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Abstract

Electrical resistivity data obtained from Akobo Area of Ibadan Oyo State, Nigeria was subjected to 1-D, 2-D and 3-D resistivity processing for  optimal groundwater potential evaluation. WinGlink Computer Software was utilized for the processing of the acquired data. The interpreted geoelectric sections correlate very well with the borehole logs.

Two aquifereous units were identified. First, the partly/fully weathered aquifers which have resistivity values that range from 20 to 370(m and thickness values that vary from 5.28 to 32.91m. Second, the fractured aquifers which have  resistivity values that vary between 370 and 551.6(m and thickness values that range from 9.43 to 11.39m. On the basis of resistivity contrasts, the ground water potential zones have been delineated with a proposed depth of about 25 to 40metres.
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1. Introduction   

Several geophysical tools find application in locating and defining subsurface water resources. They provide useful information on the subsurface geology of a region without the large cost of an extensive drilling programme. The results of a geophysical survey programme serve as a guide to the location of the minimum number of exploratory boreholes needed for both essential aquifers test and control of the geophysical interpretation. The most widely used geophysical method in hydrogeology is electrical resistivity technique.This is because it has the ability to define the horizontal and vertical zones of porous strata with minimal ambiguity and also it is cost effective. Resistivity survey is routinely employed in groundwater exploration to locate zones of relatively high conductivity corresponding to saturated strata at depth down to about 400m (kearey and brooks, 1984). The method is also capable of providing structural and lithological information as well as indication of groundwater quality (Auken and Christiansen, 2004, Dahlin et al, 1996, Loke and Barker, 1996, Olayinka and Yaramanci, 2000, and Vickery and Hobbs, 2003).

The area of study falls within the basernent complex of Nigeria where the rocks are devoid of primary porosity and permeability. On the other hand, the people in this zone depend largely on groundwater for their daily activities as the government could not meet their demand for water supply. Several attempts made in the past years by the individual and cooperate organizations to drill water boreholes have not produced desirable results due to the complex nature of the geology of the area. The geology is made up of crystalline rocks which are not porous and contain no water in their natural state unless when they have been deeply weathered and fractured. The delineation of water occurrence in these weathered rocks can be greatly accomplished by the use of geophysical techniques (Olayinka, A.I, 1999). To this end hydrogeophysical technique coupled with a priori information from borehole data and with the help of computer softwares was employed to unravel the hydrogeological potentials of the study area.

2. Geology and Hydrogeology of the Field Area

The southwestern Nigeria is underlain by the Precambrian basement rocks (Jones and Hockey, 1964). The basement complex of Nigeria forms a part of the African shield. It consists of folded gneisses, schist, and other undifferentiated metamorphic and igneous rocks, which cover 50% of the surface area of Nigeria.

The predominant surface outcrops in this area consists of quartzite, older granite, pegmatite and genesis rocks. Naturally, these rocks are not water bearing.

From the knowledge of the subsurface geology, it is envisaged that significantly high porosity and permeability may have developed through fracturing and weathering of the basement rocks. Permeability ranged nearly from zero in the solid rocks of this area to as much as hundreds in highly weathered/fractured rocks (Jones and Hockey, 1964). Thick, permeable overburden and thick weathered zones contributes to a high yield of ground water. The weathered zone usually has lower resistivity while the fresh basement rock has higher restivity.
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   Fig 1: Site map of the study area showing the VES locations

3. Field Procedure

Resistivity data were obtained using ABEM terrameter SAS 1000 System. The Wenner-Schlumberger arrays have been used due to the geology of the area as discussed ealier. The vertical electrical sounding (VES) data were obtained using the Schlumberger array. This techniques allows the determination of the over burden thickness and also to define zones of porous strata. On the other hand, the Wenner array was used to obtain the data used in the determination of lateral variations of resistivity. About twenty VES data were obtained (fig 1). To minimize erroneous interpretation due to human error, and also to optimally unravel the hydrogeological potentials of the study area, Computer-based software called WinGlink was used for the processing of the acquired data. The processed data were presented as 1-D model resistivity curves, 2-D contoured maps, 3-D basement relief/topographic map and subsurface geo-electric sections.

4. Results and Discussion

4.1. 1-D models Resistivity curves 

The resistivity data obtained from the field were used as input into a winGlink software for a computer iterated interpretation. The interpreted curves were presented as one-dimensional resistivitymodels (fig 2). Visual inspection of the curves show a three to four layers, representing the top clayey sand, fractured basement, partly/fully weathered basement and the fresh basement rocks (Table 1).
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Fig 2: Sample of 1-D model resistivity curves

Table 1: Representative of interpreted results


	VES Station
	Layer
	Resistivity

(Ohm-m)
	Thickness

(m)
	Depth (m)
	Inferred lithology

	
	
	
	
	
	 

	1
	1
	794.68
	0.81
	0.81
	Clayey Sand

	
	2
	438.34
	6.11
	6.92
	Factured Basement

	
	3
	224.53
	8.35
	15.27
	 Weathered Basement

	
	4
	1093.21
	-
	-
	Fresh Basement Complex

	2
	1
	395.59
	0.71
	0.71
	Clayey Sand

	
	2
	25.34
	5.09
	5.8
	Weathered  Layer

	
	3
	1337.58
	-
	-
	Fresh Basement Complex

	3
	1
	805.48
	0.27
	0.27
	Clayey Sand

	
	2
	183.45
	6.41
	6.68
	 Weathered Basement

	
	3
	24.73
	6.41
	13.09
	Weathered  Layer

	
	4
	1319.92
	-
	-
	Fresh Basement Complex

	4
	1
	2186.45
	0.38
	0.38
	Clayey Sand (Lateritic)

	
	2
	42.87
	5.98
	6.36
	Weathered  Layer

	
	3
	353.09
	-
	-
	Factured  Basement

	5
	1
	1697.76
	0.33
	0.33
	Clayey Sand (Lateritic)

	
	2
	171.79
	3.28
	3.61
	           Weathered Basement

	
	3
	60.78
	6.99
	10.6
	Weathered  Layer

	
	4
	5489.94
	-
	-
	Fresh Basement Complex

	6
	1
	2713.13
	0.8
	0.8
	Clayey Sand (Lateritic)

	
	2
	239.32
	7.86
	8.66
	Weathered  Layer

	
	3
	407.33
	5.89
	14.55
	Factured  Basement

	
	4
	1532.56
	-
	-
	Fresh Basement Complex

	7
	1
	1488.86
	0.43
	0.43
	Clayey Sand (Lateritic)

	
	2
	388.05
	3.27
	3.7
	Partly Weathered  Layer

	
	3
	770.68
	8.42
	12.12
	Lateritic clay 


4.2. 2-D contoured maps 

Maps of Aquifer thickness, basement/topographic relief, overburden thickness, partly/fully weathered layer resistivity and fractured layer resistivity and maps were produced using computer-controlled SURFFER programme. Figure 3 shows the overburden thickness map. The overburden thickness varies from 0.5 to 7.4m. This map enables one to see at a glance the drilling prospect in the study area. It has been classified that any area in which the overburden thickness is greater than the target, is not a good zone for ground water exploration. Here the probable aquiferous layers have unit thicknesses  that ranges from 5.3 to 32.9m (fig 4) thereby making this zone viable and economical in terms of groundwater exploitation. This map can also be used to evaluate the aquifer hydrogeological importance with respect to its ground water occurrence. Suitable areas where water boreholes could be sited can also be delineated with the help of this map. On the basis of aquifer thickness map, the northwestern and southwestern portions of the area have promising ground water potentials.

 Figure 5 shows the contoured map of the partly weathered /fractured layer resistivity map. Information on this map serves the same purpose as that of fully weathered basement rocks. The layer resistivity here varies from 100 to over 600(m. Weathered/fractured basement rocks usually have resistivity values that vary from less than 50(m to about 600(m. On the basis of the above, the degree and also the distribution of subsurface rock secondary porosity and permeability can be evaluated using the information in figure 5. Also the possibility of sitting water boreholes at different prospective locations in the study area can be viewed with the help of this map.  On the other hand, figure 6 shows the fully weathered layer resistivity map. The layer resistivity varies from 20.06 to over 300(m. From this map, it can be deduced that the northwestern as well as the southeastern parts of the surveyed area show good promising ground water occurrence.
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Fig 3: Overburden thickness map
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Fig 4: Aquifer unit thickness map
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   Fig 5: Partly Weathered/Fractured Layer Resistivity Map         
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Fig 6: Weathered Layer Resistivity Map
[image: image7.png]Legend
VI=VES STATION

Depth (m)

28





Fig 7a: 3-D Basement/Topographic relief map of the study area
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Fig 7b: 2-D Basement Relief/Topography Map
4.3   3-D Basement Relief Map

Figure 7a shows the three-dimensional basement/topographical relief map of the study area. The area falls within latitude 7.424(N to 7.438(N and between longitude 3.952(E to 3.966(E. The relief is low to high with minor undulation at the central region. On the other hand, figure 7b shows the 2-D basement relief map with the
depth that varies from 4 to over 28m. Usually, bedrock depressions in a typical basement area serves as groundwater collecting zones while bedrock ridges are characterized by thin overburden thickness. Also groundwater usually flows from the crest of the basement ridges into the bedrock depressions (Ariyo, 2009). To this end, the usefulness of this map in basement groundwater exploration cannot be overemphasized. 

4. 5. Geo electric Sections

The results in Table 1 was used to produce the geo-electric sections of the area. A priori information from available borehole data was used to infer the subsurface geology. Figure 8 shows the representative samples of the prepared geo-electric sections correlated with available borehole data. The section shows the subsurface geology to be made up of the top clayey sand, partly weathered/fully weathered basement, fractured basement and the fresh basement rocks.The resistivity values of the weathered layers range from 20 to 370(m while the thickness values vary from5.28 to 32.91m. On the other hand, the resistivity values for the fractured basement rocks range from 371 to 551(m and the thickness values vary from 9.43 to 11.94m. The resistive basement rocks have resistivity values that range from 1093.2 to over 5489.94(m and with no thickness values because the current terminated in this zone.
The resistivity values of the saturated weathered/fractured layers show promising groundwater potentials with respect to their depths.
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       Fig 8: Representative sample of the inferred geoelectric sections

                  using a priori information from borehole data  

4.6. Conclusion The possibility of sitting productive water boreholes in the vicinity of the study area was made manifested by the combination of the resistivity measurements with a priori information from borehole data. It is evident that the high resistivity layer usually corresponds to the fresh basement rock while the low resistivity layer corresponds to the saturated weathered rocks.
Using resistivity contrasts, areas with groundwater potentials have been discovered with a probable depth of 25 to 40m. It can be concluded that the concept of geophysical information in the optimal evaluation of hydrogeological potential of a geological environment cannot be quantified as clearly indicated by the results available in this survey.
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