GEOPHYSICAL RESISTIVITY INVESTIGATION OF WEATHERED
BASEMENT OF ZAINAWA VILLAGE, KANO STATE, NIGERIA

BY

ALIYU NAFIU SADIQ

M.Sc./SCIEN/02829/0809

A THESIS SUBMITTED TO THE POSTGRADUATE SCHOOL,

AHMADU BELLO UNIVERSITY, ZARIA

IN PARTIAL FULFILLMENT FOR THE AWARD OF THE DEGREE OF
MASTERS OF SCIENCE IN APPLIED GEOPHYSICS.

DEPARTMENT OF PHYSICS

FACULTY OF SCIENCE, AHMADU BELLO UNIVERSITY, ZARIA

MARCH 2014



DECLARATION

I hereby declare that, thighesis is an original work carried out by me under the supervisi@r.of. L

Aminu and Dr. Chiemeke Collins.

To the best of my knowledge, no part thereof has been submitted elsewhere for the award of degree.

The works of others are duly acknowledgndreferenced.

Name of student Signature Date.

Author



DEDICATION

I dedicate this thesis tthe Almighty ALLAKkb whom my body and soul belong and also thahikn for

his immeasurable mercy showered on me.



CERTIFICATION

This thesis titledGEOPHYSICRESISTIVITNVESTIGATION OF WEATHERED BASEMNZNINAWA
VILLAGEKANO STATH L D 9 vby AliyudNafiu Sadigq, meets the regulations governing the award of
the degree of Mastersf Science(Applied Geophysics) of Ahmadu Bello University, Zaria and is approved

for its contribution to knowledge and literary presentation.

Date
Dr. Aminu A.L
Chairman, Supervisory gunittee
Date
Dr. Chiemeke Collins
Member, Supervisory Committee
Date

Dr. SadidJ.

Head of Department of Physics



Date

Prof. A.A Joshua
Dean, Postgraduate School

ACKNOWLEDGEMENT

My profound gratitude goes to Almighty ALLAH, the most benefjdiet mostmerciful, the first and
the last, the sustainer, the retainer, the best planner, thest judge May he grant paradise to those of

us who believe in him till the last hour.

Its my pleasure to acknowledge the assistance of the following people who have contributed positively

in one way or the other to the success of this study

My specialgratitude goes to my supervisor Dr. Aminu;Avho took me as his brother as well as his
student and thoroughly supervised this work, always had time for me to give me some correction and

words of encouragemerduring my studies andthen | lost my mother

I am highly indebted to Dr. C. Collins who is also my second supeRassupervised the field work and
gave me all the necessary assistance both technical and material needed in the field work and the
processing of the data. Sir, Thank you very muath may Almighty ALLAH reward you wherever you

are.

| owe my unreserved gratitude to Dr. Sule P. whok his time and pain to explain in detail what

resistivity is all about. Sir, | am very grateful for your intellectual guidance.

My gratitude also goes tmy only course mate Mallam Abubakar Ibrahim who made available his car

and accommodation during the field work

I would like to acknowledge my late parents who laid down my educational foundation with their hard
labour and unfortunately they could not rpdrom their hard labour. May Almighty ALLAH grant them

paradise and reward them for their hard labour.

| appreciate the contribution made by my wife, miyildren (AbdulbaseetAbdulmuqgeet I1ze and Qyila

for their patience and understanding during therfmel of my course.

I would not forget the sacrifice made by my sisters and my brothers to see that my second degree



became reality, especially when my beloved mother padsevay.

ABSTRACT

The type of method adopted for this research was the 1D electrical resistivity, using the GEGRBLSE
300. A Shlumberger configuration was carried out to mdbe Geological feature of the earth
subsuface. Five profiles were carried out in tistudy area. The layout geometry for the electrical
resistivity vas symmetrical @lumberger arrays. The maximum current electrode separation (AB) was
140m, that is, AB/2#0m. The dataobtained using Geopulse rigivity Meter SAS 300 were processed
using computer software (IPI2Wir80 vertical electrical soundings have been carried out that is each

profile consists of six(6) vertical electrical soundings.
Based on the electrical resistivity value obtained imgtudyarea, the following deductions were made.

The average depth to thedshbasement isabout 29.8n. Thestudy areahasreveakd the presence of
two distinct layers, the top soénd weathered basement; the top soil is composed of latesite
brownigh clay sand with an average thickness of 2.9m with resistivity ranges-852@hmm. The
weathered basemenunderlies the top soilwith an average thickness of 26.6mesistivity rangs
between 100-978ohmm and composed of laterite and claytis (the wathered and top soiljayers
constitute the overburden with m averagethickness o29.5m revealed by the geoelectric sectiofhis
weathered basement is a good aquifer in the study area. The depth of probing which is 29.8m is above

the depth to the frestbasement
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Chapter One
Introduction

1.1 General statement

The purpose of electrical survey is to determine the stausuresistivity distribution by making
measurements on the ground surface. From these ragasus, the true resistivity tfe
subsurface can be estimated. The ground resistivity is related to various geological parameters
such as mineral and fluid cemiss, porosity and degree of water saturation in the rock. Electrical
resistivity surveys have been used for many decades in hydro geological, mining and
geotechnical investigations. More recently, it has been used for environmental surveys. The
resistivity measurements are normally made by injecting current into the ground through two
current electrodes (C1 and C2 in Figure 1), and measuring the resulting voltage difference at two
potential electrodes (P1 and P2). From the current (1) and voltage (V¥yaluapparent
resistivity (pa) value is calculatedsa =K V/I whereK is the geometric factor which depends on

the arrangement of the four electrodes

]
e e z »|
Earth's surface
] Fy P Ca
I.- . wl
™ |

Fig 11 Schlumberger array

Resistivity meters normally give a resistance value, R = V/I, s@rattice the apparent

resistivity value is calculated g =KR

XV



The calculated resistivity value is not the
value which is the resistivity of a homogeneous ground which will give the same electrode
arrangement. To determine the true subsurface resistivity, an inversion of the measured apparent

resistivity values using a computer prograemust be carried out.
1.2 Traditional resistivity surveys

The Resistivity Method hashe wdrksof ther Scilgumbergarn t h e
brothers. For approximately the next 60 years, quantitative interpretasiorentional sounding

surveys (Koefoed1979) were normally used. In this method, the centre point of the electrode

array remains fixed, but the spagibetween the electrodes is increasgahmetricallyto obtain

more information about the deeper sections of the subsurface.

Figure 11 Shows aconventional four electrode arraynteasurdhe subsurface resistivity. The
measured apparent resistivity vaduare normally plotted on a ldgg graph paper. The data
from such a survey were interpret, it is normally assumed that the subsafrtheesarthconsist

of horizontal layers. In this case, the subsurface resistivity changes only with depth, buttdoes no
change in the horizontal direction. A edenensional model of the subsurface is used to
interpret the measurements . Fighr@ shows an example of the data from a sounding survey
and a possible interpretation model. Despite this limitation, this méthedjiven useful results

for geological situations (suclas the wateftable) where the one dimensional model is
approximately true. Another classical survey technique isasistvityprofiling method. In this

case, the spacing between the electrodesirarfixed, but the entire array is moved along a
straight line. This gives some information about lateral changes in the subsurface resistivity, but
it cannot detect vertical changes in the resistivity. Interpretation of data from profiling surveys is
mainly qualitative. The most severe limitation of the resistivity sounding method is that
horizontal (or lateral) changes in the subsurface resistivity are commonly found. Lateral changes
in the subsurface resistivity will cause changes in the apparenivigsigalues which might be,

and frequently are, misinterpreted as changes with depth in the subsurface resistivity.

In many engineering and environmental studies, the subsurface geology is very complex where
the resistivity can change rapidly over staistances. The resistivity sounding method cannot be

sufficiently accurate for such situat®n
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Despite its obvious limitations, there are two main reasons whyesistivity sounding surveys
are common. The first reas@mthe lack of proper field equipemt to carry out the more data
intensive 2D and 3D surveys. The second readarthe lack of practical computer interpretation
tools to handle the more complex®2and 3D models. However,-B and even D electrical
surveys are now practical commerctachniques with the relatively recent development of
multi-electrode resistivity surveying instruments (Griffiths et 1800) and fast computer

inversion software(Lokel994).
1.3 Survey Area

Zainawa village via Jogana is situated within the northern ridiggasement Complex, in the

North, (figure 1.2). With the help of global pason system( G.P.Sthe mean altitude of the area

is about 60m above mean sea level. The study area (ZAINAWA), where the survey is carried

out is bounded by latitudei36 tabtudé 12°46 North and longituded8°26 to | ongitu
08°65 Eastwith an average elevation of @D above sea level.

1.4 Location and Accessibility of the Study Area

Zainawa village vialJogana is situated in Gazewacal GovernmentArea of Kano state 18km
south east of Jigawaate. Accessibility to the Zainawa village is only by the Kdigawa road
which isa prominent federal road. A number of all season motorable roads, some of which are

old tarred roasl also exist within the village.
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Figurel.2 Generalized geological map of Kano and Jigawa State (aftes andsarah, 1988)
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