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Hydrogeophysical Mapping of Aquifers in New Foursquare Camp, Ajebo,
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Abstract: Groundwater mapping using vertical electrical resistivity sounding (VES) with Schlumberger
electrode array in rugged basement terrain of the new site of Foursquare campground, Ajebo was carried
out. The camp already has about five water boreholes with only one fully functioning and about three
completely failed. This resulted to scarcity of the commodity within the camp largely patronized by
mammoth crowd drawn from across and outside Nigeria. Twenty-seven (27) VES points were established,
five out of which were located beside existing boreholes for post-drilling assessments and comparison. The
result shows four geoelectric layers – top soil, clay/lateritic clay, weathered/fractured layers and fresh
basement. The Dar-Zarrouk parameters evaluated are total longitudinal conductance (S), total transverse
resistance (T), average longitudinal resistivity (ρL), average transverse resistivity (ρt), electric anisotropy
(l), root mean square resistivity (ρm) with values ranging from 0.02 - 0.46 -1, 315 - 15039  m2, 22 - 439 
m, 46 - 655  m and 1.02 - 1.63 dimensionless, 36 - 356  m respectively. These gave clue to aquifer
potential of the study area. In addition, combination of sounding results, borehole history and geoelectric
parameters of five VES points beside the pre-existing drilled holes were also employed to achieve
optimum result. These reveal that most of the failed pre-existing water boreholes in the area were located
on clay/clayey sand or thin weathered layer horizons while the one sited beside the functioning borehole
was located on fractured layer having resistivity of 290  m and 22.37m thickness. Thus, this was then
used as reference point to recommend additional locations for siting water-supply wells in the area.
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INTRODUCTION

New Foursquare Campground is located south of
the old ground, Figure 1. It serves as centre for
convention and conference for religious purpose and
other related events where members all over the nation
and beyond converge. The need for potable water has
led to the drilling of five (5) water boreholes here
among which only one was reported functional. This
necessitated the need for a comprehensive hydrological
campaign of the area with view to locate point for non-
erratic and prolific water wells. To achieve this, a
multi-facet approach was adopted which involves
locating VES points well distributed in the area and
post-drilling assessment of the preexisting boreholes
incorporated with history of the pre-existing borehole
within the camp.

Since the development of electrical resistivity
surveying method in 1900’s it has been applied to
solve problems associated with groundwater
exploration, mapping fracture and cavity, engineering
investigations, environmental studies among others
[8,4,14,6,9].

Vertical Electrical Sounding, VES, using
Schlumberger array has gained wide applications owing
to its cost effectiveness and easy data acquisition and
interpretation, among numerous advantages, compared
to other resistivity measurements. This method has
been a veritable tool to mapping aquifer in all geologic
terrains in the country and beyond. In this study,
geoelectric (Dar-Zarrouk) parameters were derived from
the VES result and used in conjunction with post-
drilling investigation of the pre-existing water borehole
and conventional quantitative interpretation to
recommend suitable points that could be drilled for
productive and prolific water boreholes.

Geology and Hydrogeology: Ajebo foursquare camp
is bounded by latitudes 7.103500N and 7.10800N and
longitudes 3.72600E and 3.731000E. The area is
covered entirely by granitic (intrussive) and schist
rocks. These rocks belong to the Precambrian basement
complex rocks of southwestern Nigeria bounded by
Sokoto, Dahomey and Nupe sedimentary basins within
Nigeria (Fig 2). The basement complex of southwestern
Nigeria has been widely reported by many authors
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[5,16,1], to compose of migmatite-gneiss complex,
metasedimentary and metavolcanic (The schist belt),
Pan African granitoids (The Older granites) and the
undeformed acid and basic dykes.

Hydrogeologically, it falls within the category of
hard rock environment. In such terrain, aquifers possess
distinct features from the porous media (loosed
sediments) as their porosity and permeability are
products of secondary processes. Thus, weathered and
fractured rocks constitute the litho units that can hold
and transmit water. Hence, groundwater in this area is
governed primarily by the thickness of the weathered
material, and the extent, size, openness and
interconnectivity of fractures and lineaments. These are
major factors that control the secondary porosity and
permeability – conditions sine qua non to groundwater
accumulation in hard rocks. It is already known that
weathering of schist rock produces clay and clayey soil
which are known to have low porosity and
permeability, hence, poor aquifer. Difficulty in locating
aquifer in such situation is expected while attempt
could be made to site borehole on fractured rocks. The
geophysical methods to be applied in search for
groundwater in such terrain is directed to map out
these aquifer units (weathered and fractured basement)
from the resistivity values.

Resistivity Equipment and Field Procedure: ABEM
– Terrameter SAS 1000 used is a signal averaging
system widely employed in many resistivity surveys
with different arrays. It permits high accuracy
measurement of apparent resistivity of earth materials
to the nearest ohm – meter. A systematic approach was
adopted in this survey. In all, a total of twenty seven
(27) vertical electrical sounding, VES, stations were
carried out. Schlumberger electrode configuration was
employed with maximum half electrode spread (AB/2)
of 160m. In attempt to probe the preexisting water
boreholes, V-10, 8, 25, 26 and 27, one each, was close
to the water boreholes BH1, 2, 3, 4, and 5 respectively.
This would serve as control as well as post-drilling
auditing to deduce reason(s) for failure of these holes.
It also gives reason(s) for the success of the producing
one.

Data Analysis and Interpretation: Resistivity data
were inverted with the WINGLINK software program.
This program avoid us the cumbersome process of
curve-matching as field data were supplied to generate
the curve and other parameters.

Fig. 1: Data Acquisition Map of the Area
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Fig. 2: Geological Map of Nigeria Showing the Study Area[10]

The program has a check and balance system. Raw
data were supply into the program window and the
software generates a curve of apparent resistivity
plotted against electrode separation (AB/2). This plot is
more reliable and accurate than the manual plot. An
inversion was then run until a perfect match is
obtained. However, necessary monitoring of the process
must be ensures for a better accuracy, Folorunso[3].
Typical curve from the survey is represented in Fig 3.

Geoelectric (Dar-Zarrouk) Parameters: Resistivity
(ρi) and thickness (hi) are the basic parameters that
describe the geoelectric layer derived from electrical
sounding in an area. The subscript ‘i’ indicates the
position of the layer in the section. Other geoelectric
parameters are derived from these fundamental
parameters mentioned above[18], such as total
longitudinal conductance (S) and total transverse
resistance (T). These have been described by Maillet
[11] as Dar-Zarrouk parameters. They are mathematically
derived as:

Total Longitudinal Conductance

S = h1/ρ1 + h2/ρ2 + h3/ρ3 + ……..+ hn/ρn (Ω-1)

Total Transverse Resistance

T = h1*ρ1 + h2*ρ2 + h3*ρ3 + ……+ hn*ρn  (Ω m2)
Where i = 1, 2, 3 … nth layer.

They are defined for individual layers or as a
summation for a multi-layer section[9].

Average Longitudinal Resistivity
ρL = H/S = S hi / (S hi/ρi) (Ωm)
Where H = h1 + h2 + h3 + …hn (Ωm)

Average Transverse Resistivity
ρt  = T/H =  (S hi*ρi) / S hi (Ωm)

Electric Anisotropy
l = (ρL / ρt)

½ = (T*S/H)½  is a dimensionless entity,
and Root Mean Square Resistivity
ρm  = (ρt* ρL)

½  =   l* ρL  = l-1 * ρt (Ωm)

All these parameters are based on the consideration
of a column of unit square cross-section area (m2) cut
out of a group of layers of infinite lateral extent[9].
These parameters are calculated to the bottom of the
last layer of local aquifers made up of clay, weathered
and fractured rocks on top of the basement in the study
area.

The total longitudinal conductance (S) gives
information about the variation of the highly resistive
fresh basement topography since depth to the basement
relates to the S as shown earlier in the formula.

Murali and Patangay[13] noted that in a region
where geoelectric conditions are uniform ρ will not
vary much.  Thus, in such a case S is proportional to
H, which means that large S values are indicative of
deeper basement and vise versa.  In the study area, S
ranges between 0.02  -1 in V-20 and 0.46  -1 in V-7.

Although Oteri[15] earlier reported that a marked
increase in S may correspond to an average increase in
the clay content and, consequently, a decrease in the
transmitivity of the aquifer. In the present study 
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Fig. 3: Samples of VES Curves from the study Area

however, low S values correspond with aquifer units
made of clay in V-6, 24, 25 and 26. The contradiction
could come from difference in geologic terrain, this
study being in hard rock terrain as against sedimentary
area where Oteri[15] worked. Meanwhile, the study also
reveal  that  values  around the mean value of S
(Table 1), associated with good aquifer potential as
depicted in V-2, 5, 12, 18 and 22, where the horizon
is not clay but rather weathered/fractured layers. The
total transverse resistance (T) to the basement rock
ranges between 315  m in V-6 and 15039  m in V-21
(Table 1).

Average longitudinal resistivity (ρL) to the top of
basement rock ranges between 22 m in V-6 and 439 m
in V-15. There is a large variation in ρL which agrees
to the in-homogeneity of geoelectric conditions as
indicated by Murali and Patangay[13] because the local
aquifer comprise of different rock units. Average
transverse resistivity ρt to the top of basement rock in
the study area ranges between 46 m in V-24 and 655
m in V-15. Flathe[2] observed that ρL is in general, less
than ρt which was also noticed in this study, Table 1.
This implies that the current flow and average

hydraulic conduction along the lithology boundary
(longitudinal) are greater than those normal to the
boundary plane. Moreover, Keller[7] reported that ρL is
dominated by the more conductive layers, e.g. clay and
weathered layer, whereas ρt increases rapidly even if a
small fraction of resistive layers are present. This is
equally noticed in this study.

The aforementioned parameters introduce the
concept of electric anisotropy (l) characterized by the
transverse and longitudinal resistivities[11]. This
parameter is also calculated to the top of basement
rock and it ranges between 1.02 in V-13 and 1.63 in
V-6 in the study area (Table 1). Singh and Singh[17]

pointed out that lower l value correspond to high
aquifer potential zones. Thus, V-8, 13, 17 and 20 are
expected to be higher groundwater potential. However,
this study reveals that l value cannot be solitarily used
to characterize aquifer potential without recourse to the
aquifer thickness. For example, V-20 with a low l
value (1.05) has aquifer thickness of 1.07m. This
thickness cannot make reasonable yield as we know
that aquifer with water column of 2m would be
irrational.
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Table 1: The Calculated Geoelectric (Dar-Zarrouk) Parameters for New Ajebo Camp
VES ρ1 ρ2 ρ3 h1 h2 h3 S T ρL ρt l ρm

V-1 109 47 120 1.81 3.59 13.66 0.21 2005 92 105 1.07 98
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-2 117 41 87 1.59 5.32 11.21 0.27 1379 67 76 1.07 71
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-3 193 39 102 0.95 3.8 9.81 0.2 1332 73 91 1.12 82
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-4 275 64 185 0.64 4.98 17.76 0.18 3780 133 162 1.10 146
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-5 80 20 289 2.21 2.72 22.37 0.24 6696 113 245 1.47 167
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-6 74 211 17 0.32 1.06 4.0 0.24 315 22 59 1.63 36
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-7 302 127 45 1.19 6.27 18.48 0.46 1987 56 77 1.17 65
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-8 398 102 260 0.54 5.16 30.51 0.17 8674 214 240 1.06 226
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-9 391 74 115 1.07 6.17 4.03 0.12 1338 93 119 1.13 105
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-10 164 95 449 0.68 12.8 16.44 0.18 8709 170 291 1.31 223
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-11 25 301 76 0.48 7.82 24.8 0.37 4251 89 128 1.20 107
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-12 74 404 68 2.69 4.41 14.26 0.26 2950 83 138 1.29 107
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-13 25 111 67 0.24 4.09 20.83 0.36 1856 70 74 1.02 72
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-14 76 128 227 0.21 5.39 16.17 0.12 4376 188 201 1.04 194
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-15 102 720 2.37 20.06 0.05 14685 439 655 1.22 536
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-16 60 160 51 0.24 6.32 17.0 0.38 1893 63 80 1.13 71
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-17 59 212 335 0.33 2.27 14.52 0.06 5365 287 313 1.04 300
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-18 56 216 80 0.54 8.05 16.7 0.26 3105 99 123 1.11 110
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-19 73 185 43 0.86 2.89 16.17 0.4 1293 49 65 1.15 57
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-20 139 280 2.33 1.07 0.02 623 165 183 1.05 174
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-21 119 25 490 1.78 0.78 30.22 0.11 15039 304 459 1.23 373
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-22 72 36 142 2.09 4.9 13.93 0.26 2305 79 110 1.18 94
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-23 64 27 83 3.98 4.77 9.37 0.35 1161 52 64 1.12 57
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-24 117 27 1.89 7.28 0.29 418 32 46 1.19 38
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-25 266 64 49 0.91 3.66 7.27 0.21 833 57 70 1.11 63
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-26 140 46 31 0.95 4.09 4.74 0.25 468 39 48 1.10 43
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-27 941 359 140 0.45 1.81 2.76 0.03 1460 199 291 1.21 241
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Min 25 20 17 0.21 0.78 2.76 0.02 315 22 46 1.02 36
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Max 941 720 490 3.98 20.06 30.51 0.46 15039 439 655 1.63 536
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 167 153 148 1.24 5.24 14.88 0.26 2499 79.4 116 1.23 95.2
ρi  True resistivity for each layer i
hi  True thickness for each layer i
S  Total longitudinal conductance unit ( -1) to the top of the basement rock.
T  Total transverse resistance unit ( m2) to the top of the basement rock.
ρL Average longitudinal resistivity ( m) to the top of the basement rock.
ρt   Average transverse resistivity ( m) to the top of the basement rock.
l  Electric Anisotropy (dimensionless) to the top of the basement rock.
ρm Root mean square resistivity ( m) to the top of the basement rock.
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Root mean square resistivity (ρm) to the top of
basement calculated in the study area ranges between
36 m in V-6 and 536 m in V-15. Khalil[9] observed
that when the longitudinal, transverse and mean
resistivities differ, then the change in resistivity is
dependent on the direction of groundwater flow and the
influence of lithology variation. These three types of
resistivity are different in layered anisotropic sediments
[12]. The authors noted that these resistivities also differ
in the heterogeneous anisotropic lithology encountered
in this study.

Drilled Borehole and VES Results: Geoelectric layers
of five VES points located very close to preexisting
five water boreholes in the area were carefully
examined to translate them to geologic units
(lithologies) for post drilling investigation of the wells
and infer possible causes of failure of these holes and
with view to gain the hydrogeological condition of the
mapped area. This becomes imperative to monitor and
curb incessant borehole failure rampant in the area.
Thus, a layer by layer approach coupled with the
history of drilled borehole was adopted. VES stations
V-25 and V-26 (Fig 4) located beside borehole BH3
and BH4 respectively show that aquifer layer is clayey
with resistivity below 50 m and thickness 4.7- 7.27m.
This possibly accounts for the reason why these
boreholes are erratic, producing only in the rainy
season. Borehole BH5 possibly failed for the same
reason, being made up of lateritic clay and depth to
basement of 7.9m as indicated by V-27. The result of
vertical electrical sounding from V-10 is complex as
lateritic clay and clay layers sandwich fractured rock,
though of higher depth to basement. The borehole BH1
beside V-10 was reported to be partially functional
with low yield. This may not be impossible if the
borehole penetrates the last unit of relatively low
resistivity value suspected to be clay.

However, borehole BH2 was reported as the only
functioning borehole yielding to its full capacity.
Incidentally, the VES point (V-8) located beside it
shows that the borehole is cited on fractured basement
of resistivity 260  m and thickness of 30.5m, Fig 4.
This was later used as a good basis to recommend
VES stations for borehole development in the study
area. Thus, V-4, 5, 11, 14, 18 and 21 could be drilled
for water borehole. However, V-5, and V-21 with
fracture rock (aquifer horizons) of resistivity and
thickness of 289, and 490 m and 22.37 and 30.22m
respectively having nearly similar aquifer parameters
with BH2 (V-8) (260  m and 30.51m for resistivity and
thickness respectively) would be the best among all if
developed into producing water borehole. Also V-11

and 18 with weathered layer of resistivity 76 and 80 
m and thickness 24.8 and 16.7m respectively may
equally make good yield if drilled.

An over view of the geoelectric parameters of all
the recommended VES points in comparison with V-8
as shown in Table 2, could further give clue to aquifer
potential of the area. Low values of total longitudinal
conductance (0.17 - 0.24  -1) is associated with high
aquifer potential typified in VES stations V-5, and V-
21. It was also noticed that high average longitudinal
resistivity values (304  m at V-21) and average
transverse resistivity values (245 and 459  m at V-5
and V-21 respectively) correspond with high values of
layer thickness (Fig 5) reflecting high aquifer potential.
These parameters compared favourably with those of
VES station V-8 located beside borehole BH2 reported
as the only functioning well in the camp.

Conclusions: Hydrogeophysical mapping of the new
site of Foursquare Campground, Ajebo was carried out
using Schlumberger electrical soundings. The
interpreted result of the 27 VES points reveals aquifers
are made of clay, weathered and fractured rocks with
resistivity range of 32 to 449  m and thickness ranging
between 1.07 m and 30.51 m. Combination of sounding
results, borehole history and geoelectric (Dar-Zarrouk)
parameters indicate a high potential and good quality
of fresh water in V-4, 5, 11, 14, 18 and 21. The
aquifer parameters of the recommended VES stations
range from 76 - 490  m for resistivity, 16.17 - 30.22
m for thickness and 1.04 - 1.47 for electric anisotropy
coefficient.

Geoelectric layers of five VES points located very
close to preexisting five water boreholes in the area
were also examined. The results show that aquifer in
the failed borehole was located on clay and lateritic
clay of thin layers, less than 8m. On the other hand,
the producing borehole was sited on a fracture of
resistivity 260m and thickness 30.51m. On this basis,
VES stations with similar or nearly similar parameters
were recommended for drilling. The recommended V-5,
for example, has resistivity of 289  m and thickness of
22.37 m while the result for V-11, for example of
weathered layer aquifer, shows a weathered layer of
resistivity and thickness of 76  m and 24.8m
respectively. These were found to be good aquifer
parameters for water borehole as it compared favorably
with those of producing borehole. The study also
reveals linear relationship between average longitudinal
resistivity and average transverse resistivity against
aquifer thickness.
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Fig. 4: The Geoelectric Cross-Section of VES Points beside the Pre-existing Water Boreholes 

Fig. 5: Correlation between average longitudinal resistivity and average transverse resistivity against aquifer
thickness

Table 2: Geoelectric aquifer Parameter of Recommended VES Points
VES ρ h S ρL ρt l
V-4 185 17.76 0.18 133 162 1.10
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-5 289 22.37 0.24 113 245 1.47
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-8 260 30.51 0.17 214 240 1.06
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-11 76 24.8 0.37 89 128 1.20
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-14 227 16.17 0.12 188 201 1.04
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-18 80 16.7 0.26 99 123 1.11
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V-21 490 30.22 0.11 304 459 1.23
ρ  True resistivity for aquifer layer;  
h  True thickness for aquifer layer
S  Total longitudinal conductance unit ( -1) to the top of the basement rock.
ρL Average longitudinal resistivity ( m) to the top of the basement rock.
ρt   Average transverse resistivity ( m) to the top of the basement rock.
l  Electric Anisotropy (dimensionless) to the top of the basement rock.

2024



J. Appl. Sci. Res., 6(12): 2018-2025, 2010

REFERENCES 

1. Caby, R. and J.M. Boesse, 2001. Pan African
Nappe System in southwest Nigeria: The Ife-Ilesha
Schist Belt. Journal African Earth Sciences., 33:
211-225.

2. Flathe, H., 1955. Possibilities and Limitations in
A p p l y i n g  G e o e l e c t r i c a l  M e t h o d s  t o
Hydrogeological problems in the Coaster Area of
Northwest Germany: Geophys. Prosp., 3: 95-110.

3. Folorunso, A.F., 2009. Integrated Geological and
Resistivity Imaging Survey of Olabisi 
Onabanjo University Main Campus, Ago-Iwoye,
Southwestern Nigeria. An Unpld MSc 
dissertation, Fac. Of Sci., Dept of Earth Sci,
Olabisi Onabanjo University, Ago-Iwoye, Nigeria.
Pp: 136.

4. Habberjam, G.M., 1979. Apparent Resistivity and
the use of Square Array Techniques. 
Gebruder Borntraeger, Berlin.

5. Jones, H.A. and R.D. Hockey, 1964. The Geology
of Part of Southwestern Nigeria; Geological Survey
of Nig. Bull, 31: 101-104.

6. Kearey, P., M. Brooks and I. Hill, 2002. An
Introduction to Geophysical Exploration. Blackwell
Pub.3rd Ed., pp: 262.

7. Keller, G.V., 1982. Electrical Properties of Rocks
and Minerals: in Hand Book of Physical Properties
of Rocks, Carmichael, R.S. (ed.), CRC Press, 217-
293.

8. Keller, G.V. and F.C. Frischknecht, 1966.
Electrical Methods in Geophysical Prospecting.
Pergamon Press Inc., Oxford.

9. Khalil, M.H., 2009. Hydrogeophysical Assessment
of Wadi El-Sheikh Aquifer, Saint Katherine, South
Sinai, Egypt. Journal of Environmental and
Engineering Geophysics, JEEG, 14(2): 77-86.

10. Kogbe, C.A., 1976. Geology of Nigeria. Elizabeth
Publication Co., Lagos Nigeria, pp: 538.

11. Maillet, R., 1947. The fundamental Equations of
Electrical Prospecting: Geophysics, 12: 529-556.

12. Mazac, O., W.E. Kelley and I. Landa, 1985. A
hydrogeological Model for Relations Between
Electrical and Hydraulic properties of Aquifer. J.
Hydrol, 79: 1-19.

13. Murali, S. and N.S. Patangay, 2006. Principles of
Application of Groundwater Geophysics.
Association of Geophysicists, Hyderabad, India, 3rd

Ed., pp: 371.
14. Olorunfemi, M.O. and E.A. Meshida, 1987.

Engineering geophysics and its application in
Engineering Site Investigations – Case study from
Ile-Ife Area. The Nigeria Engineer, 22(2): 57-66.

15. Oteri, A.U., 1981. Geoelectric Investigation of
Saline Contamination of Chalk Aquifer by Mine
Drainage Water at Tilmanstone, England.
Geoexploration, 19: 179-192.

16. Rahaman, M.A., 1989. Review of the Basement
Geology of South-Western Nigerian. In C.A.
Kogbe 2nd Ed. of Geology of Nigeria, Rock View,
Jos, Nigeria. pp: 39-56.

17. Singh, C.L. and S.N. Singh, 1970. Some
Geoelectrical Investigations for Potential
Groundwater in Part of Azamgrah Area of U.P.
Pure and Appl. Geophs., 82: 270-285.

18. Zohdy, A.A.R., G.P. Eaton and D.R. Mabey, 1974.
Application of Surface Geophysics to 
Groundwater Investigations: in Tech. of Water
Sources Investigations of the U.S. Geol. Survey,
Book 2, Chap, Dl.

2025


