Clay/Gneiss KH 

16 34/134/13/ neiss KH 

17 99/147/47/6234 0.9/4.8/27.3 Topsoil/laterite/Clay/Gneiss KH 

1858 1.6/17.9/59.3 Topsoil/Clayey sand/Laterite/G
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Figure 4. Geoelectric section of area. 

Copyright © 2012 SciRes.                                                                                  IJG 



W. A. TEIKEU  ET  AL. 647

 
(a) 

 
(b) 

Figure 5. (a) Depth to the t ap of aquifer in the area. op of aquifer in the area; (b) Isopach m
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resistivity varying from 79 - 923 Ω·m and thickness 

ranging from 1.2 - 40 m. The third and fourth geoelectri- 

cal layers represent an aquifer unit. The resistivity of the 

third layer which is wheatered ranges from 8 to 196 Ω·m 

diagnostic of clay with thickness ranging from 13.4 to 

63.3 m except beneath VES 7, 10, 12 and 16 where the 

inferred lithology is laterite with resistivity varies from 4 

to 63 Ω·m while thickness varies from 18 to 40 m. The 

fourth and five layers are composed of gneiss/migmatites 

with resistivity values ranging from 9 - 8840 Ω·m. The 

exact thickness of the four layer cannot be determined as 

the electrode current terminated within this layer except 

the VES 7 and 13 with thickness varying between 11.3 - 

56.7 m. This layer was interpreted to be bedrock with 

low resistivity ranges. In most parts of the area, the resis- 

tivity was more than 1000 Ω·m corresponding probably 

to a slate. Where the resistivity value was less than 700 

Ω·m corresponded to a shale layer. Rock resistivity de- 

pended on several factors such as the pore fluids contents, 

weathering, and fracturation. 

4.2. Aquifer Maps 

The results of the study show that an aquifer is encoun- 

tered at an average depth of about 15 m in Yaounde as 

shown in (Figure 5(a)). The isopach map produced from 

the VES results shows a variation in aquifer thickness 

from 20 to 80 m. The mean value of the aquifer’s thick- 

ness is about 25 m although a maximum thickness of 70 

m is observed. The thickness of the overburden is an 

important hydrogeologic consideration in groundwater 

development in the basement terrain, because water gets 

into the saturated zone through the overburden [11]. The 

maximum aquifer thickness is encountered beneath VES 

2, 3 and 14 (Figure 5(b)). The weathered layer for the 

study area is thick enough to enable ground water accu- 

mulation.  

VES 1, 2, 3, 11 and 14 show that, the area suitable for 

groundwater exploitation, because they exhibit weath- 

ered and fractured formations with high thickness.  

In VES 4, 5, 6, 7, 8, 9, 10, 12, 13, 15, 16 and 17 are 

marked by a low groundwater yield due to the dip and 

the thickness of the weathered zone.  

This area may be good prospects for drinking bore- 

holes with high expectations. Interpretation of VES 

curves corroborates the lithologs of boreholes drilled in 

the area.  

5. Conclusion 

The application of VES technique has provided detailed 

information on the thickness and hydrogeoelectrical 

characteristics of the aquifer in the study area. The pres- 

ence of thick and highly prolific aquifer constitutes an 

adequate water r

ity values for different formations has been established 

using the interpreted VES results and borehole lithologic 

which can help to understand the subsurface lithological 

variation prevailing in the area. The groundwater occurs 

basically under unconfined condition at depths of about 

15 m to about 50 m. The shallow aquifer may be vulner- 

able to contamination because of its thin overburden. The 

presence of Clay lenses at different depths may form 

confining layers. The thickness of the gneissic layer could 

not be completely evaluated as the investigation ended 

within this layer. This study has provided an insight into 

the subsurface shallow aquifer systems and delineated 

areas for groundwater development program in the area.  
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