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ABSTRACT: Electrical Resistivity Imaging (ERI) is a useful near-surface imaging technique, which mainly
include data acquisition, numerical modelling and tomographic inversion. Within the study area, only one —
dimensional (1-D) Electrical Resistivity survey has been carried out for Geophysical investigations. Therefore, 2-D
ERI survey was carried out at the Igwete Primary School, Amai to provide electrical picture of the subsurface from
which discrete bodies and lithology are better revealed vertically and in lateral extent. The 2-D ERT survey data were
acquired using the Petrozenith Earth Resistivity meter while employing the Wenner electrode array. The 2-D apparent
resistivity data were inverted to obtain true resistivities of the subsurface using res2dinv software running on personal
computer. The subsurface resistivity models were displayed as pseudo sections and inverted resistivity section in the
form of colour shaded contour maps. The inverse resistivity model images indicate that at a lateral extent in the range
(15.00-21.00) m and (33.00-39.00) m, anomalies suspected to be gravel mixed with sand is in place with resistivities
of about (254.00-948.00) Qm. From the geologic section we can infer that a geological formation is observed at a lateral
position of (27.00-32.00) m of resistivity in the range (90.00-93.00) Qm. This structure is inferred to be a clay pocket.
The sandy nature of the formation requires that underground water development be sought for at (9.00-15.00) m over
a depth (2.30-8.00) m in the sandy environment. Results of 2D resistivity imaging has helped to delineate the lithology
which comprise mainly of; sand, sandy clay, clayey sand depositional environment. The resistivity of these lithology
falls in the range (90.00-93.00) Qm with depth to formation of about (2.30-6.00) m.
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Geophysical methods are employed in the exploration (2011) adopted a range of ERI methods (including

of geological structures and are implemented in a wide
range of applications ranging from building,
groundwater investigation to the inspection of dams
and dike Klimis et al., (1999); Othman, (2005);
Savaidisi et al., (1999); Soupios et al., (2006), aiming
towards the exploration of geological structure and the
determination of physical parameters of the rock
formations/units. Delineation of subsurface cavities
and shallow weathered zone using geophysical
methods has gained wide interests in the past few
decades (Abu-Shariah, 2009; Vachiratienchai et al.,
2010). Electrical geophysical methods are used to
determine the electrical resistivity of the earth's
subsurface. The resistivity distribution of the
subsurface can be interpreted in terms of soil
characteristics and/or rock type (lithology) and
geological structure. Electrical Resistivity Imaging
(ERI) is a near-surface electrical geophysical method
that uses direct current to measure the earth's
resistivity. It provides 2D and 3D images of the
variation in electrical resistivity using electrodes
typically placed on the ground surface. Zhu et al.,

time-lapse approaches) to locate karst conduits, and
combined ERI and GPR to detect fractures and
conduits in karst (Carriére et al., 2013; Martinez-
Moreno et al., 2014). The use of electrical resistivity
tomography applied to environmental studies is well
documented (Bernstone et al., 2019). 2-D Electrical
Resistivity Imaging survey using the Wenner array
was carried out at Igwete Primary School, Amai,
South-South Nigeria with the research objective of
surveying the lithological profile of the study area.

MATERIALS AND METHODS

Site Description/Location: The Study location is
Igwete Primary School in Ishikaguma quarters of
Amai kingdom, Ukwuani Local Government Area of
Delta State. It is in the Southern part of Nigeria known
as the Niger Delta and lies within latitudes (5.96° to
6.04%) N and longitudes (6.48° to 6.59°) E with an
elevation of about 23.00m above sea level as depicted
in Figure 1. The study location is bounded on the
North by Obiaruku, on the South by Ezeonum, on the
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West by Arhagba and on the East by Ogume. Amai has
two major roads which are tarred. These are the
Obiaruku -Amai road and Ogume-Amai road with
some network of roads that are not tarred. Amai is also
home to the Novena University and the Konum farms
limited. The occupation of her settlers is mainly
farming. The line co-ordinates for the study and survey
locations are presented in tablel and figure 1
respectively.

Table 1 Profile Line Co-ordinates

824

the topmost layer of the soil contains humus content.
Below the humus soil is a massive bed of lateritic soil
which increases downward from the topsoil. It is dark
brown and after a further depth it became reddish
brown. This massive bed of lateritic soil is inferred to
be a feature of Benin formation. The major lithological
composition of the study area are clays, sands (coarse
and fine), sandy clays and gravels. Amai kingdom is
within the Niger Delta basin. However, in Amai
kingdom, the topsoil contains humus and a bed of
lateritic soil beneath it which is a feature of the Benin

Profile Line  Co-Ordinates Latitude Longitude
ERI LINE Begin coordinate N5° 45'05.1°, E006°12° 15.4”°
End coordinate N5° 45'06.7° E006°12° 17.5

formation (Oseji, 2013).
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Fig 1: AMAI Geophysical survey location map for the ERI profile
line
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Fig 2: Map showing the geological description of the study area.

Geological Feature: The three major depositional
environments typical of most deltaic environment are
the marine, mixed and continental deposits. In Amai,

2-D Electrical Imaging Surveys: One- dimensional (1-
D) resistivity  sounding  surveys  carryout
measurements with different spacing between
electrodes but with a common center. The data is
usually plotted on a sounding curve. 1-D models are
probably too inaccurate for most areas where there are
significant lateral and vertical variations in resistivity.
As such, this method does not take into account
horizontal changes in the subsurface resistivity. A
more accurate model of the subsurface is a two-
dimensional (2-D) model where the resistivity changes
in the vertical direction as well as in the horizontal
direction along the survey line. In this case, it is
assumed that resistivity does not change in the
direction that is perpendicular to the survey line. In
many situations, particularly for surveys over
elongated geological bodies, this is a reasonable
assumption. In many geological situations, 2-D
electrical imaging surveys can give useful results that
are complementary to the information.2-D electrical
survey should be integrated with other geophysical
methods to provide background information of the
subsurface. 2-D electrical survey used in conjunction
with seismic, GPR or VLF surveys as they provide
complementary information about the subsurface.

Theory: All resistivity methods employ an artificial
source of current which is introduced into the ground
through point or long lines contacts. The procedure is
to measure potentials at other electrodes in the
neighborhood of the current flow. Electrical methods
are based on the resistivity or its inverse; this is the
conductivity of the material.

From surface potential we have,

u@=-=

2nr

)

Where; | = current, p= resistivity, r = distance between
electrodes.

A single point current source can be achieved in theory
by placing a corresponding current source at infinity.
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Determination of subsurface resistivities requires
knowledge of the potential distribution in addition to
the input current. Given two current electrodes A and
B in Figure 3, when we apply equation 1, the potential
at arbitrary point M is
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Fig 3: Distribution of current and potential lines for two current
electrodes at the surface of a homogenous half-space source

To measure potential difference, two electrodes are
needed. Theoretically, the injecting electrodes A and
B could be used to measure the response signal. A
dedicated pair of electrodes for measuring voltage
difference completes four-electrode array commonly
used in DC resistivity surveying. Subtracting the
potential at point M gives the potential difference AU
between M and N:

= ®

Where r3 is the distance between M and A, rs is the
distance N and B. Since K only contains distance
between electrodes, it is called the geometric Factor
which depends on the relative distribution of
electrodes. On rearranging equation 2, we obtain

AU
p=K— 4)

For an inhomogeneous earth, this equation will
produce values that vary according to the geometrical
arrangements of electrodes on the surface. Values
obtained from equation (4) or an inhomogeneous
underground are referred to as apparent resistivity, pa

MATERIALS AND METHODS

Geophysical resistivity methods are based on the
response of subsurface materials to the flow of electric
currents. In these methods, an electric current is
injected into the ground and two potential electrodes

are used to measure the resulting potential difference
between the current electrodes and thus allowing for
the measurement of the electrical impedance of the
subsurface. The resistivity of the soil is a function of
porosity, permeability, ionic content of the pore fluids,
and clay mineralization.

All resistivity methods employ an artificial source of
current which is injected into the ground through point
electrodes. In a field survey, the resistivity of the
subsurface is measured by passing a current through
the ground. Four metal electrodes are planted into the
ground. An electric current (10mA to 3 A) is injected
into the ground using electrodes C; and C; designated
as current electrodes. The resulting voltage difference
at two points on the ground surface is measured using
two electrodes, P; and P, the potential electrodes.

A preliminary survey was carried out on the survey
location. The terrain was observed for any topological
effects in terms of sharp elevation contrasts along a
chosen profile.

Field Design: The following survey parameters were
then planned for:

Measuring instrument: Petrozenith Earth Resistivity
meter.

Electrode configuration:  Wenner.

Profile length: 75m

Electrode Spacing: 3m

Begin Coordinates: N5© 45'05.1, E006° 12’
154

End Coordinates: N5° 457 06.7°°, E006° 12’
17.5”

Profile orientation: East-West.

Data Acquisition: The field data acquisition was
carried out after a reconnaissance visit to the study
area. The co-ordinate values of the profile were
collected using Germaine Geographical Positioning
System (GPS). Planting of electrodes numbering 0-25
were fixed into the ground at selected intervals of 3m
along the profile line. The unit electrodes spacing was
3m to ensure high resolution from the subsurface
geoelectrical image. The profile length was 75.00m.
The maximum electrodes spacing was 15.00m, giving
the maximum depth of investigation at about 7.70m.

2-D ERI survey data were acquired using the
Petrozenith Earth Resistivity meter while employing
the Wenner electrode array. For the first measurement,
n=1, a = 5, K = 3.142 which stands for serial number
1. The four electrodes are positioned at (Om, 3m, 6m
and 9m), which corresponds to the (Ci, P1, P2, Cy)
positions for the current (C; andC;) and potential
electrodes (P1 and P;) on the particular profile. The
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next serial number 2, is a forward shift of electrodes
positions by 5m each. The electrodes assume the new
positions (3m, 6m, 9m, and 12m). However, the P;and
P, difference of 3m is maintained throughout the
measurements. 75m profile length is observed for
twenty-six (26) electrodes. In each case, the circuitry
is completed by connecting the electrodes to the Pasi
Earth Resistivity meter via single core cables. The
resistance of the formation was measured which were
then transformed to apparent resistivity through the
transformation equation.

pa=KR (5

Where K = na; pa is apparent resistivity, R is resistance,
K is Geometrical factor

2-D Data Inversion: The field operation generated 2-
D data set of apparent resistivities. These 2-D data sets
are collated and inverted separately using the
RESZDINV software on a personal computer to obtain
2-D models of the line subsurface resistivities. The
subsurface resistivity models were displayed as
pseudo sections and inverted resistivity section in the
form of colour shaded contour maps. In the displayed
graphic, the upper figure is a pseudo section drawn
with the raw field data, the middle is a pseudo section
drawn with the computer generated apparent
resistivity data, while the lower figure is the true
subsurface model drawn from the computed generated
apparent resistivity. Ten iterations were carried out at
Abs. error, 15.00%.

RESULTS AND DISCUSSION

Field data obtained from the instrument readings at
each survey lines were recorded in a data sheet. The
geometrical factor “K” for each sequence of
measurement “n” was computed using equation (5).
This was then used to multiply the resistance values
read from the instrument to obtain the apparent
resistivity. The true resistivity figure was scan to
identify isolated resistivity anomalies. The anomalous
areas were inferred to be sandy clay and clayey sand
deposits in the sand environment being electrically
imaged. At a lateral extent in the range (15.00-21.00)
m and (33.00-39.00) m, anomalies suspected to be
gravel mixed with sand is in place with resistivities of
about (254.00-948.00) Qm. From the geologic section
we can infer that a geological formation is observed at
a lateral position of (27.00-32.00) m of resistivity in
the range (90.00-93.00) Qm. This structure is inferred
to be a clay pocket. Because of the sandy nature of the
formation, underground water development can be
sought for at (9.00-15.00) m over a depth (2.30-8.00)
m in the sandy environment. The subsurface materials

are presented in the form of geologic section drawn in
surfer 13.0 software window, figure 5.
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Fig 5: Igwete-Amai 2-D ERI inverse model image geologic
section

Conclusion: The 2-D Electrical Resistivity imaging
survey provides electrical picture of the subsurface
from which discrete bodies are better revealed. Both
vertical and lateral extents are made visible. The 2-D
Resistivity Imaging has helped delineate the lithology
to comprise mainly of; sand, sandy clay, clayey sand
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depositional environment. The resistivity of these
lithology falls in the range (90.00-93.00) Qm with
depth to formation of about (2.30-6.00) m. There is no
flooding threat.
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