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ARTICLE DETAILS ABSTRACT

Article History: Groundwater Investigation was carried out using Electrical Resistivity Method at Sanngo Elere, Eruwa. There
are many hand-dug wells in the study area but there is no evidence that groundwater exploration has been

Revised 09 July 2024 carried out in the area. Vertical Electrical Sounding (VES) was carried out in the area with the aim of

Accepted 19 August 2024 determining viable aquiferous zone. Twenty (20) VES were carried out using Schlumberger electrode array

Available online 21 August 2024 configuration. The VES data generated were processed and interpreted using partial curve matching method
and computer iterative modelling software called win resist. The interpreted data revealed three to five
geoelectric sections consisting of the topsoil with resistivity ranging from 149 to 1407Qm. Weathered/party
weathered layer with resistivity and thickness values ranging from 131 to 2082Qm and 1.0 to 14.2m
respectively. A partly weathered/fresh basement rock with resistivity and thickness values that ranges from
45 to 3297Qm and 2.6 to 21.6m. also a fresh basement rock with resistivity values that range from 1020 -
87440m. On the bases of the resistivity and thickness of fracture zone, twelve out of 20 VES points are
promising location for prolific borehole. The values of computed reflection coefficient were further used to
confirm water bearing fractures. Electrical Resistivity Survey has been successfully utilized for groundwater
exploration in the study area.
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Abiola et al,, 2009; Ilugbo et al.,, 2018c). Investigation of groundwater in
Basement Complex terrain poses a challenge in locating fractured bedrock,
requiringa detailed understanding of the nature and characteristics of the
basement rock (Ilugbo et al,, 2019). However, many boreholes have been
drilled into a dry fractured or thin weathered layer with a low yield. This
is because proper geophysical surveys have not been carried out before
the drilling exercise in the study area. Against this background, this study
usedthe electrical resistivity method to know the subsurface conditions
under investigation (Ilugbo et al, 2020). Furthermore, because of the
occurrence nature of shallow water prone to contamination, groundwater
should have been an alternative water source. Still, there is a challenge
locating highly productive aquifers in different parts of Eruwa.
Investigation of groundwater in basement terrain possess a challenge in
locating fractured bedrock and this required detailed understanding of the
nature and characteristics of the basement rock. However, many
boreholes have been drilling into a dry fractured and or thin weathered
layer with a low yield. This is because proper geophysical surveys have not
been carried out before the drilling exercise. Against this background, this
study was embarked on to use electrical resistivity method to have a
knowledge of the subsurface conditions under investigation.

1. INTRODUCTION

Access to safe drinking water is a key ingredient for better health and
reducing poverty. Groundwater is the water found below the surface of
land and it exists in pores between sedimentary particles and fissures of
hard rocks (Ilugbo and Adebiyi 2017; Adebiyi et al.,, 2018; Adebo et al,,
2018; Adeboe etal., 2022; Bawallah et al.,, 2021a; Bawallah et al., 2024;
Ozegin et al, 2024a). Groundwater sustains the flow of surface water
during dry periods and also groundwater is more preferable due to its less
contamination (Bawallah et al., 2021b; Ozegin et al., 2024b). However,
geophysical methods have been applied in different geological
environments for groundwater exploration (Adebo et al,, 2019; Bawallah
etal, 2020a; Ilugbo et al,, 2023b; Ozegin et al.,, 2023). Electrical resistivity
method has been used in many geophysical investigations, permafrost
mapping and geological mapping. The electrical methods are generally
classified according to the energy source involved i.e. natural or artificial
methods (Jatau eta., 2013; Ilugbo etal,, 2018a; Bawallah et al., 2020b). The
electrical resistivity technique is an effective tool in delineating areas of
good potential for groundwater development (Bawallah et al, 2018a;
Bawallah et al, 2018b; Ilugbo et al, 2023a). For example, the goal of
Vertical Electrical Sounding (VES) is to observe resistivity variation with

depth. The Schlumberger configuration is most commonly used for VES 2. STUDY AREA

investigation. The use of very low frequency electromagnetic (VLF-EM) The study area is located at Sanngo, Eleresite, Eruwa which fall within
and vertical electrical sounding (VES) for groundwater exploration is Latitudes 07°32' 19.35" N and Longitudes03 25 34.15 E (Figure 1). The
popular in the basement complex rocks terrains because of the occurrence study area generally experiences the typical tropical climate of average

nature of the aquifer (Palacky et al., 1981; Ilugbo et al., 2018b; Ozegin et

. Rt ’ high temperatures and high relative humidity with a rainfall period from
al.,, 2024c). The electrical resistivity method has also been used extensively

March to October. The mean temperatures are highest at the end of the

in groundwater investigation in the basement complex terrains (Barongo Harmattan (averaging 28°C), from the middle of January to the onset of the
and Palacky, 1991; Olayinka and Olorunfemi, 1992; Ayolabi et al., 2004;
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rains in the middle of March. During the rainfall season, average
temperatures are between 24°C and 25°C, while the annual temperature
range is about 6°C. Rainfall varies from an average of 1200 mm at the onset
of heavy rains to 1800 mm at its peak. The area investigated is
predominantly undulation upland terrain. It is characterised by high-left
hills, valleys and plain land. The average height of the hills is
approximately meters above sea level. The hills are predominantly

massive and littered with boulders. The major trends of the ridges lie in
the North-South, North-West - South-East directions. In Eruwa there are
rivers and springs in which some prominent rivers and their tributaries
flow through the town. The drainage pattern is generally dendritic, where
the streams flow over uniform bedrock.The rainforest covers much of
Eruwa in Ibarapa Local Government Area. The composition is the large tall,
crowned trees mixed with thick undergrowth. The southern parts of the
state are covered by the rainforest and derived savannah.
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Figure 1: Location Map of the Study Area

2.1 Geology and Hydrogeology

Geologically, the study area is located within the basement complex
terrain of Nigeria. The general geology of Nigeria has been studied by
various researchers, (Rahaman, 1988; Oyawoye, 1964, 1972; Cooray,
1972; Dada etal,, 1993; Ajibade, 1976). Nigerian rocks can be grouped into
crystalline and sedimentary rocks. Half of the crystalline rocks in Nigeria
are buried beneath the cretaceous and younger sediments while the other
half outcrop largely in the North-central, Southwestern and in three
regions from the North to the south along the Cameroon line, that is,
Mandara highland, Adamawa Plateau and Oban massif. The crystalline
rocks can further be divided into three main groups: Basement Complex,
Younger Granite and Tertiary-Recent Volcanics. The evolution of the
basement complex is associated with the general evolution of the African
continent. The complex comprises gneisses and migmatite with supra-
crustal relicts, which have yielded Archean between (C. 2700 Ma) and
Proterozoic (C. 2000 Ma) (Dada et al., 1993). Hydrogeologically, the area
is made of weathered regolith and fractured/fresh basements.

3. METHODOLOGY

3.1 Field acquisition of resistivity data

Twenty (20) VES were acquired along five (5) traverses using the
Schlumberger electrode array configuration, whereby four (4) VES were
conducted on each traverse line (Figure 12). The VES techniques was
employed by maintaining the current and potential electrodes at the same
relative spacing and the whole spread expanded progressively along a
profile. Successive apparent resistivity values were determined at the
same center point for increasing values of electrode spacing. The basis for

making an electrical sounding irrespective of the electrode array used, is
that the farther away the potential electrode is from the current source,
the deeper the depth of investigation. The 2-D electrical resistivity survey
was conducted along the six (6) traverses using the Wenner electrode
array configuration. Measurements were made at sequences of electrodes
interval of 5, 10, 15, 20, 25 and 30 m, respectively. Using the Wenner
configuration, the four electrodes were planted into the ground, moved
along each profile at a constant electrode spacing (a), and successive
readings were taken. The electrode spacing was varied for deeper imaging
to obtain resistivity values for a= 5 m, 10 m, 15 m, 20m, 25 m and 30m,
respectively, for all six (6) CST lines. The apparent resistivity, pa values
were obtained using the simple formula:

pa=2maR 1)
where R is the measured resistance in Ohms.
3.2 Data processing

The VES results were used to generate sounding curves for each point. This
was achieved by plotting the apparent resistivity on the ordinate against
half current-electrode spacing on a tracing transparent paper and curve
matched. Parameters such as apparent resistivity and thickness obtained
from partial curve matching were used as input data for computer
iterative modelling software called WinResist. CST data obtained from the
Wenner configurations were processed into apparent resistivity values,
presented in note pad (.dat format), and further processed using the
RES2DINV software to generate 2-D resistivity sections. The RES2DINV
inversion software has proven to be effective in generating tomography
images of the subsurface geology of an area.

Cite The Article: Adedokun Damilola Rukayat, Ishola K.S., Alli Adnan Karram, Ibitomi Michael Adewale (2024). Groundwater Investigation Using

Electrical Resistivity Method in A Basement Terrain of Sanngo Elere, Eruwa, Southwestern Nigeria. Pakistan Journal of Geology, 8(1): 44-56.




Pakistan Journal of Geology (P]G) 8(1) (2024) 44-56

= =
~ 3’25:62'5 3‘26:64 “E 3'26:66'5 3'26:68'5 J'?GA'O'E 3‘26.'2'5 ~
~ 6 r1r4 [
z T
8. L8
- o
~ ~
z z
8 L8
~ ~
bd -
~ ~
T e
& L&
= =
~ ~
z z
& i
~ ~
™ bl
~ ~
z g
~ ™
N [N
~ | [~
g \ 3|9
~ - r g - v v N o\ — ~
I25'82°E J25'847E 3°25°86°E 32558 J°260°E J262°E
0 0.0475 0.095 0.19 0.285 0.38
— — ——— — lometers
Legend
* VES POINTS 4+ TRAVERSE LINE BUILDINGS STUDY AREA
== MAJOR RD MINOR RD VEGETATION
Figure 2: Data acquisition map of the study
4. RESULTS AND DISCUSSION (Figure 3a to d). The three layers curve was identified beneath VES 11, 13
and 14. The four layers curve beneath VES 1, 2, 3,4,5,6,7,8,9, 10, 12, 15,
4.1 Curve types 18, 19 and 20, five layers curve beneath VES 16, while the six layers curve
was identified beneath VES 17. However, the KH type is the most common
Three to six geoelectric layers were obtained beneath the VES points and curve identified within the area. Table 1 shows the interpreted VES results
the various curves identified include H, KH, HKH and KHKH curve types with model parameters, lithology and curve type.
*RMS-eror: 1.6 LESLL No Res Thick Depth
074 Schlumberger Configuration -
T 1 3243 10 10
= 2 965 142 1562
E 319131 -- --
=y
z * RM3 on smoothed data
w
@ o103
o
@
j=1
j= 18
o
1042
101 . .
100 10 1042 1043

Current Electrode Distance (AB/2) [m]

Figure 3a: Typical H curve type
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Figure 3d: Typical KHKH curve types
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Table 1: Interpreted VES Results with Model Parameters, Lithology and Curve Type.
VES Layers Resistivity (Q2-m) Thickness (m) Depth (m) Lithology Curve Type

1 149 0.6 0.6 Topsoil

1 2 236 1.3 1.9 Partly Weathered Layer KH
3 17 6.2 8.1 Weathered Clay
4 7230 - - Fresh Basement
1 532 0.9 0.9 Topsoil

) 2 628 1.2 2.1 Partly Weathered Layer KH
3 81 8.6 10.7 Weathered Layer
4 2021 - - Fresh Basement
1 414 0.9 0.9 Topsoil

3 2 450 1.8 2.6 Partly Weathered Layer KH
3 63 8.3 10.9 Weathered Layer
4 1519 -- -- Fresh Basement
1 1094 0.9 0.9 Topsoil

4 2 1733 1.5 2.3 Partly Weathered Layer KH
3 149 9.8 12.2 Weathered Layer
4 1472 - - Fresh Basement
1 1398 0.8 0.8 Topsoil

5 2 1638 1.9 2.7 Partly Weathered Layer KH
3 325 3.6 6.4 Weathered Layer
4 1456 -- -- Fresh Basement
1 1162 1.0 1.0 Topsoil

6 2 1924 4.8 5.7 Partly Weathered Layer KH
3 783 19.4 25.1 Weathered Layer
4 2919 -- -- Fresh Basement
1 1407 1.0 1.0 Topsoil

. 2 1994 1.9 2.9 Partly Weathered Layer KH
3 850 21.6 24.5 Weathered Layer
4 8744 - - Fresh Basement
1 1180 0.9 0.9 Topsoil

8 2 2082 1.9 2.8 Partly Weathered Layer KH
3 661 14.8 17.6 Weathered Layer
4 3086 - - Fresh Basement
1 405 1.0 1.0 Topsoil

g 2 131 3.4 4.4 Partly Weathered Layer QH
3 54 5.9 10.3 Weathered Layer
4 710 -- -- Fresh Basement
1 496 1.0 1.0 Topsoil

10 2 167 3.1 4.1 Partly Weathered Layer QH
3 45 18.1 22.2 Weathered Layer
4 741 - - Fresh Basement
1 324 1.0 1.0 Topsoil

11 2 97 15.2 Weathered Layer H
3 1913 -- -- Fresh Basement
1 556 0.8 0.8 Topsoil
2 822 1.0 1.8 Partly Weathered Layer

12 KH
3 73 6.0 7.8 Weathered Layer
4 1555 -- - Fresh Basement
1 381 1.0 1.0 Topsoil

13 2 225 7.0 8.0 Partly Weathered Layer H
3 3297 - - Fresh Basement
1 581 1.0 1.0 Topsoil

14 2 287 7.3 8.3 Partly Weathered Layer H
3 2075 - - Fresh Basement
1 489 1.0 1.0 Topsoil
2 839 1.6 2.6 Partly Weathered Layer

15 KH
3 305 10.4 12.9 Weathered Layer
4 1020 -- - Fresh Basement

Cite The Article: Adedokun Damilola Rukayat, Ishola K.S., Alli Adnan Karram, Ibitomi Michael Adewale (2024). Groundwater Investigation Using

Electrical Resistivity Method in A Basement Terrain of Sanngo Elere, Eruwa, Southwestern Nigeria. Pakistan Journal of Geology, 8(1): 44-56.




Pakistan Journal of Geology (P]G) 8(1) (2024) 44-56

Table 1 (Cont.): Interpreted VES Results with Model Parameters, Lithology and Curve Type.
1 961 1.0 1.0 Topsoil
2 187 6.5 6.5 Weathered Layer
16 3 2137 17.2 172 Fresh Basement HKH
4 397 40.1 64.7 Fractured Basement
5 2153 -- -- Fresh Basement
1 855 0.9 0.9 Topsoil
2 2020 11 2.0 Laterite
17 3 636 4.1 6.1 Partly Weathered Layer KHKH
4 1795 9.4 15.5 Fresh Basement
5 498 26.6 42.1 Fractured Basement
6 14343 -- -- Fresh Basement
1 993 0.9 0.9 Topsoil
18 2 1308 1.6 2.6 Laterite KH
3 225 5.5 8.1 Weathered Layer
4 968 -- -- Fractured Basement
1 685 1.0 1.0 Topsoil
19 2 889 1.4 2.4 Partly Weathered KH
3 179 49 7.3 Weathered Layer
4 5084 -- -- Fresh Basement
1 808 0.8 0.8 Topsoil
2 831 1.1 1.9 Partly Weathered
20 KH
3 90 2.6 4.4 Weathered Layer
4 2643 -- -- Fresh Basement
4.2 Geo-electrical section with resistivity values ranging from 236 to 1733 Qm with thickness values
varying from 1.2 to 1.8 m within the depth range of 1.9 to 2.6 m. The third
Figure 4(a to e) represents the geoelectric section along the five profiles. layer constitutes a weathered layer. It has resistivity and thickness values
Geo-electric Section along AA' (Figure 4a) represents the geoelectric that vary between 63 to 149 Om and 8.3 to 9.8 m within depths that vary
section along profile 1. The geoelectric section relates VES 1, 2, 3, and 4 from 10.7 to 12.2 m, respectively but is composed of clay on VES 1 with
positions at 138 m, 145 m, 150 m and 170 m. The geoelectric section resistivity and thickness values of 17 Om and 6.2 m. The fourth represents
reveals three to four geoelectric layers: topsoil, sand, clay/sandy clay, and fresh basement rock having resistivity values that vary between 1472 to
sand formation. The first layer represents the topsoil with resistivity 7230 Qm. This fourth geoelectric layer's thickness could not be
values ranging from 149 to 1094 Qm with thickness values that vary from determined because of current electrode terminate at this region.
0.6 to 0.9 m. The second layer is composed of the partly weathered layer
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Figure 4a: Geo-electric Section along A - A!

Geo-electric Section along BB! revealed the geoelectric section along represents the topsoil that has a resistivity values ranging from 1162 to
profile 2 (Figure 4b). The geoelectric section consists of VES 5, 6, 7, and 8 1407 Qm with thickness values varying from 0.8 to 1.0 m.The second layer
positioningat 120 m, 130 m, 140 m, and 150 m, respectively. The first layer is composed of the partly weathered layer with resistivity values ranging
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from 1638 to 2082 QOm with thickness values varying from 1.9 to 4.8 m
within the depth range of 2.7 to 5.7 m.The third layer constitutes a
weathered layer with resistivity and thickness values ranging from 325 to
850 m and 3.6 to 21.6 m within a depth of 6.4 to 25.1 m.The fourth layers

VES 5

VES 6

represents fresh basement rock having resistivity values varying from
1456 to 8744 Om. This fourth geoelectric layer's thickness could not be
determined because of current electrode terminate at this region.

VES 7

VES 8

850
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15—
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3086
25— .
Scale (m)
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Figure 4b: Geo-electric Section along B - B!

Geo-electric Section along CC' (Figure 4c) represents the geoelectric
section along profile 3. The geoelectric section consists of VES 9,10, 11 and
12 positioned at 50 m, 60 m, 70 m, and 80 m, respectively. The topsoil has
resistivity values ranging from 324 to 556 Qm with thickness values
varying from 0.8 to 1.0 m. The second layer composed of a weathered and
partly weathered layer with resistivity values ranging from 187 to 839 im

and thickness values varying from 1.6 to 7.3 m within the depth range of
2.6 to 8.3 m. The third layer represents weather layer with resistivity and
thickness values ranging from 45 to 73 Qm and 5 to 14 m. The fifth
geoelectric layer represents fresh basement with resistivity and thickness
values ranging from 710 to 1913 Om..
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Geo-electric Section along DD! representsthe geoelectric section along
profile 4 (Figure 4d) relating VES 13, 14, 15 and 16 positions at 80 m, 85
m, 90 m and 95 m. The first layer represents the topsoil, it has resistivity
values ranging from 99 to 109 Om with thicknesses varying from 0.6 to 1.0
m.The topsoil is composed of sand. The second geoelectric layer is
composed of a weathered and partly weathered layer with resistivity
values ranging from 187 to 839 m with thickness values varying from 1.6
m to 7.3 m within the depth range of 2.6 m to 8.3 m. The third geoelectric
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Figure 4d: Geo-electric Section along D-D!

resistivity value of 14344 Qm.

225Qm and 2.6 to 5.5m within the depth range of 4.4 mto 8.1 m, but
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Figure 4e: Geo-electric Section along E-E!

layer represents fresh basement with resistivity and thickness values
varying from 2075 Qm to 3297 Qm but compose of weathered layer on
VES 15 having resistivity and thickness values of 305 Om and 10.4 m
within the depth of 12.9 m respectively. The fourth geoelectric represents
fresh basement with resistivity value of 1020 Om, but is composed of the
fractured basement on VES 16 having resistivity and thickness values of
397 Qm and 40.1 m within the depth of 64.7 m. The fifth geoelectric layer
represents a fresh basement and has a resistivity value of 2153 Qm.

composed partly weathered layer on VES 17 with resistivity and thickness
values of 636 Om and 4.1 m within the depth of 6.1 m. The fourth
geoelectric represents fractured basement (beneath VES 18) and fresh
basement with resistivity values ranging from 968 m to 5084 Qm. The
fifth geoelectric layer is composed of fractured basement on VES 17 having
resistivity and thickness values of 498 Om and 26.6 m within the depth of
42.1 m. The sixth geoelectric layer represents a fresh basement and has a
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4.3 2-D Resistivity section along traverse one

The 2-D resistivity section along traverse 1 is presented in Figure 5. The
section indicates a total spread length of 200 m and maximum depth of
17.3 m wasinvestigated. The resistivity section shows that three
zones/regions are distinctively mapped with resistivity values that ranges
from 31.5 - 8754 Qm. The subsurface layer is composed of weathered and
partly weathered layer from the surface to depth range of about 10 m -

bepth [teration 3 Whs. erver = 31,13
[ 1] W ELE

17.3 m. The weathered layer (70 Om - 157 Om) was identified at lateral
distance of about 10-35 m and 95 m - 175 m as the second geoelectric layer
and extend to depth of 17.3 m. The partly weathered layer is identified at
lateral distance of about 35 m - 90 m and extend to depth range of about
10 m - 17.3 m respectively. The third geo-electric layer composed of fresh
basement (1754 Qm - 8754 m) and extends from depth of about 10.0 m
- 17.3 m. The weathered layer represent the aquifer unit suitable for
hydrogeologic purpose or groundwater exploration in the area.
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Figure 5: 2-D Resistivity Section along Profile 1

4.4 2-D Resistivity section along traverse two

The 2-D resistivity section along traverse 2is presented in Figure 6. The
section indicate total spread length of 150 m and maximum depth of 19.8
m wasinvestigated. The resistivity section shows resistivity values that
ranges from 134 - 23197 Qm. From the inverted section, the topsoil has
resistivity values that range from 134 - 2550 Qm. Below the topsoil, the

Depth Iteration 3 fbs. error = 12.4 %
Al 20.8

L i L 1 L 1 L | L L L 1 L L

subsurface layer composes of weathered and partly weathered layer from
the surface to depth range of about 1.25 m - 17.0 m. The partly weathered
layer (1222 Qm -2550 Om) was identified at lateral distance of about 5-40
m from depth of about 1.25 - 9.26 m. The weathered layer represents the
aquifer unit. The third geo-electric layer is composed of fresh basement
(5324 Om -23197 Qm) identified at depth of about 17 - 19.8 m.
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Figure 6: 2-D Resistivity Section along Profile 2

4.5 2-D Resistivity section along traverse three

The 2-D resistivity section along traverse 3is presented in Figure 7. The
section indicate total spread length of 150 m and maximum depth of 19.8
m wasinvestigated. The resistivity section shows resistivity values that
ranges from 8.28 - 122718 Qm. From the inverted section, the topsoil has
resistivity values that range from 32.6 - 2002 Qm. Below the topsoil, the

Depth Iteration 3 Abs. error = 24.7 %

6.8 20.0 40.9 60.0
Il

i A " 1 1 i b 1 i i

subsurface layer is composed of weathered and partly weathered layer
from the surface to depth range of about 6.0 m - 12.0 m and has resistivity
values that range from 48 - 2002 Qm. The weathered layer (48 Qm - 129
Qm) is identified at lateral distance of about 47 - 85 m from depth of about
1.25 -10.0 m. The third geo-electric layer is composed of fresh basement
(7892 Om - 122710 Om) from depth of about 6.38 - 19.8 m.
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Figure 7: 2-D Resistivity Section along Profile 3

Cite The Article: Adedokun Damilola Rukayat, Ishola K.S., Alli Adnan Karram, Ibitomi Michael Adewale (2024). Groundwater Investigation Using

Electrical Resistivity Method in A Basement Terrain of Sanngo Elere, Eruwa, Southwestern Nigeria. Pakistan Journal of Geology, 8(1): 44-56.




Pakistan Journal of Geology (P]G) 8(1) (2024) 44-56

4.6 2-D Resistivity section along traverse four

The 2-D resistivity section along traverse 4 is presented in Figure 8. The
section indicate total spread length of 150 m and maximum depth of 15.9
m wasinvestigated. The resistivity section shows resistivity values that
ranges from 78.7 - 10770 Qm. From the inverted section, the topsoil has
resistivity values that range from 159 - 5333 Qm. The second layer is
composed of weathered layer (at lateral distance of 0 - 105 m) and partly

Depth Iteration 3 Abs. errer = 8.1 %
0.8 20.8

weathered layer (at lateral distance of 115 - 150 m) from the surface to
depth range of about 1.25 m - 10 m with resistivity values that range from
159 - 2641 Qm. The weathered layer (thin) represent aquifer unit. The
third geo-electric layer is composed of fresh basement (2641 Qm - 10770
Qm) from depth of about 6.38 - 15.9 m. Suspected fractured is identified
at lateral distance of 105 - 115 m along this traverse. The fractured
basement represents aquifer unit for groundwater development.
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Figure 8: 2-D Resistivity Section along Profile 4

4.7 2-D Resistivity section along traverse five

The 2-D resistivity section along traverse 5is presented in Figure 9. The
section indicate total spread length of 200 m and maximum depth of 19.8
m wasinvestigated. The resistivity section shows resistivity values that
ranges from 215 - 64874 Qm. From the inverted section, the topsoil has
resistivity values that range from 215 - 2472 Qm. The second layer is
composed of weathered layer (at lateral distance of 45 - 190 m) and partly

Depth Iteration 3 Abs. error = 11.7 %
0.0 0.6 80.6

weathered layer (at lateral distance of 5 - 45 m) from the surface to depth
range of about 1.28 - 10 m with resistivity values that range from 215 -
2472 Qm. The weathered layer (thin) represent aquifer unit. The third
geo-electric layer is composed of fresh basement (12584 Qm - 64874 Om)
from depth of about 10.0 - 19.8 m, but represent fractured basement (485
- 1095 Qm) or thick weathered layer at lateral distance of about 45 - 85
m along this traverse. The fractured basement is also identified on VES 17
conducted at lateral distance of 70 m along the traverse line.
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Figure 9: 2-D Resistivity Section along Profile 5

4.8 2-D Resistivity section along traverse six

The 2-D resistivity section along traverse 6is presented in Figure 10. The
section indicate total spread length of 200 m and maximum depth of 19.8
m wasinvestigated. The resistivity section shows resistivity values that
ranges from 239 - 62850 Qm. the topsoil has resistivity values that range

Depth  Iteration 3 Abs. ervor = 20.0 %
0.8 4.0
" 1

from 239 - 1174 Qm. The second layer is composed of weathered and
partly weathered layer from depth range of about 1.25- 12.4 m having
resistivity values that range from 530 - 1174 Qm. The weathered layer
(thin) represents aquifer unit. The third geo-electric layer is composed of
fresh basement (2603 Qm - 62850 Qm) from depth range of about 10.0 -
19.8 m.
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Figure 10: 2-D Resistivity Section along Profile

5. INTEGRATION OF RESULTS
5.1 Integration of VES and CST along Traverse 3

Figure 11 represents the correlation panel of the VES and CST results along
traverse 3 for proper lithology identification. From the section, there is

good correlation of the VES with the CST as both techniques identified the
second geoelectric layer as partly weathered and weathered layer. The
third geoelectric layer is identified as weathered layer while the fourth
geoelectric layer were both delineated as fresh basement.
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Figure 11: Correlation of VES and CST Results along Traverse 3

5.2 Integration of VES and CST along Traverse 5

Figure 12 represents the correlation panel of the VES and CST along
traverse 5. From the section, there is good correlation of the VES with the

CST. The fractured basement identified on the VES 17 and 18 corresponds
well with the fractured identified on the 2-D section as lateral distance of
70 and 90 m respectively. This represents suitable location where
groundwater can be tapped.
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5.3 Reflection coefficient to determine the reliability of VES
techniques

Some researchers have used values of reflection coefficient to determine
the reliability of VES method (Olorunfemi et al., 1999). The Lower the

EEEEEOEEEE

Unit electrode spacing 5.84 n.

S and CST Results along Traverse 5.

value of the coefficient, the more promising is the fractured layer for
grandwater potential. Table 2 Shows the values of Computed Reflection
Coefficient for some suspected VES points that are selected on the basis of
their Resistivity values and Thickness. The Table shows that VES 5, 6, 8,
15, 18 are promising

Table 2: The values of computed reflection coefficient for some suspected VES points
VES Points Apparent Resistivity Value o1, 02 ((lm) Computed Reflection Coefficient Groundwater Potential
2 81.3,2021.4 0.922 Poor
4 148.5,1472.2 0.817 Poor
5 325.3,1455.7 0.635 Very good
6 783.4,2919.4 0.577 Very good
7 849.8, 87441 0.823 Poor
8 661.1,3085.5 0.647 Very good
11 96.5,1913.1 0.904 Poor
13 225.3,3296.8 0.872 Poor
14 286.5,2074.8 0.757 Good
15 305.3,1020.2 0.539 Very good
18 224.9,968.0 0.623 Very good

o
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6. CONCLUSIONS

The rock that underlain the study area are granite and gneisses such rock
have been found to be overlain by thick overburden, which can be good for
shallow water. Electricity Resistivity survey has shown that there are five
Geoelectric Layers, Topsoil, Partially Weathered Layer, Fractured
Basement, and Fresh Basement. The fracture zone have been found to be
the most promising for groundwater accumulation. Consideration of the
thickness of overburden, resistivity of fracture zone and the computed
values of reflection coefficient were used to identify 5 promising VES
points for groundwater accumulation. Electrical Resistivity Survey has
been successfully carried out for groundwater exploration in the study
area.

Similar study can be carried out in other Basement Complex terrains in
Nigeria. However integrated geophysical methods should be employed.
The study should be followed with ground-truthing involving drilling of
Boreholes and this will assist in determining the effectiveness or
otherwise of geophysical method for groundwater exploration in
basement complex terrains.
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