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Abstract  Geophysical survey involving the use of resistivity sounding method was recently carried out to investigate the 
geoelectrical layers of groundwater resources in Obaretin, Iyanomon and Orhionmwonbor, both in Ikpoba Okha Local 
Government Area of Edo State, Nigeria. Three vertical electrical sounding (VES) locations were visited in the study area, 
VES 12 in Obaretin, VES 28 in Iyanomon and VES 14 in Orhionmwonbor. The vertical electrical sounding was done using 
the Schlumberger electrode array configuration and the linear filter method of interpretation was adopted. A correlation of the 
interpreted curves with the lithologic log from the borehole sections in the study area suggests that the major lithologic layers 
penetrated are laterite, clay, sand (sandstone) and sandy clay from basic depth interval as shown by the geoelctric section. The 
sandstone layer which is the aquifer zone lies between the depth of 59.80m to 85.80m for VES 12, 63.16m to 89.36m in VES 
28 and 69.36m to 95.37m for VES 14. Therefore, the depth to water table in the study area has a maximum drill depth within 
the range of 60m (199.8ft) to 100m (333ft). 
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1. Introduction 
The advent of technology has made the quest for water for 

all purpose in life to drift from ordinary search for surface 
water to prospecting for steady and reliable subsurface or 
ground water from boreholes. In Nigeria, presently, bore-
holes have rescued the citizenry from acute shortage of wa-
ter. 

Groundwater is characterized by a certain number of pa-
rameters which are determined by geophysical methods such 
as electrical resistivity methods, seismic methods, magnetic 
methods, gravity methods etc. But for this research work, the 
application of electrical resistivity survey method was used. 
The most usual parameters are the porosity, the permeability, 
the transmissivity and the conductivity. Electrical resistivity 
method in geophysical exploration for groundwater in a 
sedimentary environment has proven reliable (1). Records 
show that the depths of aquifers differ from place to place 
because of variational geo-thermal and geo-structural oc-
currence. (2; 3). 

The geology of the study area reveals that the entire area is 
underlain by sedimentary rocks. These rocks are of ages 
between Paleocene to recent. The sedimentary rock contains 
about 90 percent of sandstone and shale intercalation. It is 
coarse grained locally fine grained in some areas, poorly  
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sorted, sub- angular to well rounded and bears lignite streaks 
and wood fragment (4).The sedimentary rock of the study 
area constitutes the Benin formation. This has an important 
groundwater reservoir. Large quantity of water is obtained in 
a place like Benin City. 

This paper is centered on geoelectric investigation un-
dertaken in Ikpoba-Okha, a type area of the Benin formation. 
The aim is to explore the groundwater potential of the area. 
The superiority of the geoelectric method over others in the 
groundwater research is showed (5). The ability of the re-
sistivity method to furnish information on the subsurface 
geology in groundwater studies were showed (6; 7). They 
attested to the ability of the electrical method to provide 
information on the depth of fresh and salt water interface. 
The electrical resistivity methods have been over time suc-
cessfully utilized in assessing water supply potential in 
basement aquifers (8). The resistivity method in exploring 
aquifer boundaries in the plains of Yemen was applied (9). 
The assessment of the groundwater resources potentials 
within the Obudu basement area of Nigeria carried out (3). 

2. Theory 
The fundamental theory behind the resistivity method was 

expanded (10) and the theory has been adequately covered 
(11; 12 and 13). 

The Maxwell’s equation for earth materials having di-
electric and magnetic properties was expressed (14), as : 

▼ x H = J + ∂D/∂t            (1) 
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▼ x E = - ∂B/∂t              (2) 
▼ . B = 0                (3) 

▼ . D = Q                (4) 

Where H = 0

0

B  M
magnetic flux density

µ
µ
−

=  

The equation of continuity is obtained by taking the di-
vergence of equation (1) 

i.e. ▼ . ▼ x H = ▼ . J + ▼ . ∂D/∂t 
But the divergence of a curl is zero 

▼ . J = - ▼∂D/∂t 
 ▼ . J = - ∂/∂t ▼D           (5) 

This is so because the order of derivatives with respect to 
co-ordinate and time can be reversed.  Substituting eqn (4) 
into eqn (5) we have 

▼ . J = - ∂/∂t Q               (6) 

The resistivity method operates in the absence of a field of 
induction and is based on observations of an electric field 
maintained by direct current.  However, for source free 
regions of the earth, equation (2) and (6) becomes: 

▼ x E = 0               (7) 
▼ . J =                (8) 

Equation (7) suggests that the electric field strength may 
be expressed as the gradient of a scalar potential (v): 

E = - ▼V              (9) 

However, Ohm’s law provides the relationship between E 
and j and it states that the current density is proportional to 
the electric field strength: 

J = σE 
This proportionality constant is called conductivity. 
It must be noted that for an isotropic medium, the con-

ductivity will be a scalar quantity so that J and E will be in 
the same direction.  In general, J and E are not in the same 
direction because conduction might be easier in one direction 
rather than another. 

Such a medium is said to be anisotropic and the conduc-
tivity is a tensor of second rank,   the subscripts I and j may 
be any of the X, y or Z spatial directions in a rectangular 
co-ordinate system.  Ohm’s law becomes: 

J = σŋE or, more fully 
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J E
J E
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Combining equations (8), (9) and (10) gives a differential 
equation which is basis of all resistivity prospecting with 
direct current: 

▼σŋ▼V = 0              (11) 
In this isotropic case where the conductivity at a point in 

the ground is independent of direction, equation (11) reduces 
to Laplace’s equation: 

▼2▼V = 0              (12) 
Solution to equation (11) and (12) may be developed for a 

particular model of the earth by selecting a co-ordinate sys-
tem to match the geometry of the model and by imposing 
appropriate boundary conditions. 

B  = Magnetic flux density 
µ0 = Permeability of free space 
M = Magnetisation 
J = Current density 
D = Electric displacement = ε0E + P 
ε0 = Permittivity of free space 
E = Electric field strength 
P = Polarisation 
t = time 
Q = electric charge density 

3. Experiment 
In this research work, the schlumberger array in electrical 

resistivity survey was adopted. The basic field equipment for 
this study is the ABEM Terrameter SAS 3000 which dis-
plays apparent resistivity values digitally as computed from 
ohm’s law. Other accessories to the terrameter includes, four 
metal electrodes, cables for current and potential electrodes, 
harmers (3), measuring tapes, walking talking or phones for 
very long spread (15). In this configuration, the four elec-
trodes are positioned symmetrically along a straight line, the 
current electrodes on the outside and the potential electrodes 
on the inside. To change the depth range of the measure-
ments, the current electrodes are displaced outwards while 
the potential electrodes in general, are left at the same posi-
tion. 

When the ratio of the distance between the current elec-
trodes to that between the potential electrodes becomes too 
large, the potential electrodes must also be displaced out-
wards otherwise the potential difference becomes too small 
to be measured with sufficient accuracy (16). 

Measurements of current and potential electrode positions 
are marked such that AB/2 ≥ MN/2. Where AB/2 = Current 
electrode spacing and  
MN/2 = Potential electrode spacing 

Generally, the arrangement consists of a pair of current 
electrodes and a pair of potential electrodes. These are driven 
into the earth in a straight line to make a good contact with 
the earth. The current electrode spacing are expanded over a 
range of values for measurements in the field. The values of 
AB/2 increases as the measurements progresses while the 
potential electrodes separations are guided accordingly. The 
potential electrodes are kept at small separations relative to 
the current electrodes separations (17). One of the major 
advantages this method has over other methods is that only 
the current electrodes need to be shifted to new position for 
most readings while potential electrodes are kept constant for 
up to three or four readings (18). During the exploration 
work (field work) taking a sounding, the ABEM Terrameter 
SAS 3000 (Self Averaging System) performs automatic 
recording of both voltage and current, stacks the results, 
computes the resistance in real time and digitally displays it. 
(19). 
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From the theory, we have that the potential at C due to A is  

Vc = 1 1
2 / 2 / 2

I
a b a b

ρ
π
 − 

− + 
     (13) 

Where 
a  ⇒  midpoint ⇒  distance between the current elec-

trodes and station. 
b ⇒  distance between potential electrodes 
ρ  ⇒  layer resistivity 
The potential at D due to A becomes  

VD = 1 1
2 / 2 / 2

I
a b a b

ρ
π
 − 

+ − 
     (14) 

The potential difference dV between the two potentials is 
therefore given by 
dV = VC -VD 

∴dV = 1 1
2 / 2 / 2
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         (15) 

The apparent resistivity value is the product of the geo-
metric factor and the resistance recorded in the resistivity 
meter. In each station, several soundings and apparent resis-
tivity values will be obtained by expanding the current elec-
trode spacing after each reading as required by Schlumberger 
array for deeper penetration into the earth and structural 
responses. The geometric factor, K, for Schlumberger con-
figuration will be used. That is 

∴
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       (16) 

4. Results and Discussion 
In Ikpoba Okha LGA, three locations were covered in the 

area, VES 12 (Obaretin), VES 28 (Iyanomon) and VES 14 
(orhionmwonbor). The interpreted results are presented in 
PLATE I, PLATE II and PLATE III. In VES 12, the VES 
curves presents an (HK) ( 1ρ > 2ρ < 3ρ > 4ρ ) type-curve. 

VES 28 and VES 14, curves also presents an (HK) ( 1ρ > 2ρ

< 3ρ > 4ρ ) type-curve. Computer interpretation of the 
curves resolved six (6) geoelectric layers for VES 12, 28 and 
14. Geologic interpretation of the geoelectric layers of the 
three VES are presented in figure (4a, b &c). The aquifer 

layer was encountered at a depth of 59.80m to 85.80m for 
VES 12, 63.16m to 89.36m in VES 28. This is in correlation 
with the borehole data at Iyanomon (fig.1) at depth of 
87.89m (290ft). Analyzing VES 14 curve, the curve showed 
that the interpretation gives a depth of 69.36m to 95.37m. 
This is in correlation with the depth of 96.67m (320ft) of 
Ikpoba hill no.2 borehole section (fig. 2). 

 
Figure 1.  Iyanomon Borehole Section 

 
Figure 2.  Ikpoba-Hill No.2 Borehole Section 

 
Figure 3.  Schlumberger Array 
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Figure 4.  (a, b, c): Geologic sections of Obaretin, Iyanomon and 
Orhionmwonbor locations 

PLATE I 

Observed Ves: 12 L.G.A.: Ikpoba Okha 
Location: Obaretin Weather: Hot 
State: Edo 

 

Observed (Field) and Computed (Theoretical) Data 

( )
2

AB m  
( )a ohm mρ −  

OBSERVED 
VALUE  

( )a ohm mρ −  

COMPUTED 
VALUE  

1.00 1478.66 400.00 
1.47 1515.80 400.00 
2.15 1464.37 420.00 
3.16 1476.27 480.00 
4.64 1533.75 650.00 
6.81 1301.30 850.00 
10.00 1215.42 1200.00 
14.70 1017.12 1800.00 
21.50 946.40 2200.00 
31.60 1913.13 3000.00 
46.40 2535.22 3800.00 
68.10 2767.61 4800.00 

100.00 1256.51 6000.00 
147.00 11540.20 6500.00 
215.00 15973.87 6500.00 
250.00 14564.67 6000.00 
300.00 14325.23 5000.00 

Model Parameter 

Geoelectric 
Layer 

Resistivity 
(ohm-m) 

Thickness 
(m) 

Cumulative 
Thickness(m) 

1 3300.00 3.70 3.70 

2 10500.00 15.30 19.00 

3 5160.00 15.60 34.60 

4 6060.00 25.20 59.80 

5 5045.00 26.00 85.80 

6 4500.00 Infinity Infinity 

RMS Error (%): 1.51 

PLATE II 

Observed Ves: 28 L.G.A.: Ikpoba Okha 
Location: Iyanomon Weather: Hot 
State: Edo 

 

Observed (Field) and Computed (Theoretical) Data 

( )
2

AB m  
( )a ohm mρ −  

OBSERVED 
VALUE  

( )a ohm mρ −  

COMPUTED 
VALUE  

1.00 1450.64 1910.00 
1.47 1456.23 2110.00 
2.15 1464.37 2200.00 
3.16 1486.27 2300.00 
4.64 1543.77 2680.00 
6.81 1311.35 3260.00 

10.00 1225.45 3930.00 
14.70 1127.14 4880.00 
21.50 956.45 6000.00 
31.60 1923.16 7600.00 
46.40 2535.25 9100.00 
68.10 2867.66 10910.00 
100.00 1556.51 12400.00 
147.00 11640.20 14170.00 
215.00 15983.88 15510.00 
250.00 14564.77 15600.00 
300.00 14315.56 14550.00 
400.00 13877.87 13120.00 
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Model Parameter 

Geoelectric 
Layer 

Resistivity 
(ohm-m) 

Thickness 
(m) 

Cumulative 
Thickness(m) 

1 8050.00 6.20 6.20 
2 11500.00 15.36 21.56 
3 5260.00 15.60 37.16 
4 6260.00 26.00 63.16 
5 5012.00 26.20 89.36 
6 3000.00 Infinity Infinity 

RMS Error (%): 1.50 

PLATE III 

Observed Ves: 14 L.G.A.: Oredo 
Location: Orionmwonbor Weather: Hot 
State: Edo 

 

Observed (Field) and Computed (Theoretical) Data 

( )
2

AB m  
( )a ohm mρ −  

OBSERVED 
VALUE 

( )a ohm mρ −  

COMPUTED 
VALUE 

1.00 340.99 180.00 

1.47 313.01 200.00 

2.15 310.70 260.00 

3.16 364.11 347.14 

4.64 329.95 428.70 

6.81 504.29 537.61 

10.00 639.28 671.57 

14.70 809.63 835.02 

21.50 718.45 1024.64 

31.60 2559.21 1250.00 

46.40 1892.96 1491.53 

68.10 3131.76 1812.82 

100.00 5026.05 2263.10 

147.00 12252.98 2740.00 

215.00 21201.68 3005.10 

250.00 2345.56 3000.00 

300.00 2255.89 2750.00 

Model Parameters 

Geoelectric 
Layer 

Resistivity 
(ohm-m) 

Thickness 
(m) 

Cumulative 
Thickness(m) 

1 800.00 5.90 5.90 
2 1790.00 18.40 24.30 
3 7440.00 20.00 44.30 
4 1530.00 25.06 69.36 
5 1050.00 26.01 95.37 
6 980.00 Infinity Infinity 

RMS Error (%): 2.60 

5. Conclusions 
This study showed that the Benin formation is an exten-

sive sand unit. The interpretation indicates that the water 
bearing formation which is the sandstone (sand) layer im-
plied that the area has a great freshwater potential. The study 
showed that the correlation of the interpreted curves with the 
lithologic log from the borehole sections in the study area 
suggests that the major lithologic layers penetrated are lat-
erite, clay, sand (sandstone) and sandy clay from basic depth 
interval as shown in fig.1 (a&b). The sandstone layer which 
is the aquifer zone lies between the depth of 59.80m to 
85.80m for VES 12, 63.16m to 89.36m in VES 28 and 
69.36m to 95.37m for VES 14. Therefore, the depth to water 
table in the study area has a maximum drill depth within the 
range of 60m (199.8ft) to 100m (333ft). The study has pro-
vided information on the depth to the groundwater and per-
haps the thickness of the aquifer unit in Ikpoba Okha, a type 
area of the Benin Formation. This information will be rele-
vant to the development of an effective water scheme for the 
study area and possibly beyond other areas underlain by the 
Benin Formation. 
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