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Abstract

The urgent need to prospect or search for clay depositsin Abudu Area of Edo State
Nigeria, geophysically became imperative in view of the fact that clay as one of the
natural resources aid the general economy by setting up industry/factory where the
citizen of the area can be gainfully employed and hence combating crime rate in the
area.

The science of prospecting for clay deposits in the area actually entailed carrying
out vertical electrical sounding (VES) of electrical resistivity survey method employing
Schlumberger array. Ten (10) fairly distributed VES in eight (8) different stations in
Abudu were carried out using six (6) points per decade with maximum current electrode
spacing of 928.0m. The software IP12WIN utilizing computer iteration was used for
interpretation of apparent resistivities data.

The result of the geophysical survey showed that clay and clayey soil (mixture of
clay and other rock types) were intercepted at depths varying from about 9.75m to
infinity below sea level, with thicknesses varying from about 7.32m to infinity(infinity
value meansthat the area is very rich in clay). Its resistivities varied from about 1.0 ohm
- m to 500 ohm-m.

Area of probable clay formation and their thicknesses have been identified
especially for future mining of industries foundation, operations and drilling.

1.0 Introduction

Surface geophysical exploration techniques as itabé tool in prospecting for clay deposits haes Ilasic advantage of
locating the targeted clay deposits before embgrkipon drilling and thereby saving cost [1]. Theht@ques utilized
electrical resistivity method to explore the prdjesr of the earth's interior in order to prospectrfatural resources such as
clay, water and other minerals [2].

Clay which occurs abundantly in the sedimentaryrbagSouth eastern Nigeria, including part of Edal Delta State is
a vital raw material needed for the manufactura ofide variety of products [3]. In domestic liféag is used extensively in
earth ware, chinaware, cooking ware, vas plumbixiires, tiles porcelain ware and ornament. Inding, it is used for
bricks, floor tiles, sewen pipes, cement manufactliris also useful in the electrical industry the production of conductor
sockets, insulators and switches. In medicine gnidwture, it is used as Armenian bole to upseitrstch, similar to the way
parrots in south America originally used it, Kaotilay and attapulgite have been used as anti-dieartmedicine. A more
recent and limited use is as a specially formulaay applied fruits, vegetables, and other veigetdo repel deter codling
moth damage, and at least for application to preseald [4], [14]. The usefulness seem limitlesBe Tependence on its
chemical and physical attributes has made clayuusef number of industries.

The research area was Abudu and is underlined hinBermation which cut across Niger Delta [5]. Tio#owing rock
types or Lithologies are visible in the formatidmterite, sandy clay, clay, sand, sand/gravel, eléinsstone [9]. Abudu lies
approximately on latitude of about 6°17'N and longé of about 6°0B. Abudu is hilly and has little natural topogragzii
variation with low terrain, having gentle slope [&D].

2.0  Experimental work

Schlumberger electrode configuration of verticalctiical sounding (VES) was employed for this resieafull detail of the
method have been documented [7], [8], [11] [ 13 ].

Ten (10) VES, fairly distributed were conductedngsthe ABEM signal averaging system (SAS) 300 tamgter and its
2000 booster for deeper penetration,
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easurements were taken at increasing current etlctlistance such that the electric current pasgedhe earth's surface
penetrates greater depths. The greatest curreritagle separation (AB) was 632m in a six (06) pojyer decade operation.
The operational efficiency of six points per decadsubsurface geophysical study have been docaa¢®j [3] [4] [5] [6]
(7] [11] [13].

3.0  Theoretical Analysis

There are different types of electrical resistivligoretical approach based on electrode arrayptierpreting resistivity data.
The techniques of data interpretation used involseeking a solution to the inverse problem namedydetermination of
subsurface apparent resistivity distribution fraumface measurements.

There is a function called Kernel function thatresents a very good solution to the inverse problerdescribes the
apparent resistivity measurements in terms of gtdusei lithological variation with depths, The fuiect assumes the earth to
be locally horizontally stratified, inhomogeneousdasotropic layers, and unlike apparent resistifitnction, it does not
depend on electrode configuration. It cannot besmesl in the field but has to be obtained from tla@sformation of
measured apparent resistivities. The kernel funatidlized in this work have been documented invimes research work,
[11][13] if the observed apparent resistivity iBuhat

2q(r) = [} AT, (Ar)dA (3.1)

Where the kernel function is given as

() = J; 7 ta(T)@r)da (3:2)

J, represents Bessel function of first order, fiisickant T {) is the transformed resistivity data.[13]

However, when the earth is approximately compogduwozontally stratified isotropic, and homogenonsdia such that the
change of resistivity is a function of depth, thehlemberger configuration is the most widely usedyand may provide
useful information in solving subsurface lithologliproblems. A vital aspect of the Schlumbergeahés less sensitivity of
the array to the effect of near surface lateragtogteneities and easy recognition of their eff§tg3] [4] [5] [6] [7] [11]
[13].

In electrical resistivity sounding, four electrodee earthed along a straight line in the order BvINhere A and B are the
current electrodes, M and N, the potential eleardthe calculated apparent resistivitg) according to Schlumberger array
condition of ABS6MN is

Av

(4B)2 _ (MN)?
|

Ea:‘lt[ 4 4

MN

(4.3)

AB = Current electrode spacing in meter
MN = potential electrodes spacing in meter
AV = Potential difference in volts, 1 = electric remt in Amperesg= 22/7

4.0 Results And Discussion

The result of the vertical electrical sounding (VB$sed on electrical resistivity survey methodgeophysical
exploration is usually a function of apparent ridgity (¢a) and current electrode separation becdasis always plotted
(vertical axis) against current electrode sepamaffwrizontal axis). This produced the computeraited sounding curves
shown in figures 1-8 and its associated Lithologieswn in table 1.

Computer iteration techniques was employed by usaftyare IP12WIN. The lithologies or rock typestié different
layers were then confirmed by using nearby boreHdlers log of the area [12]. We usually harmantzore-hole driller's
log of the area with standard table of electrieaistivities of some rocks and soil for Benin fotima [15] for the purpose of
interpretation because it is possible for differeotk types to have the same ranges of resistighy which usually make
electrical resistivity data ambiguous to interpret.

By integrating the resistivity results with the bbole/driller's log lithologies, resistivity integdation for VES stations
1-8 lithologies shown in table 1 was obtained.

In VES station one (1) clay/clayey sand occurred depth of about 9.75m below sea level with akiiess of about
7.32m. The clay formation is mixed with other rdgkes because it is outside the standard rangeufer clay (1-100 ohm-
m).

In VES station two (2), clay occurred at an inndepth below the sea level, with a thickness ffity. This showed
however that this region has the thickest clay fitfom because it is not mixed with other rock typeseen in the standard
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resistivity table [15]. This means that, the clayhis region can be exploited industrie
In VES stations three (3) and four (4), clay/clayand is not in existence as seen in table 1. 18 gtation five (5
clay/clayey sand with a resistivity of 101 O-m (clay mixed with other rock types because itussime the range-100 ohm
for pure clay) occurredt infinite depth below the sea level. Though they dormation here is very thick, it cannot
exploited geophysically and industrially becausks itnixed with other rock types. Clay formation{B)l not occur in VES
stations six (6) andeven (7). Also in VES station eight (8) the cligyey sand is mixed with other rock types, ha\
resistivity value of 106 Ohnm (standard clay value-100 ohmm) and hence cannot be exploited industri
Close examination of all the VES stations ealed that the thickest pure clay formation canydmé exploitec

industrially in VES station two (2).
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Fig 1: iterated sounding curve for VES station 1
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Fig 2: iterated sounding curve for VES station 2
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Fig 3: iterated sounding curve for VES station 3
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Fig 5: iterated sounding curve for VES station 5
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Fig 7: iterated sounding curve for VES station 7
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Fig 8: iterated sounding curvelfor VES station 8
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VES LAYER RESISTIVITY LITHOLOGY THICKNESS DEPTH(M)
(Qm) (M)
Wet 0.6
1 1 956 Sand/sand 0.6
2 1289 Laterite 1.83 2.43
3 156 Clay/Clayey 732 9.75
sand
Hard
4 11668 rock/dense 32.7 42.5
limestone
5 1536 Laterite Infinity Infinity
2 1 465.4 Laterite 1.662 1.662
2 19084 Hard rock 19.46 21.12
Coarse 137.9
3 3361 sand/Gravel 116.8
4 25.95 Clay Infinity Infinity
3 1 1097 laterite 1.46 1.46
) 499 Wet sand 138 2.84
Gravel
3 300000 Hard rock 3.68 6.53
4 10061 Hard rock Infinity Infinity
4 1 666 Moist silt 0.811 0.811
Dry  coarsg
2 6633 sand/coarse 1.29 2.1
sound
3 632 Laterite 263 4.73
4 6597 Gravel 20 24.7
5 54947 Hard rock 42,5 67.2
6 4539 Laterite Infinity Infinity
5 1 1085 Laterite 1.01 1.01
2 464 Silty sand 7.14 8.14
3 55399 Hard 72.4 80.5
rock/dense
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lime stone
4 101 Clay/clayey Infinity Infinity
sand
6 1 781 Laterite 0.6 0.6
2 498 Siltysand, 2.061 2.661
3 685.4 Laterite 22.19 24.84
4 6995 Gravel 27.47 52.32
Hard rock
5 96611 /dense  limg 57.85 110.2
stone
7, 1 2285 Coarse sang 0.67 0.67
2 1187 Silty 3.44 4.1
sand/gravel
3 358 Laterite 3.19 7.28
Hard
4 74570 rock/dense 34.9 41.2
lime stone
5 1012 Clayey sand Infinity Infinity
8. 1 1461 Silty 0.751 0.751
sand/gravel
2 676 Laterite 8.12 8.87
Hard
3 68312 rock/dense 43.3 52.2
limestone
4 106 Clay/Clayey Infinity Infinity
sand

Table 1: lithologies for all the VES stations

5.0 Conclusion

Vertical electrical sounding (VES) of electricasigtivity survey method has proved useful and ss&foéin prospecting
or searching for desired clay deposits in AbudaafeEdo State, Nigeria.

Desired Depths to probable clay formations variednfabout 9.75m to infinity while the thicknessesied from about
7.32m to infinity.

To some extent, Abudu is therefore rich in clay aspwith huge amount occurring only in one locatnd hence
industry that uses clay as its major raw matethalutd be cited in this location to create job oppoities for the citizen of
the area, thereby combating crime rates. This alvever improve the economy of Edo State in pdeicand Nigeria in
general.
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