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ABSTRACT

Aero magnetic data over the Chungowa Depression, Chad Basin, Nigeria has been
studied in this work. The area is bounded between Longitudes 11 ° 30" E and 13°00"Eand
Latitudes 12° 00" N and 12° 30" N. The Aeromagnetic maps supplied by the National
Geologica Survey, Kaduna, were digitized along the N - Sflight lines at intervals of 0.5 Km
to recover the original aeromagnetic data. The aeromagnetic data was then continued upward
using a fortran computer program to 2.0 Km above the flight elevation to determine the
regional field. The residual fidd of interest was then obtained by subtracting the determined
regional field from the totd field.

Qualitative interpretation of the aeromagnetic field revealed that the study areais
characterized by both high and low gradient anomalies trending mostly along the EW and
ENE directions with few anomalies along the N - S direction. Two lineaments and three
extended gradients were also observed in the Study area.

The graphica techniques of Pd (1985) and Stanley (1977) were used to interpret the
short wavelength anomalies of interest. The 2 - D interpretation based on the Pal's (1985)
method shows that these anomalies were caused by intrusives lying predominantly between
the depths of 0.011 Km and 129 Km with the shallow depths probably caused by shallow
bodies which could be lava flows. The interpretation also suggested three set of ranges of the
magnetic susceptibility contrasts associated with the igneous intrusions based on which the
intrusions were thought to be granites, basalts and acidic rocks. On the other hand
interpretations based on the Stanley's (1977) method suggested that the short wavelength

anomalies of interest were caused by igneous intrusions lying predominantly between



0.148 Km and 118 Km. The interpretation also suggested three set of ranges for the
susceptibility contrasts associated with the igneous intrusions based on which the intrusions
were thought to be basalts, granites and acidic rocks.

Some of the modeled bodies were found to lie at shallow depths which could be lava
flows. The presence of the lava flows and the basdtic intrusions suggests a rift origin for the

basin through which the rocks ascended as a result of volcanism.
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CHAPTER ONE

INTRODUCTION

1.1 General Description of the Project Area

The Chungowa depression which is the area studied in this work, lies within the
Nigerian sector of the Chad Basin. It is bounded by longitudes 11° 00”2 and 13 30"E and
latitudes 12" 00"N and 12" 30"N. ( Fig 1.1 ). |

The Chad basin is the fargest area inland drainage in Africa occupying about 230,000
Km? in the central sahara and southern Sudan (Barber, 1965). According to Matheis (1976),
about one-tenth of the basin is situated in the north-castern part Nigeria, where the western
limit is formed by water. divide between Niger and Chad drainage systems and the southern
limit by the divide between Chad and Benuc drainage systems.

Within Nigeria; the altitude of the basemfcnl falls to about 530 m at the western margin
to about 300 m within the lake Chad along a long distance of about 240 Km (Matheis, 1976).
This indicales a gentle slope towards Lake Chad. This gencrally low lying topography is
" interrupted by channels which exlend for many kilometers (Matheis, 1976). Hydrologicaliy,
the Nigerian ri.vers within the basin generally drain northwards towards Lake Chad, within
broad shallow valleys which only retain surface water afier the heaviest rains (Matheis, 1976).
The basin 1s of particular interest because of its proximity and possible structural relationship
with Benue trough and also because of the economic implications of the iron formations found

1n a number of boreholes found in the bagin.
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1.2 PREVIOUS WORKS IN THE STUDY AREA

In 1960, Cratchley carried out a gravity survey of the. southern part of the basin from
which a Bouguer gravity map of a large fraction of the Nigerian portion of the Chad basin was
compiled. The compilation was done by the Overscas Geological surveys and the map was
incorporated into the Bouguer gravity map ofﬁigcria produced by Ajakaiye and Burke (1972).
Also, Torkaski (1973), in searching for the possibility of the Chad oil in Nigeria, indicated the
possibility of oil and gas in the basin. He further suggested a geophysical study of the basin.
Also Yusuf (1990) carried out a detailed interpretation of the acromagnetic data over partS of
the Upper Benue trough which included part of our study aréa and obtained a depth to
basement of about 2.0 Km for that part of the trough. Recently, the borchole logs of some
recently drilled oil wells in the in the Nigerian section of the Chad basin inlercepted several
layefs of hitherto unknown igncous intrusions which can act as structural traps for oil or
channels for the cv'aporation of the accumulated oil (Ajayi and Nkereuwem 1992). Their
interpretation of the broad or long - wavelength ?nomalies ol an area containing the present
study area based on Wcrncr deconvolulion équtions by Ajayi and Nkereuwem (1992)
identified the localions of these intrusions and the gross thickness of the sediments within the
area of oﬁr study which has a maximum value of 4 km. However the identified volcanic

intrusions were not quantitatively modeled or interpreted. Flence the need for this work.

1.3 AIM AND SCOPE OF THIS WORK.

As stated above, the work of Ajayi and Nkercuwem (1992) was directed at interpreting



the gross structure of the basement below the fight lines over the Chungowa depression. As
such the study did not interpret the relatively localized anomalies which they considered were
due to the igneous intrusions suggested by the Werner profiles. Thus the present work is
primarily embarked upon to interpret this localized or very short-wavelength anomalics. The
graphica1 methods of Stanley (1977) and Pal (1985) were used for these interpretations due
to the fact that the causative bodies {or the anomalics of intercst are thought to be dike - like
bodiés which thesc methods are good (or. ‘The anomalies of interest in this work are the short
~ wave-length anomalics with widths not greater than 5 Km, which are belicved (o originate from
the dike bodics and may be of interest for those e);:ploring for oil/ petroleum in the basin. This
is so because according 1o Ajayi and Nkereuwel:n (1992), thesc volcamc intrusions {(dikes)
might have acted as structural traps for hydrocarbons or source of heat for the evaporation of
the hydrocarbons. The role in which they play, that is either as a trap or as a trap or as a heat
'sourcc, dependg on the relative ages of the hydrocarbons, if any, and the volcanic. As th-e
apl;roximatc shape,sizes and the magnctic parameters of the magnetic intrusions are neceded,

these two interpretation (echniques are considered to be sufficient.



CHAPTER TWO

GEOLOGY OF THE STUDY AREA

2.1 INTRODUCTION

The Chad basin which contains the Chungewa Depression cover parts of Nigeria,
Niger, Chad and Cameroon. A map showing the geology and the extent of the basin in Nigeria,
including the study area is shown in fig 1.1.

The area is covered bjr sediments which gently dip towards lake Chad and may
therefore be classilied as a covered shield area (Howell, 1959). The Chad basin is covercd
mainly by deposits known as Chad formation (Carter et.al., 1963). The crystalline rocks ,

which outcrops around the margin of the basin, consists of granite and flows of basalt (Barber,

1965).

- 22 STRATIGRAPHY OF TIIE CHAD BASIN
The stratigraphic sequence of the Chad basin consists of six formations namely the
Chad formation, the Kerri-Kerri formation, the Gombe sandstonc, the Fika shales, the Gongila

formation and the Bima sandstone, The sequence is represented diagrammatically in table 2.1



Table 2.1:  Stratigraphic sequence in the Chad Basin (N.E. Nigeria, After Mathias, 1976)

Age Formation Environment
Pleistocene Chad Formation Lacustrarine strata
Paleocene Kerri-Kerri Formation (Unconformity) | Continental strata
Maestrichtion Gombe sandstone Estuarine-Deltaic strata
Senonian Fika Shales Marine strata

Turonian Gongila Formation Marine-Estuarine strata
Cenomanian Bima Sandstong (Unconformity) Continental Strata
Pre-Cenomanian Basement complex

2.2.1 THE BIMA SANDSTONE

This formation of probably Upper Aibian to Lower turonian age, (Matheis, 1976) .It
outerops both in the Chad basin and the Upper Benue basin but the thickness of the formation
is much reduced along the Zambuk ridge separating the two basins (Matheis, 1976).

The Bima sandstone directly overlies the crystalline basement unconformably and
varies in thickness from 100 m to over 3000 m (Matheis, 1976). The Bima sandstone probably

resulted from the weathering of the granites of the Jos Plateau (Matheis, 1976).

2.2.2 THE GONGILA FORMATION
This formation is a transitional sequence between the purely continental Bima
sandstone and the marine Fika shales which has a maximum thickness of about 500 m

(Matheis, 1976). Numerous ammonites of Lower Turonian age are present (Reyment, 1956,



1965: Carter et. al., 1963).

2.2.3 THE FIKA SHALES
This are marine shales of Upper Turonian to Scnonian age (Matheis, 1976). The Fika
shales consists of blue-black shales, dccasionally gypsiferous with thin limestone intercalations

(Matheis, 1976). Fish and reptile remains obtained in them suggcests Turonian to Maestrichtian

age (Carter ct.al., 1963).

2.2.4 THE GOMBE SANDSTONE

The Gombe Sandstone is a sequence of cstuarine and deltaic sedimentation, best |
developed in the south-western portion of the basin, where a thickness of at least 350 m has
been rep;:)rled (Mathcis, 1976). This formation gets thinner towards Lake Chad ( Matheis,
1976). The Gombe Sandstone is not strongly folded and does not show the east- west trends
which arc imposed on the earlier Formations. The lower beds are characterized by mudstones
~ and ironstones, while the middle part of the basin is compc;scd of well- bedded sandstonc and
siltstones (Matheis, 1976). Towards the top seql;lence, cross- bedded sandstones are present
(Matheis, 1976). 'l'hc dating of the Gombe sandslc;unc through palynological methods suggests
Upper chstrichtian to Pleistocenc age. |

rl

2.2.5 THE KERRI-KERRI FORMATION
Thus formation rests unconformably on the folded Cretaceous sediments. It consists of

a continenlal sequence of sediments dipping north-east beneath the Chad basin (Matheis,



1976). Drilling has proven that these sediments arc wedged out between Maiduguri and the
Damaturu - Gashua road (Matheis, 1976). The Kerri - Kerri formation appeared to have be.en
derived from a terrain of Crelaceous scdimentary rocks whose relief was most subdued than
the topography ol the Bima sandstone times {(Carter et. al., 1676). From palynological data a
pliocene age has becn suggested (Méthcis, 1976).
2.2.6 THE CHAD ‘FOI{MATION
This formation is a variable sequence that includes all the Quaternary sediments of
lacustrine origin underlying the surface deposits over a vast area of about 15,000 Km? in Kano,
Borno ,Yobe and Bauchi states. Within Nigeria, the Chad formation is exposed only on the
southwestern margin of the basin and is essentially an argillaceous sequence in which the
inpersistent arenaceous horizons occur (Matheis ,1976). The dating of the Chad formation was
based on the vertebral remains of Lower Pleistocene and may also include deposits of Pliocene
age {(Barber and Jones, 1960).
2.2.7 VOLCANIC ACTIVITIES 5
Volcanic rocks are widely distributed ii‘i the north - eastern part of Nigeria. The
youngest and more important phasc of the activity occured during the Mid - Tertiary to recent
time (Matheis, 1976). ! : | .
The volcanic activity that had take;l place in the Nigertan portion of; the Chad basin is

confirmed by the volcanic rocks that had emerged through the Chad formation in the Shari

Delta in the Chad republic (Barber, 1965). The intrusions are classified inio younger and older



series. The older intrusives consists imostly of entirely granites while the younger consists of

principally granite and synctic and dia-basis types with numerous dike associated rocks

(Barber, 1965).

23 GEOLOGICAL EVOLUTION OF THE CHAD BASIN

The geological history of the Chad basin in Nigeria began during the Upper cretaceous,
probably Uppermost Albian (Matheis, 1976). During this period, continental sandstone
consisting of the Bima sandstone were deposit"ed uncomfortably on the pre - cambrian
basement mainly o the south - west margin of the basin (Barber, 1965). These cvents were
later followed by an extensive transgression and a mixed limestone/ shale sequence was
deposited. The limestone/shale beds (Gongila formation) are overlain by over 530 m of marine
shales (Fika formation) of turonian to senonian age. An estuarine - deltaic environment is
thought to have prevailed towards the end of the Cretaceous (Maestrichtian), at which the
Gombe sandstone was deposited with intercalations of siltstones, shales and ironstones (Furon,
1963). These sediments hardly extend far cast into the Chad basin, bul they probably attained
a thickness of over 320 m where they occur (Matheis, 1976).

A period of folding occured at the end of the Cretaceous, so that the Cretaceous beds
were folded into a series of synclinés and-anticlines that were later partly eroded creating an
erosional unconformity at the base of the tertiary deposits.

The Kerri - Kerri formation, which does not extend _far cast into the Chad basin was

deposited during the palcistocene. The Chad Formation was deposited unconformably on the

Kerri - Kerri Formation and the older shales belonging to the Turonian lo Scnonian age.

"



The Chad Formation has been dated as Quaternary on the basis of the finding of the jaw

of Hippgpotamus Imaguncula Hopwood, in a hand dung well at a depth of 60 m {Durotoye,

1976). Tﬁc dating indicated Lower pleistocene age but a considerable thickness of the Chad
Formation below the dated level suggested that the Formation may also include deposits of
Plioclene age (Barbcr, 1965). In the more recent times, dune sands accumulated in the Chad
basin and severa! ancient dune systems may be identificd. River alluvium and deltaic and

lagoonal clay - flats that cover wide areas to the fso uth and south - west of lake Chad arc the

youngest deposits (Matheis, 1976). ' |

2.4  STRUCTURAL GEOLOGY

The earth movements and the recent climatic changes that have affected the Chad Basi;l
ma.y be summarized as {ollows:-
Late ctetaceous
(1) Déposition of sandstone, Limestonc and clays.
Cldsc of Cretaceous
(ii) Secular clevation of the whole area, accompanicd by folding and fracturing of the crust.
Early cocenc
(iii) Intense erosion of the land surface, re'sulting in the complete denudation of the Creta-ccous
sediments over large areas.
Middle and [.ate eocene -

(iv) Gradual subsidence, marked in its early stages by outflows of basalt in the south of the

basin.

10



(v) Debosition of sediments; at ficst in the old river valleys and finally over the whole area.
Late cocene ' . | .
{vi) Intermitient movements, the final results of which was the clevation of the wholc arca
above the sea level; maximlum elevation roughly along the watershed.
Eocene - Mincene K T
(vii) Erosion, during which the Kerri - Kerri Plateau and the Korode Hills were oqtlined and
the eocene sedimenis in the north east of Nigetia and the adjoining French territory were almost
complétely denuded.
Miocene nr Pliocene
(vilii) Gradual subsidence, which was sulficiently marked in the northern Bornu, Katagum, and
notth - eastern Kano and the adjoining French territory to allow for the return of the sea,

(ix) Accumulation of drift over the greater part of the protectorate and the deposition of the

Chad group in the sca. ' ,

Pliocene or Pleistocene |
(x} General clevation of the who_lc arca, thc movement being accompanied by a gentie
flexuring of the crust along the two sets of the axes at right angles. The Chad basin, l};ing
between the various axes, was relatively depressed to least elevation oceurring at Bodele.
(x1) Drainage of the Chad basin eastwards through the Bahr - ¢l - Ghazal, with local erosion
of the strata of the Chad group.
(xii) Uprnise of the Chad - congo divide, cutling of the escape of the waters from the basin and

causing swampy conditions in the Chad - Bodele area.



Recent

(xiii) Desiccation of the basin with the formation of the dunes, and the blocking of the other
drainage channels.
(xiv) Comparatively humid climate of the present day. Drainage irending once towards the

lowest point of the basin and leading to the formation of Lake Chad.

It will be observed that the Chad basin was an area of relative depression during all the

carth - movements that have taken place since the eocene times



CHAPTER THREE
PRINCIPLE OF THE AEROMAGNETIC METHOD AND

INTERPRETATION TECHNIOUES USED -

-

31 GEQMAGNETISM
It has been known for more tha!1 three centuries that the earth behaves as a large,

somewhat irregular, bar magnet. Extensive measurements of the magnetic elements have been
made at sea because of their importance in connection with the use of magnetic compass for
navigation and on land with the use of compass for surveying. Long-term studies of the
maguctic elements have been made at magnetic observatories on Jand to study the slow
changes in the geomagnetic ficld (Nettleton,1970). | |

" As a result of these studies, it has been established that the geomagnetic field is
composed of three parts namely; the main ficld ,the external field and the variation in the main
' ﬁeld. Each of these componeits 1s briefly described below.

w

3.2 THE MAIN FIELD

This component of the Earth's magnctiqi: iicld varies relatively slowly and is not constant
in time. It is c:;used by an internal source, th;e mechanism of which several hypothesis have
been p;.ll forward to account for. Th:.: mosl probable theory is that it is caused by electric current
circulating in the outer core. The outer extends from a radius of 1300 km to 3500 km a;ld 1s

"assumed o .bc a combination of iron and nickel; both of which are good conductors of
electricity. The magnetic source is thought to be a sell excited dynamo, in which a highly

13



-

conductive fluid moves in a complex mechanical motion, while the electric current, probably
caused by chemical and thermal variation flow it. The combination of the motion and the
current creates a magnetic field.

Laboratory test have shown that the dynamo source may be a valid explanation and may

also account for cerlain sccular variations which are known 1o have oceured in the earth's

magnetic ficld.

3.2.1 THEEXTERNAL MAGNETIC FIELD
This is a small flfacli011 ol the main field which varies rapidly, partly randomly and
partly cyclically. The range of the daily variations in the vertical intensity may be as great as

100 gamma (Nettleton, 1970). The ficld originatr'cs outside the carth and is associated with the

electric current in ioniscd layers of the outer atimosphere (Telford et. al., 1976).

3.2.2 VARIATIONS IN THE MAIN FIELD
This is usually, but not always, much smaller than the main field. It is relatively
constant in time and plhcc and is caused by the local magnetic anomalies in the near surface
of the earth (Telford, 1976). >
33 Ei,EMENTS OF THE GEOMAGNETIC FIEL.D
The geomagnelic field consists of three clements namely the vertical feld, the

horizontal field and the total fiield. Each of the clements is bricfly discussed below.
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3.3.1 THE VERTICAL FIELD
The intensity of the magnetic force at any point is denoted by F and its vertical
component is called the vertical field. [t is denoted by a letter Z or V and is reckoned positive

downward as shown in lig 3.1, It is given the relation Z = F Sin I. (Where [ is the inclination).

3.3.2 THE HORIZONTAL FIELD

The horizontal c:()mponent of the magngtic force at any point is called the horizontal
ficld and is always posi.f.ive. It has two componq;us X and Y which are considercd positive in
the north and easi respectively as shown‘ih fig 3| 1. The horizontal field and its cémponent are
given by. the following relationships H =F Sin I, H=F Cosland Y=H Sin D (where D is the
declination). ’ | |

3.3.3 THE TOTAL FIELD

The afgebraic sum of the vertical field and the horizontal field is the total field at that
point as shown in fig 3.1. It is given by the following relationships:

FP=H+7Z' =X +Y +Z%

3.3I.4 DETERMINING THE IHREF‘TION OF THE MAIN FIELD.

If a steel needle, not previously magnetised, could be hung at its center by a thread so
that it were free to orient itsclf in any direction in space, at most points on the carth surface it
will assutﬁme neither horizontlal nor in line with the geogrﬂaphic meridian. This orientation is

~ the direction of the earth's total magnetic field at that point. The magnitude of this field, F, the

. 15
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inclination of the needle from the horizontal, I, and its declination, D, the angle it makes with

geographic north, completely defines the magnetic field.

3.4  PRINCIPLES OF EXPLORATION GEOMAGNETISM

The earth's crust contains a reasonable amount of ferromagnetic minerals and crystalline
rocks of igneous origin such as granite, basalt and gabbro which contains appreciable amount
of minerals such as magnetite and haematite. The rocks thus have a weak magnetisation which
influences the earth's magnetic field above the surface of the earth to an appreciable that could
be detected by sensitive instruments.

Fig. 3.2 illustrates how the field is measured by elements of this type in a fluxgate
magnetometer. Two parallel cores are alligned with their axes in the direction of the earth's
field. Primary coils in series magnetise the two cores with the same flux density in opposite
directions, since they wound oppositely round the opposite cores. The carth's magnetic field
at a given instant reinforces the field set up by one of the coils and opposes the field of the
other. Fach of the coils has in addition a secondary wounding, the two secondaries being
connected to a voltmeter that reads the difference between the two outputs.

The instruments used in exploration includes Tuxgate, nuclear precission and optical

magnetometers.

3.5 THE AEROMAGNETIC METHOD
The vast majority of the magnetic surveys that have been made over the world were

carried out with airborne instruments. Expriment with airborne instruments were carried out
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as early as 1921 when a captive ballon was used for magnetic measurcments over a known ore

body in Sweden (Dobrin, 1976).

The airborne magnetometer was later developed during the second world war for
tracking submarines combined with radio locations for accurately locating aeroplanes. This
coﬁstitutcs one of the methods of modern geophysics by means of which magnetic survéys arc
made with great speed over land or water (Vacquier et al., 195 1).

" The instruments used fb.r airborne magnetichsurveys have greﬁter sensitivities of about
| - 5 gamma. Virtually all airborne detecting instruments measure total field (Dobrin, 1976,
Telford et al., 1976).

The most usual procedure for placing the magnctometer head during flight is to tow the
sensing element at the end of a cable at some?distance behind the acroplane, the detector is
housed iﬁ streamlined cylindrical container kn(;wn as the 'bird’ which is about 25 - 30 m long
and connected b;' a cable to the aeroplane or aliernatively is mounted on a wing tip or slightly
behind the tail.

For actual suevey the the ma,;;nctomcter is tlown along a pre - selected set of lines,‘.the
altitude beiné kept as nearly vertical as possible and the height being continuoslly being
recorded by an altimeter. Since both the magnetometer sensitivity and the earth's ficld may
cilmlge due to instrumental drift and diurnal or more sudden variations, it is customary to make
repeat reaﬂings during days ﬂighf pattern to record séccmd readings at a number of
intersections. The aircraft could be located at all times with respect to the ground position by
a number_of modern techniques, I]Eililelljf radio device systems, aerial photography, dobler

-

system of navigation etc.
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The data of the total magnetic field obtained during magnetic survey are presented on
contour maps showing lines of equal strength of the anomaly or any of its componenets. The
areal extent of the anomaly features roughly represents the extent of the contrast in the average
content of the content of the ferro - magnetic minerals of the under - lying basement rocks.

The main advantage of acromagnetic survey result from its great speed of surveying
which reduces cost and also reduces the effect due to time variations in the magnetic field and
instrumental drift. Erratic magnetic features near the surface of the earth which often
. consititutes a nuisance in ground work are reduced or completely eliminated by the height of
the aircraft. In some cases, the elevation may be purposely chosen to favour certain geological
structures of certain size and depth. Generally, no operational problems are associated with
irregular terrain and also the survey could be made over water and other areas that are
inaccessible for ground work,

The main disadvantage of airborne magnetic survey is the high initial cost for surveys

over small arecas for mineral exploration.

3.6  INTERPRETATION TECHOUES USED
3.6.1 ISOLATING THE SHORT WAVELENGTH ANOMALIES

An aeromagnetic map is charecterised by over abundance of details consisting of
anomalies with large lateral extent and small lateral extent. The interesting anomalies resulting
from the shallower features on the potcnlia‘I ficld maps are often masked by the effect of large
scale deep seated structures. Thus, the first step in interpreting the short wavelength anomalies

is 1o isolate them from the effect of the deep seated sources structures. The continuation
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process described below is used to remove the long wavelength anomalies which are not of

interest in this work.

3.6.2 THE UPWARD CONTINUATION PROCESS
This is a process in which the potential field data is mathematically projected

upward to level surfaces above the datum level where the raw data was collected (Telford et
al., 1976). It is usually done to simplify the appearance of the magnetic map by supressing the
local features from the measured field. The potential field data used in this work was continued
upward by using a Fortran computer program written by Prof S.B. Ojo of Physics Department,
A.B.U Zaria. The program computes the values of the total magnetic field at various heights
above the flight elevation using the fast Fourier transform technique. The total field was
continued upward initially to a height of 0.5 Km and later to a height of 2.0 Km at regular
intervals of 0.5 Km to supress the local features (Figs 3.3, 3.4 and 3.5a). However, at this
height some traces of residuals were observed, hence the continued field was further
smoothened to obtain a realistic regional (fig. 3.5b). The regional ficld was then substracted
from the total field magnetic data to obtain the residual field of interest.
3.6.3 THE STANLEY'S METHOD OF INTERPRETATION

The method was introduced introduced by Stanley in 1977. It is a method of direct
interpretation to determine the depth (d), dip (0) and the susceptibility contrast () values of
contact and dyke bodies respectively. The'method is applicable to both airborne and ground
level data. The mathematical derivation of the method as given by Stanley (1977) is briefly

discussed below.
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MATHEMATICAL DERIVATION

The total magnetic ficld anomaly over a two - dimensional truncated plate (Fig 3.6) as

given by Grant and West (1965) is

T(X) = xTe (sine cos (@ ~25) In ((x - (D ~ d) cota)? + DA/ (x2 + d?) (3.1)
- + 2 sing. sin(e - 28). (arctan (x - (D ~d) cote/ D) - arctan{x/d)y "~

Where the parasneters are explained in fig 3.6.

For convenience the following are introduced to simplify the above equation.

¢ = a- 2b o (3.1a)

0 =arctan{x/d) {(3.1b)

. r=(x*+d3) 2 =d seco (3.1¢)
b =arctan(tanI/sinh) | (3.1d]
c=1(1-Cos?ICos?r) . (3.1e)

K=2xTcSinx _ (3.1f)

Where X is the susceptibility contrast, I is the inclination andA fs the strike of thé anomaly
respectively. Iff we assume that the thickness is very great (D >>> d) then the truncated plate
becomes a simple geological contact. In this casc we clifﬁ;rcntiatc equation (3.1} with respect
to x and obtain .‘ _ | g |

T (X) = - (K/r) Sin{0+d) (3.2]

X
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NOMENCLATURE
A = Top shoulder of the truncated plate
B = Hottom shoulder of the truncated plate
X = Abscissa of protile with origin detined relative to the structure
d aDepth to the top of the structure
ok = Angle of dip of the structure measured clockwisg to the north
1n =Radical distance of X to point A
5 s Radical distance of X to point B
@ aMctan (% d)
Y, = Angle at point X between X oxis and line 1y
\{Ba Angle at pont X between X axes and |ine ‘B
D = Depth to the boltom of the structure . ’

FIG. 3.6. GEOMETRY OF THE TRUNCATED FLATE
OF GEOLOGICAL CONTACT MODEL
(After Stanley,b 1977 ),
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If a thin dyke is considered to be difference between the two contrasts situated + W about the

origin, then the cquation becomes

T (X) = - (KW/ 1) Sin(8+9) (3.3)

The turning points of cquations {3.2) and (3.3) can be found by equating the x dcrivative of
each of the equation with zero. The maximum and the minimum of each are found to oécur

at x,, and x,, respectively where

F .

X, =-d(Secd+Tan¢) | (3.4)

X = d (Sec®-Tand) . o o (3.5)

By subs.tituting équations (3.4) and (3.5) in equation (3.2), the values of the maxima

(M) and the minima (m) of T (x) for a,contact are given by

M=Kd/(X;+dY) (3.6)

and

m=-Kd/ (X2 + d?) e aun

Also the substitution of cquations (3.4) and (3.5) in equation (3.3) gives fhe values of the

turning points of T (X} over a thin dyke as

M= Kwd/ (X2 + d?) (3.8)
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m=~KWd/ (X} + d?) (3.9)

By substituting x = 0 in equation {3.2) we get for a contact:

T (0} = (-K/d) Sin® | (3.10)

and for a thin dyke:

T,(0) = - _(KW/d) Sin ¢ (3.11)

The x - position wherc the ordinate is zero is found by equating equation (3.2} or (3.3} to

zero. In both cases of a contact and a thin dyke we obtain

X=-dtang | (3.12)

Clearly, e(iuations (3.4) through (3.12) are sufficient to solve for the unknown variables 0, d,
K, and KW. The choice of which cqlllation to use will depend on which of the characteristic
points will be precisely determined from the profile.

TFurthermore, equations (3.4) through (3.9) may be manipulated to obtain the foIlov;fing

resuits,

M~+m=(-K/d) 5in¢ (3.13a)

or ' "

(KW/d) Sing¢ = T (0) | (3.13b)
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m=-KWd/ (X2 + d?%) (3.9}

By substituting x = 0 in cquation (3.2) wc get for a contact:

T {0) = (- K/d} Sin ¢ (3.10)

and for a thin dyke:

T,(0) = - {(KW/d) Sin ¢ (3.11)

The x - position where the ordinate is zero is found by equating equation (3.2) or (3.3) to

zero. In both cases of @ contact and a thin dyke we obtain

X=-dtang (3.12)

Clearly, cquations (3.4) through (3.12) arc sufficient t¢ solve for the unknown variables 8, d,
K, and KW. The choice of which equation to use will depend on which of the characteristic

points will be precisely determined {rom the profile.

Furthermore, equations (3.4) through (3.9) may be manipulated to obtain the following
results.

M+m=(-K/d) Sindf (3.12a)

or

(KW/d) Sing =T _(0) {3,13b)
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M-m= - K/d for a contact

end

A

M-m=XKW/d fora thindyke
(M+m/M-m) = Sindg
X, +X =-2dtang

(X, + X)) /{X, -~ X) = Sing

Jow v 2
‘ }"M)\m -d

(3.

(3.

(3.

.14)

.15}

.16)

iary

18)

19)

For most valucs of 0, both the maxima and the minima will be located in close proximity

to the top of the structure, thus making this points immune from the neighbouring interference.

To determine the origin of the profilc a straight line joining the maximum to the

minimum cuts the curve at the origin (i.e x = 0)

3.6.4 THE PAL'S METHOD OF INTERPRETATION.

This is a direct method of interpretation of inclined thick dykes of finite extent

to obtain the depth (d), the width (w), the dip (0} and the susceptibility contrast (y).

The mathematical analysis of the method as given by Pal (1985) is as follows:

29



Ascribing the magnetisation of a dyke of magnetic susceptibilty duc cxclusively
to induction in the local geomagnetic field of strength F and inclination [ and neglecting the
demagnetisation effect, the analytical expression for AF, the magnetic anomaly at any point on

the profile across the buried source can be written (Gay, 1963) as;

AF = Co{{®, ~0,) Cos@.+Sind, In(r,/r,). (3.20)

The nolations used in this equation are

a) AF is A7, AH, or AT, the vertical, horizontal or the total field anomaly, depending upon
what is measured. In this work AT was ;ljxeasurcd, hence Al is AT.

b) The expressions for the cocffients C, and angle 0, depend whether AF is AZ, ALl or AT their
values are summarized in table 4.1.

c) §u, O, 1., and g are {unctions of the dyke parameters h (depth of burial), b (semiapical

width), and the x (the distance of field on the prolile relative to the epicentral position x of

the dyke) in the following manner:

®, =tan' ((x +b) /h), (3.21)
@, = tan! ((x - b) /h}, (3.22)
r2=h?y (x+b)? (3.23)

and



rl=h?*+ (x-b)* (3.24)

d) the d}lrke parameters h, b, 3 and X, arc explained in fig 3.7
The AF profile of equation (3.20) has scveral characteristics which can be effectively
used in the estimation of the source characteristics. First this profile has a characteristic
maxima (M : X} and minima (m : X)) points as long as 0 approaches neither zero nor 180
degrees. The coordinate of these minima and maxima are determined by deriving an anélytical
expression for the horizontal gradient or AT, profile (since AF =0 at X =X, or X = X,).
" Differentiating the two sides of the equation (3.20) with respect (o x, we oblain the

expression for AF, as

AF = (2bC, / rfrj) {(h%+ b%- x2%) §in 0,- 2xhCosB,} (3.25)

X

Hence, by setting AF = 0 in equatibn (3.25)
! X=X, = -(hCot 6 + R) (3.26)

and

X=X,=-(hCot8,-R) (3.27)

where

R =V (b*+ h?cosec?0,)

Since M = AF (x = xy,) and m = AF (x = x,,), equations (3.20), (3.26) and (3.27) yield
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M=C,(Cos®, Tan " A, + (1/2)Sin0,. (R - B}/ (R + b)) (3.27a)

and

=G (CosQ, tan 'a, - (1/2)Sin O InR -b)/ R~DbY) (3.27b)

where

A fb/ (hcosec? 8, + RCot ©,) (3.27¢)

and

— 2
A, = b/ (hcosec GF - RCotB,) {(3.27d}

Likewise, the following expression for AF (0) is obtained by setting x = 0 in equation (3.20),

AF(0) =2C cos6, tan™ (b/ h). (3.28)

and by comparing equations (3.27 ¢), (3.27 d) and (3.28) we obtained

AF(0) =M+m (3.29)

The epicentral X = X, or x = 0 is thus the coordinate on the distance axes at which the anomaly
has the same value as the algebraic sum of maximum and minimum (because the signs of M
and m are opposite this actually mean their difference). This is the second characteristic feature

of the AF profile of equation (3.20). The third characteristic feature of the profile is
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summarised in the following relations between the values of x,, and ¥ and the dyke

parameters h, b, and @

1/2(X_+X,}) =-hcot@, C{3.30)
1/2 (X, +X,) =R=v{b?+h’cosec?,) {3.31)

and
~X . X,=(b?+h?) = U2, (3.32)

Finally, since the positions x =0 and x = U ={( I - Xy - Xm]) are readily determinable, cquations

(3.25) gives the values of AF, (0) and AF, (U) as

AF,(0) =(2b/ 0% C, Sing, (3.33)

and

AF () = {(-&/Uh) C, cos9,. (3.34)

Equations (3.30}, (3.31), (3.33) and (3.34) then shows that the ratio ( AF,(0) AF (U)) bears

the following the relation with O

(AF_{0) /OF _{(Uy) = ((X, +X,) /U) tan® 6, = B2, {3.35)

thus
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thus : *

6,=+tan B {0/ X +X]] | (3.36)

These characteristics of the observed magnetic profile AT and of its horizontal gradient AF,

can be thus uscd for cstimaling the values of the target or unknown parameters h, b, 9 and 8,.

-



CHAPTER FOUR

DATA ACQUISITION. ANALYSIS AND INTERPRETATION

4.1 _ INTRODUCTION

The data used in this work was obtained by digitizing three acromagnetic
maps(sheets 88, 65 and 43). The maps were supplied by the Geological Survey of Nigeria,
Kaduna and werc in half-degree sheels oblained from the acromagnetic survey flownata
nominal flight altitude of 0.762 Km. Each map consists of twenty seven profiles each 2 Km
apart oriented along the north-south flight lines labelled L200, L201, L202 ... 1226
respectively. The maps were compiled in 1975 by the Géological Survey of Nigeria and a
regional correction bascd on the IIntemalional Geomagnetic Reference Field (ILG.R.F) epoch

date, 1st January, 1976 was included in all the maps.

‘Though the primary aim of this work is not lo interpret the entire maps of the study
area, ncvertheless, the interpretation is divided into two parts the qualitative and the
quantitative. In the qualitative interpretatton, cffort is made to describe the pattern of the
acromagnetic ficld over the study area and to infer from the magnetic data the presence of
structures such as faults, lincaments ete in (he arca. On the other hand the quantitative
mmterprelation was carried ouf to determine the source parameiers such as depth, dip, widths
and the susceptibility contrasts of the subsurface structures causing the aeromagnetic
anomalies. The details of cach of the two 111c§l10ds of interpretation are discussed below.
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4.2 QUALITATIVE INTERPRETATION

A close inspection of the total inle;lsity map of the study arca (fig 4.1) shows .
prominent linear anomalies of both bigh and low gradients. Notablc are the intense magnetic
closures in the southern half of the study area. Most of the anomalics are trending along the
~ EW and ENE directions .Three prominent long extended gfadicnts are. also observed to the
east of Mutt, dircetly (o the nc;rth of Katti-Kime and Nganniu respectively. These long
extended gradients usually represent major faults or shear zones accbrding to Affleck or
sharp contacts between two major shear zones. Magnetic anomaly closures associated with
these high gradients could reflect the occurrence of highly magnetized intrusions which lie
at shallow depths. The depth to bascment is shallower in the southern half of the study area
than in the northern half.

Two magnetic lineaments labeled AA' and BB' were observed on the total maénetic
map. The lineament AA' could have been as a result of change in magnetization. This is
informed by the change in magnetization on either sidc“ot' the lincament. While lineamcent

BB' could be as a result of faulting . This is due to the fact that long wavelength anomalies

are observed on cither side of the lineament.

43 QUANTITATIVE INTERPRETATION

‘ Quantitative interprelation is usually cmbarked upon to determince the d'epth, width,
dip and susceptibility contrasts of the subsurface structurcs causing the acromagnetic
anomalies. Several techniques have been developed to interpret dike bodies. In space

domain Johnson (]‘)G‘j) and Won (1981) developed techniques in which iterative
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computations are needed to obtain accurate estimates for the barameters of the source. The
iterations make the techniques to be time con%uming_ Similarly,interpretation techniques in
which an anomaly is compared with standal;d curves to obtatn accurate estimates for the
target (source) parameters have been developed (c.g. Gay, 1963) but they are also generally

£

time consuming.

The methods of Pal (1985) and Stanley (1977) which are fairly simple and rapid to
use have been used in this work due to their accuracies, time saving and case of application.
Both the Stanlcy’s (1977) method and the Pal’s {1985) method requires both the total field
profile and it’s derivative for its applicalion, The Staniey’s (1977) method work betier for
thin dikes while the Pal’s (1985) method work better for thick dikes. The combined
application of the two methods is expected to give all the parameters needed to interpret the
causa[ive‘dike-likc body. 1t is Iworth‘ mentioning here that a valuc of 0.7625 km was
sublracted from each of the depth estimaics detcrmined so as to take care of the flight
elevation. This makes the depth estimate to be with respect (o the surface of the ground. Also
some of the depth cstimates for some of the anomalies were with a cosine correction factor
as to take care of crrors that might arise due to their strike directions not being perpendicular

to the profiles (i.e the flight lines).

4.3.1 INTERPRETATION PROCEDURE FOR THE STANLEY'S METHOD
The procedure normally followed method in using the Stanley’s method as given by
the author Stanley (1977) are itemized below.

1. Noting the inclination of the ficld in the study area (I) and also the strike
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angle (A) of the acromagnetic anomalies on the aecromagnetic map.
These values arc normally used to determine the constants b and ¢
respectively.

2) Locating the epicentral position of the anomaly (i.e x = 0). This is usually
dnﬁe by drawing a straight linc joining the minima to the maxima of the
anomaly curve. The point where this line cuts the curve locates the vertical
axes ol the anomalous body. Thus the corresponding coordinate of the
vertical axes on the distance axis locates the centre of the anomaly. This
enables the precise determination of the horizontal position of the maxima
(%)) and the minima (x,, ) respectively (fig 4.2). The bascline which enables
the precise determination of the minimum and the maximum: of the anomaly
is then constructed at a value M - T, (0) above the minimum.

3 The fouzl‘ characteristic points i.cm, M X, and X,, determined above are
then us;ad in equations (3.[5), (53.16) and (3.19) to estimate the parameters
K, ¢ and the depth 1o the top of the source (d) respectively,

4) With the values determined above, equations (3.1a) and (3.11) are then used
to cstimalte the dip angle (&) and the susceptibility contrast () respectively.

. The steps itemized above are illustrated in fig 4.2.
43.2 INTERPRETATION PROCEDURE FOR THE PAL’S METHOD

The procedure normally followed in using the Pal’s method as given by the author

Pal (1985) are as itemized below.,
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1)

3)

4)

3)

The epicentral position and the baseline are determined previously for the

Stanley's method.

Having completed step 1 above the next thing is calculating the Horizontal
Gradient (AF)) between the maximum and the minimum points of the
anomalyv. The gradient used in this work was calculated using a formula
dertved by Ku and Sharp (1983 ). The formula works for the total ficld data
recorded in digital form and is given as follows
dITMAG(X)/dx = 0.0166667(TM7 - TM1)-0.15(TM6 - TM2) +

0.75(TMS5 -'TM3) (4.1
where TMI, TM2, TM3, TMS5, TM6 and TM7 are the total field data
recorded at six consecutive points respectively . Since this work involves
large amount of data a simple computer program was written to execute this
aspect of the work.
The _valuc of the horizontal gradient at the epicentral position ( x = 0) i.e
(AF, (0) ) and at a position U (where U = M- X,,,_.Xul) i.c AF, (U) are then
read and used together with the known values of X, X ,, and U in equation
(3.36) to estimate the parameter 0,

The parameter estimated above is then used with the known values of X,
and X,, to estimate the depth to the top of the source (h) using equation 3.30.
The parameter i} estimated above is then used with known value of U to
estimate the half width of the structure (b) using equation (3.32). The value

b is then multiplied by 2 so as to obtain the full width of the structure.
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6) The estimated parameters h,‘ b, O, an'd U arc then used in cquations (3.27),
(3.3_5) or (3.34) to estimate the value of the coefficient C;.
7)  Thesusceptibility contrast (x) 15 then estimated with known value of C,. with
the help of table 4.1,
The steps itemized above are illustrated in fig 4.3. It is worth mentioning that due
to the number of anomalies interpreted in this work a computer program SPTDLFOR was

actually used to cxccute all the steps involved in both the Stanley’s and the Pal's methods.

Table 4.1. The coefficients C,. and 6 of equation 3.20

AF Cr B

AZ ' 2xkF sin 0 I-0

AH . | 2%F sin O sin | 1-0-9¢
AT ‘ 2xF sin O sinl cosec 1 21-0-90

1) o, mcasured clockwise, is the angle thal the dike's strike makcs with the magnetic
meridian (O degree <= 180 degrees).

2) Fand Iare the strength and inclination (measured relative to the horizontal and
reckoned positive downward) of the local geomagnelic vector reépectively.

3) F'and I' are the cffective sirength and inclination respectively of the local
geomagnetic vector in the direction of the profile and are computed using the
relation : a) 1 = tan”' (tan | cosec A); by I =FsinI cosec |

4) 0 is the dip angle of the dike measured clockwise from the positive x-axis (0

degree <= 0 < 180 degrees).
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4.3.3 TESTING THE RELIABILITY OF THE INTERPRETATION TECHNIQUES

Prior to the typical inlepﬁrctaﬁons of the anomalies of interest in this work a synthetic
set of data was generated to ascertain the reliability of the two interpretation techniques. The
equation of Gay (1963) was used to generate a hypothetical set of data using a computer
program. All the valucs of the unknowns in the cquation were supplied into the computer
program. The anomaly obtained from this data was then interpreted using the Pal's method
and the result is presenied in fig 4.4. The same anomaly was then interpreted using the

Stanley's method and the result is shown on fig 4.4.

4.3.4 COMPARISON OF THE RESULTS OBTAINED AFTER TESTING THE
RELIABILITY OF THE INTERPRETATIONS TECHNIQUES

A close look at fig 4.4 shows that the depth estimates recovered using the Pal's
method is in agreement with the value of the depth supplied into the program while the dip
and the susceptibility contrasts estimates are also in agreement with the data supplied into
the program respectively . |

Also lig 4.4 also shows that the depth, width, and susceptibility contrast estimates
recovered using the Stanley's method is not in good agreement with the parameters supplied

into the program .
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Table 4.2 Results oblained after the typical interpretations of the anomalies of interest.

Pal's Method . . Stanlcy's method
Profle Anamaly  Depth Widih Dip Sus. Depth  Dip Sus,
. {Km} (K} Contrast  (Km) Contrast.
1201 Al 0.47 254 «5.00 00001950 0.59 5.7 -0,0043000
1202 A2 019 375 -45.3 -0.0000585 118 335 G.0018500
A3 0.06 278 470 00000548 069 340 04006340
Ad 0.15 179 209 00001950 0,148 304 0.00008H
A5 0.011 2,10 -1 00009410 029 - 8.1 -0.0005910
L203 AS 0.90 A4 <108 00020300 037 174 0.0134000
A7 046 185 357 00000409 Q74 35 0.0006740
Al 017 233 96 00002760 042 -65  0.0030000
1205 A9 1.29 128 322 00001340 091 362 0.0020400
1.209 AlD .72 2.05. 6.6 0.000 | 250 049 401 0.0009560
1214 Al 0.54 297 186 0.0041600 082 279 0.2920000
L2115 Al2 0.028 2.44 21.1 0.0001200 030 1070 0.0024100
Al - 00m 289 20 00002100 069 38 0.0048200
1216 Ald 059 315 287 . 0.0002050 092 232 0.0036100
L2138 AlS (1038 224 211 0.0001610 047 107 0.003R200
z;ls 0.046 27 -29.3 200002170 062 226 0.0021700
Al7 017 2.82 -8.0 N.OoNaLe} 071 57 -0.0210000.
Al8 0.4 3% -12.5 0.0000566  0.91 303 -0.0006370
L2190 Al9 0.55 O . X - 00001470 079 416 0.0020000
A 0.012 i 1.7 Q.O000M56 Ok 874 0.0077300
1220 . A 0.25 3.4 26.5 00001710 083 2t3  0.0027100
L2 A22 0.12 148 59 0.0003470  9.00 372 .

AZ1 0.063 242 43.6 0.0001560 0.45 349  0.0031600
223 - A24 0.29 235 29 0.0007870 034 3.7 0.0104200
. A25 0.44 153 409 GOORAID 106 298 00.0031800

A26 0.53 304 291 00004600 085 234 .00GOO0O i

A27 .60 331 40.2 00000560 L0 332 0.0034500 .
1.225 AZR 0.08 266 128 0.0000210 0.55 30.5  0.0011700
1.226 C A 0.62 782 00 00002340 075 295 q.0027000



44 TYPICAL INTERPRETATIONS

In this work twenty nine anomalics were interpreted. These anomalies are labelled
as Al, A2, ..., A29

respectively The summary of the results oblaincc} are given in table 4.2. However the

detailed in;tcrpretat-ion of only onc these anomalies (anomaly Al shown on fig 4.5) is here

to illustrate the applicalions of each of the interprclation techniques used.

44.1 TYPICAL INTERPRETATION OF ANOMALY Al USING THF. PAL'S
METHOD
The steps normally fotlowed in interpreting anomalies bascd on the Pal's method are
briefly described. As earlier mentioned the anomaly considered for this purpose is anomaly
Al simwn on fig 4.5,

(lj The first step is to locate the epicentral position of the anomaly as described in
section 4,3.2 and it was found out that X, = 1.625. km and X, =-1.125 Km
‘respectively ([ig 4. 5a)

{2} Thus U = 1.352 Km from equation (3.32), while AF (0) =- 2.7 nT/ Km and
AF (1) = - 0.3 n'17kM respectively (from figure 4.5).
(3) Hence 8, = -78.5 degrees and h = 0.47 Km from cquations (3.36) and (3.30).

(4) Hence b= 1.27 Km from equation (3.32)
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| (3) Hence O, = -78.5 degrees and h = 0.47 Km from equations (3.36) and (3.30).
(4) Hence b= 1.27 Km from equation (3.32)
(5) Equation (3.33) yields C, = 1.249 n'T. Thus x = - 0.000198 (S8I Mrom table 4.2
and when I = 1.249 degrees and F’=32498.9 nT.

(6) Thus a = -9.0 degrees from table4.1

4.4.2 TYP[CA'L INTERPRETATION USIII\JG THE STANLEY'S METHOD.
S.i milarly the steps followed in interpreting anomalics based on the Stanley's method
" are briefly described below. As carlicr mentioned the anomaly considered for this purpose;
is anomaly Al Ishown on fig 4.5, ,
(1) The first step is to locate the epicentral position and the baseline respectively
as described in section 4.3.2,
(2) Hence Xy= 1.625Km, X, =- 1.125Km,m=-15.0nT and M = 20.0 nT
respectively (figure 4.6b).
(3} Thus cﬁ*‘ -8.2 degrees from equation (3.15) , and & = - 5.7 degrecs from
equation (3.1a) when b =1.249 and the depth (d) = 0.59 Km {rom cquéti.on
(3.19) respectively.
(4) Hence K = 20.7 nT (rom equation.(3.15) and y, = - 0.0043 (SI) from

equation 3.1f when C = 0,969,
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5 | SUMMARY OF THE FINDINGS OF THE PRESENT WORK.

A close inspection of table 4.2 indicates that according (o the interpretation based on
the Stanley’s (1977) méthod the igncous intrusic:::ms causing the acromagnetic anomalies of
interest are at depths between 0.00 Km and 1.29; Kim. The table also shows that majority of
the igneous intrus-ions are associated with high p;Jsitive susceptibility contrasts which ranges
bctwecn.l.] 7 x 107 Sl and 2.92 x .1 ¢ SI while a few of them are associated with low
" positive susceptibility contrasts of between 8.74 x 10° Sl and 9.56 x 1¥7% S and alsc;
negative suscéptibility contrasts ranging between - 6.37 x 10 SI and - 2.2 x 0% SI
respectively. The table also shows thal interpretations basced on the Pal's method has shown
that the igneous intrusions causing the anomalies are buried at depths between 0.011 Km and
1.18 Km. The table also shows that the majority of the igneous intrusions causing the short
wavelength ol interest are associaled with low positive magnctic susceptibility values which
ranges between 5.48 x 107 Sl and _5.60 x 107 81 while few of them arc associated with high
positive susceplibility conlrasts which'rangcs between 4.16 x 107 and 4.19 x 18 and

negative susceptibility contrasts respectively ranging between - 5.85 x 107 and - 2,93 x 107,
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CHAPTER FIVE

DEDUCTIONS, CONCLUSIONS AND RECOMMENDATIONS

5.1 DEDUCTIONS
5.1.1 COMPARISON OF THE TWO SETS OF INTERPRETATIONS

It could be seen from table 4.2 that the depth estlimau:s given by the two methods
except for a few cases arc not in fair agreement with one another. However, the
maximum depth to the top of the causative bodies (1.18 Km by the Pal's (1985)) method
and 1.29 Km for the Stanley's (1977) method) are in agréi"-mcnt with one another. The
.dip cstimates and the susceptibility contrasts given by the two interpretation techniques
are not in good agreement with one another. However, it is noticeable that the
susceptibility contrasts given by the Stanlcy‘s? (1977) method is consistently greater than
those given by thc Pal's (1985) method Eby a factor of 10. The reasons for the
disagreement could probably be due to the fact that both methods are using different
models for their interpretatious, The different basic assumptions put forward to arrive
at the expressions for source parameters make the values of the source parameters
obtained from these expressions to be different. Furthermore, Ku and Sharp (i 983) have
shown that both dip and susceptibility estimates are dependent on the thickness of dike
bodiés, therefore, since the thickness of thin dikes is less than that of thick dikes then the

estimates of the dip and susceptibility will be different.
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Generally estimates obtained from these graphical techniques are better utilised

if used as inilial parameters for methods such as spectral analysis and inverse modelling

techniques.

5.1.2 GEOLOGICAL IMPLICATIONS OF THE INTERPRETATIONS

The Stanley's (1977) method has suggesled three sets of ranges for the sub-
surface intrusions in the study area (lable 4.2), these are those with high magnetic
susceptibility contrasts (between 1.17 x 10° and 2.92 x 10, low positive susceptibility
contrasts (bctween 8:74 x 107 and 9.56 x lO‘f‘) and negative susceptibility contrasts of
range between -6.37 x 10 * and -2.2 x 1¢ The intrusions asscciated with the high
magnetic susceptibilily contrasts are thought to be due to basalts as suggested by Telford
et. al, (1976). Thus, this suggests the presence of basalts at depths between 0.3 and 1,18
km in the study arca. The presence of ‘basalts on the surface of Biu plateau (o the SW of
our study area have earlier been teported by Tokarski (1973). Also the low positive range
of magnetic susceplibility contrasts found 1 the study area are thought to be due to
pranites as suggested by table 5.1. This, then implics the presence of granites at depths

between 0.148 and 0.74 km in the study area,
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Table 5.1 (a): Suggested range of depths and susceptibility contrasts of the modcled
Igneous intrusions in the study arca

Depth Suscejiibality Suggested rock fype Graphical Method used
{ken} Comrast (S1)

0.3-1.18 L7 x 107 -2.92 % 107 Basahs Stanley's
0.148-0.74 874 107-9.56 x 107 Giranites Stanley's
0.29-091 637 % 10*-(-2.2x 107) Acidic Rocks Stanley’s
0.17-0.54 416 x 10" - 419 x 107 Basals Pal's
0.011-1.29 S48 x 10*-56x 10* Granites Pal's
0.046- 0.9 ~545x 107 -{-2.93 x 107) Acidic Rocks Pal’s

Table 5.1 (b): Susceptibilities of some rock types (.Séurcc: Telford et al, 1976)

Type Susceptibility range x 10°
Granites 0 - 4000
Basalls 20 - 14,500

Negative susceptibility contrasts implics associations with acidic rocks containing
mincrals such as silica (Dobrin, 1976) Therefore the existence of intrusions with negative
susceptibility contrasts in the study arca implies the potentiality of the occurrence of
minerals such as silica in the study arca. Finally, the interpretations based on this method
in this work have suggested that basalis are the predominant rock types in the study area.

The Pal's (1985) mcthod has suggested theee sets of ranges for the sub-swtiice
structures in the study arca (tuble 4.2), these ave those with Ligh magnetic susceptibility
contrasis (between 4.16 x 107 and 4.19 x 10’ ), low positive magnctic susceptibility
contrasts (5.48 x 10® and 5.60 x 10 ) and nepative suscepiibility contrasts ranging

between -5.85 x 107 and -2.93 x 107 S1.
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As mentioned above these ranges suggests the presence of basalts, granites and
acidic rocks in the study area. The method suggests that pranites are the predominant
rock types in the area. However, geological evidences from the work of Tokarski (1973)
has suggested that basalts are the predominant rock types in the arca, hence based on this,
interpretations based on the Stanley's method are thought t¢ be more plausible in this
work.

| Finally, it could be secn from table 4.2 that the two interpretations based on the
two techniques used in this work techniques suggested that some of the modeled
infrusives are lying at shallow depths which implies the presence of lava flows. The
existence of these lava flows and the basaltic intrusions suggests an occurrence of
volcanic activity in ihe study area. The velcanic rocks must have ascended to these
depths as a result of rifling at the basement through which they rise upward as molten
magma and later soliditied at the shallow depths after cooling. This further suggests that
either the Chad Basin has a riflt ovigin similar to the adjacent Benue trough or the
adjacent Benue trough has extended through the Chad Basm.

A

5.3 CONCLUSIONS

The major conclusions that could be drawn from this study can be itemized as

follows;
1) The present work has revealed that the short wavelength anomalies of interest in
this work are caused by three types of igneous intrusions namely basalts, granites and

acidic rocks. Sugpcestion from the interpretations based on the Stanley's (1977) method '
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(which was supported by the geological work of Tokarski {1973)) which has hinted that
basalts are the predominant rock types in the study are was adopted. Therefore, basalts
are thought to be the prcdon.linam ‘rock types in our study arca. It is also worth
mentioning that apart from the presence of basalts and gabbro hitherto mentioned by
previous works, this work has revealed the existence of acidic rocks in our study arca.
The occurence of the acidic rocks is suggestion for the potentiality of having minerals
such zls s:llca 1;1 the study area. l '[ ' "E ‘i : }» ; 1,

Wo. 4l !
-'.:|..' 1* . o ra\_;

2) The work hab albo revcalcd that tllp short wavclcngth anomalics of 1 mteresl are lying

i
i.ll'. 'lpjt ¥

between thcldcpths of 0.148 and 1.18 km. Though the task of determining the thickness
of the sediments gocs béyond the scope of this work, however the work ol Ajayi and
Nkereuwem (1992) has suggested that the maximum depth to basement in the study arca
is 4 km. Based on this, one can suggest that all the nmdclcd.intrusives are lytng within
the sediments. This is agreement with the work of Ajayi and Nkereuwem (1992).

3) The present work has fcv_eaiecl that some of the modeled intrusive are lying at shallow
depths which was interpreted to be lava flows. The presence of the lava fows and the
basaltic intrusions suggested a rifling origin for the study area. This further suggests that
either the Chad basin has a rifi erigin or that the adjacent Benue trough has extended

through the Chad basin.



‘54 LIMITATIONS OF THE PRESENT WORK

(1) To the best knowledge of the author no previous work has been undertaken to
~interpret the short-wavelength anomalies considered in this study, hence comparison of
the results of this work with any past work is not possible.

(2) As the source of the data used in this work originates {rom acromagnetic survey, the
author has no cont.rol on the quality of the data used.
5.5 SUGGESTIONS FOR FUTURE WORK

To tlwow more light on the Chungowa depression , a ground gravity and

magnetic surveys to cover the Stuay area should be carried out so as to confirm the
existence of the aeromagnetic anomalies considered in this study. Also, both 2-D and 3-
D itcrative modelling techniques should be used to map the causative bodies in greater
detail. Finally, methods such as spectral analysis and Werner deconvolution technique

should be used to study the geometry of the entire Chad basin.
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APPENDIX 1V
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INTERPRETATION OF ANOMALY A21 OF PROFI

APPENDIX VIL .
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APPENDIX. VIIL

'INTERPRETATION OF ANOMALY A28 OF PROFILL L2225
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APPENDIX IX -
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