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ABSTRACT

Geoelectrical Investigation was carried out to evaluate the viability and to determine the subsurface lithology, depth to bedrocks for ground water potential at the School of Physical Science, Federal University of Technology, Gidan Kwano Campus Minna, Niger State, Nigeria. The area is located at the Basement Complex of Nigeria which comprises of Migmatites-Gneiss Complex, the Schist Belt, the older granites and unreformed acidic/basic dykes. Vertical Electrical Sounding (VES) Surveys were conducted using a resistivity meter along six (6) profiles at 100 m interval from each sounding point and a total of 36 VES measurement were made.  Schlumberger electrode configuration was adopted with maximum current electrode spacing (AB/2) of 100 m. The results of the VES is made up of three (3) distinctive lithologies; the first layer is Top Soil/Lateritic Particles with resistivity value between 4.8 and 147.5 Ωm its thickness is between 0.2 m and 1.3 m. The second layer is a weathered/fractured basement with resistivity values between 22.9 to 5457 Ωm its thickness ranges between 0.7 m to 36.3 m and the third layer is fresh basement with resistivity values from 22.1 and 43665 Ωm. The stimulated result from the field data shows 3-4 layers resistivity model. The layers are characterised by A, H, K, HA and KH curve types. The area was categorised into high, medium and low groundwater potential zones. Borehole should be drilled on the following VES points; A1, A3, B3, B4, C1, C2, D2, D3, E3, E4, F2 and F1, these VES points depicts zones of good fractures. 
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INTRODUCTION
Water is an essential resource for human development. It is used for various purposes which include domestic, industrial and agricultural purposes (Ibuot et al. 2017a). The growth of any community is hinged on the availability of basic amenities such as water, good road network and electricity. The search for sustainable, clean and portable water is a struggle that will never end as it aids in the growth of any community (Umar et al. 2019).

Groundwater is very important natural resources for sustainable development of a region (Kumar et al, 2014). Groundwater is the water in porous rocks beneath the water table. In other words, it is the water that is contained in aquifers. An aquifer is any geologically deposited material that has the ability to store and transmit significant quantity of water. Groundwater contains dissolved ions and allows current to flow through it due to the conductive nature of the ions. Permeability, porosity, resistivity, thickness of the layers and aquifer yield are subsurface properties that play important role in groundwater movement, availability and potential. Aquifers are found deep beneath the earth’s

Geo-electrical resistivity surveys are often used to search for groundwater in both porous and fissured media. Clean sands and gravels which have porosities always make good aquifers when saturated with fresh water which can easily be differentiated from lower-resistivity impermeable clays and marls and also from bedrock which is mainly of much higher resistivity. (Kumar et al 2014) The subsurface is made up of different geologic materials occurring at varying depths. In a basement complex terrain, the lithological unit that can be observed comprises of the weathered layer, weathered/fracture basement and fresh basement. 

GEOLOGY OF THE STUDY AREA 
Minna is generally a basement complex which is surrounded by rugged terrain of granitic rocks at north-eastern section, the rocks in Minna environs are mainly meta-sedimentary and meta-igneous in nature, and they have undergone many phase deformation and metamorphism. The Pan-African age intrusive rock cross cut the basement rocks, these intrusions forms the Minna and Paiko famous and pronounced Batholiths. 
Generally, five lithologic units can be recognized, these includes the schist occurring as a low-lying unit around southwest-north portion of the central part of Minna City, the Gneiss form suites at the Northern and Southern part making an observable contact with the granite deposit. Felspathic-Pegmatite is found at the eastern part. Minna area generally has thin overburden ranging from 3-7 metres (Alabi 2011).  The city has a mean annual rainfall of 1300 mm; the highest mean monthly rainfall is in September with about 3000 mm. On the average the raining season starts between April and ends October in a year. The temperature often ranges between 22°C to 40°C in some months.

The study area is situated on the Federal University of Technology's permanent campus at Gidan Kwano, Minna Minna is situated in the middle of Nigeria between latitudes 6023'N and 6029 'N and longitudes 9028'E and 9023'E On a scale of 1:250,000, the study area is located in Minna, Northwest Topographic Sheet 42. The investigating site is located behind physics and geography complex, School of Physical Sciences



[image: ]Figure 1.1: Geological map of Niger state (http://www.google.com)
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Figure 1.2: Map of the study of the study area (Google earth)
MATERIALS AND METHODS
The following tools were utilised to collect the data: an ABEM SAS 4000 Terrameter, a Global Positioning System (GPS) for precise VES point coordinates and elevation readings, metal electrodes, measuring tape, labelled tags for station location, and hammers for driving the electrodes into the ground. The Schlumberger array was adopted. The range of the AB/2 electrode spread was 1 to a maximum of 100 m. The apparent resistivity was calculated by multiplying the electrical resistances obtained for each electrode separation by the associated geometric factor (k). Equation (1) was used to calculate the apparent resistivity. Plotting apparent resistivity against AB/2 allowed for the presentation of sounding data to be shown as sounding curves. Next, the Schlumberger n-layer model curve was obtained using the IPI2win software.

The electrical resistivity survey involves laying out a series of electrodes, each driven into the ground about 50 cm. Their spacing is depends on the depth of penetration required. The further apart the electrodes, the deeper the resistivity measurements of the subsurface that can be taken. Typically resistivity surveys range in depth from a few metres to more than 100 metres. 
A total of Six (6) profiles with six (6) VES point along each profile of 250 m long (Figure 3.0), was conducted. Readings were taken from 36 VES points 50 m apart. The instrument used was stationed at each VES point with a total number of six persons, two with current electrodes, two with potential electrodes and two with the system taken the readings. The study adapted a maximum of 100 m current electrode separation (AB/2) and maximum of 15 m potential (MN/2) electrode separation. 
The readings were taken by increasing the current electrodes from 1 m to 100 m and potential electrodes spacing from 0.5 m to 15 m.
                  [image: ]
Figure 2.0: Schlumberger Electrode Array

a =K R									(1.0)
  Where
a = apparent resistivity
R =  is the earth resistance 
K =  is the geometric factor








	Rock type
	Range of resistivity(Ωm)

	Fadama loam
	30-90

	Weathered laterite
	150-900

	Fresh laterite
	900-3500

	Granite
	300-105

	Clays
	1-100

	Gravel
	100-1500

	Alluvium and sand
	10-800

	Quartzite (various)
Weathered laterite
Weathered basement
Fractured basement
Fresh basement
	10 - 2 × 108
150 – 900
20 - 500
500 - 1000
>1000



Table 1.0 Resistivity values of rock types (Salako et al. 2009)
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Figure 3.0: Field Profile Layout
The interpretation of the resistivity value for the n-layers was done for 36 VES points. The acquired data was then utilised to create the psuedo cross section contour maps using the IP2WIN computer application. The geoelectric sections are produced by the VES plots along the different profiles, and it is from these that the resistivity variation with depth and thickness was determined (Fig. 4

RESULT 
The results were summarized in a tabular form, giving information about the average layer resistivity, depth of each layer, thickness and the curve types (Table 3), while geoelectric section where the parameters in Table 3 were obtained is presented in Fig. 2.
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(a)  Curve of VES A1 on Profile A
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(b)  Curve of VES B1 on Profile B
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(c)  Curve of VES C1 on Profile C
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(d)  Curve of VES D1 on Profile D
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(e)  Curve of VES E1 on Profile E
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(f)  Curve of VES F1 on Profile F

[image: ]Figure 3: Geoelectric and geologic section along profile A

[image: ]Figure 4.1    Map of resistivity of Aquifer 


[image: ]Figure 4.2    Map of Aquifer Thickness 



[image: ]Figure 4.3    Map of Aquifer Depth

[image: ]Figure 4.4: Map of Overburden Thickness	


Table 2.0 Layer resistivity, depth and thickness
	VES 
Station
	Latitude
(0)
	Longitude
(0)
	No. of 
 Layers
	Layer Resistivity,  (Ω)
	
	
	
	Layer Depth, (m)
	
	
	Layer Thickness
	
	
	Curve
type

	
	
	
	
	
	
	
	
	d1
	d2 
	d3
	h1
	h2
	h3
	

	A1
	9.3235
	6.2651
	4
	147.5
	22.9
	61.0
	1037
	0.5
	1.3
	10.0
	0.5
	0.8
	8.7
	HA

	A2
	9.3238
	6.2650
	4
	2.83
	48.02
	142.4
	16908
	0.3
	2.8
	18.9
	0.3
	2.4
	16.1
	AA

	A3
	9.3241
	6.2650
	4
	7.6
	1679
	114.9
	829.9
	1.0
	1.3
	23.1
	1.0
	0.3
	21.8
	KH

	A4
	9.3244
	6.2650
	3
	4.8
	104.4
	17395
	∞
	0.3
	14.3
	∞
	0.3
	14.0
	∞
	A

	A5
	9.3247
	6.2650
	3
	106.2
	460.8
	43665
	∞
	0.5
	5.9
	∞
	0.5
	5.4
	∞
	A

	A6
	9.3250
	6.2651
	4
	139.3
	810.4
	2889
	52889
	0.5
	13.3
	60.9
	0.5
	12.8
	47.7
	AA

	B1
	9.3235
	6.2648
	4
	101.2
	1709
	516
	9702
	0.6
	4.1
	12.1
	0.6
	3.1
	8.0
	KH

	B2
	9.3238
	6.2648
	3
	28.6
	174.5
	18232
	∞
	1.2
	8.2
	∞
	1.2
	7.1
	∞
	A

	B3
	9.3241
	6.3647
	4
	100.5
	624
	79.8
	718.2
	0.6
	2.7
	14.6
	0.6
	2.1
	11.9
	KH

	B4
	9.3244
	6.2646
	4
	55.4
	154.2
	86.09
	31048
	0.8
	4.1
	32.1
	0.8
	3.3
	28.0
	KH

	B5
	9.3242
	6.2646
	4
	29.3
	710.8
	49.0
	2818
	0.7
	2.5
	14.1
	0.7
	1.8
	11.7
	KH

	B6
	9.3249
	6.2645
	3
	42.9
	95.2
	38096
	∞
	0.6
	36.3
	∞
	0.6
	35.7
	∞
	A

	C1
	9.3236
	6.2643
	4
	52.3
	1054
	95.5
	3096
	0.7
	1.4
	14.8
	0.7
	0.7
	13.4
	KH

	C2
	9.3239
	6.2143
	4
	63.7
	817.4
	296.1
	46093
	0.6
	3.1
	37.9
	0.6
	2.5
	34.7
	KH

	C3
	9.3241
	6.2642
	4
	54.5
	319.2
	26.0
	11889
	0.6
	5.6
	11.3
	0.6
	5.0
	5.7
	KH

	C4
	9.3244
	6.2643
	3
	6.6
	14.8
	773.8
	∞
	0.3
	26.0
	∞
	0.3
	25.7
	∞
	A

	C5
	9.3246
	6.2643
	3
	90.9
	468.2
	58.4
	∞
	0.6
	5.9
	∞
	0.6
	5.3
	∞
	K

	C6
	9.3249
	6.2643
	4
	20.2
	105.4
	26.9
	5819
	0.2
	5.0
	27.8
	0.2
	4.7
	22.8
	KH

	D1
	9.3235
	6.2640
	4
	37.0
	156.8
	3049
	343.7
	0.4
	2.7
	3.2
	0.4
	2.2
	0.5
	A

	D2
	9.3238
	6.2639
	4
	51.2
	625
	71.9
	1613
	0.6
	2.2
	27.0
	0.6
	1.5
	24.9
	KH

	D3
	9.3240
	6.2639
	4
	71.6
	3490
	109.7
	7267
	0.5
	1.0
	18.7
	0.5
	0.5
	17.7
	KH

	D4
	9.3243
	6.2639
	3
	44.8
	41.9
	1492
	∞
	1.2
	10.3
	∞
	1.2
	9.1
	∞
	H

	D5
	9.3246
	6.2639
	4
	12.4
	184.6
	34.89
	2458
	0.5
	5.3
	11.4
	0.5
	4.8
	6.1
	KH

	D6
	9.3248
	6.2639
	4
	19.5
	348
	78.7
	3094
	0.5
	1.0
	24.1
	0.5
	0.4
	23.2
	KH

	E1
	9.3238
	6.2636
	4
	138
	25.9
	210
	1259
	0.5
	5.3
	21.6
	0.5
	4.8
	16.3
	HA

	E2
	9.3238
	6.2636
	4
	49.3
	7260
	200.2
	747.2
	0.4
	0.7
	13.2
	0.4
	0.4
	12.5
	KH

	E3
	9.3241
	6.2636
	4
	49.1
	521.9
	74.8
	216.5
	0.6
	2.5
	9.8
	0.6
	2.0
	7.3
	KH

	E4
	9.3244
	6.2636
	4
	34.2
	648.9
	66.2
	1342
	0.6
	2.3
	15.4
	0.6
	1.6
	13.1
	KH

	E5
	9.3246
	6.2636
	4
	46.6
	134.4
	22.1
	4180
	1.3
	5.4
	11.0
	1.3
	4.1
	5.6
	KH

	E6
	9.3249
	6.2636
	4
	23.0
	106.5
	39.3
	27297
	0.4
	3.7
	11.0
	0.4
	3.3
	7.3
	KH

	F1
	9.3234
	6.2633
	4
	34.5
	587.9
	129.6
	20750
	0.6
	1.9
	24.7
	0.6
	1.4
	22.8
	KH

	F2
	9.3237
	6.2633
	4
	44.0
	2764
	222.6
	2468
	0.5
	0.9
	23.1
	0.5
	0.5
	22.2
	KH

	F3
	9.3239
	6.2632
	4
	47.6
	5457
	48.0
	354.7
	0.8
	2.1
	4.7
	0.8
	1.4
	2.6
	A

	F4
	9.3242
	6.2632
	4
	50.5
	308.3
	137.9
	981.5
	0.6
	6.7
	16.3
	0.6
	6.0
	9.6
	KH

	F5
	9.3244
	6.2633
	4
	76.2
	1425
	123.1
	3611
	0.6
	2.2
	24.1
	0.6
	1.5
	22.0
	KH

	F6
	9.3248
	6.2633
	4
	64.1
	534.2
	54.9
	555.8
	0.7
	4.4
	10.5
	0.7
	3.6
	6.1
	KH





DISCUSSIONS 
In this study, the groundwater potential and evaluation of the study area were analyzed using 36 Vertical Electrical Soundings (VES) distributed across the region. The VES points followed H, KH, A, HA, AA, and K curve types, providing a detailed understanding of subsurface characteristics. The aquifer resistivity map indicates that areas with resistivity values between 22.07 Ωm and 198.16 Ωm, such as VES B3, VES D5, and VES E4, are likely to have high groundwater potential. While regions with higher resistivity values of 553.42 Ωm to 809.82 Ωm are less favorable for groundwater extraction.
The overburden thickness map reveals a range from 4.71 m to 37.89 m, with the thickest overburden of 20.19 m to 37.89 m providing better protection and indicating potential for higher groundwater storage. Points such as VES A4, VES C3, and VES F3 are notable for their thick overburden, suggesting good protective capacity against surface contamination.
Aquifer thickness analysis shows substantial variability, with zones such as VES B3, VES D5, and VES E4 demonstrating significant aquifer thickness, making them ideal for borehole drilling due to their sustainable water yield potential. Based on these analyses, the most suitable VES points for borehole drilling, combining both low resistivity and favorable overburden thickness, are VES B3, VES D5, VES E4, and VES F4. These points are characterized by thick aquifers and moderate resistivity, suggesting high water yield potential and reduced risk of contamination.


CONCLUSION 
 The result of the vertical electrical sounding done in the study areas shows   three (3) distinctive lithologies; which are Top Soil, Weathered/Fractured basement and the fresh basement. Another conclusion is that from the interpreted data The overall groundwater potential rating of the study area is considered generally high, with 70% of the area having good to moderate protective capacity. Approximately 35% of the area falls within low-yield zones, primarily in the north-eastern and southern segments, while 65% of the area is classified as high or medium yield potential. This integrated analysis provides a reliable basis for selecting optimal sites for sustainable and effective groundwater extraction, ensuring a balance between accessibility, water yield, and protection from contamination in the Gidan kwano Campus of the Federal University Of Technology Minna.
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