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ABSTRACT  

2D electrical resistivity using Wenner configuration was carried out in Kurfi Fadama of Sokoto State Nigeria. The study area lies 

between latitudes 13°03ʹ13ʺN and 13°08ʹ21.47ʺN and longitudes 5°06ʹ36ʺ E and 5°17ʹ25.31ʺE with an estimated area of 9.0 km2. 

Six profiles were covered with each length 200m and spaced 50m apart using imaging technique which involves the use of Ohmega 

resistivity meter and its accessories. The acquired data were analyzed, processed and interpreted using RES2DINV64 and SURFER 

version 13 which instinctual gave an interpretation of the measured apparent resistivity data. The result from the data interpretation 

revealed concealed features of the area such as lithological boundaries and water bearing formations. These characterized the area 

as having five lithologies namely, Clay, sandy-silt, alluvial sand, shale/sandstone and clay/limestone/gravel. The identified regions 

of P1, P2, P3, P4, P5 and P6 having lowed resistivity values ranging from 0 to 50Ωm were classified as saline due to clay layer has 

the potential for water retention (aquiclude) and water accumulations (aquifer) that maybe as a result of excess application of 

fertilizers and water lodging. These regions of lowed resistivities may impact the environment and Agricultural practices that 

commonly apparent the crop productivity. However, high resistivity zones (700Ωm and above) were also identified as gravels 

which usually has the highest tendency of water accumulation due to high porosity and permeability.  
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INTRODUCTION  

Agricultural practices and environmental impact analysis 

have always indicated that there are differences in the soil 

properties among nearby parcels of land; that are usually 

manifested in crops productivity. The distribution of these 

properties is often exploited in a more efficient way, 

allowing increased crops yield without necessarily using 

chemical fertilizers and pesticides (Aizebeokhai 2014). 

Consequently, the environmental impacts on soils, surface 

water and groundwater due to agricultural activities can be 

considerably reduced. In the present-day practice, farmers 

have embraced the use of agrochemicals (fertilizer, 

insecticides, herbicides etc.). Concentration of these 

chemical at a location could be detrimental to the general 

ecosystem of the place (Ewumi, 2016).  

 

Salinity is one of the most important abiotic stresses, limiting 

crop production in arid and semi-arid regions, where soil salt 

content is naturally high and precipitation can be insufficient 

for leaching (Yadav et al., 2011). According to the FAO 

(food and agricultural organization) Land and Nutrition 

Management Service (2008), over 6% of the world’s land is 

affected by either salinity or sodicity which accounts for 

more than 800 million ha of land. The most widely accepted  

definition of a saline soil has been adopted from FAO (1996) 

as one that has an electrical conductivity (EC) of 4 dS m-1 or 

more and soils with EC’s exceeding 15 dS m-1 are considered 

strongly saline. Ayobi et al. (1990), Aizebeokhai (2014), 

Ewumi (2016), Amezketa (2007) and Augie et al. (2020) 

used geophysical prospecting in playing a significant to 

monitor the pattern of distribution and degree of salinization 

in various places in Nigeria and other part of the world in the 

past.  

This research work is aimed at showcasing the effectiveness 

of 2D electrical resistivity method by evaluating the 

salinization level. Determining the source(s) and spatial 

extent of dispersion and delineating the layering extent that 

are adversely affected by the salinity within and around the 

study area are the objectives of the research. Electrical 

resistivity of the soil can be considered as a proxy for the 

spatial and temporal variability of many other soil physical 

properties (i.e. structure, water content, or fluid 

composition).  

The method is based on the flow of d.c current underground. 

The flow current injected is governed by equation (i) as 
shown in Fig. 1. 

 
Figure 1: Distribution of the Current Flow in a Homogeneous Soil. 
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According to Reynolds (1997) four electrodes system as 

commonly used in subsurface direct current resistivity, the 

relationship between the injected current (I), the measured 

potential difference (∆𝑉) and the generalized surface 

electrode distribution is given by 
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In compact form  
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Where K is the geometric factor, r with subscripts stand for 

electrodes spacings (Fig. 2) and R stands for resistance of 

the medium that is given by the ratio of ∆𝑉 to I and a is the 

spacing between the potential electrodes (Augie et al., 
2019). 

 

Figure 2: Generalized Four Electrode System. 

 

However, Telford et al. (1990) gave the K for Wenner array 

as 

𝐾 = 2𝜋𝑎     

 (5) 

Thus, Apparent resistivity for Wenner array is given by 

𝜌𝑎 = 2𝜋𝑎. 𝑅      

 (6) 

Where R is the resistance measured. 

 

 

LOCATION AND GEOLOGICAL SETTING OF THE 

STUDY AREA 

Kurfi Fadama in kware local government of Sokoto state lies 

approximately between latitudes 13°03ʹ13ʺN and 

13°08ʹ21.47ʺN and longitudes 5°17ʹ25.31ʺE and 5°18ʹ36ʺE 

that comprises of towns; Ubandoma, Socoto, Kurafe, 

Girawsi, Gandu Angile, Gwangfa Gwamfa, Gumbura 

Gumbenawa and Dundaye Anatuda Tudai (Fig. 3). The basin 

falls within the semi-arid climatic zone in the sub-saharan 

Sudan belt with vegetation mainly of savannah type, it 

consists predominantly of a gentle undulating plain with an 

average elevation varying from 250m to 400m above sea 

level (Kogbe, 1979). 

 

Geologically, Sokoto Basin constitutes the Nigerian sector 

of the Iullemeden sedimentary basin, up to 2000m of clastic 

sequences rest upon the Basement rocks (Adelana et al., 

2003). It is underlain by a sequence of interbedded semi 

consolidated gravel, sand, clay, some limestone and 

ironstone are found as shown in Fig. 4 (Olugbenga and 

Augie, 2020). This sequence attains a gross thickness of 

3,500 feet and ranges from Cretaceous to Quaternary in age. 

Oldest rocks of the sedimentary sequence are terrestrial 

deposits of the Gundumi Formation and Illo Group of 

Cretaceous age. Above the Gundumi and Illo lies the 

Cretaceous Rima Group (Dukamaje, Wurno and Taloka 

Formations) to the overlying marine calcareous deposits of 

the Tertiary Sokoto Group (Dange and Kalambaina 
formsation) to the east (Augie et al., 2019).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Location Map of the Study Area 
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Figure 4: Geological Map of the Study Area 

 

Figure 5: Profiles Disposition Map of the Study Area 
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MATERIALS AND METHODS 

2D electrical resistivity survey was carried out around Kurfi 

Fadama in Sokoto State Nigeria with the aid of Ohmega 

resistivity meter and its accessories during which the 

resistivity data were acquired. Six profiles (Fig. 5) were 

covered and the imaging technique was executed about these 

profiles using Wenner array with the profile length ranging 
from 0 to 200m.  

Initially the four electrodes were placed at 5m spacing along 

the transect symmetrically about point 0 (x -position). The 

outer electrodes are the current electrodes whereas the inner 

electrodes are the potential electrodes. The measured 

resistance in ohms were recorded and at each measurement 

the product of resistance measured (ohms) and 

corresponding values of geometrical factor (K) gives the 

apparent resistivity in ohms-meter. The electrodes were 

shifted by 5m; thus x-position (distance along the profile) 

was as well shifted by 5m and the reading repeated (Fig. 6). 

The same procedure was repeated until the x-position 
reached a maximum of 200m. 

RESULT AND DISCUSSION 

The data was analysed and inverted using a software 

RES2DINV64 which produced three sections namely, 

measured, calculated and inverse model sections (Fig. 5 to 

10). The inverted section was transformed into 

corresponding geologic section using software SURFER 13 

for the profile’s sections (P1 to P6) as shown in Fig. 11 A to 

F, using derived lithologic layers from geology of the area.  

  

 

Figure 6: Electrodes Sequence Buildup 

 

Figure 5: (a) calculated (b) Measured (c) Inverse model of profile 1 
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Figure 6: (a) calculated (b) Measured (c) Inverse Model of Profile 2 

 

 

 

Figure 7: (a) calculated (b) Measured (c) Inverse Model of Profile 3 
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Figure 8: (a) calculated (b) Measured (c) Inverse Model of Profile 4 

 

 

Figure 9: (a) calculated (b) Measured (c) Inverse Model of Profile 5 
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Figure 10: (a) calculated (b) Measured (c) Inverse Model of Profile 6 

 

The geoelectric interpretation of the model sections of the 

Profile one (P1) showed areas of low resistivity anomalies 

(0 to 50 Ωm) along different points of distance at P1 (Fig. 5). 

These occupied the distance along the profile of 7m to 31m 

at depth of 10m, 45m to 120m at depth 15m, 142m to 150m 

at depth 20m and points 167m to 176m to the depths of 16m 

respectively. For P2, it extends from 68m to 102m at depth 

18.7m, 116m to 138m at 15m to 30m and points 170m to 

192m at the depths of 7m respectively (Fig. 6). The low 

Resistivity values ranging from 0 to 50 Ωm when considered 

in relation to Table 1, the region observed to be clay. These 

regions show that the topsoil of this area is generally 

conductive, soil moisture, less porosity, degree of 

consolidation, organic matter is dominant factors that 

determine the observed inverse resistivity model having low 

resistivity and these regions of profiles was considered to be 
saline.  

The model section of P3 (Fig. 7) showed the low anomaly 

areas of resistivity along different points of distance 50m to 

55m at depth 10m, 62m to 85m at 10m, 102m to 124m at 

depth 10m and points 186m to 194m at the depths of 12m 

respectively, and P4 (Fig. 8) also covered the distance along 

the profile of; 40m to 74m at depth 9m, 128m to 170m at 

10m and points 180m to 195m at the depths of 12m 

respectively. These zones of low resistivity (0 to 50 Ωm) 

maybe as a result of excess application of fertilizers and 
water lodging that lead to salinization within regions. 

Similarly, the inverse section of P5 (Fig. 9) showed low 

anomaly areas of resistivity along different points of 

distance; 7m to 92m at depth 10m and points 103m to 195m 

at the depths of 15m respectively. For P6 (Fig. 10), the low 

anomaly areas of resistivity along different points of distance 

are; 12m to 45m at depth 6m, 70m to 105m at 6m and points 

115m to 125m at the depths of 8m respectively. These zones 

of low resistivity when considered in relation to Table 1, the 

regions were observed to be saline. However, the high 

resistivity zones (700Ωm and above) of P1, P2, P3, P4, P5 

and P6 were observed to gravel when considered in relation 

to Table 1.  These regions are permeable layers in semi-

confined to confined condition of favourable aquifer which 

form zones with strong lateral flow of fluid or ionic 

concentrations. 

The inverted sections of profiles P1, P2, P3, P4, P5 and P6 

was transformed into corresponding geologic sections as 

shown in Fig. 11 A to F, using derived lithologic layers from 

geology of the area. These showed that the area has five 

layers namely; clay (top layer) followed by sandy-silt 

overlain by alluvial sand and underlain by shale/sandstone 

and gravel. The profiles have different layer thicknesses 

about different points. The greatest layer thickness for each 

profile are P1 (clay, 30m), P2(clay, 30m), P3(gravel, 30m), 

P4(clay, 30m), P5(clay, 22m), P1(clay, 30m). 
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Figure 11: Geologic Sections of the Profiles Shown Saline Zones 

 

Table 1: Salinity Levels Used in Interpretation (Reynolds, 1997).   

𝝆𝒂  (Ω-m)     SAR (mg/l) Interpretation  

> 1000 < 3 Normal 

100 3 – 6 Saline 

10 6 – 9 Moderate saline 

1 >9 Severe 
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CONCLUSION 

2D electrical resistivity used in this salinization studies 

provided a means of characterizing the study site based on 

distribution of salinity. The results from Figures 5 to 11 

showed the detailed lithologies and that the layer of clay has 

potential for water retention, whereas gravels has the highest 

tendency of water accumulation due to high porosity and 

permeability.  Based on these results, the known chemical 

quality of water in the area under study provided a means of 

seeing through the region and identified regions of possible 

accumulations of agrochemicals. The identified locations of 

favorable fluid flow regions of P1, P2, P3, P4, P5 and P6 are 

classified as saline area. 
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