
 

 

 

 

 

 

 

 

 

 

 

 

GeoScience Engineering  Vol. 67 (2021), No. 4  

http://gse.vsb.cz   pp. 119–134, ISSN 1802-5420 

  DOI 10.35180/gse-2021-0058 

 

 
INTEGRATED GEOPHYSICAL INVESTIGATION OF RIVER OGUN 

FLOODPLAIN, PAPALANTO, SOUTHWESTERN NIGERIA 

Olumayowa Temitope IJALEYE1    , Michael Adeyinka OLADUNJOYE2, Afolabi Treasure ADEFEHINTI2 

1 Department of Geology, Kogi State University, Anyigba, Nigeria 

2 Department of Geology, University of Ibadan, Ibadan, Nigeria  

E-mail: mayoajala@yahoo.com 

 

 

ABSTRACT 

A geophysical investigation that involves the integration of Vertical Electrical Sounding (VES), Electrical 

Resistivity Imaging (ERI), and Ground Penetrating Radar (GPR) methods was conducted on Papalanto, Ogun 

River floodplain, a location underlain by sedimentary terrain of Southwestern Nigeria. This research aimed to 

image the underground lithological units and delineate the shallow geologic structures in order to characterize the 

area for agricultural suitability throughout the dry season. VES results typically outlined three geologic layers 

which are topsoil, saturated loamy clay, and alluvium. From 2D inverted resistivity results, three major geologic 

layers, namely topsoil, saturated loamy clay, and alluvium, were outlined and are in very good agreement with the 

results attained through VES. The first three layers of 3D inverted resistivity sections display a great amount of 

variation in the distribution of resistivity at superficial depth, made up of low resistive content. From the GPR 

survey, three geologic layers were also outlined from the results, namely the topsoil, saturated loamy clay, and 

alluvium. Consequently, the study location can be said to be semi-competent to competent luxuriant farming land 

in consideration of the resistivity distribution of the floodplain subsurface. Therefore, VES, ERI, and GPR are very 

effective geophysical methods for describing and classifying the shallow subsurface in reference to the measured 

physical properties. Hence, they should be applied in related geophysical investigations for better insight into the 

geology of the subsurface. 

Keywords:  Agricultural suitability; Dry season; Floodplain; Geophysical investigation; Underground lithological 

units. 

 

1 INTRODUCTION 

Floodplains have shallow water tables and consist of nutrient-rich silt and sediments distributed across a very wide 

area by floods. This makes them luxuriant lands for growing crops, especially in the dry season. They are usually 

not undulating with little or no boulders that may hinder farming activities. They can support particularly rich 

ecosystems, both in quantity and diversity [1]. When the soil of floodplains becomes wet, a gush of nutrients is 

released instantly which includes the remnant from the preceding flood and those resulting from the speedy 

breakdown of organic matter that has amassed ever since. The nutrient production fluctuates rapidly, nonetheless 

the gush of new sprouting plants lasts for a while, making the floodplains valued in agriculture. The physical 

properties of soil, namely effective depth, texture, and soil structure, are essential factors in determining soil 

suitability for large-sized production of crops [2]. Information about the variability of moisture content of the soil 

with depth and determination of rooting depth will afford a broad understanding of the struggle for soil water amid 

annual and cash crops. An important part is played by roots in the development of plants and is responsible for 

numerous roles, namely absorption of water by plant-soil, absorption of nutrient, organic matter source, storage, 

synthesis of growth substances, etc. [3]. Therefore, water accessibility at the right effective depth for good plant 

development is of a high significance to the farming scheme. Consequently, so as to guarantee an appropriate 

supply of water for crops growing on a floodplain that is cultivated, information about the moisture content of the 

soil as well as observation of its changes is of important. A geophysical method that is non-destructive for 
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observing the dynamics of soil water from the surface to the right depth and further on without disturbing the soil 

is provided by Electrical resistivity method. Electrical resistivity has close relationship with the quantity of water 

available in the soil. The resistivity of soil is dependent on the amount of saturation, permeability,  ionic 

concentration of the fluids in the pore, and clay content [5]. It is therefore one of the geophysical methods mostly 

applied to identify changes in moisture content of the soil, flow pattern of groundwater, and depth to water-

saturated zone [6]. Numerous geophysical methods have been made use of in studying the infiltration of soil water. 

The geo-electrical resistivity method is among the geophysical methods that can be employed to map and 

characterize spatial and temporal variations in the physical properties of soil [7, 8]. The electrical resistivity 

method is found to be inexpensive, fast, and dependable for stress-free prediction of soil physical properties [9]. 

Significant variations in the electrical conductivity of the soil can be caused by rainfall, periodic changes in 

temperature of the soil, salinity, porosity, the structure of the soil, air voids, and changes in water content of soil 

[9, 10]. Electrical Resistivity survey, particularly 2D Electrical Resistivity Tomography (ERT), have been used by 

numerous scholars for the purpose of agriculture [11, 12]. The connection between electrical resistivity of soil and 

moisture content have been determined with the use of soil analysis [13, 14], while margins of soil horizons were 

identified and bedrocks at different degree of weathering process were detected using GPR and VES methods 

respectively [15]. Vertical electrical sounding (VES) and 2D electrical resistivity tomography (ERT) are geo-

electrical methods applied to the understanding of subsurface lithology and to define groundwater potential zones 

[16, 17]. In addition, observation of content of soil water have been carried out by many researchers with the use 

of 2D ERT or VES geophysical methods [18, 19]. Ground Penetrating Radar (GPR) and electrical resistivity 

techniques have abundant benefits over conventional soil and sediment investigation techniques such as pits, cores, 

or trenches. GPR affords highly defined and uninterrupted profiles of the subsurface when correctly used while 

resistivity provides facts about the layers of the earth. This makes available a much larger quantity of information 

than taking samples separately through coring or digging [20–22]. In cases where excavation is required, GPR in 

addition to electrical resistivity methods can be beneficial in the coring sites selection, making the best use of effort 

in areas of curiosity or indecision [23]. The non-destructive nature of GPR can be appreciated in research locations 

that are sensitive, for example archeological sites or ecological areas that are protected. Also, electrical resistivity 

method is found appropriate for exploration of groundwater, mineral exploration, archaeological sites and geo-

techniques investigations. In general, GPR and electrical resistivity methods are very effective in giving 

researchers the ability to image the subsurface [24].  

The objectives of the current study includes the integrated application of VES and ERI to observe of soil water 

content variation with depth within the floodplain subsurface, to determine the actual depth that can sustain the 

floodplain farming particularly in dry season, determination of the groundwater level, to map the shallow water 

table depth and identification of soil horizons in the floodplain subsurface with the use GPR method. Furthermore, 

the study also aims at determination of the geo-electrical layers and geo-electrical parameters within the floodplain 

with the use of Vertical Electrical Sounding (VES) results.  

 

2 SITE DESCRIPTION AND GEOLOGICAL SETTING 

The study location is the floodplain of River Ogun situated in Papalanto town in the Ewekoro Local Government 

Area of Ogun State, South-western part of Nigeria (Fig.1). It is positioned between longitudes N06°51’57.2”–

N06°52’02.0” and latitudes E003°14’05.1”–E003°14’06.2” covering an area of around 22.5km2. The topography 

of the study location is almost flat and generally rock outcrops are absent. The elevation ranges from 17 to 25 m 

and is drained by the Ogun River. The network of the drainage system of this region is high and typical of several 

big perennial rivers, such as Ogun, Ewekoro, and Berre, which frequently have dendritic drainage patterns [25]. 

This drainage pattern can be distinguished by the uneven splitting of rivers with flow direction naturally in the 

north direction. The area studied is situated in the humid tropical rain forest region of Nigeria which is typical of 

two climatic seasons, namely the rainy season and the dry season, which last for about eight months (March–

October) and four months (November–February) respectively. It has an average yearly rainfall of 1300 mm, and 

potential evapotranspiration of nearly 188 mm. 
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Figure 1. Location Map of Papalanto, River Ogun Floodplain, Inset: Map of Nigeria [26] 

 

2.1 Geology of the study area 

The study location is in the sedimentary basin. It occupies a portion of the Abeokuta group of the Dahomey Basin. 

Dahomey Basin extends through south-eastern Ghana through Togo and the Benin Republic to the western margin 

of the Nigerian Niger Delta. The Abeokuta group is made up of sandstone which is coarse-grained, poorly sorted, 

micaceous, and ferruginous. This sandstone is arkosic with fair to good bedding. Intercalation of marine shale and 

mudstone negligibly present [27]. The basal members of the formation are of an unknown age. It is undoubtedly 

diachronous and is possibly not older than Maastrichtian (Fig. 3). The Abeokuta Group in addition to Ewekoro 

Formation, Coastal Plain Sands, and recent sediments create diverse aquifers in the Dahomey Basin on which 

Papalanto is accommodated. The aquifer can be categorized into confined, semi-confined, and unconfined subject 

to the type of the aquifer units and the adjacent layers of rock [28]. The sands of the coastal plain and sediment 

aquifers that are recent are unconfined aquifers found at shallow depth. They are predisposed to contamination 

from ground sources and run-off water and have changing depths with topography and seasons. Semi-confined 

aquifers exist in Ilaro formation because of the irregular sequence of sand and clay stratigraphy. Where the sand 

unit is bounded at the top and bottom by the low-permeable clay layers, the aquifers are confined. At superficial 

depth, the marine sand aquifers are not confined but have brackish water constituents. In the Ewekoro formation, 

the aquifer is limestone, while continental sands constitute the aquifer in Abeokuta formation (Fig. 2). 
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Figure 2. Aquifer map of the Dahomey Basin showing the limestone and continental sands constituents of the 

aquifer in Ewekoro and Abeokuta Formation respectively in Nigeria, Inset: Map of Nigeria [29] 

 

 

 

 

 

 

 

 

Figure 3. The map of geology of eastern Dahomey Basin (Nigerian portion) showing the study location [30] 
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3 METHODOLOGY 

3.1 Reconnaissance survey  

Careful reconnaissance mapping is crucial in the planning and designing of any geophysical survey. The floodplain 

was visited to map its area extent and to determine the suitability of the site for this research. The visitation allows 

us to examine site characteristics, such as land cover, topographic information, floodplain characteristics, and the 

sediment accumulated over time. It also helps to determine the saturation state of the site in order to have a proper 

plan for data acquisition and to spatially distribute the profile lines on it.  

 

3.2 Geological investigation 

Geological investigation of the study location was conducted to find out the geology, that is the rock types, of the 

study location. The tools used for this investigation are Base map, Global Positioning System (GPS), Compass 

clinometer, and field notebook. 

 

3.3 Geophysical investigation 

An integrated geophysical investigation which comprises of the Electrical Resistivity methods (Electrical 

Resistivity Imaging (ERI) and Vertical Electrical Sounding (VES)) and Ground Penetrating Radar (GPR) survey 

was conducted in the study area (Fig. 4). 

 

3.3.1 Electrical Resistivity Methods 

Electrical resistivity survey is highly effective since electrical resistivity is a factor that can illustrate the 

heterogeneity of a geological medium, taking cognizance of lithological and hydrological aspects of it [31, 32]. 

The variation in electrical properties of sub-surface materials makes the resistivity technique a very good method 

in sub-surface characterization. The disparity in lithological sequence, water saturation, fluid conductivity, 

permeability, and porosity usually associate with the variability in electrical resistivity (conductivity) in which 

inferences about geological structure, groundwater potential, fractures/fault zone, sinkhole, and stratigraphic units 

can be drawn from it. For this research, Electrical Resistivity Imaging (ERI) and Vertical Electrical Sounding 

(VES) were adopted. The survey was carried out with the electrical current injected into the sub-surface using two 

electrodes (current electrodes), while the geological medium serves as a resistor. The drop-in voltage is recorded 

using the two different electrodes (potential electrodes) and is directly proportional to the electrical resistance of 

the medium. The measurement recorded in the field is known as apparent resistivity. 

The ERI was carried out by implanting electrodes along the profile but only four were made use of at each 

measurement. The measurement was achieved by manually shifting the electrodes along the profile line with the 

least electrode spacing of 5 m and the apparent resistivity obtained. For each level, the minimum electrode spacing 

was used for data acquisition, and once completed; the electrode spacing is increased by the addition of minimum 

electrode spacing to the last electrode spacing until the number of levels has been achieved. Pseudosection and 

contour were generated from the apparent resistivity value obtained for each measurement. Ten ERI profiles were 

spatially distributed on the study site with profiles 1 to 5 occupying the North-South direction, while profiles 6 to 

10 were oriented in the West-East direction. Wenner electrode arrangement was adopted for this research with a 

minimum electrode spacing of 5 m, and 30 m was the maximum electrode spacing which is the last electrode 

spacing for each profile. The 2D ERI data obtained for each profile line were combined into a gridded 3D view of 

the inverted resistivity model. The 2D profiles were arranged parallel to each other in the X and Y directions. The 

2D data were converted using RES2Dinv commercial software into the 2D model of the subsurface which is 

presented in model blocks [33]. A sharp and straight boundary of the separate different layers with variable 

resistivity values was obtained using the robust data constraint option [34]. For the collated 3D data set, RES3Dinv 

commercial software was used for its inversion to produce a depth slice which allows for the identification of 

different anomalies in space and depth. The VES data was obtained using Schlumberger electrode arrangement 
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with half electrode 180 separation (AB/2) ranges from 100 m to 133 m. The distance between the collinearly 

arranged potential electrodes is kept constant, while that of the spacing of the current electrodes changes for each 

measurement. The potential electrode spacing can only change when the observed potential across the current 

electrodes is too small. The 2D ERT and VES data were acquired using Campus Tigre resistivity meter with error 

observed during the acquisition less than 1%. The VES data plotted on a bi-logarithm graph and the curves were 

matched with appropriate theoretical curves. The model parameter generated from the initial curve matching was 

used as initial parameters for data inversion using WinRESIST. 

 

 

 

 

 

 

 

 

Figure 4. Map showing VES and ERI distribution points and GPR lines 

 

3.3.2 Ground Penetrating Radar 

The success of any ground penetrating radar (GPR) survey depends on the proper design of the survey. A total of 

ten (10) GPR profile lines of 150 m in length were acquired and labelled (P1 to P10). Profiles 1 to 5 were acquired 

in the north-south direction, while profiles 6 to 10 were acquired in the west-east direction (Fig. 4). The profiles 

were established with the help of measuring tape and handheld Garmin GPS. The inter profile spacing used for the 

acquisition was 37.5 m to give equal distribution across the study area. SIR system-3000 GPR equipment with a 

400MHz frequency antenna was used to provide good quality data and sufficient depth of penetration for the 

intended research work. The GPR system was wheeled in a cart with an odometer and it was set at 2cm trace 

spacing with auto stack mode. The sampling frequency was set at 4030MHz which was adjudged to be adequate 

for this investigation alongside a sampling window of 120 nano seconds (ns). The system was set at 64 scans per 

second and 25 scans per meter with a point gain of 5. The dielectric constants of 16 with 100 MHz vertical high 

pass filter and 800 MHz vertical low pass filter were used.  

The data was transferred from the GPR equipment to RADAN-7, a 2D & 3D Software for GPR data processing & 

interpretation. The standard steps for GPR data filtering processes were adopted to have a good radar signal 

presented for interpretation. The data was subjected to a dewow to remove low frequency component from it and 

the ringing effect was reduced by removing the background noise. Noises associated with frequencies in contrast 

with the signal was reduced by using a band pass filter. This aids the removal of unwanted noises at high and low 

ends of the amplitude spectrum [35, 36]. To improve the quality of the radar image, the gain function was manually 

adjusted and the total time window was trimmed to 90 ns. The processed radar section was visually inspected to 

preliminary identified anomalous spots which were later followed by quantitative characterization by attribute 

analysis. The processed radar sections were interpreted based on the principles of radar stratigraphy which was 

adopted from seismic stratigraphy [37]. 
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4 RESULTS AND DISCUSSION 

4.1 Vertical Electrical Sounding (VES) Results 

The results of the VES inversion present geoelectric layer parameters in the form of layer resistivity and thickness 

which were used to characterize the subsurface in the study area. VES curves typical of the investigated area are 

presented in Fig. 5. The sounding curves acquired in the investigated area are three layers which are H type. The 

layers obtained from the sounding curves from top to bottom for the study area include: topsoil which is made up 

of organic matter and peat, saturated loamy clay formation, and alluvium. The topsoil and saturated loamy clay 

are characterized by low resistivity values so much more that they can easily be ignored and interpreted as a single 

layer. The presence of clay materials within these first two layers caused the decrease in their resistivity value and 

it also help these layers to accumulate and retain water due to its characteristics of high porosity, low specific yield 

and low permeability [38]. This clay character of high porosity, low specific yield and low permeability enhanced 

the storage of water within these layers for a long period of time, which supports dry season farming on the 

floodplain. The VES results were summarized, interpreted and presented in Table 1. The variations in different 

geoelectric layers for the study area are shown in Fig. 6, which helps to understand the kind of material that 

constitute each layer from the top to the bottom. The resistivity of the topsoil varies from 8 Ωm to 134 Ωm with 

average resistivity value of 53 Ωm. The topsoil has an average thickness of about 1.4 m. The observed variation 

was as a result of different materials that formed the topsoil around the study area. Based on the field and resistivity 

data observation, the topsoil is composed of organic matter, organic peat and sandy loamy in some areas. The 

organic matter and peat gave it the dark colouration observed during the field work. The saturated loamy clay has 

resistivity value ranging from 3 Ωm to 9 Ωm, with average resistivity of 5 Ωm. This layer is made up of virtually 

the same material component across the study area due to non-copious variation in values of resistivity obtained. 

Observation from the acquired resistivity data indicated that this layer was saturated and was made up of admixture 

of clay and loamy soil with a high proportion of clay present. The material compositions of this layer have high 

water retention capacity which yields its water for food crop farming during dry season in this floodplain. Clay 

has a very notable characteristic of being dense and also all available pores that can easily be drained within the 

soil particles are either temporarily or permanently filled with water which made it slick when touched. Clay soil 

can hold both moisture and nutrients due to its density. These characteristics of the first two layers identified with 

the study area aid dry season farming within the floodplain. These two layers are also being replenished constantly 

due to recurrent floods along the floodplain which give good agricultural yield. The alluvium is the last layer 

captured during sounding and it has resistivity value ranging from 40 Ωm to 190 Ωm. 

 

 

 

 

 

 

       

 

 

 

Figure 5. Representative layer model interpretation for H – curve type for Papalanto floodplain VES 
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Table 1. Summarized VES results and interpretation for the studied area  

VES 

No 

Resistivity 

(ρ) (Ωm) 

Thickness 

(h) (m) 
Depth 

Curve 

Type 
Lithology 

1 36/5/118 1.3/29.6 1.3/30.9 H Topsoil / Saturated loamy clay / Alluvium 

2 132/9/40 1.4/44.9 1.4/46.3 H Topsoil / Saturated loamy clay / Alluvium 

3 83/7/71 1.6/38.2 1.6/39.8 H Topsoil / Saturated loamy clay / Alluvium 

4 134/5/131 1.8/31.8 1.8/33.6 H Topsoil / Saturated loamy clay / Alluvium 

5 14/3/190 1.3/16.5 1.3/17.8 H Topsoil / Saturated loamy clay / Alluvium 

6 46/7/83 1.8/26.4 1.8/28.2 H Topsoil / Saturated loamy clay / Alluvium 

7 13/4/83 2.1/19.7 2.1/21.8 H Topsoil / Saturated loamy clay / Alluvium 

8 9/4/93 0.6/12.2 0.6/12.8 H Topsoil / Saturated loamy clay / Alluvium 

9 8/3/135 0.7/11.3 0.7/12.0 H Topsoil / Saturated loamy clay / Alluvium 

 

 

 

 

 

 

 

 

Figure 6. Showing the variation of resistivity in different geoelectric layers for the study area 

 

4.2 Electrical Resistivity Imaging (ERI) Results 

The generated 2D resistivity image from the inversion of the field data for each profile produces variability of 

ground resistivity from the topsoil to depth of about 18 m. Different layering and resistivity distribution were 

observed on all the 2D models generated which is an indication of heterogeneity of the subsurface layers around 

the study area. Sections produced from the 2D inverse model allow for the identification of varying true electrical 

resistivity of subsurface with depth along the profiles. The study is divided into north-south and west-east 

directions which were run perpendicular to one another in the investigated area. The north-south profiles run 

parallel to the river channel, including profiles 1 to 5, while the west-east profiles run perpendicular to the river 

channel, profiles 6–10. 

The north-south directions with five profiles (Fig. 7a) and the west-east directions with five profiles (Fig. 7b) 

present variation in the resistivity contours whose values mostly increase from less than 5 Ωm to above 50 Ωm. 

These sections present the inhomogeneous nature of the subsurface which is an indication of variability of the 

material composition of the earth layer. All the 2D resistivity models displayed three layers as observed from the 

resistivity value obtained and the layers revealed are the saturated topsoil composed of loamy clay, organic matter 

and peat, the saturated clayey layer and saturated alluvium which sometimes occur as pocket or as an intrusion. 

The saturated topsoil which is made up of loamy clay, organic matter and organic peat is characterized with 

resistivity value of less than 2 Ωm to about 10 Ωm and is saturated. This layer occurs at the top of each profile 

except for profiles 1, 2, 8, 9 and 10, where there is pocket of alluvium at the surface and this was observed during 
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data acquisition. The observed second layer on the inverted model is the saturated clayey layer with resistivity 

value of 10 Ωm to about 30 Ωm [39, 40]. This layer was observed to vary in thickness across the length of the 

profiles and its resistivity value is sometimes not differentiated from overlying layer and thereby presenting a 

picture of uniform layer for the top and second layer on the inverted section. The layer revealed relatively high 

resistivity of above 40 Ωm, which is an indication of saturated alluvium occurring as a pocket at different depths 

across the inverted sections. Also observed on the inverted sections was the shallow water table which was 

responsible for the saturation in the area. The presence of the clayey formation within the subsurface here helps to 

retain much water from which food crops planted in the study area draw water for circulation of nutrient, while 

the loamy clay soil composed of organic matter supplies the necessary nutrients for the plants during the dry 

season. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7a. Variation in the resistivity contours in the north-south direction 
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Figure 7b. Variation in the resistivity contours in the north-south direction 

 

The variation in the subsurface resistivity at different depth is revealed in the combined inverted resistivity data 

generated as 2D along the X-Y direction. The resistivity depth map (Fig. 8) presents a better reflection of the 

subsurface geology in the study area and it showed resistivity variations at different depths in the study area. 

The 2D geo-resistivity map showed resistivity variations at different depths from the surface to a depth of about 

30 m in the subsurface. It can be observed from the resistivity depth map that at the near surface it was characterized 

by saturated loamy clay, organic matter and organic peat which have almost the same resistivity value as saturated 

clayey formation. Therefore, the resistivity depth map presents both the near surface layer and the underlying layer 
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of saturated clayey formation as the same layer. The saturated alluvium occurs as pockets at the surface but at 

depth it increases in size. Fig. 9 presents the resistivity distribution for the study area along three orthogonal 

directions of X, Y and Z as a three-dimensional subsurface depth resistivity distribution model. This 3D model 

was generated from combination of the ten inverted 2D profiles occupied in north -south and west-east directions. 

This 3D model presents variations in subsurface resistivity across the study area at different depths to about 30 m 

below the surface. The 3D model displayed low resistivity layer at  the surface with a pocket of high resistivity 

formation across the area. The high resistivity layer that appeared as a pocket at the surface increases in size with 

depth, while the low resistivity layer decreases in size with depth. The low resistivity layer is characterized by 

resistivity value of less than 10 Ωm to about 36 Ωm, which was interpreted as loamy clay, organic matter and peat 

at the surface and underlying by saturated clayey formation which has almost the same resistivity as the top layer. 

The presence of the loamy clay, organic matter, organic peat and clayey formation aided water retention within 

the subsurface, which were being made use of during dry season for food crop farming within the flood plain. The 

relatively high resistivity value was interpreted as alluvium. The observed variations in resistivity with depth, 

which distinguished both resistive and less resistive zones across the investigated area, further confirm the 

variations in the ground physical parameters along the three directions (X, Y and Z). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Combined inverted resistivity data generated as 2D along the X-Y direction 
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Figure 9. Resistivity distribution for the study area along three orthogonal directions of X, Y and Z 

as a three-dimensional subsurface depth resistivity distribution model 

 

4.3 Ground Penetrating Radar (GPR) results 

The frequency of GPR antennas and the electrical properties of soils are limiting factors to radar signal resolution 

and depth of penetration [41]. It has been observed that at about 200–300 cm below the ground surface is the 

occurrence of most soil properties, which coincides with the soil-vegetation interface relationships [42]. 

Representatives of the processed radar sections are shown in Figs. 10a and 10b, which were in the north-south and 

west-east directions respectively. From the radar sections, three dissimilar reflecting surfaces were identified and 

selected based on the principles of radar stratigraphy proposed by [43]. The first layer (Horizon 1), which is above 

the red line on the section, was characterized with continuous parallel, sub-parallel and varying dip reflections 

with low amplitude which is an indication of fine muddy soil that is copious in organic matter, peats, remains of 

plants and clay. This layer was referred to as topsoil. The material constituent of this component is recognized to 

have low permeability [44]. This layer has approximate thickness of about 0.5 m across the profiles. Underlying 

this layer (i.e. the layer above yellow line or Horizon 2) is a unique and conspicuous layer in the entire radar 

sections which was described by low amplitude, weak/structureless in addition to continuous reflections which is 

an indication of signal attenuation. Observation on the signal reflection indicates that this layer is characterized 

with high moisture content which was considered to be saturated loamy clay soil with high amount of clay content. 

Any formation with this characteristic is considered to correspond with deposit of swamp and as such it is expected 

to be of a low permeability [44]. This particular layer exhibits this saturation all year round due to its low 

permeability feature that allows its ability for water retention for food crop farming within the floodplain in dry 

season. The thickness of this layer ranges from 0.8 m to 1.9 m. The high amplitude, chaotic and sub-parallel layer 

with moderately continuous reflection was found at the base of the radar sections which is labelled Horizon 3. 

These characteristics depict that of alluvium which is the last layer observed on the radar section. Water table was 

found at the depth of less than 1m on the profiles. The strength of the water-table radar reflector depends on the 

contrast between the electrical properties of the unsaturated and saturated zones. The capillary fringe is more 

gradual because of the presence of smaller, more continuous pore space, and the water-table is less distinct on the 

graphic record. Also, the water-table reflection is less abrupt. 
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Figure 10a. Radar section along traverse line 5 along north-south direction using antenna frequency of 250 Hz 

 

 

Figure 10b. Radar section along traverse line 7 along west- east direction using antenna frequency of 250 MHz 
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4.4 Correlation of Vertical Electrical Sounding (VES), Electrical Resistivity 

Imaging (ERI) and Ground Penetrating Radar (GPR) 

The three geophysical methods used in this research work competently delineated three geologic layers. These are 

the topsoil, saturated loamy clay, and alluvium. Electrical resistivity results successfully mapped sequences of the 

lithology in the floodplain subsurface. Additionally, it provided an understanding of the materials that make up 

the three lithologic layers delineated. GPR results were able to delineate only the lithological sequences. It could 

not ascertain the structural details because the radar signal strength was low. This notwithstanding, the percentage 

of correlation of all the three geophysical methods used is high.  

 

5 CONCLUSIONS 

Integrated geophysical techniques involving Vertical Electrical Sounding (VES), Electrical Resistivity Imaging 

(ERI), and Ground Penetrating Radar (GPR) have been implemented in this study around Papalanto, Ogun River 

floodplain, Southwestern Nigeria. The results of the Electrical Resistivity (ER) investigation have effectively 

delineated the subsurface geological information and give a detailed description of the lithological setting within 

the area. 

From the ER surveys, it was observed that the crops on the floodplain grow well during the dry season because it 

constitutes of the alluvium, being the most productive agricultural land. Depth to this proficient layer ranges from 

3.1 to 37.4 m across the study area. This makes available adequate nutrients and water to the growing vegetables/ 

crops with a shallow root system. The floodplain subsurface is also largely made up of clayey soils which have 

moisture and nutrient retention abilities that make the crop grow well. The study location can therefore be 

considered to have semi-competent to competent fertile agricultural land considering the resistivity distribution of 

the floodplain subsurface. Thus, electrical resistivity methods and ground-penetrating radar are versatile tools in 

shallow site characterization and should therefore be incorporated in any geophysical investigation for a better 

understanding of the subsurface geology. 
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