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ABSTRACT
An interpretation of aeromagnetic data has been carried out over an area of the
Precambrian to early Palaeozoic basement rocks of Kano State, North-central Nigeria,
between Latitudes 11°00'N to 12°00'N and Longitudes 8°00'E and 9°00'E. The

interpretation covers the areas of igneous intrusions of the basement.

Non-orientationa and orientational studies of the lineament features reveal NE-SW
and E-W trends characterizing the area. Statistical analysis using the anaytical method of
auto-covariance confirms this result. The residua and second derivative maps emphasize
the shallow features of the area. These features correlate very well with the previous gravity
investigation within the area. The regiona field and upward continuation map reflect deep
seated structures in the area and shows the regiona structures fidd have an E-W trend.
This studies show that the areais characterized by NE-SW residuals superimposed on an
E-W treading regiona field. Residua anomdies of both high and low amplitude are

recognized on the resdua map which are oriented aong the interpreted shear zone.

A 3-Dimension interpretational method has been used for the inverson of these
anomadies. A prdiminary spectral andysis reveals a shalow depth magnetic horizon of 0.45
to 0.65 km and a deeper layer with depth of 5.2 km to 6.8 km for the rock ensembles. The
results obtained from the inverson method show that the depth to the tops of the modelled
bodies vary from zero to 1.47 km and the depth to the bottom varying from 0.601 km to
8.628 km. With variation in the susceptibility contrast from -0.00120 emu. to +0.0833 emu.
The positive susceptibilities are interpreted to be due to basic igneous intrusions, while the

negative susceptibilities are due to acidic intrusions.
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CHAPTER ONE

1.0 INTRODUCTION

Magnetic prospecting, the oldest of all the geophysical survey techniques, involves
the measurement of the direction, gradient and intensity of the earth's magnetic field and
interpretation of variations in these quantities over the area of investigation. Anomalies are
commonly related to the variations of the earth's magnetic field or contrast in the magnetic
properties of the Earth materials. The successful interpretation of the magnetic variations
depends largely on the existence of magnetic susceptibility contrast between the body of
interest and the host rock. Most sedimentary rocks are essentially non-magne_tic and thus,
not amenable to direct study by magnetic methods. Igneous and metamorphic rocks
generally contain a large proportion of magnetic minerals and are therefore more magnetic

than sedimentary rocks.

Advancements in both instrumentation and survey techniques coupled with the
development of a new field of mathematics called the Fourier transform which readily
transforms data from its amplitude to its frequency form and vice-versa, has made the
| magnetic method to have more wider applications, both in petroleum and mining industries,
as a fast way of mapping geologic structures favourable for the accumulation of ores and
hydrocarbons. In the search for petroleurn, the magnetic method is used for reconnaissance
purpose in mapping the basement structure 1o determine the extent and thickness of a
sedimentary sequence in a previously unexplored sedimentary basin such as the continental

shelf and oceanic basins. is also used in seamount mapping and oceanography,



1.1 THE STUDY AREA

The area under study lies between the latitudes 11°00N to 12°00N and longitude
8°00LE-9°00L in the administrative part of Kano State and some parts of Kaduna State in
North- central Nigeria. 1t covers a iotal land mass of 12,321 km* Fig. 1.1 shows the
location of the study area. The area is underlain by the rocks of the Nigerian Basement
Complex of Precambrian to early Palacozoic age. The Nigerian Basement Complex is
believed to be as a result of at least two major orogenic cycles, (Grant, 1969; McCurry &
Wright 1971). These orogenic cycles correspond to the Birrimian (2,500 my) and the Pan-
African (600 + 150 my). The earliest study of the Basement was done by Falconer
(Falconer, 1911) who recognised the Pan African Older Granites and the Jurassic Younger

Granites of the Jos Plateau in Central Nigeria.

The rock types of the Nigerian Basement Complex can be broadly categorized into

three major lithological units (McCurry, 1970) namely:

i) a crystalline complex of migmatite and gneisses. These rocks predominate
in the study area as in other parts of the Nigerian basement and they include
relics of an ancient (Birrimian) metasedimentary sequence;

i) Y ounger metasedimentary series occupying North-South trending synclinal
belts and are usually referred to as schist belts; and

i) a suite of intrusive syntectonic to late tectonic granites and granodiorites.

These are usually referred to as the Older Granites.

The superficial deposits overlying the basement are believed to be the preducts of

Pieistocene accumulation cycle (Wright and McCurry, 1970).

2



-

r ¥ T 5 Ly N
4oF 6 e 0° L
P T NIGER  REPUBLI C

-10°

-8

6°4
Creiaceous to recent sediments

Younger granite complexes

Schist belts
Higmalit e-gnerss-grandefundifferentiated)

4N 0 50 100 10 200 Kilometres Study atea LN
a o 12° 14°F
L.'l.E . s 6‘1 i __L_.___a_ J. i it " it

Figure 1.1. Simplified geological map ot Nigeria showing the .
study area. =



1.2 ACCESSIBILITY AND GEOGRAPHY OF THE STUDY AREA

The stutiy area is accessible through the Kaduna to Kano dual carriage way. Some
parts of the study area are also accessible through the trunk B roads, some constructed by
the Directorate for food, Roads, And Rural Infrastructure
(D1IFRRTI) The whole area is generally of low topographic relief with few granitic
inselbergs and laterite mesas (Dambatta, 1990), The climate is characterized by climatic

“condition prevalent 1o the tropical Sudan Savannah,the two seasons are the dry and wet

seasons. The main drainage pattern is that of River Challawa and small tributaries.

1.3 PREVIOUS GEOPHYSICAL WORK DONE

Not much geophysical work has been done in the study area. The most important
work reported as far as the study area is concerned is the regional gravity survey of Kano
State undertaken by Ajakaiye and Verheijen in 1977, This Work also received contribution
from Gandu ef al, (1986), Amosu (1982), Adeniyi, (1987) and Osazuwa et al ; (1992). In
their preliminary report, Ajakaiye and Verheijen, (1977) reported the presence of a residual
| anonmaly uncorrelated with predominantly granitic terrain in the Rano area. ln a detailed
gravity follow-up of the Rano Anomaly, Qjo ef al (1993) show the area to be characterized
by large negative Bouguer anomalies ranging from -38 mGal to -68 mGal with a mean value
at -56 mgal. Several other isolated residual anomalies were also identified within the Rano
Area, Fig (1.2). A prominent positive residual anomaly with amplitude of about 20 mgal was
located 8 km southeast of Dal. Other smaller anomalies of both positive and negative
amplitude include a gravity low with an amplitude of -6 mGal located around Sitti and Masu

also another gravity low of amplitude -4 m(3al is located around Gana in the north-western

4
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pait of the study area. About 5 km south-west of Karfi is a gravity high with an amplitude

of about 6 mGals. The gravity lows are associated with different episode of igneous

activities that lead to the emplacement of the granites whereas the gravity high are

associated with high density surface at depth.

1.4 AIMS AND OBJECTIVES OF THE STUDY

As a result of the gravity Investigation in the Rano area Ojo ef al. (1993)

recommended the use of different geophysical methods to throw more light on their results.

A magpnetic method which is a potential field method like the gravity method is therefore

used here in this study to:

i)

iif)

iv)

v)

vi)

confirm some of the gravity anomalies identified by Ojo e7 al. (1993) in the
study area;

obtain additional information on the structures and the structural relationship
of the rocks within this study area;

investigate further the origin and mode of emplacement of the rocks within
the study area,

identify major geological boundaries and areas of contact between the
different rock units within the study area so as to provide more information
to supplement the on going geological mapping of the area by the
Geological Survey of Nigeria(G.S.N);

carry out a 3-Dimensional modelling interpretation of some selected

anomalies identified within the study area.



. LS SCOPE OF THE STUDY

This work involve the computation of the regional and upward continuation field so
as 10 determine the deep and regional trends. Residuals and the second vertical derivative
fields will also be obtained and contoured to obtain information on the shallow to near
surface bodies. The second vertical derivative obtained will also be used to delineate the
geological boundaries of the different rocks units within the study area which comprise
mainly the migmatite- gneiss complex and older granites (G.S.N Unpublished Geological
report). The use of second vertical derivatives to delincate the contacts between the gneisses
and granite units has been reported by Ali (1989), Gupta ef af (1982), with the migmatite-
gneiss showing negative intensities and the igneous intrusions showing positive intensities
Allt (1989), the study will also involve statistical analysis, which consist frequency
distribution similar to that carried out by Ghazala (1993) and cross-correlation of the data
to establish the major structural trends within the study area. Finally, a spectral depth
estimation will be done to obtain the depths to the top and bottom of the anomaly producing
masses. This will be correlated with the results obtained from 3-D modelling based on the

technigue developed by Rao and Babu (1991).



CHAPTER TWO
GEOLOGY OF THE STUDY AREA

2.1 GENERAL GEOLOGY
2. 1.0 Introduction

The Geology of Nigeria is the geology of an area which lies between the longitude
4°15°E 10 14°16'E and Latitude 4°24'N to 13°6’N between the Congo and West-African
cratons. About haif the country land mass is overlain by the crystalline basement of
Precambrian to early Palacozoic age. The remaining half is covered by Cretaceous to recent

sediments which occur mainly in sedimentary basins such as Niger Delta, Benue trough,

Sokoto Basin, Chad basin, Anambra basin and Nupe Basin. The Rocks distribution over the

Nigerian land mass is shown in Figure 2.1.

The Basement Complex is made up of rocks of Precambrian to early Palaeozoic age.
The first study of Basement Complex was undertaken by Falconer (191 1), who recognized
the distinction between the Pan African Qlder Granites and the Jurrasic Younger Granites
. of the Jos Plateau in Central Nigeria.

The Nigerian Basement Complex consists mainly of six major rock groups
(Rahaman, 1988),and they include the following:

i) Migmatite-gneiss-quartzite complex,

ii) Slightly migmatite to non-migmatite metasedimentary and meta-igneous rocks which
are often referred to as Newer metasediments (Oyawoye, 1964), or Younger
metasediments (McCurry, 1976) schist belt;

i) Chanockitic, gabbroi¢ and dioritic rocks.

8
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" iv) Members of the Older Granite suite.
v) Meta-morphosed to unmetamorphosed calc-alkaline volcanics and hypabbysal rocks
(McCurry, 1976, McCurry and Wright, 1977).
vi) Unmetamorphosed dolerite dykes, basic dykes and syenite dykes etc,
2.1.1 The Migmatite-Gneiss-Quartzite Complex
This group is most widespread and it occupies about 30% of the total surface of
Nigeria. It is 2 heterogeneous rock group and comprises largely of migmatitic and granitic
gneisses, basic schist and gneisses; and relict meta-sedimentary calcareous, quartzitic and

granulitic rocks Rahman, (1988).

Most workers on the Nigerian Basement Complex subscribe to the view that the
rocks of the migmatite-gneiss-quartzite complex comprise largely of sedimentary series
associated with minor igneous rocks which have been variably altered by metamorphic,.
migmatitic and granitic processes. The meta-sedimentary and basic rocks are considered as
relict, resisters 1o the migmatization and granitization processes. McCurry (1976), however,
has suggested that some of these relict supracrustals may be lateral equivalents or rocks of
the Birrimian system in West African craton. Other relict mateﬁal§ are considered to be
much older and predate the pranitic event of 2.8 b.y Liberian orogeny. Several problems
arise from these dhfferent interpretations of the lithology within the migmatite-gneiss-
quartzite complex. The first is, do the supracrustals rocks namely quartzites, amphibolites,
calc-silicate rocks etc, represent a cover sequence originally unconformably overlying a
basement made up of the adjacent granitic gneisses or do the gneisses represent
reconstituted sediments, arkoses, grey walkers and pelite which are literally equivalent to

the relict supracrustals?

“

10



A second problem relates to the question of the true origin of the quariz feldspathic
gneisses. Are they metamorphosed sedimentary rocks or metamorpﬁosed acidic to
intermediate volcanics or metamorphosed granitic rocks? Rahman (1978), based on field
relationship, suggested that the rocks associated with gneisses should serve as discriminant
between a sedimentary or an igneous origin of these rocks. The gneisses were thus

considered to be of a sedimentary origin

But a more comprehensive study of the gneisses especially the early gneiss
components of the migmatite pneisses indicate an igueous origin of the bulk for early

gneisses (Rahaman ¢f a/, 1988).

2.1.2 The Oldexr Granites

They constituted the most obvious manifestation of the Pan-African orogeny in the
Nigerian basement. They occur largely as distinct plutons often of batholithic dimensions
and of limited compositional and petrographic type. Contact relationships between textural
types of older granites are often complex and ambiguous. They therefore do not lead to an
easy interpretation of the age relationship between the various types. Commonly, both sharp
intrusive, gradational intrusive and replacive contacts exist between members of the older

granite suite on the one hand and the older granites and the country rocks on the other.
22 LOCAL GEOLOGY

The area is part of the basement rocks of Kano State (see Figure, 2.2). and is mainly

composed of migmatite-gneiss complex, the Older Granites suite, basic igneous intrusions,

11



L 13°N

y SO
{:’ﬁ‘:ja.ufi s

i ..... Bichi® . | Iﬁi'njibi'a.
c10 . Dawakipn®@: -t

e f_'.-'/r
o qludunWadda ' "] S
o , LE i K Py <
t'\'_ r D as Waram.. "":_
ﬂ. . - . L] . . . - 9 . W
—11°H ' g 2/~ IL o3 j', 119N
‘c:".‘.'.() LEGEND AN
[ o\ Chad Formation (Sand and Clays)
0 20 40 Km Q:}, 'j / [3 Basement Complex {Undifferentiated)
- I - \-..,» a Other Granite of Basement Comple
?‘E ‘l)"E 1IO°E

Figure 2.2.Geological map of Kano State {After Kane State Rural
Intergrated Project, 1979 ).

1o



and latentic cover (Figure 2.3). The migmatite-gneiss complex includes relict quartzites and
migmatites. The age of this gneisses complex is controversial but some may be as old as
Liberian (2,800 my) (Ogezi, 1979). The Older Granite is composed of various types of
rocks which consist of porphyritic medium and fined grained varieties. The Older Granite
suite includes various types of granodiorite and basic igneous rocks (McCurry 1975), most
of which are believed to be emplaced into the other rocks group about 550 my ago during

the Pan-African deformation episode,

2,3 ROCK TYPES

2.3.1 Migmatites

These form subdued relief and are usually grey with bands of white and dark
materials (McCurry, 1976). In soine localities the dark bands prevail over the light bands
while in other areas the light bands prevail over the black bands. The light bands are
generally medium grained containing microcline plagioclase and quartz in neatly equal
amounts. In the dark band the main feldspar appear to be plagioclase while biotite and

hornblende are in greater quantity than the felsic minerals.

2.3.2 Gneisses

The gneisses vary from equiangular to porphyroyblastic in texture and are generally
light to dark coloured. The major minerals in gneisses are perthitic feldspars, quartz and

some plagioclase biotite and hornblende are abundant mafic minerals.

13
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23.3 Granites

The granites occur in form of elliptical plutons, inselbergs and whale backs. The
granites type based on texture are coarse porphyritic granites, medium-coarse grained
graniles and equiangular fine medium grained granites. Some of the granites exhibit some
flow structures and contain rotated xenoliths indicating some movements of granitic material
(Webb, 1972). The main minerals of the granites are quartz, or perthites; some sodic

plagioclase with the mafic minerals are biotite and hornblende,

2.3.4 Basic Intrusives

This rock types are not very predominant as outcrops in the area probably because
they are poorly exposed. One of the variety of this basic rock type, dioﬁte is a granular rock
~ characterized by plagioclase feldspar of oligoclase composition lacking in quartz and K-
feldspar in the principal mafic minerals, but biotite is usually present with magnetite,
illimenite and apatite are commonly accessory minerals (G.S.N, Unpublished Geological
report).

.
2.3.5 Superficial Deposits

The superficial deposits are alluvial deposits and laterites, the laterites are grouped
into older and younger laterites (Wright and McCurry, 1970), The former occurring
prominenyt usually along small water sheds cohtaining quartz veins along edges of present
river valleys and pediments slopes and are usually derived by erosion of older laterites. The
younger laterites are partly formed insitu from weathered basement rocks and have

negligible movement {G.8.N Unpublished Geologicat report).
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24 STRUCTURES

There is 2 major North-South tren& of structure in the basement with variations
between the NW-SE and NE-SW. The predominantly North-South trend is due io the Pan-
Afiican event (600 = 180 my) which affected most of the part of West Africa (Grant 1969).
Some localized East-West structures also exist which are believed to be relicts of the older
Pre-Pan Afiican evem (Muilan, 1978) preserved in the migmatites, The regional strike of
foliations in rocks of the basement are well defined North-South trends while fold axés

appear to maintain North-South trends.

2.4.1 Fraclures

'The principal fracture direction in the Basement Complex are the N - §; NNE - 88N,

NE - SW; NNW - SSE and NW - SE and to lesser extent E - W.
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CHAPTER THREE
3.0 THEORY OF THE MAGNETIC METHOD

3.1 DEFINITIONS

3.1.1 Magnetic Poles

A magnetic pole is a point near the end of a bar magnet. Poles always exist in pairs,
but in a very long magrnet, the lines of force around the positive pole will not be affected by
the presence of the negative one, If the magnet is suspended at the centre, one end will
. always point in the general direction of the north pole, near this end is the North-seeking,
or positive pole of the magnet near the other end is the South-seeking or negative pole. This

corresponds to the South and the Noith pole of the earth's magnet.

3.1.2 Magnetic Force

If two poles of strength P_ and P, respectively are
separated by a distance r, the force F between them will be
Pp

1
TR

o=

where y is known as the permeability, which depends upon the magnetic properties of the

medium in which the poles are situated.
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3.1.3 Magnetic Field

The magnetic field strength at a point is defined as the force per unit pole strength
which would be exerted upon a small pole of strength P, if placed at that point. Thus the

field H due to a pole strength p a distance r away is

g=r .

The unit of magnetic field is Tesla, and Tesla = 10'QOe.

3.1.4 Magnetic Moment

The Magnetic moment is defined as the product of two pole of equal strength P and

of opposite sign separated by a short distance L. Thus a magnetic moment (m) is defined

as PL as the magnetic moment of dipole,

3.1.5 Intensity of Magnetization (1)

It is defined as the induced pole strength per unii area along a surface normal to the

inducing field. It is also equivalent to the magnetic moment per unit volume.

3.1.6 Susceptibility

Magnetic susceptiblity is the quantity to which the degree of magnetization of a body
can be measured. Magnetic susceptiblity is the fundamental parameter in magnetic
prospecting, since the magnetic response of rocks and minerals is determined by the

magnetic materials content in them. In the case of a homogeneous external field H which
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makes an angle 6 with the normal to the surface of a material capable of being magnetized,
the Intensity of magnetization, 1 is given as
| =KH cosl),

for a field nonnai to the surface, @ =0°, i.ecos 0 =1, thus | = KH, where K is known
as the susceptibility. For a vacuum and completely hon magnetic substance, K equal to zero,

Dobrin (1982) Ferro magnetic materials have positive and relatively large susceptibilities.
The interaction of the atoms and the 00up1ing.of tfle atomic magnetic moment in the
ferromagnetic materials result in the collective behaviour of groups of atoms termed as
domains. The domain orient in parallel configuration, with their long dimension in the
direction of the external field, giving rise to the large susceptibility. Nearly all the studies of
rock magnetism are concerned with effects of the ferromagnetic minerals. With rise in the
. temperature to the Curie point, the atoms decouple and the material behaves
paramagnetically. Paramagnetic materials are weakly magnetic characterised by small
positive susceptibility. The bulk of most rocks, for example common silicate minerals are
paramagnetic or diamagnetic i.e. relatively magnetically inert. Diamagnetic substances are
weakly magnet;c, with negative susceptibilities. Examples of such are rock salt, are
anhydride salt domes which can give nse to diamagnetic anomalies. Grains of paramagnetic
and diamagunetic materials tend to line up with their long dimension acrose the external field.

This effect is observed only in the presence of an external field.

3.1.7 Magnetic lnduction
The field H’ which the magnetic poles induced in a material by an external field H
is related to the intensity of magnetization I by the formula

H = 4zl
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The total magnetic flux inside the material as measured in a narrow cavity having an axis
perpendicular to the field is called the magnetic induction B. This is the sum of the external
and internal field and is proportional to the external field strength in moderately magnetic
material as shown by the relation
B=H+H'=H +4nl
=H+4nKH
= (1 +47K)H
=puH (2)
3.1.8 Permeability
The proportionality constant 1 + 41K is equivalent to the permeability u introduced

in equation (1) and equation (2) can thus be written as

B

7 =1 + 4nK----(3)

p:

iy

The permeability is a measure of the modification introduced by introduction of the forces
of alteration or repulsion between two magnetic poles. Its magnitude depends on the

magnetic properties of the medium in which the poles are immersed.

3.1.9 LUnits of Magnelic Intensity

In magnetic prospecting, one usually measures variations in the intensity or some
components of the intensity of the earth's magnetic field. The conventional unit of field
intensity is oersted, or its equivalent gauss. The oersted is too large a unit for practical
prospecting since the interested variations are often less than a thousandth of this amount.
The gamma defined as 100%0e is more conveniently used. The gamma is equivalent to a

nanolesia (nT) of the S.1. unit
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3.0.10 _The Geomagnetic Fieldy

Since the anomalies involved in the magnetic investigation are localized effects
superimposed on the geomagnetic field of the earth, the knowledge and the behaviour of the

geomagnetic field becomes important in both the reduction and interpretation of the

magnetic field.

Nearly 90% of the Earth's field can be represented by a field of a theoretical dipole
at the centre of rotation of the Earth . This field cannot in fact be said to result from a
magnetism of a permanent origin in the deep interior of the Earth, the required dipolar
magnetic moment arc far greater than is considered realistic and the prevailing high
femperatures within the Earth are far in excess of the Curie temperature of any knawn
magnetic matetial. The cause of this field is attributed io a dynamo action produced by the
circulation of the charged particles in coupled convective cells within the outer fiuid part of
the Earth's core (Elsasser, 1958). More details of the discussion on the geomagnetic field

is given in Telford et al (1982), Dobrin (1982) and Garland {1982).

The effect due to this gcomagnetic field is removed from the magnetic data using
a formula known as the International Geomagnetic Reference Field (1.G.R.F) which is
computed vearly. The LG.R.F formula defines the theoretical undisturbed magnetic field at
any point on the Earth surface and it is the harmonic equivalent of the Fourier analysis in

spherical polar coordinates.

3.1.11 Rock Magnetization

Induced and remanant magnetization are properties related to ferrimagnetic minerals.
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However, they are not governed by a simple relationship. Magnetization of rocks depends
upon magnetic minerals contents, type of mineral, particle size, strength, degree of
dispersion and direction of the magnetic field during the formation and subsequent changes
in the earth's field. Magnetization is modified by temperature cycles, stress and stress cycle.
Furthermore, tilting or rotation of block will change effective magnetization. Chemical and
mechanical alteration, addition and removal of minerals and recrystallization should also

cause changes.

3.2.0 INSTRUMENTS USED FOR MAGNETIC MEASUREMENIS

The most common types of portable magnetometers used for magnetic surveys are
the proton-precession, alkali-vapour (or optical pumping), and flux-gate magnetometers.
Other types of instruments are also used in special - purpose applications. The early
magnetometers were of mechanical devices, such as field balance or dip needies, but those
- were replaced after the World War 11 by more advanced flux-gate magnetometer. The flux-
gate magnetometer is in-turn, being replaced by more sensitive and less cumbersome proton
magnetometer. For high precission measurement, the Alkali-vapour magnetometer would
be preferred. If the magnetic relief is very small, or the object of the survey is to observed
magnetic effect from sedimentary rocks that superimposed upon larger anomalies otiginating
in the basement, the extra precission of the optical pumping magnetometer, is required. Such
precision is critical in magnetic gradiometers, where the magnetic gradient is directly

measured.
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3.3.0 SURVEY SYSTEMS

Magnetometer surveys, are conducted on the ground, in the air, from satellites, and
on ships. A ground system consist essentially of a magnetometer and some means of
positioning. Airborne and shipborne are much more complex, as they require both analog

and digital recording systems and other support equipment.

Airborne and marine systems can be operated as total field systems or as

gradiometers. A gradiometer system measures not only the total earth's magnetic field but

one or more of the eanth's gradient

3.3.1 Aecromagnetic survey

The airborne magnetic survey evolved during the second world war as a way of
detecting submerged submarine, coupled with radio location and other devices for locating |
the position of the airplane. The speed, economy and ability to pass through inaccessible
terrain has lend itself as a most widely used method for magnetic survey. The Nigerian land
mass has been covered by aeromagnetic surveys to aid mapping and to guide the speculation
for the search for economically viable mineral resources. The survey flight was completed
in July 1975 and maps were drawn in 1976. The aeromagnetic data is presented as contour
maps showing points of equal strength on half degree sheeté. with a scale of 1:100,000 at
a contour interval of 10 gamma, superimposed on the 1:100,000 topographic maps,

* produced by Federal Geological Survey of Nigeria;
i

The aeromagnetic data reflect rock distribution from the surface to the depth at

which the magnetic minerats loose the ability to retain magnetization. This is caused either
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as a result of high temperatures above the Curie point of the magnetic minerals or due to
change in phase from solid to subliquid. In areas of high thermal gradient, the depth is
usually shallow. This criterion has been used to delineate areas with high thermal gradient
from aeromagnetic data (Bhattacharyya and Lue, 1975). In areas where the geothermal
gradient is normal, such as cratons, the depth obtained from aeromagnetic data corresponds

to the thickness of the crust.

For ore exploration aeromagnetic survey is ofien not too accurate, and the promising
anomalies have to be confirmed by ground survey. The reason for this is that the resolution
of the anomalies decrease with the flight altitude, neighbouring anomalies then overlap and
smaller anomalies are lost. The anomalies lose their sharpness and detail so that it becomes
impossible to separate the effect of two ore bodies at depth Y and horizontal spacing X, if
the flight altitude exceeds X-Y as illustrated in Figure. 3.1. An average flight altitude for

ore survey is about 150 m above terrain,

All the airborne detecting instruments measure total field, and have high sensitivities
over the ground instruments (Telford ez al 1982, Dobrin 1982; Keary and Brooks, 1988).
These instruments adopted for airborne survey include the fluxgate magnetometer, nuclear
precession or proton magnetometer, and optical pump magnetometer. The normal precision
of magnetic instruments is up to + | nT. The precision normally required is approximately

one part in 5 x 10° of the background field.

One problem prevalent with airborne survey is the effect of the aircraft. To
overcome this effect, the sensor is towed in a housing known as "bird' 100-500ft away from

the aircraft or fixed in a "stinger' in the tail of the aircrafl, in which case coil installations
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Figure.3.1 Maximum flight altitude for resolving anomalies of two neighbouring bodies.
(After d'Arnound 1989)

compensate for the aircraft magnetic field. Another problem is to locate the position of the
aircraft at all times with respect to the surface level. This is achieved through electronic

i
positioning system or aerial photography,

3.3.2 Reduction of acromagnetic data Although the speed of the aircraft has removed the
effect of the instrument drift from the aeromagnetic data, the data has still to be corrected
for diurnal variations. This correction is done by arranging numerous cross-over points in
the survey plan as shown in the Figure 3.2. Analysis of the difference in readings at each
cross-over representing the field change over a series of different time periods allows the
whole survey to be corrected for diurnal variations by network adjustinent. Other
corrections for the aeromagnetic data includes geomagnetic and terrain corrections. More

details of these are given in Telford ef a/.(1982) '
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Figure 3.2. Flight Plan for an Aeromagnetic Survey
(adapted from HKeary and Brooks, 1988 ).
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CHATTER FOUR
4,00 DATA ACQUISITION, ANALYSIS AND INTERPRETATION
4.1 DATA ACQUISITION

The data used in the study were part of those collected during the airborne
Geophysical Survey of Nigeria conducted by Hunting Geology and Geophysics Co. of
Canada in 1975 for the Federal Government of Nigeria. The flight spacing for the survey
was 2.0 km at an altitude of 150 meters above terrain, The flight line direction was NW-SL,
The constructed isoline contour maps of the aeromagnetic survey was used in the study.
Four aeromagnectic map sheets numbered 80, 81, 103 and 104 were obtained from the

Geological Survey Division, Kaduna.

4.L.1 Data Setting

The acromagnetic maps were digitized at the intersections of a best straight line
passing through a flight line with the contours. The intersection of the contour with the
flight line was considered to be the most reliable digitization procedure since it was the only
point free of any human error of interpolation. At each digitizing point, two values were

recorded: the contour value and the distance di to the point of intersection, (Figure 4.1).

The coordinates of the data points were calculated in terms of longitudes and
latitudes by an algorithm which converted the location of the data point from distances into
coordinates given in degrees and decimal of degrees with respect to the map onigin. The

basis of this method was given in the diagram and the expressions below.
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Consider the figure (Figure 4.1) below which was the basis for the program written

for converting the longitudes and latitudes of data coordinates.

(Xe,Ye) |

P(x.y)

(0,0) (X, Y.

Figure 4.1: Hlustration of the process of obtaining
the coordinates of the data point P(X,Y).

For a point P( x, y ) on the map, distance dl from the starting point of the flight line, its
latitude with respect to the map origin ( 0, 0 ) is given by the relation

Yip =YL + [{y, x dl) sinO}x CF¥
- and the Longitude

XLP = XL + [(X,-d) cosO] x CF
Where ( X,,Y, ), (X, ,Y, ) are the coordinates of the starting and end point of the flight line
respectively, the angle O is oblained by taking that.

YL’ - Y.'.,
Xe _XS

tang =
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where YId, and Xi¢ are respectively the latitude and longitude of the map origin determined
from the left most bottom corner of the map. The conversion factor CF |, was the factor used
for conversion from distances into degrees and decimals of degrees (CF = 0.50 / 55.3 for
. all the four maps). By measuring the value of dl on the map, a program (Conv.for) was
written to calculate the coordinates. of each data point, in terms of degrees and dec-imals of

degree,

After digitizing, the randomly spaced data was then interpolated into a regular grid
of 1.1 km by 1.1 km interval using an interpolation program written by Roland Kangkolo
of Physics Department, Ahmadu Bello University, Zaria on an IBM PC/AT Computer. The
program was based on the combination of least-squares interpotation and the Laplace
interpolation method for interpolating randomly spaced data to a regular grid. In choosing
the grid interval, consideration was given to the number of data points, size of the average
anomaly of interest and the flight line spacing for which a balance was struck between these

paramelcrs.

A problem encountered during the interpolation was the size of the data with respect
to the capacity of the computer which was used. Since the computer did not have enough
memory to take all the data at once, the interpolation was done map by map. To interpolate
- for each map, a 0.05 degree search radius was allowed at each map boundary to allow for
interpolation and removal of the edge effect. This was done by merging the data of one
section of a map to anather, This was done by extracting a data for the desired interval on
each map from a combined data of all the maps which were in one data file. Thus for map

I with original coordinates 8.00 to 8.50 and 11.00 to 11.50 the extracted data was specified
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at interval 8.00 to 8.55 and 11.00 to 11.55. The intervals for extraction of the remaining

maps is shown in Table 4.1.

The grided data was then combined after interpolation into one set of data by
merging to remove overlap at the boundaries thus ensuring that the combined data was
“smooth and have no discontinuities at the boundary. The merged data was machine

contoured to produce the composite total field intensity map of the study area (Figure 4.2).

4.2 ANALYSIS AND INTERPRETATION

The interpretation has been divided into qualitative and guantitative components. In
the qualitative interpretation the total magnetic field intensity was contoured and the
contoured map was interpreted by descnbing the anomaly patterns through inspection of the
map. A correlation was then made between the total magnetic field map and the simplified
surface geology map of the area by superimposing the Geological map on the total field

| map. Also, a statistical analysis to find the distribution of the strikes of the anomalies with
respect 10 the azimuthal angle was made. In the quantitative interpretation, the total
magnetic field data were analyzed for any structural trend by the method of autocovariance,
(Agarwal et al., 1971 and Horton er al., 1984). It was then separated into its components
namely the regional and residual and transformed into different types of maps for
interpretation and correlation between them. These maps include the regional, the upward
continuation, residual and the second derivativé maps. All these analyses were done on a

computer (iBM PC/AT model) of the Physics Department, Ahmadu Bello University, Zaria.
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OLD MAP COORDINATES X & Y X’ AND Y’
%, y M Yy Vi x*, X X« X::
104 8.50 9.00 11.00 | 11.50 | 8.45 8.55 11.00 | 11.55
080 8.00 8.50 11.50 | 12.00 | 8.00 8.55 11.45 | 12.00
081 8.50 9.00 11.50 | 12.00 | 8.45 9.00 11.45 | 12.00
xX.: ¥

The coordinates at which data were extracted for each map

and used for interpolation
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The programs were developed by Prof S.B. Ojo and Roland Kangkolo of Physics
Department, A B.U Zaria. Finally a spectral depth analysis to determine the average depth
to the top and bottom layers of the anomalies and a 3-ID modelling to determine the

thickness and radial extent of some identified residual anomalies were carvied out.

l Lk hl N T rg
4.3

A close inspection of the total magnetic field map (Fig. 4.2) of the study area shows
prominent lincar magnetic anomalies with sharp and low gradient and closures with varying
amplitudes, Most of the major magnetic anomalies strike in the NE-SW direction but an E-
W direction is also observed. The map can be divided into two zones: in the western part
of the study area between longitude 8° 00'E to 8° 45°E and latitude 11° 00'N to 12° 00'N
is the area of little or low magnetic disturbance; while in the eastern half of the study area
between the longitude 8° 45°E to 9° 00’E and latitude 11°00°N to 127 00’N starting from
Burumburum to Wudil in the north, is the area charactenized by many magnetic anomalies.
This suggests changes in the fithology of the rocks within this area. The sharp gradients of
the anomalics are believed 10 be due to the intrusions of magnetic bodies at shallow depth
while the low gradients are due to magnetic bodies buried at greater depth in the basement.
Twao distinctive NE-SW trends identified as CC' and LL' on the total magnetic field map can
~ be recognized. They suggest the presence of a magnelic lincament or shear zone crossing

the study area in the ENE dircction.

4.3.4 Corrciation between the total fickl map and the geological map

Based on the available geological information, the study area may be divided into
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two zones; the extreme western section of the area marked by little or no granitic intrusion,
and the eastern part of the area which shows a lot of granitic intrusions surrounded by

country rocks (Figure 2.3).

The geological map superimposed on ihe total fickd map (Fig 4.3) shows a good
correlation between the geological and the total intensity map. It is apparent that two
distinct zones shown on the geologic map are also recognizable on the aeromagnetic map.
In the westem half of the study area predominated by the migmatite-gneiss complex, there
is little or no magnetic response, while in the eastern part of the area where there are
changes in the lithology of the meta volcanics, several clusters of magnetic anomalies exist
within this area. The NE-SW fractures marked on the geological map also correlate with the

NE-SW Lineaments on the acromagnetic map.
44  SIRUCLURAL TRENDS

4.4.1 The Statistical Analysis of the Lineaments

Gay (1972) described magnetic lineaments as the disruption in the contour pattern
of the magnetic anomalies, caused by juxtaposition of blocks of rocks with different
magnetic susceptibility. The magnetic lineament indicates zones of weakness within the
basement rocks which have undergone some displacement, and may include faults, shear

zone, and contact due to intrusive and extrusive rocks.

Two methods have been adapted in the study of the lineaments; the non-orientational

and orientational methods. In the non orientational method two maps, the total field map
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and the upward continuation map were studied for lineaments using the criteria described

by Gay {1972), which include the following

1. termination of magnetic lows and highs which tend to terminate against
lineaments,
2. Steepening and flattening of gradient which is easily recognized from the

total field, and
3. Straight patterns of magnetic contours and combination of two or more of
these features.
Two trends have been recognized marked LL! and CC' from the total field map Figure (4.2)
and an E-W trend in the upward continued map.

In the orientational study, the azimuthal deviations of the strikes of the anomalies was
measured between 0° to 180°, the measurement was statistically grouped into classes of
10° in size and plotted on a histogram. Figure 4.4 shows a plot of frequency distribution of
the anomaly strike direction with respect to the azimuth. Two peaks are notice between 50°
to 60° and at 80° to 90° which correspond to. the NE-SW directions which are
predominant, and an E-W direction respectively. The NE-SW trend is probably attributed
to the fact that the intrusive bodies causing this anomalies must have exploited the pre-
existing structures during their emplacement in the basement. This view is shared by Amosu
{1986) and Ajakaiye (1970). Amosu asserted that "the emplacement of granite bodies within
the Nigerian Basement complex of predominantly older granite exploited the major

structurat displacement within the basement "
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4.5 ANALYTICAL INTERPRETATION

4.5.1 Intreduction

In the analytical interpretation the observed magnetic field data was transformed into
different types of maps, namely the regionat and local anomalies, 'residual’ which are of
economic interest; the second derivative maps,and upward continuation maps, Other
analysis include the cross-correlation of the total magnetic field data to determine the
structural trend, spectral analyses to estimate the average depth of the anomalies and finally,
3-D modelling to determine the thickness and radial extent of some the identified residual

anomalies. Detailled description of these methods are given below:

4.5.2 Separation of Residual and Regional Anomaly

The observed magnetic field at any particular point is a vector sum of field produced
by various componets. One of this which is the inner field of the earth due Ito basic
properties of the earth, as a whole, has been discussed in section 3.1, 10 and more details are
given in Telford et af (1982), Dobrin (1982) and d'Armoud (1989). The field has been

-removed from the original data based on the .LG.R.F 1974 formula (G.S.N aeromagnetic
map) the remaining field contains the effect of bodies of finite dimension in the crust and
large scale geologic features considerably beyond the boarders of the limited area of
investigation called the regional which appears in the form of a smooth surface in the data.
This was calculated by fitting a first order polynomial surface of the form T(i,j) = 7868.2-
0.1122x - 62.266y to the observed data using the Robust fit method. Kangkolo (1996), also

{personal communication). The computed regional was subtracted from the observed data
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to obtain the field due to magnetic bodies of localized and shallow origin known as the

residual field (Fig. 4.5).

The conioured regional Figure 4.6 shows an E-W trend, which confirms the result
of the statistical interpretation (Section 4.4.1) This E-W trend has been recognised within
the Nigerian basement complex (e.g Qluyide 1988 and Mullan 1978), it has been attributed
to localized structures within the basement, which are preserved as relics; They were
believed to be the oldest existing structures in the basement. Mullan 1978 was in the opinion

that they were probably pre-Pan-African Origin.

4.5.3 1he upward continuation of the fotal field

The upward continuation is carried out on a magnetic data to reduce the data to a
uniform plane above the terrain, by reducing the measurement from an irregular surface Z
= h(x,y) to a horizontal plane, say Z = 0, above it. The upward continvation also serves as
a filter to smoothing the magnetic field by suppressing high frequency anomalies,
i
To a first approximation the relationship for the upward continuation can be written in

form of a Taylor's series of two terms (Telford et al, 1982) as: -

S(x,¥,2) = 2(X,¥,h) -h(—gfl = h
gz ,

(1) Theoretical Basis Suppose we have a set of vertical component magnetic data
z{x',y’) on an trregular surface z = h(x',y’). We obtain the equivalent z(x,y) values on a

plane above the surface h, say the plane z=0, z Being positive downwards. Then
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, Y Z(xy Nedr dy!
Hxya) = E;ff{(x, T ol - 2 )

The left hand side of equation (1) is the Z value at coordinate (x,y) in a plane above or at

the surface z = h{x’, y") on the right side. This relationship holds for all values of Z <

h{x’,y’). In polar coordinate

X' =rcos@

y' = rsin® (1.1)
If we shift the origin so that

x=y=0 (1.2)
then from .1 and 1.2 above equation (1) reduces to |

Axy2) =~ "

1 Ff JE(r,O)zrdrdB
00

rz + z%
Since the surface for the coordinates x’, y* is irregular, the conversion to plane coordinates

is justified only by the use of first order approximation. Defining

_lﬂ
Z(R)=— [ Z(r,0)i0
N 2n£ (r.0)

as the average value of Z(r,0) around a circle of radius r, we have

differenciating with respect to z

e

dZ e ZWr? -2z dr
ds f 2y502

(rt+z

since Z (r) is a function of r, equation (3) can be numerically integrated to become
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dZ QT _ re
Z 7( )f (r +22 /2 Z [ "(’ )[( ”2‘1 +z 2)312 (rnz +z 2)3;2
2 2
- Z(U)rl _Z_,(ri){ 1 _ rz
(r rzz)w (rl+z 2)3!2 (,,25!+22)3r2
2 2
2 Y —————

(r; +z2P2 (. 32 +z2 22
If Z (0) is the measured value at a station whose coordinates on the irrepular surface is
B

(x.y,h) then

Eg) :M_f(, ) 1 - i

( )
Az’ r (UYL R r (1R

1 ) i

~2ra ) . 27, 21332 3,2
r(1+h%lr®y ry(l+h4r )32

using above expression for the vertical gradient, the values of Z(x,y,0) at any point can be
evaluated at any point in the plane z=0 above the itregular surface. Using equation (1) this

Z(e0)=Zr (1 -— Ty e[ Ze L h iy — L
r{t+h E.fr,z)y2 " r,(1+h Yty
= i
ZH—— - o

L OR R N ( BY L% N

This is obtained by drawing concentric circles around the station (x,y,h) of successively
large radii r;, 1,....I, average the value of Z around each circle and multiply each average by

the appropriate square -bracket term.
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The evaluation of three dimensional case can be achieved by employing the formulae

given by Henderson (1960) for the vertical magnetic component

Z(-I)=Y 0 o Z(T k(r o)

Z{-h) represents.the vertical component at height h above Z=0. Z(r;) = average value on
Z = 0 for circles of radius r, k(r,h) represents the upward continuation coefficient.
- Henderson (1960} gives a series of coefficient values for computing Z(-h) , the coefficient
method results in the distortion in the field at the map boundary due to edge effect. Tsay
(1975). An alternative method is to use the fast fourier transform method.
(ii) Application and Results The computation of the upward continuation field was done
via the frequency spectrum. The field is first transformed into frequency domain using the
fast fourier transform. The transformed field is then multiplied by frequency domain upward

continuation operator which is

Fu(fe fy,hy=e ™ (fic2+ )2

Where h represents the height of continuation and then the result is converted back into
space domain,

The generation of the field was done stage by stage, by starting at a height
Iappmximately equal to twice the grid spacing, (the grid spacing equals 1.08 km) and then
each time multiplying by 2. The field at a height of 2 km, 4 km, 6 km, and 8 km were
generated. The results of these calculations were contoured as shown in (fig 4.7a-d). It can
be seen that as the height of continuation increases the shallower anomalies are being

filtered out and at height of 8km the field has become smooth. And looks more like a

regional field.
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Observation of the map at height of 8 km (figure 4.7d) shows that the upward
continued fiekd has the same E-W trend which appears in the regional ficld (section 4.4.1),
This E-W regional may have its origin beyond the area of the survey, Amosu (1986) and
.(Ajakaiye, 1970,1974). Ajakaiye and Verheijen (1974) have shown similar feature in the
Dutse complex and the Younger Granite Province of Jos -Plateau which are to the West and
East of the survey area respectively. Amosu {1986) asserted that these structures may have
been the structures that were exploited during the emplacement of the granite masses in the

basement complex.

4.5.4 The AutoCovariance Apalysis

The aeromagnetic field is a complex phenomenon arising from more complex
distribution of magnetization in the earth's crust. It therefore appears likely that the tectonic
history of the rock is in some degree recorded in the magnitude and pattern of magnetic
anomalies. Statistical methods can be used for the interpretation and analysis of these
anomaly fields based on the concept that the magnetic field is @ random function. T h e
auto-correlation analysis has been used here for analysis of the data, The autocorrelation of
magnetic data is based on the presumption that if two similar maps are placed one over the
other the relationship between them will be shown. If there is this correlation, it will still be
maintained if one map is slightly moved up and then displaced to the right hand-side. The
theory of autocovariance of statistical data has been reviewed by Horton e al, (1964),
Agarwal and Kanasewich (1971). The basic concept can be expressed as follows: suppose
a rectangular coordinate system (x, y) is laid out on the map and Z is the quantity contoured

on the map. Thus Z = Z (X, y) on the map. Assume that the calculations ase restricted 10
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squares with sides L. x L. which is a sample from a larger map. Then the autocovariance

function C(u,v) is defined as
C(ny) = (-EI-;) f f Z(x, ¥) Z(x + u, y + Vdxdy: (1)
where the integration extends over the square -L/2 < x < /2 and -L/2 < y ¢ + 172,

Autocovariance yields statistical average of all magnetic anomalies of an
aeromagnetic map and can be used to inlerpret stress patterns in acromagnetic maps where
these trends are representative of the geologic stfuctures creating the magnetic anomalies.
The autocovariance of statistical data is determined using the following procedure: Take
that the contoured map is covered by a square grid of spacing Ax and that the value of the
contoured quantity at the intersection of the 1 and ™ column of the grid is Z(r,s), then

equation for sample data becomes:

N-r N-»

——-————(Nr)w ;2 ;: 2, j) 2 + 1, j+ 5) (2)

rs =012 .. . m

o(r.5)

1l

Where m is maximum shift.

For a negative r and s, the equation is defined by c(-r, -s}= ¢(r,s). To complete the definition

of ¢(r,s), ¢(r,-5) is defined as

N-r

N
WA r)(N 5 2t 2, AT 3

rs =01 2 ..., m

c(r,~s)

Where m is maximum shift.
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For ease of computation and because of their relationship with Fourier
transformation and power spectrum the calculation of the coefficient of the autocorrelation
was done via the frequency domain. The contoured coefficients of the Autocovariance
function is shown in (Figure 4.8) This shows a structural trend tending in the ENE-WSW
direction. This is in conformity with lineaments obtained with the orientational and non-

orientationat studies in (Section 4.4.1).

4.5.5 Second vertical derivative

A very early problem in the history of exploration geophysics was how to separate the
effect of anomalies due to two bodies close together. If the bodies causing the anomalies are
close refative to their distance of separation. Their anomalies will overiap, and the influence
of each individual anomaly will not be seen in the single anomaly, However, If the depth
decreases and the separation between the source remains the same the anomalies become
narrower and appear clearly separated. This is the basis of the downward continuation
method (Branov, 1975). In fact, we distinguish things more clearly when we look at them
closer. However, up to the early forties, no proper computationat means for the downward
continuation existed and, therefore results obtained were somewhat complicated and
uncertain. But it was soon realized that to obtain much more narrower anomalies without
losing the trend of the original anomaly, it is easier to replace the function by their vertical
derivatives. Apart from enhancing the shallower anomalies the second vertical derivative
is also used to delineate contact between geological boundaries with contrast in physical
properties. (Such as density and susceptibility), (Alli, S. 1989, Henderson and Zietz 1967).

These contacts are reflected by inflection poinis in the potential field, which, while difficuit
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to locate on the anomaly map, are accurately traced by the zero contours of the second
vertical derivative map (Kangkolo, 1996). |
.
(i) Theoretical basis: 1f V is the anomaly in magnetic potential at all point in free space it
satisfies the Laplace equation.
VW = 0~ - 1)
The component of the total inteasity anomaly AT i the direction of the earth's nocmal field

{assumed Invariant over the area) is given by

Equation (2) is valid as long as AT<<T where T is the magnitude of the total field.
Operating on each side of the equation (2) with

¥4 2 2
T N
x gy az?

In consequence of equation (3) we have

VHAT)

FHAT) | HAT)  FHAT)
ax? ay? dz?

Therefore, AT on the bases assumed satisfies the Laplace equation and admits of analysis

by the method of potential theory. Rearranging the equation (3) we have

FAan _ _[(FBan . FAD . @)
dz? ox? dy?

Equation (4) is linearly dependent on the second derivatives in X and y directions. A filter
can be designed to calculate the second vertical derivative. Herderson (1960) and Branov

(1975), give coeflicients for the computation of the second vertical derivative, but this

53



together with fast Fourier transform method present difliculties at the boundaries due to
edge discontinuitics which give distortion in the map of the transformed field
(Bhattacharyya, 1972). An alternative method of calculating the second vertical derivative

field is by the adaptation of spline theory (Kangkolo, 1996).

(i) Smoothing: Since the second vertical denvative field is mostly associated with noise
due to effect of bodies of very shallow origin, a filtering of the data becomes necessary.
One practical method is by the upward continuation. The upward continuation operator is

given by Telford et al, 1982. This equation is given by

F(hy) = exp[- 2mh(u?+v?)?]

where h is the height by which the field is continued. The upward continuation operation
-results in the attenuation of high frequency component of the field data, and so it can be
used to filter the high frequency components before the second vertical derivative is carried
out. The contoured map of the computed second vertical derivative field is shown in
Figure 4 9.
(1) Observations EBxamination of the contoured second vertical derivative map (Figure,
4.9) shows the map to very well correlate with the residual anomaly map Fig 4.4 The
shallow anomalies appear very well in the second vertical derivative map. The gravity
anomalies identified by Ojo et al (1993) are also very well reflected in the map where these

anomalies are numbered 1,2,3,4 and 5 on the map.

Table 4.2 shows a comparison between the residual magnetic field and residual
gravity field of the study area. It is cbserved that there is a correlation between the magnetic

lows and the gravity high and also with gravity lows and the magnetic high. Most of these
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Table 4.2: Comparison between the Gravity and Magnetic Anomalies

8/Wo LOCATION LONG I TUDR LATITUDER BOUGURR ANOMALY RESIDUAL ANOMALY | AEROMAGNETIC
(g.u) (g.u} IMTENBITY
jdamman)

1 dewwun dant-oal | g 497 0% | 11.28°27" | - 42mGal‘| - 16mGal | 7300

2 R 8.46. 0. 11.26.30. - - 5mGal 7550
Esst of Dal

3 Bewenes Binuteen | 8 4R D0, | 119127 0" - 68mGal | - emGal 7950

4 Around gana 8.34.20. | 11°15.0. - 64mGal | - 4mGal 8100

5 Worth of Oana 8.37!‘ 0. 11017f 30. = o 7400

6 Setwesn Qurke- 8.,43" 0" | 11°46’28 - 52mGal | - 2mGal 7400
Kumurys

7 W 8.34.0. 11.32.0. - 56mGal 7500

8 South-West of 8.45' o”* 11939 6* - - 7600
darke
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near surface anomalies are orienled in the NE-SW direction as seen in the residual magnetic
map (¥Figure 4.5). This suggests the presence of a sheer zone crossing this area. Elongated
zero contours are atso seen in the map. This reflects the different lithological boundaries
with respective susceptibility contrast. This also correlates with Lithological boundaries

. mapped in the geologicat map (Figure 2.3).

A study of the structural trend, from the upward continuation, the regional and
residual anomaly, the second vertical derivative and the auto-covariance analysis, has shown
the major trends in the area ( E-W and NE - SW trends). In summary,

i) The study area is characterised by a NE-SW residual field superimposed on E-W
regional field,

il The correlation of the E-W regional trend with results obtained by Ajakaiye and
Verheijeﬁ (1979) in the Younger Granite Complex of Jos Plateau in central Nigeria
and Amosu (1986) in the Dutse complex surrounding the area confirmed thetr
regional extent, Therefore the belicf that the emplacement of the granite masses in
the Nigerian Basement complex has exploited the pre-existing structure has been
supported by this evidence. This evidence has shown that this emplacement which
took place during the Pan African orogeny has altered the shape of the previous
structures and turned them to their present shape. Relics of these structures are still
preserved in the basement complex as the E-W trend. Fig 4.10 shows the majorl

fracture irends in the Nigeria Basement complex.
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4.7 THREE DIMENSIONAL MODELLING
4.7.1 Intreduction

Among the most widely used models in the interpretation of magnetic anomalies is
the dike, the prism and buried slopes. This interpretation which involves the determination
of body parameters such as width, depth, dip and intensity of magnetization may be done
using characteristic curves or by computer curve fitting techniques. Gay (1967} has
reviewed the use of characteristics curves for dykes models, and Am (1972) reviewed the
methods of characteristics curves for various magnetic bodies. Koulomzine ef al {1970)
developed a method which decomposes the magnetic anomaly of a dike into symmetrical
and antisymmetrical parts from which parameters such as dip, centre and width of the dike
model are estimated. The availability of computers has now changed the methods of
interpretation in that, now, the characteristics curves are only used to get the estimate of the
initial parameters which are used as inputs in further accurate interpretation by computer,
The parameters are used to calculate magnetic anomalies which are then compared with the
observed anomalies. If the two curves do not match, the parameters are adjusted so that the

calculated curves match the observed with allowabie experimental error,

Hall (1968), and McGrath and Hood (1970) suggested a technique in which the
" method of trial and error is used until a good fit is obtained between the observed and the
calculated anomalies. This approach of iteration by which the changes of parameters is left

to the imerpreter to decide is subjective and time consuming and need a lot of experience.

Several methods therefore have been evolved to change the parameters automatically. These
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include the use of Powell algorithm for interpretation of multi-model case (Mc¢-Grath and
Hood, 1973). Rao et al (1973) used gradient method 10 determine the changes in parameter
vector to account for residual; Johnson (1960) used Marquardt ridge regression to optimise
magnetic anomalies caused by two dimensional bodies of polynomial bross—section. Hielt
(1973) studied the performance of various methods for automatic interpretation of magnetic
anomalies caused by thick sheets; Won (1981) used Gauss method to minimize the residual

anomaly caused by dike like bodies,

The method being considered here is the 3-Dimensional modeling of magnetic
anomalies based on the method presented by Rao and Babu (1991). This method of three
dimensional interpretation of magnetic anomaly requires analysis of data over an area and
assumes multiple vertical-sided prisms as a geometrical model. Structures such as intrusive
plugs and uplifted basement faults are usually approximated by prismatic models.
Bhattacharyya (1964) presented a closed form equation for the total magnetic field

anomalies of prismatic models.

A study of aecromagnetic contour maps suggests that most of the magnetic anomalies
may be interpreted as a number of magnetized bodies, which can be modeled by prismatic
bodies, in general. The magnetized bodies are also closed to each other such that separation
of the anomalies due to individual prism is not complete. Hence the contour map is usually
interpreted using multiple prisms with different magnetization and orientations. The
equation for the magnetic anomalies of a prismatic model is non-linear in its parameters, and
hence many non-linear optimization techniques have been employed to interpret its
parameters. Whitehill (1973) used the simplex method of interpretation of magnetic anomaly

due to a single prism. Coles (1976) used Marquardt's least squares nonlinear optimization
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technique to interpret magnetic anomalies due to multiple pristms. One important feature of
Rao and Babu's method is its savings in computer time for the number of iterations. A non-
linear optimization technigue based on Marguaradt's algorithm is used to estimate all

parameters of the model.

4.7.2 Anomaly Equations

LetX Y, Z coordirllates be chosen such that the x-axis points towards geographic
North, the y-axis points towards the geographic East and the z-axis points vertically
downwards (Fig 4.11). Let the point on the observation plane taken as the origin of the
coordinates system, and the observations be taken at grid points laid parallel to the x- and
y-axes. Then the equation for the total field of magnetic anomaly at any point due to a

vertical prism whose sides are parallel to the coordinate axes is given by (Kunaratnam,1981)

2

: 1 2
ATey0) = 3 303 SIG I (By, + o) +

k=1 =1 m-1

' Glln(Rk{m + Bl) M Glln (kam * hm) *

"

h
+ Gyarctan i o B (1)

G arctan
o
ktmt1 ki k

Where

S' :(_ I)k+l+m, Rum - (a: + l],z + hz:'
o, =dg, -x k=12 ..

B,=8 -y, L=12..

and (a,, by, h,) represents the coordinates of diagonally opposite corners of the prism. The
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constants G, G,, G, G,, and G, are given by

G, =El (Mr + Nq ), G, =LI ( Lr + Np}

G, =EIL{Lq+ Mp), G,=EI(Nr-Mq) and

G, =EI[ (Nr - Lp)
Where El is the intensity of magnetization, |,m,n are direction cosines of magnetization, and
p,q.r are the direction cosines of the geomagnetic field. If the horizontal sides of the prism
are not parallel to the coordinate axis, but are rotated by an angle © with respect to the
geographic north then we have to choose a new coordinate system (x', ') parallel to the
horizontal sides of the prism. The point O on the observation plane remains the origin of the
New (x’, y') as well as old coordinate systems, then the (x, y) coordinates in eqn (1) are to

be replaced by the new coordinates (X', y') given by.

x! = x cosB +y sind
and
y' = -xsin0 + y cosB

If T and D are the inclination and declination of the geomagnetic field, the direction casines

of the field vector are given by

p = coslcos(D-0)
g = cosd sin(D - ©) and r = sinj
If 1) and D, ' are the inclination and declination of the magnetization vector, then its
direction cosines are given by
L = cos!’ cos{D’ - 0)
M = cosl/sin(D/ -0) ad N =sinl
If the observed anomalies are caused by Nb prisms, the equation tor the magnetic anomaly

at the field point (x, v, 0) is given by

63



Alixy0) = ﬁ AT (xp0) + ¢  —==--m- 2)
k=i _

where ¢ represents a constant regional. Kunaratnam (1981) has suggested that the
logarithmic terms in equation( 1) can be simplified as
2 22
; g ; Sin R, + @) = In (kll {Rum + txk}) :
where Hk,,'m stands for the product of the function values evaluated for each k, 1, and m and
the arctangents in equation (1) are to be simplified using complex notation. After expansion -

and simplification of the logarithmic terms in equation (1)

the equation may be written as

ATxp,0) = G, In Iy + Gy InFy + G, In I, + G, F, + G, F, - (3)

} (R, + o )R, + a,)(Ry + o )R, + )
R, + a )R, + e )R, + a)(R, + )

(Rz + p,)(R?, + [i])(RS + {;2)(1e3 + [52)
0y + By + By){Rs + B + By)

where { )

1{2 =

. gez + ;:2)(fe3 + hl)(Rs + hl)Qfg + hz)_

s Ry + BB, + )R, + MR, + )

o o h oh a.h
I, = arclan —ﬁ - arctan ——% - arctan Z 4 arclan ——-2 -
gM2 RB, RB, R,B,
h o h o.h o.h
arctan % + arctan ——- + arclan ——& - arctan ——_
RB, R, Raﬂl Rlpl
h h h
I, = arctan boh arctan -—Di—z— - arctan Ph, + arctan Bk, -
Rqo, . R,a, 4,0,
h h h
arctan Bi L+ arctan ﬁzhl + arctan B, L. arclan&—‘—
R, R0, 30, R,
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4.7.3 Inversion

The magnetized prismatic body is characterized by as many as twelve parameters
apart {fom the regional. A constant regional is assumed. Six parameters are the horizontal
and vertical coordinates (a,, a,, b,, b,, and h,, and h,) of the prismatic body and the
remaining are the intensity of magnetization (EX), the orientation of the prismatic body with
respect to the geographic North (©), inclination (I,), and declination (D,)} of the

magnetization vector, inclination (I) and declination (D) of the earth's geomagnetic field.

Non-linear inversion techniques using Marquardt algorithm can be employed to
estimate the unknown parameters. We start with an initial model and iterate on the

parameters in order to minimize the objective function defined by

Mx A1)
} = Z Zf [A!ob;(’zf) - aT(:«:‘M’ (‘J)]z - (4)
it gl

where AT, and AT, are the observed and calculated anomalies, respectively, and M, and

M, are the number of observations points in the x- and y- directions respectively.
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Let the observed anomaly AT, (i,j) be the sum of the anomalies due to more than
one prism, say Nb prisms, and let the number of unknown parameters be given by
N=(N,N,)+ !

including the constant regional. Then, the system of simultaneous equations becomes

N Mx My I s
kzzz JATG,j) SATG)) « 8, MlPk

Fit j o ar, ar,
fx M ' . .
g s me 4. w1 ONT
- 35 ar, 60 - anap) B L s
i=i _,le . ali

.wherc =1 to N, and §,, is Kronecker delta. Also A is the damping factor and P, represents
oue of the parameters a,, a,, by, by, by, hy, L, Dy, 6, and El of each prism and the constant
regional (C); dAT/OP1 represents the derivative of the anomaly with respect to P2; dI
represents the increment or decrement of the k™ parameter to be solved for and finally to
be added to the initial values of the parameters. The constant A is to be selected by trial and
error, so that the objective function decreases. Equation (5) may be written in matrix form
as,

D.B

]
(a]

©)

In which D is the coeflicient {square) matrix with known elements, B is the column matrix
of unknown parameter increment to be solved for and P is the column matrix with known

elements. These may be given by



K Ax My
JATG ) JATUD

= E 2 #2(1 + O, A

Q i~ J=f 6‘1’! a}’k ( ki )

lor L=1twN K=1#N
lor B=dP, for K=11toN

Afs My

and P =YY [M;b,(f S - AT ’(U)]aa?(i,f)

- ]

Forl=1toN.
The matrix D is aiways symmetric and made positive definite by multiplying its diagonal
elements by (1 + A). Hence Cholesky decomposition method {Bhattacharyya, 1980) can be

used for the inversion of matrix ). As the matrix D is symmetrical only the lower diagonal

elements need to be cafculated.

The program starts with initial values of the unknown parameters 10 be assumed. In
the interpretation of real anomalies, the initial values of the parameters may be assumed
from geological consideration and or nature of the contour map. The horizontal dimensions
and the orientations of the prisms are usually assumed based on the location of the minimum
and maximum closures of the contour map. In the absence of other information, the initial
values for the inclination and declination of the polarization vector are assumed to be the
same as the earth's field. The objective function, F, , defined in equation (4) is found for the
initial model. A value 0.5 is initially given 1o A and the increment &, are solved for. The
partial derivatives in eqn. (5} are solved analytically by calculating the anomaly twice using
equation (3) with a small perturbation in each parameter. The partial derivatives of the

anomaly with respect to various unknown parameters are obtained by differentiating the
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expanded version of equation (3) instead of equation (1) as it is simpler to obtain them with
the former equations. Equations (5) are solved using the Cholesky decomposition method
and the increments are added to the initial parameters. The objective function F, is again
calculated using these values. 1T F, < F,, then the siep is a success and the value A is
decreased by a factor of ¥z and the value of F, is assigned to F,. IfF, > F| at any stage, the
search is unsuccessful. A is doubled and equations (5) are again solved for the increments.
The objective function F, is again calculated and compared with F,. The procedure is
repeated until F, < F,. The usual convergence criterion is that the value of the objective

function practically remains at the same value or the increments of various parameters are

negligible.

4.7.4 Approximate equations

The computation of the magnetic anomaly and the partial derivatives at any point
involves the repeated usage of equations (3), as well as its partial derivatives. The equation
has been reduced to approximate equations in order to save computer time and makes
programs of practical use. Approximate equations have been developed for the anomaly as
well as for the initial derivatives calculation. The approximate equation for the anomaly is

obtained by treating the prism as a line mass in the eguation given by Kunaratnam (1981);

hy

ATy =4 16 L v g &
. = 7 —_— 1 +
Tx.y.0) ;r UG 556 %2 Ghoa * " Tpoa
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Where
R =y «P+h> ad A = (a,-a)b,-b)
Integrating the right hand side of this equation with respect h. This equation becomes.

AIxy0) = AGH + Gy | — + L]+
R R}

CpB o+
63 C1 &B . G“ ( |B 2) _
az + ﬂz xz + pz
O 40
e @
x*+ 0
where
a +a, / b, + b, r
@ = -x, P = -
2 b pA Y
R = + P2 +nl R = a2+ B v b
h h h h 2C
1:_1_—.__2_ w:d(‘__'lz_i—_l-__.__.,_.?‘__.
Ry R R, R (& +pY

This equation is vahd at all points except in the range defined by
(3, +2)>x>(a,-2) and (b, +2)>y>(b -2)
where a,, a,, b, and b, are given in grid units. Similarly approximate equations for the

partial derivatives are obtained by differentiating equation (7) with respect to various

parameters,
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The use of the exact and approximate equations may be efficiently monitored as a
trade-oif between accuracy and speed. Thus, for the first few iterations where accuracy is
less important, the approximate equations are used to calculate the anomalies and the
derivatives at all points except in the region defined by the horizontal projection of the prism
on the observation plane and the immediate two neighbouring points from the boundary of
the horizontal projection. As the iteration progresses, the exact equations are used for

calculating the anomaly on the top and more neighbouring points of the prism.

4.8 THEPRESENT APPLICATION

The anomalies that were modeled using the above method were identified from the
second vertical derivative map (fig 4.9),and are also shown on the residual map (fig 4.5).
Seven anomalies were selected and extracted within the study aréa (fig 4.12). Five of these
anomalies correspond to the gravity anomalies identified by Ojo et af (1993), while the

others were not identified in the gravity survey due 1o problems of road accessibility. The

anormalies are numbered ANQO 01 to 07. The residual fields of the anomalies were modeled.

4.8.1 Initial parameters

The convergence of the algorithm to obtain a realistic model depend on the choice
of good starting values for the mode! parameters. Initial parameters of the anomaly models
were assumed from the study of the geological map of the area and the average depth
results obtained from spectral analysis. In the case where a particular anomaly outcrops on
the geological map the depth to the top of the anomaly is assumed to reduce zero and the

depth to the bottom was estimated from spectral analysis. Two blocks of 64 km x 64 km
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which overlap were selected in the study area. The plot of the power spectrum versus
frequ:ency of the two blocks shows two depth segment in which a straight line could be
fitted (fig 4.13). The first segment corresponds to the deepest source and the average depth
range from 5.2 km to 6.8 km. The second segment represent depth of shallow source and
range from 0.45 to 0.65 km. The inclination, declination and the total field intensity of the
earth were obtained from the lines crossing the area on the earth plots of the parameters,
the initial geometric parameters of the modeled bodies were measured on the individual
anomaly map. Figure 4.13 shows the plot of this parameters with respect to the rotated
system. The interpretation of the individual anomalies is discussed below. The values of the

susceplibility conlrast given are in ¢gs units to obtain S1 units values are multiplied by 4]].

4.8.2 Aunomaly nuinber ANO 01

This anomaly is centred around Gani about 8 km south east of Dal between the
latitude 11.36°N 1o 11.48°N and longitude 8.69°L to 8.85°E. The anomaly is a magnetic low
of amplitude about -320 nT with strike trending in the NE - SW direction. The anomaly
occurs over an outcrop in the geological map and correlates with a not so prominent basic
igneous rock in the study area. The shape of the anomaly is shown in Fig 4.14a and the

interpreted model shown in Fig 4.14b.

The anomaly has been interpreted to be composed of four prismatic bodies. After
the 20th iteration the objective function reduced from 2,960,248.0 to 523,966.2 with a
percentage cotrelation between the observed and calculated field being 92 8% A constant
regional of 4.86 nT is found in the area. The interpreted parameters of the anomaly

corrected for flight elevation are given in Table 4.11.
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Tuble 4.11: Interpretation results of Anomaly Ano Q1

body No. a, a, b, b, h, h, Susc S

km km km km km  km emu degree
] 580 7.70 2.60 5.40 00 505 0000155 -12.0
2 998 3.871 6.470 14.90 60 51 00311 -22.5
3 1.52 11.624 12,59 15.40 S 76 00502 -.500
4 1.89 4.043 4.887 6.044 00 69 .00408 -2.00

5.6.2 Anomaly number ANQ2

The anomaly is located around Gana and Rurum and consist of a pair of positive and
negative anomalies of nearly the same amplitude ranging from - 280 nT to 260 nT, The
positive anomaly correlates with a granitic body located around the area in the geological
map of the area. The anomaly has a strike direction trending roughly E-W. The shape of the
anomaly is shown in Fig. 4.15a and the modeled anomaly shown in Fig 4.15b. The anomaly
has been interpreted to consist of six prismatic bodies. After the 20th iteration the objective
function reduced from 2,516,851.0 to 210,559.5 with a correlation of 90.7% between the
observed and calculated anomaly. A constant regional of 46.97 nT has been observed in the

area. The interpreted parameters of these anomaly is given in Table 4.12.

4.6.3 Anomaly number ANO 3

This anomaly is located between longitude 8.47° to 8.64° and latitude 11.75 to

11.84° east of Kura. The anomaly is a magnetic low with amplitude of -180 nT and
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Table 4.12: Interpretation Results of Anomaly ANO 02

body a, a, b, b, h, h, Susc e
No km km km km km km emu degree
1. 2,635 5259 1.124 16966 1.215 2409 - .00278 -5.00

2 2.634 3409  3.815 4.614 363 4774 - 01457 5.00
3 1.721  1.829  9.656 10.557 .00 6.587 - .00535 6.00
4. 4281 11.829 4354 5.304 1.89 8.40 0.1845 - 8.00
5 5.883 8.553 5.845 10.937  .803 811 0.00238 -4.0
6 9.835 10946 7.273 9.518 00 A37  -0.00216 1.0

uncorrelated to the granitic terrain shown in the geological map of the area but may
probably due to a subsurface igneous intrusion which does not outcrop. The anomaly has
a strike direction trending in the NE-SW direction. The shape of the anomaly is shown in
Fig. 4.16a, and the calculated field shown in Fig. 4.16b. It is interpreted to compose of five
prismatic bodies. The interpreted parameters of these bodies is given in Table 4.3. After the
20th iteration, The objective function reduced from 2,164,2973.0 to 586,440.0 and there
was 21.2% correlation between observed and calculated field. A constant regional of 42,16

nT is observed in the area.

4.6.4 Anomaly number ANO 4

The anomaly is located between the longitude 8.52° to 8.60° and between latitude
11.47° to 11,52° the anomaly is centred around Rano. The anomaly is a sharp magnetic low

with amplitude of -380 n'T, it is uncorrelated with the granitic outcrop in the Geological map
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Table 4.13; Interpretation Results of Anoemaly Ano 03

body a, a, b, b, h, h, Susc e

No km km km km  km km emu degree
[. 7516 8253 -.193 2475 729 5112 00405  13.0
2. 4008 7590 3.59 4964 0.00 4460 -0.00203 -2.0
3. 2.645 10816 0016 1980 389 3.086 0.00143  60.20
4. 4340 5049 -1349 0026 000 0.148 0.00407 67.6
5. 5438 6841 7.468 8526 0.00 686 000291  2.00

but may be due to such surface igneous intrusion which does not ouicrop. it has an E-W
strike direction and is interpreted to be composed of four prismatic bodies. The interpreted
parameters of these bodies is given in Table 4.14 while the shape of the anomaly and it
modeied body is shown in Fig 4.17a and Fig 4.17b respectively. At the end of the 20th
iteration the objective function reduces from 2,571 588 to 58644.0 with a correlation of
91.2% between the observed and the calculated field. A constant regional of 29.09 nT was

observed in the area.

4.6.5 Anomaly number ANO §

The anomaly is located between the longitude 8.66° to 8.80 and latitude 11.72° to
11.82°. The anomaly was not identified by the gravity survey of the Rano area conducted
by Ojo et al.(1993). 1t is a magnetic low with amplitude of -420 nT, uncorrelated with the

granitic terrain exposed within the geological map of the study area. 1t may, therefore, be
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Table 4.14: Interpretation Results of Anomaiy Ano 04

body a, a, b, b, h, h, Susc e

No kin km km km km km emu degree
- L 2,548 3.465 610 .103 441 4.062 -.00120 12.0

2, 1965 4382 3409 6.124 387 7.449 00285 12.0

3 2996 3782 3495 5664 210 601 02059 0.00

4, 587 2628 5178 5996 329 4859 -O.OIOS'?S -3.00

5. 373 1,536 1.165 4441 924 5939 -11.00

probably due to subsurface igneous intrusion which does not outcrop. The shape of the

anomaly is shown in Fig. 4.18a and the modeled anomaly in Fig. 4.18b. 1t is interpreted to

~ compose of three prismatic bodies with parameters as given in Table 4,15. After the 20th

iteration the objective function reduced from 908,199.8 to 208,163.1 with a 92.2%

correlation between the observed and the calculated anomaly and a constant regional of -

26.32nT.

Table 4.15: Interpretution Resuits of Anomaly Ano 05

body 4 a, by b, h, h, Susc ¢

No km km km km km km emu degree
1. 4.00 7.626 -.890 14.008 1.248 8.057 0.0160 15.00
2. 4988 6,328 3022 9429 450 4.020 .00224 -4.00
3. 4,742 7.275 11,500 15.667 204 2,708 -.00036 1.00
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4.6.6 Anomaly number ANO 6

The anomaly 1s located between the longitude 8.90° to 9.00° and latitude [ [.53° to
" 11.61° Like the anomaly ANO 5, this anomaly was not identified by the Gravity survey (Ojo
et, gl 1993). 1t is uncorrelated with any surface rock in the geological map of the area but
may be due to subsurface igneous intrusion which does not outcrop and has an amplitude
of -360 nT, and an E-W strike direction. The shape of the anomaly is shown in Fig. 4.19a
and the modeled anomaly shown in Fig 4.15b. 1t is interpreted with five prismalic bodies.
The interpreted with parameters as given in Table 4,16 and a correlation of 89.9% is
observed between the calculated and the observed anomaly. A constant regional of 61.41
nT is found in the study area. The interpretation suggest that the anomaly is made up of

basic igneous rock intruded on an acidic granite.

Table 4.16: Interpretation Results of Anomaly ANO 06

body 1 a, b, b, h, h, Susc &

No km km km km km km emu degree
1. 3134 6466 110 5688 572 4216 00267 11.00
2. 4.093 4.520 768 2,001 032 482 00401 -7.00
3 4247 5622 4639 5256 245 280 0833 000
4, 1.754 2.664 1.502 4237 882 8.628 -.00231 4.000
3. 6771 7339 2023 3240 0000 2435 00614 2.00
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4.6.7 Anomaly number ANO 7

The anomaly is part of the anomaly (ANO 3) which is centred around Kumarya and

Karfi. This anomaly could be isolated as an independent from the body of the anomaly. It

is located between the longitude 8.55° to 8.60° and latitude 11.72° to 11.77°. It is a magnetic

low with amplitude of - 160 nT. It has a NE-SW strike direction and uncorrelated to the

surface geology of the area. It may be probably due to subsurface igneous intrusion which

does not outcrop. The shape of the anomaly is shown in Fig. 4.20a and the modeled

anomaly is shown in Fig 4.20b. It is interpreted to compose of four prismatic bodies, with

parameters as given in Table 4.6.7 with a 90.8% correlation between the observed and the

calculated field and a constant regional of 23.96 nT observed in the study area.

Table 4.17: Interpretation Results of Anomaly Ano 07

body  a, a, b, b, h, h, Susc ©

No km ki km km km km emu degrees
I 1.503 3.210 -3.124 -939 0.00 2.125 00299  87.00
2 4.560 4.860 -0.039 1259 0.00 3.11 00348 45.00
3. 1.240 2.248 -2.146 0.390 0.00 8.070 -0.00264  73.00
4 2941 3.073 3.142 8939 0.00 4.574 -0.01575 1.00
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CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS
~ 5.1 CONCLUSIONS

The inteirpretation of the acromagnetic data for the area occupying part of the
Precambrian basement of Kano State reflect important features which show the structural
trend of the area. The regional and upward continuation map of the study area reflect
deeper magnetic anomalies of regional scale and have E-W trend, which may have an
important role in the emplacement of mineralized bodies within the study area. The residual
map and the second vertical derivative map clearly reflect shallow and near surface highly
magnetized bodies which correlate well with the previous gravity survey of the area by Ojo

el al (1993),

A residual magnetic low of amplitude of about -32 nT, 8km south west of Dal
correlates with the residual gravity high of amplitude -42 mGal and poorly exposed basic
igneous intrusion in the geological map of the area. Other magnetic lows which did not
correlate well with the surface geology are believed to be due to basic inirusions which do
not outcrop. The positive magnetic amplitude anomalies are interpreted to be due to acidic

igneous intrusions and correlate with the granite bodies of the study area.

Most of the residual anomalies are oriented in the NE-SW direction (Fig 4.4)
- Although there are no mine locations within the study area this orientation suggests the
presence of shear zones with magnetic mineralization, especially with the basic igneous
intrusions which are believed 10 be associated with ore mineral such as illiminite and

magnetite. The second vertical derivative map also reveal various contacts between rock
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units with contrasting susceptibility. This correlates with the geological boundries identified

in the geological map of the area.

The lineament studies of the area which include the orientational and non-
orientational analyses, the regional-residual separation, the upward continuation, auto
correlation and second vertical derivative shows the area to be characterized by NE-SW
trending, residual anomalies super imposed on an E-W regional field. The correlation of the
E-W regional with the result earlier obtained by Ajakaiye (1979) and Amusu (1986) suggest
their wider extent and this shows that they are the structures exploited during the
emplacement of the granite masses in the study area. This also confirm the belief by some
geologist that the Pan-African Orogeny which emplaced the granite masses have exploited
the existing structures and altered the structure of the basement, giving it its present shape,

The relics structures are still preserved within the basement as an E-W trend (Section 4. 4),

The 3-Dimensional modeling of some of the selected residual anomalies shows that
the basic igneous rocks have depths to the Top ranging from 0.00 km to 1.74 km and thé
depth to the bottom from 0.60 km to 8.638 km; while the acidic rocks have much shallower
depth extent with depth to the top from 0.00 km to 0.400 km and depth to the bottom from
0.200 km to 5.26 km. These correlates with earlier results obtained by Ojo et af. (1993)
who showed that the basic igneous rocks are buried at much deeper depth than the granite

bodies.

Some of the modeled anomalies have very small depth extent and occur as sill. This
suggests evidence of lava flow which spread on top of other granite masses. Another

alternative suggestion to the occurrence of this thin bodies is that it may be due to

88



weathering process which have weathered the bodies and erosion have carried away part
of the weathered rocks. Some geologist have argued that the older granites are as a result
of magmatic emplacement ot through metasomatism whereby sediment and metamorphic

rocks were converted Lo granites by metasomatic migration of materials.

Although the problems of the origin of the older granites cannot be resolved from
the interpreted models because of the reason of the limited area of study, the interpreted
models suggest that the granites are not very deep in extent. These findings contrasted with
the results obtained in the studies by Gandu etal. (1986), Udensi ef a/. (1986), Adeniyi
(1987) and Osazuwa ef al. (1992) in Malumfashi, Minna and Zaria areas respectively. They_
all showed that the granites where relatively deep in extent. The result of this study
therefore tends to agree with the suggestion that metasomatism must have reached an
advanced stage, in the area ((G.S.N, Unpublished Geological report), and therefore

suggested that the older granites of Nigeria may vary in their origin.
5.2 RECOMMENDATION

To fully resolve the problem of origin of the granite masses in the Nigeria basement
complex, it is recommended that a detaiied integrated geophysical and geochronological
studies be carried out in the whole of the Nigerian Basement Complex. In addition, a
detailed ground Tmagne:tic follow-up survey should also be made in the areas identified as
basic igneous ro'f:ks in order to assess their economic minerals potentials. This work also
shows the need 10 carry out a detailed structural map of the Nigerian Basement Complex

in conjunction with other geophysical data.
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