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Introduction  
ulleng community in Song Local 

Government Area of Adamawa State 

has witnessed a rapid growth in 

human population recently. The increase in 

demand for portable water in the area, coupled 

with lack of surface water sources, resulted in 

greater demand in the use of groundwater 

sources. The exploitation of groundwater 

involves the sinking of boreholes, which 

sometimes are sited arbitrarily. In several cases 

this resulted in abortive boreholes, extremely 

low yield or total failure of some wells in the 

area.  
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ABSTRACT 
This survey was 

undertaken to 

delineate the 

aquiferous zones 

in Mulleng 

community, 

Song L.G.A, 

Adamawa State, 

Nigeria. The 

depths, 

thicknesses, and 

resistivities 

values of the 

aquifers at 

various locations 

within the area 

were 

determined. The 

study employed 

the technique of 

Vertical Electric 

Sounding (VES) 

using the 

Schlumberger 

Array. Based on 

the study, the  
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In this study, data base for geophysics for the area has been established 
from the interpretation of 5 vertical electrical soundings. Such a 
database would enhance the success rate of future groundwater 
exploration and exploitation in the area. 
The study is aimed at the application of Electrical Resistivity Methods in 
the quantitative assessment of groundwater potential from the 
combination of the electrical resistivity techniques in the field. 
Processing and interpretation of the field data was done using computer 
software, and the laboratory work. 
 
Physiography and Hydrogeology 
Mulleng, the study area, is located in Song Local Government Area of 
Adamawa State. It is situated about 7 km East of Song town, along Song 
- Zumo Road. It lies between the geographic co-ordinates of Eastings 

area is underlain by Basement Complex rocks. This study delineated parts 

of the Basement where sustainable amount of groundwater can be found. 

The area is made up of five (5) localities/wards namely: Nyibango, Kuro-

Lamorde, Balbal, Degene and Gantake.  It is situated about 7 km East of 

Song, along Song - Zumo Road and lies between the geographic co-

ordinates of Eastings 1004500 and 1006000 mE (33p) and Northings 

0249300 and 0250500 mN in Universal Traverse Mercator (UTM), which 

covers an area of about 18 km². The VES delineated a maximum of four 

subsurface geological units consisting of the topsoil, weathered layer, the 

Fractured Basement and the Fresh Basement rock. The weathered and the 

Fractured Basement layers form the aquiferous units with an average 

resistivity/thickness value range of 69.76 – 213.60 Ωm and 10.52 – 27.94 m 

respectively. In some areas however, an average depth range of 5.7 – 27.4 

m. Four locations labelled NY1 (Thickness 27.94 m and depth 27.40 m), KL2 

(Thickness 23.13 m and depth 22.40 m), BL3 (Thickness 10.95 m and depth 

10.10 m) and GT2 (Thickness 27.51 m and depth 25.80 m) with appropriately 

thick overburden recommended for the drilling of productive boreholes for 

the community.    

 

Keywords: Groundwater, Aquifer, Electrical Resistivity,   Vertical Electric 

Sounding and Schlumberger Array 

 



 

TIMBOU-AFRICA ACADEMIC PUBLICATIONS 
AUGUST, 2022 EDITIONS, INTERNATIONAL JOURNAL OF: 

 

TIJERAT 
 

ENGINEERING RESOURCE & TECHNOLOGY VOL.10 

143 
ISSN: 2707-5654 

1004500 and 1006000 mE and Northings 0249300 and 0250500 mN in 
Universal Traverse Mercator (UTM) covering an area of about 18 km².  
The study area is underlain by Basement Complex rocks consisting of 

Migmatite-gneisses and the Older Granites Complexes (Ekwueme, 1994). 

The Migmatites are composed of a mixture of bands of metamorphic and 

igneous rocks which are light to dark coloured, medium to coarse 

grained with poorly developed leucocratic layers and contain Feldspars, 

biotite and phenocrysts of quartz. The gneisses are of two main types: 

the biotite gneiss which is fine-grained with strong foliation caused by 

the parallel arrangement of alternating dark and light minerals and the 

banded gneiss which show alternating light-coloured and dark bands and 

exhibit intricate folding of their bands. The older granites are coarse-

grained igneous rocks made up of feldspar, mica, quartz, biotites, and 

occasionally microcline and occur as large circular masses within the 

older Migmatite-gneiss complexes (Ekwueme, 1994). 

Hydrogeologically, the study area is made up of two interconnected 

aquifers; the weathered and fractured basement. The depth to the water 

table lies on the average between 3 – 15 m below the surface (Offodile, 

2002). The groundwater availability in the area is greatly dependent on 

the degree of weathering and fracturing of the rocks and the 

interconnectivity of the fractures.  

 

Review of Related Literature 

Philip (2001) defined groundwater as the water in porous rocks beneath 

the water table. It is relatively pure and protected from surface 

pollutants due to its depth of storage and natural filtration process 

through the different soil horizons (Abdullahi et al., 2005).  

Mbiimbe et al. (2010) worked on groundwater exploration in a Basement 

complex terrain using electrical resistivity sounding in Rimi Gado area, 

Nigeria. They concluded that the study has helped in the identification of 

aquiferous units and has provided an understanding of aquifer 

dimensions especially the thickness of the weathered mantle, the depth 

to bed rock and the fractured zones which are required for locating 

points with high potentials for groundwater occurrence. Anomohanran 

(2011) in his investigation on the groundwater exploration of Oleh, 

Nigeria, using electrical resistivity method, noted that the result of the 

study in comparison with lithologic logs from existing boreholes showed 
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a four layered formation. Similar studies carried out in other parts of the 

world include those of Al-Amoush (2012), and Telford et al. (1990). 

 

Resistivity of Rocks and Minerals 

The electrical resistivity of rocks can be determined by the subsurface 

resistivity distribution. This can be related to the physical conditions of 

interest such as lithology, porosity, degree of water saturation and 

presence or absence of voids in the rocks (Ako, 2002). The resistivity of 

crystalline rocks is largely dependent upon the water in the fissures and 

fractures (Sheriff et al., 2002). Hard rocks are known to be of high 

resistivity of several thousands of Ohms-metre (Ωm). Zones of crushed 

and badly fractured rocks may sometimes have resistivities of as low as 1 

– 2 Ωm. Water may occur as subsurface groundwater, accumulating in 

weathered overburden, joints, fractures and faults zones in crystalline 

basement rocks (Ako, 2002).  

For measuring the ground resistivity, a current has to be transmitted 

with two electrodes, while the potential created on the surface by the 

circulation of this current into the ground is measured with two other 

electrodes. Increasing progressively the distance between the 

transmitting and the receiving electrodes permits to increase the depth 

of investigation (sounding array for aquifer depth and thickness 

determination); translating the four electrodes together permits to 

detect lateral change of resistivity (profiling array, for fault or fracture 

localization). 

 

Materials and Methods 

The Electrical Resistivity method involved the vertical electrical sounding 

(VES) with the use of the Schlumberger array. The Terrameter ABEM SAS 

4000 was used in the data acquisition. A maximum current electrode 

spacing of AB/2 of 100 m was fixed in this work in view of the shallow 

nature of the basement rocks of the area. Five (5) vertical electrical 

soundings (VES) were carried out in five (5) locations within the study 

area. The observed field data which is only a measure of resistance was 

converted to resistivity values in Ohm-meters. 

These computed apparent resistivity values as functions of electrode 

spacing were then converted to true resistivity values as functions 

depths of individual layers for a 2D profile to produce depth-sounding 
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curves. The VES curves were quantitatively interpreted by partial curve 

matching and computer iteration techniques, using resound, a computer 

programme based on linear filter theory. 

 

Results and Discussion 

Vertical Electrical Sounding Results 

A total of 5 Vertical Electrical Soundings was carried out in the study area. 

From the result of the vertical electrical soundings (VES) shown in Tables 

1 – 5, the weathered basement aquifer and weathered/fractured aquifer 

were delineated. 

 

Weathered/Fractured Basement (Aquifer Unit)  

The weathered/fractured basement resistivity results show the 

resistivity variation within the aquifer units of the study area. The 

resistivity value range is between 69.76 – 213.60 Ωm. The classification of 

the groundwater potential of the aquifer units based on resistivity is 

premised on the findings of Wright (1992). Areas with resistivity lower 

than 20 Ωm are clayey and possess limited aquifer potential. Zones with 

resistivities within the range of 20- 100 Ωm are zones with optimum 

weathering and good groundwater potential, while zones with resistivity 

values between 100 and 150 Ωm possess medium aquifer conditions and 

potential. The weathered/fractured basement also has an average 

thickness value range of 10.52 m to 27.94 m. In some areas however, the 

average depth range is between 5.7 – 27.4 m.  

 

Table 1. Nyibango-Mulleng VES 1 Results 
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Figure 1. Nyibango-Mulleng VES 1 Graph  

Table 2. Kuro-Lamorde-Mulleng VES 2 Results 
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Figure 2. Kuro-Lamorde-Mulleng VES 2 Graph 

 

Table 3.  Balbal-Mulleng VES 3 Results 
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Figure 3. Balbal-Mulleng VES 3 Graph 

 

Table 4. Degene-Mulleng VES 4 Results 
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Figure 4. Degene-Mulleng VES 4 Graph 

 

Table 5. Gantake-Mulleng VES 5 Results 
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Figure 5. Gantake-Mulleng VES 5 Graph 
 

Groundwater Potential Evaluation 

In crystalline rocks such as those found in the study area, electrical 

current was conducted mainly along joints, faults and fissures. The 

presence of water in these fractures decreases the electrical resistivity 

of the layers containing the fissures. Low resistivity values indicate 

possible water saturated formation. The groundwater potential 

evaluation of the area was generated from the combination of the 

aquifer resistivity and aquifer thickness. There exists a strong 

relationship between these parameters and the groundwater potential, 

as good groundwater potential zones coincide with areas characterized 

by low resistivity and more thickness. In the 5 VES points, the thickness 

and resistivity values are given in Table 6. 

 

Table 6. Thickness and resistivity values for VES points in the Study Area 

VES Point Location Thickness (m) Resistivity (Ωm) 

1 Nyibango 27.94 213.60 

2 Kuro-Lamurde 23.13 175.21 

3 Balbal 10.95 69.76 
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4 Degene 10.52 185.09 

5 Gantake 27.51 100.90 

  

The resistivity values range from 69.76 Ωm to 213.60 Ωm while thickness 

values range from 10.52 m to 27.94 m. 

 

Summary and Conclusion 

The VES delineated a maximum of four subsurface geological units 

consisting of the topsoil, weathered layer, the Fractured Basement and 

the Fresh Basement rock. The weathered and the fractured basement 

layers form the aquiferous unit. This unit was found to have resistivity 

value range of 69.76 – 213.60 Ωm and an average thickness value range 

of 10.52 – 27.94 m. It is deeply seated in some areas with an average 

depth range of 5.7 – 27.4 m. The Vertical Electrical Soundings carried out 

in the study area delineated the weathered/fractured aquifer. This 

aquifer is thin in some of the localities (10.95 m) while in other locations 

it is appreciably thick (27.50 m), hence, enormous groundwater storage 

and discharge capacity. Groundwater development in the area is 

therefore, highly recommended. Zones identified to have moderate and 

good groundwater potential can be considered for groundwater 

development at Mulleng community. Scholars as well as readers will find 

the results from this study very useful as it will guide future groundwater 

development in the community as well as serve as good reference 

materials for future research work in the areas of geophysical 

approaches to hydrogeology. 

 

Recommendation 

Four locations labelled; Nyibango-Mulleng VES 1(Thickness 27.94 m and 
depth 27.40 m), Kuro-Lamorde-Mulleng VES 2 (Thickness 23.13 m and 
depth 22.40 m), Balbal-Mulleng VES 3 (Thickness 10.95 m and depth 10.10 
m) and Gantake-Mulleng VES 5 (Thickness 27.51 m and depth 25.80 m) 
are recommended for future groundwater development. 
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