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ABSTRACT

A geoelectric investigation employing vertical electrical soundings (VES) using
the Ajayi-Makinde two-electrode method, as used by Makinde (1996), and the
conventional Schlumbcrger configuration was carried out in the Man Campus of
Ahmadu Bello University (A.B.U.) Zaria with the am of testing the reliability and
effectiveness of the said two-electrode method.

Results of the VES interpretation obtained in this work using the two-electrode
method have compared very well with those obtained from Schlumbcrger data gathered
in this work at the same VES stations used for the two-electrode method. The areas of
good agreement between the results of the two methods include: depth-to-basemenl
values (about 86 %), layer thicknesses (about 72 %) and resistivity values of the various
layers (about 52 %).

Interpretation of the two-electrode data and the Schlumbcrger data revealed that
the layering in the study area varied from 3 to 4 layers. The resistivity values of the top or
sueface layer, second layer and basement from the two-electrode method varied from 70
-450 -m, 98 - 813 -m and 1000 - 3000 -m respectively while those from the
Schlumberger configuration data varied from 89 - 434 -m, 59 - 634 -m and 1000 -
3300 -m for the surface layer, second layer and the basement respectively.

The two methods show that the geometry of the bedrock underlying the Main
Campus is undulating with depth values increasing away from the centra part of the
study area towards the southern, western and eastern parts of the study area. The depth to

the bedrock obtained from the two-electrode method ranges from about 11.5 m in the
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central part of the study area to about 30.0 in around the southern end of the study area,
while that obtained from the Schlumberger configuration ranges from about 9.0 in in the

central part of the study area to about 28.0 m in the southern end of the study area.
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CIIAPTER |
INTRODUCTION
i1 LOCATION OF THE STUDY AREA

The Main Campus of Ahmadu Bello University (A.B.U.) Zariais the project arca
investigated in this study. 1t is part of the Kubanni River Basin which is situated i the
north-central part of Nigeria {Fig 1 1). The Kubanni River Basin s situated in the centre
of the SouthEast quadrant of the 1:50,000 Zaria sheet No. 102 S W of Nigeria Ordinance
Survey Map. The Main Campus is located m the north-western part of the Kubani
Basin, which occupies about 9 % of the arca of the basin. The Main Campus is situated
north-west of Zaria cily at a distance of about 15.5 km from the City and just to the lefi of
the Zaria - Funtua road.

The Main Campus is approximately bounded by latitude 11°09° N and 11° 100 N
and longitudes 7" 38 E and 7" 39" E (¥ig.1.1). 1t is a built-up arca and the parl
investigated in this work is the western hall of the Main Campus which includes: Area 3,
Arca A (parts 1 and 1) Stafl quarters, Danfodio Hall, Ramat and LCSA Halls, Sulciman
Hall, Akenzua Hall, Amina Hall, Ribadu and Alexander Lalls. It also includes the Stall
School, A.B.U. Demonstration Sccondary School, the FFaculties of [Human Medicine,
Veterinary Medicine, Pharmaceutical Sciences, Scicnces, Arts, Social Scicnegs,
Engineering, Education and Envitonmental Design. The PosiGraduate School, the Senate
Building, Kashim Ibrahim Library (K.1.L.) and the Athlctic and Football Ficlds arc also
included in the study arca for this work The exact arca covered by the study arca is

shown in Fig. 1.
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1.2  RELIEF AND CLIMATE OF THE STUDY AREA

According to Thorp (1970), Zaria, which contains the Main Campus of A B.U.
Zaria, is a part of the gently undulating peneplain that exiends east-wesl [roin Lake Chad
to Sokoto and northwards from the southern parts of Kaduna to Tiquodi in the Republic
of Niger. The Kubanni basin is located on a Plateau at a height of about 570 m above sca
level (Ologe 1971).

Zaria, which includes the Main Campus {the study area) is located within the
tropical Savannah region and it is, thus, associaled with distinel wet and dry scasons. The
wet season begins around April/May and ends around October/November. The highest
rainfall in the area is normally recorded in August while the highest peak of the dry

season is around March/April (Ologe, 1971). The annual rainfall per annum ranges from

100 cm to 200 cm.

1.3 GEOLOGY OF TIHHE KUBANNI BASIN

As reported by McCurry (1970), the Nigerian basement complex rocks are
exposed over more than half of the land surface of Nigeria. The rocks are exposed mostly
in the northern part, western part and the eastern lank of Nigeria that has border with the
Republic of Cameroun (Fig.1.2).

As stated by Oyawoye (1964), the Nigerian basement complex is the end result
of at least two major orogenic cycles. The last of the cycles probably extended from Late
Precambrian to Lower Paleozoic. The cycles were believed to be initiated by the
deposition of thick sands, mud and greywackes on ignecous material cover and eroded
metamorphic basement during the preceding cycle. As a result of extensive re-

metamorphism and partial mobilization of the underlying basement, the accumulated
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materials were developed into high-grade gneiss. migmatites and Older granite (Truswell
and Cope, 1963; Wright and McCurry, 1970).

Fig_ 1.3 shows the basement geology map of the Kubanni Basin. The basin is
undcrlain by rocks of the Precambrian age. Biotite gneiss predominates in the arca and
outcrops mainly in stream valleys where they ave deeply weathered (Wight, 1970). The
biotite gneiss complex consists of medium to coarse grained and moderale to weakly
foliated rocks which constitute about 30 - 40 % of the bascment complex rocks exposed
in the basin (Wnght and McCurry, 1970).

The different basement complex rocks found in the Kubanm basin are mostly
covered by Quarternary to Recent deposits. They were summartsed by Eigbelo (1978)
as follows:

(i) Coarse porphyritic-biotite granite

()  Medium-coarse grained biotite granile gneiss

(i)  Aplite granite with pegmatite and quariz veins culling across most of the
bodies.

The superficial deposits that cover most of the basement rocks in the Kubanni
Basin act as recharge arcas where they are underlain by weathered basement (Eigbefo,
1978). Also, according to Eigbefo (1978), two phases of deformation ook place in the
basin. The first was along an E-W axis while the second was roughly along a N-S axis.
The latter was of greater intensity, which obliterated evidence of the lornier and left a
dominant N-S structural trend. Wright and McCurry (1970} also observed the bascment
structure in the basin to be relatively simple because of the uniform regional foliation
trends. They also found that numerous joints and fractures have occurred in the basin

after the Pan-Alfrican orogeny.



The Main Campus of A.B.U. Zaria, being part of the Kubanni Basin, is, therefore,
underiain by Precambrian rocks of the Nigerian basement contplex. As showan it Fig. 1.3,
muscovite biotite-gneiss occupics the southern and western parts of the Campus while
the rest or northern and eastern parts is underlain by biotite gramte-gneiss (Eigbefo,
1978). Tokarski (1972) classificd the main clements of the Kubanm Basin, which
includes the Main Campus as: Acolin cover, Upper Savannah Loam, Younger.laterite and
Lower Savannah Loam. He divided the Quarlernary scquences into three types of terraces
according o their ages of deposition, relationship between their mineral content and the
mineralogy of the underlying basecment complex rocks as [ollows:

(1) Terrace 11I: This is the oldest deposit which is made up of Acolin cover, Upper

Savannah Loam, the Younger laterite and the Lower Savannah Loanm.

(1) Terrace 1I: This consists of sandy Loam and ordinary level sands, which are
products of the most recent erosion cycles.
(i)  Terrace L. This consists of hiydroclastic material and “drift™,

According to Olowu (1967) and Eigbcefo (1978), the weathered bascment is the
main storage element for groundwatcer in the Kubanni Basin. As the case in the entice
basin, the aquifer in the Main Campus is covered by laterite loam {Wright and McCurry,
1970, Eigbefo, 1978). The laterite contain little water which are mostly unconsolidated
and, because they are shallow, they reccive dircet recharge {rom rainfall. The alluvial
deposit in Zaria arca consists of gravels, sands, silts and clay which are mostly found

along stream channels. Their thicknesses ranges from 5 - 15 m (Olowa, 1967).



1.4 PREVIOUS WORK IN THE STUDY AREA
A lot of studies have been carried out in the Kubanni River Basin. These
researches are in various fields, which include: geography, geelogy, geophysics and

hydrogeology. Some of them are brictly discussed below.

1.4.1 GEOGRAPHICAL STUDIES

Hore (1970) studied the weather and climate of Zaria region for a span of over
30 years. His work has shed more light on the scasonal fluctuations ot rainfall and the
annual variations of temperature. Klikenbera (1970} also studied the soils in Zaria arca
and concluded that they belong to the class of the leached ferruginous tropical soils with
weakly developed soils near the insclbergs and hydromorphic soils which form the
Fadama soils. Also, he reported that most of these soils contain 30 - 40 % clay at
reasonable depths. Thorp (1970) studied the landscape evolution of the Zaria region.
According to him, the features of Zaria area include inselbergs and ruwares which he
described as disl_inctively shaped htlts of more or less bare rock that belong to the general
category of residual hills, the mesas and the plains. The gully development in the Zaria

area with emphasis on the Kubanni drainage basin was studied by Ologe (1971).

1.4.2 GEOLOGICAL STUDIES

Geological studies in the Kubanni Basin, according to Hassan (1987), dates back
to 1967 when Olowu carried out a study of the surface water and its eflect on the
groundwater in Zaria arca. He found that all the streams in the area are seasonal cxcept

the Galma niver.



McCurry (1970) and Wright and McCurry (1970) carried oul a study of the
.bascment geology of the Zaria Sheet 102 S W. They found the the basement complex
rock is mostly made up of biotite granite-gneiss and Older granites.

Akpoborie (1972) studied the bhyrogeological structures, which control
underground water in the Samaru Creek. He found that the ffow ol groundwater into the
Creek is controlled by structures like joints and tractures developed in the rocks.

Tokarski (1972) carried oul one of the major geological mvestigations in the
Zaria area which includes the basin just to the west of A B.U. Zaria Main Campus. He
worked out the heterogencous terrace arrangement and the groundwater occurrences in
the arca.

The hydrogeology of the Kubanni Basin, with cmphasis on the extent and
variation 1n the thicknesscs of the existing aqutfer, was studied by Eigbeto (1978). Even
though his work was mainly on the surface, he used the existing hand dug wells in the
area and deduced the depths to the water table at various points in the area to vary lrom
3 - 10 m. Also, he concluded that the thicknesses of the weathered basement agquiler in

the basin varies from | - 30 m.

1.4.3 GEOPHYSICAL STUDIES

The carlicst electrical resistivity survey carried out in the Kubanni Basin is that
of Jones and Du Preez (1952). The authors reporied the presence of well developed stecp
dipping joints, which contain water in some granilc oulcrops in the basin but did not give
their focations.

Ososami (1968) carried out a groundwater assessment of part o[‘lhé northwestcrn
part of the Kubanni Basin, mainly around the Main Campus of A.B.U. Zaria using

vertical electrical soundings. He found that the aquifer in the area has variable thickness



and that the depth to the bedrock varics from less than a ietre to a maxinmum depth of
about 30 m.

Messrs. Preussag Limited carvied out a resistivity survey from 1981 - 1982 in
Jama’a Kubanni village for borechole siting (Olufemi. 1985). From the resulls of the
resistivity data, they found the presence of faults within the bedrock which has caused
a downthrow of certain parts of the bedrock. Olugbemire (1985) also estimated the depth
to the bedrock around Jama’a Kubanni village in the basin to be about 36 m.

Hassan (1987) carried out a geoelectric investigation of the western half of the
Kubanni Basin. He reported that the resistivity values of the first layer (topsoif). second
layer and third layer varied trom 36 - 600 Q-m, 20 - 350 {3-m and 26 - 180 Q-m
respectively while the resistivity value of the bedrock ranged from 1000 - 8000 Q-m.
Also, he reported that the bedrock ts undulating and concluded that the depth to the
basement i the area is generally increasing towards the southern part. The depth (o the
bedrock as reported by Hassan (1987) in the western part ol the Kubanai Basin ranges
from less than 5 m in the northern end of the arca and may reach up to 60 m in the south
easthern part of the area.

Shemang (1990) conducted clectrical depth soundings at sclected well sites
within the Kubanni River basin and reposted that the resistivity values of the topmost
layer in the basin ranged from 50 Q-m at Cikaji to ?81 Q-m at Government Day
Secondary School, Zaria City. He estimated the range of the depth 1o the basement to be
about 3 m just to the west of A B.U. Zaria dam, to about 44 m around Unguwan Kubanni
while the average depth to basement in the basin is about 12 m. Shemang’s interpicted
VES data suggest that the overburden is mostly made up of clays, silts and sands, fiesh

laterite and weathered laterite.



Bajeh {1992) conducted a ground magnetic survey ol the Kubanni Basin. Results
of his work, in most cases, corroborated those of Shemang (1990). Bajeh (1992) aiso
established that the depth to the bascment within the basin is between 0 to about 50 m,
which is about 6 m deeper than that of Shemang (i.c. between 3 m and 44 m).

Recently, Makinde (1996) carried out ficld investigation of a variant ol the two
electrode d.c. resistivity array within the Kubanni Basin. The results of his work show
that this method has the capability to correctly cstimate layer thicknesscs and the depth
1o basement. Also, the depth-to-bascment values obtained from his work compared well
with those obtained by previous workers in the Kubanni Basin, Results from his
interpretation of the collected data using the C-C mode show that the depth (o basement

within the basin varied from 7.9 m to about 36 m on the average.

1.5 AIM OF THE PRESENT WORK

As earlier discussed in section 1.1, the Main Campus of A.B.U. Zaria is situated
in the Kubanni River Basin. It is chosen as the project arca in this work because the
geology of the basin is well known.

The C-C mode of the two-clectrode array used by Makinde (1996) which is also |
the method employed in this work is a new method currently under development.

The primary aim of this work is to test the reliabilty and effectiveness of the new
C-C mode of the two electrode method by comparing its results with those previously
obtained using other well-known and well-tested geophysical methods in an area with
known geology. The degree ol agreement between the two sets of data (results) will
determine whether or not the new method (array) is good enough for use in clectrical
geophysical prospecting. This aim was achicved through the following specific

procedures:
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@) Carrying out vertical electrical soundings at selecled points within the Main
Campus of A B.U. Zaria using the two-clectrode array and the Schiunberger array
at each sounding point and

(i) Producing geoelectric scections obtained by inlerprelz;tions of the two sets of
data collected at cach sounding point.

The secondary aims ol this work are: (i) to determine the geometry ol the
basement beneath the Main Campus of AB.U. Zaria and (il) o determine lhe
groundwater potential of the Main Campus. These aims were achicved by, (a) producing
depth to basement contour maps and 3-D cross-scctional views from the interpreted VES
data and (b) producing aquifer thickness contour maps from the interpreted VES data.

Interpretations made m this work from the VIS data collected are reliable sice
a sound knowledge of the geology of the Kubanm Basin is available. As no geophysical
information of the same detail as this work currently exists on the Main Campus of this
University, results of this work are expected to give a better picture ol the basement
geometry of the campus for engineering (construction} purposes and for the purpose of’

groundwater  exploitation  within  the Main  Campus of ABU. Zaria



CIIAPTER 1}

THE ELECTRICAL RESISTIVITY METHOD OF
SURVEYING
2.1 BASIS OF ELECTRICAL RESISTIVITY METIIOD
In geophysical investigations for ore prospecting, water exploration, depth ~ to
— bedrock determination, sand and grave! exploration, etc., the clectitcal resistivity
method can be quickly and economically used to obtain details about the location, depth
and resistivity of the targets of intercst. The basis ol the clecincal reststivilty method 1s
that when current 1s applied into the ground through cleetrodes, any subsurface variation,
in conductivity alters the current flow pattern within the carth and this. in turn, aflects the
distribution of the resulting electric polential in the carth. The degree to which the
potential at the surface is aftected by the current llow depends on the size, location, shape
and conductivity of the material within the ground. It is therefore, possible (o obtain
information about the subsurface distribution of the earth’s material from measurements
of the electric potential made at the surlace.
The usual practice is 1o pass current into the ground by means of two electrodes and
to measure the potential diflerence between a second pair placed in line between them.
The ratio of the voltage output (i.¢. the potential difference) to the current input gives the

resistance R of the ground, ie.,
If'V 1s expressed in volt (V) and 1 in ampere (A), then R is in Ohms (€2). Lquation (2.1}

is a simple expression of Ohim’s law, which is the basis ol al! the electrical resistivity

method.
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2.2  THEORY OF THE DIRECT CURRENT RESISTIVITY METHOD OF
THE FOUR-ELECTRODE ARRAGEMENT
According to Keller and Frischknecht (19606), the simplest approach to the
theoretical study of earth resistivity measurements is to consider fiist the case ol a
completely homogeneous isotropic earth. An equation, which gives the potential about a
single point current source, can be developed from Ohm’s law and the divergence
condition. Ohm’s law states that the electric field strength, L, at a point in a material is

proportional to the current density, j, at that point, i.e.,

where p is the resistivity of the medium. E is expressed in Volt per metre (Vm''), j in
Ampere per square metre (Am?) and p in Ohm - metre (€2 - m). L s the gradient of a

scalar potential function, V in volts, thus

—

[£= = VFeinnnn(23)
Substituting for E from equation (2.3) into equation (2.2) gives
TVl p)scecsss s ei(3:8)

The divergence condition to be applied here according to Keller and
Frischknecht (1966), states that all the current flowing into a chunk of material must
leave the other side provided there is no current source or sink within the chunk. The
divergence of the current density vector must therelore be zero except at the current

source, 1.¢..



Applying the divergence condition (i.c. equation (2.5)) 1o equation (2.4) gives

Vj=-V(VFip)=0

or V4 Vv o e (2.0)
o Iy

Since p is a constant, the first teem in equation (2.0) vanishes, hence

Equation (2.7) is Laplace’s Equation.

In polar coordinates, Laplace’s cquation is

0 ;o 2 ) 2
—('“(rz( ] s ] —(—[sin()f{—}l-- z_]_z _‘_!_;_ B T (2.8)
ory, o) rosin@ 06 A6 ) rism @\ oy’

For a single current source, it is assumed that there is complele symmetry of

current tlow with respect to the 0 and ¢ dircetions. ‘The derivative with respect to these

directions are zero or may be eliminated, hence equation (2.8) becomes

3
_‘L_[,-z .‘?_;_] P YOO (2.9)

ar ar

[ntegrating equation (2.9) (wice gives

oy
rt— =

or



and

where C and D are constants and r is the distance of the single current electrode to where
measurement is taken.
If the level of potential considerced at a great distance {rom Ihe currént source is
Zero, then, the constant ofintegration, DD, must also be zero. Equation (2.11)reducesto
C
L (2 12)
r
The current tlows radially outwards in all directions from the point current
source or electrode. The total current crossing the surface of the sphere drawn around the

current source can be expressed as the integral of the current density over the surface. i.c.,

For a single current clectrode at the suiface of the earth, all the current flows

through a hemispherical surface of area 27 r°, hence cquation (2.13) becomes

! =I ("Za'.s': - 2t
O 9
50 that
c=_1p (2.14)
2r

Substituting for C from equation (2.14) into equation {2.12) for the potential tunction

gives
i’ ;_If_-(gls)
2
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Potential functions are scalars, and so if there are many current sources at the
surface of the earth, the tolal potential at an observation point is the algebraic sum of the
potential contributions from each source considercd independently. 1lence, the potential

at an observation point O due to n current sources distributed in a uniform medium is

‘

{.-:]:ﬁ i'_,}.f‘_l..i, e ”_" ......(21(,)
rin, r r

H n

where 1, is the current from the n® source and r, is its distance from the point of
observation O. fig.2.1 shows the arrangement of the four-electrode spread normally
used in resistivity measurements.

Applying equation (2.16), the potential at M due to both current electrodes A

and B is

fof 1 !
A L 217
Yo ( AM  BM ] 10

The negative sigh arise because the current in the two current electrodes, A and B are
equal and opposite in direction. While one current elcctrode is a source, the other is a

sink.

Similarly, the potential at N due to both current electrodes. A and B is

fpf{ 1 1
| A=yl il [N P 218
Y 2:r[AN HN] ( _)
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MEASUREMENT, A AND B ARE CURRENT ELECTRODES
WHILE M AND N ARE POTENTIAL ELECTRODES

(AF1ER KELLER AND FRISCHKNECHT, 1966).
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The potential difference, AV, between M and N is

AV =¥, —F,

B %{(A:\/f B B;IMJ ) [AIN ) HINJ} """"" (219)

-

The resistivity of the ground is therefore

AV 2

o= ; T _[ T ]
AM  BM AN BN

Equation (2.20) can further be written in terins of a factor that represent the eflect of

earneneeee(2.20)

electrode separation distance, k, known as the geometric factor. i.e.,

where k= i e (2.22)

| | 1
['AM“'BM] (AN BN)

In the determination of carth resistivity, two quantitics arc measured and these arc: the
current, 1, passed into the ground between two current electrodes, the potential ditterence,
AV, between the clectrodes. These measured quantities are substituted into equation

(2.20) to determine the earth resistivity. This is the practical importance of cquation

(2.20).
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2.2.1  APPARENT RESISTIVITY (p.)

The reststivity obtained using equation (2.20) is always constant over
homogeneous isotropic medium, no malier the separation of the electrodes. On the other
hand, if the medium is inhomogencous, the resistivity will vary as the clectrode array s
moved about. This measured resistivity is called “apparent resistivity” (pa), which is a
response function defined in most resistivity techniques.  As keller and Frischknecht
(1966) observed, the apparent resistivity may bear no relation to any actual value of
resistivity in a heterogeneous earth. The apparent resistivity may be larger or smaller
than the real resistivity, or in rare cases, identical with onc of Lhe true resistivily value in
a heterogeneous subsurface (Telford et al, 1976). The value bf apparent resistivity
obtained for small electrode spacing is called the surface resistivity. The apparent

resistivity, p,, can thercfore be written as
AV
p, = ;;(223)
1
2.3 THE DIFFERENT ELECTRODE ARRANGEMENTS.
There are quite a number of differcit electrode arrangements used in electrical

D.C. resistivity survey. These include the two-¢clectrode arrangement, the three-clectrode
arrangement, the common four- electrode arrangement and the six-electrode arrangement

(Jain and Roy, 1973}. Some of these electrode arrangements are discussed below.

2.3.1 THE FOUR ELECTRODE ARRANGEMENT
The four-clectrode arrangement is actually the most widcly used electrode arrangement

for electrical resistivity surveys. Other common forms of arrays of the four- electrode

10



arrangements are the Wenner Configuration, the Schlumberger Configuration, the Lee-
partition configuration, the Polar dipole-dipole (axial or end on) system and the
Equatorial dipole-dipole (broadside) system. These arc shown in Figs. 2.2(a), (b). (c). and
(d).

1 the Wenner Conliguration {used lor measuring, potential diflerenee) the four
electrodes are arranged along a straight line with equal spacing, L. between them,

Fig.2.2(a). Using equation (2.22), the geometric factor for this conliguration 1s

and hence the apparent resistivity is given by

2, = 27l % (225)

The Schlumberger Configuration measurcs approximately the potential gradient.
In this configuration, the two potential electrodes are placed closcly together and
midway between the two current electrodes as shown in Fig 2.2 (b). The electrode
spacing, L, is taken as half the distance between the current electrodes (i.e.L=Al3/2).

Applying equation (2.22), the geometric factor for this configuration is

The apparent resistivily, p,, 18 therelore

AT\
o, = ﬁ( - _J_‘{”_(zz';)

4] 1
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Fig. 2.2 Some Common Four - Electrode Configurations (A) Wenner Array (B)

(C) Lee Partitioning Array (D) Dipole-Dipole (Polar) Array.
(Afler Keller and Frischknecht, 1966). '

Schlumberger Array
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The Lee-partition spread shown in Fig. 2.2 (c} is a modilication ol the Wenner
Configuration. It uses a third potential electrode P that is located at the centre of the
Wenner array. Two measurciments of potential are made; one between M and P and the

other between N and P. The geometric lactor for cach half of the array is

k= 471'11""'"""""(2-28)

and hence the apparent resistivity for cach half ol the array arc;

ﬁ)tll = 4”"&
/
o {229)
AV
)(}(JZ - 4”[;7

where AV, = potential difference betwceii M and P

and  AV: = potential diflerence between N and P

The advantage of this system is that horizontal changcs in resistivity can be recogmzed
by comparing the resistivity of each half of the array.

The other arrays usc dipoles (i.e. closcly spaced clectrode .pairs) i which the
curvature of the potential field is measured. These methods are not commonly used as
the Wenner and Schlumberger arrays. In the dipole-dipole methods, the two current
electrodes are closely spaced togelher as a pair and the (wo potential or measuring
electrodes are also closely spaced together as another pair, In the equatorial system,
shown in Fig. 2.2 (d) the current clectrode pair and the potential clectrode pair are

arranged along a straight line such that the distance between the {wo pairs is very much

22



greater than the distance between the closely spaced electrodes. II the separation

between both pairs of electrodes is the same, the geometric factor is given by

3
b= 7{;}% _(,J(gm)

The apparent resistivity is given by

3 7
po=n {“_2_ aJ. i(gn)

232 THE THREE-ELECTRODE (TRIPOTENTIAL) ARRANGEMENT.

If one of the electrodes in a {our-electrode arrangement is localed at a point
sufficiently far to approximate to infinity, the arrangement is referred to as a three-
electrode conliguration. This type of array can cither consist of two current clectrodes
and one potential electrode or two potential elecirodes and one current elecirode. The
Assymetrical Wenner array, the Modilted Unipole array, the Pole-Dipole array and the
Logn array are common examples of the three electrode array (Katsube and Collett,
1973).

The principle of the three-electrode array is the same as that of the four-
electrode array except that in the case of the three - clectrode array, only the relative
positions of the three electredes are considered. Fig. 2 3(a) and 2.3(b) show the
arrangement of the Assymclrical Wenner array and the Logn array. The apparent
resistivities for the Assymetrical and Logn arrays are respectively given as

1
- 4)&1‘%—-(232)

pu MEREINY
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Fig. 2.3 Some Three — Electrodc Arrangements
(a) The Assymctrical Wenner Array

(b) The Logn Array (Afler Van Nostrand and Cook, 1960).
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Fig. 2.4 Field Layout of Some Two-Electrode Configurations.
{a) The Sk - I and the other Potential Electrode N Placed Normal to
Traverse Line at Distances that Approximate to infinity.
(b) The Ajayi - Makinde Two - Electrode System Used in this Wﬁrk.

(Each Electrode Serves As Both Current and Potential Electrodes).
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Fig. 2.5 Some other Elcctrode Artangements

{a) The Lee Amangement (Afler Van Nostrand and Cook, 1966)
(b) The Differential Arrangement (Afler Zhody, 1969).



and

24 AV
p(l]ug" :———._"__'.-"'"."."'""(2.33)
i a |

2.3.3 THE TWO-ELECTRODE ARRANGEMENT.

The two-clectrode configuration simply consists of a combination ol two current
electrodes or one current electrode and one potential electrode. Apparae and Roy (1973)
and Kumar (1974) worked on a combination which consists of onc current electrode and
one potential clectrode with the other current electrode and potential clectrode placed af
sufficiently large distance (hat can approximatc to infinity from the measuring
environment.

Gupta and Bhattacharya (1903) and Brizzolasn and Bernalini { 1979) rcported on
a combination that consists of two current efectrodes in which the two current electrodes
feed current into the ground with none acting as a return currend clectrode.

The electrode combination used by Makinde (1996) consists of only two
electrodes, both of which serve as current clectrodes and potential electrodes. Onc of the
current electrodes feed current into the ground while the other clectrode acts as a current
return clectrode. The two electrodes also serve as potential electrodes. Fig. 2.4 shows

some two-electrode arrangements.



2.3.4 THE FIVE-ELECTTRODE AND SIX-ELECTRODE ARRANGEMENTS.

According to Makinde (1990), this class consists of the newly developed arrays
of Zhody (1969) and the relatively obscure ones such as the five - clectrode Lee-
partition, tri -potential, resistolog array. Fig.2.5 shows a sketch of some of these clectrode

configurations.

24 PRINCIPLE OF THE TWO-ELECTRODE METHOD USED,

The two-electrode method used in tlus work is that used by Makinde in 1996.
The configuration is now referred to as the Ajayi — Makinde two - electrode array { Ajayi
and Makinde, 2000).

The circuit diagrams shown in Figs. 2.6 (a) and (b) are used to discuss the
principles underlying the two—¢lectrode array.

The Ajayi — Makinde two-electrode array, just like olther geoelectric arrays is
based on Ohm’s law which states that the potential difference between the ends of a
metallic conductor is dircctly proportional (o the current passing through the conductor
provided temperaturc and other physical conditions are kept constant.

In the Ajayt - Makinde two—clectrode array, QOhm’s law is applied to the
simple electrical circuit in which R, the resistance or load in the circuit represents the
portion of the earth * sampled” or “sounded” by the current [ flowing in and out of the
ground (earth material) through the two electrodes Py and P; across which a potential
difference, or voltage V is applicd as in Fig. 2.6(a) (Ajayi and Makinde, 2000). As the
separation Py Py or L, (i.e the clectrode spacing), increases, the current 1 penetrates
the earth deeper and deeper, thereby, sampling the various layers underlying the point

O “sounded”, Fig. 2.6 (b) (Ajayi and Makinde, 2000).
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2.5 ASSUMPTIONS MADE IN THE AJAYI-MAKINDE TWO-
ELECTRODE METHOD USED.
In deriving the theory of the proposed methed {array) for the depth-sounding

mode, Ajayi and Makinde (2000) made the following assumptions:

1. As the method is bascd on Ohm’s law, ohmic conduction is assumed lor the
sampled earth.

il. The carth malterials beneath the point being “sounded™ are horizontally layered
and each layer is assumed homogencous.

iti. The portion of the earth being sounded by electrodes PPy and P 1s a hemisphere
with diameter Py P; and the volume of this hemisphere can be approximated by a
horizontal cylinder of the same volume but whose diaincter is L/2 as in Fig.2.6.

iv. While one of the electrodes is a current source, the other is a current sink. That
is, whatever current is fed into the ground through one ol the twao clectrodes,
leave the ground through the other elecirode.

V. For cach “sounding” or reading, the pattern of the current flow 1s always
assumed to be hemispherical, irrespective of the number of layers encountered.

In reality, this will not be true whenever a new layer is encountered.

2.6 THEORY OF THE AJAYI-MAKINDE TWO-ELECTRODE ARRAY
Based on the earlier stated assumptions, Makinde (1990) and Ajayi and
Makinde (2000) derived a suitable formula for calculating the “bulk™ or “apparent*
resistivity of the earth material trapped within cach current hemispherical “bow!™ ol earth
material sampled as the clectrode separation L is varied. Ajayi and Makinde (2000)
arrived at an equation relating the volume of the assumed hemisphere formed by the

sampled earih material to that of the approximate equivalent cylinder as folfows:
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Applying the simple expression of Ohm’s law (i.c. equation (2.1)) earlier given in section
2.1 to Fig. 2.6(a) and by extension to Fig. 2. 6 (b), for a cylindrical load ol uniform

cross— section, the resistivity of the load is

,0:~‘—~----------"-----(2‘34)

where R is the resistance of the load, A its cross-sectional arca and [ its length. Equation
(2.1} is V = IR. Substituting for R = V/I into equalion {2.34) gives

A
L=

;,’
D rereeeaena (235
; (235)

. . f k] . .
The volume of a sphere of radius r 15 (4/3)ar’, hence the volume, v, of the henisphere

shown in Fig. 2.6(b) 1s

2
v=—a
/ 3
But ;=2
2
Therefore
2a(1.12Y
Y= _EL__) (23())
3 .
al}

V=

12 : 230

From the third assumption, the volume, v, in cquation (2.37) is also the voiume of the

equivalent cylinder of the load, i.e.,

[LT al?
a ===
4 12
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where 1 is the length ol the cylinder.

= 41; aaa *asran

¥

2

This implies that / crerveeenn(2.38)

The cross-sectional arca, A, of the cylinder is

A =t
LY I o
=71 — where x = — = radius of cylinder
4 4
1
Thercfore = %(23‘))

Substituting for cquations (2.39) and (2.38) into equation (2.30) gives

_ e 4
PE5000 T
37 L1
=2 (2.40)
P332 |
R¥:4 I
2 ] R T 244
P4 (1] (2:41)
I
or ,O:!""}‘“"'"'"'""""” (242)
where & = _3.JI_L ................. _“"(2.43)
04

“k™ 1s the geometrical lactor of the array. Since the various layers being sampled as the
electrode spacing increases are nol of the same material, p in equation (2.42) is actually

the “bulk™ or apparent resistivily py, of the layers sounded. Hence equation (2.42) is betler

written as
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)('}h = k .‘I..;.-..........................(‘2_44)

From equation (2.40}, a plot of py against L/2 is expected (o give a set of straight

lines whose slope is given by

where n is an integer denoting the nth straight hine.

According to Keller and Frischueht (1960). the resistivity of the carth may be

considered to vary in the vertical direction according (o the law

Dy = PieE™ i (2.46)

where p. is the resistivity al depth z, py is the resistivily al the surface or top and < is a
parameter defining the rate of increase or decrease with depth.

Taking the logarithm of both sides of cquation (2.46) gives
in p. = In 2 d (S rrrreranetiirrrarenanannys (H4?)

It therctore follows that a plot of In p,against z is expected o give a straight
line whose slope is « and intereept In pi. The values of py, as determined rom cquation
(2.44) and their corresponding values of L/2 plotted on a semi-log graph sheel is
expected according to equalion (2.46) to give a serics ol straight lines joined end-to-end.

A typical example of such a plot is shown in Fig. 4.1
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Equation (2.44) is consistent with the expression for the resislivity of the earth
material sampled in the other common electrode arrays such as the We[;ner ahd
Schlumberger arrays in which the resistivity 15 always expressed in the lorm ol equation
(2.21)1.e. p = (AV/D) k where k 15 the geometric factor of the configuration. Equation
(2.40) is the expression for calculating the bulk resistivity of the earth material sampled

for a particular value of the electrode spacing L.



CHAPTER 1l
DATA COLLECTION AND REDUCTION

3.1 TYPES OF DATA COLLECTED

This project involved a fieldwork, which was undertaken i the month of March
1997. Two types of resistivity data were collected during the exercise. The first type was
collected using the two-clectrode method while the second type was collected using the
Schlumberger configuration. The latter sets of data were collecied at (he points in which
the first sets (of data) were collected. Hence, two dilferent types of equipment were

employed for the fieldwork.

3.2 DATA COLLECTION

A total of thirty-seven (37) points were “sounded™ in this study. The points
“sounded” or “stations established” were carctully selected 1o ensure adequate and
uniform coverage of Lthe project area. Prior to conducting the “soundings™, the stations
concerned were, in a reconnaissance survey. initially surveyed for accessibility. Points
originally chosen that could not be easily accessed were relocated. Fig 3.1 shows the
distribution of the 37 sounding points within the study area.

Vertical electrical soundings (VES) were carried out at cach of the 37 stalions
established using first, the two-electrode method and then followed by the Schiumberger

configuration. Thus seventy-four (74) VES were carried out in (his work.

)
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3.2.1 The Two-Electrode Arvay

a. Instrumentation

As the two-electrode used in this work is a new array, no equipment had, as al
the time of the fieldwork, been fabricated for it. Hence, the arrangement of the ficld
equipment used for the ficldwork in this project is that shown in Fig 3.2 The
arrangement basically consists of an electric generator as the power source, a volimeler.
an ammeter, two copper electrodes, two reels ol wire and connecting wires. The clectric
generator is an ET 500 YAMAHA generating with an output voltage ot 250 Volts, 50
Hz, capable of delivering a maximum current of 300 mA. A high-tension laboratory
power pack was used to convert the alternating current (AC) to direct current (DC.),
which was then passed into the ground through the copper ciectrodes. A voltmelter, with
arange of (-300 Volts was used to measure the potential difference across the electrodes
while an ammeter with a range of 0 - 300 mA, was used to measure the current passed

into the ground.

b.  Field Procedure

The field procedure involved the expansion of L/2 (half the current electrode
spacing) symunetrically about the centre point or point being sounded. Half the current
electrode spacing L/2 was expanded in steps from 0.5 m 1o a maximum of 100 m. For
each reading, the current | passed into the ground, the potential diflerence V across the
electrodes and the electrode spacing L were measured. The ratio of the potential
difference., V, to the current, 1, is a measure of the clectrical resistance of the ground

between the electrodes at the corresponding given spacing,
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3.2.2  The Schlumberger Array

A.  Instrumentation

The ficld equipment used for the Schlumberger contiguration consists ot an
ABEM Terrameter SAS 300, copper electrodes, tour reels of wire and connecting wires.
The layout of the cquipment on the ficld for the Schiumberger configuration is shown
in Fig. 2.2 (b), (scction 2.3.1).

The Terrameter SAS 300 is a basic unit, which can be, used ftor scli-potential
(SP) and resistivity surveys. SAS stands for “Signal Avcraging System™. which 15 a
method whereby consecutive readings are taken and the results. are automatically
averaged continuously. The continuously updated running average 1s presented
automatically in digital form as the resistivity of the ground. The Terramcler SAS 300
has three main units, all housed in a single case. These units are; the transmitter, the
receiver and the microprocessor. The electrically isolated transnutter sends out well-
defined and regulated current signal. The receiver discriminates noisc and measures
voltages correlated with the transmitted current signal. The microprocesser monitors and
controls operations and calculates resulls Lo ensure optimal accuracy and sensitivity and

to make cerlain that the instrument is used correctly.

b. Field Procedure

In this case, the field procedure consisted of expanding AB/2 symmetrically
about the centre of the spread while keeping (he potential electrodes relatively fixed. For
each passage of current into the ground, through the current electrodes, a potential
difference 1s set up between the potential electrodes (MN). As the expansion of the
cucrent electrodes get larger, the potential dilference set up between MN will decrease

and eventually exceed the capability of the measuring instrument. As stated by Kunctz



(1966), this i1s duc to the fact that the ficld at the centre of the configuration varies
inversely as the square of the length of the contiguration (i.c. AB). Mooney (1980)
suggested that when this happens, a ncw value lor MN, typically about 3 times larger
than the preceding value, should be established. The procedure is then continued by
duplicating (he last L. (or AB/2) value with the new MN valuc. The magnitude of A3/2
was chosen so as Lo have about six potnts per decade in ihis work. This therctore implies
that each value of L (i.e. AB/2) was more or less equal to the previous vatue multiplied
by 10" though rounded off for more convenient distance measurements. The maximum
electrode spacing reached was [00 m as (he depth ol interest in the study arca was

estimated and reported by previous workers to be less than 40 m (Hassan, 1987).

3.2 DATA REDUCTION
3.2.1 The Two-Electrode Array
The data collected using the two - electrade method consists of the measured
current, 1, passed into the ground, the voltage.V, across the power source and the
electrode spacing L. The resistance of the ground .belween the electrodes was calculated
using equation (2.1) while the bulk resistivity py, was calculated using cquation (2,40),
The computed bulk resistivity” values were plotied against their corresponding
L/2 values on a seini-log graph paper. These plots were made for each VES station and
used for interpretation. Table 1 is a typical reduced and plotted data obtained using the

two-electrode array for VES statton 25.



3.3.2  The Schlumberger array

The data collected using the Schlumberger configuration consists of the
resistance values read from the Terrameter, the AB/2 and their corresponding MN
values. Equation (2.27) was used to reduce the collected data. The computed
“apparent resistivity” values formed the resistivity data for that particular station. The
computed apparent resistivity values with their corresponding electrode spacing were
used for interpretation. Table 2 is a typical reduced and plotted data oblained using

the Schiumberger array for VES station 25,



TABLE 1: TYPICAL REDUCED AND PLOTTED DATA OBTAINED
USING THE TWO-ELECTRODE ARRAY FOR VES STATION 25

L(m) | L2m) | V(Volts) | KmA) | py©-m) |
10 | o050 | 188 | a2 | 6592
20 | 100 | 74 | a2 ] 10015

3.0 150 | 147 | 54 | 12026

40 | 200 | 173 | 34| 29972
50 | 250 | 135 45 | 22089

6.0 300 | 120 | 48 | 22089

7.5 3.75 113 | <6 | 27132
80 | 400 | 106 | 39 | 32020
90 | 450 | 9l 43 | 28048

10.0 5.00 120 | 55 32129
150 7.50 101 | 52 | 42004

20.0 10.50 122 | 49 | 73331

25.0 12.50 116 51 | 83737

30.0 1500 | 105 | 50 | 82835

35.0 1750 | 103 | 53 | 100166

40.0 20.00 72 | 44 | 96389

45.0 2250 | 75 | 45 | 110447

50.0 25.00 45 | 35 | 94009
©75.0 3750 | 52 | 38 | 151138
- 100.0 50.00 39 | 40 | 14358.1
1500 75.00 48 | 40 | 265072
2000 | 10000 | 183 | 45 | 11977132
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TABLE 2: TYPICAL REDUCED AND PLOTTED DATA OBTAINED
USING THE SCHLUMBERGER ARRAY FOR VES STATION 25

MN(m) AB/2(m) R{Q2) Pa(£2-m}

1.0 1.00 193 024 454.8
1.50 68 4525 430.1
2.50 22.505 4242
3.75 8.5013 368.9
5.00 41271 3209
7.50 1189 2092
10.00 0.6111 191.5

3.0 7.50 30470 | 2232
1000 | 1627 | le6s
15.00 0.5t79 120.8
25.00 01852 | 1208
37.50 0.1131 166.5
50.00 0.0721 188.8

10.0 37.50 0.389 1639
50.00 0.283 220 1
75.00 0.1677 295, |
100.00 0.1194 3740
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CHAPTER IV

INTERPRETATION AND RESULTS

4.1 DATA INTERPRETATION

The end products of any resistivily survey include a set ol models and contour
maps. The interpretation ol the resistivity data involves expressing the “information
obtained from the curves, models and contour maps into geological terms which requires;

(1) a sound knowledge of the geology of the area under study and

(ii) a good practical expericnce of the methed used.

Both of these facts were taken tnto constderation in this work to cnsure the interpretations
made are rchable,

The interpretation of resistivity data may be carricd oul in terms of an exponential
change in resistivity with depth (Keller and Frischoecht, 1966). According (o Keller and
Frischnecht {1966), the resistivily of the earth may be considered to vary in the vertical
direction according to equation (2 46} in section 2.6 of Chapter 1. The resistivity of rock
layers vary considerably not only lrom formation to {ormation but also within any onc
particular layer and, in particular, the variations can be very large [or near surlace
unconsolidated sediments {(Vingoe, 1972).  No specitic correlation, therefore, exists
between lithology and resistivity.  According to Vingoe (1972). il is possible 1o
generalise and say that the order of increasing resistivity is ore deposits, clay, sand and
gravel, limestone and then crystalline rocks which are still higher. Table 3 gives the
resistivity values of rock types in the Nigerian basement complex. The resistivity values
deduced by Shemang (1990) for different rock types in the Kubanni Basin given in table
4 were used for the geological interpretations of the geocelectric layers obtained in (his

worl,
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TABLE 3: Resistivity values of rock types in the Nigerian Basement arcas (Afler

Shemang, 1990).

Rock Type

Resistivity Range( Q2 -m)

Fadama Loam

Clay, Silt and Gravel
Sand and Gravel
Weathered laterite
Fresh laterite
Weathered Basement

Fresh Basement

30-90
100-200
100-180
200-500
500-600
20-100

= 1000

TABLE 4: Resistivity values of materials in the Kubanni Basin (Afier

Shemang, 1990)

Rock Type

I(csi_slivily Range (Q -m)

Fadama Loam

Clay, Silt and Gravel
Sand and Gravel
Weathered latenite
Fresh laterite
Weathered Basement
Fractured Basement

Fresh Basement (Crystalline}

30 -70
71200
100-180
181-500
501-800
20 -150
630-1000
>{1000
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4.2 INTERPRETATION OF DATA OBTAINED USING THE TWO-

ELECTRODE METHOD.

The interpretation of the reduced data obtained using the two-clectrode method
was carried out using the method adopted by Makinde (1990). A new approach was.
however, used for determining the resistivity value(s) of (he underlying layers in this
work.

The reduced data ol section 3 3.1 ablained ustog the two-electrode method
consists of the computed “bulk resistivity™ (pp) values plotted against their corresponding
(172} valucs on logarithmic-linear (senu-log) graph papers.  Such graphs consist of
straight-line scgments indicating the number of geo-clectric segmentations that exist with
depth. A typical cxample of such a plot is shown in fig. <. 1 for VES station 25

The procedure as used by Makinde (1996) to determine the dillerent layer
parameters from the (py) against L/2 plots. and as used in this work, involves;

- Determining the intercept values of (he segments on the vertical (i.c ) axis and
destgnating them as Cy, C2, Cs,......... Ca

- Calculating the slope value(s) of the segments and designating them as Sy, Sz,

- Determining the intercept values on the horizontal {i.c. 1/2) axis projected from

the point of interscction of adjacent segments and designating them as hy, hy,

How each of these parameters were determined is briefly discussed betow.
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Fig.41 Plol of Bulk Resistivily Against L/ 2 and Interpretation
of Data Oblained Using Two-Eleclrode Array for VES
Station 25.
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4.2.1 DETERMINATION OF LAYER PARAMETERS

Having deduced the intercept and slope values of the scgments, the layer
parameters which include the number of layers sounded at a VES station, the depth to
basement values, the different layer thickness and the layer resistivity values were then
determined as given below.
a. Number of Jayers Sounded

As adopted by Makinde (1996) and Ajayi and Makinde (2000), the number of
layers sounded at a VES station can easily and quickly be determined by inspection of
the (pp) against L/2 plots. The number of straight line segments on the plot gives the
number of layers sounded at that VES station since it 1s expected that the slope of a
straight line graph (based on equation (2 45) always change, when the underlying bed is
of a diflerent material or composition from that of the overlying bed. The number of
layers sounded at a VES station is thecctore cqual 1o the number of straight line segments
obtained from the plot of the {py) aganst L/2. Therelore, the (py,) against L/2 plot for
VES station 25 in Fig. 4.1 has three segments. Hence, it implics (hat three fayers were
sounded at that VES station.
b. Depth to Basement Determination

The depth 1o basement value at each VES station was determined in this work as
adopted by Makinde (1996) by reading ofl' the intercept on the horizontal (i.c. L/2) axis
projected from the peint of intersection on the last two adjacent segments. The depth to
basement value at each VES station can also be determined by adding up the b values of
that VES station down to the point ofinterscction ol the last two adjacent segments ol the

plot.
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C. Layer Thickness Determination
The thickness of the layers sounded at a VES station were deduced by working
out necessary subtractions from the h-valucs obiained from the {(pr) against L/2 plots.
The thickness of the surface (top) layer, (5. is hy. The thickness of the second layer, (515
given as t;=h,-h, while that of the third layer, t; is (3=hs-hy. 1, therelore, follows that the
thickness of the nth layer, t,, is given as (,=h,, -l where n1s an integer given as
n=123 ... . The thickness of the layers sounded at VES 25 shown in Fig. 4.1 were
determined as follows;
ti=h=3.0m
ta=hs-hy =200 m-3.0m=17.0m
Similar procedure was used to delermine the thickness of the ditlerent fayers in all the
other VES stations.
(d)  Dectermination of Resistivily Valucs
The top or surface layer reststivity value al each VES station was determined by
reading off the intercept, C; ol the first segment on the vertical (e py)axis as adopted
by Makiﬁde (1996). €, is therctore taken as the resistivity when L/2 is zero.
Hence,
pr=Cr(§2-m)....... (4.2)
For example, the resistivily value of the surface layer for VIS station 25, Fig. 4.1 is
45002 -m
Makinde (1996) computed the resistivity value(s) of the undertying layers(s) by
multiplying the computed resistivity value of the overlying layer with cither the slope
value or its reciprocal for the layer. He used these values in such a way that the basement

value will not be too low or too high. Makinde (1996), theretore, had to decide whether
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to use the slope value or ils reciprocal for cacli layer so that the resistivity value would
match the composition.

A new approach was adopted in this work tor deternining the resistivily value(s)
of the underlying layer(s). It this approach, it is assumed that (he resistivity value of the

nth layer (i.e. p,) depends on the following:

L The slope of the nth layer (Sy).
il. The intercepl of the nth layer (C,) on the vertical (pe) axis and
ii. The thickness of the (n-1)}" layer

Using dimensions, it was tound that the unit of py, could be deduced by wmultplying the
three parameters above. That is,
Pa = Ca (2 - m)x S, (7' X By (1)
=Co Syl (Q-m) (4.3)

wheren=234, . .
From equation (4.3), the resistivity value of the second layer can be determined as

P=Ca Sa (Q-m). .. (4.}
And that of the third layer as

o=Ca Sy (2-m) (4.5)

The intercepts (C and h) values, and the siope vatues for VES station 25, Fig 4.1,

were determined and given as below;

Ci =450 (Q2 - m) hy=30m
C3 =1,550 (Q - m) | hy = 20.0 m
C; =6,800 (Q - m) H =23.0m
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S, = (In 1,700 —In 450) / 1.5 m = 0.44305 m"'

Sz = (In 5,000 — In 1,550) /8.0 m = 0.07320 m’

Sy =(In 10,000 — In 6,800) /22.5 m — 0.00857 m"

From the above data for VES station 25, Fig. 4.1, the resistivity values ol the surface
(top) layer, second layer and third layer are deduced as follows:

P1=C;= 450 (Q-m)

p2=C2 S; h)=34038 (2 -m)

P3=Cy Si hy =1,165.52 (2 -m)

By applying this procedure to all the VES data collected using this method. the
resulting layer parameters determined for all the VES stations sounded are given in
Appendix A. The plots of the “bulk resistivity™. py,. against the electrode spacing, [./2,
for all the VES points and from which the layer parameters were deduced are also given

in Appendix A.

4.3  INTERPRETATION OF DATA OBTAINED USING THE

SCHLUMBERGER CONFIGURATION.

The data obtained using the Schlumberger configuration were interpreted using a
computer program, which performs an automatic iterative curve matching process. The
computer program (Offix Version 2.0, April 1990) was developed by Interpret Limited.
Golden Colorado, U.S.A. in conjunction with Campus Geophysical Instrument Limited
U.S.A. The program is designed to interpret D.C. resistivity sounding data for Oflset
Wenner Sounding System measurements, Schiumberger, Polar and Equatorial dipole. “a
— na — a” dipole-dipole and pole-dipole arrays. The results of the interpretation are in

terms of a layered-carth model.

49



W=wHO> ALIATLISIS3d

»

el

eael

T

-t

(BT x uy yydag

I —

‘sZuoneig S3A

e —em J0) ATIY FOSRAQUUN{YOS Sus)) paureiqQ bmzmlmmuw _?aﬁwo uoneyardiayy o Sy

(&) ONIDBdS
a1l el @1 1
[T ORI B s | A R T | L Jor st 0 1 g

\\\\\ﬂl![ﬂf/wy/ 1
-
]

TEZLT £
ECET LLTT z i

T0°E £°fir T
S _ (exanau) {u—wys) L
LNZIOMES £55° SEZNMOIHD  RIIAILSISEE #7 C
TEOEEE ORIl ; 'y

Bo1 -

C1

U-WYoL  ALTATLISTSIM INIHYddY

oh



A typical example of such interpretation carricd out by using the computer
program, which shows Lhe curve and model for VES station 25_1s given as Fig 4.2, The
other curves and their corresponding model intersretations lor all the other VES puoints

surveyed in this work are given in Appendix B.

44  GEOELECTRIC AND GEOLOGIC SECTIONS

The geoeclectric and geologic sections presented in this work were drawn onthe
basis of the individual geoelectric interpretations obtained tor cach VES point. A bricl
description of each of the resulting nct geoclectric and geologic scctions taken along four
profiles is given below.

{a) Profile A-A'

This is a N - § profile extending the gate of Arca 3 {(point A} to the SW ol ICSA
and Ramat Halls (point A"). Fig. 4.3 shows he nel geoclectric and geologic sections
obtained along the profile tor the two arrays used. While ¥ig, 4.3(a) shows the
geoelectric section for the two — clectrode method, Fig. 4.3(b) shows that lor the
Schlumberger configuration. In both cases, the geoelectric seclions show that three
geoelectric layers uaderlie the profile. The surface layer (lopsoil) is most hkely made up
of clays, silts and sands while the second laycr is weathered laterite. The thivd fayer
forms the basement. The thickness of the surface layer ranges from 3.0 m to 6.0 m for
the two —electrode array while, for the Schlumberger contiguration, it ranges from 2.5 m
to 5.5 m. The thickness of the sccond layer obtained for the (wo-clectrode array ranges
from 18.5 m to 22.0 m while for the Schlumberger artay, it ranges from 15.5 m to 23.5
m. The thickness values for two-electrode array and Schlumberger arrays are in

agreement to about 87 %.
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b) Profile B-B’

This is a N-S profile extending the northern end of Suleiman Hall to the
southern end of Ramat/ICSA Halls. The nel geoelectric sections obtained along Profile
B-B' for the two-electrode method and Schiumberger configuration are given as Iigs. 4.4
(a) and (b) respectively. Both geoclectric sections show that three layers underlie the
profile. The top or surface layer is most likely clays, sills and sands, the second layer is
most likely made up of weathered laterite and fresh laterite while the third layer forms
the bedrock. The thickness ol the top layer ranges from 3.0 m to 5.0 m for the two-
electrode method while for the Schlumberger conliguration. it ranges from 2.0 m {o 4.0
m. The second layer thickness for the two-electrode array ranges from 7.0 m 0 22,5 m
while for the Schlumgerger configuration, it ranges from 6.0 m (0 22.5 m. These

thickness values have agreed to about 78 %.

(c) Profile C-C’

Figs. 4.5 (a) and (b) arc the net geoeleetric sections along profile C-C* for the two-
electrode array and Schlumberger configurations respectively. As shown in the ligures,
profile C-C' which extends [rom the northern end of Akenzuwa hall 1o the southern end
of the Botanical garden is also underlain by three laycers. The surlace layer most likely
comprises of clays, silts and sands while the second layer is most likely weathered
laterite and fresh laterite. The third layer lonms (he bedrock. The thickness of the top
layer ranges from 2.5 m to 5.0 m for the two-electrode array and 1.5 m to 4.5 m for the
Schlumberger configuration, whilc the thickness of the second layer ranges from 10.0m
to 27.5 m for the two-electrode array and 7.0 m to 24.0 m for the Schlumberger
configuration. The thickness values obtained along profile C-C' for the two arrays have

agreed to about 66 %.
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(d) Profile D-D'

Profile D-D' has a diftercat orientation 1o the other three proliles described above.
Profiles A-A’, B-B' and C-C’ were taken along the north to south divection while prolile
D-D' is taken from the southwesi to the nonh cast of the Main Campus. The net
geoclectric scctions obtained along profile D-1D' are given as Figs. 4.0 (ap and (b)
respectively for the two-electrode atray and Schiumberger conliguration. As for ihe other
threc profifes, profile D-D’ 1s also underlan by threc layers. The top layer s most likely
clays, silts and sands while the second layer is most likcly weathered laterite and fresh
taterite. The third layer forms the bedrock. The thickness of the Llop layer ranges from
2.5 m to 6.5 m for the (wo-clectrode method while for the Schiumberger conliguration,
it ranges from 1.5 mto 5.5 m. The thickness of the second layer ranges (rom 9.0 m to
22.5 m for the two-electrode array while tor the Schlumberger conliguration, it ranges
from 7.5 m to 22.5 m. The thickness values deduced for profile D-D for both arrays are

in agreenent to about 71 %.

4.5 CONTOUR MAPS AND CROSS-SECTIONS PRODUCED

Results of the VES imterpretations for all the points sounded were used (o prodiee
contour maps and cross sections using the compuler program "SURFER" for both the
two-electrode method and the Schlumberger contiguration. To plot the contour maps and
cross-section diagrams with the compulter program. all the VES points were assigned
coordinale values based on the map of the study arca with VES station 26, at the southern

end of A.B.U. Press, serving as the origin.

4.5.1 Depth-To-Basement Contour Maps

(a) From the Two-Electrode Arvay Daca

Fig. 4.7 (a} is the depth-to-basement contour map obtained from the two-clectrode
data. The map 1s characterised by closures of fow and high depth-to-bascment values.

The depth-to-basement is shallower, about 13.0 m around the central part of the

37



"BIE( 3po1oa]g — om 1L paraidiayug

oy pauteiqq eary 13(019 a1 Jo depy ooy juswaseq — op —

pdaq () £+ Sig

wo| TVAYIINI ¥NOINOD

E ]
r T .(.. \ ._ lﬁ
N <hk §
IJ A\ ! ‘ _.
INIOd ONIGNNOS 465 - 1 . \ | /
SYIOINGY o0 . : _
aN3IoTg ) ’ _

5



‘e Je5laquunjyog pajaadiayug

WOy paureiqo very afoig 341 3o dejy mnojuoy) juswaseg - 01 - ynda(q (q) L't 81

wp- TVAYIINI ¥NOLNOD

SINIOd DNIGUNTIOS LES~ 1§
Sdnnned ——
TR

59



‘FI( 2ponsag - om 1 peraadiany wou

Y1JO marp [BUOnNaG —~ §S0ID (1 - ¢ (v) $t 81y

) HISAT

60



" Suidjaapun uawaseg oy

‘TIBQ J281quinpysg pa12adiaqup woa g .

JO MR Jeuonvag - $5017 (7 - g -

(“) HIAZT

61



Main Campus (i.e. around KIL and Senate building), and, about 15.0 m around the area
between Amina hall and Akenzua hall. The depth-to-basement is deeper, abut 25.6 m.
29.0 m and 30.0 m respectively Lo the west o’ Danfodio hall, the arca west ol Botanical

garden area to the south of A.B.U. Staft School.

(b) From The Schlumberger Array Data

The depth-1o-basement contour map obtained for the Schlumberger array 1s given
as Fig. 4.7 (b). The map is also characterised by closures of high and low depth-to-
basement values. The closures are observed around the central, northeasicrn and
northern past of the Main Campus. The central part ol the Main Campus, around KL
and the Senate Building, has depth-to-basement value of about 11.0 m while that at the
northern part around Akenzua Hall 1s about 12.0 m. The basement is deeper 1o the
southern end of A.B.U. Staft’ School with a value of about 29.0 m while that of the

northeastern part between Danfodio Hall and Arza 3 is about 26.0 m.

4.5.2 3-D Cross-Sectional Diagrams of the Basement

Figs. 4.8 {a) and (b} are respectively the 3-D cross-sectional diagrams for the {wo-
electrode array and Schlumberger configuration.  [n both diagrams. the undulating shape
of the basement in the study area is shown. The peaks or “high rises™ show areas of
shallow depth-to-bascment while the troughs indicate arcas where the basement is decper
in the study arca. There is a close resemblance to the undulating nature ol the basement
in both cross-sections for the two-clectiode array. ¥Fig 4.8 (a) and that for the

Schlumberger configuration, Fig. 4.8 (b).

4.5.3 Surface Layer Thickness Contour Maps
(a) From Two-Electrode Array Data
The contour map of the surface or top laver thickness obtained from the two-

electrode data is given as Fig. 4.9 (a). The map is characerised by closures within the
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study arca. The thickness of the surface layer ranges from 2.8 m to about 6.2 m.

(b) From The Schlumberger Data

Fig. 4.9 (b) is the contour map of the surface layer thickness obtained from the
Schlumberger data. Asin Fig. 4.9 (a), the contour map is also characricrised by closures
within the Main Campus. The thickness of the surface layer varies from 2.2 m (o about

48 m.

4.6 COMPARISON OF RESULTS OBTAINED USING INTERPRETED
TWO-ELECTRODE ARRAY DATA AND TIIE SCHLUMBERGER
ARRAY DATA.

<= ———=The primary atm of this work ts to tesi the reliabihty and elfectiveness of the two-

electrode method, which is currently under development. To achieve this aim, the

interpretations obtamed (rom the two-electrode method are, hercby, compared with those
obtained from the Schlumberger array in this work.

Table 5 is a summary of the results obtained from the interpretations of both sets
of data for the two-electrode method and Schlumberger configuration. The comparison

of results given in table 5 is discussed below.

(i) Nuntber of Layers

As given in table 5, the number of layers sounded varied from 3 to 4 layers.
Results obtained from the two-clectrode data show that all the VES stations sounded had
3 layers except for VES stations 4, |1, 31 and 34 that had 4 layers while results from the
Schlumberger data show that all the VES stations sounded had 3 layers except for VLS
stations 4, 11 and 31 that had 4 layers. The two-electrode method has therclore compared
very well with the Schlumberger conliguration i terms of the number of layers sounded

to about 97 % of agreement.
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(ii))  Thickness of Layers

The thickness of the various layers sounded at cach VIES station are given under
the column with subheading h {(m) in table 5. For mstance, the thickness of ihe surface
layer and secoud layer for VES station 01 arc given in table 5 as 4.0 m and 21 5m
respectively for the two-electrode array while that for the Schlumberger contliguration lor
the same VES station are 2.21 m and 17.57 m respectively {or the surface and second
layer. The thickness of the surface layer within the Main Campus vared from 2.5 m 1o
7.0 m for the two-electrode array while that for the Schlumberger varied from 1.36 m 1o
5.25 m. The second layer thickness values also varied from 7.0 m 1o 27.0 m for the two-
electrode array while that for the Schlumberger configuration vaned (rom 541 m to
28.0 m. Thickness values obtained from the two-ciecirode array as given in table $
are generally higher than those obtained from the Schlumberger configuration. This
implies that the depth of penetration is greater for the two-electrode method than that
of the Schlumberger configuration. The third or fourth laver which forms the
basement, as the case may be, has inlinite thickness, hence it is represented by the
symbol (o). The layer thickness values for the lwo scts of interpreted results have

agreed to about 72 %

-
-

—_—
-

)  Resistivity Values

The resistivity values of the various layers deduced from the interpretation of the
two-electrode data and Schlumberger configuration dala arc given in table 5. There is a
good correlation between the resistivity values of the various layers oblained [rom the
two-electrode data and that obtaincd from the Schlumberger data. For instance, the
resistivity value of the surface layer for VES station 01 is 96 Q-m for the two-electrode
array while that for the Schlumberger configuration is 87 € -m. The resistivity value of

the second layer for the same VES point is 498 2-m for the two-clectrode array while
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that for the Schlumberger configuration is 300 € -m. The resistivity value tor the thud
layer which forms the basement is 1973 Q-m for the two-electrode array while that for
the Schlumberger configuration ts 2782 Q-m  However, resistivity values of the
basement for the two-electiode array are lower than those obtamed for the Schlumberger
configuration for VES slations 05. 06, 07, 08, 09. 20, 21 and 33. In general, the
resistivity values from the two sets of nterpreted resuits have agreed 1o about 52 %5, The

agreement is better about 82 % for the surface layer resistivity values.

4.7 COMPARISON OF RESULTS OBTAINED IN THIS WORK WITII
THOSE OBTAINED BY PREVIOUS WORKERS IN THE KUBANNI
BASIN '

Previous geophysical studies carried out by workers in the Kubani Basin such as
Ososami (1968) and Makinde {1996} reporied on the undulating nature of the bedrock
with depth values varying Irom about 0.0 m 1o about 60 m. Ososami (1968) deduced that
the depth-to-basement within the Main Campus varies from less than a metre to about 30
m. Also Hassan (1987) deduced that the depth 1o the bedrock ranges from 5 m and may
reach up to 60 m to the southern part of the Main Camﬁus. Shemang ( 1090} found that
the depth-to-the basement is abou{ 3 m just to the west of A.B.U. dam and 44 m around
Unguwan Kubanni.

Results of the interpretation ol both sets of VES data in this work, as given in
section 4.5.1 and table 5, show that the depth o the basement values varies from about
13.0 m to about 30.0 m, for the two-electrode amay data, while that from the
Schlumberger configuration varies from about 11.0 m o0 about 29.0 m. These valucs are
within the range of the depth-to-basement values obtained by previous workes in the
Kubanni Basin. Also, as reported by Hassan (1987), the bascment is undulating. Sections

4.4 and 4.5 1 in this work reveal the undulating nature of the basement. The resistivily
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values deduced by Hassan (1987) in the Western half of the Kubanni Basin as 36 - 600
€2-m, 20 - 350 £2-m and 1000 - 8000 Q-m respectively for the surface layer, second layer
and the basement corroborated (hose obtamed in this work wiich are 70 - 450 (3-m, 98
- 812 £2-m and 1035 - 3680 Q-m respectively for the surface layer. sccond layer and the
basement using the two-electrode array while that using the Schlumberger conliguration
are 87 - 434 Q-m, 59 - 633 0-m and 1098 - 3602 (-t respectively tor the surface layer,
second layer and basement. The overburden within the Main Campus. as deduced in this
work, is most likely made up ol clays, silts, sand, weathered latenite, weathered baseimeint
and fresh laterite which corroborated the results of Shemang (1990) within the Kubanni

Basin.
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CHIAPTER Y
DEDUCTIONS, SUGGESTIONS AND CONCLUSION
5.1 DEDUCTIONS FROM RESULTS
Deductions which include: the reliability of the two-electrode method vsed in
giving true and reliable information about shallow subsurtace conditions. gecometry of
the basement and groundwaler potential of the Main Campus were made on the basts of
the interpretation of the VES data prescated in Chapter [V. These deductions are given

below.

S5.1.1 RELIABILITY OF THE TWO-ELECTRODE ARRAY

Results obtained using the two-electrode method used in this work. discussed in
section 4.3, 4.4, 4.5 and 4.6 in Chapter IV suggest that the resulis compare very well with
those obtained from interpreted Schlumberger data at cach corresponding VES station.
The two sets of interpreted resulls are found to agree very well (about 70 %) both in
terms of the number of layers sounded. the thickness of cach Ia._\.*cr and reststivity value
of each of the layers sounded.

It must be mentioned that the interpretation of the data collected by the two-
electrode method in this work was very simiple and straightforward. For instance. no

computer analysis 1s required. Also, the number ol layers sounded is obtained by just
inspecting the number of segments on the Py, against 172 plots. The thicknesses 6!‘ the
various layers were obtained by reading ofl the intercept values on the L/2-axis projected
from the points of intersections ol the segments on the Py, against 1./2 plots. The new

approach employed in this work to determine the resistivity values of the underlying
layers has yiclded good results that compared well with those obtaiired from the

Schlumberger interpretation.
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The two-electrode method used n this work is, thevefore, a very reliable and

effective method for carrying out vertical electrical resistivity sturvey.,

5.1.2 TUHE GEOMETRY OF THE BASEMENT BENEATIE TIIE MAIN

CAMPUS OF A.B.U. ZARIA

From the inlerpretations ol the VES data obtained using the two-clectrode
method and the Schlumberger configuration, depth-to-basement values were deduced at
cach VES point as earlier described m Chapier PV, These depth-to-basement values weie
used to plot contour maps and 3-D cross-sectional views ol the basement beneath the
Main Campus of A.B.U. Zarta given as Figs. 4.3 - 4.5.

The Geoelectric sections drawn along the four profiles described in sections 4.4
and 4.5, revealed that the bedrock in the Main Campus of A.B.U. Zaria is undulating. For
the interpreted two-clectrode array data. the depth 1o the bedrock varies from about 11,5
m around the ceniral part of the Main Campus (1.¢. the area around KIL and the Scnate
Building) io about 30.0 m around the sauthern end {i.¢ around the southern parts of” Stafl’
School and Ramzil/lCSA Halis). On the other hand, the interpreted Schiunberger data
show that the basement depth beneath the Main Carapus varies from about 9.0 m to about
28.0 m in the same locations above. Profile C-C’ also shows that the bedrock is shaliow
(about 13.0 m) in the area around Akenzua Hall which then increases gradually o the
Botanical Garden where it attains a valuc of about 28.0 m. it is obscrved from the contour
maps and geoclectric sections along (he profiles that the depth (o the basement increascs

away from the central part of the Main Campus towards the southern, wesiern and

castern parts of the area.
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5.1.3 GROUNDWATER POTENTIAL OF TIHE STUDY AREA

The structural geology of an area has a very important eflect on the groundwalter
potential of the area, more especially in arcas of crystalline rocks such as the ones
undertying the Kubanni Basin.

Previous workers as Olowu (1967) and Eigbelo ( 1978) have classified the aquiter
components tn the Kubanm Basin into three catcgories as:

(i) Weathered basement and [ractures in the bascment rocks.

(1) The faterised (Older Iaterite) deposits which contaim limited quantity of water
and

(i)  The alluvial deposits.

The aquifer thickness below cach VES station was deterinined by substracting the
thickness of the first layer {topsoil) from the total depth to the basement at that VES
point. These values were then used Lo plot contour maps for the aquiter thickness as
Figs.5.1 (a} and (b), for the two-electrode method and Schlumberger configuration
respectively. Both maps show a close resemblance between them and the basement imaps
(Figs 4.7(a) and (b)). The areas of maximum aquifer thickness shown by the maps are:
(1) The southern end of the Main Campus,

(i) The area just to the west and southwest of Danfodio Hall and
(i) The arca around the stream dividing Arca A (part 1) to Arca A (pact 1) stalt

quarters.

70



”W

LEGEND
"~ CONTOURS
1ee 158

81 - 837 SOUNDRNG P
m

&

5 s a5

~
| v

CONTOUR INTER VAL
kness of the Project Area from Interpreted fwo - Electrode Data.

Fig. 5.1 (a) Contour Map of the Aquifer Thic

80



Il
- ....,.“‘-j ._.,._. —— e — e ——r——.
(e Y
i)
-
"
~ ",
.‘H“'-. ' .
' . Y
" n Cle .
- iy i
b Ty

Z -

Y "M
. (S
\__‘ ) \\ " }.._.‘_‘_ tA \\
o Sl Bty 3
S S o
=~ - - - \\“‘-. ’ [
i Sl e . S \\ -
NN ~ ie
v, ., L DY . R |
e \_‘_‘ o N Ll \\ LY
Y L \ o,
1] \
L ;

o e TN
e - e 4 -
T e ‘-
- LT Iy [
P T e
e ¥ )
el P el
+ g - S
o @ / :
o -
o
L d LT
LA
LR
r,.hé‘/

i .
- /
.
L} s
- P
- s .
.
¢ ST —— T T
: . N, i "
) » \ e A -
- b
"
. 5,
(8] ~
LFa) .
hl
TN /
[F3)

81

LEGEND
ST CONTOURS
S1-S37 SOUNDRIG POINTS

-
e
L7
[
Y )
R
//\—/

2 0m

CONTOUR INIT RVaL

r Dat

| 7t
=

preted Schiumbes



5.2  SUGGESTIONS FOR FUTURE RESEARCH

No geophysical method of investigation can give a é{)ﬂﬂpl(:lé and unigue
information of an area alone. The two-electrode array and the Schlumberger
configurations used in this work cannot be exceptions. To shed more light on and (o
confirm the deductions made in this work, other geophysical methods of investigatton
such as the seismic and magnetic methods could be employed flor further studics.

The seismic method could be vsed to delincate more accurately the layeringss and
their thicknesses ol the various layers in the Main Campus of A.B.U. Zara. 'The magnetic
method could also be used to delineate the ditferent structures and give approximale
depth to magnetic bodics {Spector and Grant, 1970},

More yesearch should be carried out in other arcas of the Kubanni Basin by using
the two-electrode method and correlate the results obtained with borchole information
Lo confirm the effectiveness and reliability of the two-electrode method,

Also, more research should be carried out for the determination of the resistivity
values of the underlying layers just as the new approach employed i.n this work to come

out with a standard and acceptable method.

5.3 CONCLUSIONS
An aitempt was made in this work to determine the reliability and eltectivencss
of the two-electrode method, the geometry of the basement beneath the Main Campus
and the groundwater potential of the project area. At the end of it all, the following
conclusions were arrived at:
1) Results of the VES data tnterpretation for the two-clectrode array and the
Schlumberger array as discussed and given in Chapter 1V have compared very

well. The depth-to-basement values obtained from the two sets of interpreted



(i)

(iif)

results have agreed to about 86 %. The agreement {or the laygr thickness values
between the two sets of mterpreted resulls is about 72 % wiule that lor the
resistivity values is about 52 %. However, the agrecment 1s better. about 82 %o,
for the surface layer resistivity values. The procedure for determining the
resistivity value of the surface or top layer, depth-to-basement value as well as
the layer thickness values and as described in section 4.2.1 using: the Ajayi-
Makinde method have yielded good results and therefore is a reliable method aff
interpretation. The procedure adopted m tns work based on the method ol
dimensions to determine the resistivity values of the underlying layers has also
yiclded results that are veliable, though needs improvement,

The geometry of the basement beneath the Main (‘.._mnpus ol A B Zaria is
undulating with depth valucs increasing away from the central part of the arca
towards the southern, western and eastern parts of the study arca as depicted in
the contour maps of Figs.d.7(a) and (b) and the 3-I} cross-scctional view
diagrams of Figs.4.8(a) and {b). The undulating nature 01 the geometry of the
basement is also evident along the {our profiles shown in Figs 4.3 - 4.6 The
depth-to-basement arround Akenzua Hall is also shallow o about 15 m which
incrcases gradually down to the Botanical Garden to about 30 m.

The aquifer thickness n the Main Campus is variable as shown in Figs.5. I{a) and
(b) for the two-electrode array and Schlumberger array respectively. Both mahs
show a close resemblance between them and the depth-lo-basecment maps given
as Figs.4.7(a) and (b). Arcas of maximum aqguiler thickness as shown in
Figs.5.1(a) and (b) include: the southern end of the Main Campus, the area just
to the west and southwest of Danfodio Hall and the area arround the stream

dividing Area A (part {) and Area A (part 1l).



Bascd on the deductions from the VES data interpretations. a lot has been
achteved in this work. The basement geomctry as well as the groundwater pnlcn!idl ol
the Main Campus of A.B.U. Zaria have becn dcduccglA This work has proved that the
' twé—clectrode method as used by Makinde (1996) and Ajayi and Makinde (2000) s

reliable and eflective and can be for use as a geoelectne prospecting method.
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