



DELINEATION OF GROUNDWATER AT ISEYIN, SOUTH WESTERN NIGERIA

ABSTRACT

Aims: This research was carried out to determine: the variation in resistivity of the different soil profiles in the area, the depth and thickness of the weathered basement, the depth and thickness of the aquifer, the depth to basement, and to establish areas suitable for borehole development. 

Materials and Methods: Vertical Electrical Sounding (VES) was carried out using Schlumberger electrode array. A pair of potential and current electrodes was arranged in such a way that the potential electrodes were positioned in between the current electrodes and the positioning of the electrodes was set out using the measuring tape. The Ohmega resistivity meter was used for the data collection which measures the apparent resistivity of the subsurface.
Results and Conclusions: The results showed that the area is composed of four (4) to five (5) layers, namely; the topsoil,  clay, sandy clay/clayey sand, sand, and dry sand. The top soil has apparent resistivity ranging from 134.2 to 790.9
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 with thickness and depth between 0.4 and 2.4 m. Clay is found mainly in traverses 1, 7, and 8. It has apparent resistivity ranging from 37 to 77.4
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, thickness between 2.9 and 1.9 m and depth within 5.0 and 16.9 m. Sandy clay/ clayey sand are concentrated in traverses 1, 3, 5 and 8 with apparent resistivity range between 18.4 and151.8
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;thickness  of about 1.3 to 18.8 m , and depth ranging from 2.3 to 35.7 m. The sand has apparent resistivities of about 226.2 to 610.8; thickness between 0.4 and 7.7 m, and depth ranging from 1.0 to 12.2 m. They are found in traverses 2, 3, and 4. Dry sand/ dry sand (with quartzite) have apparent resistivities ranging from 407.8 to 924.3
[image: image4.wmf]m

W

. It has thickness ranging from 0.8 to 3.2 m and depth between 0.8 and 5.1 m.  Perched aquifer could be found in sand and sandy clay. Wet sand contains both confined and unconfined aquifers while clayey sand harbours confined aquifer.
Key words: Schlumberger array, Vertical Electrical Sounding, Iseyin, Aquifer, Basement
1. INTRODUCTION 

 “Water that occupies the voids and pore spaces underneath the earth's crust is called groundwater. Groundwater is one of the earth’s most widely distributed resources and is increasingly catering to the requirements of the domestic, industrial and agricultural sectors. The value of groundwater is because it is dependable, widely distributed and can be put to use with ease and speed. Besides, the groundwater schemes have a very short gestation period and the resources are directly under the control of the uses. In recent years, rapid

progress has been made in the development of groundwater resources, especially for irrigation and domestic use” (Akujieze and Oteze, 2003; Sunkari et al.,2021).
“Groundwater is one of the most important natural resources. It is normally used to augment the supplies from surface sources and sometimes it is the main source of water supplies”          ( Dawodu, 2013). “To harness groundwater for domestic and industrial usage usually require the drilling of boreholes which is quite expensive and is prone to failure when there is no prior knowledge of the sub surface geology, hence the need for thorough geophysical studies” ( Dawodu, 2013).
Groundwater is water located beneath the ground surface in soil pore spaces and in the fractures of lithological formations and it is a key resource for human development.  It is considered an important necessity in the sustenance of life. The average amount of water used domestically each day by every person is about 190 litres (Hamill and Bell, 1986) and surface water resources account for less than 2 percent of the world’s fresh water. Other sources include connate water, underground water i.e. where water is trapped exactly. A unit of rock or an unconsolidated deposit is called an aquifer when it can yield a usable quantity of water. Naturally, 53% of all population relies on groundwater as a source of drinking water and this percentage is higher in rural areas. In view of the ever-increasing demand for groundwater, greater emphasis is now being placed on a planned and optimal utilization of this resource. 
“The traditional methods for characterizing layers include test hole drilling and analysis of log and the objective is to characterize the thickness and / or lateral extent of the protective layer. Disadvantages of such investigation are that they can be labour- intensive and expensive” (Gbadebo et. al., 2012). Over the past few decades, the use of geophysics for both groundwater resources mapping and for water quality evaluations has increased significantly. The vertical electrical sounding (VES) has proved very popular with groundwater studies due to simplicity of the techniques. Iseyin and its environ have been suffering from inadequate supply of potable water for years. They need regular supply of water for agricultural activities and domestic purposes. Over the years, some of the boreholes and hand dug wells could barely supply the needed water during the raining season and agricultural activities used to be at low ebb during the dry season due to unavailability of water for irrigation.  The purpose of this paper is to use resistivity data and interpreted geoelectrical soundings to study aquifer conditions such as depth and nature, in Iseyin community. The study will also help to make projections for groundwater supplies in the area. 

2. MATERIALS AND METHODS:
2.1 SITE DESCRIPTION AND GEOLOGICAL SETTING

Iseyin lies within longitudes 3o14′13.4″E to 3o14′19.2″E and latitudes 7o57′52.4″N to N7o57′57.2″N (Figure 1) with an area extent of about 50km2.  Iseyin has a tropical climate with dry and wet seasons and relatively high humidity. The average temperature is 26oC and highest at about 28oC in March. The vegetal cover of the area is that of the Equatorial Guinea savannah. The area is moderately vegetated with presence of trees and shrubs. It is overlying on the Precambrian basement complex rocks of Southwestern Nigeria. The local lithologic units identified in the study area, are the migmatite – gneiss, biotite, gneiss, granites and quartzite. Figure 2 shows the dentritic drainage pattern of  Iseyin and its environs.
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Figure 1 Geological map of Iseyin and its environs.
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Figure 2. The dentritic drainage pattern of Iseyin and its environs.

2.2 REGIONAL GEOLOGY OF THE STUDY AREA

Iseyin and its environs fall within the basement complex and the South-western part of Nigeria basement complex, and consist of the crystalline basement complex rocks. The geology of Nigeria crystalline rocks are divided into three groups which are: the basement complex, the younger granite, and tertiary – recent volcanic. The South-western part of Nigeria basement complex is of low grade sediments which is dominated by schist belt. This basement complex has been described as newer meta-sediments (Rahaman, 1988), younger meta-sediments (Olayinka and Olayiwola, 2001) and unmigmatized to slightly migmatized schist (Rahaman, 1976). The schist belts are believed to be relics of a supra crustal cover which was folded into migmatite – gneiss – quartzite complex (Oyediran and Adeyemi, 2011a). The schist belts are intruded by Pan African granitoids. The Nigerian basement complex is composed of five major rock types which are the polycyclic migmatite – gneiss (quartzite), schist belts (composed of meta – sedimentary and meta-volcanic rocks), charnokitic, gabbroic and dioritic rock (older granites). 
The area of study (Iseyin) is located within the basement complex of South-western Nigeria   which is also part of the rocks of the Precambrian basement complex.  Lithological, the area is made up of more than ten different rock types. These include quartzite, banded gneiss, granite gneiss, quartz-vein, pegmatite, mica-schist, schisto-quartite (weathered), granite, augen gneiss and  garnetiferous gneiss. Some of these rocks were intruded by pegmatite and quartz veins.
2.3 METHODOLOGY:
A geoelectric survey of groundwater potential was carried out in Iseyin, South West Nigeria  using Ohmega Resistivity Meter. The Schlumberger configurations were used for the data acquisition (Telford, et. al, 1976), and in the process, ten (10) vertical electrical resistivity soundings (VES) were carried out at different locations. The VES data obtained were interpreted using WinRes software (Okunlola et al, 2016). A pair of potential electrode was connected to the potential unit and current electrode to the current unit of the resistivity meter using the insulated copper wire cables. A total of ten depth-sounding stations that run from N-S and W-E were occupied along the field at the study area. The co-ordinates of each VES station were recorded with their respective elevation above sea level using a GPS device (Olayinka and Oladunjoye, 2014). The VES data were plotted on log-log graph with the apparent resistivity (
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) values on the vertical axis and the electrode separation (AB/2) on the horizontal axis.  The VES was conducted by using the schlumberger array (AB) ranging from 2 metres to 200 metres (AB/2 was 1 – 100 m) along the abscissa. The curves were interpreted qualitatively through visual inspection and quantitatively through partial curve matching. The results were further iterated using WINRESIST Software.
3. RESULTS 
Figures 3 to 12 show the field and theoretical curves of VES 1 to VES 10 while Table 1 shows the summary of Geoelectric Interpretation for the ten VES stations in the study area (Iseyin).
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          Figure 3: Field measurements and theoretical curves for VES 1.
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       Figure 4: Field measurements and theoretical curves for VES 2.
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Figure 5: Field measurements and theoretical curves for VES 3.
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Figure 6: Field measurements and theoretical curves for VES 4.
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Figure 7: Field measurements and theoretical curves for VES 5.
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Figure 8: Field measurements and theoretical curves for VES 6.
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Figure 9: Field measurements and theoretical curves for VES 7.
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Figure 10: Field measurements and theoretical curves for VES 8.
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Figure 11: Field measurements and theoretical curves for VES 9.
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Figure 12: Field measurements and theoretical curves for VES 10.
Table 1: Summary of Geoelectric interpretation for the ten VES stations in Iseyin
	VES No
	Geoelectric layer
	Resistivity (Ω)
	Thickness (m)
	Depth (m)
	Inferred lithology

	1
	1
	208.3
	1.3
	1.3
	Top soil

	
	2
	301.5
	3
	4.3
	Wet sand

	
	3
	106.4
	2.4
	6.7
	Sandy clay (Perched aquifer)

	
	4
	74.6
	3.6
	10.2
	Clay

	
	5
	582.9
	----
	----
	Dry sand

	2
	1
	790.9
	2.1
	2.1
	Top soil

	
	2
	67.6
	2.9
	5
	Clay/ Surface water

	
	3
	776.1
	28.7
	33.7
	Dry sand (with quartzite)

	
	4
	584.3
	----
	----
	Wet sand (Confined aquifer)

	3
	1
	201.6
	2.4
	2.4
	Top soil

	
	2
	555.1
	0.4
	2.9
	Sand

	
	3
	108.7
	6.7
	9.6
	Sandy clay (Perched aquifer)

	
	4
	924.3
	----
	----
	Dry sand (with quartzite)

	4
	1
	1074.9
	0.8
	0.8
	Dry sand

	
	2
	244.7
	3.6
	4.5
	Sand ( Perched aquifer)

	
	3
	226.2
	7.7
	12.2
	Sand

	
	4
	236
	==
	----
	Sand

	5
	1
	313.2
	1
	1
	Top soil

	
	2
	100.9
	1.3
	2.3
	Sandy clay (Perched aquifer)

	
	3
	1014.4
	1.9
	4.2
	Dry sand

	
	4
	160
	18.4
	22.6
	Clayey sand ( Confined aquifer)

	
	5
	780.9
	===
	===
	Sand (with quartzite)

	6
	1
	521.4
	0.7
	0.7
	Top soil

	
	2
	535.8
	0.3
	1
	Sand

	
	3
	411.2
	2
	3
	Sand

	
	4
	153.4
	20
	23
	Wet sand (Confined aquifer)

	
	5
	5723.3
	-----
	-----
	Dry sand

	7
	1
	134.2
	0.4
	0.4
	Top soil

	
	2
	610.8
	1.5
	1.9
	Sand

	
	3
	37
	6.3
	8.2
	Clay

	
	4
	1107
	---
	---
	Dry sand

	8
	1
	261.3
	1.9
	1.9
	Top soil

	
	2
	532.6
	3.2
	5.1
	Dry sand

	
	3
	77.4
	11.9
	16.9
	Clay

	
	4
	151.8
	18.8
	35.7
	Sandy clay

	
	5
	389.6
	----
	----
	Wet sand

	9
	1
	164.3
	0.5
	0.5
	Top soil

	
	2
	681.2
	1.3
	1.8
	Dry sand

	
	3
	245.8
	4.2
	16.1
	Wet sand (Unconfined aquifer).

	
	4
	435.4
	----
	----
	Dry sand

	10
	1
	189.7
	0.4
	0.4
	Top soil

	
	2
	407.8
	1
	1.5
	Dry sand

	
	3
	205.3
	10.8
	12.3
	Wet sand (Unconfined aquifer)

	
	4
	1309.0
	-----
	----
	Very dry sand


4. DISCUSSION
     4.1 VES ONE

The geoelectric section of VES 1 (Figure 3)  indicates five geoelectric layer and its apparent resistivity curve is the KQH – type, with 
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. The first layer has an apparent resistivity value of 208.30
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 with a thickness of about 1.30 m indicating the top soil. The second layer has a resistivity value of 301.50 
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 with a thickness of 3.0 m and it shows the presence of wet sand. The third layer with a low apparent resistivity value of 106.40 
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 and a thickness of 2.40 m is suspected to be sandy clay. The fourth layer with an extremely low resistivity value of 74.60 
[image: image22.wmf]m

W

 and a thickness of 3.60 m is clay. The fifth layer has an apparent resistivity value 582.90 
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 and it is suspected to be dry sand. The third geoelectric layer of depth 6.70 m is a perched aquifer.
4.2 VES TWO

The geoelectric section of VES 2 indicates four geoelectric layer and its apparent resistivity curve is the HK – type, with 
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. The first layer has a resistivity value of 790.90 
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 with a thickness of 2.10 m indicating the top soil. The second layer with a resistivity value of 67.6 
[image: image26.wmf]m
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 and a thickness of 2.9 m is suspected to be clay/ surface water. The third layer of an apparent resistivity value 776.10
[image: image27.wmf]m
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 and a thickness of 28.70m shows the presence of dry sand with quartzite intrusion. The fourth layer has an apparent resistivity value of 584.30 
[image: image28.wmf]m
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 and it contains wet sand. The fourth layer of depth greater than 33.70 m is a confined aquifer.
4.3 VES THREE

The geoelectric section of VES 3 indicates four geoelectric layers and its apparent resistivity curve is the KH – type, with 
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. The first layer has an apparent resistivity value of 201.60
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  with a thickness of 2.40 m, and it indicates the top soil. The second layer with a resistivity value of 555.10 
[image: image31.wmf]m
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 and a thickness of 0.4 m shows the presence of sand. The third layer has an apparent resistivity of 108.70
[image: image32.wmf]m
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 with a thickness of 6.70 m and it is made up of sandy clay. The fourth layer is composed of dry sand with quartzite intrusion, and it has an apparent resistivity value of about 924.30
[image: image33.wmf]m

W

. The third layer with a depth of about 9.60 m is a perched aquifer. 

4.4 VES FOUR

The geoelectric section of VES 4 indicates four geoelectric layers and its apparent resistivity curves is the QH – type, with
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. The first layer has a resistivity value of 1074.90 
[image: image35.wmf]m
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 and a thickness of 0.8 m. It signifies dry sand. The second layer with apparent resistivity of 244.70 
[image: image36.wmf]m
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 and a thickness of 3.60 m depicts sand. The third and fourth layers having apparent resistivities of 226.20 and 236.0 
[image: image37.wmf]m
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 respectively contain sand. The second layer of depth 4.40 m is a perched aquifer (Loke and Dahlin, 2003).
4.5 VES FIVE

The geoelectric section of VES 5 indicates five geoelectric layers and its apparent resistivity curve is the HKH – type, with 
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. The first layer has an apparent resistivity value of 313.20 
[image: image39.wmf]m
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 and a thickness of about 1.0 m and it is interpreted to be top soil. The second layer with apparent resistivity of 100.90
[image: image40.wmf]m
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 and of thickness 1.30 m contains sandy clay. The third layer having a resistivity of 1014.40  
[image: image41.wmf]m
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 and a thickness of 1.90 m is composed of dry sand. The fourth layer with thickness of about 18.40 m and a low apparent resistivity of 160.00 
[image: image42.wmf]m
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 is presumed to be clayey sand. The fifth layer is made up of sand with quartzite intrusion. It has an apparent resistivity of about 780.90
[image: image43.wmf]m
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. The second layer is a perched aquifer, while the fourth layer is a confined aquifer.
4.6 VES SIX

The geoelectric section of VES 6 indicates five geoelectric layers and its apparent resistivity  curve is the KQH – type, with 
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. The first layer has an apparent resistivity of 521.40
[image: image45.wmf]m
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 and a thickness of 0.70 m and it depicts the top soil. The second and the third layers have apparent resistivities of 535.80 and 411.20  
[image: image46.wmf]m

W

 and thicknesses of 0.3 and 2.0 metres respectively. They are made up of sand. The fourth layer has a thickness of about 20.00 m and an apparent resistivity of 153.40 
[image: image47.wmf]m
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 and it is characterized to be wet sand. The fifth layer is dry sand and it has 5, 723.3 
[image: image48.wmf]m
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 as its apparent resistivity. The fourth layer with a depth of about 23.0 m is a confined aquifer.  
4.7 VES SEVEN

The geoelectric section of VES 7 indicates four geoelectric layers and its apparent resistivity curve is the KH- type, with 
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. The first layer having an apparent resistivity of about 134.20
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 and thickness of 0.40 m is the top soil. The second layer indicates the presence of sand. It has a thickness of about 1.50 m and an apparent resistivity of 610.80
[image: image51.wmf]m
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. The third layer has a very low apparent resistivity of 37.00 
[image: image52.wmf]m
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 and a thickness of 6.30 m. It depicts clay. The fourth layer of apparent resistivity 1107.00 
[image: image53.wmf]m

W

 is dry sand.

4.8 VES EIGHT

The geoelectric section of VES 8 indicates five geoelectric layers and its apparent resistivity curve is the KHA – type, with
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. The first layer has an apparent resistivity value of 261.30
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 with a thickness of 1.90 m and it depicts the top soil. The second layer has an apparent resistivity of 532.60 
[image: image56.wmf]m
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 and a thickness of 3.20 m, and it is interpreted to be dry sand. The third layer has a low resistivity of 77.40 
[image: image57.wmf]m
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 with a thickness of 11.90 m and it is suspected to be clay. The fourth layer of thickness 18.80 m and an apparent resistivity of about 151.80
[image: image58.wmf]m
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 is sandy clay. The fifth layer with apparent resistivity of 389.60
[image: image59.wmf]m
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 indicates the presence of dry sand.

4.9 VES NINE

The geoelectric section of VES 9 indicates four geoelectric layers and its apparent resistivity curve is the KH –type, with
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 . The first layer has an apparent resistivity value of 164.30
[image: image61.wmf]m
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 and a thickness of 0.50 m, and it signifies the top soil. The second layer has an apparent resistivity of 681.20 
[image: image62.wmf]m

W

 and a thickness of 1.30 m, and it depicts sand. The third layer having resistivity of 245.80 
[image: image63.wmf]m
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 and a thickness of 14.20 m is suspected to be wet sand. The fourth layer of apparent resistivity 435.40 
[image: image64.wmf]m
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 is composed of very dry sand. The third layer of depth 16.10 m is unconfined aquifer.
4.10 VES TEN

The geoelectric section of VES 10 indicates four geoelectric layers and its apparent resistivity curve is the QH – type, with
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. The first layer has an apparent resistivity of 189.70 
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 with a thickness of 0.40 m; it is the top soil. The second layer of thickness 1.0 m has an apparent resistivity of 407.80
[image: image67.wmf]m

W

, and it is composed of dry sand. The third layer having an apparent resistivity of 205.30
[image: image68.wmf]m
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 and a thickness of 10.80 m is characterized to be wet sand. The fourth layer of resistivity value 1,309
[image: image69.wmf]m
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 indicates the presence of very dry sand. The third layer is unconfined aquifer.
5. CONCLUSION
  About four (4) to five (5) lithological layers were encountered and they were composed of Topsoil, Quartzite, Granite, Clay, and Sand. Perched aquifer is found in sand and sandy clay. Unconfined aquifer is found mainly in wet sand while clayey sand and wet sand accommodate confined aquifer.
 Traverses, 1, 3, 4, and 5 indicate perched aquifer. Also, traverses 9 and 10 show unconfined aquifer, while 2, 5, and 6 show the presence of confined aquifer. Perched and unconfined aquifers can provide surface water via hand dugs which are liable to contamination. This is because they are shallower water tables which are affected by the conventional tropical dry season ( i.e. they dried up during the dry season), and are easily polluted or contaminated as a result of their closeness to the top soil. Traverses 2, 5, and 6 delineate confined aquifers that are suitable for the construction of boreholes because of the depth occurrence. Over fifteen thousand inhabitants live in this community, and seventy five percent of them depend on water from the streams as sources of portable water. The outcome of this research will in no doubt provide the populace the needed information on the cost of sinking bores with references to depth occurrence and locations. 
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