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Abstract  

An appraisal of the groundwater vulnerability to contamination risk at Adebayo in Ado-Ekiti, Southwestern Nigeria, 

was carried out using the electrical resistivity method of geophysical prospecting. Two traverses of length 100 m 

each were established for both vertical electrical sounding (VES) and dipole-dipole. Six (6) Vertical Electrical 

Sounding (VES) and 2-D dipole-dipole profiling techniques of the electrical resistivity method were adopted for the 

geophysical investigation. The results show variations in resistivity values, depicting four to five geologic layers: the 

topsoil, laterite, weathered layer, fractured, and the fresh basement. It was observed from the correlation of the 

geoelectric section and 2-D resistivity image along traverse 1 (TR1) that the groundwater in the study area flows 

towards the southwestern part, and the fractured basement serves as a migration pathway to the diesel oil in the 

same direction as groundwater flow. The fractured basement (Well 2) with no lateritic cover has higher resistivity 

values compare to the fracture zone that was found directly under the mast which was overlain by the laterite. 

Comparing the resistivity values of Well 1 and 2, Well 2 that was drilled into the fractured basement has more traces 

of the contaminant than Well 1. 
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1.0 Introduction 

As popularly acknowledged, life could never occur nor be supported 

without the presence of water (Obiora and Ajala 2015; Fajana 2020; 

Khan et al. 2020). The movement and storage of groundwater are 

influenced by lithology, thickness, and structure of subsurface 

geological materials (Oladimeji and Oluwaseun 2013; Datta 2020) as 

it is found within their pores or voids which further exposes 

groundwater to contamination (Todd 2004; Akinlalu et al., 2017). 

Groundwater contamination occurs due to some causes such as long-

term leaks (underlined petroleum pipes, latrines, and septic tanks), 

spills at the surface, or waste disposal which is directly washed into 

groundwater systems (Mogaji et al., 2014; Oguama et al. 2019; 

Olaseeni et al., 2019; Olaseeni et al., 2020; Omotola et al., 2020). Since 

aquifers within the Precambrian Basement Complex frequently exist 

at shallow to near-surface depths, they are vulnerable to surface or 

near-surface contaminants (Bose et al. 1973; Satpatty and Kanugo 

1976; Omosuyi 2010; Agyare et al. 2017; Egbueri 2019). As portable 

water is not ubiquitous in the subsurface but found only in aquifers 

that can accumulate and release it, therefore modern geophysical 

techniques are employed to search for it (Todd 2004; Adiat et al., 2009; 

Mohamed et al., 2013; Mogaji 2016). 

Based on the significant resistivity contrasts that exist between 

different earth materials, delineation of subsurface geological 

sequence, geological structures and aquifer units in almost all 

geological terrains have been successfully executed using the electrical 

method (Oladapo et al., 2004; Ako et al., 2005; Oladimeji and 

Oluwaseun 2013; Omosuyi et al., 2008).  

The electrical resistivity method measures both lateral and vertical 

variations in ground resistivity values on the earth's surface (Telford 

et al., 1990). The true resistivity of the subsurface layer is determined 

from the apparent resistivity values. Some of the factors that affect 

resistivity include rock types, rock texture, geological processes, water 

saturation, permeability, temperature, porosity, and chemistry or 

salinity of the saturating fluid (Oladimeji and Oluwaseun 2013). The 

vertical Electrical Sounding (VES) technique is applied in groundwater 

exploration, environmental and engineering geophysics, and to some 

extent in mineral exploration (Oladapo et al., 2004). This study, 

therefore, shows the applicability of the electrical method of 

geophysical prospecting on the traces of diesel flow observed on two 

hand-dug wells from a tank leakage at a telecommunication mast in the 

study area. This study aims to examine the migration pathway of diesel 

oil leakages on groundwater at Adebayo, in Ado-Ekiti using vertical 

electrical sounding technique.  

2.0 Experimental 

Description and geology of the study area  

The study area is located at Adebayo, off AB Hotel road, Ado Ekiti, Ekiti 

State, southwestern Nigeria; and lies within Northings 846150UTM to 

846500 UTM and Eastings745950 UTM to 746350 UTM (Fig.1). The 

study area is accessible through a major road and various footpaths. 

The study area is part of the Precambrian Basement Complex rocks of 

Southwestern Nigeria. Lithological units present within the area and 

the environs are Migmatite-gneiss, Quartzite, Charnokite, and granite 

(Fig. 2) while the study area is underlain by Migmatite-gneiss. The rock 

is generally even-textured and gneissic with mineral aggregates 

mainly made up of quartz, biotite, and feldspar (Sims and Gable 1967). 

The superficial deposits are the clay, laterite and fine sands (SiO2) 

which are believed to have been formed from the weathering of the 

minerals present in the rock. 

 

Fig. 1: Base map of the study area 

 

 

Fig. 2: Geological Map of Ado Ekiti (Modified after Geological Survey 

of Nigeria Akure sheet 61, 2006). 
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Data processing 

Six (6) VES measurements were conducted using the Schlumberger 

array of electrical resistivity method, with a maximum spread length 

(AB) of 200 m. The data were acquired using ABEM SAS 300 

Terrameter. Typically, four electrodes are utilized for resistivity 

measurements; two current electrodes for passing either direct 

current or low-frequency alternating current, whilst a different pair of 

electrodes measure the potential difference between the current 

electrodes. However, the locations of these electrodes vary with the 

type of array in use. The apparent resistivity value is determined as the 

product of the resistance resulting from the potential measurement 

with an appropriate geometrical factor (Telford et al. 1990). 

Using dipole-dipole configuration with a spreading interval of 5 m, 2D 

electrical resistivity measurements were carried out around the 

telecommunication mast by establishing two traverses. 

VES data were processed and interpreted using partial curve matching 

and computer-assisted 1-D forward modeling with the aid of 

WinResist Software (Ademilua and Eluwole, 2013). The 2D data were 

processed and interpreted using DIPRO software and then presented 

as pseudosections (Amosun et al., 2018; Olaseeni et al., 2018). 

Fig. 3: Geophysical Data Acquisition Map showing the two traverses 

established. 

 

3.0 Results and Discussion 

The VES results are presented as VES curve types spanning across 

KHA, KH, HA, and AA (Figs. 4 a - d), a table summarizing the results and 

lithologies encountered (Table 1), geoelectric section which 

delineated four to five geologic layers which are the topsoil, laterite, 

weathered layer, fractured basement and the fresh basement (Fig. 5), 

while the results of the 2-D horizontal profiling are presented as 2-D 

resistivity structures (Figs. 6 and 7). 

The topsoil resistivity values range from 36 to 750 Ωm with thickness 

ranging from 0.5 to 1.4 m. The lateritic layer has resistivity and 

thickness values in the range of 335 to 603 Ωm, and 1.2 to 3.5 m 

respectively.  The weathered layer is characterized by resistivity and 

thickness values in the range of 11 to 344 Ωm, and 0.7 to 3.3 m 

respectively. The fractured basement layer has resistivity and 

thickness values ranging from 66 to 317 Ωm and 0.8 to 19.5 m 

respectively. The fresh basement constitutes the base layer with 

resistivity values ranging from 1194 Ωm to infinity. Depth to the rock 

head varies between 0.5 m and 20 m. 

The weathered layer and fractured basement constitute the aquifer 

units in the study area. Figure 5 shows two different Wells that were 

positioned at different distances from the mast and different depths. 

Well 2 was at a greater depth (of about 12m) than Well 1 which was 

about 5m deep. This means that Well 2 was drilled directly into the 

fractured basement, which could have been polluted while Well 1 

which was closer to the mast fell within the weathered layer. Based on 

the resistivity values, the weathered layer appeared to be clayey. Since 

the contaminant migrates in the direction of flow of groundwater, it 

can be inferred that Well 1 has fewer traces of the contaminant than 

Well 2. 

 
2-D Resistivity Images 

The 2-D resistivity structure (Fig. 6a-c) along traverse 1 (TR 1) reveals 

that the area around Well 2 was generally characterized by relatively 

high resistivity. The 2-D resistivity structure along Traverse 2 (Fig. 7a-

c) was carried out for control purposes. Figure 8 displays a direct 

correlation and establishment of relationships between the geoelectric 

section and the resulting 2D resistivity image. The mast is located 

between stations 6 and 7, underneath which, at a depth of more than 

5 m, there exists a zone of relatively higher resistivity (Fig. 8). The 

higher resistivity zone is likely to have been caused by the closeness of 

the fresh basement to the surface. Well 1 is located between stations 8 

and 9, where a low resistivity band was observed (compared to the 

zone directly beneath Well 2). This corroborates the earlier inference 

which suggested that well 1 contained fewer traces of the diesel 

contaminant. Well 2 falls on station 10 and can be observed to possess 

a higher resistivity value than Well 1. This further strengthens the 

earlier inference from the geoelectric section that Well 2 contains 

more of the diesel contaminant than Well 1(which would have 

increased the resistivity around that area). Hence, the migration 

pathway can be observed from the 2D resistivity image to be 

southwesterly.  

 

The 2-D resistivity structure along Traverse 2 did not show any 

evidence of contamination as revealed by the relative layering of the 

geoelectric layers in order of increasing resistivity but a basement 

depression between stations 8-13 was shown. 
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Fig. 4: Typical VES Curve Types (a) KH (b) KHA (c) HA (d) AA from the Study Area 
 

 
Fig. 5: Geoelectric section along Traverse 1. 
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Table 1: VES Results and Lithologic Classification. 

Traverse VES No Resistivity (m) Thickness (m) Depth (m)   Lithologic Classification VES Curve Type 

    1     1  75 0.5  0.5  Topsoil     KHA 

603 1.1  1.6  Lateritic layer 

11 0.8  2.4  Weathered layer 

66 9.9  12.3  Fracture basement 

1194 -  -  Fresh basement   

     2  79 0.5  0.5  Topsoil     KH 

335 1.6  2.1  Lateritic layer 

24 7.0  9.0  Weathered layer 

2513 -  -  Fresh basement 

  3  184 0.7  0.7  Topsoil     KHA 

336 1.9  2.6  Lateritic layer 

36 3.6  6.2  Weathered layer 

182 5.0  11.2  Fracture basement 

3665 -  -  Fresh basement 

4  322 0.4  0.4  Topsoil     HA 

30 0.8  0.8  Weathered layer 

164 19.0  20.1  Fracture basement 

7539 -  -  Fresh basement 

5  72 1.4  1.4  Topsoil     KH 

344 5.9  7.3  Weathered layer 

317 1.8  9.1  Fracture basement 

1712 -  -  Fresh basement 

 2 6  36 0.7  0.7  Topsoil     AA 

107 3.0  3.7  Weathered layer 

565 3.3  7.0  Fracture basement 

3104 -  -  Fresh basement 

 

 

 

 
Fig. 6: (a) Field Data Pseudosection (b) Theoretical Data Pseudosection and (c) 2-D Resistivity Structure along Traverse (TR 1) 
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Fig. 7: (a) Field Data Pseudosection (b) Theoretical Data Pseudosection and (c) 2-D Resistivity Structure along Traverse (TR 2). 
 
 

 
Fig. 8: Correlation of Geoelectric section and 2D resistivity image along TR1 

 

 

Conclusion 

Geophysical evaluation of groundwater vulnerability was carried out 

at Adebayo, Ado-Ekiti, Ekiti State, southwestern Nigeria, employing 

the electrical resistivity method. Four to Five geologic layers were 

delineated including the topsoil, laterite, weathered layer, fractured, 

and the fresh basement.  The weathered layer and fractured basement 

constitute the aquifer units in the area. 

It was discovered that the low resistivity value from the 2-D resistivity 

structure of Well 1 may be a result of the clayey nature of the 

weathered layer and the overlain lateritic layer which serves as the 

protective membrane thereby protecting the seepage of the pollutant 

directly into the well 1. The migration path of the contaminant is 

towards the southwestern region of the study area. Well 2 which is 

deeper than well 1 (about 12 m) and has a high resistivity value from 

the 2-D resistivity structure was drilled into the fractured basement. 

Well 2 contains more traces of the contaminants than Well 1 which was 

drilled into a shallow portion of the weathered layer. The fracture 

basement in the study area serves as a conduit to the migration of the 

contaminant into the Well. 
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