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Abstract	

Electrical	resistivity	method	was	used	to	assess	groundwater	potential	and	vulnerability	of	over‐
burden	aquifers	at	Onibu‐Eja	active	open	dumpsite,	Osogbo,	Southwestern	Nigeria.	Eighteen	Ver‐
tical	Electrical	Sounding	(VES)	points	and	five	2‐D	imaging	profiles	established	in	five	traverses	at	
the	 periphery	 of	 the	 dumpsite	were	 surveyed	 and	 analysed.	The	 subsurface	 comprised	 of	 thin	
topsoil	(resistivity	65	‐	998	Ωm);	heterogeneous	weathered	layer	with	resistivity	63	‐	333	Ωm	and	
thickness	0.7	 ‐	8.5	m;	weathered	basement	(resistivity	31	 ‐	1253	Ωm	and	thickness	0.7	 ‐	27.0	m)	
and	 fractured/fresh	basement	 (resistivity	36	 ‐	6213	Ωm).	The	2‐D	 inverse	model	of	 the	profiles	
delineated	 low	resistivity	values	ranging	 from	5	 to	100	Ωm	at	a	depth	range	of	10	 ‐	20	m	along	
traverses	TR1‐TR3	which	is	attributed	to	leachate	percolation	close	to	the	dumpsite.	The	weath‐
ered	basement	was	inclined	relative	to	the	dumpsite.	The	total	overburden	thickness	varies	from	
6.9	to	33.7	m,	with	20	and	40	m	generally	recommended	as	productive	for	groundwater	abstrac‐
tion	in	Southwestern	Nigeria	occurring	in	61%	of	the	area.	Further,	about	85%	of	the	weathered	
layer	 resistivity	 values	 fall	 within	 medium	 groundwater	 potential	 (100	 ‐	 250	 Ωm)	 and	 high	
groundwater	potential	(>250	Ωm).	The	ranking	of	groundwater	potential	as	a	function	of	saprolite	
(weathered	basement)	resistivity	showed	that	72%	of	the	study	area	is	characterized	by	optimum	
weathering	 (20	 ‐	100	Ωm)	and	 is	classified	as	good	groundwater	potential.	Fractured	basement	
covered	<30%	of	the	study	area.	The	evaluation	of	aquifer	protective	capacity	has	helped	to	clas‐
sify	the	area	into	moderate,	weak	and	poor	protective	capacities	with	moderate	protective	capac‐
ity	zone	covering	72%.	
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1.	Introduction	

The city of Osogbo and its environs in southwestern Nigeria are experiencing population growth and urbaniza-
tion with its resultant pressure on the natural resources including both land and potable water supply. The state 
owned water board supplies water sourced and treated from the major river (River Osun). The water supply is 
grossly inadequate and some people rely on open surface water close to them. Groundwater that approximately 
50 percent of the world’s population uses every day  [1] becomes another alternative means of water supply.  

Osogbo area lies within the Precambrian basement complex terrain of southwestern Nigeria  [2]. Exploration 
of groundwater in hard rock terrain is a very difficult task when the favorable groundwater zones are associated 
with fractured medium. In this environment, the groundwater potential hinges mainly on the thickness of the 
weathered/fractured layer overlying the basement  [3]. According to  [4], the overburden materials have high po-
rosity, contain a considerable amount of water and exhibit low permeability due to its relatively high clay con-
tent. Aquifers in this basement terrain often occur at shallow depths, thus subjecting the water within to envi-
ronmental hazard, susceptible to surface or near-surface contaminants. The major threat facing groundwater is 
pollution and degradation due to human activities, which has made fresh water scarce  [5]. One of the most 
common sources of water pollution is dumpsites, whether landfill or open dump. Some dumpsites that were 
sited far from city centre are now being habited because of urbanizations. An example of such dumpsites is the 
Osun state main active open dump, Onibu-Eja Dumpsite, Osogbo (Figure 1(a) and Figure 1(b)) with residential 
buildings some few meters away. 

The aim of this study is to use electrical resistivity method to delineate the groundwater aquifers, identify 
contamination zones and recommend appropriate points for groundwater abstraction. Electrical resistivity me-
thod using Vertical Electrical Sounding (VES) has been employed in groundwater over the years to characterize 
aquifers in different geologic environments and to map fractures in basement areas  [6]- [10]. However, VES  

 

 

Figure 1. (a) A section of the Onibu-Eja active dumpsite and (b) an uncompleted house approximately 5.0 m distance from 
the dump which forms the problem associated with the site. 



N.	U.	Ugwu	et	al.	
 

 313
313

produces 1-D model of the subsurface, which is not sufficient in mapping areas of complex subsurface geology. 
The basic sounding interpretation assumption of horizontally stratified earth model, which does not match the 
local geological model, is the major limitations of these methods  [11]. The VES is complemented with Electrical 
Resistivity imaging which provides 2-D resistivity model of the subsurface, where resistivity changes in the ver-
tical as well as in the lateral direction along the traverse are mapped continuously even in the presence of geo-
logical and topographical complexities  [12]. 2D electrical resistivity imaging has been employed successfully in 
bedrock detection, geological mapping and groundwater investigation  [13]  [14]. 

2.	Study	Location	and	Geology	

Osogbo is located between latitudes N07˚45.505' and N07˚48.552' and longitudes E04˚29.611' and E04˚34.321' 
(Figure 2(a)). The geology of the study area can be explained within the context of the geology of the Precam-
brian basement complex of southwestern Nigeria which form a part of the basement complex of Nigeria  [2]  [15]. 
The basement complex is one of the three major litho-petrological components that make up the geology of Ni-
geria. The major metamorphic rock types discovered around the study area, Osogbo, Southwestern Nigeria are 
quartzite and banded gneiss (Figure 2(a)). The quartzite found was highly fractured and outcrops as a massive 
ridge in the southern part of the area (Figure 2(b)). The mineralogy of the quartzite was mainly quartz with little 
mica. There were presences of various structures on the quartzite which include: fracture and foliation. The 
structures found in banded gneiss rocks were banding and joints. The joint strike directions are S172SE, E120SE, 
E120SE, E128SE, E110SE, and the dip 80˚NE. The area is part of Osogbo Metropolis and being a State capital 
has witnessed rapid growth in population. Figure 3 shows the base map of the active open dumpsite long 
Osogbo-Iwo highway. It was located using eTrex Legend, Garmin, Global Positioning System (GPS) with map 
datum at Minna, Nigeria. The X and Y axes show the easting and northing respectively. The dumpsite is acces-
sible through a motorable path from the major highway. The dumping of waste started around 1992 and there 
was no engineering work on the site, which makes it purely an open surface dump. Although there is no record 
of the total tonnage of waste from inception, the estimated dimensions show that the dumpsite holds about 152 
metric tons of waste. The area is characterized by many rivers flowing NW-SE and discharging into river Osun. 
The area is characterized by the tropical rain forest. The temperature ranges from 19˚C to 34˚C with an annual 
mean temperature of about 24˚C. The average rainfall is about 350 mm  [16]. Leachate forms when rain falls and 
permeates through the waste dump, and can infiltrate across the unsaturated zone and transfer contaminated wa-
ter to the aquifer. 

3.	Materials	and	Method	of	Study	

Five traverses were established in W-E and S-N directions covering lateral distance between 105 to 240 m at the 
periphery of the dumpsite (Figure 3). The geophysical resistivity data was acquired with the Ohmega d. c. resis-
tivity meter. Profile imaging, using dipole-dipole array, were surveyed along the traverses at inter-electrode 
spacing of 5 m and expansion factor (n) varied from 1 to 5. The resulting apparent resistivity data was input into 
the DIPROFWIN software to obtain pseudosections. Inversions were run on the pseudosections to obtain theo-
retical data pseudosections and a 2D resistivity structure of the subsurface. The processed 2-D resistivity struc-
ture guided the location of vertical electrical sounding points. The Schlumberger array was adopted and eighteen 
VES points were carried out along the five traverses in W-E and S-N directions (Figure 3). The electrode spread 
of AB/2 was varied from 1 to 65 m. The electrical resistivity data was processed by plotting the apparent resis-
tivity values against the electrode spread (AB/2). This was subsequently interpreted quantitatively using partial 
curve matching method  [6] and computer assisted 1-D forward modelling with WinResist 1.0 version software 
 [17]. Maximum information about the subsurface lithology and overburden thickness was generated.  

The combination of the resistivity and thickness in the Dar Zarrouk parameter may be of direct use in aquifer 
vulnerability studies  [18]. The aquifer protective capacity characterization is based on the values of the longitu-
dinal unit conductance of the overburden rock units in the area. The longitudinal conductance (S) of the  
overburden at each station was generated from the equation:  

1

n
i

ii

h
S


  . 

where hi is the layer thickness, ρi is layer resistivity while the number of layers from the surface to the top of aq-
uifer varies from i = 1 to n. The various “randomly” distributed data were gridded at 10 m cell size (about half  
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Figure 2. (a) The simplified geology map of the study area showing road network and some geological features; 
(b) A massive outcrop of quartzite with joints which is one of geological feature in the study area. 
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Figure 3. Data acquisition map of the study area showing locations of the traverses (Tr) and VES 
points (V). 

 
the nominal data point interval) in the universal traverse Mercator co-ordinate system using an iterative program 
based on the minimum curvature technique with tension  [19]. Minimum curvature can cause undesired oscilla-
tions and false local maxima or minima, and use of tension (T > 0) helps to suppress these effects. They were 
then contoured at different intervals depending on the variables. 

4.	Result	and	Analyses	

The results are discussed under geoelectric sections, 2-D resistivity structure, and evaluation of groundwater po-
tential in terms of overburden isopach map and isoresistivity maps and aquifer protective capacity (evaluation of 
aquifer vulnerability). The resistivity sounding curve-types acquired from the surveyed area range from 3-layer 
(H) to 4-layer (KH) or 5-layer (HKH). Figure 4(a), Figure 4(b) are typical 1D resistivity curves of sampled 
VES stations showing observed apparent resistivity, calculated apparent resistivity and computed model. Sum-
mary of the formation of layer parameters and classification of the resistivity sounding curves is presented in 
Table 1. These type-curves, H, QH, KH and HKH can be interpreted in terms of the subsurface lithology (e.g.  
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Figure 4. (a) Typical resistivity field curves of sampled VES stations showing H-curve; (b) 
Typical resistivity field curves of sampled VES stations showing KH-curve. 
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Table 1. Summary of the geoelectric parameters over the study area. 

Resistivity of layer (Ωm) Thickness of layers (m) VES 
NO 

NO of 
layers 

Curve 
Type ρ1 ρ2 ρ3 ρ4 ρ5 h1 h2 h3 h4 

Depth to 
basement 

Longitudinal 
conductance 

(mhos) 

1 4 QH 805 333 54 398  0.5 1.6 9.1  11.2 0.174 

2 4 KH 179 258 136 16213  0.4 6.0 24.2  30.6 0.203 

3 5 HKH 119 73 271 31 6555 0.4 3.7 4.4 13.6 22.1 0.509 

4 4 KH 168 243 52 5648  0.4 3.0 19.3  22.7 0.386 

5 4 QH 127 108 49 7182  0.5 7.9 19.2  27.6 0.468 

6 5 HKH 161 78 212 54 7107 0.5 2.8 3.4 27.0 33.7 0.555 

7 4 KH 97 161 62 8618  0.5 5.1 22.5  28.1 0.400 

8 5 HKH 227 91 210 47 2824 0.6 3.5 3.8 14.6 22.5 0.370 

9 4 KH 114 151 43 4993  0.4 2.8 24.0  27.2 0.580 

10 4 KH 65 69 65 5128  0.5 3.2 19.8  23.5 0.359 

11 3 H 143 70 3106   0.9 18.5   19.4 0.271 

12 3 H 132 44 245   1.0 9.0   10.0 0.212 

13 5 HKH 219 52 161 54 1593 0.5 3.1 4.9 16.5 25.0 0.398 

14 3 H 299 83 2581   0.7 23.9   24.6 0.290 

15 4 HK 269 57 252 39  0.5 6.5 9.8  16.8 0.155 

16 4 HK 280 63 579 145  0.5 1.2 6.0  7.7 0.031 

17 4 HK 755 176 523 240  0.6 2.1 4.2  6.9 0.021 

18 4 HK 998 126 1253 36  0.8 6.3 3.0  10.1 0.053 

 
 [20]  [21]) and are often associated with groundwater possibilities  [22]. The nature of the lithologic sequence in a 
place can be used in qualitative sense to evaluate the groundwater prospect of an area  [23]. 

4.1.	Geoelectric	Sections	

The interpreted VES results were used to prepare 2-D geoelectric sections which show respective layer resistiv-
ity values and thicknesses (Figures 5(a)-(d)). The sections were prepared according to the number of VES 
points in each traverse. It helps to see clearly where there is thin overburden as well as thick overburden within 
the sounding locations. The geoelectric sections presented showed three-to-five subsurface layers which include 
the topsoil, clay/weathered layer, partly weathered basement/weathered basement and fractured/fresh basement. 

A maximum of three-to-five subsurface geoelectric units were delineated beneath VES points along traverse 
TR1 (Figure 5(a)). These include the topsoil (resistivity and thickness range of 119 to 805 Ωm and 0.4 to 0.5 m 
respectively) which overlies the weathered layer which has resistivity and thickness which vary from 243 to 333 
Ωm and 1.6 to 6.0 m respectively. The weathered layer is indicative of sand. Clay with resistivity value of 73 
Ωm and thickness of 3.7 m was delineated under VES point 3. The weathered basement has unsaturated clay/ 
sandy clay of resistivity between 31 and 136 Ωm and thickness between 4.4 and 24.2 m. The weathered layer/ 
basement constitutes the groundwater aquifer with total thickness range between 10.7 m and 30.2 m. A fractured 
basement with resistivity of 398 Ωm is delineated at VES point 1 and is favourable for groundwater. The most 
promising locations beneath this traverse are VES point 3 (approximately 58.0 m away from dumpsite) that has 
3.7 m thick clay which could prevent leachate from permeating into the 18.0 m thick groundwater aquifer and 
VES point 1 (approximately 103 m away from dumpsite) which has lateritic topsoil that prevents run off pollut-
ant from the dumpsite that could seep into the aquifer.  

The geoelectric section B-B’ delineated four to five distinct geoelectric layers along traverse TR3 about 28.0 
m away from the dumpsite (Figure 5(b)). Resistivity and thickness values in these layers range from 97 to 227 
Ωm and 0.5 to 0.6 m for the topsoil; clay (VES points 6 and 8) with resistivity of 78 and 91 Ωm and thickness of 
2.8 and 3.5 m; 108 to 212 Ωm and 3.4 to 7.9 m for the unconsolidated sandy clay/clayey sand sub-stratum, while 
the resistivity and thickness of the weathered basement varies from 47 to 62 Ωm and 9.2 to 27.0 m. The  
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Figure 5. (a) Geoelectric sections along traverse TR1 comprising VES points V1-V4; (b) Geoelectric sec-
tions along traverse TR3 comprising VES points V6-V8; (c) Geoelectric sections along traverse TR4 com-
prising VES points V11-V14; (d) Geoelectric sections along traverse TR5 comprising VES points V15- 
V18. 

 
weathered layer and weathered basement constitute the groundwater aquifer with highest thickness of 27.0 m at 
VES point 6. The fresh basement has resistivity which varies from 2824 to 8618 Ωm. The proximity of this tra-
verse to dumpsite makes the aquifer more vulnerable to contamination. However, VES points 6 and 8 could be 
considered as promising location for groundwater because of the presence of clay with thickness 2.8 m and 3.5 
m respectively which shields the aquifer. 

The geoelectric section C-C’ along traverse TR4 about 53 m away from the dumpsite consists of three to five 
subsurface geologic layers (Figure 5(c)). These include the topsoil, the clay/weathered layer with resistivities 
and thickness ranging from 52 to 161 Ω m and 3.1 m and 4.9 m; weathered basement (low resistivity varies from 
44 to 83 Ω m and thickness ranges from 9.0 to 23.9 m). Fresh bedrock was delineated under VES 11, VES 13 
and VES 14 while VES 12 showed fractured bedrock. 

In traverse TR 5, about 103 m away from the dumpsite, the geoelectric section D-D’ has a maximum of four 
subsurface layers (Figure 5(d)). These include the topsoil (clayey sand/laterite) with resistivity and thickness 
varying from 280 to 998 Ωm and 0.5 to 0.8 m respectively which lies above the water table. Clay with resistivity 
between 57 and 63 Ωm and thickness between 1.2 and 6.5 m was delineated at VES point 15 and 16 while wea-
thered layer (resistivity and thickness vary from 128 to 176 Ωm and from 2.1 to 6.3 m) is seen at VES point 17 
and 18. A partly weathered basement with resistivity and thickness varying between 252 and 1253 Ωm and 3.0 
and 9.8 m respectively is delineated overlying the fractured basement with resistivity range from 36 to 240 Ωm. 

4.2.	The	2‐D	Resistivity	Structures	Distribution	

The interpreted 2-D resistivity structure sections were merged to form a pseudo-3D pattern of the resistivity map 
of the study area. This arrangement of the resistivity sections makes it possible to observe the distribution trend 
of the resistivity pattern in the study area. The subsurface resistivity in the 2-D resistivity structure (Figure 6) 
shows a wide variation in the rock or lithology resistivity and at different depth along the profiles. The first two 
layers, the topsoil and weathered layer have resistivity value ranges between 30 Ωm and 1880 Ωm with thick-
ness varying from <2 m to about 10 m. The subsurface resistivity heterogeneity comes from the existence of 
clayey sand/sandy clay with lateritic clay and outcrop at traverse TR1 to TR5. The weathered basement is most-
ly characterized by low resistivity value ranges between 5 Ωm and 100 Ωm while thickness varies from 10 to 20 
m. This is seen on part of profiles along traverse TR1 to TR3 which are closer to the dumpsite as indicated in 
Figure 6.  

4.3.	Isopach	and	Isoresistivity	Maps	of	Aquifer	Units	in	the	Area	

The isopach and isoresistivity maps of the study area are shown (Figure 7 and Figure 8). The thickness of the 
overburden and the resistivity are important hydrogeologic considerations in groundwater development in the  
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Figure 6. The 2-D resistivity structures distribution showing low resistivity zones sus-
pected to be pollution plume.  

 
basement terrain. The reason for this is that water gets into the saturated zone through the overburden. 

4.3.1.	Assessment	of	Groundwater	Potential	in	Terms	of	Overburden	Thickness.	
Depth to fresh basement (overburden thickness) at each VES sounding station was gridded and contoured and 
shown as isopach map of the overburden (Figure 7). The overburden include the topsoil, weathered layer and 
partly/weathered basement. The depth to fresh basement varies from 6.9 to 33.7 m. Generally, the overburden 
thickness is trending N-S and high overburden thickness is observed near the dumpsite and low farthest away. 
The map has been subdivided into four zones of high (A); medium (B); low (C) and minimal (D) groundwater 
potential. In Figure 7 zone A shows that overburden thickness <40 m has 11%, zone B with overburden thick-
ness <30 m which is the most predominant occupies 50% while 28% overburden thickness for zone C is <20 m. 
the percentage of overburden thickness <10 m at zone D is 11%. 

4.3.2.	Assessment	of	Groundwater	Potential	Using	Isoresistivity	Maps	
1) Isoresistivity map of weathered layer 
The groundwater potential could also be zoned into high, medium and low potential based on weathered layer 

resistivity. The isoresistivity map of the weathered layer is shown in Figure 8(a). Zones where resistivity is 
<100 Ωm is classified as low groundwater potential, zone where resistivity ranges from 100 to 250 Ωm is classi-
fied as medium groundwater potential while zones with resistivity 250 Ωm are classified as high groundwater 
potential  [21]. This partly or generally correlates with the overburden thickness map (Figure 7). 

The weathered layer resistivity values vary from 63 to 333 Ωm. The study area is dominated by zone of me-
dium groundwater potential (100 to 250 Ωm). This zone is interpreted to be made of sandy clay/clayey sand. 
Zone of low groundwater potential (<100 Ωm) has impermeable clay materials. a porous and permeable sand is 
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Figure 7. Isopach map of the overburden thickness in the study area. Almost half the area has the optimum thickness (<30 
m). 

 
indicated as zone of high groundwater potential with resistivity >250 Ωm. 

2) Isoresistivity map of weathered basement 
The resistivity values of weathered basement at the various VES stations occupied in the study area were 

contoured and presented as isoresistivity map of weathered basement (Figure 8(b)). The resistivity values range 
from 31 to 1253 Ωm. This indicates that the material composition is largely clay/sandy clay/clayey sand  [24]- 
 [26].  

 [27]  [28] developed a scheme for ranking of groundwater potential as a function of saprolite (weathered 
basement) resistivity as presented in Table 2. This classification shows that resistivity range 20 - 100 Ωm is re-
lated with optimum weathering and groundwater potential while resistivity range of 101 - 150 Ωm are sugges-
tive of medium aquifer conditions and potential. When the weathered basement resistivity falls within the range 
of 151 - 300 Ωm, it is indicative of limited weathering and poor potential. By this classification, 72% of the 
study area (Figure 8(b) and Figure 9) is characterized by optimum weathering and groundwater potential with 
5.5% of the study showing medium aquifer conditions and potential. Also 5.5% account for areas of limited 
weathering and poor potential. The weathered basement resistivity values >300 Ωm represents 17%. This region 
offers no appeal for groundwater development unless it is overlain by thick overburden. Region of the map that 
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Figure 8. (a) The weathered layer resistivity distribution map of the study area; (b) The weath-
ered basement resistivity distribution map of the study area. 
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Table 2. Aquifer potential as a function of saprolite resistivity of the study area. 

Saprolite resistivity (Ωm) Aquifer characteristics 

<20 Clayey; limited aquifer potential 

20 - 100 Optimum weathering and groundwater potential 

101 - 150 Medium aquifer conditions and potential 

151 - 300 Limited weathering and poor potential 

>300 Negligible 

Source: Modified after  [27]  [28]. 
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Figure 9. Weathered basement resistivity classification of the study area.  
 
falls into clayey formation with resistivity <20 Ωm has limited aquifer potential. Again, general classifications 
agree with the previous overburden thickness (Figure 7) and weathered layer resistivity (Figure 8(a)) assess-
ments. 

4.4.	Bedrock	Resistivity	Distribution	Map	of	the	Study	Area	 	

Aquiferous units in the basement complex terrain are mainly found in the thick and porous weathered overbur-
den (saprolite zone) and the fractured part of the bedrock. The presence of these fractures further supports the 
groundwater potentials of those zones  [26]  [29]  [30]. Fractures influence the groundwater yield more than wea-
thered layer probably because of the relatively high permeability  [31]- [33]. A modified aquifer potential as a 
function of the fractured bedrock is shown in Table 3. The fractured/fresh bedrock resistivity values of the study 
area vary from 36 - 16,213 Ωm (Figure 10). High fractured permeability as a result of weathering is delineated 
at the eastern part with resistivity values <750 Ωm, an indication of high aquifer potential. Fairly low effect of 
fractures is noted at the central area within resistivity range of 1501 - 3000 Ωm; thus exhibiting low aquifer po-
tential. Over 55% of the area is underlain by fresh basement rocks with resistivities ≥3106 Ωm and this is seen at 
the western area, also extending to the north and south. These areas show little or no fractured bedrock; thus 
they have negligible aquifer potential. 

4.5.	Evaluation	of	Aquifer	Protective	Capacity	

Aquifer protective capacity (APC) is the ability of the overburden unit to impede and filter percolating ground 
surface leaching fluid from entering into the aquiferous unit  [35]. The aquifer protective capacity characteriza-
tion is based on the values of the longitudinal unit conductance of the overburden rock units in the area. The 
longitudinal unit conductance (S) values obtained from the study area range from 0.021 to 0.580 mhos and were 
used to generate the map shown in Figure 11. Clayey overburden, which is depicted by relatively high longitu-
dinal conductance, gives protection to the underlying aquifer.  [36]- [38] classified the protective capacity of the 
overburden into excellent, very good, good, moderate, weak and poor protective capacity zones (Table 4). The 
portion having conductance values ranging from 0.2 to 0.69 mhos covered about 72% of the study area and was 
classified as zone of moderate protective capacity; the values between 0.1 and 0.19 mhos covered about 11% 
and was classified as of weak protective capacity and about 17% of the area has conductance value <0.1 mhos 
and was considered poor (Figure 11). 
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Table 3. Aquifer potential as a function of the fractured bedrock 

Saprolite resistivity (Ωm) Aquifer characteristics 

<750 
High fractured permeability as a result of weathering;  

high aquifer potential. 

750 - 1500 Reduced influence of weathering; medium aquifer potential. 

1501 - 3000 Fairly low effect of weathering; low aquifer potential. 

>3000 Little or no weathering of the bedrock; negligible aquifer potential.

Source: Modified after  [28]  [34].  
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Figure 10. Bedrock resistivity distribution map of the study area. 

5.	Discussion	 	

5.1.	Subsurface	Resistivity	and	Lithology	

The geoelectric survey shows the form of subsurface resistivity variations around the dumpsite. A number of 
authors have attempted to correlate the typical geological sequence in basement complex terrain with resistivity 
ranges (e.g.  [27]  [34]  [39]). On this basis, three to five subsurface geologic layers were delineated which include 
the topsoil, clay/weathered layer, weathered basement and fractured/fresh basement. The geoelectric sections 
showed topsoil of resistivity and thickness values varied from 65 to 998 Ωm and 0.4 to 1.0 m; clay layer with 
resistivity and thickness values of range 52 to 91 Ωm and 1.2 to 6.5 Ωm. The weathered layer depicted a hetero-
geneous subsurface of clay/sandy clay and clayey sand with resistivity and thickness values varying from 63 to 
333 Ωm and 0.7 to 8.5 m; weathered basement has resistivity of between 31 Ωm and 1253 Ωm and thickness 
between 3.0 m and 27.0 m. The fractured/fresh basement showed resistivity values ranging from 36 to 16,213 
Ωm. 

In 2-D imaging the topsoil and the weathered layers show resistivity heterogeneities which come from the  
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Figure 11. Spatial distributions of longitudinal conductance and aquifer protection capacity zones.  
 

Table 4. Modified longitudinal conductance/protective capacity rating  [36]- [38]. 

Longitudinal conductance (mhos) Protective capacity rating 

>10 Excellent 

5 - 10 Very Good 

0.7 - 4.9 Good 

0. 2 - 0.69 Moderate 

0.1 - 0.19 Weak 

<0.1 Poor 

 
existence of clayey sand/sandy clay with lateritic clay along traverse TR1 to TR5. The resistivity value ranges 
between 30 Ωm and 1880 Ωm with thickness varying from <2 m to about 10 m. The weathered basement is 
mostly characterized by low resistivity value ranges between 5 Ωm to 100 Ωm while thickness varies from 10 to 
20 m. As mentioned earlier, the natures of the lithologic sequences, and the thickness and resistivity of overbur-
den, are particularly important hydrogeologic considerations in assessing the groundwater potential of basement 
complex terrains.  
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5.2.	Groundwater	Potential	

 [34] proposed values of overburden thickness ranging between 20 m and 30 m for productive wells in Shaki, 
west of the study area. Similarly,  [36]  [40] also prescribed a minimum overburden thickness of 25 m for viable 
groundwater abstraction in similar environments. In the surveyed area, the depth to fresh basement (total over-
burden) varies from 6.9 to 33.7 m. Overburden thickness of between 20 m and 40 m occurred in 61% which thus 
suggests that the water-bearing horizon across the area is generally significantly thick and can support produc-
tive groundwater abstraction (Figure 7). In a comparable basement complex in Zimbabwe,  [41] recommended a 
minimum of 10 m of regolith thickness to ensure sufficient yield. 

According to  [42] the thick weathered layer (containing less percentage of clay) above the basement rock 
constitutes a water-bearing layer. The weathered layer resistivity ranged between 63 Ωm and 333 Ωm with about 
85% of the area falling within medium groundwater potential (100 to 250 Ωm) and high groundwater potential 
(>250 Ωm) according to  [21]. The weathered layer in the surveyed area can only support hand dug wells be-
cause the thickness ranges from 0.7 to 8.5 m (Figure 5) which conforms to average well depth of 7.07 m in the 
neighbouring residential settlements  [16]  [43]. The weathered basement resistivity values range from 31 to 1253 
Ωm with the thickness varying from 3.0 to 27.0 m. The ranking of groundwater potential as a function of sapro-
lite resistivity  [27]  [28] showed that 72% of the study area with 20 to 100 Ωm is characterized by optimum 
weathering and groundwater potential while 5.5% of the study area with resistivity between 101 and 150 Ωm 
exhibited medium aquifer conditions and potential. Bedrock fractures contribute substantially to groundwater 
yield in a typical basement complex area. High fractured permeability as a result of weathering is observed at 
the eastern part with resistivity values <750 Ωm an indication of high aquifer potential. However, the fractured 
zone covered <30% of the study area. It is significant that the three main important characteristics, namely 
overburden thickness, weathered layer resistivity and weathered basement resistivity generally support one an-
other in the groundwater potential evaluation. 

5.3.	Aquifer	Vulnerability	

The low resistivity value materials suspected to be caused by leachate from the dumpsite are seen along trav-
erses TR1 to TR3 closer to the dumpsite. This implies that contaminant leachate plume seeped to the bottom in 
vertical motion to the groundwater aquifer.  [44] attributed the vertical motion to the relative porous and perme-
ability of the sandy overburden in such affected zones. Thus the groundwater aquifer close to dumpsites is vul-
nerable to contamination, therefore it becomes imperative to evaluate and classify the aquifer protective capacity 
according to previous studies (e.g.  [36]- [38]). The portion having conductance values ranging from 0.2 to 0.69 
mhos covered about 72% of the study area and was classified as zone of moderate protective capacity; that 
ranging from 0.1 to 0.19 mhos covered about 11% and was classified as of weak protective capacity and about 
17% of the area has conductance value <0.1 mhos and was considered poor. The weak and poor protective zones 
are prone to surface and near-surface leachate, while in the moderately protected zones, the aquifer is fairly pro-
tected from leachate percolating fluids. In the latter zones the topmost layers/weathered layer are mostly sandy, 
and where clays which protect the aquifer are found, they are usually very thin and hence provide little or no 
protection for the underlying aquifer. 

5.4.	Correlation	of	Maps	

The 3D display in Figure 12 is a correlation of the various maps and helps to summarize the groundwater po-
tential and the vulnerability of the aquifers (Table 5).  

6.	Conclusion	

In conclusion, the factors discussed above have to be taken into consideration when sitting a hand dug well or 
borehole in the study area. It is, therefore, necessary that such VES position should have protective clay of 
thickness >2.5 m, productive overburden thickness ranging from 20 to 40 m  [34]  [36]  [40], and be in a porous 
and permeable weathered layer of medium-high groundwater potential. It is within the optimum weathering re-
sistivity variation of 20 to 100 Ωm and moderate aquifer protective capacity. Four VES positions in Table 6 are 
therefore recommended based on the aforementioned factors. 
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Figure 12. 3D map display and selected positions (highest values in red/purple down to 
the lowest values in deep blue). 

 
Table 5. Characteristics of important areas identified in the various maps (Figure 12).  

Parameters A ≈ 25 m from dumpsite B ≈ 50 m from dumpsite C ≈ 95 m from dumpsite 

Overburden 
Relatively high > 2 - < 40 m.  
Medium/high groundwater potential

Relatively moderate > 10 - < 20 m  
Low groundwater potential 

Relatively high (< 10 m) 
Minimal groundwater  
potential 

Weathered layer 
resistivity 

Resistivity (100 - 250 Ωm) 
Medium groundwater potential  

Resistivity (100 - 250 Ωm) 
Medium groundwater potential 

Resistivity (<100 Ωm)  
Low groundwater potential  

Weathered 
basement  
resistivity 

Resistivity (20 - 100 Ωm)  
Optimum weathering and  
groundwater potential  

Resistivity (101 - 150 Ωm) Medium  
aquifer condition and potential  

Resistivity (>151 Ωm)  
Limited/Negligible  
weathering and poor potential. 

Bedrock  
resistivity 

Resistivity (>3000 Ωm)  
Negligible aquifer potential 

Resistivity (1501 - 3000 Ωm) Low aquifer 
potential 

Resistivity (<750 Ωm) 
High aquifer potential 

Longitudinal 
conductance 

0.2 - 0.69 
Moderately protected 

0.1 - 0.69 Moderately/weakly protected <0.1 Poorly protected 

 
Table 6. Recommended VES points for groundwater abstraction. 

VES 
NO 

Clay cover resistivity 
(Ωm) 

Clay  
thickness 

(m) 

Over burden thickness 
(m) 

Weathered 
layer  

resistivity 
(Ωm) 

Weathered  
basement  
resistivity 

(Ωm) 

Longitudinal 
conductance 

Protective 
capacity 
rating 

3 73 3.7 22.1 271 31 0.509 Moderate 

6 78 2.8 33.7 212 54 0.555 Moderate 

8 91 3.5 22.5 210 47 0.370 Moderate 

13 52 3.1 25.0 161 54 0.398 Moderate 
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