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ABSTRACT

A prepared residual magnetic field mg of the

central part of Jos Plateau revealed that most of
the significant magnetic anomalies correlate with
known geological features However, at least
seven prominent anomalies could not be correlated with
any exposed geological features, These anomalies
were attributed to be buried structures.

Quantitative three-dimensional magnetic inter-
pretation of four of the uncorrelated anomalies
were made. The models obtained indicate that the
anomalies arise from bodies of negative susceptibility
contrast (-0.00078 emu to -0.00425 emu) with respeet
to the basement; most of these bodies were flanked
by other bodies with positive susceptibility contrasts
(+0,000625 emu to +0.00152 emu). Values of the
susceptibility contrast (-0.00078 emu to -0.00425 emu)
indicate the former bodies as being Younger Granite
rock-types and the latter as being basalts or basic

rocks.

The buried structures in the eastern half of
the area and some of the exposed Younger Granite
massifs form NNW alignments which are parallel to
structural tends in the basement complex in

this region.



V.
The models indicate that the buried structures
are located at an average depth of 1lkm below the
surface, extend tobetween &m and 14km, and have
near-vertical sides and polygonal cross-sections.
These shapes conform with the concept of the origin
of Younger Granites from cauldron subsidence in

megma chambers within the crust.
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CHAPTER 1
I OUCTI O

1.1 GENIRAL
The aim of geophysics is to define the geometry

and composition of subsurface structures by using
physical measurements taken at the surface,
Geophysical methods that have been developed
have exploited the vossession by the earth's
core, mantle and crust of some jintrinsic¢ physical
properties such as the generation of heat, ard
magnetic am gravitational fields, There is also
the response of the subsurface to seigmic and
electromagnetic waves, some of which may bte artifi-

cially generated,

1.2 THE MAGNETIC PROSPECTI NG METHOD

The magretic method makes use of the magretie
field gererated by the earth., Rock bodies possess
magretic properties, aml so they can bz detected by
the anomalies that they produce on the earth's field.
The map of the earth's magnetic field over an area
represents a super-position of twe largely separate
anomally systems, The regional field consists of
broad anomalies which arise from maznetic rocks
deep in the earth's crust, or fro® a very broad
dispersion of masnetization nearer to the surface,
The second is the local field, which consist of
narrow anomalies caused by relatively necar-surface

formations or structures.




2.

The form of the magnetic anomaly from a given
body deperds on the following factorsi-

i, The geometry of the body,

ii, the direction of the earth's field at
the location of the bady,

iii, the direction of polarization of the rocks
forming the body,

iv, the orientation of the body with respect
to the direction of the earth's field,

v. the orientation of the line of observation
(flight lime for aeromagnetic data) with
respect to the axis of the body,

Magretic surveys are mainly applied in three
ways., The most obvious is in the search for magnetite,
The secord apnlication is when the mineral being
sought is not maghetic but has magre tite or pyrrho-
tite associated with it The third is based on the
fact that most mafic igneous rocks amd some chemical
sediments contain sufficient magretite to make them
sources of magnetic anomalies. Therefore, magretic
surveys offer a quick methad of mapping urderground
structures, This is important in the search for
water, oil, gas, etc, Structural information of
importance in engineering applications can also be
derived from magretic surveys. Magnetic surveys
may he carried out by aircraft, by boat (or ship),
or on the grourmd by foot or road transport. The
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study presented in this thesis is the result of an
airborne (asromagretic) survey, |
The first step in the interpretation of agroe
magmetic surveys is qualitative, with the goal of
detecting such characteristics as anomaly distribu-
tions and structural trends. The construction of
residual maps is one of the st known ways of
studying a magnetic contour map quantitatively.
The residual procedures arc designed to separate
broad regicnal variations from sharper locgal anomalie s,
Ineffect, the map is split into two parts, the
residual and the regional maps. Deperding on the
goals of interpretation, the anomaly field can te
continued upward or downward. The second vertical
derivative or curvature of the magnetic field is
another function often computed from the total
intensity maps. This derivative emphasizes the
effects of sharp local anomalies at the expehsce of

the broader regional features.

1.3 LOCATION OF THE AREA

The Jos Plateau is part of the area occupied
by the NMigerian Younger Granite Complexes (Fig.1.1).
The latter are grouped in north-central Nigeria
covering a distane of about 350km from the Benue
Valley in the south to Kano State in the North,

The Younger Granites present the topographic

digtinctiveness of rocky hill massifs, which can
i

1
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be sharply differentiated from the smoother topo-
graphy of the surrcunding basement rocks, They
are generally uplifted to an altitude of the order
of 700m above the surrounding terrain, :

The area on which this work is focussed liés
in the central part of the Nigerian Younger Granite
Province, exterding from latitude 9°00' in the
south to 10°00' in the north; and from longitude
8030' in the west to longitude 9030' in the cast.
The ar¢a is mapped on 1:100 000 aeromagnetic ard
geologieal sheets: 168, 169, 389 amd 188, named

Naraguta, Maijuju, Kurra ard Pa_nkshin re spectively,

i

1.4 PREVIOUS GECOPHYSICAL WORK ON THE AREA OF STUDY

The first geophysical work carried out in the
Younger Granite Province was in gearch of cassiterite,
coclumbite, and other mineral deposits., These h?d
keen found to occur in hurried river chamels 01""
deep leads which are cut into bed-rock and sub-
sequently filled with alluvial ard/or volcanic
material, Electrical resistivity methods amd
magnetic methals have teen used te locate these
buried channels, thus enabling a reduction in the
amount of exploratory drilling in the search for
tin (Deprees, 1948; Shaw, 1951), |

One aeromagretic map (sheet 168 Naraguta) of a
limited part of the province was published in 1963
by Canadian Aero Service Limited urder a Canadian
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Technical Assistance Programme in Migeria, As a
follow=up of this work, a comprehensive geophysical
study of the area (about 350km°) Was carried out
in 1964 to 1965 under the ausplces of the United
Nations Mineral Project and the British Overseas
Geological Surveys, Magnctic, Seismic, resistivity
amd gravity techniques were used in search of
basalt-covered alluvial cassiterite (Masson-Smith,
1965).,

This was followed by largely isolated but
detailed gravity, magnetic, heat-flow and resisti-
vity surveys carried out in the area (Masson-Smith,
1965; Ajakaiye, 1968; Ajakaiye et al, 1975;
Verheijen and Ajakaiyw, 1980), Some of the surveys
have resulted in the location of mew deposits in
the vicinity of the complexes (Ajakaiye, 1974),

Then followed a recomnaissance gravity survey
of the area undertaken to shed light on the form
and shape of the Younger Granite ring-complexes at
depth, on the origin of the ring-complexes, amd to
discover any urexposed and hi therto unknown ring-
complexes in the provinee (Ajakaiye, 1970, 1975,
1976).

Closely conrected with this was the determina-
tion of the densities of rocks of the Younger
Granite Province carried out by Ajakaiy hetween
1970 ard 1972, The density determinations involved

rocks collected from various Younger Granite outcrops
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located all over the province. The findings have
since been very useful in subsequent gravity
interpretations,

The gravity method wvams successful in providing
information about the deep structural features of
the arca due to the density contrast of 0.6 x 1O3kg.
m-:” between the rocks of the surrourding crystalline
bagsement and those of the Younger Granites.

A recent study of aeromagnetic anomnlies
across the Nigerian Younger Granite Provinee carried
out by Ajakaiye et al (1982) revealed the trermds ard
lincame nts of the Younger Granite ring-complexes
imlicating a2 relationship etwen these amd struc-
tural features of the Benue Trough, It also related
rock-types with characteristic magnetic anomaly
values., Further, a quantitative interpretation
permi tted a geometric definition of many of the

promirent Younger Granite ring-complexés.

1.5 AIM OF WORK

In a detailed Gravity survey of the Younger
Granite Provinee carried out by Ajakaiyw in 1974,
the presence of unexposed Younger Granite intrusions
was indicated north of Banke and Liruei, Recent
studies of aeromagnetic anomalies of the Younger
Granite Province (Ajakaiye et al, 1982) have also
revealed some anomalies believed to be due to

unexposed Younger Granite intrusions buried at



relatively shallow depth,

The work presented here is a follow-up of

the above, The objectives arc:ie

i.

h 3

iii,

iv,

To locate some of the areas with buried
Younger Granite intrusions, and then to
carry out quantitative interpretations

of the aeromagrnetic anomalies over such
areas with a view to obtaining informa=-
tion on the properties of the buried
structures giving rise to the anomalies,
To provide an opportunity for examining
some postulated theories on the tectonic
origin, structural evolution, geochemistry,
etc. of the Younger Granite complexes,

To investigate the structural and petrolo-
glcal similaritics between exposed amd
unexposed Younger Granite complexes,

To obtain indications on the mode of
emplacement of the unexposed structures
from their geometric outlines, For example:
badies which have resulted from subsidence
of blocks bounded by intersecting ring-
fractures of different radii of curvature,
will take the form of elliptical amd
crescentic intrusionsg of limited arcuate
extent. On the other hamd, structures

occupying open circular and polygonal



fractures would have resulted from
persistent upward pressure by thc under-
lying magma giving rise to doming and
distension of roof-rocks urder tonsiomal

comditions (W,Ns MacLeod and D.C, Turrer, 1965).



10,

CHAPTER 2
QLOGY

2.1 ENERAL

The geologlical sequence in the Younger Granite
Province is made up almost entirely of plutonic
amd volcanic rocks belongingz to four main age
groups, Sediments are restricted to valley
alluvium, A generalized succession is presented
in Table 2,1.

Much of the aren is urderlain by rocks of the
basement complex. The oldest recognized include
granulitic greisses in small, widely scattered oute
crops and a few small bodies of dioritic rocks. The
rest of the basement complex consists of rocks of a
single orogenic cycle, The Province is meologically
dominated by the Younger Granites, a series of
non-orogenic intrusives and associated acid

volcanics (Fig, 2.1).

2.2 BASEMIUNT 1PLEX

Basement rocks which comprise of a complex
series of migmatites ard granites make up more than
two-thirds of the Younger Granite Province. The
older Granites and accompanying metamorphism of the
basement are dated at about 500 to 600 million years,
ard represent the Pan-African orogeny in Nigeria

(Jacobson et al, 1964; Van Breeman and Bowden, 1973).
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TABLE 2,1: ROCKS OF THE YOUNGER GRANITE PROVINCE

AGE ROCK GROUPS ROCK TYPES

Quaternary Ne wer Basalts Lava flows and
Volcanic cones

Tertiary |

Quarternary Alluvium

Lower Older Basalts Lava flows, now

Tertiary larrely decomposed,
overlying alluviunm
(formerly termed
Fluvi c=v ol canic
series)

Jurassic Younper Granitest Granites, Por-
phyries ami
Rhyolites

Pre~Cambrian | Crystalline Migmatites,

to Lower Basement greisses am

Palaeozcic

Older CGranites

(ADAPTED FROM WRIGHT, 1965)



13.

The gereral sequence of rock-types consists of a
proup of colder granulitic gnelisses sucecded by a
serics of mimatites, granite-greisscs, and granites.
These form a single petrogenic sequence which can
be classified under the groups: Pre-migmatitic
rocks (including intermediate rocks), Migmatites,
Granite-gneiss (and migmatitic granite-gneiss), older
Granites (Wright, 1965).

The dominant foliation in the basement and the
direction of elongation of many of the pgranite masses
is north-south which is parallel to the trerd in

basement arcas further to the west.,

2.3 THE YOUNGER GRANITES

The Younger Granites are discordant, high-leovel.
intrusions which transgress all units of the basemant
complex (Turrer and Macleod, 1965), They have teen
emplaced by ring-faulting and blockesubsidence.
Intermediate amd basic rocks occur in many of the
complexes, bhut most of the sycnites are guartz=
bearing, The gabbros, micro-gabbros ard dolerites
occupy less than one per cent of the total area and
comprise only a minor part of any complex in which
they Occur, Granites as the main rocks have been
classified on the basis of the dominant mirerals:

(1) hornbleme-pyroxere~fayall te-grani te s,
(2) biotite-granites, {3) riebeckite-granites,
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Nearly fifty Younger Granite massifs are
known, varying greatly in size, many of the larger
ones being made up of two or more overlapping ring
complexes., They oceur in a broad north-south
zore, 400 x 150 km, centred on the Jog Platenu
where the greatest congentration of the ring
complexes is fourd,

The emplacement of the Younper Granites is
complete 1y umrelated to orogenic activity, Thedir age
is Jurassic, arourd 150 to 170 million ycars. How-
ever, 1t seems likely th-t emplacement of the Younger
Granites was associated with epeirogenic uplift,
Indirect evidence for this is the lack of sediments
associated with the volcanie rocks of Younper
Granite apge, which were apparently erupted onto a
1amd surface undergoins erosion, not deposition
(Turner, 1974),

The basement rocks appear to have cxerted gome
control over Younger Granite emplacement, Structurally,
the gererally northe-south trerd of the basement rocks
may have influenced the north-south form of the Younger
Granite intrusive telt, On a more detailed scale alg
also, structuresg in the hasement appear to have
influenced the location of the Younger Granite ring
complexes. The Jos Plateau lies in a discontinuity
in the basement; te the west the structural
trerrl 1s north-south but to the east it is northssst-

southwest and easgt-west,



TABLE 2, 2:

YOUNGER GRANLTE _CCMPLEXES

15,

AREAS (km?) AND COMPOSITION OF THE

COMPLEX ROCK TYPE TOTAL
|
R,? R2 R3 RL, R5 R6 R7
C1 135.7) 52.1f 2.1 13.2} 40.9| 1.8] 6.5 | 252.3
C2 17: 91 25.9 - 47.71 37.0 - - 128.5
C3 - - - 5.6 2,1 - - 1.7
CL* 8-5 4.7 - {43.2 21.0 2;‘_.‘3 - 9917
cs - 3,6 3.4 183.6 - - - 190, 6
c6 0.5 - - - - - - 0.5
C? 00 3 2. 3 - Oo 3 o -~ - 2-8
Cc8 - - 6.7 97.91 14.5 - - 119, 1
c9 18.9F 7.5 - 21.8 3,91 = - 52 1
C10 - - 0.8 5.2 - - 5.7 117
' " - 1.3 8.9 - - - 100, 2
C12 - - - 10. 9 - - - 1()- l‘)
C13 72.5 5203 21507 73“-0 21-2 - 1-5 ‘TO‘{)?. 1
C14 - - - 0.3] « | =-| - 0.3
C15 - { 10,91114.2} 46.1] 22,0} =~ - 193. 2
C16 - - - ]1. 9 - - - -11. .’)\
C17 - 22,0 41,7 6.7 - - - 70. 4
Cc18 2.81 28,21 32.4f 83,7} 19.9} = - 167. 1
C19 1.3 36.81149.7) 1243} 12.410 7.3 4.4 | 3%,.2
Cc20 - 0.5 - 28,7 - - - 29.3
c21 43,01 26,4 {148, 1) 374.8 - 6 5] 10, 4 609, 2
c22 - - - 26 =4 | = 3, 4
TOTAL 301.5 |273.2 }716. 141946, 1 1195.0 57.8l28.2 34,98, 1
R1 : Rhyolite
R2 : Hornblerde-fayalite~Granite and Porphyry
R3 : Hornble nie~bhiotite-granite
R4 : Biotite-granite
R5 : Riebeckite- aml riebeckite-hiotite-ranite
R6 : Syenite R7 : Gabbro, dolerite, etc,
C1 : Saiya-Shokobo cg : Amo C17 : Kagoro
C2 : Tongolo C9 : Buji C18 : Rop
C3% : Junguru C10: Kofai C19 : E}aﬁa-f-‘icr.
" s . B = Pankshin
C4 : Jere-Sanga C11: Rubuka €20 : N
C5 : Kwenionkava C12: Miango C20 : Ningishi
C6 : Kunkupr C13: Jos-Bukuru, €21 : Sha-Kaleri,
Jarawa Monguna, Tof
C7 : Satumi C14: Shona C22 : Sharwai
C15: Ganawuri-Kigom
(Adapted from Macleod & Turncr, 1971)
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The clearest example of bagsement control is seen
in the north-northwest and north-northeast aliphe-
ments parallel to zones of shearing in the basement,
Other directions of ring complex alignment
corresporgd to basement joints and fractures, It
geems probable that such fractures eguided the
location of the volcanic eruptions initiating each
complex {(Turrer, 1974).

The subdivisions of Younger Granite rocke
types can he made on the basis of coloured mireral
content, which are quite well-defined, The
essential unity and the sub-volcanic nature of the
whole suite are emphasized by the gradetion from
originally glassy rhyolites, through porphyries
to coarge~graimed granites. The areal extent of

the mnin rock-types is presented on Table 2. 2.

2.3.%. BLOTITE-GRANITES

It ¢an e seen from Table 2,2 that with an
area of 1,946, km® (55,6 per cent of the total area)
biotite-granite is clearly the most aburdant and
wide spread rock-type in the Younger Granite Province,
forming some of the largest imdividual intrusions.
The bhiotite granites are divided into three groups
whose typical examples are intrusions of the Joge
Bukuru complex, The first group is made up of

coarse-grained blotite-granites, generally pink in
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colour ard with very widely spaced jointing, The
se cornd group consists of medium grained granites,
pinkish in colour ard grading into the white, even-
textured, medium-pgrained granites. The 1last group
is highly distinctive with bioctite growing in
separate flakes rather than clusters (Macleod and
Turrer, 1971).

The economic tin mimceralization in the Provirce
is 2lmost entirely confined te the hiotite-granites.
The most aburdant tin Ore is cassiterite which
often Occurs as alluvial concentrations, shed from
the Younger Granite massifs, The cassiterite is
sometimes disperged in muititudinous, narrow
greisien veing, and quartz shrinmers in the roof-
zores of the hiotite-granite intrusions {(Turrer, 1971).

xt in Importance ig columbite which is also a
tin ore, The columbite of the Younger Granite
Province has the unique mode of occurence as an
accessory constituent of the hiotite granites., The
other economic mine rals are of marginal importance.
They include: Wolfram, Pyrochlore (a source of
niobium), fergusonite (8 yrrtrium oxide containing
moderate proportions of uranium and thorium),
thorite am zircon (sources of thorium and haffnium),
monazite (source of thoria), xenotime (rich in rare
earths of high atomic nunler), molyklenite, cryolite,

ard piezoelectric quartz (Turrer, 1971).



1€,

2.3.2. BHYOLITES

The rhyolites of the Younger Granite Province
are characterized by their divigion into two
distinct sections: the early rhyolites and the
late rhyolites. The carly rhyolites and the
associated frapmented rocks are the products of
vent eruptions and the vents have teen localized by
the initial major ring-fractures which formed at
the outset of the Younger Granite magmatic cycle,
The late rhyolites are considered to be the prolucts
of wholesale surface or shallow subsurface cauldron
subsidence and may be either intrusive or extrusive

in nature (Turrer, 1971),

2.3,3, HORNBLENDE-GRANITES AND PORPHYRILS

Although this group of rocks constitutes only
7.8 per cent of the Younger Granite complexes in
this region (Table 2,2), it is important in that it
forms the conspicuous ring-d ykes of the provincee,
They sometimes appear as large plutons with a truly
granitic texture. In the ring-dykes they commonly
assume a porphyritic texture, and hence it often
referred to as granite-porphyry. Another sub-group
is the quartz-fayalite porphyries which occur as
the last stape in the voleanic phase of activity
ard are texturally transitional bketween the micro-

crystalline cauldron rhylites and the granite
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porphyries. The hornblerde-biotitee«granitcs form
another sub-group consisting of coarse-grained
granites occuring as massive ring-dykes or plutons
which are restricted to the southern part of the

province (Macleod and Turrer, 1971).

2.3.4 RIEHICKITD-GRAMITES

This rocke«type is of 2 small areal extent
though it appears in the majority of the Younger
Granite complexesg (Table 2,2). It is most aburdant
in the northern complexes, amd on passing southwards
there 1s a smaller proportion of rieheckite-granite
compared to other granités. In northern
extension of the provinece into Niger Republic
the proportion of ricbeckite-granites is greatly
increased {Black, 1965).

2.%.5, SENITES AND BASIC ROCKS

Both of these rock=-types have a small arenl
spread - collectively Occupying about twe percent
of the Younger Granite Frovinee. The syenites
mostly occur in the north-eastern correr of the
provines, and there are smeller intrusiong in about
a dozen cother complexes, The syenites have a close
affinity to the hornblenie~fayalite-granites and
have gramilar argd porphyritic textures,

The basic rocks are mainly gabbros, dolerites

and diorites, Together with basalts, the basic



rocks often occur as lava flows, dykes amnd semi-
concordant intrusions in the rhyolites and granites
of many of the comnlexes, nnd around the marging
of the massifs it is common to find swarms of

basic dykes,

2.4 IHE BASALTS

The basalts are the most recent rocks in the
area, They have resulted from the late Tertiary
ard Quaternary Volcanism in Nigeria, which can be
broadly regarded as part of the Gulf of Guirea
volcanic provinece, The basalts are subdivided into
three groups: Lateritized Basalts, Older Basalt
ard Newer Basalt (Wright, 1968; Grant et al, 1972).

The lateritized Basalts represents lavas now
de composed to clays aml usually overlain by a thick
cap of lateritic ironstone., They have been recently
divided into two groups: an older group consisting
of smaller eraoded remnants, ard a rew group
consisting of larger valley - filling flows which
can be traced to well-preserved cones,

The older and rewer Basalts cannot te
distinguished from each other petrographically
as both groups show n similar variety of rock-tyvnes.
The older Basalts are gererally small, eroded and

partly decomposed remnants, lacking a well de fined
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volecanic focus, While the Newer Basalts occur

as lava flows wiich can e traeced to youthful-
locking comes little affceted by e¢rosion, The
cones are mainly tuilt of basaltic scoria and

pyroclastics, including many fire volcanic bombs,

amd have erupted a varicty of inclusionsg (Turner, 1971).
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CHAPTER 3

THEORY OF THE MAGNETIC ME THOD

The magretic method is one of the potential
me thods applied in geophysical prospection, The
theoretical basis of the method has been developed
using the gereral mathematical potential theory,
Magretic interpretation involves the inverse
problem of finding the manner of distribution of
magmetized material whose magnetic field would te
identical to the ficld measured on the surface.

This tool has the drawback that from the theoretical
starmdpoint, many combinations of geometric configura-
tion and magnetization can produce the same magretic
field on the surface. Much of this ambiuity can

be removed by geclofical controls and indeperdent
source s,

The geomagnetic field is a vector quantity
which possesses a definitc direction at cach point,
The vector is often represented as passing diagonally
from the origin to the far corner of a rectangular
parallepiped (Fig,3.1)., The various msgn:tic
elcnents are:

T - total intensity; the magnitude of the wvectop

fie ld.,

X, Y, Z -« North, east anl vertical caomponents,

respectively, of the magretic field,
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FIG = 3-1
COMPONENTS OF THE MAGNETIC FIELD VECTOR
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H « Horizontal compornent of the total field,

I « Inclination or angle of dip of the total
intensity vwector below the horizontal plane,

D <« Declination; angle between H and tyue North,
The componcnt of interest in this study is

the total intensity T, being the componcnt measured

in airborne prospecting,

The field at a given place and time may te

considered as b:ing made up of three parts:

i, a relatively large, slowly changing,
secular part (main field) caused by the
earth as a simple, not quite uniformly
polarized sphere,

ii, a relatively small diurnal part, which
chanpe s somewnhat eratically with time hut
is repeated approximately in daily cycles
armd may have prelatively strong short-term
disturbance s due to mapgretic storms,

iii, Minor variations in the field from place
to place which sre caused by magnetic
inhomogeneities of the earth's crust.
This is the part that is of primary
interest in magnetic prospecting, and it
is commonly referred to ns the local
field or the anomaly part of the field,

Magnetic nuantities are measured in SI or Cgs

systems of units. A comparison of the various
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magnetic units in SI & Cgs {emu) systems is given
onn Table 3.1. The adoption ¢of the International
System (SI) of units in Physics amd engineering has
engerdered some confugion in magretism partly

be cause the shift from ¢ms to SI units requires

modifications in some fundamental definitions.

3.1 FUNDAMENTAL THEORY

Fundamentally 2 region is gald to e
permeated by a magretic ficld if a4 magret experiences
a torque when placed at the point, Cersted (1800)
digeovered that a magnetic field always exists in

the vicinity of an e¢lectric current,

TABLE 3,1

MEGNETTIC UNITs IN ST AND Cos SYSTEMS

——

QUIANTITY ST (MKSA SY3TEM) ces SYSIEM
Magnetic 1T tesla = 40& gass
Induction (B) = 107nT - 107 framma

1 1 3
Magnetic field 1 amp m" = 4 x 10
Intensity (3) Ce rsted

1257 pamma

10> enu
(no s cial name)

(| .

Magnetization (M) | 1 amp n”

103 @ mul

n

Magnetic Moment {m){ 1 amp m?

: 'IO6 gilbersts

i}

Magne tic Potential } 1 tesla

Magnetic flux (0) |1 Weber = 10%max e 11
Magnetic . |Dimension- Dimensionless
Susceptibility less I”‘:SI =4 1{c{gs

(adapted from Parkingon, 1982)
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Ampere (1825) showed that a circuit S, carrying a

current 11 will in vacuo exert on circuit S

2
-3
carrying a current 12 a foree F glven by:
‘l: 't'.’ - g -
i 7] 3 L B B B B .
r

where 1 is the position vector of ds‘i relative to
dsEl

The magretic effect is often expressed in
terms of two vectors depending on the role of the
constant }J 0. The vectors arc: H (the mapgretic

-
ficld intensity) amd B (the magnetic induction).

Using H the foree etween currents can be written as:
Y - - -0
F ‘-"’"O I.]j CT;.IXH.....-.....--.-.(3-2)

were H =3 I, 4 s, x #iiiivennnnna(3.3)

x}
,1\
Using‘ﬁw get; ‘F’ - I1 ebdth xfﬁ...........(ih)
» d"‘ o
with B = (,Uo/u) sz_if_f vevesoes (3.5)
3
L

These relations apply in a vacuum, Or in the abscnce
of a magnetic material, If a magretic material is
present the effect of the material must be taken
into account, Thus H is defined go that (3, 3)
still appl ies and an extra vector must be added

to (3,2) which now becomes:

T . )J-o T fd'fq p (§+?4)...........(3.6)
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where M is the maenetization vector. -ﬁ is
de fined so that (3,4) still applies,
2 e -
There fore, the relation hketween B, H am M

is
- - ok
B = ;(H+M) ..clt.-...a..lln..i'.i(3l7)
J

For some mineral M is proportional to and parallel
to ﬁ‘ amd can be eXpressed:

B o B R innindion ihaman b b
The scalar k is called the 'magretic susceptibility'
of the material, Then for such material we can
write:

b: =/U~o (ql-?+ k'l-?) -).Lo (1 + %) H

B oo MR iiiiiiiiiiiiieiiiieenenaa (3,9)
wiere b = Ho {1 & X)sisomuens seseensanssie £310)
is known as the magnetic permeability of the
materinl. /Uo is the permeability of 2 vacuum, or
of non-magnetic material,

The magnetic state of a body can be thought of
as arising from elementary macrets or dipoles which
interact with each other throuch their mapgnetic
ficlds. An important property of the dipcle is its
moment (M): the torque experienced when the
dipole is set with its axis at riaht angles to a
magnetic field of unit size,

The magretic field intensity at a point,
distance r from the dipole, is the foree ner unit

pole strength exerted by the dipole at that point,
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Ho(r) - B OF DD 8 F, L (5)

3
2 r
-
where © is the angle measured from M to r, and Ur,
-
and Uo are unit vectors in direction of r ard ©
respectively,
Being a foree field, the magnetic field is

derivable from a scalar potential desiznated A(r):

FE) =~ TAR) v ereerrrrnnrnneesnnnesss (3.12)

where A{(7) ~Bcos® . R (1/r)

e

Assuming a continuous distribution of marnetic
moment within a magnetic body, the masnetic moment
per unit volume at a point in the body r, from an

B
origin (also within the body) is designated M(r,).

The magnetic scalar potential at a point outside
the bady (volume v) can be obtained by intergrating
over the volume of the body:

ACR) = -;‘M (r‘o).w (1/ ’r‘-rO/dv ceseceal3,13)
Substituting‘?n (3.12) gives the magretic field
intensity at this point as: , TR

H(r) ={;‘i‘ﬂ.ﬁ71/ ’ PePOfOV wae paesanions 53 1H)
Outgide the body the intergral in (3,13) is now
singular and A(T) satisfies Laplace*s equation:

c;ZA = 0,

Inside the body the integral becomes singular

at r = ro, To isolate the singularity, we

enclose it within a small (3,13) can be written:



~

) i dv 1 =[] \

A(I‘) = - M(l")- . . '{"Il \/"_,
‘-“l""lbt' O r ro j I T

The first term is non singular and is harmonic
everyvhere, It will vanish vhen the Laplican of

A(r) is taken.

o %) = -7 L., IT‘I(rO) V- j

By making € small enouzh M(ro) can be rezarded as
a constant and thus:

) dv,

C2(r) = - M(r)‘}f \Tak v § . EE

1r-roi
Applying Causs' theorem we change the volume integral

into a surface intergral over the sphere of radius &

A
VeAlr) = -7 'M(P)J- oAy e d s
3
dE

ve ctor normal to the surface,

-~ /M
57 2alr) = -V.M(r)J 512: (1/e) ds
In the limit as ¢ =y 0, ' N

ard N is unit

wvhere 1r-ro1 = £, n,v =

N
< 2(r) = WM A(r) = Yg)| ds = T.Mr)--
(-1/)uJTE® w2

VALr) = 4T T, M(ro)seseeeenesesennosaonas (3.15)
The magnetic potential satisfies Pcisson's

equations anyvhere inside -~ marnetic body,

3,2 SOURCES OF MAGNETIC ANOMALIES

Magre tization of a rock is of two kinds: irduced

magnetization and remarent magretization, Imucecd
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magre tization is that part of the rock magnetism
which is proportional to the ambient ficld, Thisg

is the more gignificant part in that while there

are many exceptions, moczhetic ancnalies have the
char'actér and orientation consistent with the carth's
field in its present orientation., This properiy

is directly dependent on the susceptibilities of

the rocks {equation 3,8); amd congenuently on

the rocks' content of magnetic minerals (maimly
magne tite),

On the other hand remarent mametization is
the part of rock magnetism retained from an earlier
magretization, In magmtic materialsg the relation-
ship between the applied ficld intensity H and the
resulting magretization M in the mineral is more
complicated than the simple proportionality gilven
in equation 3.8, A more acurate relationgship
takes account of the magretic 'history' of the
material.

Suppose that the ummagretized material, which
is taken as magretically isotropic, is placed in a
zero ficld, The variation in its magretization (M)
with applied field (F) is shown in Fig, 3,2.

Remanent magnetization is often considered in
the following groups:

1. Vigscous Remarent Magretization (VRM): When

rocks remain in a magretic fleld for 2 long time,
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saturationF—-— — — ==

remanent_ - — - -
magnetiz ation

coercive =~ 7

FIG 3.2

RELATION BETWEEN MAGNETIZATIONM) AND MAGNE TIC

FIELD INTENSITY FOR A MAGNETIC MINERAL.
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some of their irduced magretism slowly becomes
irreversibvie, This viscous magnetization
generally ingreases as a logarithmic function of
time, Thermally activated changes may also cause

a slow 10ss of acquired magnetization (Parkinson, 1982).

2. Thermo-Remarent Magnetization (TRM): This is
the most important mode of acquigitleon of remanent
magnetization by igreous rocks., As the rocks
s01idify they cool through their curie points and

a spontareous magnetizatlion develops when the
magretic grains in them get "frozen" in an aligmment

parallel to the surrounding magnetic field,

3, Chemicol Bemarent Mopnetization (CRM): When
a magretic mincral forms, by chemical reaction, in
a magnetic field it cften acquires a remanence
parallel to that field, This is often tte case
whenever ferromagnetic grains grow or are trans-
formed from one form to another at a temperature
below the curie point eg, T,-magretite to maghemite

1
{(has more stable magnetization).

4y  Dcipital Remanent Magnetigation (DRM)}: This

is predominant in subeagueous sedimentary rocks,
Some of the grains that settle at the bottom of
the water are of mnagnetic mirerals and they tend to
be oriented by any magnetic field existing at the

time of deposition, Thus when the rock is formed by
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de-watering and consolidntion of the sediments,
the magnetic particles are mechanically held in a
direction which reflects the direction of the
field at the time of formation of the rock, Sub-
aerial deposits of volcanic ash can also acquire
renarent magne tization parallel to the ambient
field (Steele, 1981).

5. Isothermal Rengment Magnetization (IRM):

This is the magnetization acquired at low temperature
by imposing amd then removing a strons field, unlike
in the case of TRM which is acquired by changing

temperature in a weak field,



CHAPTER 4

DATA ANALYSIS (REDUCTION)
4,1 PRELIMINARY

The four aeromagnetic maps were digitized at
3km intervals., The field values so obtained were
combined to make it continuous over the areca, This
combination gives a square grid of 37 x 37 grid
points,

The fellowine constants of the magnetic field
over the arca were established: the amhient
magretic field (Ho), the magretic declination,
and the magretic inclination,

The magretic field values over the area lie
arourd an average valuce of 7825 nT, The total
magretic field value is obtained from this adding
25000nT,

Ho = 7825 + 25000= 32,825nT

Magnetic declination over the area was obtained
by interpolating from a wrld map of declination
values (Parkinson, 1982), based on MAGSAT data
(Langel et a1, 1980)., The declination was estimated
to e about -50(-3550 clockwise from North).

The seromagnetic maps give 1nclina£ion at the
extreme south of MNMigeria (50N) ag 00, and inclination
at extreme North (13°N) as &, By interpolation,
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the magnetic inclination over the area of work
was thus fourd to k= : 5, 250.

From the masnetic field mep of the area, the
points presented on Table 4.1 could bte noted
congernine distinet anomalies. The predominance
of nergative amomalies indicates a greater aburdance
of the rock-types gmiving rise to them. Many of
the positive anomalies are of much smaller magnitude
than the regative anomalies.

There are some strong anomalies which cannot be
correlated with any younger granite or basaltic
rock-types, They wverlie areas which have leen mapped
as basement rocks, These anomalies which are similar
in characteristics to those correlated to younger |
Grani te rock-types camot be arising from basement
rocks. Such anomalies cnn be reoagonably deduced as
arising from geological structures which are similnar
to the exposad Younger Granite complexes but which
are bhuried tereath basement rocks, Seven such
uncorrelated anomalies were fourd in the area of
study, Their locations are given on Table 4.2 and
illustrated on a geoloxical map of the area (fim. 4.1).

From Fig, 4.1 it can be seen thnat the location
of anomaly No,1 if considered with the Koffia,

Kwarnd orkaya, and Tongclo Younger Granite compleXes,

forms a lirear trer in the NNW-SSE direction,



TABLE 4.1

PROPERTIES OF DISTINGT MAGNETIC

ANOMALIES IN ARES OF STUDY
~  PROPERTY NUMHEER OF ANOMALIES
o ANOMALIES A5 nT 1 A8 .
Positive Anomalies 69 (41, 3%)
Negative Anomalics B (58, 7%)
ANOMALIES 100 nT 1 o e eemm
Positive Anomalies 2
Ne gative Anomalles 5
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Also, the locations of the anomalies No, 7, No, 3
amd No,6 form another linear trend oriented in the
same NNW-SSE direction, It can be noted that these
trerds are approximately parallel to the direction
of elongation of the Sara~Fier complex, This can
be interpreted as sugresting a common origin or
mode of emplacement of the Sara-Fier and the buried
Younger Granites, This may also be inlicative of
structural features in the basement complex;
especially as it can be noted that the above trerds
are confired to those buried complexes east of the

major Younger Granite massifs.

4.2 STATISTICAL ANALYSIS OF RESIDUAL
FIELD AN) GEOLOGICAL FEATURES

The method used in separating the residual

ard regional fields is the gridding method due to
Griffin, At each grid point with field value MO
grid points M1, M2, M3, M4 are taken at ore-grid
spacing to the north, east, south and west of the
point, The regional field value at the centre point
i1s taken to te the mean of the values M1, M2, M3,
M4,

i.e, Regional field value = m"m?zml‘*”‘*

The residual field value = MO-Regional field value
= MO=-%(M1+M2+4M 5:M4),

The results were used in preparing contoured residual
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TABLE 4,2

LOCATION OF ANOMALIES ARISING FROM

BURIED YOUNGER GRANITES

-ANO"!ALY NUMEER LATITUDE LONGI TUDE
1 °s0' - 9958, 33 | €18, 33 - 28,33
> 9°00' - 9°09* 8°30' - 2°39
3 9719" - 974! 9”15 - 9%21;67"
4 9°51.67" - 10°00' | 8°30" - &°37
5 9°51.67' - 10%0' ! %371 - 8%
6 5°00" = 9°05,5' | 9241 - 9730
7 °28,5 - 9°38,5' | 9708 - 9717, 5
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ard regional maps of the area. By corre lating the
anomaly values and the rock-types over which they
occur, the different magnetic sinatures of the
various rock-types were deduced,

The deductions were made from an elecmentary
statistical analysis of the rock-types and their
magne tic anomalies, The rock-types were divided
into the fellowing groups:

01 - Basalts

02 - Microgranites

03 - Riebteckite am Arfvedsonite Granites

04 - Biotite-Granites

05 - Hornblende=-Granites

06 - Hornblende-Porphyries

07 - Rhyolites

08 - Basic rocks and syeni tes

09 - Basement rocks.

For each rocktype (i) the mumber of anomalies,
(1i) the mean value of the anomaly fields (ii) the
standard deviation for the anomaly field; were

de termined,

From the results (Table 4. 3) those anomalies
whose magnitudes ard polarities are similar to those
of the exposed Younger Granite rock-types but which
have bcen located over areas mapped as basement
rocks were suspected to be due to buried Younger

Granites, From Table 4,3 it can also be seen that



41,

nezative field values are typical of acidic rock-
types of the Younger Granite group. This imdicates
that they have a low content of ferromagresian

minerals,

4.3 MOELLIN

4,31 INITIAL VAILUE OF BADY PARAME TERS
Good initial values of the parameters of the

bodies being modelled reduce the number of models
to e tested, and hence the time required to arrive
at a good fit, Initial values of susceptibhility
contrasts we deduced from Table 4,4, where the
average susceptibility of acid irneous rocks is
650 x 10-6 emu and that of basic igreous rocks is
2600 x 10‘6 emu, giving a mean volume of 1625 x ‘IO"6
emu and that of basalt is 6000 x 10=° emu, Thus
initial contrast for granite was gssumed to be
- 1425 x 10:6 emu ard that for basalt as 4375 x 10-6emu.
The se contrasts were used in modelling assuming the
magnetization to be uniform throushout the modelled
badies,

For determining the initial depths to the tops
of the anomalous bodies, the Half-slope depth
estimation methad developed by Peters (1949) was used,
A profile is drawn through the anomaly so that maximum

and minimum field valuesoccur along it (FIG.4,2).
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ELEMENTARY STATISTIC,L QUANTITIES FOR THE

ANOMALIES OCCURING OVER VARIQUS ROCKTYFES

ANOGMALY FIELD

) MUMEER OF | __ i
RUB-TIFR ANOMALIES | VEAN VALE STIOIRD
(1) DEVIATION(nT)

Basalts 45 +42,. 454 25,703
Microgranites 10 -35, 30 29, 507
Rie beckite and
Arfved sonite 2 Anomalies teco few
Granites
Biotite =
Granites 26 -38,81 37. 995
Hornblende -
Grani te s 33 =30, %4 25, 08
Hornblende~-

Porphyries 10 -37,00 34, 670

i

Rhyolites 2 J"mcm'_'.qies too few
Basic rocks 6 +62, 50 45,729
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AVERAGE MAGNETIC SUSCEPTIEILITIES OF ROCKS OF

THE _YOUNGER GRANITE PROVINCE

T
ROCK TYFE |

SUSCEPTIRILITY
emu )

*SUSCEPTIBILITY
CONTRAST {emu)

Biotite Granite

0, 00249381

-0,00238726

Granite Porphyry

0, 002581667

-0.00299404

Riebeckite Granite

0,0073825

+0,002501425

Rhyolite 0, 003274 -0.001606071
Micro Granite &

Quartz Porphyry 0,003%439 =0, 001442071
Hornblende Biotite i
Granite & Hornblendd 0.002772 =0,002103071

Fayalite Granite

Crystnlline Basemen

-

Average Younger
Grani te

0, 004881071

0, 0000

0.00327166

-0,001607411

¥Susceptibility contrast is with respe

crystalline basement.

ct to the
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The half-slope parameter P is the horizontal

distance between the points P, anl P The

2.
distance S is the slope porameter, The depth to
the top of the bady is anproximately equnl to S
aml also anproximate ly equal to P/2 (Vacquier et al,

1951),

4e3,2, 3Z-DIMENSIONAL MAGNETIC MODELLING

The 3-dimensional magnetic moielling was carried
out using a FORTRAN program bnsed on the theory
developed by Manik Talwani (1965), The essential
aspect of this theory are presented in APPENDIX (1),

When the magrnetization is taken as being by
induction in the earth's field, the totnl intensity
anomaly, T is ~ziven by

OT =A%x cos D cos I +/£LY sinD cos 1 + Az sinlI
where D is magnetic declination, I is the inclination
of the field, and Ax, AY, Az are the three components
of the anomaly magnetic ficld in the x, y, and 2z
directions respectively.

The co-ordinates of the corners of the polygons
which represent the contours on the model bady, the
co=-ordinates of the points at which the macnetic
anomaly ig eing determined and the valucs of k, Ho,
I and D are fed into the computer, arml the values
of pX, AVy oz anmd 4T are obtained, Only the total
intensity (AT) was required in this work,
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The total intensity values pgererated from the
mode 1l was compared with the measured anomaly values
by a subroutire in the computer program which
determined the correlation coefficient between
the two sets of values. A madel was considered
good when the correlation coefficient was greater
than 0,75, The susceptibility values were then
ad justed to minimize the difference tetween the

two sets of values,
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CHAPTER 5

I NTERPRET ATION

The anomalies that were modelled are:

No, 2, No,3, No,4 ard No, 5,- Ancmaly No, 1 and
Anomaly No, 7 consist, in effect, of groups of
anomalies clustered together, Modelling of these
was difficult because of the problem of resolution
of the contribution from the different bodies,
Anomaly No, 6 was not modelled bhecause it is part
of a much larger magnétic anomaly, a good part of

which lies outside the area of stuly,

5.1 M®DELLING OF ANOMALY NO, 2

The anomaly field is shown in fir, 5,1. The

initial depth to the top is determined from the
graph (Fiz, 5.2) of the profile A-B. From the pgraph,
initial depth to the top is determined (Table 5.1).
Table 5.1 also shows the parameters of the bodies
modelled for this anomaly.

The first body presents a susceptibility contrast
(-0,001825 emu) which is common to Younger Granite
rocks, The bady lies fairly close to the surface,
It has a highly irregular shape at denth (Fig,5,3),
This tends to imiicate that there was some crustal
movement after its implacement, OSuch crustal
movement might have accompanied the erruption of the

other bodies in its neighbourhood,
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The secorm body seems to e a basaltic
intrusion, It is fairly tilted to the south at
depth (Fis, 5,3), It is highly probable that its
emplacement resulted in the deformation of the first
boly, and may have pushed it closer to the surface,

A third body is added because of the low
regative field at the south-eastern part of the
calculated field map. The resulting calculated
field is shown in Fig, 5,4(c), The boiy is an
elonzated triangle at the top which tecomes very
wide towards its base (fiz, 5.3). In addition to
its low susceptibility contrast, it aopears that
this baly is a composite of a group of rock bodics
(with hipgher susceptihility contrast) scattered in
this area, A firer degree of molelling may resolve
these bodies, It can also he seen that the second
body cuts into this third orne at denth, In addition
to reinforcins the argument for a scattered group
of rock intrusions, this latter fact inlicate that
the body (or group of badics) was emplaced prior
to the emplacement of the secord body, Thug there
was the emplacement of the Younper (_ir'anite rock-
types (of megative susceptibility contrast) which
was then followed by basaltic erruption between the
areas occupied by the other rocks, It can be
further observed thot the first and third bodies are
both shallower than the second, susrgestin/ pressure

forces from below.
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PARAME TERS OF MOTELLED BODIES FOR_ANOMALY NOU, 2

First Se corgd Thi rd
Body - Body | Baly
Initia d%pth to top | 1.70 1.70 . 1470
km '
*Corre lation i~
Coo Fficicnt 0.51508 0, 71717 00,8164
Susceptibilit He b S
Sus gepli b ALt -0, 001825} +0,001025 -0, 000775
Depth Eﬁm)the top 0.3 0.9 O..B
Depth f;myhe hottom | 5.83 9. 71 8, %0

MMaximum correlation coefficient between the

calculated field and observed anomaly field

addition of the hody to the previous ore({s).
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5.2 MOELLING OF ANOMALY NO, 3

The anomaly is showynm in fig, 5.5, The saraph
in Flg, 5.6 is a plot of the profile A-B across
the anomsly for determining the initial depth to
the top of the bady {(Table 5,2). Table 5,2 also
shows the parameters of the bolies modelled for
this anomaly, Fig, 5.7 shows the calc ulated
fields after the addition of sucecessive haodies,

The outlime of the madelled bodiess is shown
in Fig, 5.8, It c¢can be seen from the floure that
the first body is approximately rectangular at the
top an? broadens out to a large triangle at base.
It can alsc e noted that the bady tilts southwards
towards the base. The middle and the bottom
contours have a pronounced harrow eastward extension
which may te due to an easterly exterding joint in
the basement that was filled by the intruding magma,
The susceptibility contrast (-0.001825 emu) lies
within the range of values for Younger Granite
rock~types,

It can e seen from Fip, 5.7 (4) that the
positive field lying to the north of the dominant
negative closure is of a much smaller magnitude
than that in the observed anomaly {(Fip, 5.5).

Henee a secord bady of positive susceptibility
contrast was added to the Inorth of the first body,
The "best " field obtained u‘iﬁl"bn addition of the

second bady is shown in Fig, 5,7(B).
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TABLE 5,2

PARAMETERS OF M(DELLED BCDIES FOR ANOMALY NO, 3

First Se cond
Body Body
Initi‘\{ denth to top 2 15 2.15
km) - -
*Corre lation
Co=e fficient 0, 84093 0, 93208
Susceptibilit
Contrast (emu -0,001825 | +0, 000825
De pth fo the top
km) 1.95 1.20
De pth Eo bottom
km) 8, 24 be62

WMaximum correlation co-cfficient between the

calculated field and
after gddition of the

one (s),

obsge rved

anomaly field

hody to the previous
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The geometric form of the bady (Flg, 5.8)
shows 1t as a vertical structure with a near
re ctangular cross-section, It also has a moderate
depth extent, Thege facts together with the
susceptibility contrast (~0.000825) terd to
indicate that this body is a basic rock, which
as stated in chapter 2, can be commonly fourd

arourd the marginsg of many Younper Grandte massifs.

5,3 MOEILLING ANOMALY NO, 4
" Thoe contoured field of this anomaly is shown
on Fig, 5.9. The profile A~B is token to determirne
initial depth to the top of the bady, A plot of
this profile is shown in Fipg, 5,10, The initial
depth to the top and parameters of the madelled
badies for this anomaly are presented on Table 51. B
Assuming that the anomaly ig duc to a single
bady, the calculated field having hisghegt
correlation with the observed fleld is shown On
Fig, 5.11(A). The geometric outline of this body
is ghown on Fig, 5.12. The boly isg smaller at
depth and widens up towanis the top, developing|a
prominent branch towards the north-cast, This
extengion may be due to a fissure in the basemept
complex. One can alge note the relatively madepate
depth extent and the highly regative susceptibillity

contrast (-0,00425 amu), This latter point
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PARAME TERS. QF MODELLED BMDIES FOR ANOMALY NO, 4

TABIE 5,3

First Se cond
Baly Body
Initing pth to 1.25 Te25
S P
*Corre lation :
Coe £1icient 0.84045 0.87165
Suscenpti bj(
Contrast -0,00425 +0,000625
Depth to the top =
Depth to bottom 3,10

(km)

7. %0

#¥MAaximum correlation coefficient hotween the

cnlculated field and observed anomaly field

after addition of the boly to the previous

ore (s),




6.

FIRST BODY

confour interyal +10nT

.

4k

FIG 541
CALCULATED FIELDS FOR ANOMALY Nek




- o -t
- . - i

o . First  Bedy
(B R ~—— ——Second Body

T Rt 512
~ MOCELLED BODIES FOR ANOMALY Ned

65,



strongly suggests that the composition «f the
body ig of the acidic Younger Granite rocks.
The peometry of the baldy takes on the curved

outline common to many Younger Granite Complexes,

It can be scen from a comparison of figm 5.11¢A)

with the observed anomaly (fig., 5.9) that the
positive field to the north of 5.11{(4) is much

smaller than that in the observed anomaly. This

sugege sts that another bholy of positive susceptihillity

contrast exists to the north of the baly, When g

second body was inserted in the model the combine|d

calculated fileld with hishest correlation {0.87145)

with the obseyved field isg .shown in fig. 5.11(B),

The body spreads out to cover s much wider area

at a depth of 0.85km than it does at lower depths|

The positive susceptibilily contrast (+O,.,000625 Smu)

suggests that the body may ™ a basic plug
possibly made up of basaltic or other rocks

(dolerite, diorites, etc).

5.4 MMELLING ANMALY NO, 5

This anomaly is to the east of anomaly No, 4

fig,- 5,9, The profile CD wns taken to determine

initial depth to the top of the body. The plot on

on

the

Fig. 5.13 vields the initial depth to the top, This

is presented on Table 5.4 together with parametergs

of mcoidelled bodies for this anomaly.
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TABLE 5,4

aE.

PARAIETERS OF MODELLED BCDIES FOR ANOMALY NO, 5

———

First Se cond Thi i
Bady Bod y Bod y
Initial (2& pth to top
km) 1. 20 1. 20 1.20
*Correlation
Coefficient 0,66628 | 0,75181 0.86E7p
Susceptibhilit I
Contrast (elnuy =0, 0037751+0.001525 | +0.00150
Deptlz to the top
km) 1,62 1,02 1. 32
Dcpt? to bottom 1, 24 10, 70 6.0
km)
¥Maximum correlation co=efficient e tween the

calculated field and observed

anomaly field

after nddition of the body to the previous one(s).
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Modelling for one body, the st correlatio:
co-efficient (0,66628) with the observed field is
obtained for the calculated field shown in
Fig., 5,14(4). The body (Fig, 5,15) has the peome
form of a plug whose hottom outlire is Oonly a
rotated form of the outlime at the top. The
susceptibility contrast (~0.00%775 emu). The
small correlation coefficient indicates that the
one-body model is inadequate,

The addition of the secord body yieclds the

calculated fields shown in fig, 5,14 (B). The

geome tri¢ outlire of the modelled body (Fi,1.5.13)

ig in the form of two cones whose apexes meet at
the middle contour.

Even after the addition of the seconmd body

71.

1

¥

Eric

the calculated field presents simificant differ¢nees

with Observed field especially to the north-western

part of the anomaly., Henee a third body was added

to the model, The resulting field is shown in

Fig, 5.14 {C).

5.5 DEDUCTIONS FROM THE MODELS

The models obtaired have shown that the tarfed

Younger Granites are rear-vertical structuresg with

polygonal cross-sectionsg, The polysonal crosg-
sections agree with the type of fractures in the

basement that would result from persistent upward

b
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pressure by an underlying magma, giving rise to
the subsidence of the roof-rocks ani displacement
of part of the magma towards the surface (Macledd
and Turrer, 1965),
The susceptibility contrasts (-0.00183 emu,
-0,00078 emu, -0,00425 emu, -0,00375 emu, +0.000625
emu, +0,000825 emu, +0,00103 emu, +0,00150 emu,
+0,00152 emu) obtained for the molelled balies are
of the same order of mngnitude as those obtained
during isolated determinations carried out amony
the exposed Younger Granite Complexes from
Aupust to Octoter,of 1983 (Table 4,4).
Furthe rmore, the depths of the structures |
obtained are:
depth to top ¢ O, Z%m, 0,8km, O, %m, 1,Ckm,
1 2km, 1.%m, 1,5km, 1,6km, P,Okm,
depths tc bottom: 3, 1km, 4,6xm, 5,8«¢m, 6.9RT.
7. 3«m, 8,2km, 8,%m, 9, 7km,
10, 7km, 14, 2km,
These depth values are similar to thosc obtained
for the modelling of the exposed Younger Granite

massifs (2km to 12km).
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CHAPTER 6

CONCIUST ON

6.1 SUMMARY AND DISCUSSI ONS

In the modelling carried out in this work, i
hns been assumed that the magnetic ficld arising
from the structures is imduced, anm! that the
remancnt part 1s noeelipgible., It is probable that
remanent magretization in the Younpery Granites ma

be significant., The remarence is likely to arise

from ¥iscous remansnt magretization (VAM), Peing

an upland area, there is likcely to te some
contribution from isothermal remanent maonretizati

(IRM) accompanying lighining strokes, Apart fronm

3

.t.

Y

on

this meglect of remanent magretization, limitatiogns

in the madels are introduced hy two factorss Ge-

metrically the number of contours for each body
(3) and the numker of points on each contour {(5)
cannot give an accurate outline of the bolies
except for simple shapes e.4. prisms. Also

susceptibiiity is not likely to T the sume overn

each

bod y ag has leen assumed for uniform marnctizatifon of

the hodies,
The conclusions that can bte drawn from the

work presented in this thesis are as follows:




1.  From the residual anomaly maps of the nrea,
clear correlation can b made between negative
magretic anomalieg and acidie Younser Granite rd

hodies, This is consistent with the findings of

carlier works on this area, This correlation lg

74.

ck

ad 5

to the supposition that similar magnctic anomalies

lying over basement rock-types are due to Younpg

Granites Wurkried telow the surface,

2e The regative susceptibility obtained for the

modelled bodies (-0,0018%mu, -0,00078cnu,
«0.00425 emu, -0,00375 emu) are close to the

average values that hove eoen obtairmed by recent

iry

igolated susceptibility determinations among the
exposed Younger Granite complexes {(Younper Grani

-0.0016 emu, Biotite Granite: -0,0024 emu),

r

2 The models obtaimed have shown thnt the bupied

Younger Granites are rnear-veprtical structures of

polygonal cross—gsection., This is consigtent wifth

the shapes obtaimed by Ajakaiye et al, (1962)

after model ling many of the exposed Younprr Granite

masscs. The polygonal cross-scctions agrec with the

type of fractures in the hasement that would

result from persistent upward pressure by the

urderiyving masma, giving rise to doming distension

of roof rocks urder temsional cowditions,
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4, The depths obtained for the hurried structures:
O¢3 - 5.8km, 0,9 = 9,Tkm, 0.8 - &,%m, 2,0 - &,2km,
1.2 - 4,6km, 1,5 « 3,%m, 0,9 - 7,3m, 1,6 = 14 2kmn,
1,0 - 10,7km, 1.3 = 6,%m, apgree with the range| of

values 2 - 12km obtaimed by Ajakaiye ¢t al, from

modc 1ling of exposed comnlexes,

5. The existence of these huried Younmer Granjites
fits in very wll with the theory pnropoesed by Turner
(1974) concerning the structural and petreclogicnpl
evolution of the Nigerian Ring complexes, He

postulated that the final stage in the cvolution
could be considered as a waning phase of ifme ou'F
activity in which successively smaller granite

intrusions were emplaced at increasingly deeper
levels (such as those at which buried complexes
occur)., He correlated this with cocline comlitions

in the magma rescrvoir,

6. The cxistence of strong positive magnctic
anomalies close to the negative amomalics arising

from the buried Younger Granite rocks has teen

interpreted here as being due to basalts and basic
rocks, The occurence of basaltic eruptions close to
Younger Granite intrusions can be explained by the
fact that the areas occupied by the pgranites already
constituted fractures in the basement complex, and

thus zones of weakne ss favourable for basaltic outflows.
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It has been observed in the vieinity of the !

exposed Younger Granites that basic rocks, in the (
form of dolerites amd basalts cccur as lava flows
dykes armd semi~concordant intrusicns in the rhyo}.ttcs
and granites of many of the complexes. #£1s0 ::r--:)ur
the margins of the Younger Granite massifs it ig lf
common to find swarms of basic dykes (Turrer ani =
Maclecd, 1971). It is then not surprising that |
similar rock-types should occur around the turie'J
complexes, The rocks ziving rise to the ';_:aositiva’
field values could be divided into two groups:

those having high positive susceptibility cuntrruLts
(+0.00152 emu for anomaly No, 5, +0,00103 emu for
anomaly No,2) are probably basalts, while those |Luith
low positive susceptihility contrasts (+0,000625 emu
for anomaly No, 4, +0,000825 emu for anomaly No, 3)
are basic/ultra basic rocks such as gabbros, didritcs

and dolerites,

Ts The modelled bodies also indlicate that many of
the bodies with regative susceptibility contrast
show a more irregular shape than those with positive

susceptibility contrast, This can be explained| by

assuming that the former boiies (possibly the ncidic
phase of the Younger Granites) have ‘een de formed
after their emplacement, Such deformation woulld have

been broupght about by a mechanism involving crl.{stal

f



instablility assuming that the eruption of the
basalts, which took plaes after the emplacement

of the Youneer Granites, was accompanied by

crustal movements, In the model of Anomaly No, 2

it can be geen that the baszdltic boly cuts into
the Younger Granite rocks., This shows that
chronblogically the basalt is the younmer of the
two intrusiong. This same order hnas alsoe been
widely aceeplted as the sequence of eruption of f

exposed Younger Granites nrd Bagalts (Mcleod, 19

e, This work also shows evidence of » NNW.SSE
trend in the location of some of the exposed ang
buried Younger Granite complexes in the arca
investigeted., The fact that this trend exists
only for complexes lying to the east of the larg
magsifs (Jos-Bukuru-Sha-Kaleri) emphasizes the
conept of basement control in the emnlacement (
the Younpger Granitcs, Structurnl trermds in the
basement to the west of the central Plateau are

north-south while to the ¢nst, north-north-west

alli snments have been found parallel to the zoneg

of shcaring in the bascment (Maclcod et al, 1977

6,2 SUGGESTIONS FOR _FURTHER WORK

As noted above, remarent magretization has

neglocted in computation of the models., In viey

D
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the serioug modifications thot remanent

magretization can wmake to the above results, i

is recessary to determine the remanent mazne tij

in the Younger‘ Granites rocks.
Apa'r't from direct measurements in the labg
| on 5amples collected, an imdirect method of det
mining remanent magnetization 1s also possible,
imdirect method should e particularly useful i
the case of buried Younger Granites whosc sampl]
may be more difficult to obtair. One such meth
is suggested by Shurbtet, Keller and Friess (197
in which memanent magretization in geologic. ..
-stmcmres can be determined by a comparison ©f
the gravity anml magretic anomaslics arising fron
- the bodieg, Detailed gravity surveys would fip
be carried out over the buried Younger Granites

This would then ke followed by threc-dimensiong
U

5

modelling of the gravity anomaly cbtained, i
the bodieg thus obtained, magretic fields can %
be calculated for them at the surface assuming
magnetization is only induced, Descrevpancies |
the ecalculated fields and the observed Tislds W
be due to the contribution from remancnt magcred

The se determinations topether with field n
ments and laboratory tests on eollected somples
exposed Younger Granites would allow comparisoq
e made bEtween the remanence of exposed and W

granites,
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APPENDIX T |

THE MAGNETIC FIELD ON 4 HORIZONIAL SURFACE DUE TO
4 BODY OF ARBITRLRY SHAPE LYING FELOY THE SURF/.CE
Consider a boly of intensity of mn;fnctizat% on J

(comporents: jx, 3Jy, Jz). The maemetic potential,
A, at the origin (outside the boly) due to a vuiume
element, ¢ x AY £ Z, of the body, which has |

position vector R«,(R2 = x2 + yz + 7_2), is ;-':Lver;l

|
by A= Jx X + J%Ye- J22 £ X2 YAZ evesenssbs (A1)
R |
The three components of the mapnetic ficld intel.h‘j-ty
for the body are: ||

~y |

PP TR PRI

L SAOgl) =_,_‘_“‘.'5Y
Vs .
"'m:lxdyrlz |
L = ’[ t\ -?}z

The triple integrals bteinit carried out over the
volume of the body, Substitutins the value of A

form {(A,1), and differcntiating with rcsvect tc:|' X,

Y and Z respectiwly, we pet: ’

Ax = Jxv1+JyVZ+JZv3 ; |

AY - Jx V2 + JY Vh + Jz Vs i ______ -—-—4!""(;\-.2)
= J

Al xv3+JYV5+‘IzV6 |

|

whe re V,‘. V2, V} —_— V6 represent integrals O\fur

the volume of the beody given by:
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MODEL BODY SHOWING :{c)A CONTOUR AT DEPTH = ond
b)ITS REPRESENTATION BY A POLYGON
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In order to evaluate these triple integrals, th

AN ]

<
o
=
5
|
o
2
'-:‘.‘

-
i
[

L+

method used here performs a double integration
analytically ard a single integration numericall
The body whose anomaly has to te evaluated is fi
represented by contours (Fig. A.1). Each contou

is then replaced by a polygonal laming, The dep
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- (&, %)

V\_AMW L

¥a
rst
r

ble

integration is carried out owr Lthe surface of pach

of these hori~ontal polygonal laminas. ‘the

nurnerical integration is then carried out with
respect to the Z-axis, In Fig,A,1 for example,
onc Of the contours has heen represented by the
polygonal lamina KIMNIDFK, lLet the origin P e
the point where the anomaly is heing determined
let P‘t lie a distance Z directly below P in the
plare of KIMNIDFK, Let the surface part of the
volume integrals VT’ Vg, -—, Vﬁ be denoted hy
S4r Bor==mm, Sg respectively,

A

2t
ard

/
f -----— dxdy, ...l FE—Y dxd y: 83 j -R%dedy

.r"
[

l‘:Lg axd y; =} [ % dxdy; Sg
o

5 t
) il

L

3Zf=R
J

2
dxdy



82,

2

g _2005291(5;_3’1”-221;@91 BiY; _z2 y |
1 22,p, 2 Ry s Ry

2 2 . 52 | 2 2
S, = -—:‘Cos'fi 8 Y9+ 8+ 27 _ g Y tan 6,48 %427
2 & 7 * 5 R, | S )
1+1 i
2 2. |
o< Cogi! (ﬁ...isec 91"'1%1 tan 8, _ y;Sec G.ﬂgi_tan h
Sy &2 02 i :
2%+ i 1+1 2
X, .-z2Cot ©, C.X, -2° |
5 5inei (EJ, gt O | C&,-L7Cot gii
S, = 22,0 2 R, R
+ i i+ i
2
5. -5 2 51n2g(’flﬂc°f?_‘3291+cic°t 0y X Cosecfe; +C, Cot ani4
’ 224-(1 Ry +1 Rj_
(2, r CosX r. Cos|3 |
Sg =~Z—E—O§ (<1t = . -'LL-R—_‘_JL)_,___(A.}_‘)
Z+ N\ i+1 i

The above summations are made for the total number

of sides of the polygon, The trigonometrical

functions tan 6, Cot 91, Sin Gi' Sec 91. Cosec 9’1,

COsBi as well as the intercepts C; aml g ard| the
ani Q ; can all be

expressed in terms of xgs Yi» the co-ordinates of

digtances ry, Ty,q, Ry, Ry,

K amd X the co~ordinates of L,

i+1? Yi+-1
Thus the integrals S,, 52, --==, Sg can all

be expressed in closed fomm in terms of the

cartesian co~oOrdinates of the corrers of the pglygon,



Finally, V1, Vz, - VG are evaluated by

performing the nume trical integrals:

]

Sy

t‘- {.‘ ’4"\
v, ) $,42, V, = I Sz, v5 =J Szd.z,
A ~ ™y

-
\ S dZ, V = r S dz, V6 = ( Ssdz, the

6% Tw s T s

limits for each of the integrals are Z top Z bo

83.

Ftom,

If Sio' S. ., ad 3,  are the values of Si corre sponding

i1 iz

respectively, to the contours at heights Zys Z.lard Z

X
the contribution to V; by the portion of the hod
lying between the horizontal planes Z, and 2, 1s
given by

"2
v pod
x = S.dz
i S\Zo i

r"”‘

F Z =2 K

= 1/6 U855 202 (57,7 -0z ) + 5, (Po722)]
- o 0 i1

L o ™ (%17%0) |

+ S, _2.9___.2.2.(37 Z =27 ) (A, 5

Y2 ZZ, MmN o T TR

By choosing suceessive sets of these point (ZO,E
the numerical quadrature can be carried out thrg
the entire range of 215; and VT’Vz’ ===, Vg can
obtained, By shifting the origin to another poi
arl by referring the co-cordinates of all the pol
corrers to this point, the values of V.. V2,--—,i
for any point can e substituted in {4.2) to gety

the three components of the magrnetic anomaly

Ax, by, S

2
Y

p

Z,]-ZD)

)

1’22),
ughout
be

nt




When magretization is taken as being by |
induction in the earth's field, the total |

intensity anomally, *T, is given by: |

AT = AXCosD Cos I + £YSinD Cos I +/\2

Sin I e—ae==(A.6) where D is magnetic de clination’l.

I the inclination, Thus assuring induced "

magnetization, the magnetization comporents are r

given by '
Jx «J CosI CosD ) |
Jy = J CosI SinD Yacea—-=(A.7)

JZSJ SinlI |

|
and J = KeHOw== e -{A.8)

where K is the susceptibility and Ho ig the earth's

magnetic ficld., Substituting in (A.2) gives |

AT in terms of the magretization components

(Jx' Jy’ Jz) as J
- 3in I)

AT = Jx (V,Cos D Cos I +V,8SinD Cos I + V3
=
|

+#Jy (V,Cos D Cos I +V, 5inD Cos I + Vg $in I)
|
+Jz (v30c>s D Cos I +V,8SinD Cos I + Vg Tin I)

|
|
[

{

i(A. 9)
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APPEINDIX 2

(The Madelling Program)

PROGRAMptwz (INPUT, OUTPUT, TAPE 5 = INPUT,

TAFE 6 = OUTPUT).
NP is number of Grid Points
NC is number of contours
N(J) is number of points on contour J
Al = AI # CON
AD = AD * CON
¥J = SK *#F
DO 11 J =1, NP
READ (5, 51) x0(1), YO(I), AN(I)
FORMAT
READ {5, 51) 2{1) coness280)
DO 12 I = 1, N(J)
READ (5, 52) xx (J,I), YY(J,I)
VJ # c0s (AI) * 0S (aAD)
JY = VJ # c0s (AI) * SIN (AD)
JZ = VJ # SIN {(AI)

JX

Variation of parametors begins

31 = 4

De termination of theoretical Field vnlues

k is index of points
J is index of contours
Do 15 K = 1, NP

Do 16 J = 1, NC
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s1(J) = 0.0

s2(J) = 0.0

SG(J) = 0,0

Do 171 = 1; N(J)

X(I) = XX(J, I) - X0(K)

Y(r) = vv(J, 1) - YO(K)

M1 = N(J) + 1

X(M1) = Xx(1)

Y(M1) = Y(1)

CONTI NJE |
Do 18 I = 1, N(J) |
MS(I) = (Y(I+1)=-Y(I))/(X(T+1)-%x(1))

Ns(1) = 1,0Ms(1)

6(r) = X(I)-v(1) * Ns(I)

c(r) = Y(I)-x(I)s(I)

RP(I) = SQRT(X(I+1)**2+ Y(I)**2 + 2(J) #*p)
R(I) = SORT(X(I)*#2 + Y(I) *#2+2(J) #%2)
RB(I) = SORT((X(I) = X(I+1))**24 (Y(I)-Y(Is1))#*2
P(I) = G(I) / (SQRT(1.0 + NS(I) #*2))

R1(I) = SQRT (X(I) #*2 + Y(I) ##2)
R2(I) = SORT (X(I+1) **2 + Y(I+1) #*2)
CSB(I) O (T ) **oX (T4+1)+Y(T)#%2-Y(I+1)) /7 (RB(I)*R1(1))
csG(I) = (X(T+1) * (X(T) = X(T+1)) + Y(I+1)
# (Y(I) - Y(I+1)))/(RB/T)*R2
BT1 = (9(I) * ¥(I+1) - Ns (I) * z(J)**2)/RP(I)
BT1 = BT1-(G(I)*Y(I)-Ns(I)*z(J)#**2)/R(I)



18
16

51(J)
BT2
BT 2
s2(J)
BT3
BT3
53(J)

BT4
BTY4
54(J)
BT5

BT

S5(J)

BT6
S6(J)

CONTINUE
CONTI NUE

UJ
uJ
uJ

vJI(K)

=

n

87.

S1(JI)=BT1/ {1+ NS (T y##2) % (Z(T)**24P (L) %2} )
(O(T ) *# 04 2 (T)*#24G(I ) #Y(T+1)*NS(I))/RP(1)
BT2- (G(I)#%24+ 2(J) #* 4G (1 ) *Y{T )*N5 (I ) )/R(T)
852(J) + BT2/ {(1+NS(I)#*#2)#(2(T)** 24P (1) **2))
(Y(I+1)*(14Ns(T) #*2) 4+ G{T ) *NS (1))} /RP(I)

BT 3~ (V(I)*(14NS(T)*#2)+G(I) *Ng(I)}/R{T)
S§3(T)-z{I)#BT3/ ((1+ NS (T )*xp) w (Z(J)*=
24P¥*2) )
(c(I) * x{T+1) -Ms(1) * z(J)**2)/RP(I)

BT4 - (C(T) * X(I) - M5(T) * 2(J)*k2/R(T)
54(J3)+ BT/ ( (T+US(T)%*2) #(2(I)*+%24P (I )##2))
(X(I+1)*(1+MS(I)**2)+C(I)*MS(I))/HT(I)

BT5- (X (T)* (14Ms(T)%*2) + c{I)®s(T)/R(T)
*2

3

55(7)+BT5*Z (%) / {(14MS (1) #x2)(2(J)
+ P(I) *%2}))

R2(I)*CSG(T ) /RP(I)-RU(I)*csB(I}/R(])
86(J) - BT6 *P(I)(P(I)*tp42(J) *%2)

ST(1) *(z(@)-2(3))* (5, 0%z(2)-Z2(3)-2*2(1))
/{2(1)-2(2))
UJ+ST(2)#(Z2( 1)~z (3)**3/ ((2(2)-2(3) }*
(z(2)-2(1)))
UJ+sI{(3)*#(z(1)-z(3)*(3%2(2)-2(1)
-7*2(3)) /(z(3)-z(2))

UJ/6.0




| e8,
|

T1 = JX*(V1(K)*C0S (AD ) *00S (AL )4V 2(K ) *SIN(4D)
*C0S(AL)+ JB(I() * SIN (AI) |
T2 = JY#(2 (K)*00S (AI )+ W‘(K)*SII\E(AD)*COQ"(AIL

V3 (k) # SIN (aI) |
73 = Jz * (VI(K) * c0s(aD) * cOsS(AI) +
v5 (K) * SIN (AI) |
T3 = Jz *( V3(k) * cos (aD) * cOs (al) +
v 5(K)*SIN(AD ) *C0S(AL )+ 6(K)*sm(.af_)
DTK) = 11 » T2+ 173 ‘

DX (K) = AN(K) - DT(K)
15  CONTINUE
C Calc. of correlation coefficients betwee DT & AN
SuM X1 = 0.0 |
Sum X2 = 0,0
Sx1SQ = 0,0
Sx25Q = 0.0 |
Sx1x2 = 0.0
Do 111 K1 = 1,NP
X1 = DT(KI)
X2 = AN(KI) l

SUM X1 = SUM X1 + X1

SUM X2 = SUM X2 + X2 |
SX15Q = SX18Q + X1 * X1
SX25Q = SX25Q + X2 * X2
SX1X2 = SX1X2 + X1#¥2
111 GONTINUE



5

VAR = (NP * SX1SQ - SUM X 1¥%2)/{(NP*{NP~1
STDEV1 = SQRT(VAR)
VAR = (NP¥SX23Q-SUM X 2%%2)/(NP*(NP-1))
STDEV2 = SART(VAR)

OV = (NP*SX X 2-SUM X 1% SUM X2)/ (NP*(NP4
COR = COW/(STDEV41 * STDEV 2)

WRITE (6,661) X1

FORMAT

WRITE (6,661) COR
DC %05 I = 1, NP
WRITE (6,661) DX(I)
CONTINUE

STOP

END

&9,

))

1))
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