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Abstract. This study adopts the use of Vertical Electrical Sounding (VES) and 2-D resistivity imaging 

(employing Schlumberger and Wenner array configurations) to investigate and map the extent of 

leachate’s migration and its possible impacts on groundwater within Abata Asunkere dumpsite, Ilorin, 

Kwara State. This study was inspired by the unrestrained manner of garbage dumping in the area over 

time, which poses great threat to the availability of clean water for the increasing populace. To delineate 

the subsurface, 2-D resistivity imaging data were acquired along two traverses, while the VES data were 

randomly acquired along the established traverses. The 2-D resistivity imaging and VES data were 

processed using Res2D and IPI2Win software respectively. The results of the 2-D and VES revealed five 

(5) geoelectric sections, which correspond to the topsoil, clayey sand, weathered basement, fractured 

basement and fresh basement rocks with H, QH and KH sounding signature curve types. The topsoil has 

layer thickness of 0.5 - 1.7 m and resistivity values ranging from 11.9 - 165 Ωm. The clayey sand has 

layer thicknesses between 0.7 - 2.8 m and resistivity values ranging from 20.1 - 56 Ωm. The weathered 

basement has thickness of 0.9 - 16.3 m and resistivity values ranging from 2.09 - 5.25 Ωm. The fractured 

to fresh basement has resistivity values ranging from 26.8 - 3000 Ωm with thickness ranging from 5.3 m 

to infinity. The third layer with low resistivity values of 2.09 - 3.52 Ωm at depth range 0.9 - 10 m is 

suggestive of leachate contamination. The outcome of this study indicates that some regions around the 

dumpsite are susceptible to leachate’s contamination, which has tendencies to permeate the unconfined 

aquifers in the study area if not properly monitored and controlled. 
 

Keywords: Leachate, Fracture, Aquifer, Traverse, Psuedo-section, Geo-resistivity 

1. Introduction 

Some of the most severe disputes among the populace of the global community have revolved 

around discussions surrounding waste management and disposal, particularly, with the ever-

increasing addition of refuse annually [1-4]. There are various reasons for the intense 
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arguments that surround the issue of waste management and disposal. One of the major 

disputes rallies around the existence of landfills, the condoning of landfills around habitable 

homes and the lack of will to live near one [5]. The landfill contains municipal solid waste or 

variety of everyday wastes such as nylon wrappers, grasses and weeds, damaged furniture, 

clothing, food leftovers and scraps, old newspapers and magazines [6-8]. The landfill 

constituents are predominantly household waste. As the wastes become decomposed or 

biodegraded, they contain toxic substances, which wax into a composite with water infiltrate 

to form an organic liquid known as leachate. 

The physical, chemical and biological processes act upon one another concurrently to result in 

total putrefaction of the garbage. One of the several consequences of this process is leachate, a 

terminology widely used in environmental sciences. It refers to a contaminated liquid often 

generated from the infiltration of water through a solid waste disposal and contains 

environmentally toxic constituents, which may then pollute the surrounding water sources and 

contaminate the soil surface and other subsurface entities. Leachates from landfills vary 

broadly in its constituents, subject to how long such dumpsite has existed [9-11]. Dump site 

leachate constitute majorly of percolated rain water based solution. This water then seeps into 

the subsurface producing a dark coloured liquid with a pungent smell, caused by waste 

decomposition and the intrinsic liquid in the waste [12]. One of its characteristics features is 

that it constitutes four categoriesof hazardous wastes which are; water solubleorganic matter 

(DOM), macro components of inorganic nature, heavy metals and organic compounds of 

xenobiotic nature [13-18]. Areas with close proximity to landfill, possess the tendency of 

groundwater pollution, due to the possible pollution source and toxicity of leachate seeping 

into the aquifer from the dumpsite.The pollution of groundwater creates a considerable danger 

to local users and presents potential threats to the surrounding habitat and ecosystem [19-21]. 

This represents a genuine contamination danger to the groundwater source, surface water and 

soil, prompting an antagonistic effect on the earth, general wellbeing and property [22].  

Occasionally, when the climax of the raining season is reached, the landfills are swamped up 

by flood water, which is a factor that aids the seeping of leachate into the aquifer through the 

landfill [23].  

As a result of the leachate present in the subsurface, it is necessary to investigate the aquifer 

protective capacity, so as to know if the aquifer is strong enough to prevent the leachate from 

seeping through it and thereby contaminate it. The extreme efficacy and effectiveness of 

geophysical methods have been confirmed in areas such as groundwater probing, engineering 

site investigation, delineating subsurface components, archeological survey, evaluation of 

topsoil hydrological characteristics and foundation stability evaluation [24-36]. However, in 

this context the combined use of geophysical techniques provides an indispensable device in 

the profiling and assessment of leachate pollutants caused by urban landfills (domestic and/or 

industrial) [37-43]. Of all the geophysical methods, electrical resistivity tomography (ERT) 

has been established most appropriate for such type of environmental analyses, because of the 

conductive tendency of mostpollutants. The study is aimed at understanding subsurface 

material characteristics especially, to know if solid wastes are producing contaminants 

leachate in the subsurface and to determine the definite aquifer protective capacity within the 

project site. 
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2. Materials and methods 

2.1 Site Description and Geological Setting 

Geological formations in Kwara state ranged in Age, from Precambrian to quaternary. About 

90 percent of the state is covered by Precambrian rock (Basement complex) and the remainder 

by cretaceous and quaternary formations (sedimentary an alluvia). Figure 1, indicates where 

the study area is situated, Ansarul-Islam secondary school, along Okekere Alore Ilorin, Kwara 

State. The area of study, is situated on the latitude 8° 30’ 16 .76’’ North and longitude 4°31’ 

55.72’’ East. The area was used as a dumpsite for about 10 years ago. The thickness of the 

contamination of the area when it was excavated was 8 m. The area covered 400 m by 200 m 

in terms of length and breadth.  

 
Figure 1: Geology Map of Nigeria revealing the study area, Ilorin, Kwara state 
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2.2 Field Survey 

In this study, in order to ascertain the deepness to the groundwater table, thickness of the 

aquifer and subsurface geological makeup for the distribution of groundwater alongside its 

potential as an alternative to the surface water reserves, the Vertical Electrical Sounding 

(VES) was employed. Four (4) VES points as shown in Figure 2, were sounded near Ansaru-

Islam Secondary School Abata Asunkere, Alore area of Ilorin. The Schlumberger electrode 

arrangement was adopted with a set maximum (AB/2) of 80 m.  

 

Figure 2:Base map of the study area 

2.3 Data Acquisition 

Though, it is procedural to test several electrical resistivity Imaging (ERI) arrays when 

starting a survey so as to ascertain the array that is fitting for the desired survey target because 

eachERI|has its merits and demerits. For this study however, the Wenner and the 

Schlumberger arrays were preferred because of their sensitivity to vertical variations in 

subsurface resistivity, and less sensitive to horizontal variations, which was considered 

beneficial for this survey location since semi lateral continuity of the geologic structure of the 

aquifer was expected. The Wenner and Schlumberger arrays were generally known to have 
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good signal strength, because the electric potential measurement electrodes were located 

between the current injection electrodes.  

2.4 Field Method 
This study employed the Vertical Electrical Sounding (VES) using the Schlumberger and 

Wenner electrode configurations. The ABEM SAS 300C Terameter was used for the field 

measurements. A total of four (4) VES points along two profiles, uniformly distributed on the 

waste were marked and sounded. The field data were plotted on a log resistivity graph for a 

rough interpretation. Further analyses and interpretations were done using the IPI2Win and 

RES2DINV software. The pseudosections obtained from RES2DINV geo-electrical software 

consists of measured apparent resistivity data, calculated apparent resistivity data and 

resistivity contour-section. 

 

3. Results and discussion 
 

3.1 2D electrical resistivity imaging results 

The geosounding images obtained in this study are presented in Figures 3 – 6. The results of 

the interpreted 2D Electrical resistivity data are presented in a colour coded format 

comprising the Inverted 2D Resistivity image. The horizontal scale represents the lateral 

distance while the vertical scale connotes the depths (in metres). For traverse one (Figure 3), 

the 2D resistivity image reveal a thick conductive body buried under the subsurface at a depth 

extent of about 10 m. A slightly resistive top layer of resistivity values less than 100 to 400 

Ωm typically of clayey sand to sandy clay was observed all through Figure 3 - 6. Next to this, 

is a layer of moderate to low resistivity values (<100Ωm) which has composition similar to 

weathered basement rock. Beneath this is resistive zones represented by yellow to purple 

colour, which represent fractured to fresh basement rock zones. 

 

3.2. 1D VES geo-resistivity sections 

3.2.1 VES Profile 1 

Figure 7, which represents VES 1 shows geo-electric section for three profiles. The sandy 

topsoil which is the first layer has a resistivity and thickness of 56.4 m and of 2 m, 

respectively. The clayey sand which occupies the second layer has a resistivity ranging from 

3.52 Ωm to 3.77 m with the thickness that ranges between 2 m to 6 m. Due to the accretion 

of leachates or the attraction of ions at the charged surface of associated boundary, there is 

high conductivity in the second layer. The decreasing threads of resistivity is an indication of 

contamination.The third layer shows increasing thread in the resistivity point.  

 

3.2.2 VES Profile 2 

Figure 8, which represents VES 2 shows geo electric section for four profiles. The sandy 

topsoil which is the first layer has a resistivity and thickness of 61.1 Ωm and 1m, respectively. 

The clayey sand which occupies the second layer has a resistivity ranging from 20.1to 25.2 

Ωm with thickness that ranges between 1to 3 m. The weathered basement which occupies the 

third layer has resistivity ranging from 5to 8 Ωm while the thickness ranges between 3to 10 

m. Due to the accretion of leachates or the attraction of ions at the charged surface of 
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associated boundary, there is high conductivity in the weathered basement. The decreasing 

thread of resistivity is an indication of contamination.The bedrock layer (Fractured or Fresh 

Basement) which occupies the fourth section has a resistivity range of 2500 and 2589Ωm. The 

low resistivity values at the basement level could also be because of contamination. 

 

 

 

Figure 3: 2D Resistivity Pseudo-Section along Traverse one 

3.2.3VES Profile 3 

Figure 9, which represents VES 3 shows geo electric section for four profiles. The sandy 

topsoil which is the first layer has a resistivity and thickness of 12 Ωm and 1m, respectively. 

The clayey sand which occupies the second layer has a resistivity which ranges from 56.1to 

58.5 Ωm with thickness that ranges between 1to 3 m. The weathered basement which 

occupies the third layer has a resistivity ranging from 5to 8 Ωm and a thickness ranging 

between 3to 17 m. Due to the accretion of leachates or the attraction of ions at the charged 

surface of associated boundary, there is high conductivity in the weathered basement. The 

decreasing threads of resistivity is an indication of contamination. The bedrock layer 

(Fractured or Fresh Basement) which occupies the fourth section has a resistivity range of 

2656 and 3021 Ωm. The low resistivity values at the basement level could also be as a result 

of contamination.  
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Figure 4: 2D Resistivity Pseudo-Section Along Traverse two 
 

 
Figure 5:2D Resistivity Pseudo-Section along Traverse three 



6th International Conference on Science and Sustainable Development (ICSSD 2022)
IOP Conf. Series: Earth and Environmental Science 1197 (2023) 012011

IOP Publishing
doi:10.1088/1755-1315/1197/1/012011

8

 

 

 

 

 

 

 

 
Figure 6: 2D Resistivity Pseudo-Section along Traverse four  

 

 

Figure 7: Sounding curve for VES 1 

 



6th International Conference on Science and Sustainable Development (ICSSD 2022)
IOP Conf. Series: Earth and Environmental Science 1197 (2023) 012011

IOP Publishing
doi:10.1088/1755-1315/1197/1/012011

9

 

 

 

 

 

 

 

Figure 8: Sounding curve for VES 2 

 

Figure 9: Sounding curve for VES 3 
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3.2.4 VES Profile 4 

Figure 10, which represents VES 4 shows geo electric section for three profiles. The first 

layer consists of sandy topsoil, with resistivity and thickness of 165 Ωm and 2 m, respectively. 

The second layer, which consists of clayey sand has resistivity ranging from 2 to 2.89 Ωm 

while the thickness ranges between 2to 9 m. This low resistivity value was attributed to either 

the accretion of leachates or the attraction of ions at the charged surface of associated 

boundary layers. The third layer shows increasing thread in the resistivity point. The 

decreasing thread of resistivity is an indication of contamination.  

 

 

Figure 10: Sounding curve for VES 4 

  

3.3 Geo-electric section 

Figure 11, shows the Geo-electric section of Abatasunkere revealing the horizontal 

diagrammatic section of layers which is deduced from the electrical resistivity depth probing, 

in which the layers are identified by their apparent resistivities. The figure showed that VES 1 

has three layers (3), VES 2 has four layers (2), VES 3 has four layers (4) and VES 4 has three 

layers (3) culminating into a total of five lithologies in the area which are topsoil, clayey sand, 

weathered basement, fractured basement and fresh basement rocks. 

 

The subsurface lithology according to the VES survey shows that the study area comprises of 

the top soil, clayey sand, weathered basement, fractured basement and fresh basement rocks 

with H, QH and KH sounding signature curve type. The top soil consists of sandy clay 

materials having resistivity range of 11.9 to 165 Ωm with thickness ranging between 0.5 to 

1.7 m. The clay percentage is higher in some VES stations such as VES 1 to VES 3. Also, 

VES 4 has a slightly higher resistivity (165 Ωm) with results from the higher sand content. 
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The weathered basement which is the third layer has resistivity ranges from 2 to 5 Ωm with a 

thickness variation of 0.9 to 16.3 m which is the highest layer in terms of thickness. The low 

resistivity values might as a result of landfill discharges be one of the aquiferous layer within 

the study area. The fractured to fresh basement has resistivity ranges from 26 to 3000 Ωm 

with an infinite depth.Consequently, it was revealed that the soil surface and subsurface 

encompassing the landfill section have drifted into the aquifer zone, adulterating it 10 m deep. 

 

 

Figure 11: Horizontal geo-electric section of layers in the study area. 

For all VES stations, geo-electric sectioning revealed top layers that are mostly clayey and 

clayey sand, while the second layer is occupied by sandy clay/weathered basement. This 

result was also confirmed with the aid of Wenner pseudo-section, along traverse two. The 

Wenner resistivity pseudo section reveals conductive zones, that is the areas with blue colours 

which are seen up to 10 m depth along horizontal distances starting from 0 m tothe end of the 

profile. This also shows some signs of discontinuities around 65 to 75 m. This indicates a 

fractured structurein the aquifer zone through which fluids leaks towards or into the 

aquiferous layer. The fractured structures also aid as channels for the inflow of leachate plume 

to groundwater, which reveal areas of contamination in the study area. 
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4. Conclusion and Recommendation 

The lateral and vertical extents of contaminants within Abata Asunkere area of Ilorin have 

been delineated using the Schlumberger and Wenner arrays. The outcome of the VES survey 

has been able to delineate subsurface leachate plume as high conductivity zones. Via 2D 

resistivity imaging, the extent of contamination in the study area was characterized in terms of 

the landfill geometry, leachate plumes and disposal trenches. The study revealed that some 

regions around the dumpsite may have been contaminated by leachates with tendency to 

infiltrate the unconfined aquifers in the area if not properly monitored and regulated.  
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