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Abstract

The investigation of direct current probing of sdavel for subsurface lithology in
Igarra area of Edo State, Nigeria was carried ousing electrical resistivity method based
on schlumberger array of vertical electrical soundj (VES).

The need to carry out this research became impematin view of the fact that
subsurface lithologies are of economy importancentankind for development. Ten (10)
VES, uniformly distributed was carried out at fouf4) different stations. A computer
iterative method of interpretation was employedngithe IP12WIN and win rest software.
The results were correlated with geologic and litbgical data/log acquired from the
survey area to obtain the desired lithologies orckotypes. The various subsurface
lithologies encountered were topsoil, sandstonet s&nd, sand and clay with resistivities
varying from (60-300) ohm-m, (200-400) ohm-m, (2800) ohm-m (300-600) ohm-m, (70-
130)ohm — m respectively, thicknesses raying frd2¢2.00)m, (0.4-2.00)m, (3.50-6.50) m
(25-55)m and (1.0-3.0) m respectively, depths vagyirom (0.2-2.0)m, (0.6-4.0)m, (4.10-
10.50m), (29.10-65.50)m and (30.10-68.50)m. Thesailts agreed very well with available
borehole records of the area.

1.0 Introduction

The movement and production of individual mineratsing from subsurface lithologies for the usevafiable
industries is an issue that has received adequo#tepeeneurial attention in Nigeria [1]. The stuafithe earth’s resistivity is
commonly used in shallow depth investigation. Althb previous researchers have employed geophymioapecting as a
mean of investigating the electrical propertiesaaks and soil, this was not covered over a widged2].

Geophysical survey as a viable tool based on @attexploration method utilizes artificial electrcurrents to
explore the properties of the earth’s interior amdsearch for natural resources such as water,alapnd other mineral
arising from various subsurface lithologies [3].

Previous researchers have shown that the searchilfand solid minerals was confirmed to depositeally
observable on the surface in the form of seepscamciops or other exposures [4]. When all accuriarainh an area that
could be discovered by such simple methods had bmerd, it became imperative to deduce the presefcbsurface
lithologies indirectly by downward projection of gghysical survey information observable on theréadurface [5]. This
involves measurements on the earth’s surface thdt @ive information on the structure or compasitdf concealed rock
types or lithologies that might be useful for longtdesired mineral deposits [6].

2.0 Brief Local Geology of the Study Area

The study area was Igarra in Edo State of Nigdtids located in the northern part of Edo State died
approximately within latitude®27’N and longitude ®.8'E with an elevation of 30m[7].

It is underlain by the Ameki formation which consisainly of a series of cross-bedded sandstongs gabbly grit
silt stone [2].

3.0 Experimental Work
The geophysical survey was carried out in Igarmdg State of Nigeria with the aid of SAS (signal raging
system) ABEM 300 digital terrameter and its 20004ier [8] vertical electrical sounding (VES) wasrieal out using the
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schlumberger array in the survey area, with theeciirelectrode (AB/2) spacing ranging from 2m-1000rhis spacing
depends on the number of points per decade, whighually n= 6, giving a spread of“1'0

The resulted to spread of 1.0m, 1.47m, 2.15m, 3,4664m, 6.81m, 10.0m, 14.7m, 21.5m e.t.c (g) [9]

Measurements were taken at increasing currentretketdistances so that the electric current inttedunto the
ground penetrated greater depths. In places, wtherground was dry, small amount of water was appio the ground for
easy penetration of current electrode into the igdowhich made good contact with the ground [10]

The current electrodes were expanded at six ppietsdecade while the potential electrodes remafixed. A
decrease in the potential difference across thenpiat electrodes necessitated a new potentialtretde spacing in
accordance with schlumberger field condition of ABMN where A and B are current electrodes, M andré&l @otential
electrodes [11].

For easy reference, a table of semi current eldetspacing AB/2 and respective apparent resissiide the four
covered stations is shown in table 5.1.

4.0 Theoretical Analysis

The fundamental theory behind geo-electrical spuwas analysed completely by Maillet and other aedgers [15],
[16]. In a homogeneous isotropic medium, the pdaétue to a single point current source such asctirrent electrode,
satisfy laplace’s equation arising from the equéptil hemispherical surface so that

E=-0V (4.1)

and from ohm’s lenv JeE (4.2)

Whererepresents del operator

V= electric potential, E= electric field intensity

o= electrical conductivity, J = Current density

For a single point current sourgel = O (4.3)
Using (4.1) and (4.2), we have
OoE=0.0(-0V)=0 (4.4)
. -0*V=0
. 0%V=0forr>>0 (4.5)

Where0? (del squared) is called lapacian operator. Thetesalution to equation (4.5) have been documeirted
previous research work of the researcher [1], [Bfl, [9], [10],[11]. The solution lead to the calated apparent resistivity
(€5) according to schlumberger array condition of ABMN given as

(ap)2_MN? AV
la= 1 [#] & [11] 4.7)

MN 1

AB = current electrode spacing in meter

MN = Potential electrode spacing in meter

AV = potential difference in volts, | = electric cent in
5.0 Results And Discussion

After the geophysical field survey that produced thadings above, the apparent resistivity valneshim-m were
plotted against half current electrode spacing waitith axis in a log scale to obtain the variousnsiing curves. The
sounding curves shown in figures 5.1-5.4 were ftinégrpreted using IP12WIN and Win rest softwareptovide a model
showing the thicknesses and resistivities of th@ua subsurface lithological layers, [12] shownadhle 5.5

The results and field/theoretical sounding curvetioned are presented in tables 5.2-5.4 and figbre$.4. The
analysis of the resistivities of various lithologliy formation is usually ambiguous because itasgible for different rock
types (lithology) to have the same resistivity [ipwever for the avoidance of doubt, we usuallggnate the approximate
ranges for electrical resistivities standard tadfleocks and soil [13] with a nearby borehole lidgy/driller's log [14] to
obtain the various subsurface lithologies showithi last column of table 2 above. The various cuyped exhibited in
figures 5.1-5.4 indicate the sandy nature of theaand hence aquifer or water bearing formationseas from the low
resistivities values in tables 5.1 and 5.2.

Table 5.1: apparent resistivities, values for typial stations.

S/IN AB/2 (m) App. Resist| App. Resist| App. Resist| App. Resist
for Station 1 | for Station 2 | for Station 3| for Station 4
(ohm-m) (ohm-m) (ohm-m) (ohm-m)

1 1.00 307.49 213.66 140.21 210.59

2 1.47 215.18 185.46 151.57 278.64

3 2.15 117.00 175.98 156.96 384.79

4 3.16 54.99 181.19 152.53 538.93

5 4.64 35.88 190.35 140.95 747.30
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Stations Layers Resistivity| Layer thickness | Depth (m) Subsurface lithology
(ohm-m) (m)

1 330.85 0.16 0.16 Top soil
430.00 0.58 0.74 Sandstone
26.88 2.14 2.88 Wet sand
37.91 3.80 6.68 Wet clay
71.70 2.64 9.32 Wet clay
38.95 8.10 17.42 Wet clay
270.00 25.81 43.23 Sand
417.00 13.95 57.18 Sand
970.25 19.34 76.52 Basalt
1184.40 Infinity Infinity Fresh basement

2 293.00 0.45 0.45 Top soil
126.03 0.64 1.09 Clay Soll
207.00 2.60 3.69 Loose sand
172.57 441 8.10 River Sand
4120.00 8.53 16.63 River sand
1044.09 38.17 54.80 Sand
1187.92 Infinity Infinity Sand

3 120.48 0.56 0.56 Clay Sand
235.05 0.64 1.20 Loose sand
123.60 4.39 5.59 Clay
66.70 6.42 12.01 Clay
41.30 12.58 24.59 Sand stone
46.00 11.53 38.12 Sand stone
85.40 15.95 54.07 Sand
236.00 Infinity Infinity Sand

4 145.0 0.71 0.71 Wet top soil/clay
1606.50 1.09 1.80 Sandy soils
5060.00 5.09 6.89 Sandy soils
3456.00 18.48 25.37 Sand
2640.09 8.32 33.69 Sand
7767.56 32.73 66.42 Sandstone
2571.43 39.79 106.21 River sand
1532.00 70.28 176.49 River sand
8122.00 Infinity Infinity Dry sand

Table 5.5: various subsurface lithologies encounted for typical stations.
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6.0  Conclusion

Geophysical survey based on electrical resistivigthod of schlumberger array or configuration ig/veliable and
successful in exploring subsurface lithologiesamkrtypes in Igarra, Edo State of Nigeria. The masisubsurface lithologies
encountered which are topsoil. Sandstone, wet ssartj and clay agreed very well with available Hwke/lithological
log/drillers log record of the area. These subserfthologies are of economy importance to mankorddevelopment for
example one of the subsurface lithologies whiclelés/ falls into one of the industrial minerals treae needed for the
manufacturing of industrial product. Also sand dg@pmeans aquifer or water bearing formations ggsighlly which can
serve as a guide to competent bore-hole drillepfoe water production e.t.c.
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