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ABSTRACT

This work spells out the node of execution and the results of
the geoelectrical investigation within the Northern Part of
Kaduna State, Nigeria. The project is located within Latitude
10° 40" and 11° 20' North and Longitude 7° 0' and 8° 0' East. The
Schl umberger 4 - array was used in the Vertical Electrical
Sounding (VES) methods with a maxi num half current electrodes
separation of 156 m A total of 118 VES points was occupied
Majority of the VES curves obtained are the 4 - |layer types
t hough there are both 3 - and 5 - layer types. The Zohdy met hod
has been used for the interpretation of the field curves. The
begi nning of each geoelectric section was found to be
influenced by the dry soil or laterite or fadama |oam The
t hi cknesses of the layers also vary fromlocation to |ocation
dependi ng on the processes that have taken place and the type
of parent rock. The top layers give resistivity values as | arge
as a few hundreds of ohmmeters for l|laterites and | oose sands
or as low as 100 ohm m or |less for fadama | oans and cl ays, and

varies in thickness from1l mto 20 m

The weathered basement rock is made up of various
mat eri als due to the weathering of the parent rock. They could
contain mxed sands with varying degree of coarseness with
clays. The thickness varies from 1l mto 60 m but on the
average the thickness is around 45 mwhile the resistivity is
between 50 to 200 ohmm Under favourable structural setting

this layer could serve as good aquifer.

Vi



The fractured rock has high resistivity which is greater
than 500 ohmm Where the fractures/joints are connected and

open, this layer could serve as a good aquifer.

The solid bedrock has high resistivity, it is about 1000

ohm m and sometinmes running up to tens of thousands of ohm

met ers.

The structural trend maps delineate a series of bedrock
ridges (nost especially around Zaria) and depressions within
the survey area. The bedrock depressions being groundwater

collecting centers are priority areas for groundwat er

deve] opnent .
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1
CHAPTER ONE
INTRODUCTION
1.1 General Introduction
In several parts of Africa underlain by crystalline
basement complex rocks, the major rock types include quartzo-
feldspathic granites, migmatites, gneisses and schists. These

rocks Lypically show a bulk uniformilLy in their mineralogy and

result, Lhere is a broad similarity in the grosas

1985).

as a
weathering of materials from place to place (Jones,

Arising from Lhis, tLhe basement aquifers could be expected to

have predictable hydrogeological characteristics on a regional

basis. However, it has also been observed that on a local scale

differences in bedrock mineralogy and structure may produce

significant variations in the physical and chemical

characlteristics of tLhe aquifer (Chitton and Smith-Carington,
1984).

Nigeria as a nation, has been striving hard to solve some

of her many social, economic and political problems by

employing scientific methods. As part of these scientific

approaches Lo Nalional planning and the increasing demand for

water for domeslbLic, industrial and agricultural purposes which

has become more compelling due to a ten-year drought cycle in

Nigeria, geophysical data collection, analysis and

interpretation were undertaken Lo cover the tLopographic map

sheets 102 (Zaria) and part of 104 (Igabi), latitude 10° 40°N

to 11° 20°’N and longitude 7 0'E to 8 O'E (hereafter referred

to as Zaria area (Kaduna North)) (figure 1.1). The location of
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3
Kaduna State, on Lhe fringes of the Sahel region, has
particularly compelled Government to turn to the search for
ground-waler as a remedy for the scarcity. The large number of
people required to be served, and the dwindling financial
resources has led Lo a greater need for efficiency in the

giting of boreholes (waler-wells) to sustain yields of good

qualily waler.

The geophysical method has found useful applications in
groundwaler invesbLigation, geologic mapping and engineering
silte inveslLigation. These include bedrock determination,
determination of Lhe superficial deposits, stLructural mapping,
aquifer delineation, saline waler mapping, lithological
boundary differentiation, and delermination of structural
trends among others (e.g. KurbLhenecker, 1934; Early and Dyer,
1964; Page, 1968; Zohdy, 1974; Van-Overmeeren, 1981; Olatinwo,
1981; Olorunfemi, 1985; Olorunfemi and Olorunniwo, 1985;
Olorunfemi and Mesida, 1987; Olorunfemi and Opadokun, 1987 lna

Mbipom et al., 1990; Shemang et al., 1992).

In most parls of the lowland area, where tLhe present study
is concentrated, the basement rocks are not exposed. Hence, the
geology and Lhe lithological boundaries are in most cases
inferred. Unexposed rocks are somebtimes identifiable using

surface geophysical measurements (Dobrin and Savit, 1988).

A detailed geoelectLric survey covering about 72000 square

km has been carried out within Zaria area (fig. 1.1). The area

is accessible with the Kaduna - Zaria - Kano motor roads, rail
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line and foot paths running through it in a south - north
direction. The Kaduna - Jos road runs in the Southern part,
while the Funtua - Zaria - Pambegua runs in the middle, in a
Wesl - Easl directLion. There are olLher secondary but motorable
roads (at least during the dry season) in this area due to the
agricultural activity of the inhabitants. The data collection
spread over 2 years due Lo logistic problems such as the qize

of Lhe survey, and availability of equipment.

1.2 Physiography and Drainage

The Zaria - Kaduna plains are part of an extensive
peneplain developed on c¢rystalline metamorphic rocks of the
Nigerian Basement complex. It extends almost unbroken from
Sokolo Lo Lake Chad and from South of Kaduna to Agades (Thorp,
1976). At first sight, these monotonous plains appear to be
geomorphologically simple, but a closer examination reveals

considerable variations in both surface form and composition.

Within the range of 80 km from Zaria, the plains vary in
height from 600 m Lo B0OD m above mean sea level reflecting both
a regional slope Lo the south and a local relief of 180 m
(Thorp, 1970). The plains are surmounted by hilly features such

as inselbergs (e.g. Kufena and Turunku) and laterite mesas.

The Southward flow of river Galma and its tLributaries into
river Kaduna in Lhe extreme south, and the westward flow of the
tributaries of river Tubo drain the whole area. The watershed

runs from south to north, towards the Funtua modal point. A
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major Easl-West axis of warping (Russ, 1957) forms the main

walerashed between the Kaduna drainage basin and the rivers to

Lhe north.

Thorp (1970) has reported the possible existence of two
Lypes of drainage basins in Lhe area in terms of stream
frequency and drainage density. One tLype is characterised by a
large number of unbranched first order tributaries, producing
high stream frequencies and drainage densilLies, for example,
Kubanni and Saye rivers. Such basina are characterised also by
gullying and intense headwater erosion. River captures are
suspeclted Lo have occurred along the watershed north and east
of Zaria. The second type of drainage basin is characterised by

low sLream (requencies and drainage densities. Awai river, east

of the surveyed area is a good example.

The drainage palterns are commonly dendritic reflecting an
absence of structural control over the drainage lines on these
deeply weatLhered plains. Metasedimentary beds such as ‘the
quartzite ridges occurring in the south - west of Shika, do
impart. a rectilinear pattern. Valley bottoms contain wide

marshy flood plains often with intricately developed river

meanders.

1.3 Climate, Vegetation, Soils and Land Use

The region has dry (October to April) and wet (May to

SepLember) seasons with rains falling wmainly during the wet

season, with an average annual rainfall of 45 inches. It also
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experiences cold and hot weather with the coldest months (the
hamatan period) from November to February (when a minimum of
57°%% and a maximum of 95%) have been recordedl(I.A.R. Weather
StaLion Report). Evaporation is highest during the hnn#tan
period due mainly Lo south westerly wind from the Sahara desert

north of this region.

So0il properties in Lhis region show a rather sandy topsoil
and a clayey subsoil in which concrelions are common. Once the
vegelalive cover is removed Lhrough over - cultivation,
overgrazing and periodic bush burning, the top soc0ils are
readily washed off by rain water. Gully erosion is common along
the slopes of cliffs bordering the river valleys, and it has
been observed Lhat gullies in such areas cut back very rapidly.
The areas bordering the rivers are Lhe most densely settled due
Lo Lhe need Lo estLablish selitlements near walter sources, and
the fact thal the increasing height of floodwaters in the basin
has resulted in a retreat of settlements from the flood plains
to the edge of tLhe plateau surfaces. Footpaths leading from
these settlements to the streams have often provided initial
flow channels which have developed into large gullies. Gullies
have also been known Lo originate at the downward end of

furrows in field where ridging is along the slope instead of

along the contours.

The area lies within the Guinea Savannah supporting a
tropical bushland vegetation of few scattered trees and shrub

bushes characterised by isoberlinia doka in alluviated areas
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and by isoberlinia tormentosa in laterised regions (Jackson,
1970). This is undergrown by a vegetation of tall herbs and
grasses. Bul because Lhis area is intensely cultivated the
remnant. of this vegetation can only be observed in lateritised

areas and near or alt the fool of inselbergs.

The soils which occur along the extensive fadamas (or
seasonally flooded river valleys) differ from the general
description given above in that, firstly they provide more
fertile farmlands, excepl where the drainage is very poor and
only swamp rice can be cultivated. Secondly, the fadamas are
very close to the sources of water for dry - season irrigation,
their major handicaps being Lhe erratic nature of the flood
height which may destroy crops and habitations. There are
patches of uncullivaled areas which are mainly in the laterite
and Lhe inselberg areas. All the vegetation have been affected

such that there is no where that the natural vegetation can be

observed.

1.4 Geolo

Almost half Lhe surface of Nigeria (fig. 1.2) is covered
with granitoids which are mostLly Precambrian in age. These are
collectively known as the basement complex. The rocks of the
basement complex have been recognized to belong Lo three
groups, viz; group I the older metasediments; group 11 the

gneisses, migmatites and older granites and group I1II the

younger metasedimenis. The rocks of Lhese Lhree groups have

undergone at leasl two major phases of orogenessis (Oyawoye
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9
1964), Lhe lasl of which was initiated by deposition of sands,
muds, greywackes and igneous malerial on an eroded metnlorphié

basemenl.

Erosion and weathering of the Basement must have commenced
from Precambrian and tLerminated by quaternary deposition.
Folding and low Lo medium grade metamorphism of these eroded
materials may have led to the development of gneisses,

migmaliles and older granites.

The rocks of Zaria area (Figure 1.3) belong to group II
which can be further classified into three major subdivisions
viz: (1) a Crystalline complex which includes gneisses and
migmatites; (2) a late Prolerozoic suite of sediments, folded
and metamorphosed into phyllites, quartzite, pelitic and
psammitic schists; (3) intrusive rocks of late Proterozoic to
Cambrian age, including synorogenic to late Orogenic granites,
minor basic and Ultra basic dyke rocks, pegmatites and aplites.
The rocks vary rapidly in texture with the metamorphosed low
grade pelitiec schists and ferruginised micaceous schislts
located in the western part, being separated from the othér
rock types by a line running north - south. The gneisses and
granites are mostly in the central and eastern parts, but the

contacts between them is gradational.

1.4.1 Structures

The Basemenl complex in this area together with its

supracrustal younger metasediments suffered two phases of tight



10

Funtua / Gusau

D'si

TS5

7°30

\

L 5 1015 p'p P 35 ko KILOMETRES

z<D

maltised undifferentiated

Variable mig

yl
1

LEGEND

ke gl o o i ) ]
422 il ;_
— o [ BT W 1,00, il
. » T S n JIHMN
= = kS [ N
- . s - -~ -
= E

hornblende gneiss

tite

'-_/

piotite and bio
Granile
’-._.!

{abserved)

Beological boundary
{approximale)

Geological boundary
.« Gaological boundary

3
f.mu
s
il
f i
5 5 =f
=2
=t §
H
353
£i1
5 =
7 &
S E
sEE S
2 I
33 ¢
BN §
3
z

[graditisnal )
~— River

.U.-’.

flite
f. schist

Anthoph
cordier

of study area { adapted from MeCurry 1970

Quattz diorile and granodiorile

-

1 n“d

);

-
=]
e
o -
mu
e
-
-
a%
-
o
o =
p.ua
b
g
-



i1
isoclinal folding during the Pan - African episode {(McCurry,
1975). During the early deformation episode, ENE - WSW {40 to
50°) trending structures predominated. Here fold axial planes
and foliations dip slightly npnorth or south. The later
deformation episode produced the north - south trending steeply
dipping structures. Joinls—-sets and fractures formed here are
frequently filled with aplite - pegmatite veins in granites or

vein quartz {(Adanu, 1989).

Another joint set is between 120° - 130° (ESE to WNW)
usually showing small sinistral displacements. These have been
observed on exposed bedrocks. Both deformation episodes
produced tectonic feliation defined by parallel alignment of
play, prismatic Labular minerals such as mica, amphibole and
microcline megacrysts, which are essentially parallel to

lithological boundaries (Wright and McCurry 1970).

Groundwater flow direction obtained from construction of
groundwater levels observed in boreholea do not seem to show
any discrimination in [f[avour of the dominating linearment
direction; instead these flows show teopographic controls in the
direction of drainage channels such as rivers and streams. That
meang that, on Lhe regional scale, linearment trends do not
coincide with the regional direction of groundwater flow; but
at local levels of first order stréams and tributaries f{low .
direclLions are virtually conilrolled by structural features,

which eventually cumulatively produce the regional direction of

flow.
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Linearments which are observed on areal photos do not all
represent fractures and joints. Even when they do they may not
be interconnected or not anymore extend deep enough to the
water bLable due Lo elimination by weatLhering process which
though previously have been enhanced by Lhese structural
traces. The obliteration of Gthese structural traces by
weathering activities within the weathered material mars aﬁy
structurally controlled groundwater flow in this layer. These
lineaments have been found to be important when present around
producing wells. Transmissivity values are always greatly
influenced by Lhe fractures. Fracture density and
interconnectibility around a producing well in a terrain are
more important factors in the determination of local aquifer

properties Lhan regional fracture length and orientation

(Olowu, 1967).

1.4.2 Hydogeology

According to Olowu (1967) the crystalline rocks of the
Basement complex, by virtue of their lithological composition
and texture, are generally poor in groundwater content except,
however, where exists fracture systems or where weathering has
attained advanced stage that it results in thick permeable
product. To contain gsignificanlt. aquifers with exploitable
groundwater, the weathered layer must attain a minimal areal
extenl and thickness with gsufficient porosity and permeability
to store and to yield it Lo wells from season Lo season

(UNESCO, 1979). It is therefore the most extensive and thickly
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wealhered layers Lhal are likely Lo contain the most viaﬁle

productive aquifers.

The superficial deposits, which contain partly the
products of weathered rocks and partly alluvial deposits serve
as media of infiltration and recharge of the aquifers. The
areal extent and location of these superficial deposits will
encourage or inhibit infiltration, The river valleys and the
"fadama" usually contain alluvial malerials such as clayey and
silly products deposited during floods. Their composition and
porosity make Lhem good reservoirs of groundwater which serve
as source of waler for Lhe wells during Lhe dry season. Rivers
loose Lheir water during tLhe dry season in three major ways,
viz run off of tLhe water, evaporation and recharge of the
aquifler through the fadama, In the heart of the dry season when
the river may have dried up (which is verv common in Zaria
area) tLhe fadama "cakes" up thus preventing Lhe loss of water
in the aquifer through evaporation of wate: from the pores.
Although the agquifer level within the fadann region may have
fallen slightly Lhere is stLill an appreciab!: amount of watér
retention within it, thus wells dug within the fadama area
stLill give good yield. On the other hand Kalina north area is
geographically a savannah region characterii:d by dry and wet
seasonga. Mosl of the rain water received du- ng the short wet
season (May to September) is held up in the superficial

covering and in the weathered basement. Sirce this region is

dissected by numerous streams (fig. 1.3), the total surface

discharge is likely to be more than the amonnt of infiltrated
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water., This small amount of infiltrated water is unevenly
distributed among the rock units (McCurry, 1970), a facter
which depends both upon the state of weathering and the
permeability of the rocks. Field evidences show that the
counltry rock units (mainly granites and the gneisses) are more
fractured, faullted and folded than Lhe fresher more extensive
batholithic granites (Tokarski, 1972). Wright and McCurry
(1970) have suggested that the batholithic granites may extend
in weathered form beyond 30 feet. This means tLhe gneiss are

likely to be weathered Lo a grealer depth than this,

In conclusion, it is suggested tLhat despite the facl that

groundwaler may be contained in c¢rystalline rocks undar

favourable condilions, localion of wells for use based on the
physical and sbLructural states of Lhe rocks as well as the
hydrogeological conditions in a given area must be preceded by

careful geophysical investigation.

1.5 Previous Work

Although detailed geophysical mapping of this area as a
unil. has never been done, bul some geological, hydrogeology,
geographical and geophysical survey have been carried out in
isolated localities within this area. Between 1928 and 1946, a

total of 2000 hand dug and concrete lined wells were sunk in

Northern Nigeria.

Du Preez (1952) gave a short account of the groundwater

occurrence in Lhe Zaria area. This was followed by the
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geophysical investigation of the Regional Technical College
site, Zaria by Jones (1952 and 1954) for water supply. Barber
and Phoenix (1963) prepared a report on water supply for Ahmadu

Bello Universily, Zaria in which it was pointed out that

groundwater occurred in superficial deposils and in decomposed

bed-rock.

The most extensive study on groundwater in tLhis area
(sheet 102 SW) is that carried out by Olowu (1967), in which he
has attempled to give a regional oulline of the conditions
governing groundwalter occurrence in the basement complex.
According Lo him, groundwater occurs in water table conditions
in Jjoinlts, decomposed zones of the basement complex and the
overlying alluvium. Olowu (1967) in a report on groundwater
conditions in Zaria produced a small scale geological sketch
map delinealing the major rock types. Bankole (1983) and
Ogunjobi (1983) also worked in the Shika Basin and part of the

Galma Basin respectively, all within the Zaria Sheet 102 (Scale

1:100,000) and tLhey gave some accounl of the groundwater

conditions in the area.

Previous geophysical works are limited both in scope and
objeclLive, even when Lhe scope is wide the objective is still
reslLricted. The regional aeromagnetic mapping which covered the
whole of Nigeria including Zaria area was carried out by the
Geological Survey of Nigeria for the purpose of producing

aeromagneltic maps only. For example the gravily interpretation

by Osazuwa et al., (1992) focused on macrostructures such as
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batholiths. The works of Olowu, (1967), Ajayi and Hassan,
(1990) focused mainly on the thickness of the aquifer and the
depth to water Lable in limited areas within Zaria sheet 102,
Of all the series of isolated Electrical resistivily surveys
(Ososami, 1968; Messrs Pressuag Ltd, 1982; Ajayi and Hassan,
1990; and Shemang el al., 1992) none was carried out outside
the Kubanni basin and Ahmadu Bello University main campus. Even
within the basin where Lhey worked they could not provide a

complete picture of Lhe basement structure.

Structurally Lhe resislLivilLy work carried out by Du Preez
(1952) within the Kubanni basin revealed the presence of steep
dipping joints in some granite oultcrop, however Lhe location of
these joints were not clearly stated. Adeniyi (1987) and
Osazuwa el al., (1992) carried oul grsfiLy survey and
interpretation respectively of the older granite pluttons in
Zaria area, they deduced thalt there are multiple batholiths
wiLlhin this area. However Adeniyi (1987) recommended the use of

oLher geophysical methods.

Prilling of Water Well boreholes in this area was carried
oul. by the Geological Survey of Nigeria between 1954 and 1965.
Messrs Strojexporl (1980) also carried oul. some groundwater
study in the Northern part of 01d Kaduna State. At present both
the Kaduna State Water Board and Directorate of Food, Road and
Rural Infrastructure (DFRRI) are drilling in some rural
settlements within Lhis area. This exercise was carried out

relying on chance, luck and the experiences of the drillers
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(wild cat drilling) without preliminary geophysical survey fo

localte correctly the borehole points.

1.6 Objectives of Lhe Research Work

In response Lo Lhe ever increasing demand for water and
Lhe awareness on the part of both the State and Federal
governmenlLs of the problems of provision of water, and coupled
with Lhe fact that no attempt has yel been made by previous
workers Lo extend their studies and use Lhe informations
obtained therefrom Lo evaluate the water resources of the whole
Zaria sheeet 102. Also no detailed geotechnical studies have
been carried out Lo assess subsurface geotechnical parameters
that are of importance Lo Lhe construction industry. These data
inadequacies have resulted in two major problems. Viz; (i) non-
realistic estimation of the water balance of the reservoirs and
catchment. areas, especially during the dry season and (ii)
IneffectLive or non-existence legislative scheme for proper
surface structural layoul such as bridges, dams, high-rise

buildings elc.

In view of the deficiencies and limitations of previous
works,tLhis project is aimed at (i) determining the geoelectric
parameters (layer resistivities and thicknesses) of the
subsurface layers and their hydrogeologic implications, (ii)
mapping the bedrock relief and hence the subsurface structural
disposilion, (iii) assessing the probable groundwater potential
and hence determine the aquifer profile, (iv) examining the

utilization of the electrical anisotropy coefficient and the
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weathered layer resisbLivity as indices for lithological

differentiation with particular reference Lo areas where the

basement rocks are concealed. The final results of the study

could be used
(1) Lo formulate a clear conceptual hydrogeological and
geophysical model for the area,

(2) to obtain subterranean structural map of the area.

In addition Lo the above objectives, efforts will be made to

examine Lhe electrical anisotropy coefficient and the weathered
layer resistivity as indices for lithological differentiation

with particular reference Lo areas where the basement rocks are

concealed.
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CHAPTER TWO

2. GEOPHYSICAL INVESTIGATION

2.1 Introduction

The geophysical investigation was carried out by the
author employing the DC resistivity method in January/February,

1992 using the DC Terrameter 300.

The choice of the Villages and locations for VES
measurements was done by the author in collaboration with the
Kaduna State Water Board based on the present and earlier
geophysical and hydrogeological works and with the present
objectives in mind. The Schlumberger array was employed (for
reasons sltated later in section 3.2) in all the VES stations
with the distance between Lhe current electrodes continuously
being increased until the desired maximum separation (AB/2 =
156) was altained. From some geophysical survey carried out
within some areas of the northern part of old Kaduna State
Strojexport (1980) has shown that the overburden in the
basement area is not so thick as Lo warrant wider current
eleclrode spacing. The separation of the potential electrodes
MN was also increased in order Lo maintain a measurable

potential bul it did nol exceed one-fifth of AB/2 as suggested

by Dobrin & Savil (1988).

2.2 Principle and Theory of Geoeleclric Scunding

As resistivity is a fundamental electrical property of
rock materials closely related to their 1lithology, the

determination of the subsurface distribution of resistivity
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from measurements on Lhe surface can yield useful information
on the structure or composition of buried formations. A common
method is the geoelectric sounding. Four - electrode arrays are
generally used at the surface; one pair for introducing current
into Lhe earth, the other pair for measuring the potential
associated with the current. The vertical electrical sounding
(VES) or the geoeleclLrical sounding is based on the principle
that a fraclion of electric current injected into the ground,
penetrating below a given depth increases with the separation
of the current electrodes. Thus as the current electrodes
geparalion is increased, the depth of penetration will
increase. Therefore any anomalous body lying between the ground
surface and the last depth of penetration will have great
influence on the electrical potential field at depth.

This method is based on Ohm’'s Law given by

V= IR cosscesssovuseosssssssessnsvosscsnsee(l)
where: 1 = Current (amps)

v Impressed Voltage (Volts)

R Electrical Resistance (in Ohms, (Q))

The resistance R of a conductor with a length (1) and a

cross-sectional area A is given by
R = pl{Aol.l...ll.lil..lvllll....!!ll..oln...l(z)

where p is the resistivity of the unit under consideration
Combining equations (1) and (2) and for unit length and

unit cross-sectional area,



If R is expressed in Obm (2) p will be expressed in 2-m a
commonly used unit in VES measurements.
The problem in VES measurement is to determine the

specific resistivity of the subsoil by measurements at the

surface.

Most resistivity techniques define a response function
called apparent resistivity p, which can be deduced or estimated
from surface measurements. These apparent resistivities are

usually functions of a variable that is related to the depth of

penelration.

Consider a semi ~ infinite so0lid with uniform resistivity
p. Assuming that a current I is introduced into this material
through electrodes at positions A and B on its surface, and
thal the potential gradient associated with this current is
measured across two other electrodes at positions M and N on

Lhe same surface (fig. 2.1),

the polential at electrode M will be

VH = (Ip/Zn)*(l/rl - l/ra)oaollIlllloocc'.o.-c-oovo(s}

where ry = distance from potential electrode M to current

electrode A and ry = distance from electrode M to current

electrode B.

Similarly the potential at electrode N is given by
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FIG.2.1:ELECTRODE CONFIGURATION
(a) General electrode configuration
in resistivity survey
(b) Wenner array

(¢) Schlumberger arrary



23

Vy =01p/2)%(1/ry = 1/p)ennnnnns ..................l(4)
where ry is the distance from N to A and ry the distance from N
to B.

Potentinl difference AV across electrodes M and N

is Yy - W,

Subtracting equation (4) from equation (3) and soclving for
p one obtlLaing

P, = (2R5V/I)*(1/(1/rl - 1/ry - 1/ry + 1/0))eeseeess(5)

The result is independent of +the position of the
electrodes and is not alffected when the current and potential

electrodes are interchanged.

The apparent resistivity is equal to the true resistivi@y
only when the subsurface is isotropic. In practice this is
difficult te obtain, however the subsurface is assumed to be
divided into thin strata with each atrﬁtum regarded as
completely homogeneous and isotropic. This is a convenient way
to represent & response ol the actual distribution of lateral
resistivities in the subsurface on the basis of surface
measurements. I Lhe electrodes are laid out along a prﬁfile
and their separations are increased in a systematic manner, the
change in the apparent registivity will be a function of
electrode spacing [as defined in Equation (5)]. Also it has
been shown by Dobrin and Savit, (1988) that depth of
penetration of current increases with electrode spacing. .
Therefore it is possible to determine the variation of

reaistivity with increasing depth within the 1limite of
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instrumental resolution which depends to a greater degree on

the subsurface resistivity/layering and data quality.

In actual practice a number of different conventional
surface confligurations are used for the current and potential
elecLrodes placement. In many arrangements, both sets of
elecLrodes are laid out along a line . The current electrodes
are generally placed on the outside of the potential
electrodes. The most widely used configurations are Wenner

arrangement, Schlumberger arrangement and Dipole Methods.

Two general approaches are used for making resistivity
measurements in Lhe field. With the first, the electrode
spacing are fixed, and the array of electrodes is moved
laterally along a profile with constant separation, the
apparenl resistivity being plotted at the midpoints. This is
called continuous profiling or electric trenching. Any body
having anomalous conductivity and which is shallower than and
extlends beyond the depth of maximum effective penetration
should show up as an anomaly on tLhe resulting map. In the
second Lype of measurement tLhe center of the elecLrode spread
remains fixed, but Lhe separation of electrodes is
progressively increased. This is called Vertical Electrical
Sounding (VES). ConLinuous profiling with a fixed configuration
is more cost effective for detection of anomalies along a
Lraverse bul is inadequale for exploration objectives requiring
depth control which can only be achieved through expanding the

geometry of Lhe eleclLrode configuration.
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As mentioned earlier the vertLical electrical sounding
measurements can be executed using different approaches, among
which are the Wenner Arrangement and the Schlumberger

Arrangement. In Wenner configuration, the electrodes are

uniformly spaced in a line.
From equation (5)
rn =rn =1and np = = 2a.
Thus, Lhe apparent resisbLivilty is given by
P, = PRAVSI L anin & K dbibians & ok mba & &% s w s hnmst i)
where a = distance between the electrodes

I Current passed through the ground.

V = PoLential difference Measured.

Despite the straight forward geometry, this configuration
is often quite inconvenient for field work, and has some
disadvantages from a theoretical point of view as well (Telford
et al., 1976). For depth soundings, the electrodes are expanded
about a fixed cenler, increasing the spacing ’a’ in steps.

In the Schlumberger Configuration, the current electrodes
are spaced much further apart than the potential electrodes.
The array is often used symmetrically, i.e.

p, & [REVBLYELAVELY o5 v awvosnn s komaempnn somsnnalT)
half the separalion of Lhe current eleclLrodes

where L

1
AV = Potential difference measured.
In depth probing, the potential electrodes remain fixed

half the distance of the potential electrodes

while the current electrode spacing is expanded symmetrically
about Lhe center of the spread. Sometimes it may be necessary
to increase 'l’ when measuring large 'L’ values in order to

maintain a measurable potential, but usually not exceeding one

- fifth of L.
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CHAPTER THREE

3. INSTRUMENTATION AND FIELD PROCEDURE

3.1.1 Terrameler SAS 300

The TERRAMETER SAS SYSTEM consisls of a basic unit called
Lhe Terrameler SAS 300 which can be supplemented as desired
wilth Lhe SAS 2000 Booster. SAS stands for Signal Averaging
System - a method whereby consecutive readings are taken
aultomatically and the results are averaged continuously. The
continuously updated running average is presented automatically
on Lhe display. This continues until Lhe operator is satisfied
with the stability of the result. SAS results are more reliable
than tLhose obtained using single-shot systems. The SAS 300

(basic wunit) can be used for Self Potential surveys and

resisLiviLty surveys.

The SAS 2000 Booster (optional) supplements the SAS 300 in
gituations where the voltage and/or current must be increased.
The booster is normally slaved to the SAS 300, but it can also
be operated separately in special applications such as charge-

polLential studies and dipole-dipole surveys.

The Terrameter SAS 300 can operate in two modes:
(1) In Lhe resislLivity surveying mode, it comprises a battery
powered, deep-penetration resistivity meter with an output
sufficient for a currenkt electrode separalion of 2000 metres
under good surveying conditions. Discriminatory circuitry and

programming separaltes DC voltages, self potLentials and noise
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from the incoming signal. AV/I is calculated automatically and
displayed in digital form in kilohms, ohms or milliohms. The
overail range thus extends from 0.5 milliohms to 1999 kilohms.
The range can be extended down to 0.02 milliohms by means of
the SAS 2000 BooslLer.

(2) In the vollLage measuring mode, the SAS 300 comprises a
self potential instrument that measures natural DC potentials.

The result is displayed in V or mV. The overall range extends

from 0,01 mV to 500 V.,

The Terrameler SAS 300 contains three main units, all

housed in a single casing: the transmitter, the receiver and

the microprocessor. The eleclrically isolated transmitter sends
oult. well-defined and regulated signal currents. The receiver
discriminates noise and measures voltages correlated with

transmitted signal current (resistivity surveying mode) and

also measures uncorrelated DC potlentials with the same

discrimination and noise rejection (VoltLage measuring mode).

The microprocessor monitors and conlrols operations and

calculaLtes results.

In geophysical surveys, tLhe SAS 300 permits natural or
induced signals Lo be measured at extremely low levels, with

excellent penetration and low power consumption. Moreover, it

can be used in a wide variely of applications where effective

gignal /noise discriminalion is needed,
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3.1.2 Transmitter Besignation

The transmitted current is commutated in a time pattern
suyitable for resistivity surveying. The transmitted signal is
measured by Lhe receiver at discrete time intervals when the

eddy currents, the IP and Lhe cable transients have decayed to

low levels.

Standard faclory currenﬁ—output programming (in
combinalion with the receiving principle) provides =skin
impedance effects equivalent to approximately 0.4 Hz for 3.6
seconds of current flow. The operator can, however, select two
other time scales equivalent to 0,2 and 0.1 hz. These should
only be used under extreme conditions since the correrponding
time cycle (7.2 and 14.4 seconds of current flow) increase

power consumplion. For normal use, the standard factory

programming is equivalent to DC surveying.

The current amplitude is set by the aperator to suit the
actual survey conditions. It can be set to 0.2, 0.5, 1, 2, 5,
10 and 20 mA at 150 V maximum current eleckraode potential. The

range can be extended to 500 mA or to 500 V by using the

optional SAS 2000 Booster.

3.1.3 leceiver Designation

Penetration and accuracy limite are imposed mainly by

noise caused by telluric currents, power transmission lines and

electrochemical variations at the potential electrodes. A

unique integrator combined with an ingenious measurement



29
strategy permita Lhe Terrameter S5AS 300 receiver to extract the
signal from man-made and natural noise, even when using low,
gafe signal vollage levels. This measurement strategy includes
signal stacking, logical and analeg filtering, rejection of
induced polarization (1P) effects and rejection oFf transient

phase ol the signal current.

3.1.4 DC Potential Measurement

Four receiver ranges for DC potential can be éelected
manuazlly: *1L V, #10 V, 2100 V and %500 V. The linear circuits
allow Lhe voltage to be reéd and displayed to 3 or 4
significant decimal places. An automatic shift of scale from
volts to millivoltys in lower ranges alléws surveys to be
carried out with s significant resolution of *0.05 mV at an
electrode impedance of 100 kilobms. Power line noise is
effectively suppressed, At low railway frequencies (15-20 Hz},

noise suppression is 70 dB while suppression in the 50 - &0 H=z

range is B5 dB (operation's manual for SAS 300).

The aforesaid noise supﬁression figurés are for single
gignal reading. However, when the Terrametler SAS 300 is used in
the signal averaging mode, the microprocessor takes repeated
readings and calculated the running average (up to &4
readings). Statistically distributed noise voltages are thus

reduced by a factor of square root N, where N is the number of

readings.



3.1.5 Resistance Measurement

Tn the resistance measuring mode, thé Terrameter SAS 300
measures signal vallages creakted by the Lransmilter signal
current. while rejecting bath DC voltages and noise. AV/I is
automatically calculated and displayed digitally in kilohms,
chms or milliohms. Four ranges can be selected manually: 1 ohm,
100 ohmg, 10 kilohms and 1 megohm. The result is displayed to
3 or 4 decimal places. When the transmitter is operating at 20
mA, the Terrameter SAS 300 has a significant resolution of 0.5
milliohms (operalion’s manual for SAS 300) for a single
reading. Meticulous care was always observed in the arrangement
of cables and electrodes used in the field so as to disallow
current. leakhage and creep which can subslLantially reduce the

attainable accuracy ang sensitivity and thus the depth

penetration.

3.1,6 Measuremeni Operations

The microprocessor controls and mﬁﬁitors al) measurements
to ensure optimal accuracy and sensitivity and to make certain
Lthat Lthe instrument is used correcltly. When Lhe operator
preases the MEASURE button, the microprocessor runs a thorough
check on circuits and switch positions. It also checks the
battery condition and the useability of selected parameters.
The complete check-up procedure takes only one second and, if
necessary, warnings and information comprising beeper signals
and error codes tell the cperator to change parameters or to

check circuits. When satisfied, the microprocessor
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antomalically starts the measurement cyclie, and after all
readings have been taken it puts Lhe instrument into the

standby mode wilh Lhe final result displayed.

3.2 VField Procedure
3.2.1 Choice of EleclLrode Configuration

In choosing Lhe type of electrode configuration to be used
for Lhis survey, il is noted in Lhe first place that in both
the Wenner and Schlumberger configurations the depth
penelLration of Lhe currenl is predominantly controlled by the
distLance between Lhe current electrodes: with equal values of
the current electrode spacing, Lhe depth penelralions reached
in Lhe two electrode configurations are thus nearly equal.
However Lhe potential difference between the potential
eleclLrodes in these conditions is considerably larger in Wenner
confliguration Lhan in Schlumberger, because the distance
between GLhe potential electrodes is larger in the Wenner
confliguration. This tends to make tLhe reading accuracy of the
voltage belLbter in Wenner configuration than it is in the
Schlumberger configuration for comparable depth penetration.
There is, however, anolLher consideraltion which is Lo the
advantage of Lhe Schlumberger configuration and which, in my
opinion, oulweighs Lhe disadvantage of the smaller measuring
accuracy. One of Lhe assumptions on which the inLerpretation of
regislivily sounding measuremenls is based is Lhal each of the
subsurface layers is electrically homogeneous, This differs in

reality in that in many areas, inhomogeneity of relatively
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Schlumberger array saves Lime and manpower, i.e.,ilt is more

cosl elffeclive Lhan olLher configuralions.

3.2.2 Dala Colleclion

The sounding localions (Appendix 1) were chosen by the
author in collaboralion wiLh Kaduna State Water Board based on
the present borehole drilling programme of DFRRI and earlier
geophysical and hydrogeological works and the presentl
objecltives. There are a total of 118 VES stalions including 14
soundings close Lo exisbLing boreholes with known lithologies
wilhin the differenl geologically identified formations within
the survey area. The inilial intention was to have VES on a 2

km X 2 km grid station but due to lack of access roads, built

up areas and the large size of the survey area, only Lop
priorily areas with a fair degree of even spread have been

considered. The locations and elevalLions of Lhe VES stations

were extrapolated from topographic maps of Zaria, Igabi, Maska

and Kaduna.

The maximum length attained for Lhe current electlrode
gpacing is 312 m while Lhat for Lhe potential electrode is 25.6
The values of half Lhe currenl electrode separation and the

distance between the potential eleclrodes are given in Appendix

.
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CHAPTER FOUR

4. INTERPRETATION TECHNIQUE AND DATA PROCESSING
4.1 General

Much of our knowledge of the Earth’s interior is based on
Lthe interpretation of measuremenls made at the surface, rather
than direct sampling of the material in tLhe interior. In the
pasl few years there have been great advances in Lhe
mathematical aspects of this problem, and Lhe Lechnique has
come Lo be called geophysical inverse melhods. To apply these
ideas, Lhere must be a valid mathematical model of the physics
of Lhe system under study, so that one would be able to
calculate Lhe values of observations made on an exactly known
sbtructure: tLhe calculation of Lhe behaviour of a speciflied
syslem i8 Lhe solution of the "forward” or "direct” problem.
Frequently it is the forward problem that presents a difficult
challenge (o fthe theoretical geophysicist. filustrations
include the mechanism of earthquake rupture or the generation
of the earth’s magnelic field; in problems like these, inverse
Lheory is normally quile inappropriate. When Lhe forward
problem has been completely solved, Lhere are of course unknown
paramelers in Lhe mathemalical model represenbting physical
properties of the earth such as Lame' parameters, density or
electrical conductivity. The goal of inverse theory is to
determine Lhe parameters from observations or, in the face of
the inevitable limitaLions of acltual measuremenl, Lo find out
as much as possible aboul Lhem. The quality that distinguishes

inverse tLheory from the parameter estimation problem of
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sltalisblics is Lhal Lhe unknown are funclions, nol merely a
handful of real numbers. This means that the soiution contains
in principle an infinite number of variables, and therefore
wiLlh real data the problem is as underdelermined as iL can be.
Naturally, Lthere are geophysical problems contlaining a
relatively small number of free parameters. Sometimes, however,
unknown strucltures are conceived in terms of small numbers of
homogeneous layers for reason of computal.ional simplicity
rather Lhan on any convincing geophysical or geological
grounds. Such simplificablion may lead Lo false confidence in

the solulion because the true amount of freedom has not been

allowed in Lhe paramelers.

The inverse Lheory falls inle two distinct parts. One part
deals wilh tLhe ideal case in which Lhe data are supposed Lo be

known exaclly and as densely as desired, and is of course

mainly the domain of the applied mathematics. The other part
Ltreals Lthe praclLical problem tLhat are created by incomplete and

imprecise dala. IL mighL be thoughl thal an exacl solution to

an inverse problem with perfect data would prove extremely

useful for Lhe pracltical case. Actually, Lhis often turns out

Lo be unbrue because geophysical inverse problems are almost

always unstable in a sense to be defined more precisely later;
when Lhis is 80, the solution obtained by Lhe analytic
Lechnique is very sensilive Lo the way in which the data sel is

completed and Lo tLhe errors in it,.
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of the first and last branches ol the sounding curve to their
respective asymplotes. The number of lavers is equal to fha
number of digiltised poinls, and Lthe layer boundaries are spaced
uniformly on a logarilthmic depth scale. For field sounding
curves, this method provides the geophysicist with a
theorelical curve Lhat fits the observed curve as closely as
possible and produces a corresponding, well-behaved layering
model ([(wilth no exiremely thin layers of unusually high or
unusually low resistivities). The geophysicist may accept,
gimplify, complicate, or wmodify the resulting solution to
gatiafy known geologic information wusing other equivalent

layering models {Zohdy, 1874).

4.3 QOulline of Zohdy Method

The iterative procedure used in Lhe interpretation of all
the Schlumberger VES curves in which a lavering model is
oblLained directly I'rom a digitised sounding curve follows from
Zohdy, (1989). The outline of the method is given below.

The study of Schlumberger theoretical sounding curves for
horivontally stratified, laterally homogeneous, and isofropic
media shows Lhal regardless of the number of layers or
resistivily dislLribulion wilh depth, Lhe following properties
are ohserved:

(1) Compui.ed apparenl resistivities are always positive
{2) "The Torm of n sounding curve follows the form of the true
resistivity-depth curve. As the true registivities increase (or

decrease) wilth greater depth, the apparent resistivities
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(i) The electrode spacings do not adequaltely approximate the
depiths Lo various iayers. Therefore, the assumed depths must be
shifled Lo Lhe left in order Lo bring the assumed layering more
or less in phase wilh Lhe resisbLivilLy-depth curve.

(ii) The apparenl resistivities do not adequately approximate
the Lrue resistivities; and, Lherefore, Lhe assumed
resislLivities musl be adjusted Lo approximate the amplitude of
the Lrue resistivities.

{iii) Property (5) can be used for the required resistivily

adjuslmenls,

Delermining Lhe appropriate amount to horizontally shift
Lthe depths and verlLically adjust the resistivities without
prior knowledge of Lhe Lrue resistivity depbLh distribution, is

Lhe essence of tLhe new iterative method.

4.4 1nitial Dala Preparalion

Unlike a theoretical curve, a field Schlumberger sounding
curve is composed of several overlapping segments. The
segmented Schlumberger field curve is processed and reduced to
a conlinuous curve prior to its inlerpretaltion in Lerms of a
horizontally stralified model (Koefoed, 1979; Kunetz, 1966;

Mundry, 1980; Zohdy et alt., 1973).

The processed Schlumberger sounding curve is digitised at
a logarithmic interval equal to (or equal to a multiple of) the
gampl ing interval of the filter to be used in calculating the

Lheoretical sounding curve. The purpose of digitising the
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gounding curve is to speed up the computations of the
succession of Lheoretical sounding curves umed in the iterative
process. A sampling interval of gix points per logarithmic
cycle (D'Neill, 1975) is considered commensurate with the
electrode spacing interval used in Lhe field and is considered
oplimal! for defining the form of a scunding curve.

When a processed field Schlumberger sounding curve. is
digitised, it is ready for interpretation by the iterative
method. In the following sections, the processed and digiti=ed

Schlumberger [field curve is referred (o as the "observed”

curve .

4.5 Ilterative Procedure

The iteralive procedure reliea on the [opllowing initial
assumpl.ions:

{i) The number of layers in the model equals the number
of digilised points on the observed curve. This assumption
remains unchanged throughout the iterative process.

(ii) The depths of the model layers are equal to the
digitised electrode spacings which are equally spaced tul’#

logarithmic deptLh scale.

(iii)The tLrue resistivities of +the model equal the

apparent resistivities.

With the aforementioned assumptions in mind, a theoretical

sounding curve was calculated for a multilayer model by

convolution and Lhe percentage root-mean-square deviation ($)

”’

was computed from the equation ' ")
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. — -_—
;: (Poy = Peg)?
- ol 3

JLth "observed" apparent resisbtivity

where ”q

B.;

N = number of digiltised apparent resistivity points

Jth calculated apparent resistivity, and

(with j = I,N).

The depths are Lhen multiplied by a constant factor
(fraction) to decrease all the layer depths and successively
reduced until ¢ is mipnimum bearing in mind the geology and
borehole lithology/resislivily sounding relation of the area.
Having calculated a Lheoretical sounding curve using shifted
depths and apparent resistivities, the amplitudes of those
resistivities are adjusted iteratively to obtain a better fit
between observed and calculated sounding curves. The ratio of
observed Lo calculaled apparent resisbivily is multiplied by
the corresponding layer resislivily to adjust it to a higher or
lower value. A new sounding curve is then calculated using Lhe
ad justed layer resistivities. These steps are repeated until a

prescribed minimum ¢ (less Lhan 2 percenl) is obtained.

The advantage of tLhe n-layers model over the otLher

layering models is that il can provide additional information

aboul tLhe subsurface variations within any suggested

geoeleclric layer
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and_ The Subsurface Layver Distribution

Strongly differing layer resigtivity distributions in the
subgsurface may yield apparent resistivity curves that are not
slrictly equal bubt differ so slightly that they cannot be
separately distinguished as different formations with the
accuracy ol the resislivity measurements/insirument. Thia
ambiguity lies entirely in Lhe relation between the resgsistivity
transform aqd the parameters of the subsurface layer.

distribul.ion.

These ambiguities are generally referred to as
Yequivalence” and or "suppression”. The term "equivalence” is
used either in cases where g, ; > p; < pjy {i.e. the go called
"bowl-Lype" resislivily seguences), or where P € P > Py
(i.e. "bell-type" resistivity sequences). In the bowl-type case
two resistivity sLratifications c¢an be equivalent, i.e.,
distinguishable on the apparent resistivity curves, if they
have Lhe same value for the quotient tﬁ/pi. For bell-type cases
this aituation arises for Lwo regsistivity stratifications which
have (the same value for the product t¥p;. The term
"suppression" is used eilher where p; | < p; < pyyy (i.e.,
"agcending-type" resistivity sequences) or where Py > P > Py
(i.e., "descending—-lLype" resistivity sequences). In both the
ascending and descending Lypes tLhe effect of the phenomena i=s
such that it may be impossible to detect the existence of the

intermediate layer al all from the apparent resistivity curve.
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These limitations were resolved by sounding at some
borehole localions where the resistivities and thicknesses
obtained were verified wilth the corresponding stratification in

Lhe borehole lilthology log within the area of survey.

4.7 OPTIONS AND CHARACTERISTICS APPLIED

Different. options and characteristics were used to
generale equivalent models and to impose constraints so that
Lhe eventual model chosen actually represents the resistivity
and layering sequence for each of Lhe sounding locations apart
from the borehole lithology used for resistivity/foermation

idenlLification. The oplLions are discussed below.

1) Fixed ShiflL Factor: Each sounding curve has its unique depth
shifl factor Lhat yields a minimum rool-mean-square percentage.
The value of Lhis shift faclor depends on (a) the curve Lype,
f.ei,; nip Py<py ) s Klpy<pyopy ), KH(py <py>py<py )y Alp;<py<py ),
Kll(pl<pz>pl<p‘). etc {(Zohdy et al., 1974). (b) The completeness
of the left and right branches of the field curve; and (c) the
amounl, of noise present, Il was {found, however, tLhal because of
equivalence, determining Lhe opLimum shift factor is nolL
critical for the final fitting of the curve. Thus a fixed shift
factor was selected within the range between 0.3 and 0.6
{(approximately) as sugdgested by Zohdy (1989} and used for
almost all Lhe Schlumberger curves; and the observed curve
always matched when the resistivity amplitude adjustment was

applied.
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The use of a [fixed shift factor eliminates a few
iterations that would have been necessary to find the optimum
shiflL factor for each curve type. However, the number of
ilteralLions saved in using a fixed shift factor results in a
larger number of amplitude adjustment iterations. Furthermore,
if the selected fixed shifl factor is too small (layering is
ghifted toe far to Lhe left), overshoots and undershoots
develap al. shallow depths, and the depth to the last layer is
defined by an abruplL change in resistivity. Conversely, if the
seleclted lixed =hifl factor is too large (layering is shifted
too far to the right), then overshoots and undershoots develop
al. large deplh, and the depth Lo the shallow layers are defined

by abrupt changes in resistivity.

2) Layer Compression: Layer compression becomes necessary where
severe K-Lype curves are encountered. A severe K-type curve is
a curve Lhal rises steeply at an angle of nearly 45, continues
to rise for nearly two logarithmic cyecles, forms ﬁ somewhat
sharp maximum, and then falls to low resistivily values.
Interpreling observed curves of the severe K-type resulis ih
situalionas in which the curves cannot be fitted within 2
perceni. probably because the distribution of layer depths
vbiained from digilised electrode spacings, extends over a much
larger deplh profile than does the true (or any egquivalent)
layer—-depth profile. Hence the layer depths are compressed sgo

that the resistivily adjustment procedure may succeed Lo yield

a good (itL.
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Layer compression ig achieved by increasing the number of
layers per decade, i.e., greater than six. The total number of
layers is still Lhe same as the number of digitised points and
the thicknesses of all layers beneaih Lhe first layer still
increage al. a uniform logarithmic rate, but now the dépth

inLerval is less Lhan Lhe electrode spacing interval from which

it was originally derived.

3) Layer Expansion: This is a direct converse of layer

compression, it resulis from decreasing the value of the number

of layers per decade.

4) Fixed_ Lasl layer Resjistivity: The resisti?it? of the last
layer was fixed for all sounding curves within the gsame
geologically identified formations thal. show a rising right
branch and interpreled in Lerms of a c¢consLant resistivity value
for geveleclric basement and hence geoelectric cross-sections’
are produced with a common basement resistivity; the last

layer's resislivity does not change during the iterations

pracess.

56} Interpretation of Incomplete Curves: Most field sounding

curves are incomplete, i.e. a sounding curve in which the left

and {or} right asymptotes Lo the resistivity of the first and

(or}) last layer, respeclively, are not measured. A [field

sounding curve whose last right branch rises at an angle 45 for

at least three or four points (sampled at the rate of six
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point.s per decade) is considered Lo have a complete right—ﬁﬁhd
branch {Zohdy, 1989). Provided the curve is not distorted, the
resiaslivity value of the first point will fit because the depth
te the bollLom of the [irgst layer is always less Lhan the first

eleclrode spacing, and similarly for the last layer,

4.7 Adjustment_of the Apparenl Resistivity Curves in

Schljumberger Measurements

In Schlumberger Configuration it is necessary to increase
the distance between the potential measuring electrodes as the
dirlLance between the currenl electrodes increases, Without this
slep the polential difference would become too small to allow
a reliable measurement. When the distance between the potential
electrodes is changed, measurements at both the peasuring
electrode spacings were made at two values of current eliectrode
spacing. The apparent resistivity graph oblLained then consisiLs
of a Few segments that corregpond with the different values of
the measuring eleclLrode spacing. These segments fail to tie in
with each oLher wiLhin the accepted error limit for some of the
soundings {e.g. Cigure 4.1). The reasons lor these are, Firstly
the measurements are made with a symmetrical electrode
configuration in which the ratio of the measuring eleclrode
spacing to the current electrode spacing has a finite value,
i.e. "eccenbricity" of Lhe electrode configuration {(Keefoed,
1979}, Changing the distance between Lhe measuring electrodes
entails a change in the eccentricily of the configuration which

depends on Lhe apparent resistivity of a given layer
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slralification. The second reason for lack of tie-in between
the segments of an appareni resistivity curve is the occurrence
of near—-surface inhomogeneities in the ground. These
inhomogeneities affect tLhe current distribution pattern, and
the relative change in the current density which they cause

depends on the position of the measuring points with respect to

the inhomogeneity.

Distortions could also be caused by errors in
measuremenls, current leakages, man-made structures (fences
with grounded metal poles, metallic pipe lines, railings, etc).
These distortions affect the resulting model even if the
theoretical sounding curve fits the observed sounding wiph_an

acceplable rms percentage. This results in an unacceptable

anomalous layer{s) within the model.

To eliminate Lhe Lie—in problem and anomalous layer(s) the
apparent resistivity wvalues 1in a segment were initially
.multiplied by the same factor, i.e., by a parallel shift of the
whole segmenl on logarithmic scales as suggested by
Koefoed, (1979) and lalLer, manual smoothing was applied before
entering Lhe data into the computer program. Zohdy, (1989)
guggested that manual smoolthing is much faster and more

efficienl than assigning fitting tolerance to each point.

4.8 Influence of Slope of Boundary Plane

The effecl of the dip of tLhe boundary plane may be

neglected for dip angles less than 10 or leas than 15°.
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Considering that in practice Lhe ratio of the relevant value of
the half-distance between the current electrodes over the depth
of Lhe boundary is rarely greater than 5, this effect was
considered not teo be very important in this work, heﬁce

correction Tor Lhe slope of houndary plan was not effected.
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CHAPTER FIVE

5. RESULTS
5.1 General Statement

The data analysias was performed using Zohdy's method,
which allows the performance of automatic interpretation of the
Schlumberger sounding curves to obtain the equivalent n-laver
model f{rom tLhe apparenl resistivity curve of each soundihg
(fig. 5.1a). The resulling true resistivity layer models from
the application of Lhis method is illustrated in fig. 5.1b.
Moreover the egquivalenltl true resistivity models of each
gsounding were used Lo produce a comprehensive subsurface
regiglivity contour section for mnalysis along some profiles
(figas. 5.2a-d). The conLour sections were achieved by plotting
the resistivity value of each n hypothetical layers of each
sounding at a point in the mid-thickness of this layer beneath
the sounding localions, and hence the resistivity values were

contoured in Lhe verlical plane of tLhese seclions.

The interpretations of the VES data were carried out using
the subsurface resistivity seclLions instead of the individual
sounding {(Lthese were done only at borehole locations
corresponding to VES stalions at those locations). Such
interpretation can deal wilh Lhe comprehensive picture of the
subsurface configuralion of the geoelectric layers since the
total number of sounding {118) is conaidered to be quite dense
for Lhe area. Accordingly, a discussion of each soundiﬁg

secltion is provided and the correlation between them was made
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Lo sblress the additional information provided by the

resislivily conlour seclion in fig. 5.3a-j.

b.2 Eleclrical Resistivily Sounding
The field VES curves for the 118 locations were generally
of 4 layer type Lhough Lhere are 2, 3 and 5-layer curves. These

are of different shapes and characteristics depending on Lhe

formation layering.

Signs of minor distortion of some of Lhe curves can be
observed by sudden jumps (fig. 5.4) in values which may be
caused by Lhe effeclts of near surface heterogeneities which are
also apparenl on Lhe iso-resistivity contour maps. Many sources
of errors can conlribule Lo disLortion of Lhe field curves in
such a way Lhal, quile ofLen, quantitative analysis of tLhem
cannot be made or, al best, made with large uncertainty. These
include errors in measurements or calculation, current leakage
and effeclt of Lopography. Errors in measuremenls were minimised
during Lhe field work by often repealing Lhem for increased
accuracy. Consequently, iL is believed that main source of
distortion in Lhe present work could be attributed to
occurrence of surface or sub-surface inhomogeneities with
marked resisltivity contrasts. In all the sounding, smoothening
was carried oul. prior to running the program designed by Zohdy
(1989) as earlier mentioned so as Lo overcome distortion
effects. A reasonable conbtrol of these sources of error was
alse the correlalion with borehole records where the sounding

were done close Lo borehole locations,
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6.3 Deriving The Gevelectric Sections

Resiglivily values of earth materials derived in this wori
{Table 5.1) were arrived at using geologic controls such as
lithologies observed in wells, boreholes (drill cores) and the
knowledge of various types of formations found within the
studied area and approximale ranges of electrical resistivity
of rocks and solids from Keller and Frischknecht (1966). For
example, Lhe tLopsoil is mostly laterite and loam (borehﬁle
informations). 'The laterites, include the younger and older
laterites (Tokaski, 1972) and contain some reddish to grey
brown sands, silts and c¢lay (Bala, personal communication).
This laterised deposit form the topscoil in most of the survey
area. In the stream channels of the Rivers Kubanni, Galma, and
Saye and Lheir tributaries alluvial deposits predominate. The

alluvium consists of fine grey-brown sands, clay, red sand and

gravels (McCurry, 1970).

In addition to the above information, geoclogic well-logsa
obtained from Kaduna SLate Water Board show that the topsoil is
lateritic consisting of clayey silty and brownish material with
an average Lhickness of 9 m over Lhe entire survey area. The
gsecond layer is about 15 m thick and consists of fine sand and
partly silty greyish material wherever they occur. These two
layers generally overlie Lhe weathered basement rocks which
consislts of fine to medium grained sand. Bellow the weathered

basemenl are the fracltured basement (wherever it occurs) snd

the fresh basement.
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