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ABSTRACT 

Electrical resistivity measurements using the vertical electrical sounding (VES) technique were employed for the determination 

of soil competency for construction purpose at southern part of Gulumbe district Kebbi state NW Nigeria. Thirty-three vertical 

electrical sounding (VES) points were investigated with a maximum AB/2 spacing of 100m within an area of 500 by 500m. 

Resistivity sounding curves are found to be “H”, “A”, “K” and “Q” types, i.e. 1- A, 18- H, 3- K and 11- Q types respectively.; 

predominantly with “H” type constituting about 65% of the survey points. The study reveals that the subsurface lithologic 

units in the area were dominated by three- four geo-electric layers that comprise of topsoil (pink clay, ironstone & browns 

clay), The relatively high apparent resistivity range of the topsoil (157.6 - 3538 Ohm-m) ironstone, fine sand, sandstone, white 

clay & coarse sand (103 – 7724 Ohm-m) respectively indicate that the underlain rock units are competent and therefore can 

withstand heavy structures and thus recommends that the suitable zones for high rise structures should be located on northern, 

eastern and SW part of the study area. 
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INTRODUCTION 

Geophysical investigation of subsurface formation 

involving the uses of geophysical technique for building 

foundation purpose are important in assessing its 

suitability of a place for construction purpose, like road 

networks, high rising building, bridges and dam 

constructions. The causes of building collapse, road 

failure in Nigeria are due to the poor planning prior to its 

inception lack of proper geophysical and geotechnical 

investigations at the site. In Nigeria today many buildings 

have developed problems over decades with a reasonable 

number reported to have collapsed. It is a common belief 

that most of these buildings have been constructed without 

geophysical investigations to determine the nature of the 

subsurface formation (Olatunji et al., 2016). Most 

buildings are constructed on soil that constitutes 

inadequate bearing capacity to support the weight and the 

structure. In recent years, there has been an increased 

about that subsurface characterization using standard 

drilling methods which offer a point measurement but 

does not provide the information to accurately evaluate the 

true distribution of geologic parameters beneath ground 

surface at many sites (Holt et al., 1998). Hence as 

complement to drill hole, geophysical technique can 

provide broad composite images of the subsurface over 

large areas at relatively lower cost and higher speed. This 

aid in appropriate allocation of space for residences, 

buried utilities, erection of engineering structures and 

recreation facilities prior to a site development 

(Omoyoloye et al., 2008). The aim of the study is to carry 

out geophysical assessment for soil suitability and its 

competency at the study area with a view of investigating 

the geology of the subsurface formation using electrical 

method. 

 

 

 

 

MATERIALS AND METHODS 

Instrumentation  

The instruments used in this study are Terrameter SAS 

300c and Global positioning system GPS. The site was 

mapped out (500 m by 500 m). Thirty-three (33) Vertical 

Electrical Soundings (VES) points were marked with 

pegs. The survey area was grouped into six profiles P1, P2, 

P3, P4, P5 and P6 respectively, and each profile was divided 

into six VES soundings points with grid distance of 100 m 

with a survey orientations W-E Azimuthal (Lateef, 2012). 

The data acquisition was carried out using Schlumberger 

array (Abubakar, 2006). Using this technique, the current 

and potential electrodes were progressively expanded 

about a fixed reframe point. By progressively expanding 

the current electrodes readings of the potential difference 

were taken as current reached to a greater depth (Omosuyi, 

2010). This gives the information on the resistivities and 

thicknesses of the underlying horizontal strata (Telford et 

al., 1990). By driving a direct current signal in to the 

ground the resulting potential difference can be measure 

and recorded. The electrical resistivity value obtained is 

termed “apparent” because it is not likely that the 

subsurface materials beneath the survey area are 

homogenous (Mogaji et al., 2008, Olayinka et al., 2004).  

Hence; 

From Ohm’s law;            𝐸 =  𝜌𝐽          (1.1) 

Using the principle of charge conservation, 

        ∇.J =   0           (1.2) 

From equation (1.1) 

J   =   𝜎𝐸,      where E is the gradient of scalar potential U 

and σ is the current density 

 Hence    𝐸 =   - ∇ 𝑈 

Therefore   =    − 𝜎𝛻𝑢                           (1.3) 

Substituting equation (1.2) in (1.3), implies σ is constant, 

hence, 

  ∇2𝑈 =   0                                             (1.4) 
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In spherical polar coordinates, Laplace’s equation 

becomes 
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(1.5) 

r, θ, Ø refers to as Cartesian coordinate (x, y, z) where r is 

the distance, θ is the radial polar coordinate and ϕ is the 

azimuth angle. Now if only a single point current source 

is considered to pass current into a finite homogeneous 

medium, there is complete symmetry of the current flow 

with respect to θ and Ø directions and the derivatives with 

respect to these directions are zero. Hence, equation (1.5) 

becomes 
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which when integrated twice gives,    

 r2 𝑑𝑢

𝑑𝑟
    = a   (1.7) Implies,    

𝑑𝑢

𝑑𝑟
  =  

𝑎

𝑟2      and         u = -  
 𝑎

𝑟2   

+ b (1.8) 

  a and b are constants and r is the distance from the 
current electrodes (Yahaya., 2018)  

  Since u = 0 when   r    →   ∞ ,   then b = 0.    That is, u = 

- 
𝑎

𝑟
     (1.9)                                                                            

the current flows through a hemispherical surface in the 

lower medium then, 

                                I = 2π r2J (1.10)                                                                                                                                                                                                

From equation (1.1)           

         J   = - σ 
𝑑𝑢

𝑑𝑟
         substituting for J in the equation 

(1.10) gives; 

         I   =   - 2πr2σ  
𝑑𝑢

𝑑𝑟  
,         where    r2 

𝑑𝑢

𝑑𝑟
  = a   (from 

equation 1.6). 

         Thus, I   =   - 2πσ a       =   -  
2𝜋𝑎

𝜌
           therefore, 

         a   =   - 
𝐼𝜌

2𝜋
            hence,   from equation (1.8) 

             u    =  
𝐼𝜌

2𝜋𝑟
               (1.11)                                                                                                                                                                                               

This imply that ρ = 2πr ( 
𝑢

𝐼 
)   (1.12) 

Thus, for n point current sources equation (1.11) becomes; 
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 Where I is the current then the potential at M will be;  

 Um =  
𝐼𝜌

2𝜋
 ( 

1

𝑟1
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1

𝑟2
  ) (1.14)                                                                                                                   

Since the currents at the two electrodes are equal and 

opposite in direction, that is, one current is the source and 

the other is the sink. Similarly, the potential at N is 

 Un   =    
𝐼𝜌

2𝜋
  (

1

𝑟3
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1

𝑟4
  ) (1.15)                                                                                                        

The potential difference ΔU measured across M and N 

electrodes is, ΔU = Um - Un 

That is    ΔU = 
𝐼𝜌

2𝜋
{(

1
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The apparent resistivity for non – uniform earth can be 

expressed as, 

  ρa =  
𝛥𝑈

𝐼
 [   
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the term inside the square bracket is called the geometric 

factor denoted by letter K.  

The geometric factor for Schlumberger array is given as: 

 K = π(
𝐿2

2𝑏
−  

𝑏

2
) (1.18)                                                                                                                    

Where L is the half current electrode separation (AB/2), 

and 2b is the separation of the potential electrodes (MN) 

(Omosuyi et al., 2007). The resistivity of the subsurface 

material is a function of the magnitude of the current, the 

recorded voltage and the geometry of the electrode 
configuration. Fig. 1.  

Geological Setting 

The study area belongs to Gwandu sedimentary formation 

in the northern part of Kebbi state, a region characterized 

mainly by younger sedimentary rocks. These regions 

consist mainly of rocks of three different formations viz: 

Gwandu, Illo and Rima groups, their whose age range 

from the cretaceous to the Eocene. Gwandu group consists 
of massive clay grits interbedded 

 

 

 

 

 

 

 

 

   

 

 

  Fig. 1. Schlumberger Array showing electrodes configuration. 
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Fig. 2. Geologic map of the study area (Yahaya, 2018). 

with sandstones while the Illo and Rima groups consist of 

pebbly grits, sand stone, clays, mudstones and siltstones 

(Reyment, 1965). In north-western Nigeria the sediments 

of the Sokoto Basin were deposited during three main 

phases of deposition: Continental, Mesozoic and Tertiary 

phases, with an intervening marine Maastrichtian to 

Paleocene phase. Overlying the Precambrian basement 

unconformably is the Illo and Gundumi Formations, made 

up of grits and clays, forming part of the “Continental 

Intercalaire” of West Africa (Du Preez, 1952, Oluyide et 

al.,1998). These are overlain unconformably by the 

Maastrichtian Rima group, consisting of mudstones and 

friable sandstones. The overlying continental Gwandu 

Formation (Continental Terminal) is of Tertiary age. 

These sediments dip gently and thicken gradually towards 

the northwest, with a maximum thickness of over 1200 m 
near the frontier of Niger Republic (Kogbe, 1989). 

   Site location and accessibility  
The study area is located in the southern part of Birnin 

Kebbi, Kebbi state North-Western Nigeria. It is bounded 

by Aliero–Ambursa road primary health centre, secondary 

school and market in the west other sides by uncompleted 

buildings.  The site is accessible by road in the west. The 

area has a mean annual rainfall of 800 – 1000mm and 

mean monthly maximum temperature of 38.0°C. the area 

so defined can be generally described as Sudan and Sahel 

Savanna with topography consisting of a vast floodplain 
Fig. 3. 

 
Fig. 3: Location map of the study area (Yahaya, 2018). 

RESULTS 

The data analysis across six profiles reveal that the 

subsurface geology of the study area has three-four 

subsurface geo-electric sections with different curves 

types out of 33 sounding points (Fig. 4). Typical sounding 

curves obtained in the study area, are shown in Fig. 4. The 

curves show maximum of three-four layers. Majority of 

the sounding curves are found as “H” type and “Q” type, 

i.e. one- A, 18- H, 3- K and 11- Q types respectively. The 

lithological formation in all the six profiles across 33 

sounding points reveal that the study area was underlain 

by sand, sandstone, clay/silt, coarse-sand, gravelly- sand 

and limestone (Fig. 4).
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0-15m Pink clay, ironstone & browns clay, 

   15-30m Sand sandstone and fine sand 

                30-49m Sandstone white clay & coarse sand 

                50m and above weathered and fracture basement 

Fig. 4: Geologic section from borehole log data near the study area. (SARDA., 1988) 

The overall shape of the middle portion of the profile gives 

us some idea of the character of the subsurface beds. The 

geo-electric parameters of the lithologic units were 
delineated from the interpreted sounding curves. 

Maps Produced from the Data Interpreted 
The results obtained helps in locating some subsurface 

structural trends/formation in the study area and also its 

reveal the lithological sequence of the geological 

formation beneath the earth. Specialized maps were 

produced from the interpreted resistivity value and 

thickness data obtained from the whole thirty-three VES 

points with the aid of computer software (Surfer Version 

11.0). The essence of these maps is to show the lateral 

variation of resistivity and thicknesses over a horizontal 

plane at certain designated depth, and also to indicate 

distribution of resistivity variations and depth patterns in 

the area. 

 

Iso-Resistivity Map of the surface layer (top soil) 

The map was produced by contouring the resistivity values 

of the top soil at thirty-three (VES) points along all the 

locations of the six (6) profiles within the study area. A 

contour interval of 500 Ωm was used. The resistivity 

values of the top soil ranges between 1000 to 4500 ohm-

m. The topsoil resistivity map is shown in the Fig. 5. The 

contour map shows relatively high resistivity value at 

north-western part of the study area with a maximum 

resistivity value of 4500 Ωm and the lowest values was 

obtained at south-western part of the study area with 1000 

Ωm respectively.  

 

Iso Resistivity Map of the second layer (aquifer zone) 
This map in fig. 6, shows the contour map of the 

overburden layer (aquifer layer) across all thirty-three 

(VES) points along the locations of the six profile within 

the study area. A contour interval of 200 Ωm was 

obtained. This map reveals that, the lithology has the high 

resistivity values at north-western part of the area which is 

a diagnostic of sand or sandstone while the minimum 

values were obtained at south-eastern part of the area 

indicating that, the units could be clayed sand or silt. VES 

data plotted as depth to basement map (Fig. 6) indicates 

that the bedrock is at a depth of between 3.413 meter and 

11.9 meters. These depths get thicker to the west-east (SW 

and SE), while shallower towards SSW and NNE 

directions. The eastern and central region shows a 

depression which is steeper towards the end. 

 

 

 

 
     Fig. 5. The resistivity contour map with contour interval 500 (Ωm). 
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Fig. 6. Fracture Resistivity Map. 

 

Fig. 7. Fracture thickness map in the study area. 

 

Fig. 8: Fracture resistivity map of the second layer in the study area. 
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Fig. 9: Generalized Geo-Electric Section across the study area. 

CONCLUSION 

Results from the thirty-three 33 sounding points indicate 

that, the area under study is underlain by three-four geo-

electric layers-with the depth penetrated. The iso-

resistivity maps show some variation in the lithologic unit 

distribution which can gives vital information during the 

design foundation of civil structures like high rises 

building, dams, bridges etc. the situation where a building 

failed in the neighbouring site could have been avoided if 

this vertical electrical sounding has been done in 

conjunction with other geotechnical studies like, Atterberg 

limit test, Grain size analysis, compaction test, shear test, 

triaxial test and California bearing ratio (CTR). The geo-

electric sections and iso-resistivity maps showed a thick 

over burden covering a coarse formation zone in the north-

western, north-eastern and south-western part of the study 
area.  
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