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ABSTRACT: Geoelectrical investigation of the subsurface employing 2D and 3D electrical resistivity tomography 

(ERT) was carried out to ascertain the soil erodibility in Oredide village, Auchi, Etsako LGA of Edo State with a view to 

averting imminent colossal damage to land resource and its accompanying infrastructure. A total of 10 traverses, 200 m 
long each were occupied in grid format using the Dipole - Dipole electrode configuration. 2D results indicate topsoil with 

resistivity value range of 309 to 40130 Ωm within the depth range of 0 to 5 m. The second layer corresponds to sandy, 

lateritic sand, sand and sandstone having resistivity values ranging from 2186 to 60350Ωm to a depth of 10.0 m. The third 

layer has resistivity values indicating lateritic sand, sand and sandstone layer with resistivity values ranging from 2186 to 

60350 Ωm within the depth of 20 m. The fourth layer connotes lateritic sand, sand and sandstone to a depth of 30 m. The 

fifth horizon has resistivity values in the range of 585.2 to 35732.4 Ωm which is representative of sand and sandstone.The 
maximum depth imaged was 47.7 m. The inverted 2-D resistivity structure shows high resistivity distribution near-surface 

>1000 Ωm, which are indications of vulnerabilities to erosion in the study area with depth of scouring being 15 m. 3D 

horizontal depth slice show four layers with depths:  0 – 3.5 m, 3.5– 7.52 m, 7.52 – 12.2 m and 12.2 – 17.5 m having 
corresponding resistivity values that vary from 465 – 285939 Ωm across each layer respectively. Resistivity values vary 

from 358 – 217741 Ωm and a 3D depth of 15.4 m was imaged; correlating with the 2D results. 
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It was Egboka (2000) who defined soil erosion as the 

steady or sudden removal of sediments (clay, soil, and 

sand pieces of blocks of minerals) by agents of 

denudation such as running water (rivers, streams, 

floods), wind, animals, man, and the resultant 

transport or removal of weathered sedimentary 

materials along diverse distances to different and 

distant locations and ultimate deposition elsewhere. 

Egboka (2000) sums the causes of erosion into two (2), 

namely: natural cause, man-made (or anthropogenic) 

cause. The nature - induced causes are: temperature, 

nature of soil, earth movement and earth quakes, 

geology of the earth, climatic conditions which 

include topography, pressure, rainfall and slope 

stability problems. Nature of vegetation cover, 

flowing water, water quality and quantity, 

physiochemical weathering and other causes of natural 

mass washing are also agents of erosion. 

Anthropogenic causes on the other hand, include man 

in addition to other destructive activities like 

deforestation. Erosion can also be caused by 

geological factors such as permeability, porosity and 

sediment rock type. The moisture, composition and 

compaction of soil are all key factors in determining 

the erosivity of rainfall. Sediments containing more 

clay appear to be more opposed to erosion when 

compared with sand or silt, because the clay helps join 

soil particles together (Nichols, 2009). The land’s 

topography also determines the rate at which surface 

runoff will flow, which consequently, determines the 

erosivity of the runoff. Geologic factors generally 

account for topography while climatic factors alter the 

efficiency of the erosional processes. Susceptible areas 

to extreme gully erosion processes, therefore, trace 

their vulnerability to a combination of distinct 

geomorphological, geological and pedological 

characteristics (Ogbonna et al., 2011; John et al., 

2015).Different methods employed to directly 

measure erosion rates are expensive and time 

consuming (Hurst et al., 2012) so, causes of erosion 

are better studied and understood with erosion-prone 

areas noted for precautionary and remediation actions. 

It is already established that geologic factor plays 

critical role in the geomorphology of an area; it 
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follows that the use of geophysical and geotechnical 

methods in the evaluation of geologic processes of an 

area, therefore, comes to play (Uhegbu and John, 

2017). Near-surface site characterization employing 

geophysical methods produces important information 

connected with the soil characteristics and can also 

provide a clue into the processes that direct the 

geomorphic development of landscapes (John et al., 

2015; Santamarina et al., 2005).Electrical resistivity 

imaging (ERI)is an intrinsic soil characteristic that 

denotes a material’s ability to resist the passage of 

current. ER imaging is a near-surface geophysical 

method to collect bulk continuous ER measurements 

in relation to a fixed depth. ERI surveys are quick 

compared with laboratory erosion testing. ER 

tomography (ERT) is therefore a good method to 

prioritize scour critical infrastructures premised on 

predicted soil erodibility. ERT has now been a widely 

used geophysical technique in fields such as 

geotechnical engineering, geology, archeology and 

environmental science (Loke, 1999; Dahlin, 2001; 

Vaudelet, 2011; Hossain et al., 2011; Chambers, 2013 

and Snapp, 2017).Additionally, ERT could also be 

used to quickly identify critical infrastructures such as 

abutments and bridges having high erosion potential 

and prioritize scour critical infrastructure monitoring 

(John et al., 2015). Airen and Akeredolu (2020) used 

2D and 3D ERI to assess soil erodibility in Uselu 

quarters, Benin City. Their results revealed that the 

entire study area is highly vulnerable to erosion as 

sedimentary subsoil with ERI cutoff above 50 Ωm are 

classified as highly erodible. It is the aim of this study, 

therefore, to apply 2D and 3D ERT to probe the 

erodibility of the subsoil in Oredide village with a 

view to providing a database of information so that 

concerned authority can use it for the purpose of 

curbing the menace. 

 

MATERIALS AND METHODS 
Location of the study area: The geophysical survey 

was carried out in Oredide village with the following 

coordinates: Latitude 07° 03’ 42.2’’and Longitude 

006° 16’ 14.7’’. These coordinates were obtained 

using Garmin 12 Global positioning system (GPS). 

Actual site observation and information from existing 

geological maps classify surface sand of the study area 

and its environs as members of the Ajali formation as 

presented in Alile, 2008, Babaiwa and Airen, 2021. 

 

Data Acquisition: The 2D electrical resistivity study 

includes the utilization of PASI 16GL model 

Terrameter resistivity meter which is upheld by an 

outer battery (12 V, 60 Ah Battery), one Global 

Positioning System (GPS) for taking the directions of 

the investigation territory. An aggregate of ten (10) 2D 

crosses were obtained, as it appears in Figure 2, in a 

square grid design utilizing the dipole-dipole exhibit 

arrangement. This cathode setup was appropriate for 

steady division information obtaining, so numerous 

information focuses can be recorded at the same time 

for every current infusion. Estimations were made at 

successions of cathodes at n=1, n=2, n=3,  n=4 and 

n=5 cross line utilizing four (4) anodes separated at 10 

m apart with between navigate spacing of 50 m from 

each other and a maximum length of 200 m each. 

 

The 3D electrical resistivity model secured a square 

grid along the area of investigated zone. The zone was 

picked to boost inclusion of the focal, northern, and 

western districts of the researched territory. The 

overview zone stretches out from 0 to 200 m upper east 

(y-pivot) and from 0 to 200 m northwest (x-hub) with 

10 m electrode separation and between cross dividing 

of 50 m from one another. The 3D model contains 10 

traverse lines, five (5) lines orientated vertically to the 

x-hub, situated at 10 m spans from 0 to 200 m and five 

(5) lines orientated on a level plane to the (y-hub), 

situated at 10 m stretch from 0 to 200 m, separately.  

 

Data Processing: The Dipro software was used for the 

inversion of the 2D apparent resistivity data. The field 

data pseudosection and the 2D resistivity structure 

were produced after running the inversion of the raw 

data to filter out noise. The Diprofwin program 

amortizes the bulk data into a series of horizontal and 

vertical rectangular blocks, with each box containing 

a number of records. Resistivity of each block was 

then calculated to produce an apparent resistivity 

pseudosection. The pseudosection was compared to 

the actual measurements for a good model fit. The 

difference between measured and observed values 

gives the inversion resistivity model which represents 

the geology of the study area. 

 

The apparent resistivity values for each traverse were 

collated in a format that is acceptable by the 

RES3DINV inversion code. Elevation corrections 

were not included in the measurements as the area 

surveyed was more or less flat. The entire square set 

of 2D lines (10 traverses) for each location were 

merged together to form a single 3D data set each. This 

was done by collating the measured 2D data (apparent 

resistivity values) to a 3D data format that can be read 

by the RES3DINV software. The coordinates, line 

directions, number of electrodes, electrode spacing 

and data levels of each of the 2D traverses were used 

in collating the apparent resistivity values with the aid 

of an input text file which can be read by the computer 

code. The collated 3D data sets were inverted using 

RES3DINVcomputer code which automatically 

determines a horizontal 3D depth slice model of 

resistivity distribution using apparent resistivity data 
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obtained from a 3D resistivity imaging survey (Li and 

Oldenburg 1992; White et al., 2001). Ideally, the 

electrodes used for such a survey are arranged in 

square grids. The inversion routine used by the 

RES3DINV program is based on the smoothness 

constrained least-squares method. The program allows 

users to adjust the damping factor and the flatness 

filters in the equation above to suit the data set being 

inverted. Initial damping factor of 0.215 was used to 

invert the collated 3D apparent resistivity data set. 

After each iterating process, the inversion subroutine 

generally reduced the damping factor used; a 

minimum limit (one tenth of the value of the initial 

damping factor used) was set to stabilize the inversion 

process. The damping factor was optimized so as to 

reduce the number of iterations the program requires 

to converge by finding the optimum damping factor 

that gives the least RMS error; however, this increases 

the time taken per iteration. In order to determine the 

3D distribution of the model resistivity values from the 

distribution of apparent resistivity values, the 

subsurface was subdivided into a number of small 

square blocks. The program for the first layer 

thickness based on the maximum depth of 

investigation of the array was used and was increased 

by 1.15 (15%) for subsequent layers. Homogeneous 

earth model was used as the initial model in the 

inversions carried out. The 3D cube was processed 

using the Earth Imager 3D by collating the entire 

square set of 2D lines together to form a single 3D data 

set each. 

 

RESULTS AND DISCUSSION*Figures 

completely re numbered. Please check if 

correct 
2D Electrical Resistivity Tomography: The 2D 

resistivity section along traverse 1 in Oredide is 

presented in Figure 1. Lateral distance of 200 m was 

covered and a depth of 30 m is imaged. Resistivity 

values vary from 5227 – 217741 Ωm across the 

traverse (Figure 1). Three resistivity structures are 

delineated which are indications of sand, lateritic sand 

and sandstone. The resistivity of the sand varies from 

5227 – 7911 Ωm and widely distributed along the 

traverse. The lateritic sand varies in resistivity from 

13747 – 18120 Ωm and occurs at lateral distances; 0 – 

40 m (from the surface to a depth of 30 m), 70 – 110 

m (enclosing a sandstone structure from 5 – 30 m 

depth) and 110 – 158 m  (as a near-surface structure). 

The sandstone occurs as isolated resistivity structures 

at lateral distances 80 – 105 m and 120 – 148 m 

respetively. The high near-surface resistivity values of 

the resistivity structures are indicative of dry and 

unconsolidated geologic earth materials which are 

highly erodible (Karim and Tucker-Kulesza, 2018; 

Karim et al., 2019). The near-surface along this 

traverse is thus suspected to be prone to deep seated 

erosion due to deep distributions of the high resistivity 

values. The sandstone, due to its localized and 

consolidated nature may be less erodible along the 

traverse (Figure 1). 

 

 
Fig1:2D electrical resistivity section along Oredide, Auchi (Traverse 1) 

 

,

2-D Resistivity Image along Traverse 10: Figure 3b 

presents the 2D resistivity section along traverse 10 in 

Oredide. Horizontal distance of 200 m was covered 

and a depth of 30 m was imaged. Resistivity values 

vary from 2186 – 50757 Ωm (Figure 2). Three 

resistivity structures are delineated which are sand, 

lateritic sand and sandstone. The sand has resistivity 

values that vary from 2186 – 6238 Ωm and widey 

distributed along the traverse from the surface to a 

depth of 30 m. The lateritic sand has resistivity value 

of 17794 Ωm and also widely distributed along the 

traverse from the surface to a depth of 30 m and along 

the traverse length of 50 – 130 m (Figure 2). The 

sandstone, having resistivity value of 50757 Ωm 

occurs at lateral distances; 0 – 50 m, 60 – 95 m and 

100 - 130, at corresponding depth range of 0 – 30 m, 5 
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– 20 m and 0 – 30 m (Figure 2).  The traverse is 

vulnerable to high erodibility whose scouring depth 

could be as deep as 30 m in some locations and less 

than 30 m in other locations along the traverse.  

 

 
Figure 2: 2D electrical resistivity section along Oredide, Auchi (Traverse 10) 

 

3D Horizontal Depth Slice: Figure 3 shows the 3D 

horizontal depth slice into four layers across Oredide. 

The four layers are: 0 – 3.5 m, 3.5– 7.52 m, 7.52 – 12.2 

m and 12.2 – 17.5 m with corresponding resistivity 

values that vary from 465 – 285939 Ωm across each 

layer respectively (Fig. 3). The slices reveal high 

resistivity values characterizing the dry and near-

surface unconsolidated sand and the sandstone of Ajali 

Formation (Adekoya et al., 2011; Aleke et al., 2016; 

Chinyem, 2017; Babaiwa et al., 2020). The high 

resistivity values may not be unconnected with the fact 

that soil characteristics like plasticity, water content, 

grain size, percent clay, compaction, and shear 

strength which affect soil erosion also influence in-situ 

bulk soil electrical resistivity (Abu-Hassanein et al., 

1996; Grabowski et al., 2011; Kibria and Hossain, 

2012; Karim and Tucker-Kulesza, 2017). Soils with 

electrical resistivity (ER) higher than 50 Ωm have an 

87% probability of being classified as highly erodible 

(Karim and Tucker-Kulesza, 2018; Karim et al., 

2019). The depth of erosional impact in Oredide is 

suspected to be as deep as 12 m. Increased depths in 

Oredide may be less vulnerable to erosion due to 

occurrences of consolidated sandstones. Erosional 

impacts are therefore suspected to decrease with depth 

in the study area. 

 

 
Fig3: Horizontal Depth Slices obtained from the 3D Inversion of Square 2D Profiles in Oredide 

 

3D Electrical Resistivity Modelling: The 3D resistivity 

block distribution of Oredide is presented in Figure 4 

while the 3D apparent resistivity crossplot is presented 

in Figure 5. Resistivity values vary from 358 – 217741 

Ωm and a 3D depth of 15.4 m was imaged. Along the 

Y-axis of the 3D block compared to X-axes of the 

resistivity block, where the resistivity varies from 

8833 – 217741Ωm and is representative of dry and 

near-surface unconsolidated sand and the sandstone of 

Ajali Formation (Adekoya et al., 2011; Aleke et al., 

2016; Chinyem, 2017; Babaiwa et al., 2020). The 

erosional impact is likely to be intense and deep, up to 

15 m depth (Fig. 2). Oredide 3D resistivity 

visualization reveals that the whole area is prone to 

intense erosional episodes as deep as 12 – 15 m in the 

area.The apparent resistivity crossplot of Oredide is 

shown in Figure 5 having an iteration no of 3 and RMS 

value of 19.8%. 
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Fig 4:3D resistivity distribution 

 

 
Fig 5: Oredide apparent resistivity crossplot 

 

Conclusion: 2D and 3D electrical resistivity 

tomography has been used to characterize erosion 

potential in Oredide village, Auchi in Etsako LGA of 

Edo State, Nigeria. The 2D results show four 

geoelectric layers were identified in the study area 

which is topsoil, lateritic sand, sand and sandstone 

with resistivity value range of 309 to 40130 Ωm within 

the depth range of 0 to 5 m. A complementary 3D 

horizontal depth slice show four layers with depths: 0 

– 3.5 m, 3.5 – 7.52 m, 7.52 – 12.2 m and 12.2 – 17.5 

m having corresponding resistivity values that varies 

from 465 – 285939 Ωm across each layer respectively. 

The slices reveal high resistivity values. Resistivity 

values vary from 358 – 217741 Ωm and a 3D depth of 

15.4 m was imaged. Evidently, the whole area is prone 

to intense erosional episodes as deep as 12 – 15 m. 

This study showed that the data obtained from an 

electrical resistivity survey can predict the presence of 

highly erosive soils. As such, electrical resistivity 

surveys may be used to identify where further testing 

is necessary to measure the scour potential or 

determine which existing infrastructure should be 

protected or closely monitored for scour potential 

during a flood event. 
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