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Abstract 
 
This study investigates subsurface water resources in Kibiya Local Government, Kano State, using 
geophysical electrical resistivity techniques. The research aims to identify geological factors 
contributing to the drying up of hand-dug wells and boreholes, assess aquifer characteristics, and 
propose potential solutions for water scarcity in the region. Data collection involved 20 Vertical 
Electrical Sounding (VES) points using the Schlumberger configuration (0–200m spacing), with 
resistivity measurements processed through IPI2win software to generate geoelectric sections. Results 
reveal five distinct geological layers, including topsoil (21.5–62 Ωm), lateritic deposits (4.96–91 Ωm), 
weathered basement ((10.7–279 Ωm, thickness: 0.16–40.6m), fractured basement (>1,000 Ωm), and 
fresh basement rocks ((>10,000 Ωm). Two aquifer systems were identified: the weathered basement 
aquifer and the fractured basement aquifer. The weathered basement serves as the primary water-
bearing layer because of its moderate resistivity and significant thickness, with optimal groundwater 
potential at VES 4,12 and 16 (thickness >30m). In contrast, the fractured basement exhibited high 
resistivity, indicating partially decomposed, water-bearing formations. These findings provide critical 
insights into subsurface hydrological conditions and serve as a scientific basis for addressing water 
resource challenges in Kibiya.  
 
Keywords: Aquifer, Subsurface Water, Resistivity, Depth  
 
 
INTRODUCTION 
One of the natural resources necessary for the survival of humans, animals, and plants is 
water. Natural water is a resource that is found both on and below the surface of the Earth. 
The quantity and quality of natural water, whether subsurface or surface, vary greatly. To 
survive, however, both humans and animals require clean drinking water. To stay healthy, 
one must have access to safe and clean drinking water. Rivers, streams, open wells, boreholes, 
and taps are some of the main places to find clean water. In places where access to clean water 
is limited, people are compelled to use unsafe sources that might be tainted with different 
types of pollutants. There is a serious health risk associated with this, which may be minor or 
major based on the person's age and health (Muhammed, 2022). In addition to many other 
uses, water is necessary for human consumption, household chores, agriculture, industrial 
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operations, and engineering projects. Since most of the world's surface water is found to be 
contaminated by human activity, salinity, and other factors, it is necessary to purify surface 
water before using it for purposes such as drinking (Akhtar, 2021). Groundwater is a viable 
solution to satisfy the growing demand for potable water due to surface water being exposed 
to unchecked pollution (Nwankwo, 2021). 

 
Water scarcity continues to be a significant issue worldwide, especially in arid and semi-arid 
areas where groundwater often serves as the main source of fresh water. Geophysical 
methods, like electrical resistivity techniques, have proven to be extremely helpful in 
exploring groundwater potential, offering non-invasive means to map underground 
structures and pinpoint aquifer zones. The Kibiya Local Government Area in Kano State, 
Nigeria, illustrates the difficulties linked to water scarcity. Communities in this region largely 
depend on hand-dug wells and boreholes for their water supply. Nonetheless, there have been 
growing reports of wells and boreholes running dry, which raise concerns regarding the 
sustainability of water resources in the area. This research aims to utilize geophysical methods 
to analyze the subsurface water characteristics in Kibiya, intending to provide practical 
insights for tackling the urgent issue of water scarcity. 

 
The application of electrical resistivity techniques, particularly the Vertical Electrical 
Sounding (VES) method, has been extensively documented in groundwater exploration. 
Research by Kumar and Singh (2019) underscores the VES method's efficacy in identifying 
aquifer zones, estimating their depth, and mapping subsurface resistivity distributions. 
Additionally, studies have illustrated the benefits of integrating electrical resistivity with 
geospatial technologies such as GIS for enhanced groundwater assessment (Magesh et al., 
2012). These methodologies have been employed across a range of terrains, including hard 
rock, coastal, and sedimentary environments, highlighting their adaptability and reliability. 

 
In Nigeria and similar geological contexts, case studies highlight the critical role of 
geophysical surveys in identifying water-bearing formations and managing water resources. 
Olayinka and Olorunfemi (2017) investigated the application of Vertical Electrical Sounding 
(VES) for detecting groundwater contamination and delineating aquifer extents in urban 
environments. Similarly, Musa and Tijani (2014) showcased VES's effectiveness in mapping 
potential groundwater zones in rural communities. Nevertheless, challenges such as 
lithological variations and cultural noise can impact the accuracy of resistivity data 
interpretation (Sarma & Rao, 2015). Recent advancements, including enhanced electrode 
configurations and inversion techniques, have further improved the precision and 
applicability of this method (Bhattacharya & Patra, 2020). 

 
While considerable research has been conducted on groundwater exploration using electrical 
resistivity techniques, most studies have primarily focused on specific regions with unique 
geological conditions. However, the urgent issue of water scarcity in Kibiya Local 
Government, Kano State, has remained largely underexplored, particularly regarding the 
geological and hydrological factors contributing to the depletion of groundwater resources. 
Existing studies have often generalized their findings, highlighting a critical need for localized 
investigations tailored to the area's specific geological characteristics. This research is 
distinctive in its use of detailed vertical electrical sounding (VES) techniques to provide 
comprehensive insights into the subsurface water potential in Kibiya. The study aims to tackle 
the challenges of identifying aquifer units and their spatial distribution within this region. By 
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integrating resistivity data with geological interpretations, the research offers practical 
solutions for sustainable groundwater management. 
 
Location and Geology of the Study Area 
Tahfeezul Qur'an College, which is located in the Kibiya local government area of Kano state, 
Nigeria, is the study area. It is located between longitude 8o 39' 26.31" E and latitude 11o 31' 
45.09" N. The total land area of Kibiya is 404k𝑚2, or roughly 5.3% of Nigeria's total land mass. 
The region is supported by a fairly deep regolith formed by weathering of the rock from Kano 
State's basement complex. The rocks are both igneous and metamorphic, and they are 
Precambrian in origin (Olofin, 1982). 
 

 
Figure 1: Satellite view of the Study area (Google map, 2024) 

 
Methodology 
Measurements that are impacted by the distribution of internal properties must be made at or 
close to the surface in order to conduct geophysical investigations of the Earth's interior. The 
physical characteristics of the Earth's interior may differ vertically beneath the surface, as can 
be seen by analyzing these measurements. Global positioning system (GPS), ABEM SAS 4000 
Terrameter, hammer, measuring tape, PC, battery and charger controller, solar panel, pegs, 
electrodes, cables, jumpers, and reel of cables were among the tools used to collect the data. 
 
A hammer was used to drive the electrodes into the ground for the vertical electrical sounding 
(VES) method, and crocodile clips were used to secure the electrode cables to the electrodes. 
After connecting the cables to the Terrameter, which was powered by a 12-volt battery 
positioned halfway and protected from the sun by an umbrella, the profile's details were input 
into the Terrameter so that data could be collected. GPS was used to obtain the coordinates of 
each traverse line and the VES points. At the beginning and ending points of every profile, 
twenty (20) VES stations were obtained. The vertical electrical resistivity sounding (VES) was 
conducted using the Schlumberger electrode configuration. 
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Fig 2: General-four electrode arrangement. (Kearey et al., 2002) 

 
Interpex, a computer program, was used to process the collected data and create 2D apparent 
resistivity plots of every VES station in the region. There are two categories for the 
interpretation of geophysical data used in an exploration process. The first kind involves 
interpreting how geophysical data behaves. This is a fairly simple procedure that entails 
observing data and connecting it to potential physical causes that are pertinent to the 
discontinuity of the specific property of the phenomenon's source using mathematical 
techniques. For the exploration geologist, the second kind of interpretation is the most crucial 
and practical, but it is also the most challenging. This kind of interpretation necessitates 
correlation between various geophysical data types as well as geological and geochemical 
information. Determining the features of the subsurface layers that might contain mineral 
deposits depends on the interpretation of the geological meaning of geophysical data. 
Computer software (IP 2D) will be used to estimate the depth and area extension of these 
anomalous bodies. This software will help determine the geological implications of the 
geophysical data and aid in their interpretation. The integration of geophysical and geological 
data enables the identification of subsurface structures and their characteristics that can be 
related to mine. 

 
The research's theoretical foundation includes fundamental ideas and concepts that support 
the application of electrical resistivity methods for subsurface water prospecting. The 
subsurface varies depending on the geological material using the electrical resistivity method. 
Using Ohm's law, the electric current in a short, thin, linear conductor with a thin, uniform 
cross section is; 

𝐼 =
𝑉

𝑅
        (1) 

where I is the conductor's current, R is its resistance, and V is the potential difference between 
its ends. R is inversely proportional to the cross sectional area A (m2) and directly 
proportional to the conductor's length L so that;  

 𝑅 = 𝑝
𝐿

𝐴
                   (2) 

resistivity, a physical characteristic of a specific electric current path, is the constant of 
proportionality in this case. However, resistivity measuring devices typically provide a 
resistance value of;   

𝑅 =
∆𝑉

𝐼
                      (3) 

The equation for the apparent resistivity (El-Makrini, 2022) is given as; 
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                               (4)                                                                   

where 𝐾′ is called geometric factor in (meter) 

𝐾 =   
2𝜋

[
1

𝑟1
 −  

1

𝑟2
 −  

1

𝑟3
 +  

1

𝑟4
]
      (5)         

The geometric factor for wenner array is 
𝐾 = 2𝜋𝑎       (6) 

And for Sclumberger array is 
K = (𝑛 − 1)(𝑛 + 1)𝜋𝑎/2     (7) 

 
RESULTS AND DISCUSSIONS 
 
Results 
A survey was conducted on twenty (20) VES points; the results of these sounding points are 
shown below. Each VES is 200 meters long, with electrodes spaced 100 meters apart. The VES 
result shows that the weathered/fractured basement aquifer and unconfined aquifers were 
formed within the weathered basement. According to the study, there are primarily five 
geologic layers present in the area: weathered basement, fractured basement, clayed/laterite, 
lateritic topsoil and fresh basement rock. Two aquifer types, weathered basement aquifer and 
fractured basement aquifer were identified based on the results of the vertical electric 
sounding (VES). Three to five geologic layers were identified by the interpreted data from the 
study area, indicating that the rate of weathering fracturing varies from one location to 
another. Since the fractured basement partially decomposed, the weathered basement serves 
as the study area's primary aquifer. 
 
Table 1: Resistivity survey Data around the study area (VES 1-5) 

AB/2 MN/2 Resistivity 
(Ωm)  
Station 1 

Resistivity 
(Ωm)   
Station 2 

Resistivity 
(Ωm) Station 
3 

Resistivity 
(Ωm) Station 
4 

Resistivity 
(Ωm) Station 
5 

1 0.5  54.139 39.413 40.857 42.464 24.215 
1.5 0.5 63.892 43.412 45.324 48.523 28.555 
2 0.5 69.309 46.121 46.410 53.059 26.139 
2.5 0.5 73.336 48.737 44.428 58.969 25.204 
3 0.5 73.378 46.837 41.745 64.854 21.491 
4 0.5 72.452 41.969 39.247 71.251 23.636 
6 0.5 77.994 32.996 50.664 74.718 36.009 
7 0.5 78.319 38.420 43.670 78.073 36.541 
8 0.5 82.627 48.891 44.775 81.148 33.232 
10 0.5 85.775 35.680 48.356 88.188 75.650 
10 2.0 87.786 30.568 43.355 92.313 40.438 
15 2.0 103.840 65.538 58.502 116.190 62.130 
20 2.0 161.410 81.805 80.498 138.880 72.373 
25 2.0 163.630 106.520 87.729 164.03 86.944 
30 2.0 188.860 138.480 111.870 186.52 96.008 
40 2.0 237.040 289.910 162.570 214.42 143.83 
60 2.0 324.540 201.350 209.67 304.40 183.49 
70 2.0 425.120 502.810 286.06 364.86 173.81 
80 2.0 434.680 87.192 298.23 415.22 174.52 

100 2.0 546.330 806.03 303.00 519.73
  

325.66 
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Table 2: Resistivity survey Data around the study area (VES 6-10) 

AB/2 
 

 

MN/2 Resistivity 
(Ωm)  
Station 6 

Resistivity 
(Ωm)   
Station 7 

Resistivity 
(Ωm) Station 
8 

Resistivity 
(Ωm) Station 
9 

Resistivity 
(Ωm) Station 
10 

1 0.5  50.834 49.434 39.436 42.590 54.386 
1.5 0.5 59.072 60.156 41.135 43.153 63.203 
2 0.5 65.326 68.430 41.578 44.061 62.516 
2.5 0.5 69.085 69.392 45.268 40.126 61.513 
3 0.5 72.040 67.689 44.510 38.169 63.209 
4 0.5 72.928 63.353 44.704 32.695 62.370 
6 0.5 77.694 57.309 51.393 23.085 53.709 
7 0.5 80.275 52.701 48.904 53.740 51.401 
8 0.5 84.012 48.82 49.042 23.123 47.360 
10 0.5 92.126 43.008 49.481 23.054 43.003 
10 2.0 102.950 44.901 46.382 22.981 50.985 
15 2.0 118.780 38.948 44.208 26.728 43.98 
20 2.0 149.70 47.147 48.968 40.024 34.666 
25 2.0 160.39 59.3667 62.565 50.126 34.546 
30 2.0 171.68 79.434 78.080 70.694 33.211 
40 2.0 225.04 110.51 112.56 109.05 96.438 
60 2.0 393.11 185.19 205.71 146.21 189.20 
70 2.0 404.66 230.73 264.65 136.09 200.17 
80 2.0 416.51 247.47 254.10 131.13 222.56 

100 2.0 569.14   308.79 334.86 213.21 328.72 

 
 
Table 3: Resistivity survey Data around the study area (VES 11-15) 

AB/2 
 

 

MN/2 Resistivity 
(Ωm)  
Station 11 

Resistivity 
(Ωm)   
Station 12 

Resistivity 
(Ωm) Station 
13 

Resistivity 
(Ωm) Station 
14 

Resistivity 
(Ωm) Station 
15 

1 0.5  49.798 43.893 37.782 54.704 34.703 
1.5 0.5 52.600 56.861 31.829 57.991 41.723 
2 0.5 53.647 57.385 30.754 57.921 45.162 
2.5 0.5 56.290 55.987 27.043 54.442 43.290 
3 0.5 57.542 54.560 25.035 49.585 38.582 
4 0.5 57.033 46.642 23.108 44.938 33.279 
6 0.5 52.046 35.315 22.292 41.077 30.118 
7 0.5 48.657 31.846 20.081 38.351 34.579 
8 0.5 47.133 33.813 19.873 37.295 34.514 
10 0.5 40.288 22.412 27.735 37.516 37.351 
10 2.0 30.615 37.294 41.773 31.117 21.169 
15 2.0 50.778 30.754 44.003 41.841 32.271 
20 2.0 73.417 44.074 57.745 51.394 45.292 
25 2.0 102.77 51.043 68.877 61.009 57.326 
30 2.0 95.465 62.152 77.745 68.795 59.048 
40 2.0 179.46 86.710 103.66 83.485 67.211 
60 2.0 313.93 116.13 144.48 121.41 154.35 
70 2.0 335.17 131.89 220.83 148.99 135.09 
80 2.0 278.29 112.94 17.867 51.557 154.35 

100 2.0 356.73 136.09 204.01 251.35 225.16 
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Table 4: Resistivity survey Data around the study area (VES 16-20) 

AB/2 

 
 

MN/2 Resistivity 
(Ωm) 
 Station 16 

Resistivity 
(Ωm)   
Station 17 

Resistivity 
(Ωm) Station 
18 

Resistivity 
(Ωm) Station 
19 

Resistivity 
(Ωm) Station 
20 

1 0.5  39.801 52.931 32.233 45.237 55.321 
1.5 0.5 49.728 55.132 56.923 43.43 53.553 
2 0.5 54.118 60.453 51.765 44.23 53.012 
2.5 0.5 54.512 60.455 45.382 50.12 60.321 
3 0.5 55.502 59.43 44.451 50.87 72.93 
4 0.5 55.796 53.62 41.532 61.2 77.643 
6 0.5 53.879 45.43 38.704 74.43 80.32 
7 0.5 53.453 48.43 37.612 83.24 80.23 
8 0.5 54.348 44.54 34.642 87.23 87.8705 
10 0.5 58.120 38.345 33.525 138.1 106.545 
10 2.0 60.013 35.432 42.231 142.5 138.1 
15 2.0 82.248 65.564 46.321 115.78 289.73 
20 2.0 104.01 81.453 53.213 167.3 201.55 
25 2.0 126.58 100.545 71.321 181.45 306.64 
30 2.0 133.30 130.45 77.8745 190.006 308.193 
40 2.0 154.78 145.24 87.231 200.43 324.5 
60 2.0 4.4088 237.32 102.45 243.76 375.878 
70 2.0 217.88 251.65 157.324 267.23 405.2 
80 2.0 251.26 286.1 202.31 324.65 445.1 
100 2.0 328.71  345.545 256.2 269.213 502.543   

 
VES 1 

 
 
The geoelectric parameter (thickness and resistivity) in two dimensions. Three geoelectric layers were identified in 
the study area by the interpreted result. 
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VES 2 

 
 
The geoelectric parameter (thickness and resistivity) in two dimensions. Three geoelectric layers were identified in 
the study area by the interpreted result. 

 
 
VES 3 

 
 
Geoelectric parameters (thickness and resistivity) in two dimensions. Three geoelectrical 
layers were identified in the study area by the interpreted result. 
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VES 4 

 
 
Geoelectric parameters (thickness and resistivity) in two dimensions. Four geoelectrical layers were identified in 
the study area by the interpreted result. 

 
VES 5 

 
 
The geoelectrical parameters (thickness and resistivity) in two dimensions. Three geoelectric layers were identified 
in the study area by the interpreted result. 
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VES 6 

 
 
The geoelectrical parameters (thickness and resistivity) in two dimensions. Four geoelectric layers were identified 
in the study area by the interpreted result. 

 
VES 7 

 
The geoelectrical parameters (thickness and resistivity) in two dimensions. Four geoelectric layers were identified 
in the study area by the interpreted result. 

 
 
VES 8 
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The geoelectrical parameters (thickness and resistivity) in two dimensions. Four geoelectric layers were identified 
in the study area by the interpreted result. 

VES 9 

 
 
The geoelectrical parameters (thickness and resistivity) in two dimensions. Three geoelectric layers were identified 
in the study area by the interpreted result. 

 
VES 10 

 
 
The geoelectrical parameters (thickness and resistivity) in two dimensions. Three geoelectric layers were identified 
in the study area by the interpreted result. 
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VES 11 

 
The geoelectrical parameters (thickness and resistivity) in two dimensions. Three geoelectric layers were identified 
in the study area by the interpreted result. 

 
VES 12 

 
 
The geoelectrical parameters (thickness and resistivity) in two dimensions. Five geoelectric layers were identified 
in the study area by the interpreted result. 

 
VES 13 

 
 
The geoelectrical parameters (thickness and resistivity) in two dimensions. Three geoelectric layers were identified 
in the study area by the interpreted result. 

 
VES 14 
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The geoelectrical parameters (thickness and resistivity) in two dimensions. Four geoelectric layers were identified 
in the study area by the interpreted result. 

 
VES 15 

 
 
The geoelectrical parameters (thickness and resistivity) in two dimensions. Three geoelectric layers were identified 
in the study area by the interpreted result. 

 
VES 16 

 
 
The geoelectrical parameters (thickness and resistivity) in two dimensions. Three geoelectric layers were identified 
in the study area by the interpreted result. 
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VES 17 

 
 
The geoelectrical parameters (thickness and resistivity) in two dimensions. Four geoelectric layers were identified 
in the study area by the interpreted result. 

VES 18 

 
The geoelectrical parameters (thickness and resistivity) in two dimensions. Four geoelectric layers were identified 
in the study area by the interpreted result. 

 
VES 19 

 
 
The geoelectrical parameters (thickness and resistivity) in two dimensions. Three geoelectric layers were identified 
in the study area by the interpreted result. 
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VES 20 

 
 
The geoelectrical parameters (thickness and resistivity) in two dimensions. Two geoelectric layers were identified 
in the study area by the interpreted result. 

 
Table 5: Borehole log of Kibiya (Kano State Rural Water Supply and Sanitation Agency 
RUWASA, 2021)   

S/N LITHOLOGICAL LAYERS THICKESS (M) 

1 Lateritic/clayed soil 0 – 6 
2 Highly weathered basement 6 – 12 
3 Slightly weathered granitic basement 12 – 18 
4 Fracture/fresh basement complex 18 – 50 

 
Table 6: The VES's generated resistivity values in the study area. 

S/N RESISTIVITY (Ωm) THICKESS (M) ROCK TYPE 

1 4.96 – 240 0.159 – 1.19 Topsoil 
2 9.86 – 92.1 1.69 – 5.11 Laterite soil 
3 16.4 – 1439 6.66 – 16.4 Weathered basement 
4 70  – 279 26.1 – 40.6 Fractured basement 
5 1640 – 91910         – Consolidated rocks 

 
DISCUSSION  
The geophysical investigation of subsurface water in Kibiya Local Government using 
electrical resistivity techniques revealed significant insights into the subsurface characteristics 
and aquifer distribution. The findings provide a comprehensive understanding of the 
geological and hydrogeological factors contributing to water scarcity in the area. The 
resistivity survey identified five major geologic layers: topsoil, laterite soil, weathered 
basement, fractured basement, and consolidated rock. These layers were consistent with the 
borehole log data presented in Table 5, corroborating the geological stratigraphy of the study 
area. The presence of weathered and fractured basement aquifers, identified as the primary 
aquifers, underscores the importance of subsurface weathering and fracturing in groundwater 
storage and movement. 

 
The drying up of hand-dug wells and boreholes in the study area can be attributed to the 
limited thickness and lateral extent of the aquifer units, as well as their dependence on 
localized geological features. Table 6 highlights the resistivity and thickness values of the 
identified aquifer zones, which are often constrained by the fresh basement rock, a relatively 
impermeable layer that restricts groundwater recharge and flow. 
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The study identified notable differences in resistivity values throughout the various 
geological layers, highlighting the diverse lithological and hydrogeological conditions 
present. The topsoil, exhibiting resistivity values between 21.5 Ωm and 62 Ωm, is typically 
composed of sandy or lateritic materials that retain moisture. Below this layer, the clay or 
lateritic deposits showed resistivity values that ranged from a low of 4.96 Ωm (at VES 13) to a 
high of 91 Ωm (at VES 7), suggesting the presence of fine-grained, low-permeability materials 
with a limited capacity to store groundwater. 

 
The weathered basement aquifer, found in most VES stations, had moderate resistivity 
readings (10.7 Ωm at VES 12 to 279 Ωm at VES 4) and considerable thickness, reaching up to 
40.6 m (at VES 16). This makes it the main source of groundwater in the area. The fractured 
basement aquifer displayed higher resistivity values, often surpassing 1,000 Ωm, which 
indicates the presence of partially decomposed, water-containing rock formations. There was 
considerable variation in the depth to the aquifers, with the shallowest one at about 0.16 m (at 
VES 1) and the deepest exceeding 40 m (at VES 16). 

 
A notable finding was the very high resistivity values greater than 10,000 Ωm observed in 
fresh basement rock, particularly at VES stations 14 and 10. These measurements suggest the 
existence of solid, impermeable bedrock, which serves as the foundation for groundwater 
exploration in the area. The variability in aquifer characteristics aligns with research from 
other regions with similar Precambrian geological formations. A prior study by Musa and 
Tijani (2014) emphasized the significant impact of weathering and fracturing on the 
distribution and accessibility of groundwater. 

 
Groundwater exploration in Kibiya faces challenges, such as the limited thickness of some 
aquifers and the existence of clay layers that hinder water movement. Additionally, issues like 
cultural noise and topographic variations during data collection may have affected the 
resistivity readings (Sarma & Rao, 2015). To overcome these challenges, incorporating other 
geophysical methods, like seismic refraction, could improve the precision of subsurface 
characterization and enhance groundwater exploration efforts. 

 
CONCLUSION 
Geophysical investigation using VES techniques has been conducted at Kibiya LGA Kano 
state. To determine the geological features affecting the drying up of hand-dung wells and 
boreholes in the region, an investigation was carried out. Using Schlumbeger electrodes 
spaced 0–200 meters apart, 20 VES points were conducted throughout the study area in order 
to determine the depth and apparent resistivity value of the geoelectric layers. The aquifer's 
depth, thicknesses, and apparent resistivity were produced through analysis using IPI2win 
software. The VES points identified two primary aquifer types: the weathered basement and 
fractured basement aquifers, located within five distinct geological layers: topsoil, laterite, 
weathered basement, fractured basement, and fresh basement rock. The weathered basement 
was found to be the main source of groundwater in the area, with resistivity values ranging 
from 10.7 Ωm to 279 Ωm and depth from 0.159m to 40m across various VES points, showing 
considerable thickness. 

 
The VES data also highlighted significant variations in the depth and resistivity of these 
aquifers at different locations. For instance, at VES points 1 and 7, the weathered basement 
aquifer was relatively shallow, whereas, at VES 4, 12 and 16, it extended to greater depths, 
emphasizing the localized nature of groundwater availability. The fractured basement 
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aquifer, which showed higher resistivity values, was observed at deeper levels in the study 
area. Additionally, the fresh basement rock layer, with very high resistivity, formed an 
impermeable barrier, restricting groundwater flow and recharge. These findings explain the 
drying up of hand-dug wells and boreholes in the region. The limited extent and thickness of 
the aquifers, coupled with the presence of fresh basement rock, restrict the availability of 
water.  
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