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Abstract

A geophysical investigation of the earth’s interior involves taking measurements at or near the earth’s surface
that are influenced by internal distribution of its properties whose measurements can reveal how the physical
properties of the earth’s interior which may vary vertically in the sub- surface . The observations at Ode-Remo,
a town in Remo North Local Government Authority in Ogun State that water needs in the area is becoming
unbearable despite the increasing population of the town hence prompted the study to examine the quantity and
quality of the ground water. Ground water is protected from surface pollutants as the earth’s media composing
of different sub-surface layers act as natural filter to infiltrate water. The geophysical investigation involved
carrying out Vertical Electrical Sounding (VES) techniques applying Schlumberger configuration on the
locations. Data collected were analysed using both Quantitative and Qualitative interpretation to produce the
geoelectric sections. The analysed data revealed that p;< p, < p3 < ps< ps< ps.... With the topsoil comprising of
clay/sand/laterite, sandy clay, clayey sand, coarse sand and hardpan. The information reveals that the subsurface
is representing a typical example of a sedimentary environment and the aquifer units.
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INTRODUCTION permeable and porous rock masks such as sandstone,
A geophysical investigation of the earth’s interior loose sands etc. are good indicators of aquifer.
involves taking measurements at or near the earth’s
surface that are influenced by internal distribution of It is therefore the authors’ aim at using Vertical
its properties. Analyses of these measurements can Electrical Sounding (VES) method in delineating
reveal how the physical properties of the earth’s thick overburden in the study area which yields
interior may vary vertically in the sub- surface. potable groundwater. The merits of VES method over
Evidences have also shown that geophysical methods other geophysical methods were explicitly reported
are reliable and accurate methods in the sub-surface by Lowrie (1997), Ezomo and Ifedili (2004) and re-
structural investigation, Dobrin (1960), Keller and emphasized by Ezomo and Ifedili (2006), Ezomo and
Frischknecht (1966), Palacky et al. (1981), Griffiths  Akujieze (2010, 2011) and Ezomo (2012) that it
and Ring (1981), Groundwater Research (1986), gives detailed information in subsurface geology
Olorunfemi et al (1993), Ozebo and Ajiroba (2011). usually not obtained by other prospecting
groundwater techniques.
Ground water is protected from surface pollutants as
the earth’s media composing of different sub-surface The study area is Ode-Remo in Ogun State of
layers act as natural filter to infiltrate water. Nigeria which lies in the sedimentary terrain of
Buchanan, (1983) put the volume of ground water at ~ south-western Nigeria. It is a community within
2000 times that of the volume of water in all world’s Remo North Local Government Authority and lies
rivers at any given time. The successful exploitation with latitude between 8° 59' N and longitude between
of a sedimentary terrain ground water requires a  3° 50° and 4° 51’E. It has been observed that very
proper understanding of its geo- hydrological few boreholes and hand-dugs wells were noticed in
characteristic.  Unlike  the basement terrain the town and have proven to be highly inadequate to
discontinues nature, water yield in basement terrain is meet the needs of the inhabitants. The alternative to
found in areas where that over burden overlies clean borehole water are streams and ponds which
fractured zones, Oloruniwo and Olorunfemi, (1987), have been polluted by human wastes, refuse dumps
Olorunfemi and Fasuyi (1993). These zones are often and all the likes. The town is fairly accessible. It is
characterized by relatively low resistivities, linked to few adjoining towns like Isara- the
Olorunfemi et al (1991). In the sedimentary terrain, headquarters of the Local Government, Fidiwo and
Oke-ljebu amongst others. It could be accessed
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through the Lagos-lbadan Express road way through
Ajebo community. The study area has a gently
undulating topographical elevations that varies from
155m to 190m above sea level. It is a part of the
tropical rainforest south-western Nigeria and the
vegetation is slight thick. The climatic condition is
that of the South Western-Nigeria with wet season
between April and October and Dry season between
November and March. There is always a very low
rainfall in the month of August and it is referred to as
“Harvest Break”.

The interpretation of the data obtainable from this
work will be used in inferring subsurface features
(aquifer) that are capable of holding groundwater so
as to locate the possible and suitable sites for
productive borehole in the study area particularly to
save energy and cost. The resistivity values obtained
on the field can be compared with one another to
determine the thickness of the water bearing
stratigraphical layers. It is also to provide background
information for future ground water development in
the study area as means of reducing incidences of
borehole failures.

SURVEY TECHNIQUES

Schlumberger Configuration was used to carry out
vertical electrical sounding for the determination of
the depth to bedrock and the thickness of layers
because of its sensitivity to signal response as
asserted by Ozebo (2011).

Ten vertical soundings were carried out on the field.
This was done by changing the distance between the
current electrodes so that the depth range to which
the current penetrates changes, Telford et al (1976).
A succession of apparent resisivity reading was taken
for increasing electrode spacings. The half electrode
spacing of the current electrode (AB/2) and its
corresponding potentials were recorded.

The instrument used for this survey is SAS 300C
Terrameter and its accessories (the connecting cables
and clips, four Reels of long electronics cables,
hammers, battery which is inbuilt power source and
Global positioning system (GPS)). This equipment
uses rechargeable battery as power based ground and
applies square waves into the ground. The transmitter
is capable of producing peak-to-peak voltage of up to
660 volts and the receiving voltmeter incorporating a
SP buckle is sensitive to + 0.15 milli-volt.

The electrodes used are made of steel, that is,
aluminium or stainless which are driven into the
surface of the earth for few centimeters with the aid
of hammer for good electrical contact. The electrodes
were connected to their reels (current and potential)
by wire from the reel of long cable. Four reels were
used on the field, two of which are reels with cables
of about 100metres in length in connecting current
electrodes while the other two reels with cables of
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about 500 meters in length were in connecting the
voltage electrodes.

Reconnaissance field mapping exercise was carried
out in order to have a picture of the geology of the
area. During the Vertical Electrical sounding some
precautions were taken as follows:

i. It was ensured that the electrodes were
hammered well in to the ground to allow firm
contact.

The possibility of leakage from current circuit to
the potential circuit during measurement was
avoided by connecting the circuit in series.

It was also ensured that connection and

disconnection of current cables were done only
when the switch was off or else the current
electrodes might have constituted a point of
physical hazard.
Error of misconnection of the clip to the
corresponding potential and current electrode as
often indicated by an arrow on the terrameter
pointing to the direction of the error side was
avoided.

RESULTS AND DICUSSIONS

The database is composed of fifty-four sounding
points and yield of Six drilled boreholes within the
study area.  Quantitative and  qualitative
interpretations were carried out on the VES data.

Quantitative Interpretation of VES

In quantitative interpretation of VES data, the aim is

to determine the number of layers represented by the

curves individual layer resistivity and thickness. The

procedures for the quantitative interpretation are as

follows:

= Curve matching using the available albums of
theoretical curves computed for mathematical
model with two, three or four layers.

= Partial curve matching (auxiliary point
method). The auxiliary point method is an
empirical method by which a multi-layer
problem is progressively reduced to a simple two
or more layer case. Two and three layer curves
are used in conjunction with one or more of the
charts that represent the families of auxiliary
Ccurves.

= Complete curve matching: This involves the
computation of theoretical curves, which are then
compared and fitted to the observed field data. In
this method, one must start off with reasonable
approximation to the number of layers thickness
and resistivities of the geoelectric sections using
above methods.

= Direct Interpretation: Interpretation of the VES
curve in terms of layer thickness and resistivity
was carried out with aid of computer programs
without an initial approximate geoelectric
sections.
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In partial curve matching, adopted in this project each
sounding curve was superimposed on the master
curve and with the axes kept parallel, moved around
until a fit was obtained over as many points as
possible. The point of intersection of the master
curves was marked on field curve tracing paper as Xj.
The coordinate X; on the log-log graph paper gave p;
and hy, the resistivity and thickness of the first layer.
The value K of the master curves, which fitted the
first segment of the field curve, is noted as K. This is
the reflection co-efficient at the interface between the
first and the second layers.

The auxiliary curve with the reflection co-efficient
value of K; was drawn on the field curve in broken
lines with the axes kept parallel; the next segment of
the field curve was fitted to a two layer master curve
of best fit. When the best fit was obtained, the point
of intersection of the master curves was marked as
Xy

The coordinates of X, on the log-log graph paper
gave the replacement resistivity and thickness of the
third layer.

The actual resistivity and thickness of the second
layer was calculated using this relationship:

p1= K1p1 and hz = h1 X Dn/Drl (1)
where Dn/Dr; is the depth index read off the auxiliary
curve by placing X; at the origin of the auxiliary
curves and tracing X, parallel to the two auxiliaries
bordering it.

For the four layers, the last segment of the curve was
fitted to the master curves and X3 marked, as done
previously K3 : hs. and are read off.

The actual layer resistivity was calculated using the
second depth index derived from the auxiliary curve
graph using X, and Xsas done previously; thus:

H; = thX Dn/Drz (2)

Computer Iteration Technique

Computer iteration involves the input of field data
and model parameters obtained from curve matching.
Also, the VES curve had to be smoothened prior to
iteration. Iteration makes interpretation of many
layers, which appears cumbersome on curve
matching to be easier. An iteration process then
commences until a good fit is obtained between the
field and computer curves, Zohdy (1965)

The best smooth curves through the set of data points
were interpreted quantitatively by a method of partial
curve matching using 2-layer master curves and
auxiliary curves (Orellana and Mooney, 1966, 1972).
The number of iterations depends to a large extent
upon the complexity of the geological structure.
Moreover, any available supplementary information,
such as from electrical soundings and drilling
records, often helps in constraining the modeling, and
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thus possibly reducing the number of iteration. The
interpreted data was presented in form of VES
curves, geoelectric sections and geophysical maps.
The types of sounding curves identified in the area
are shown in Fig. la to 1f. The number of layers
varies between 5 and 6.

The visual inspection of the sounding curves based
on their distinct geo-electric characteristics has been
used to classify the curves in to the following:

Group A: AAA type

Group AAA: This comprises AA sounding curve.
Visually all the VES points having the same curve
types and they are 1 to 10. The AAA type curve is a
three layer; composed of topsoil, clay/sand/laterite,
sandy clay, clayey sand, coarse sand and hardpan, the
resistivity characteristic is p1< p2 < ps < psa < ps < ps..
The layer resistivity and thickness are shown in Table
1.

Due to geological setting, the local geology of the
area reveals that the sounding points are hydro-
logically promising due to subsurface formation that
support ground water yield. The AAA type-sounding
curve is a 5-layer case, where the second layer is
characterized by poor specific yield and permeability.
The last layer is pronouncedly thick for accumulation
of water that enhances a distinct aquiferous zone.

Topsoil contour map of the study area shows in fig 2
having a resistivity values ranging from 40 to 230
ohm-meters. The contour is more congested towards
western flanks of the map. One to two closures were
formed with resistivity values ranging from 170 to
200 ohm-meters.

Taking from the northwestern portion of the map, the
resistivity value varies from 50 to 170 ohm-meters,
while the resistivity value is decreasing inwardly. At
the southwestern part of the map, the resistivity is
seen to be increasing inwardly, while the resistivity
ranging from 40 to 230 ohm-meters. Taking the
northeastern portion of the map into consideration,
the contour lines are scanty, while the resistivity
value ranges from 50 to 100 ohm-meters, which is
decreasing inwardly.

The overburden thickness is otherwise known as
Isopach map, see Fig 3. The map has a contour
interval of 1m and the entire values ranging from 33
to 49m, while the thickness is more pronounced
towards the western part of the area, follows by the
northern flank with values ranging from 35 to
40m.The thickness value is averagely okay in the
central portion, while is tilting out toward the
southern part of the map. The contour is evenly
spaced indicating that the surface is probably gentle.
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TABLE 1: Quantitative Interprtation Showing Geoelectric Parameters.

VES Curve No of Resistivity Thickness [m] Depth Lithological Units
type layer|s] [ohm-m] [m]
1 AAA 6 69.4 1.0 1.0 Lateritic topsoil
61.5 34 4.5 Laterite/hardpan
256.3 5.1 9.6 Sandy clay
508.2 9.8 19.3 Clayey sand
1054.2 14.1 335 Coarse sand
12295 | . Coarse sand
2 AAA 6 152.6 0.9 0.9 Lateritic topsoil
1135 4.6 5.5 Laterite/hardpan
444.4 7.0 125 Sandy clay
723.6 9.5 22.1 Clayey sand
897.3 11.8 33.9 Coarse sand
11154 | .|
Coarse sand
3 AAA 6 171.2 11 11 Lateritic topsoil
479.9 5.1 6.2 Laterite/hardpan
948.8 8.0 14.3 Sandy clay
1238.8 12.0 26.3 Clayey sand
1519.8 13.0 39.2 Coarse sand
19149 | . Coarse sand
4 AAA 6 214.3 0.9 0.9 Lateritic topsoil
114.2 2.0 2.8 Laterite/hardpan
1257.6 9.2 12.0 Sandy clay
724.1 10.6 22.6 Clayey sand
1323.4 12.6 354 Coarse sand
18575 | . Coarse sand
5 AAA 6 106.1 1.0 1.0 Lateritic topsoil
133.7 6.1 7.1 Laterite/hardpan
419.1 8.4 155 Sandy clay
796.6 11.0 26.6 Clayey sand
1062.5 13.4 39.9 Coarse sand
18531 | . Coarse sand
6 AAA 88.6 1.2 1.2 Lateritic topsoil
171.4 6.6 7.8 Laterite/hardpan
199.2 8.6 16.3 Sandy clay
539.3 9.2 25.6 Clayey sand
1115.5 12.8 384 Coarse sand
16498 | ... Coarse sand
7 AAA 184.8 0.9 0.9 Lateritic topsoil
2715 5.3 6.3 Laterite/hardpan
857.4 11.9 18.2 Sandy clay
785.5 15.0 33.2 Clayey sand
808.2 16.1 494 Coarse sand
14511 | .| Coarse sand
8 AAA 65.4 11 11 Lateritic topsoil
138.8 5.2 6.3 Laterite/hardpan
274.5 9.2 15.4 Sandy clay
411.8 111 26.5 Clayey sand
820.1 14.4 40.9 Coarse sand
17802 | ... Coarse sand
9 AAA 234.3 1.0 1.0 Lateritic topsoil
256.3 6.8 7.8 Laterite/hardpan
547.7 11.8 19.5 Sandy clay
665.8 9.9 29.5 Clayey sand
851.9 14.9 444 Coarse sand
10352 | .. Coarse sand
10 AAA 41.3 1.6 1.6 Lateritic topsoil
106.6 5.1 6.7 Laterite/hardpan
282.0 10.9 17.6 Sandy clay
364.0 13.6 31.2 Clayey sand
468.1 15.5 47.0 Coarse sand
6645 | ... | L Coarse sand
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CONCLUSION AND RECOMMENDATION
Groundwater investigation at Ode-Remo in Remo
North of Ogun State involved Vertical Electrical
Sounding (VES) technique using SAS 300C
terrameter for the mapping of subsurface geo-electric
characteristics, structural features and aquifer units
and its characteristics. The investigation was carried
out to deduce the nature of subsurface, and for proper
description of relationship between yield and other
parameters and to improve our knowledge of the
variable of interest. The major group is: AAA type
which is of p1<pa< P3< Ps<Ps<Ps........ccccccooerriirnn
The first group can be regarded as a sequence of
layering comprising topsoil, a low resistive sandy
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clay, clayey sand, sand, and coarse sand. The second
group probably represents the topsoil with variable
resistivity and low resistivity.

The single group shows that the subsurface lithology
is representing a typical example of a sedimentary
environment. The information reveals the general
trend of the subsurface and the aquifer units, while all
the generated maps are being useful to predict and/or
infer of another area with similar geological
formation.

It is therefore hereby recommended that further
geophysical methods could be done in the study area
to fully ascertain viable aquifer zones which serves as
the limitation of the study.
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