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ABSTRACT

A geophysical survey was carried out in the Federal Polytechnic
Nasarawa and the process of electrode layout employed was the
Schlumberger array which was applied in the vertical mode. The
maximum current electrode separation was 300m. Fourty - six vertical
electrical sounding surveys were carried out, with six of these being
radially sounded in three directions oriented at 60° to each other
(azimuthal sounding). Data analysis using zohdy software was applied.

Analysis showed that the area comprised of four subsurface
layers. The first which is the top layer is lateritic while the second layer

is strongly weathered. The second layer constitutes the aquifer zones

in the area having relatively low resistivity range of 30 - 200m . The

depth to basement varies at different locations and areas of shallow
basement or high resistivities can serve as good locations for the
erection of buildings. The variation in the depth to the basement
indicates that the basement profile is not a smooth continuous surface
but an undulating surface. The average depth to basement was found
to be 33 meters and this suggests that the depth to basement in the

survey area is generally shallow.
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Analysis of the azimuthal sounding surveys showed that the
subsurface of the survey area is generally anisotropic. It is therefore
recommended to carry out azimuthal sounding surveys at any desired
survey area in order to select the preferred direction of sounding prior
to any main resistivity survey.

Fractures were found to occur at depths ranging from 5 meters
to 50 meters depending on the sounding location. The pattern of
anisotropy associated to fractures was found to be neither circular nor
elliptical. The general trend of fractures in the area could not be
ascertained or generalized since the data coverage was limited and
more azimuthal sounding surveys are required to cover the entire
survey area. The sounding points in which fractures occur are

recommendable locations for groundwater bore holes.
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CHAPTER ONE

INTRODUCTION

1.1 GENERAL INTRODIICVION

Water 1s indispensable to lite as it sustaing [ife. Without 11, almost atl
|
metabolic processes in living organisms will come to a standsull. 1 he roie ot
| |
water in industries, agricultural projects and a growing community such as
. . . |
ours Is 100 numerous to enumerate. Potable water is a precious resource and
Mankind, through the ages, has been faced with the probiem ot providging
suitable water in sufftcient quantity for usc. In most rural arcas o1 Nigena.

potable water is a luxury. The people have no access to treated pipe borne

water, and therefore have had to rely on dry river channels, streams and

|

shallow hand-dug wells for their water supply. in order o adequateiv supply

ﬁ
water to her citizens, the Federal Government of Nigerta has set up the

Federal Ministry of Water Resources, and the various State Governments
have their State water boards. Population explosion and increased indusirial
developmental activities have led to the increase in the demand tor

groundwater either as supplement 1o supplics from surface sources, or. in
|

some cases, as a main source of supplies 1tself. The location of sutabie and
_ |

productive reservoirs of groundwater is on the increase i many countries of




the world of which Nigeria is not an exception. In Nigeria, the explonation ol
groundwater by borcholes was mtroduced as carly as 1956 (Wright and
Burgess, 1992). There are three mam sources of water namelv. rin waie
surface water, and groundwater. Among  these sources. groundwater s
considered to be more lasting and econonmcal  In the case ol rmwater o
falls under a well-defined pertod of iy scason and cannot e these arcis
be favourably harnessed for industrial projects as it cannol be rehied upon
since there will be scarcity of water during the diyv scason In the case ol
surface water, dams are constructed across streams so as 1o allow for the
effective use of the surface water. Due to high fosses of the water as i result
of evaporation, a large catchment arca is required (Wembenea, 1900 i
some parts of the world, there 1s the absence ol perenmal surlace water and
this is a imiting factor 1o the use of dams

Groundwater may ooze out as seepage or apped lrom shaliow hand-
dug wells which are sunk to the water table i the weathered basceiment e
availability of water in sufficient quantity from wells or wildeat west arnnmnye
cannot be guaranteed since nothing 1s known about the thichness of the Wi
bearing or saturated beds. During the diy season the groundwater viein man

fall and may progressively dry up. Thus the location of sutabie supsiriice

tJ



|

aquiferous zones for potable water ts not an ecasy task, and the use of
geophysical exploration in groundwater scarch helps to reduce the risk
involved in wildcat test drilling, , ' \

In this research w()rk, a geophysical investigation was carried out \wuhm the

precinct of the Federal Polytechnic Nasarawa mainly to locate the aqutterous

Zoncgs.

1.2STATEMENT OF THE PROBLEM

The Nasarawa Polylechnic community and the entire environs are faced with
|

the problem of acule walter shortage to an increasing degree that ded o the
' |

closure of the institution in November 1997, The supply of pipe borne water

l
in the area is irregular and unreliable. Most of the water available 1 the nivers

|
dries up during the dry scason and as a result, water borne diseases like

typhoid, and diarriica are common. It ts therefore pertinent that an aiternative

source of water be sought to augument the supplies from rural water schemes
|

and shallow hand-dug wells. To locate the positions of thick saturated
|
sediments is not an easy task and the cost of drilling is very high to nisk

wildcat drilling, hence the necessity for this project.




1.3 OBIECTIVES OF THE RESEARCH
It is in a view to solving the aforementioned problems that this rescarch s
being embarked upon. The objectives ol the research are stated as follows
(1) To locate suitable and favorable aquifers for potabie groundwater
and to determine their thicknesses
(11) To investigate the subsurface anisotropy
(1m1) To nvestigate the subsurface hthological unmits and  then
boundaries.
(1v) To determine the overburden thicknesses and depth to basement
(v) To study the basement profile i the arca.
(vi) Provide recommendations on the bases ol the results as (o

locations of water borcholes.

1 4SIGNIFICANCE OF THE RESEARCH
The study has provided detailed mformation necessary for the siting of neh
yielding water boreholes. Thus it 1s a vital guide i plannme developmental
programs. The significance of this study 15 obvious as no geophysical
investigation of such a magnitude has earhier been carried out in the survey

area and even in Nasarawa Local Government Area as a whole

T .r\f‘.;..J\Ml'aQL\AFY‘



LS LOCATION AND A('(']CSQIB]LI'I'Y O NASARAWA

Nasarawa is about forty kilometers (40 Km) South-West ol Keth and 15
situated roughly between longitudes 7" 25" and 87 10" Fast, and latitudes 8
00" and 87 45" North (Fig. 1.1). The Federal Polvtechnic Nasarawa 1s sited
within this area. The Area is served by a fairly good network ol roads and
footpaths. A tarred road passes through Nasarawa and Toto ocal
Government Area.

Untarred roads link Nasarawa town (Local Government Headauarters)
with nearby villages like Gudigi Sabo in the North-West and Loko on the
river Benue to the South. Nasarawa town 1s also hinked with Ogapa and
Udegi-Mbeki which are mining villages for columbite. and tantalite to the

South-East.

1.6 DRAINAGE The survey area has two distinet seasons. namely: the
rainy and dry seasons. The rainy season lasts {from late Apnl to September
The dry season begins in October and lasts tll March.

The hydrological system of the area i1s mainly based on the trnbutaries of
Kurafe and Haderi river systems. These two relatively big rivers, although
not navigable, serve as the main drainage system for the area as well as major

sources of rural water supply. The two rivers converge at a point one
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|
kilometer south of Nasarawa before finally Nowing down to join the Benue
River. They are however, not navigable at all at any time of the year, but cach
has a bridge at Nasarawa which helps o facilitate easier and quicker
]
transportation. During the dry season, most places i these nivers dry up

|
There are no perennial streams but these major rivers can cacry substantial

floodwater for short periods during the height of the rainy season.

1.7 CHOICE OF THE METIIOD

There are several methods available for geophysical exploration, These are
|

electrical, seismic, clectromagnetic, gravity, and magnetic methods. The
-

choice of the method 10 be used depends on the problem at hand. For

groundwater search, the method to be employed 1s based on Ihtlf fact that

certain physical properties of rock change considerably depending on the

amount of water contained in them. These physical properties are: electrical

conductivity, elasticity, magnetic susceptibility, and gravitation ol"ithe cartl.

The measurement of these parameters can be made in a. variely of ways
' H

leading to a variety of results. All these varying technigues are possible due

to the large vartation in the conductivity of the earth,




For groundwater exploration, the seismic, resistivity, and
electromagnetic methods can be used. However the seismic and
electrical methods are most commonly used due to the fact that they
have a high resolving power in relation to the particular problems
encountered in prospecting for groundwater. The problems include the
location of saturated sediments and the delineation of the water table
(Kollert, 1969). The method of geophysical prospecting employed in this
work 15 the electrical resistivity method. The seismic method was not
used because as at the time of the survey, no functional seismic
exploration equipment was available in the department Resistivity
methois of geophysical prospecting have been incorporated into
groundwater development programs in many areas to an increasing
degree to improve the efficiency of citing high yielding water boreholes.
The elactrical resistivity technique had the widest application because it
has ccontributed to a much high percentage of successiul water wells as
compared to the expenses encountered In wild-cat test drilling
(Worthington, 1977). Knowledge of the geology of the survey area is
essential prior to the application of any geophysical technique. Dc-
resistivity methods have been successfully used by a number of

investigjators to detect bedrock fractures. Most of these investigations



have used collinear arrays (Wenner or Schiumberger) rotatea abour a
fixed center point to measure azimuthal vanauons in apparent resisuviy
that are related to sets of similarly orientea. steeniv cipping nacures
(Lane, et. al., 1995) Fig. 1.2 shows the topoaraonv in some pans or me

survey area and the locations of the vertical elecuicat sounainags
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CHAPTER TWO

GEOLOGY

2.1 REGIONAL GEOLOGY

The survey area which is located between Jongtude 7° 45" and 77 50°
|
East and latitude 8" 30" and 8° 40" North has the Federal Polytechnic sited

within it. The survey area is part of the Nigerian basement complex which is
believed to be Precambrian in age and covers half of the total area of Nigena,
The basement complex constitutes the oldest exposed rock i Nigerta, i

comprises of the remnants of an ancient sedimentary series  the
|

metasediments which have been transformed into anatetic migmatiies and
|

granites,. The metasediments include quartzofelspathic, biotite  and
|

hornblende gneiss, schists, quartzites, marble and cale-silicate rocks. Mineral

assembleges correspond to those of the amphibolite facies. The |migmalile

gneiss complex of the basement complex is the host rock of the Nigerian

basement complex. It is also the oldest of all rock lithologies, qnn|prisinq of

migmatites, gneiss, amphibolites in granitic mix up. The lithologv 15 lound
ﬁ

mainly in Kano, Malumfashi, Zarta, Kaduna axis, Ibadan, [wo Ilesha, lfe
|

axis, Obudu, Oban axis in the Eastern part of Nigena. The granites of the

basement complex are referred to as the older granites. They are the



|

unmetamophoused component of the basement complex that intruded the
migmatic gneiss complex and the schist belt during the Pan Atrican Orogeny
(Oyawoye, 1964). Lihologically, 1t is characteriscd by granites,

|
granadiorites, syenites and gabbros. Three phases in the older gra:ﬁles are

l
distinpuished, Basic and intrusive rocks, fine grained granite or migmatites,
and syntectonic to late tectonic granites. ‘the older granites l!Whl;Ch are
associated with pegmatites are of the common occurrence and being reststant.

give rise to picturesque smoothly domed mselbergs. Fig2 1 shows the

basement complex of Nigeria,

2.2 LOCAL GEOLOGY OF THE AREA  A{ the tume of tus survey, no
geological map of the survey area was availabie. The only geological map
available was that of the immediate soulh of the survey area (Fig.2.2). The
area s composed of younger granites (Mesozoic), older grantes and
pegmatitic granites (Pah—Aﬂ'ic:m, and Late Precambrian lo Early Paleozoie).
|
mica gneiss (Precambrian) and Ta-Na-Sn- bearing pegmatites of uncertain
age. From core samples obtained in the survey arca. mica gneisses were found
to be predominant in the area and it 1s mosi probable thal the mica gneiss in
the immediate south of the survey area on Fig.2.2 extend to the survey area.

The major rock type in the survey area is found to be mica gneiss.
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23 PREVIOUS GEOPHYSICAL WORK IN THIE AREA

Despite the fact that Nasarawa Local Government Area is the heart of
mining activities in Nasarawa State, only one geophysical report on
groundwater is available in the area (Ibisam, 1997) The survey comprised ol
four vertical electrical soundings and four profiling. The arca coverape was
about 200 m x 100 m. The aim of the survey was primanly (o unravel the
subsurface to aid the citing of water boreholes for the student Hostel in the
temporary site of the polytechnic. The thickness of the overburden was
estimated at approximately 8.5m to 15 m. Two water borehole sites were
recommended. Two aquifer types were identified namely. the weathered
overburden aquifer and the fractured aquifer Fractures were observed o
occur between the depths of 17.5 m (0 32 m. The static head water levels
range from 3.5 m to 7 m as at December 1997 However, due to the hmited
extent of the data coverage 1t 1s not sufficient to generalize these findines

the entire survey arca and it’s environ.

24 HYDROGEOL.OGY
The survey area falls under the hydro geological province of the crystaliine

basement area and underlain by rocks which covers about 50% of the



\

country’s landmass. Over 97% of the crystalline rocks bcl(;ng to the
basement complex {Oyawoye, 1964). The complex is a hctémgcnunm
mixture of crystalline rocks, which include metasediments and granil'cslor
gneisses. Groundwater availability in the basement umnp[c# s very
unpredictable. The crystalline basement rocks by their nature are generally
known to be non-porous and impermeable or impervious with no storage
capacity when they are fresh and unfractured or unweathered.

The presence of water in rocks depends on the avatlability of space within
the interstices or pores between the composite imineral grams and voids such
as crevices, joints, ﬁséures, fracture planes, and solution cavities (Preez and
Barker, 1965). For rocks of the crystalline basement to store certain amount -
of water, they have to be porous and permeable, they should a%lso have
interconnected porosity. Porosity and permeability  are dcvcl;)peci In

l
crystalline basement rocks through sccondary structural features 'isuch as

1
fracturing, fissuring, jointing and weathering, These may impose secondary
. aquifer characteristics on these rocks. (1.e. Groundwater occurs either within
the weathered bedrock or in the jointed and (ractured system in the bedrock k.

Fractured crystalline aquifers are made up of faults, fractures, joints and

folds. Fractures may be caused by ftectonic stresses in the rocks. The
|

15
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occurrence of groundwater in this aquiler 1s controlled by the extent and
volume of fissures or joints in the fresh rock. On the contrary. the occurrence
of groundwater in overburden or weathered basement 1s controlled by the
degree and depth of weathering as well as the thickness of the overburden
Weathering of the crystalline basement rocks may be m the form ol
physical breaking of the rocks into loose materials  or  chemical
decomposition of the mineral constituents of the rocks. Recoverable
groundwater often occurs in the weathered mantle covenng the basement
Laterite often develops in the weathered profile and can be locally important
as a source of groundwater when 1ts charactenstic honey comb structure s
well developed. The gneisses and the granites weather to clayey products
which often reduce the permeability and the groundwater potential ot the
weathered materials. Groundwater in the basement is essentially uncontimed
and the water table 1s restricted to sub-basins. which mav be locally
hydrologically isolated.
The occurrence ol groundwater is influenced by two main tactors: the 1irst
being the hydrological and meteorological factors such as stream {low.
rainfall, infiltration, evaporation and evapotranspiration or vegetation cover

and the second is the geological factors such as lithology, texture and

-



structure of the rock (Davis and Dewiest, 1966) Though these factors are
interdependent, rainfall and geology are the dominant factors as the former s
the source while the latter 1s the reservoir. In basement aquifers, the mosl
significant climatic variables in determinmg runoft and eroundwater recharee
are rainfall and potential evaporation Both are allected by the seasonal
movement of the sun: the pattern of the seasonal ramfall mn particular bemg
derived from the movement of large scale zones of high and low pressure
caused by the migration of the sun. An mcrease i the amount ol ramfall
recharges the groundwater potential of an arca. Since cvaporation 1s @ major
component of the hydrogeological balance of the area ol interest a high inpul
of solar radiation leads to potential evaporation. All groundwater ongimaie:
as rainfall which on falling on the carths surface 15 dissipated by cither
downward percolation, surface-runoff’ or evapotranspiration  (Akpoborie.
1972). The survey area is characterised by an erratic annual ramnlali. which
falls during a well defined pertod of ramny scason normaliy between ihe
months of May and September each vear There are no perenmial streams in
the area but one of the two major rivers which runs south wards at a distance
of about one kilometer (1 km) due west of survey area, can carry substantial

amount of floodwater for short periods during the height of the wet season



|
The two main types of aquifers in the study area are the weathered
overburden aquifer and the fractured - crystalline aquifers. The groundwater

head levels range from 3.5 m to 7.5 m (Ibisam, 1997),

2.5 HYDROLOGY
Within the survey area, the most mmporiant water reservoirs occur in the
weathered basement lenses at relatively shallow depths beneath a clay laver
of variable thickness. The source of the groundwater aquifers are due to the
accumulations of the limited rainfalls that occur during the ramy season over
the past years.

At a constani temperature, water resistivity (Rw) dec.rca§es with

_ ¥

increasing salinity (Todd, 1959), whereas at a constant salimity, water
resistivity decreases with increasing temperature. This follows that !id1t: water
has a negative temperature coetlicient of tesistivity and the greater the sall
content or salinity, the lower the resistivity or the greater the electricat
conductivity and conversely.
The resistivity of porous rocks varies with the mobility. conccmra:_tiun and

| |
the degree of dissociation of the tons, with the latter depending on the

|
dielectric constant of the solvent. It also varies with the volume. and the

19



arrangement of the pores and more importantly with the resistivity and
amount of the pore fluid. "This implies that the clectrical conductivily of most
porous rocks is almost completely dependent on their water content. |
Archie’s law gives the empirical relationship for the dependence
(Telford, et al., 1976).
pe = 2™ S"py
Where, p. = Resistivity of porous rocks
¢ = Fractional pore volume (porosity)
S = Fraction of the pores filled with water
p. = Resistivity of water
n= 2 .0.5 <a<l5
and
13<m<2S5
The resistivity of water varies considerably from 0.05 - 3 x 10° ohm-m,
(Telford, et. al., 1976) depending on the amount and resistivity of dissolved
chlorides, sulphates and other minerals. Therefore it {ollows, from the light of
this discussion, that the resistivity of water is a function of temperature, type
and concentration of jons prcscﬁl and hence a measure of the water salinity

|
and quality (Preez and Barber, 1965). Though no water samples were

-—v"""-"‘
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collected from the survey arca and subsequently tested for water quahiny
previous analyses carried out by Rusafiva m selected wells i Nasarawa town
and its environs and the results available from Nasarawa Water Board
provides indication that groundwater in Nasarawa area 15 good for direct
consumption and there was no history of contamination or the presence ol

bacteria/chemical constituents above the WHO standard (itisam. 194/



CHAPTER THREF,

ELECTRICAL RESISTIVITY SURVEY

3.LINTRODUCTION

The electrical resistivity method is classificd wder the artificial cnergy
source of the electrical methods of exploration, ‘The basis of the method 18
that when current is driven into the carth via clectrodes. anv subsurlace
variation in resistivity will alter the current flow, which witl in (urn allect the

distribution of the electrical potential, 'The degree o which the potenpiai at e
|

surface is affected depends upon the size, location, shape and conductivity af

the materials within the ground (Vingoe, 1972). From measurements of the

|
electrical potentiai 1t is usually possible 1o obtain information about the

subsurface . resistivitics, The principle ol the direct commutated or low
frequency alternating current ts that current is driven to the carth by means
of point electrodes or long line contacts and the resulting potentiat estadnsned

in the carth is then measured in the vicinity of the current tiow, Two
|

electrodes were used in this work 1o introduce the current into the ground ang
_ |

the resulting potential difference between a second pair of electrodes placed

between, and collinear with the current electrodes was being measured. 'i'he




product of the resistance obtained and a geometrical factor gives the apparent

resistance.

32 "THEORY OF ELECTRICAL RESISTIVITY METHOD
There are two basic equations governing the electrical methods (Teltord et
al., 1976).
Consider a direct current or an alternating current whose frequency 1s low
enough to make displacement current neghigible o a medium which s
assumed to be homogencous, and isotropic (Keller and Friscknecht, 1870
The relationship between current density J and clectrical field mtensity 1 1s
given by Ohm's law,

J =0oE (D

Where o = conductivity of the medium

But the electrical field intensity E 1s the gradient of a scalar potential U 2pven

s =-0VU , (3)
The divergence condition states that all the current flowing into a chunk

of material must leave the other side provided there 1s no other current source

il
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or sink within the chunk. The divergence of a current density VCCI’(;I' musl be
ZETO elscwhcre except at the current source and this is the principle of current
conservation (Keller and Friscknecht, 1970). -
vI=0 ' . (4)
From equations, (3) and (4) |
Vi=-V. {(cVU)=0
or

Vo VU-oVU =0 .. (5)

Since ¢ is constant, Vo = 0 which imphies that the lirst term of the equation
(5) vanishes, and we have
VAU =0
or VU=0 o | .. (6)
Equation (6) is Laplaces equation

In spherical polar coordinates, Laplace's equation 1s

15rr25+1'68,9£ VR .
r SrL Sﬂ rsind 80 [m 5(]} T in 3¢,3 = o )

Considering a single current source and  assuming there 1s complete
symmetry of current flow with respect to the O and ¢ directions, the

derivatives with respect to these directions is zero.




Thus,
5 (2 U d : dl
1 ["EF] T[r _«ir‘j ¢ =kt

Integrating equation (8) gives

2 du
e °
or
du _ a
dr v
.dU= a d
Y
a dr
u=J7
U=——?—-+h - 9)

Where a and b are constants of integration and r 1s the distance from the

single current electrode.
For very large distances the potential 1s assumed to be zero ¢
U=0whenr— o = b~ 0

d .
g < 1)

U=-



The current flows rachally outward n all directions from the point current

electrode and the total current crossing a sphere of radius 1 s,

By substituting J implies that

dr
[ =-4na
P (11
Since s = |
p

Where, p = resistivity of the medium

.- PL
% W

Hence from equation (10)

B ~ 4nr U
U_4]'[r orp ﬂr}_ o

!

U is the potential in a homogeneous isotropic medium.

33 THE CONCEPT OF APPARENT RESISTIVITY
The concept of apparent resistivity is one of the basis of the earth resistivity

method. It is important to understand what 1s actually measured by an array



of current and potcnt.ial clectrodes. In real earth, the measured resistivity 1s
. . !
not the same as the true resistivity since the earth is not homogencous,
Suppose that C; and C; are the cur.rc.nt clectrodes in which € and Cs are
positive and negative respectively and Py, P: are the potential probes Figure

34.

IF AU is the potential difference between P and Pa, then,

_p_Jf1 __L] - [_.I __IJ
AU= "3« [Fl r2 ry T 1 (13)
2n
oAU Loy [2ﬂ* 'J
p = 1 nooon noor
- K AIU (14)
in
Where K =

k is called a geometrical factor which depends on the type of electrode array

used.

This resistivity (p) will be constant for different electrode separation over a

homogencous 1sotropic media. In practice the earth is inhomogencous as such
| |

the resistivity varies as the electrode spacing is varied or the whole array is
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moved about. This measured resistivity 1s called the apparent resistivity (p,),
which is diagnostic of the real resistivity of the subsurface in the viciity of
the electrode array. The apparent resistivity depends on the geometry and
resistivity of the elements constituting the given geologic medium. In any
electrode layout, the potential and current electrodes can be interchanged anad
by the principle of reciprocity, the apparent resistivity should be the same m

either case (Telford, et al., 1976).

34 ELECTRODE CONFIGURATIONS

There are several types of electrode layout available for use v resistivity
survey. In practice the arrangement 1s always coliimear due 1o the fact thar it
makes the interpretation  of results  easier and  field  procedure  less
complicated. The Schlumberger and Wenner arrays are most commoniv used
for exploration surveys. Figure 34 allustrates  the  general  electrode
configuration while figure 3.5 illustrates the two electrode conligurations in

commaon use.

)



3.4.1. The Schumberger Configuration.
This measures the potential gradient at the midpomt of the current electrode
spread (1.e. at centre O Fig. 3.5(a)). The current electrodes are always lar
away from the potential electrodes. From Fig 34 and 3.5a.
n=L-x)-/ n=(L+x)+/n=L-xX)+/andry=(L+x)-1/

If P\P; (= 2/) << C1C2 (2L). (by a factor of ten or more),

then the apparent resistivity p,, 1s given by

. 2nAU S —

™ ———— 1 N o _ 1Y |
L-x)-1/ . {l.i\}'j ( E=X)+d (L+x)-/

For a symmetrical spread, and at the centre (Fig. 53.5(b)) of the system, where

X = 0 1t becomes

2n AU

_ _mAU L - 1
Pa I [},’ 3] (16)

and since L > >/ we get

nl” Al
Pa %~ ] 7
NERY,




3.4.2 Wenner Spread
The electrodes are collincar and wuiformly spaced. 1t measures  the
potential difference between the potential electrodes (Fig. 3.5¢).

The apparent resistivity 1s given by

2w AU 1
Po= 7=, R L 18)
CRE R f
|
2w Al = 2m Al
= —7 {1_1 _ [_1___'] R 1 A,
a 7a 2a a a 2a C2a
=Py T 2maali - Or Pa T KAU __,(I(J).

F; {
where K = geometrical factor (i.e. K = 2ma).

3.5 RESISTIVITY SOUNDIN¢:

Resistivity surveys are commonly applied in the vertical electrical sounding

(VES) mode for obtaining information or estimating  thicknesses and true
|

resistivities in a vertical succession ol sub-honzontally layered sequence. In
|
|

crude terms, the intermediate layer of lower resistivity in the typical sounding
- |

curve represents the target zone, lying between a more resistive overburden

and the bedrock. The mid point of the electrode configuration 1s referred to as

the sounding pomt. The centre 1s kept fixed while the spread is increased
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Fig. 3.5 a. Schlumberpes spread (electrode spread for the potential eradient

at midpont of current electrodes ).
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gradually (i.e. having a fixed centre with an expanding spread). In this way
deeper beds of contrasting resistivities become more pronounced and the
presence of horizontally or gentle dipping beds ol difterent resistivities can
be easily detected (Fig. 3.6 shows how ncrease in clectrode spread increases
the depth of current penetration). Both the Wenner and Schlumberger arravs
can be employed for this purpose with the Schiumberger method having
greater advantage because only two electrodes are moved at a time Also the
effect of shallow resistivity variation 1s constant with the fixed potential
electrodes. A field curve is plotted using the apparent resistivity values al
each sounding point. The curve 1s digitised and a calculated curve 1s plotted
using the digitised values. The layering models are then obtaimed using

modern software (Zohdy, 1989)

3.6 HORIZONTAL PROFILING

The resistivity profiling technique 1s used in cases ol steeply dippinme contacts
or for the studying of lateral changes i the resistivity ol a particular horzon.
In lateral profiling or mapping, the electrode spacing 1s kept constant whije
the array as a whole i1s moved along predetermined proliles or traverse hines

The method 15 well sutted for mineral prospecting espectaliv tor the detecnon



of, (1) Vertical contacts hke faults, fractures which can act as sccondary

aquifers, dykes, shear zones and steeply dipping veins.

(i1) Three dimensional bodics such as massive suiphides of anomalous

conductivity. It 1s usually important to carry out vertical electrical soundings

prior to any resistivity profiling even tf the interest is only on lateral variation

in the subsurfacc. However, it is important o mention that tius teehnique was
!

not used for this work owing to the high capability of the mterpretational
|

technique used in this work which is capable of providing information m the

lateral horizon.

3.7 lNSTRl.JMEN'I‘A'I'InIN
The basic equipment rcquiréd for resistivily measurement are as follows. . |
l

(i) A power source: This may be from an ordinary d.c. batlery or low
frequency alternating (a.c.) current preferably less than 601z

(i) Voltmeter and milliammeter Tor measuring voltage or potential and
current respectively. The ABEM Terrameter, model SAS 300, was used tor
the survey. This instrument measures the ratio of the potential (o the current.

Fig. 3.7 shows the ficld resistivity equipment set up.

(ii1) Electrodes (preferably non polarizing electrodes e.g. steet or copoer ).
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Abem Terrameter

A and B = current electrodes
M and N = Potential clectrodes.
Ci and Cy= connections to A and B current electrodes respectively

Py and P, = connections 1o M and N potential electrodes respectively.

Fig. 3.7. Field resistivity equipment set up.
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(1v) Cablcs and reels.

3.7.1 ABEM TERRAMETER SAS SYSTEM :

GENERAL
The ABEM TERRAMIZTER SAS SYSTEM is a family of insﬁumcnls for
the measuring of resistivity,  sell” potential  and  temperature. The
TERRAMETER SAS SYSTEM consist of a basic unit called the

-
TERRAMETER SAS 300 which is a transmitier/receiver sysiem in one
single box which can be used alone or as a master or supnlement as desired

with the following:

(1) TERRAMETER SAS 2000 which s a booster fransmiier for the
extension of the voltage and current ranges of the SAS 300, It can also be
used as a separaie transmitter, \
(i) TERRAMETER SAS LOG 200 which is a well logging iuml lor,
reststivity, self potential, and temperature. It needs the masllt:r !unil for
operation, ‘

SAS stands for Signal Averaging System. It is a method whereby

consecutive readings are automatically being taken and the results averaved

sy
N |



continuously. The running average which 1s continuously  updated s
presented automatically on the visual display. This contimues unul the
operator is satisfied with the stability of the result. SAS are more rehiable than
those obtained using single shot systems. Also SAS results are caster to check
than results obtained using signal staking (enhancement) The SAN 2000
Booster (optional) can be used to supplement the SAS 300 1 situations
where the voltage and/or current must be icreased The booster s normaiiy
slaved to SAS 300, but 1t can also be operated separatelv i special
application such as charge potential studies and dipole - dipofe survevs | he
SAS log 200 (also optional) provides an efficient. and simple wav ol
expanding surveys into wells and drill holes. This consists ol a 200m cable
with logging probe, electrodes, temperature transducer and resisivity cell. all

mounted on a backpacking frame.

372DIGITAL TERRAMETER SAS 300
The terrameter SAS 300 can operate i two modes namely. resistivity
surveying mode and voltage measuring mode
. The terrameter SAS 300 contains three main units. all housed in single

casing. Well defined and regulated currents are sent out by the electrcaily



isolated transmitter. The receiver discriminates nose and measures voltages

comrelated with transmitted signal currenl (resistivity sucveying mode) and
_ . |

also measures uncorrelated DC potentials with the same discrimmaton and
|
-

noise rejection (voltage measuring mode). The micro-processor monitors and

| .
controls operations and calculates results. With the SAS 300, geophvsical

survey measurements of natural or induced signals at low levels are possible
with excellent penetration and low power consumptton.  Moreover. it can be
used in a wide varicty of applications where ellective  signalinosse

discrimination is nceded. It can be used to determine the ground resistance or

grounding arrangement at power plants and along power lines and (in a

pinch) it can even be used as an obmmeter.  In industrial applications.

|
temperature, strain, pressure ete. can be measured using standard transducers

in high-notse environments.

3.7.3 TRANSMITTER DESIGNED FOR DEEP PENETRATION
. . | |
The transmitter current 1s commutated in a time pattern suitabie tor resisuvity

|
surveying. The transmitted signal (plus SP and ground notse) 1s measured by

the receiver at discrete time intervals when the eddy currents, the 1P and the

cable transients have decaved to low levels. Standard factory current output



programming {(in combination with the receiving principle) provides skin
impedance effects equivalent to approximately 04Hz for 36 seconds ol
current flow. Other scales of equivalent to 0.2 and 0. 1Hz can be selected
These alternatives should be used only under extreme depth and resistivity
conditions since corresponding time cycles (7.2 and 144 seconds ol current
flow) increase power consumption. For normal use. the standard factory
programming is equivalent to DC surveving. Current leakaee and creep can
substantially reduce the attainable accuracy and sensitivity and thus the aepin

penetration.

3.7 MICROPROCESSOR  MONITORS AND  CONTROLS
MEASUREMENTS

The microprocessor controls and monitors  all  measurements 1o ensure
optimal accuracy and sensitivity and make certamn that the istrument 1s used
correctly. When the MEASURE button is pressed. the microprocessors runs a
thorough check on the circuits, switch positions. checks the battery condiion
and the usability of the selected parameters. The complete  check-up
procedure lasts only for one second and, 1" necessary. warnings and

information comprising beeper signals and simple crror codes tell the



operator to change parameters or to check crrcutts. When satisfied. the
microprocessor automatically starts the measurement cvele, and alter all
readings have been taken it puts the instrument ito the standby mode with

the final result displayed

3.8 DATA COLLECTION

A reconnaissance survey was undertaken to acquamt one with the survey arca
so as to plan for the main survey. The entire survey was carmied out by @ six -
man crew, comprising the author, four locally hired workmen and a driver,
The equipment for the survey was donated by the International Program i
the Physical Sciences Uppsala University Sweden The geoelectnie survey
comprised of forty six schlumberger clectrical soundings whose center poinis
are located in Fig. 1.2 Six of the soundings consist of three mutually orentea
soundings (radial soundings) at sixty degrees (607) and represent a common
point of investigation. The current electrode separation used for this work
AB/2 ranges from a minimum of 1 m to a maximum of 150 m. This electrode
spread was chosen due to the fact that the survey area 15 within the basement

complex of Nigeria and 1s expected to be shallow in depth.



The range of the potential electrodes MN/2 was 0.5 m to 10 m- Forty of the
vertical electrical soundings were located on a regular grnid (cach grid bemng
400 m x 300 m) while the six radial sounding positions were chosen at
different locations considering the nature of the topography. ata coverace
was confined to the developed areas ol the mstitution and nearby environs
which are likely to have the prionity of future development. This is done so
that borehole sites can be located appropriately in the developed arcas or as
close as possible 1o them so as to reduce the cost that may be icurred in
laying or conveying water pipes. The entire ficldwork lasted 17 davs from
April 28 to May 15, 1998 The survey was carried out before the rainy season
became severe.
39 'FIELD PROBLEMS ENCOUNTERED

Problems encountered include the intrusion by farmers inguinng about 1he
purpose of the investigation. Grazing cattle also posed vet another problem in
the form of delays as the cattle often dislodeed pees and putiea e cantes. Al
some locations of the survey arca water had to be added to the eround o
ensure good contact between the electrodes and the ground winen naa peen
hardened due to its dryness. This measure prevents erratic readings lrom 1he

Terrameter.




CHAPTER FOUR
INTERPRETATION
4.1 INTRODUCTION

The nterpretation of resistivity data means,

(i) Studying the given resistivity curve 1n a view to having a picture of the

subsurface causcs (Qualitative interpretalion).
(it) Delineating the effect of the individual features on the basis of avaulabie
eophysical and geological data (i.c. simoothing 1o remove noise),

(iti) Estimating the likely parameters of the body of interest {from the
|

corresponding truc or apparent resistivity curve {quantitative mterpretation),
|

These may include depths to the various horizons, their lhickncsses'and true
resistivities.. - | ‘

The traditional mcthod for the inferpretation of sounding curves emplovs the
use of auxiliary point techniques (Zohdy, 1989) and curve matching

procedures using albums of theoretical curves (Orellana and Moongy, 1906;
| o

Rijkwaterstaat, 1969). These methods are time consuming. In our modern

world of industrial and computer technological advancement. there is the

| |
need to revert to higher resolution techniques of interpretation capabie or

providing more detailed information about the subsurface Itthological



composition.  Several methods for computerized interpretation of vertical
electrical sounding (VLS) curves were developed in the 197(!).‘4. These
methods can be classified into two groups. The first group rcliés on the
transformation of a VES curve into its corresponding resistivity transform
curve (or Kernel function) u.sing .forward filters such as those developed by
Ghosh (1971), Koefoed (1969), and Strakhov and Karelina (1969 1nhe
resistivity transform curve is mterpreted using methods based uu'l Pehenis
(1940) and Koefoed s (1979) formula.
The second group of imderpretation s the inversion method. The first
inversion method was developed by Parasnis (1979) and later programmed
by ABEM (a Swedish corporation) using the filter suggested carhier by Gosn
971, | | \
The inversion method relies on inverling the soundmg curve Hself” without
.
first transforming it to 118 resistivity  transform curve {Anderson, 1979;
Kunetz and Rocroi, 1970, Zohdy, 1975), \
For field sounding curves, the present method provides the ueophvsicist
with a theoretical curve that fits the observed curve as closcly as possibie ana
produces a corresponding well-behaved layering model (with no extremely

l_
thin layers or unusually low resistivities). To achieve this, the number of



layers is equal to the number of digitized points, and the layer boundaries are
spaced unif’grmly on a logarithmic depth scale Zohdy. (1989, ‘
The advantage of the Zohdy method over other il.ucrprctationul methods 1s:
_ |

(1) It is less time consuming and processing cost are low in relation icm other
methods.

(11) Since no nitial guess of the number ol subsurlace lavers is reauired. it
is well suited when a survey is bemg made in areas where absolutely no

geological information is available.

(iii) The resulting n-layers model  from  the interpretation s morse

| - |
advantageous than to layering models obtamed by the use of other methods
i .

that, it provides more detailed information about the subsurface variations
within any suggested geoclectric layer, In most hvdrogeological anptications
at least some rudimental information is avaitable. This may only consist ol a
rough idea ol the layering sequence; overlying sediments, aquifer and

basement. Or, in arcas where wells or boreholes have been dritied. very

1
detatled wnformation may exist regarding the number of distinet Inhoiogical
units and their thicknesses. In these situations it is usually desirabie 10 obtam

|
an interpretation which has the same number of layers as there are distingt
lithological units. The geophysicist may accept, simplify, complicate or
R
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modify the resulting solution to satistv known geologic mformation using

other equivalent layering models (Zohdy, 1974)

42 OUTLINE OF THLE ZOHDY METHOD

The study of the Schlumberger and Wenner theoretical sounding curves lor
horizontally stratified, laterally homogencous, and isotropic media shows 1hai
regardless of the number of layers or resistvity distribution with deptin. e
following properties are observed:

(1) Computed apparent resistivities are always positive

(2) The form of a sounding curve follows the form ol the true resistivity-
depth curve. As the true resistivities increase (or decrease) with depth. the
apparent resistivity increase (or decrease) with greater electrode spacinge s
1s particularly evident for layers whose thickness mcrcases logarthmicany
with depth.

(3) The maximum change in apparent resistivity always oceurs at an
electrode separation which s greater than  the depth at which  the
corresponding change in true resistivity occurs. That 1s. a sounding curve s
“out of phase™ with the resistivity depth curve and 1s always shilted 1o e

right of the resistivity depth curve.



(4) The amplitude of a sounding curve s always less than or equal (o the
amplitude of the true resistivity-depth curve  The apparent  resistivily
asymptotically approaches the true resistivity at electrode spacing that are
very small with respect to the thickness of the first layer or very large with
respect to the depth of an infinitely thick last layver

(5) In a multilayer model, 1f the true resistivity of a thick Taver 1s changed.
the apparent resistivity along a corresponding seement ol the sounding curve
also changes accordingly. Furthermore, the maximum  changes in the
apparent resistivity are approximately equal 1o the net change in true
resistivity.

Properties (1) and (2) led carly interpreters to assume that electrode
spacing 1s equal to probing depths and that apparent resistivity are nearly
equal to true resistivities. In view of properties (3). (4). and (5). however, 1t s
evident that: (i) the clectrode spacing do not adequately approximate the
depths to the various layers. Therefore, the assumed depths must be shiitea 1o
the left in order to bring the assumed layering more or less in phase with the
resistivity depth curve. (1) The apparent resisuvity do not  adequateiy
approximate the true resistivities.

(1) Property (5) can be used to make the required resistivity adiustments



The essence of the new iterative process is to determine the appropriale
amount to horizontally shift the depths and vertically adjust the resistivities

without a prior knowledge of the true resistivity depth distribution

4.3 INITIAL DATA PREPARATION

A field Schlumberger sounding curve 1s different from a theoretical curve n
the sense that it is composed of several overlapping seements. The seemented
Schlumberger field curve 1s processed and reduced to a continuous curve
prior to its interpretation in terms of a honzontally  stratified  model
(Deppermann, 1954; Koefoed, 1979; Kunetz: 1966 Mundry. 1980: Zonav ¢l

al., 1973).

43.1 ITERATIVE PROCEDURE
The iterative procedure relies on the following intial assumptions
(1) The number of layers in the model equals the number of digitized poimnts
on the observed curve. This assumption remamns unchanged throughout e
iterative process.
(11) The depths of the model layers arc equal to the digitized clectrode

spacing which are equally spaced on a logarithmic depth scaie.



(ii1) The true resistivities of the model cqual the apparent rcsisn\-’ilic%,

43.1a. Depth Determination

In practice, the true resistivity depth curve 1s unknown . Therefore, in order

to determine the amount of shift to the left to bring assumed and unknown

|

layering to the nearest “in phase™ condition, the following iterative processes

have to be done.

(a) Assume that the digitized clectrode spacings are coual 1o the depths and

|

that the apparent resistivities are equat to the true resistivities at those deptns.

(b) Compute a theoretical sounding curve for this multifaver model by

convolution.

(c) Compute the root-mean-square (rms) percent from the eauation

i s Ui, ;
£ P
J-1

N

ms% = X 100,

Where
o = jth "observed” apparent resistivity,
p = Jth calculated apparent resistivity, and

N = number of digitized apparent resistivily points (with 1= 1 to N,
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|

d. Multiply all the depths by 0.9 to dccrt:.asc alll. the layer depths by 10
percent (small arbitrary amount). | |

e Repeat steps (b) and (¢) and compute a new rms pereent,

f Compare the ncw rms percent with the previous one (which it will be
for the first few iterations), then the newly computed shallower denths are
now more in phase and are closer in position with respeet to the true. bul
unknown, depths than the previously assumed dejiie.

4 Repeat steps (d), (b), (¢), and (I} until the rms percent 1s minilmum. A
minimum is detected when the rms percent increases a.s lhﬁ dept hs.zm’: shitted
too far to t.he left (i.c. made too shatlow). In order to speed up thu|i1era|ivc
process, the initial depths may be started al a valuc that 1s alrcady smaller
than the electrode spacings. or example, muluply ali the clectrode spacings
by 0.8 and then successively reduce the depths by 10 percent until a

minimum rms percent is found.

¢
i

4.3.1b Resistivity Determination

After calculating a theoretical curve using shufted depth and  apparent
resistivities, the amplitudes of thosc resistivities tust be adjusted (o oblan a
better fit between observed and calculated sounding curves. The iterative

process is as follows.

50




a. At each digitized clectrode spacing on the obscrved and caleulated
|

curves, 1f the computed apparent resistivity, at the jth spacing, is less

(or greater) than the corresponding observed apparent resistivity, the

corresponding truc rcsiétivity of the jth layer should be increased (or
decre:as.ed) so that the calculated apparent resistivity will risc! (or fally
and approach the observed resistvity. The amphitude of a laver
resistivity s iteratively adjusted as:
Pi+1()) = pil3) x po (1Y P,
Where

i = number of iteration,
] mth‘1 layer and jth spacing,

p; (j) = jth layer resistivity at the ith iteration,

pei(i) = calculated apparent resistivity at the jth

Spacing ftor the ith iteration, and

Ps(j) = observed apparent resistivity at the jth spacing.
The ratio of observed (o calculated apparent resistivity 1s multiplied by ihe
corresponding layer resistivity to adjust it to a higher or lower value.
b. A new sounding curve s calculated using llﬁ: adjusted layer

resistivities.




c. A new rms percent 1s computed and compared with the previoushy
obtained rms percent.

d. Steps (a), (b), and (c¢) are repeated unul a maich s found 1o the
observed curve or until another condition is met to termmate the iterative

process.

The iterative process 1s terminated when one ol the  lollowing

conditions 1s met: a prescribed mimimum rms percent (less than 2 percent tor

field data) is obtained; a slowness i further improvement i ht s detected
(less than 5 percent reduction in successive rms percentlc a maximum number
(30) of iterations is reached. or the rms percent increases instead of

decreasing. The average number of iterations is about 10

4.4 Ambiguity In The Relation serween 1 ne KesiSuviny © urve ana i ne
Subsurface Layer Distribution

Strongly differing layer resistivity distnibutions i the subsurtace mav
yield apparent resistivity curves that are not strictly equal. but dilter so
slightly that they cannot be separately distinguished as ditterent tormations
with the accuracy of the resistivity measurements/instrument s
ambiguity lies entirely in the relation between the resistuvity transform and
the parameters ol the subsurface layer distribution

These ambiguities are generally reffered to as “equivalence™ and or

“suppression”. The term “equivalence™ 1s used either i cases were p-1



pit1 (i.e. the so called “bowl-type™ resistivity sequences), or where p, -1 -
pi > pi +17 (e “bell-type™ resistivity sequences).  In the bowl-type case
two resistivity stratifications can be equivalent, ¢ distinguishable on the
apparent resistivity curves, il they have the same value tor the quotient t/p.
For bell-type cases this situation arises for two resistivity stratifications
which have the same value for the product t, x p, The term “suppression” s
used either where p, -1 < p, < p, +17 (1e, “ascending-type™ resistivity
sequences) or where p, -1 = p, = p, 17 (Le., “descending-lype™ resistivity
sequences). In both the ascending and descending tvpes the eftect of the
phenomena is such that it may be impossible to detect the existence of the
intermediate layer at all from the apparent resistivity curve

These lmitations were resolved by sounding at some borehaole
locations where the resistivities and thicknesses obtained were verified
with the corresponding stratilication in the borehole lithology log within

the arca ol survey.

4.5 OPTIONS AND CHARACTERISTICS

Different options and characteristics can be used 1o generate
equivalent models and to impose constraint so that the eventual model
chosen actually represents the resistivity and lavering seauence tor each ol
the resistivity/formation identification. In this work a shilt tactor of 0.5 was
used for the sounding curves to bring the observed and unknown laverie
to the the nearest in phase condition. Some ol the options that can be

applied are discussed below.



I

Fixed shift factor: Lach sounding has its unique depth shift facton

that yields a minimum root-mean-square percent. The value ol
this shift factor depends on (a) the curve type: e, THp, p pa).
K(pi<p2=pa, pa), Alpi,~ pac pz), KEHpy-pa-ps. pa). cte (Zohdy.
et al., 1974), (b) The completencss of the left and nght branches
of the field curve; and (¢) the amount of noise present. [t was
found, however, that because ol cquivalence. determunng the
optimum shift factor is not critical for the final fitting of the curve,
Thus; a fixed shift factor can be sclected within the range between
0.3 and 0.6 (approximately) as suggested by Zohdy (1989) The
fixed shift factor selected for this work was as mentioned carlier
0.3 for all schiumberger curves, and the observed curve alwavs
match when the resistivity amplitude adyustment was apphied

The use of a fixed shift eliminates a few iterations that would
have been necessary to find optimum shift factor for cach curve
type. However, the number of iteration saved in using a fixed shilt
factor results in a larger number of amplitudes adjustment
iterations. Furthermore, 1f the selected fixed shift factor 1s oo
small (layering is shifted too far to the left), overshoots and
undershoot develop at shallow depths. and the depth to the last
layer is defined by an abrupt change in resistivity. Converselv, 1f
the selected fixed shift factor 1s too large (lavering 1s shilted too
far to the right) then over shoots and undershoot develop at laree
depths, and the depth to the shaliow layers are detined by abrupt

changes in resistivity.

La
.



Layer compression: layer compression becomes necessary where

severe K-type curves (py==p>-—pi) are encountered, hike in
permafrost arcas (Cagniard, 1959). Kalenov, 1958) or over dry
lava flows covered by a thin layer of laver compression soil
(Zohdy, and Stanley, 1973). This constraimn was not apphied
because the curves do not exibit conditions necessary for it
application. A severe K-type curve 1s a curve that nises steeply at
an angle of nearly forty-five degrees(45”) continues to rise lor
nearly two logarithmic cycles, forms a somewhat sharp maximum.
and then falls to low resistivity values ( Zohdy, 1989) Interpreting
observed curves of the severe K-type results in rms percent values
in the range of 5 to 10 percent in which case the curves cannot be
fitted within 2 percent, probably because of the distribution of
layer depths obtained from digitized clectrode spacing. extends
over a much larger depth profile than does the true (or any
equivalent) layer-depth profile. Hence the laver depths  are
compressed so that the resisitivity adjustment procedure may
succeed to yield a good fit

Layer compression is achieved by increasing the number of lavers
per decade. 1.¢. greater than six. The total number of Tavers s st
the same as the number of digitized points and the thicknesses ol
all layers beneath the first layer still mcrease at a untform
logarithmic rate, but now the depth interval is less than the

electrode spacing interval from which it was oniginally derived



3)

4)

3)

- curves used in this work,

Layer Expansion: This is a dircet converse of Taver compression:

it results from decreasing the value of the number of layers per

decade.

Fixed Last Layer Resisitivity: “[he resisivity of the last laver mav
be fixed for all sounding curves within the same geologically
identified formation that show & rising right branch and
interpreted in u-:.rms ol a constant resisitivity value for veoelectric
basement and hence geoelectric cross-section are produced with a
common basement resistivity: the last laver's resisitvity does nol
change during the itcrative process. The last laver fuctor was not

fixed.

interpretation of Incomplete curves: Most field sounding curves

are incomplete, ie a sounding curve in which the left and (or)
right asymptotes 1o the resistivity of the first and (or) last [aver.
respectively, are not measured. A ficld sounding curve whose last
right branch rises at an angle of 45° for at Jeast three or four poims:
(sampled at the rate of six points per decade) is considercd (o
have a complete right-hand branch (Zohdy, 1989). Provided the
curve is not distorted, (he resistivity value of the first point will it
because the depth 1o the bottom of the Nirst layer 1s always less
than the first electrode spacing, and similarly for the last laver,

Incomplete sounding curves were not encountered 1n any of the
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4.6 INVERPRETATION OF AZIMUTHAL (RADIAL) SOUNDING

A medium is said to be 1sotropic if its electrical properties are independent
of dircction (i.e. no matter the direction in which the axes are taken. the
resistiv ity will be the ':;Elm;t:}. In such a medium, the pattern of ansotropy s a
sphere If the electrical propertics of the medium have reference to certain
directions fixed relative to the medium, the medium 1s said to be anisotropic
In such a case the transverse resistivity of the medium would be different
from the longitudinal resistivity. The pattern of resisuvity anisotropy for such
a medium 1s an ellipse in which the major axes equal to the numencal value
of the transverse resistivity while the minor axes cquals numerically o the
horizontal resistivity. For a rock having three orthogonal fracture systems,
and in which the current flow is perpendicular to the fracture svstem. the
pattern in such a case would neither be spherical nor elhiptical (Keller and
Frischknecht, 1970). Azimuthally resistivity has been used to determine
fracturc geometry in crystalline rocks and glacial ull by lane et al. (1995).
Carlson et al. (1996a and b), Hansen and Lane(1996), Chapman and |.ane
(1996). Lane et al. (1996), Busby (2000). The radial soundimgs were used to

locate positions were fractures are present in the survey area

~J
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CHAPTER FIVE

RESULTS

5.1 ANALYSIS OF RESUILTS

The analysis of the data was performed using suitable modern soltware
a

called Zohdy program. A special basic program (Zohdy. 1989) was used (o

'] .

obtain the equivalent n-layers model from the apparent resistivity curve ol

|
each sounding. One of the advantages ol the n-layers model over other

layering models is that it can provide additional mlformation about the
subsurface variations within any suggested geociectric faver,
Fig. 5.1 and Fig. 5.2 show the apparent resistivity curve obtained 1rom e

field data and the corresponding interpreted (n-lavers ) llnodei O‘NH.I ht‘q L\‘w e

|
use of the software respectively. The Field curves were obtatned by the plots
from the field data while multilayer sounding curves were obtained l'mm! the
processed and digitized field curves. The multilayers were shilied to the feft 1o
make the layers be in the nearest in phase condition with the true unknown
resistivity depth curve by using a shill factor ol 0.3,
A quantitative interpretation or analysis of all the vertical electrical soundine
curves indicaies that most of them range from three 1o four layer C-EISC.L of fhe

h type or a combination of both b and k tvpes. All the curves are
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characterized by a final segment of positive gradicnt which, i most cases,
approximates 45 degrees. This indicates a seni-mlbinite basal umt of
relatively high resistivity which s considered 1o conrespond to the Nieerian
basement.

5.2 Iso-resistivity contour maps

The iso-resistivity contour maps represent the hornzontal shemge of the surves
area at different depths in the subsurface. The resistivity ranves selected were
based on previous geophysical works carmed by oidividuals ar ditteren
locations within the basement complex of Nigeria and the survey aea [he
range of resistivity values used for this work is shown i Tabie >

The Figures 5.3 — 5.15 are the iso-resistivity contour maps for subsurface
depths depths corresponding to the surface, S m, 10 m, 15 m. 20 m. 75 m. 50
m, 35m, 40 m, 45 m, 50 m, 55 m, and 60 meters respectivelv, (Freures 5.8
5.15 are shown in the appendix). They also suggest chanees i conductiviny
since conductivity 1s the reciprocal of resistivity. [t should be borne monund
that the surface is taken at a depth of 0.4 m in the subsurface 10 assume a

level surface.



5.2.1. Resistivity map of the surface layer

The map Figure 5.3 was obtained by contouring the resistivity values for all
the sounding points measured at the surface. The map shows the resistivity
for the topmost laver and reveals that the surface 1s covered mostly by
lateritic soil. One major anomaly 1s promimnent at around sounding point 5.
on the map by the clustering of the contour Iines This anomaly may be due
to the presence of fresh laterite which may be highlv consohdatea aue 10 s
high resistivity (greater than 500 ohm-m). An advantage of such an area s
that it could serve as a good location for the erection ol bunldings aue 1o 1he

high consolidation of the rocks in the arca

5.2.2. Iso-resistivity Map at 5 m depth.

Figure 5.4 shows that the area is generally characterized by relativeiv ow
resistivity values. An explanation for this low value ol resistivities conld pe
due to the fact that the area is saturated with water Thic i an indieation that
such a depth 15 in the aquiferous zone of the survev arca. There 1s a shifl of
the anomaly at VES 32 for the surface plot to VES 35 at the depth o1 »m
This may be moderately weathered at resistivity ranges from 200 1o Y00 onim-

m and finely weathered at resistivities greater than SUU ahm-m (Fig 3 4



Table 5.1 Resistivity ranges used for this survey work

ROCK TYPES ' ~ RESISTIVITY (OHM-M)
“Lateritic Soil 201-500
Fresh laterite Grreater than SO0
Strongly or deeply weathered 30-200
basement
Moderately weathered basement 201-500
Finely weathered basement 50 1-1000

Fresh basement Crreater than 1000
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5.2.3. Iso-resistivity contour Map at 10m, 15m, ete. ]
At a depth of 10 m (Figure 5.5) it is seen that the saturated zones are more
|

prominent at areas bordering the upper part of the contour tine ol 200 ohim-m
| |

which passes between VES (27 and 28), VES (26 and 27}, VES (20 and 25,

|
VES (21 and 45), VES (12 and 13), and finally between VES (8 and Y. e

|
lower part of the contour line may comprise moderately weathered gnersses
of the basement. As the subsurface is progressively unraveled by the iso-

plots, the basement is struck at a depth of 20 m at around VES (4. 10 and 10

Fig. 5.7). This is evident by the presence of concentiie circles or closures and
|

a high resistivity value of above 1000 ohm-m. The process of gradual
l

decrease in weathering is evident at greater depth in the subsurface e a

25m, 30m, 35m, 40m, 45m, 50m, 55m, and 60m) until (he (resi bascment is

. : ‘ |
struck at all the VES points (Figures 5.8 (0 5.15) as shown in the appendix.

5.3. GEOLOGIC SECTIONS

5.3.1 GENERAL INTRODUCTION
|

The geologic sections equivalemt to geoelectric sections were obtained by
'~.

taking profiles along different directions on the sunvey area. The resistivity

{141
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models obtained from the n-layers analysis were used 1o produce subsurface
resistivity contour sections atong sounding profiles and subsequently used o

obtain the equivalent geologic sections Fig. 516 shows the profiles chosen,
I

The resistivity contour sections were obtained by plotting the resistivity
|

values of each of the h-tayers of cach sounding at different POts on 1he

layers below the sounding location, and the resistivity values \lvcrc thus

contoured in the vertical plane of this section. The geologic sccu"(‘-hs were

obtained by inlcrbreling the subsurface resistivity contour scchions, s was

done by careful examination of (he contour behavior at the diftercm depi
|

and taking into considcration the range of resistivity values suimbig lor the
|

Nigerian basement complex and previous geophvsical work  around (he

survey area.

5.3.2 Subsurface Geologic Section Along Frote aus

It should be recalled that since water can reside i the weathored mantls of
|
the crystalline basement, it follows that a geophysical target in oround warer

search is an area of high degree weathering,

The geologic section along this profile Fig. 517 shows that the arcas of deep

or strong weathering are thickest beneath VES (33 and 11) with VES 33

being 14.9 m thick, while VES ois 145 m thick In ihe moderateiy
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weathered zone, VES 33 is thicker than at VES 11 The Tow of ground wate
occurs more towards VES 33 than to VES 11, since the gravity beneath the
weathered profile at VES 33 15 greater than that beneath VES 11 This

follows from the fact that ground water lows from arcas of fow pravity fo

high gravity.

In the light of the above discussion ground water potential s most evident
VES (33 and 11), with VES 33 being more promising. Borcholes shoulda be
drilled to the slightly weathered basement. This is 1o say at feast for Vies 341
should be dugged to a depth of 50m and for VES 11 toa depth o) 2vim

5.3.3 Subsurface Gealogic Section along Prafites 1P VEGHO ML ond

GL.

The subsurface geologic sections obtaied alonge these prohiles m fromres
5.18 to 5.22 are similar to that obtamed mn Fig 517 From these protiles o
would be easy to detect the thicknesses of the vanous horizons as arcas of

thick weathering suggest areas of high croundwater potentia

5.4 Map of Aquifer layer

5.4.1 Depth to Aquifer

This contour map was obtained using the depth 1o the top of the stroneiy
weathered basement at all the sounding points. The depth o aquiter vanes
from 1m to 10m. It should be noted that shallower depth to agumier does no

necessarily denote the best locations for sitting ol borcholes since the
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thicknesses of the weathered profile needs (o be taken into consideration The

-

depth to aquifer tends to trend westwards (e 523)

5.4.2 Aquifer Layer Thickness Map

The map (Fig 524) was produced from the thickness ol the strongly
weathered (low resistivity)  layer  which  was  obtained  during  the
interpretation. The contour interval used for the weathered laver thickness
all the VES points 18 2 m. The purpose of producing (his miap is (o sec how
the aquifer layer varies in thickness within the subsurface of the survey area
The map shows that the thickness varies in thickness from 5 mto 25 m

A general observation of the map reveals that arcas ol shallow basement
correlate with areas of shallow thickness while arcas with large aquifer

thickness are seen generally to correlate with arcas of basement depressions

5.5 Depth to Basement Map

The depth to basement map Fig. 525 was obtained by contournng the aepins
to basement at all the sounding locations in the survey area 1t shows the
depth to basement at various points within the survey arca. The basemen
represents regions ol infinite resistivity (greater than 1000 ohm-my  as

typical with the basement terrain of Africa and m particular Nivena where 1l
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is shallow. The depth to fresh basement vanes at different pomnts within the
survey area. Its minimum value 1s about 2 m and occurs at around VES 13
The average depth to basement 1s 33m, which falls within the range of the
depths to basement with those that have carned out stmilar works within the
basement complex of Nigeria.

The surface plot was made i order 1o have a visual understanding of the
surface behavior or configuration of the basement. The plot Fig. 525 shows

that the basement is an undulating surface

SO6AZIMUTHAL (RADIAL) SOUNDING

The puiterns of resistivity anisotropy were obtamed from the true resisuvity
values obtained from the interpreted depths and corresponding resistivities as
a function of direction at each ol the six radial sounding pomts (g 3 26 and
3.27).

Fig. 526 (a). The patterns ol resistivity amsotropy generally describes o
sphere and this suggests that the medium at such depths 1s 1sotropie (the
resistivities are not functions of direction). The minor varnauons from

sphericity could be interpreted as being attributed to notse at these aepths. In



Scale: 1:50 OHM-M

Fig. 5.26 Patterns of resistivity anisotropy map

(Radal soundings).
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Fig. 5.27 Patterns of resistivity anisotropy map

(Radial sounding s ).



a wholly isotropic medium, as carlier mentioned. the pattern would be o
sphere.

Fig. 5.26 (b). At depths of 15 m the subsurface 18 1sotropie. s amsotropie at
depths of 20 m and beyond with the form of the patterns devsting more
seriously from cllipeity at depths of 25m. 30m ctec These consisient
departures could be due to the presence of fractures within the subsurface
layers. The direction of the bedding plane is the SE - NW duection

Fig. 5.27 (c). The subsurface is entirely anisotropic. The beddime plane < m
the direction NW - SE. In general, fractures mothe survey arca occur al
different depths and at defferent locations ol investivation

Fig. 5.27 (d). The bedding planes are in the direction NEF-SW o The subsuriicee
is entirely anisotropic

Fig. 5.27 (¢). As in d. above, the subsurface lavers are entirelyv anisotrope
with directions of bedding planes being N-S

Fig. 5.27 (). These patterns clearly show that the subsorface medmm at thin
location is entirely amisotropic, except at a depth ol Imv which s sotropie
The major axes of the cllipse represents the numerncally the ransverse
resistivity, while the minor axis represents the longitudinal or hortzonial

resistivity and indicates the direction of the bedding plane at that aepin a0 a



depth of 3m, Sm, 10m, and 15m, the direction of the bedding plane s m the
direction N-S, while at depths of 20m, 25m, 30m, 35m, 40m, 45m and SOm.
it is in the E-W. One¢ important deduction from these is that the beddine
planes direction may differ at depths beneath a sounding location in adaiion
to these the subsurface layers are less resistive along the beddine olane
implying that the conductivity 1s always higher m the beddime plane direction

than in the transverse direction
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CHAPTER SIX
CONCLUSION AND RECOMMENDATIONS
6.1 CONCLUSION

The major rock type in the survey area was found to be gncissc}s which
where weathered to varying degrees. The sequences of wcmhcrinig or the
weathering profile is from top soil or latentic soil underfain by a whin Taver of
clay, followed by strongly weathered basement gneisses.  moderatelv

weathered basement, shightly or finely weathered bascment and finaliv. the

fresh basement. The vertical electrical sounding curves depiet the three laver

to four layer cases of the h - type or a combination of both h - and k - types.

|
Generally the average depth 1o basement in the arca is 33m and this is

shallow as is usual with basement terrains. The use of the n-layer muliiaver
models enables us (0 have an in depth investigation and exposure of the

subsurface. The use of resistivity ranges and contour behavior make 11 casier
l

|
to delineate the layer boundaries. The fayers distinguished are as 1o11ows,
' |

(1) Laterstic layer. This layer is considered to be composed mamniy oi laterne
|
and underlain by a thin layer of clay. The layer varies in thickness within the

survey arca. Al certain locations fresh laterites may be encountered due to

their high consolidation.
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(2) Strongly weathered layer; This highly weathered faver serves as a good
reservoir for groundwater. The layer is of variable thickness as can be seen
on the geologic sections taken along the profiles (Fig S 17 - S22} and the
Map of aquifer thickness (Fig. 5.24). The locations with very thick aauifers
are most suitable for sitting boreholes and this can casily be selected along
any of the profiles. The resistivity range for this laver is between 30 ohm-m
to 200 ohm-m.

(3) Moderately and slightly or finely weathered laver

These layers add to the groundwater potential as 1t can hold addinonar wanes
The layer also vanes in thickness from location to location

(4) Fresh basement. This is the impervious basal unit of infinite resistivity
The resistivity of this layer is greater than 1000 ohm-m As carhier mentioned

~
Al

the average depth to this unit 1s 33m. It 15 noticeable that areas or shatow
weathering  thickness  correspond  to  arcas ol shallow  basement  and
conversely. It thus follows that depressions 1o the basement are oroundwane
collecting centers which are priority arcas for groundwater devetopment

The patterns of anisotropy maps reveal that in the survev area the subsurtace

1s generally anisotropic. This implies that the subsurtace ol the real earn s

inhomogenecous. Also it shows that the direction of profiles at the verticn

p
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electrical soundings is important as the resisuvity values beneath a onven
point may differ with direction. As a result, any resistivity work (VES).
radial soundings should precede the conventional soundings. This s
necessiry to choose the preferred direction ol soundings to be emploved and
maintained throughout the survev. When this is done the data collected will

be more reliable. The direction of profiling adopted for this s the NS

6.2 RECOMMENDATIONS AND FUTURE WORK

In oider to achieve a full exploitation of an area lor groundwater potential,
other geophysical techniques should be emploved i conjuncuion with the
geoelectric method. These methods include seismic refraction method and
electromagnetic methods. Also the lateral resistivity varation (profiling) in
the in the geoelectric method should be used to detect {fracture zones within
the arca. When these methods are employed, it would be casier to demarcate
the difierent subsurface layers, structures and fracture zones. The following
are the recommendations:
(1). Tvoo sites are strongly recommended for groundwater borcholes. These
are at VES 12 and VES 25 (Fig. 53,19 and 321). with VES 12, having a

higher groundwater potential. It should be noted that there are other

8Y



recommendable  groundwaier locations along the geologie sections (g,

1

5.17, and Fig. 5.20) and their choice may depend on the users interest or
demand. The boreholes should be drilled 1o the lincly weathered basement,

For example, in VES 12 the borehole should be drilled 1o a depth of 45m

. |
(Fig. 5.19, and Fig, 5.21) while for VES 25 4 depth of 40m is recommended,

(2). The boreholes should be properly  Togged both  geophvsical  and
geologically. This would make i possible to check and compare with other
VES results. Aquifers must be properly screened to achieve maximum vieia,

(3). To avoid the contamtnation of borcholes 1t the course of cxﬁ:‘lmtalwn

care must be taken as pollutants from the surrounding mav be drawn irom
|
long distance recharge due to excessive pumping. The boreholes shouid oe

grouted (cement scal) to the depth of at least 7.0m to prevent contaminauon
from septic tanks, surface drainage, lateritic covers and other sources off
pollution.

(4). The shallow hand dug well around the enginecring complex whose waier
: i

usually turns milky when 1t is almost dry could be due to the presence of

soluble minerals veins that cut across the well. These could he kaoline,
carbonate, etc. It is thercfore advisable to increase the deptiv of the well so as
|

to avoid the mineral vein path.
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Apoendix: ¢

Iso resistivity contour data

Depth
VI-s Surface  Sm 10m 1Sm 20m  25m  30m  Am dom
l‘f’Qn‘}

| 305 801 448 430 S0 600 1610 1050 917
2 450 224 ° 250 315 100 7540) 93 () I 50 20
3 345 24 500 620 6N) 671 900) S0 1100
4 1000 153 120 178 200 301 63 7i8 1764
5 545 56 100 220 a8 GO0 782 410 840
() 645 184 305 3440 345 450 1113 1030 IS8T
7 540 62 152 RE & 510 710 2013 1600 2000
8 40 247 200 390 660 1030 1300 18§15 2300
9 168 100 148 250 500 650 967 1645 1500
10 120 76 148 205 600 72 1117 1IS10 2610
11 136 300 100 100 200 23] 250 81 075
12 110 3l 150 150 150 300 345 GO0 1000
3 350 104 150 295 GO0 900 1500 2450 2350
14 110 300 550 770 1200 1750 2230 2830 3800
15 279 300 400 700 1500 2750 3500 Sdo0 8500
16 1030 163 320 705 850 163 1261 730 517
17 149 71 130 236 200 450 SO0 600 1000
18 350 190 236 260 201 150 2760 430 SO0
19 300 61 450 30 GO 161 S61 0 2032 Jl50
20 245 67 250 5206 fooa 1300 1§Is 1550 2120
21 135 6S 110 260 450 750 I8 5] 890
22 352 76 150 200 170 200 901 1233 1210

3 450 064 [ () 230 328 300 545 36 17581
24 218 62 80 150 250 450 481 473 053
25 300 72 570 70 [0 172 081 045 870
26 560 131 190 310 420 843 2200 1540 2100
27 358 50 200 375 640 300 1161 1640 1763
28 1010 57 150 440 700 42 486 1440 RE!
29 600 237 165 236 300 313 623 480 1200
30 1200 122 ‘ |50 130 175 2171 350 NI 1 200
3 673 183 45 148 200 360 RS Ol | 780
32 3650 550 100 150 242 541 551 S-43 1O
33 1540 285 150 |50 280 450 5253 118 871
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Appendix: D Aquifer depth contour data

VES No. Depth (m)

oo IO h B b —

06 30 Gh & I = &

19
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31
32
33
34
35
36
37
38

53
6.2
4.4
14.3
12.0
10.2
9.0
9.3
6.5
14.0
19.0
19.0
10.0
3.5
35
10.1
124
12.4
9.0
5.0
7.0
11.0
11.0
13.0
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8.3
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Appendix: E Aquifer thickness data

VES No.  Thickness ()
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2 6
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Appendix: F Depth (o Basement contour data

VES No. DEPTH (meters)
| 355
2 29.5
3 336
4 35.0
5 573
6 30.3
7 26.2
8 27.3
9 264
10 3908
11 48.9
12 26.6
13 18.2
14 17.3
15 268
16 341
17 50.1
|8 30.6
19 20.0
20 28.6
21 473
22 32.0
23 384
24 442
25 50.3
26 206.6
27 24 8
28 53.9
29 38.5
30 36.0
31 422
32 50.3
33 48 1
34 395
35 40.2
36 419
37 38.8
38 451 o
39 29.2
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Apoendix: C

Iso  resistivity contour data
Depth
VI sy Surface 35m 10m 1Sm 20m 25m  30m  33m d0Om
pfony

| 305 301 448 450 510 600 16l0 1050 917
2 450 224 250 315 400 750 93() IS0 2000
3 345 291 SO0 620 GO 671 OGt) S0 1100
4 1000 153 120 178 200 RIGY! 603 718 1764
5 545 50 100 220 380 600 782 110 840
6 645 184 305 340 345 450 1113 1030 1871
7 540 62 152 345 510 7100 2013 1600 2000
3 40 247 200 390 660 1030 1300  IS1S 2360
9 168 100 148 250 500 650 067 1645 1500
10 120 706 148 205 6O 72 1117 iS00 2610
11 136 300 100 100 200 251 250 Sid 975
12 [ 10 3 150 |50 150 300 343 oo 1600

3 350 104 150 295 600 900 1500 2450 2350
14 110 300 550 770 1200 1750 2250 2830 3800
15 275 300 400 700 1SO0O 2750 3500 Sin0 8500
16 1030 163 320 705 850 163 1261 TS0 517
17 149 71 130 236 200 450 500 pob J OO0
18 350 190 2306 2600 20] 50 2760 130) S0
19 300 161 456 130 HOO 161 sol 2032 3150
20 245 67 250 526 1000 1300 1115 1350 2120
21 135 65 [10 260 450 750 481 bl S90)
22 352 70 150 200 170 200 001 1233 1210
23 450 64 100 230 328 300 345 M6 1751
24 218 62 S0 130 250 450 48 173 953
25 300 z 7 570 70 100 172 O8] 43 870
26 560 131 106 310 420 843 220 1540 2100
27 358 50 200 375 G40 300 1161 1640 1763
28 1010 57 150 440 700 442 486 1440 111
29 600 237 165 236 300 313 623 480 1200
30 1200 122 150 150 175 2171 350 SI3 1200
3l 673 183 45 148 200 3060 331 9l3 1 780
32 3650 550 100 150 242 541 551 843 100)
33 1540 285 150 150 280 450 523 413 S71

A49
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Appendix: D Aquiler depth contour data

VES No. Depth (m)

| 5.3
2 6.2
3 4.4
4 143
5 12.0
6 10.2
7 9.0
8 93
9 6.5
10 4.0
1190
12 19.0
13 10.0
14 35
15 3.5
16 10.1
17 124
18 124
19 9.0
20 5.0
21 7.0
22 11.0
23 11.0
24 13.0
25 230
26 10.0
27 104
28 83
29 13.8
30 137
31 3.0
32 7.0
33 13.0
34 104
35 106
36 11.0
37 11.8
38 106
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Appendix: E Aquifer thickness data

VES No.  Thickness (m)

I 8
2 6
3 4
4 14
5 4
6 O
7 8
3 10
9 6
10 14
11 14
12 19
13 [0
14 4
) 4
16 6
17 12
18 12
19 9
20 5
21 6]
22 16
23 10
24 13
25 23
26 10
27 [0
28 18
29 14
30 14
31 3
32 7
33 14
34 12
35 12
36 10
37 12
38 12
39 12



40 14
41 I
42 12
43 12
44 10
45 12
46 12
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Appendix: ¥ Depth 1o Basement contour dati

VES No. DEPTH (meters)

l 355
2 29.5
3 3306
4 350
5 57.%
6 30.3
7 26.2
8 27.3
9 26.4
10 39.8
11 489
12 26.6
[3 18.2
14 17.3
15 268
16 341
17 50 1§
18 30.6
19 20.0
20 28.6
21 473
22 32.0
23 384
24 442 -
25 50.3
26 26.06
27 24 8
28 53.9
29 i85
30 36.0
31 42.2
32 50.3
33 48.1
34 39.5
35 40.2
36 419
37 38 8
38 45.1
39 29.2
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40

31.0

41 36.0
42 43.0
43 39.0
44 25.0
45 27.0
46 49.0




