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ABSTRACT

An Interpretation of the aeromagnetic data over part (sheets 21, 22, 42, 43, 64 and 65)
of the Chad Basin, which lies within longitudes 11.5° E and 125 ° E and latitudes 12.0°
Nand 13.3° N, was carried out. A qualitative interpretation of the total field maps in the
above sheets shows that most of the anomalies (source bodies) have NE - SAV alignment
and few with E - W and NW - SE trends. Quantitative analyses using the Werner
dcconvolution method and 2 1/2 - Dimensional modelling, using the GM - SY'S program
reveal, that the depth to the magnetic basement varies from 0.3 km to 21 km in the
study area. The 2 1/2 - D modelling method reveaed the presence of intrusions scattered in
different places in the study area. The thickness of the intrusions range from 0.1-18 km
and their lengths vary from 0.1 km - 12 km. Shapes of intrusions obtained correspond to
vertical dyke of basic igneous rock as interpreted from the modelling technique. The
study further suggests that the susceptibilities of the intrusions (0.0069 to 0.0092 S|

Units) are greater than those of the host rock (0.0059 Sl Units).

Vi
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CHAPTER ONE

t

INTRODUCTION

1.1 Location of Project Area.

The study area, which is in the Chad Basin, lies between longitudes of 11.I5“ E and
.12.5" E and between latitudes of 12.0° N and 13.3° N (fig 1.1). Thus, the total map size
for the study area covers 1° x 1.3° which gives approximately a land area of 15,730 km?®,
There are 56 parallel N-S oriented flight lines with nominal flight lin-e spacing of 2 km
~and 15 tic lines with nominal tie line spacing of 10 km in the study area. The
acromagnetic map coverage %f" the study area, showing the arrangement of the ghccts, 1s

shown in figure 1.2,

The Chad Basin is ihc largest arca of intand drainage in Alrica occupying about
230,000 km ? in the Central Sahara and -Srouthern Sudan (Barber, 1965). According to
Matheis (1976), about 1/10th of the basin is situated i the north-castern part of Nigeria,
where the western limit is formed by water divide between the Niger and the Chad
drainage systems while its southern limit is the water divide between the Chad aﬁd the
Benue drainage systems (fig 2.2). Within Nigeria, the altitude of the’ basement
surrounding the basin is about 530 m while, at the western margin of the ba-gfri:--gldévation
is about 300 m along a distance of about 240 km (Mgtheis, 1976). This indicates a gentle
slope towards the Lake Chad This generally low - lying topograpﬁy of the basin is

interrupted by river channels, which extend for many kilometers (Matheis, 1976).
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Hydrologicaly, the rivers within the i\ligcrian sector of the basin generally drain
Northwards towards the Lake Chad, within broad shallow valleys which only retain
surface water after the heaviest rains (Matheis, 1976). The Chad Basin in Nigeria, like
Sedimentary basins in other parts of the world, provides possible source rocks, reservoir
beds, and the structural environment required for the formation of pctro!eum'('l’okarski,
1973). This accounts for its possible economic potential and the present ';;;1-going
geophysical surveys by oil companies, especially the Nigerian National Petroleum

Corporation (NNPC), in the basin.

1.2 Previous Work in the Area

Cratchley (1960) carried out a gr: -ty survey of the Southern part of the basin from
which a Bouguer gravity map of this part of the Nigerian portion of the Chad Basin was
compiled. The gravity survey maps were-incorporated into the Bouguer gravity map of
Nigeria compiled by Ajakaiyc and Burke (1973). Also Tokarski (1973), in his work,
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
aeromagnetic data over parts of the Upper Benue trough using the Werner dec-volution

technique.

The Chad Basin has attracted attention from the hydrocarbon industry as the
Cretaccous sedimentary basin is formed along zones where the geothermal gradients are

enhanced, and has been subsc(fuently blanketed by tlic thick Cenozoic sedimentary cover

3



which should further enhance oil maturation (Fairhead, 1986). The concept of possible
existence of petroleum in the Chad Basin has given rise to exploration ;clivitics in recent
times in the Nigerian sector of the Chad Basin. The concept is ﬁased on the occurrences
of oil and gas "shows" in the eastern and western parts of the Chad Basin in the
neighbouring Chad and Niger Republics (Petters, 1981; Genik, 1993). This is also due
to the existence of a rift which contemporaneously propagated through the Chad Basin
into Libya's petroleum proliucing Sirte Basin (ASGA-UNESCO, 1973) and the Benue
Trough. Such encouraging h);drocarbon "shows" in the Chad and Niger Republics, which
are believed to be of commercial -;;uanlities (Genik, 1993) attest to a possible
hydrocarbon potential in the Nigerian scctor of the basin.  According to Whiteman
(1982), there might be prospects for hydrocarbons in structures located within the zones
of marine and non-marine facies, especially in the Turonian rocks which were laid down
when the south end of the Bornu Basin was connected through the Gongola Trough with
the Benue Trough.

Since the late 1980s, the Nigerian National Petroleum Corporation (NNPC) has
been engaged in exploratory drilling. The borehole log of some of the drilled oil wells in
the Nigerian sector of the Chad Basin intercepted several layers of previously unknown
igneous intrusions, which can act as structural traps for oil or channels for the

evaporation of the expected accumulated oil (Ajayi & Nkereuwem, 1992).



1.3 Aims and Objectives of this Work

The present study was carried out with the primary aim of interﬁréting the
acromagnetic data over parts (shects 21, 22, 42, 43, 64, and 65) of the Chad Basin using
" the Werner deconvolution method of interpretation and modelling of some sclected
profiles using a computer program known as GM-SYS. Werner deconvolution method
was choscn because it cnhr_t;*nccs the recognition of most anomalies and it automatically
computes their approxilmlt.c honzontal locations, depths, susceptibility confrasts and
geometry’s (dip). The study I.alrca was chosen to carry out the objectives itemized below.

_ R

In this work, interpretations carried out were both qualitative (inspection of maps) and
guantitative {(model interpretations). Profile-by-Prolile interpretations were carried out on
all the ‘ﬁﬂy-six (56} flight lines existing in the study arca. The main objective of this
project is to improve the understanding of the geology of the study arca using the

following specific objcctives: ' : T

Y

@) To produce a total magnetic ficld map of the study arca in 'Sider to detect
the characteristics of the anomalies present in the area; their distribution
and trends, clc

(it To produce the regional ficld map of the study area with the aim of isolating the

»  deep-seated sources. |
- (iti) To produce the residual field map of the stﬁdy arca and to interprete it.

{(iv) To produce a map of the depih to the top of the magnetic basement of the study

arca with the aim of revealing the basement topography of the area.

5



CHAPTER TWO

GECLOGY OF THE PROJECT AREA.

2.1 Geology of the Chad Basin

The geological history of the Chad Basin in Nigeria began during the Upper
Cretaceous (fig 2.1), probably uppermost Albian (Matheis, 1976). During this period,
continental sandstone consisting of the Bima sandstone were deposited uncomformably

* on the pre-Cambrian basement mainly to the South - West margin of the basin (Barber,
1965). These events 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 shale (Fika formation) of Turonian to Senonian age.
An estuarine - deltaic environment is thought to have prevailed towards the end of the
CI'ctacéOus (Magstrichtian), at which the Gombe sandstone was deposited with
intercalation of silistongs, shale’s and iro‘hs'tones (Turon, 1963). These sedMents hardly
extend Far East into the Chad basin, but they probably attained a thickness o?bver 320 m

where they occur (Matheis, 1976).

A period of folding occurred at the end of the Cretaceous, so that the Cretaceous beds
"were folded into a series of synclines and anticlines that were later partly eroded creating

an erosional unconformity at the base of the tertiary deposits. The Kerri - Kerri

6
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formation, which does not extend Far East into the Chad Basin, was deposited during the
Pleistocene. The Chad Formeiltion was deposited uncomformably on the Kerrt - Kerri .

Formation and the older shale’s belonging to the Turonian to Senonian age.

1
-

2.2 Tectonic Evoluation of the Chad Basin

The Chad Basin belongs to the class of sedimentary basins related to continental plate
divergence in West Africa. They are typically broad intracratonic epeirogenic basins

occupying wide shallow, flat-bottomed basement down warps (Kogbe, 198177

The Chad Basin lies within the belt of pan-African lineament defined as a zone of
weakncs.s that runs trangvcrsc[y from the Niger Delta to the Nile Delta (Genik, 1992).
This zone of weakness is occupicd by the Benue Trough in Nigeria, the Chad ba’sin, the
Kufra Basin in T.,iby'a; and the Quattara Depression in Bgypt (Fairhead, 1986). Fairhead
(1986) classified the basin as belonging to the genetically and physically linked system of

| faults and rift systcfns termed the West and Central African Rift Systems henceforth
referred to as tl?e (.WCARS). According to him, the WCARS have two subsystemé
namely; the West African Rift Subsystems (o which the Chad B;lsin belongs) and the
Central African Rift System. The WCARS spans from Mali to Kenya. The origin of the
WCARS is generally attributed to the break up of Gondwanaland (fig 2.2). Results of the
analysis of scismic, acro_magnctic and gravily surveys and exploration wells s’how that,
‘the Chad Ba‘sin is underlain by deep rift system formed by the separation of crustal block

during the Early Cretaceous as Alfrica and South America separated (Genik, 1992; Binks

8
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and Fairhead, 1992). The Sedimentary Basins in Nigeria cover th‘rough the Benue
" Trough, Niger Delta, Nupe (Bida) Basin, Sokoto Basin, and Chad (Bornu) Basin and

Dahomey Basin in the SW (fig 1.1). ' : N

The sequence of events that pave rise to the Nigerian sedimentary rocks dates
back to the Pre—Cretaceous%era when the uplifted continental masses of Prec;mbria.n
basecment rocks were unconformably overlain by Cretaceous sediments. The Cretaceous
sedimental'ion was followed by transgreséion and regression of marine incurs.ion fe;ulting
from Pre-tectonic episodes {Barber, 1965). The geologic history of the Chad Basin in
Nigeria began during the Upper Cretaceous, probably Uppermost Albian (Matheis,

- 1976), where an estuarine-deltaic environment i5 thought to have prevailed towards the
end of Cretaccous, these sediments hardly cxicr;d f'dr cast into the Chad Basin, but they
probably attained a thickness of over 320 m where they occur (Matheis, 1976). A period
of folding occurred at the end of the Cretaceous, so that the Cretaceous be{fé_w;sré folded

into a series of synclines and anticlines that were later eroded creating an erosional

unconformity at the base of the Tertiary deposits.

2.3 Stratigraphic Succession in the Chad Basin

The Chad Basin, like the Benue trough, exhibits platform sedimentation in a
.

geotectonic setting related to rifling.  As in other parts of Nigeria, there is no record of

sedimentation b?twcen the Precambrian and Late Mesozoic times (Carter et al, 1963),

10



LA el

At large, the Chad Basin covers parts of the Northeastern Nigeria, Niger, Chad and

Cameroon Republics (Fig 2.2),

The stratigraphic succession in the Chad Basin is shown in table 2.1, which gives the
lithology and thickness of cach formation in the basin, The stratigraphic sequence
. consists of six formations namely: The Bima sandstone, the Gongila formation, the Fika

shales, the Gombe sandstone, the Kerri-Korri formation, and the Chad formation,

The Bima Sandstone

" 19 Owivert
In the Albian - Cenomanian period (Table 1), sparsely fossiliferous, pooﬂy sorted

medium to coarse grained continental feldsphatic sediments, called the BEma (sandstone)
fornmllon were deposited unconformably on the Pr ccambrian Basement mainly to the
Southwest margin of the Basin (Barber, 1965). The Cenomanian was charaur.,nzed by
xlcnswc deltaic development, which deposited the Bima sandstone in the Chad Basin.
These events were followed by an extensive transgression which deposited a ‘mixed
limestone/shale sequence (C:ner et al,, 1963 and Odusina et al; 1983). During the Late
Cenomanian, further deepening of the sea affected the whole area and continued mto the
Turonian (Furon, 1963; Franks and Nalm 19?3) The marine Trans-Saharan See_lway
(Kogbe, 1981) became established and alowed immigration of characteristic Tethyan
faunas into the Gongola - Benue troughs and regions further to the south. Oti (1990)

reported that the Bima (Sandstone) Formation is wholly continental in the northern part

of the basin, while, in the Southern part of the basin, shales are foq&d.h:.ﬂgmfer beds.



The Gongila Formation

.

The Bima (sandstonc) formation is overlain by the Gongila formation usually
regarded as transitional facics (Avbévbo ct al, 1986) or passage beds (Cartcr ct al, 1963)
accompanying the marine incursion {tranégrcssion). This transgression which started in
the Late Albian time peaked in the Turonian, during which the entire Benue - Chad axis
became inun’dated by marine incursion.  According to. Carter et al. (1963), at the type
locality of the Gongila Formation in the hiil near Gongila Village (north - eastern

'Nigeria‘), it is possible to divide the formation intc an upper sandstone - shale member
and a lower limestone - shale member. The lower part of the Gongila formation has been

dated as Cenomanian - Turonian {Popoff et al, 1986) and the Lower Turonian (Oti,

19%0). During the Turonian, Fika (shale) Formation was deposited.

The Fika Shales

The Fika (shale) i_‘ormation containg one or two thin impersistent limestone beds‘.‘ This

sedimentation, resultiﬁg from the Atlantic transgresston from the Soutlll continued 1ato the

Scnonian, The Turonian - Senonian depositional phase, that prbduc.ed the Gongila

Formation and the Fika {shale} Formation was succeeded by a segressive phase. Marine
n

transgression in the Cenomanian - Turonian inunda\l.cd large parts of Africa (including the

Chad Basin reaching a maximum extent of about 80 Ma before regression led to

Maastrichtian - Paleocene continental sedimentation, (Hartloy and Allen, 1994),

1
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The Gombe Sandstone

In the Late Maastric.htian time, a phase of tensional dcformatipp occurred in the basin
which continued until the end of the Cretéceous, rcstrﬁcéuring the basin with a

- widespread uplift, arching along its Jong axis (Avbovbo et al, 1986). An estuarine -
deltaic enviromnent is thought to have brevai]cd .towards the ond of the Cretaccous
(Maastrichiian}), at which time the Gombe sandstone was deposited with intercalations of
sittstdne, shale and irﬁr;lstoncs (Furon, 1963). These sediments hardly extend far east into
the Chad Basin, but they, probably, al.ta.iarmd a thickness of over 320 m where they occur

Il

(Matheis, 1976),

The period of folding and deformational events that followed the deposition of the

Gombe sandstone arc believed to have commenced in the Late Crctaceous time (Odusina

o

et al,, 1983), and resulted in the development of large anticlinal and synclinal structures
in the Crelaceous rocks that were later ercded creating an erosional unconformity at the

base of the Tertiary deposits (Avbovbo et al,, 1986),
The Kerri - Kerri Formation

' Overlying the Gombe Sandstone is the Continental (Jacustrine - and deltaic.~ type)
Kerri - Kerri Formation of Palcocene age. The Kerri - Kerri Formation is unaffegted by
~ - folding but dips gently to the north and-north - east below the Chad Formation (Matheis,

1976). Thus, the Chad Formation was deposited unconformably on the Keri - Kerri

13



formation. There exist similarities in .1he structure and litholog:)' of the Kerri -Kerri
formation and the Bima Formation, the latter, however, having more feldsphatic and
coarser grade sandstone (Carter et al, 1963). The Kerri -Kerri Formation appears to be
derived from a terrain of Cretaccous sedimentary rocks whose relief was much more
.suhducd than the topography at the time of deposition of the Bima Formation (Carter et

al., 1963).
Chad Formation

In the Pleistocene and probably Pliocene , pluvial lacustrine clays and fluviatile sands
of the Chad Formation were deposited. This formation, at least 1 km thick in the deeper
part of the basin (Wright et al., 1985) is a product of erosion from the waters held into the
Chad Basin accompanied by episodic an(.‘; sporadic uplift and volcanism (Burke, 1976).
According to Burke (1976), during the Neogene and Quaternary, about 0.5 km of

sediments over an area roughly S00 km in diameter has accumulated in the Chad Basin.

2.4 Structures in the Chad Basin

The Chad Basin (like the Benue Trough) exhibits platform sedimentation in a
geotectonic setting related to rifting. In the Late Maastrichtian time, a phase ol tensional
deformation occurred in the basin and continued ustil the end of Cretaceous,

restructuring the basin with a widespread uplift, arching along its long axis and creating

14



an elongate NE-SW graven system and the formation of low frequency NE-SW folds

—

parallel to the axis of the basin (Avbovbb

_:et‘a]; 1986).

N
Towards the end of the Tertiary and untit Recent times, widespread volcanic activity
oceurred in the uplified, southern and central areas.  Such voleanic intrusions are
| éssentialiy oriented NE—SW and”localized on the Southern edge of the Chad Basin and
the castern edge of the Gongola branch (Saugy, 1987). These magmatic Qodies have
been identified on seismic lines and they sometimes extend to the surface (6du§inal et al; -
1983) and sometimes terminate below the Tertiary scdiments as plugs (Avbovbo. et al;'
1986). Rccen£ exploratory drilling has further confirmed the presence of these bodies _in_
" the Chad Basin (NNPC Kanadi well; rig rocort), while Genik (1992) reported rhyo!it.e
and basalt dykes and dolerite sills in the Sedigt and Kumai wells respectively close to the
Lal;e Chad in the Chad Republic. According to him, these volcanics have beer.l dated
stratigraphically to be no older than 85-95 Ma. This is further supported by Ajakaiye and
' Verheijen (1983) who suggested progression of granitic intrusion from the Hogga.r region

(600 Ma) to the Jos Plateau (100 Ma). Today, sand dunes, river alluvium, deltaic and.

lagoonal clay flats blanket wide areas to the South and Southwest of the Lake Chad,



LITHOLOGY

AGE FORMATION THICKNESS (m) | AVERAGE DEPOSITIONAL
. ’ THICKNESS (m) ENVIRONMENT
Pliocene Ch;ld\ Clay, Sand ’;17 - 1695 400 . I,..':cuslrinc‘ .
" | Palcocene Formation Y
I Palcocene Keni — Kerri Coarse Noi £30 Contincntat
Formation Sandstone, Inveslignted
Claystone, "
. Sandstong .
Maastrichtian | Gombe Shale, Not 315 D;:l!aic,
Sm1ds!on1c Limestone, Investigated Estﬁar_ine
Siltstone,
5
Turonian = Fika Shale Bine - black 840 - 1453 430 Muaring
Santonian Shale | *
Turgnian Gongila Shale, I 162 - 420 420 Marine,
Formaton Limestone, Estuarine
Sandstene
Al.bian ~ | Bima Bima 716 -850 3050 Cantinentai
Cenomanian Tormation Formation
Pre ~ { CRYSTALLINE BASEMENT
Cambrian | -



2.5 Geology and Structure of the Project Area

The project Area, which covers part of the North Eastern part of Nigeria lies
within the Chad Basin. A map showing the geology and extent of the Basin is shown in
'ﬁg 22,  The areas covered by sediments which gently dip towards Lake Chad and may
thercfore be classified as a covered shield area (Howell, 1959). The Chad Basin is
underfain mainly by deposits known as Chad formation (Carter et al, 1963). The

crystalline rocks which outcrop around the margin of the basin, consists of granite and

flows of basalt (Barber, 1965).
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CHAPTER THREE

PRINCIPLES OF AEROMAGNETIC DATA ACQUISITION AN

INTERPRETATION TECHNIQUES USED
B :

3.1 Aeromagnetic Data

3.1.1 Magnetic Field

The magnetic ficld strength at a point is defined as the force per unit of pole
strength, which would be exerted upon a small pole of strength pe, is placed at that point,

Thus, the field strength H due to a pole of strength p, a distance r, away is: -

F P T
H= PO *11-2 ......................... T 3.D

The magnetic ficld strength is often expressed in terins of the density of the lines of force
or flux representing the field, In the mksg system, the unit of flux density is the tesla,

which is 10* oe.

18
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3.1.2 Susceptibility

In the case of a homogenous externat ficld, 11 that makes an angle, @ with the
! '

normal to the surface of a material capable of being magnetized, the induced pole

strength per unit area is

T=KHC0s® oo (3.2)
" And for a field normal to the surface, »
. T=KH. e, (3.3)

Where K, the proportionality constant, is called the susceptibility. For a vacuum
and for entire nonmagnetic substances, K is zero. Magnetic materials having positive
susceptibilities are known as paramagnetic. Grains of such materi.als tend to line up with
their long dimension in the direction of the external field A paramagnetic material of
very high susceptibility may bc‘rcferrcd to as fcrromagnetic. A few substances, such as
rock salt and anhydrite, have negative susceptibilities and are designated as diamagnetic.
Grains of such materials fcnd to line up with their leng dimensions across the external

field.

3.1.3 Magnctic Elements

A magnetic needle that is free to orient itself in any direction around a-p;i\‘/ot at its

center will assume a position in space determined by the direction of the earth’s magnetic

field ‘I’ at that point, Since measuring instruments conventionally installed in magnctic
' 13



-

observatories respond only to horizontal or vertical components of the actual ficld, it is
customary to resolve the total field ‘F> into its horizontal component ‘H’ (separated intﬁ
X and Y projections) and its vertical component ‘Z’. The angle which ‘F’ makes with its
horizantal component ‘EL is thc. inclination ‘I” and thc angle between I-I.and X is the

declination ‘0. The quantitics X, Y, Z, D, H, F, and 1 are known as Ll\E: ‘magnetic

2

glements. The magnetic elements are related as follows:
H=Fcosl

Z=F sinl=Hianl}

X=H cqs'D
" Y=HsinD
X?+ ¥ =1 "

3.1.4 Rock Magnetization

The earth's magnetic field is mapped to guide our inference with regards to the structure
of the earth's crust, which contains reasonable amount of ferromagnetic mincralsi The
crystalline rocks of ignecous onigin, such as granite, gabbro, and basﬁlt contain reasonable
amounts of ferromagnetic minerals such as mugnetitc and hematite (Telford et al., 19é2).
The rocks, thus, have magnetizations, which are likely to be induced by the earth’s
magnctic field, and are, in part, permanent or remanent. [owever, rack magnetization is
not governed by a simple refationship. Magnetization of rocks depends upon magnetic
mineral contents, type of mineral, particle size, strength, depree of dispersioﬁ and

' - 20



direction of magnetic ficld during the formation and subsequent changes in the earth's
Ticld (Vacquire et al.,, 1951). Magnetization in rocks is modified by temperaturé cycle,
stress cycle, tilting or rotation of block, chemical and mechanical alteration,
recrystalization as well as addition and removal of_minerals (Telford-et al., 1982). This

magnetization influences the carth's magneticl field above the surface of the earth to an

extent that can be detected by sensitive magnctometers.

*

The use of acromagnetic method in basement mapping, to dctermine the
maximum depth of sedimentation in sedimentary basins lies in the-f'act that sedimentary
rocks are practically non - magnetic while igneous and metamorphic rocks are to varying
degrees, magnetic depending on their mineral composition. | These rocks probably lose
their ability to retain magnetization at some depths where their temperatures rise above a
certain value calied the Curic}.;{goint. For most magnetic materials, the Curie point is about
500° C, a temperature exceeded below depths of 18 klﬁ - 27 km (Ofocgbu, 1985). In
arcas of high thermal gradiczﬁ, this critcii;t)ﬁ has been uscd to delincate area with high

thermal gradient from aeromagnetic data (Bhattacharya and Lue, 1975).
3.1.5 Acromagnetic Survey

Over scventy f{ive percent of the Nigéria.n landmass has been covered by
acrommagnetic survey 1o aid basement mapping and to guide the speculation for tieesearch
-
for économically viable minerals containing rcasonably high amounts of ferromagnetic
substances. The acromagnetic map coverage of the study area is shown in fig 1.2. The
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3.1.6 Flight Pattern and Flying Elevation,

It is Customary to fly, so far, as is feasible, at a uniform elevation abové sea Jevel

R

but within 80 m to 250 m above the earth’s surface (fig 3.1). Such elevation makes it
possible to avoid magnetic effects from localized near - surface sources such as structures
containing iron, The flight parameters of the acromagnetic maps used in this work are
given in table 3.2, The standard flight pattern to facilitate climination of diurnal variation
and other errors such as instrument dritt is shown in figure 3.2, This consists of rutually
perpendicular sets of parallel lines tied together by crosslines scparated from one another
by a distance, which usually ranges from 8§ to 20 km. The entire North - South: legs are
flown consecutively, after whicli the Last - West legs are lraversed (or vice versa).
Adjustiient fors divrnal variation is determined by fegst Squares to minimize the

misclosures around the individual loops (Dobrin, 1982),

Analysis of the difference In readings at each crossing, representing the field
change over a scries of different time periods, allow the whole survey td be corrected for
diurnal variations by nelwork adjustment. Even though the spéed of the atrcraft had
seduced the effect of the instrument drifl and diurnal variation from (he acromagnetic
(‘l_:lla, the data still has 10 be corrected for diurnal variation. If there were no drift or
dil;rnal change, the analysis of differences would add Up 10 zero around the loop,
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3.1.7 Advantages and Disadvantages of Acromagnetic Survey.

For cxploration purpose, the promising :eromagnctic anomalics are confirmed by
ground survey(s). The reason for this is that the resolution of the anomalies decreases
*with the fight altitude. The anomalies lose their sharpness and detail at high altitudf.:, SO
that it becomes impossible to separat.e the effects of two source bodies at depth Y and
horizontal spacing X apart (Dobr_in, 1982), if the flight altitude exceeds X - Y as shoﬁvﬁ in
(Figure 3.1). A problem prevalent with airborne magnetic survey is the magnetic effect
from iron in the aircrafi engiig'e. To overcome this effect, the magnetic element (referred
ta as the "bird") is towed at the end of a cable. The cable is about 24 - 30 m long in order
to make the magnetic effect of the plane_'ncg[igiblc (Dobrin, 1982). T"- casing of the
magnetic element is streamlined for maximum stability and minimum air resistance and
is equipped with fins to prevent rotation. The "bird" is usvally lowered through a trap -
door in the floor of the cabin afler the take - off. Sometimes the "bird" is mounted on the
wing tip or at the tip of the air planc's tail. When the magnetoﬁletcr is attached to the

plane, in which case, coil installation compensates for the aircraft magnetic field.

rEy

£ o

Another llyroblem is to corrclate all tolal field readings with the position of the
planc at the instant they are taken, This is overcome through the use of electronic
positioning system, aerial photography, and the usc of Doppier system of navigation
(Dobrin, 1982).
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Fig 3.1 Maximum Flight Altitude For Resolving Anomalies
Of Two Neighbouring Bodies, Distance X Apart.
(after Dobrin, 1982)

L A T Y
FIG 3:2

Standa:d Flight Plan For an Aceromagnetic

Survey
(adaoted

from Dobrin, 1982 )
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Airborne magnétic 5urvcying makes uscs of an aircrafl, The use of an aircraﬁ has
the following advantages:
=" It makes covering a large arca within a short time possible,
—. It makes obtaining n;agnctic data from areas, which are otherwise not accessible
possible.

Helicopters are morc suitable than fixed wing aircraft for magnetic SUTVEys over very

rugged terrain because they can maintain more uniform clevation above the ground

surface (Dobrin, 1982).

~

3.2 Interpretation of Acromagnetic data

3.2.1 Methods of Interpretation
The first step tn the interpretation of acromagnetic map is quahtatlve with the aim
of detcctmg such characteristics as anomaly distribution, structural trends, etc. The next

step in the interpretation technique is quantitative.

The magnetic anomalies caused by diverse model shapes, such 3s the ti)ick dike
of finite strike length, ctc may be obtained through an appropriatc-nunierical integration
of the expression for the magnetic effect produced by a finite thin plate. Hence, various
interpretation methods are in use by explaration geophysicists for the purpos.e olf
quantitative interpretation of acromagnetic data. These methods i.nclucie the curve fitting

methods, which ar¢ based on a few specified points of a magnetic profile; the upward or
' 26



downward continuation methods, among others (Vacquire ct al, 1951, Werner, 1953; -

Gay, 1963).

3.3  Interpretation Methods Used in This Work o

-

Apart from the qualitative interpretation (maps inspection), the quantitative
methods uscd in this work are the Werner Deconvolution method and 2 32 - D modelling
inter_prleta.tiOns and the regtonal - residual separation methods. l ' .

L *

3.3.1 The Werner Deconvolution Method

The Werner dcaonvélution technique was first introduced by Weraer in 1933 (Werner,
1953). The xﬁ'gthod is one which enables interpretation of acromagnetic data to determine
the depth; magnetic susceptibility and dip of the causative semi - infinite and
homogenous thin sheets; whatever their strikes, dips or remanent magnetizatioln and at
any magnetic latitude (Hartman et al, 1971). The method was later shown to be

applicable to contacts, edges, {aults and other types of bodies (Jain, 1976,;!’Ku:5'1_nd Sharp,

1983),

The usefulness of the method 1s expanded by the fact that the horizontal gradient
of the total field caused by the edge of a thick interface body is equivaient to the total

ficld from a thin dike. Statistical decision, numerical iteration, and a seven-point operator



were uscd (o improve approximations of susceptibility, dip, depth and horizontal location
of a given source.
\
Basic Principle: Consider the gcometry and .5patial rolation dut to 2 two -
dimensional (2D) vertical thin dike (Figure 3.3). We choose the x - —a_l;(is to be
perpendicular to the strike of the dike, the y - axis paral]él to the dike and the z - axis to
be in t!_le vertical direction, The dike ts extended to infinity in both the y and z -
directions. The vertical, horizontal and total magnetic ficlds caused by the dike can then

be computed by the following equations (Talwani and Heirtzler 1964).

The vertical magnetic strength VMAG (x-, z) is given by

2(x' - - 20z -2V R '
VMAG(x,z) = jj[; (x ;1(2 z.) ., ( R_,) ]dxdz. ........................... (3.5)

The horizontal field strength HMAG (X, Z) is given by:

}{.i r 1{4 R R R

For anomalies small with respect to the total field 'F’, the total intensity anocmaly is the

! 2 ‘ ' b
’ 24X -x 2 ~x)\z -~z C .
TiMiA G(x,z) = 2“ {JI ~—L~—w-)*- +J ( )( )}dx dz ' {(3.6)
sum of the projections of H and V along the direction of F, i.e.
TMAG (x, z) = TIMAG (x, 2) cos L cos (C - E) + VMAG (x, z) sin1 ..., (3.7)
Where,
C = angle measured in a clockwise direction between x-axis and geographic north.

@
1= magnetic inclination of the main field F.
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(C-E)=a= sl'rikc of the dike as measured from magnetic north, positive counter
Clock- wise.
J = (Jx, Jz ) = Polarization vector.
= induced + remanent magnetization.

R =(x' - x)* + (2! - 2)

Let D be the depth to the top of the dike, and 2 AT the thickness of the dike (figure 3.4).

When AT is small compared to depth D, (AT < < D), namely, the dike is
thin as viewed from the point of observation at P (x, o), then a straight forward

integration of equations (3.5) and (3.6) gives:

‘V)‘MAG(x,z) = 2!:] ::[J‘ Z(I. - :3(2 - Z) +,. J, 2(2. ;;)I B }dr'dz' ................................ .(3‘8)
VMAG(x,0) = 22AT| J. L%&‘—‘— ¥ J, jﬂt"i—;’;)i{{l ..................................... (39)
Integration of equation (3.9) yields

VMAG(x,0) = 21\1%%2}5 ...... (310)
Similarly, horizontal field strength is given by:

HMAG(.\',?) =24 !-‘%—i%{l ................................................................ (3.11)
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To evaluate Jx and Jz, the following convention is adopted (Figure 3.4). Let the
inclination of J, positive if below horizon, is represent by A. Let the angle which its

horizontal projection, measured in a clockwise direction from the geographic north, be B.

Let the angle in the horizontal planc which the positive direction of x makes with
the geographic north, be C, then,
Jx =1 Cos A Cos (C - B) e eneanstanaennraenseennrnennnennresrerenessrresee (3.12)
JZ= I SINA e e e (3.13)
F =The tptal field, while I and D are the inclination and declination of th_e earih's
field resp&tivgly. Hence, sum of the projections of H and V along the direction of F is:
TMAG (x, 0) = HMAG Cos I Cos (C -E) + YMAG Sinl .................c.eiens .. (3.14)
1Le. TMAG (x, 0) = HHIMAG Cos | Cos «« + VMAG Sin L .......................... (3.15)
Where (C - E) 7«
Solving equations (3.14 and 3.15) yicld.

TMAG (x, 0) = Ax + BQ ............................................................ (3.16)
X+ D*

A and B are constants that depend upon the orientation and magnetization of the dike.
 Where A=-2AT(IxSinl1+JzCos1Cosax)  ................. B (3.17)
B=2AT(-JxCosISinat+JzSinl) ..., (3.18)

Jx and Jz can be expressed in terms of A and B by solving equations (3.17) and

(3.18). lence,
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* T 21V + v?) (35
~AV. - BV
= x G ety E e bt b B amn B e e E e e s 320
o 2AT(VE + V2) (320)

Where, V. = Cos1 Cosa
e T T COD S i S Y

Equation (3.16) is for the total - field magnetic anomaly when the center of the
dike body is located at (O, D). For arbitrary horizontal location at (X, , D), equation

(3.16) becomes.

A(x - x,) + BD

TMAG(x,0) = G-x )t DF

It should be apparent that the -main feature of Werner Deconvolution is its
simplified thin dike assumption which lead to the lincarization of complex non- - linear
magnetic problems. This linearity is retained even when we add interference terms in the
form of a polynomial C,+ Cyx + Ca¢* to the total dipole field and regional gradient as
follows.

wre. Ax-x,)+BD
MAG = - y
L (x=-x,)" + D?

PO HCEFCE® i ienivmrnionmsbmmamsrssezsesnisasaasasents (322)

Upon rearranging, equation (3.22) yields:
o+ ax + 23 X + a3x’ + ax™ bTMAG + bixTMAG = x;TMAG  .................. (3.23)
Where, a5= - Axg+ BD + CoD?+ x%Cy

a; = A — 2Coxo + CiD? + C,D?
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fig = Cu",ZCﬂ‘n o Cz X(:2

a3 = Cy - 2%C?

a = G
= Iul o D‘l )
and
bi = 2¥0 cveireaens o (3.24)

Fquation (3 23) deals with a lincar problem with seven unknowns,  Thus if the value of
TMAG at seven appropriate points are known, the values of the seven unknowns could
be obiaincd‘by solving seven simultaneous linear equations. In terms of these unknowns,
we have;

Xpo = OSbl

C = a3+ 2xCy
Co = a2 +2Cxp + C?.-ru]
A = 4y +2Cix0+ CiDE= €27

and .

1 A _
= 73[“° TG RO 5 Gl Y S (325)

The series in equation (3.23) is intended to limit errors due to this agreement.
Upon substituting A and B igm equation (3.12) and (3.13), we have

} o 220y v ab))V, - 20,0V,
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Finally, the following results are obtained for a thin dike in real physical

_ “(zan t albl)V:‘. - zalDV;c

x = rrers2 2
: ATV +V)7) -
dimensions in terms of the sample spacing Ax (Ku and Sharp 1983).
Florizontal position = 0.5DTAX + X i e e, (3.28)
Depth = = By = 0ZSBIAX oo (329)
P
Magnetic ~ Susceptibili!j;"l~=—“m—-'— AX it e ot (330)
‘ _] ‘jx - . L] . .
Dip angle = tan o tla et eh e e e et Ao e et eae e e e et araeens (3.31)

H

The computed dip angie in equation (3.31) is in relation to the projection of the total field
with apparent inclination 'la' in the X - Z planes. But if Z - axis is paraiiel to the body of

the dike, and the X - axis perpendicular to it, then the dip angle is given by:

J r |
Dip angle = tan'{j—} SNSRI ¢ 7))

.gr"_,__-l—'-'

Equation (3.32) is generally valid for a dike dipping at any angle, so long as the
dike is thin in comparison to its depth. The magnctization Jz which is paralle! to the body
of the dike but perpendicular to the top edge of the bady is called the edge magnetization,
whereas the magnetization Jx which is perpendicular to the body of the dike is called the

cross magnetization (Werner 1953),
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W(‘-\:l’llft‘r hor'izloﬁtal gradient solution can be used to determine the depth, horizontal
location, dip a;gle and magnetic susceptibility of an interface,because the cdge of a thick
iuterface can be considered to consist of a large number of parallel thin dikes.
Conceptually, the magnetic anomaly causcd by the edge involves an integration of the

magnelic anomaly from a thin dike, if we take a dilferentiation in the from of a horizontal

T~

gradicnt, then the differentiation and the integration cancel and we end up with the same
cxpression for the magnetic anomaly from a thin dike. (Ku and Sharp, 1983). This
implies that the horizontal gradient of the total field caused by the edge of a thick
interface body is cquivalent to the total field caused by a thin dike.

From Fourier transform theory, the computation of the horizontal gradient from

the total ficld is simply a high - pass-filtering operation with a multiplication factor of iw

in the frequency domain, where I= ‘\/1_1 and w is the angular frequency. 'i‘his
means that, in addition to the original total field spectrum being multiplied by the factor
w, there ‘is also a 90 - degree phase lag in the spectrum of the computed horizontal
gradient v?ith— respect to the spectrum of the oniginal total fichd.

The Comﬁutcr Program: A computer program known as Werner’s
program available in the Physics Department, A B.U, Zaria was used to interprete the
evenly spaced digitized data on each of the 56 profiles covering the project area in
accordance with equations (3.18) throogh (3.28). The program uses scven points at

regular intervals as a "window® to compute the depth, the horizontal location, the dip and
@
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the susceptibifity of the source (or edge). The "window" defined by these seven points -
formed the "Werner operator” that was moved along each profile at one point interval.

The detection of an anamalous source is related to the size of the "operator
window". A dcep source, with an associated broad magnetic anomaly, needs a Werner

operator of comparable stze to recognize it.

The digitized aeromagnetic data are smoothed with a running Hanning window:
thereby, filtering the data i0 minimize “abasing” effects causcLi by mcreased interval,
The range of depths, which can be interpreted accuratcly, is rclated to the window
. lengths. | The net effect ofﬁltering implicitly in the selection of sample interval and of the
consistency tests in so{ﬁtion is to minimize the appearance of interpretation from noisy
data iu the ﬁlna! plot. The presence of.‘ ihc high frequency anomalies, even of limited -
extent, mask interpretation of anomalics of comparable magnitude originating from

deeper sources.

Assuming, we have an appropriate Werner obera.tor whose size is comparable to
the size of the anomaly, when we sweep the operator across the anorﬁ{é’iya,#ig will be
observed that a group of conttnuous solutio_ns, as wide as the anomaly, are obtained when
the operator straddles the anomaly. In fact, the variation may be so large that we must
discard some of the solutions as our rejection criterion {weighting factor). If thin dikes
arc present; their anomalies are recognized from the total field data and edges are

analyzed {rom the computed horizontal gradient of the total ficld (Ku and Sharp, 1983),
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When the Wcrncr. operator is small, compared with the anomaly size, the operator
will "sce” only a small and, hence, nearly linear portion of the magnetic anomaly. As a
result, it would yield a depth solution, which is much deeper than the true dfﬁpth. On the
other hand, if the operator were too large, the operator would very Iikcly;":'_éq;_[‘ multiple
peaks from adjacent anomalies (Ku and Sharp, 1983). Thus, the desirable operator size
should actually be from one - hall to full - size of the magnetic anomaly under
deconvolution (Ku and Sharp, 1983). In general, the optimum size of the Werner operator
should be of the samc order of magnitude as the anomaly size such that the operator is
small cnou,gh to "sco” only a single peak (or trough) yet targe enough to cover sufficient
Ivariations in slopes or curvatures in the magnetic field, and at the same time, give reliable

computational results (Ku and Sharp, 1983).

[f we apply the Werner operater to the computed horizontal gradient, we expect
that the Werner horizontal gradient should be shallower in depth because of its high
frequency content, and it should be perpendicular (90 degree phase lag) in dip angle to
-the Werner total - {icld selution (Ku and Sharp, 1983). The higher order terms in the
form of a seven-point operator or at least a six-point operator are ncedc:j in order to see a

magnetic anomaly accurately as well as to reduce interference from the main dipole field

and regional trends which are generally not of exploration interest.

In this work, as carlier stated, the Werner Deconvolution technique was applied
to fifly-six (56) profiics in the study arca. The acromagnetic maps used were sheets 21,

22, 42, 43, 64, and 65. They were digitized at an interval o' 0.5 km along each flight line
. . 38
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in each of these maps, The Might line spacing used during the swrvey is 2 km, The
profiles are labeled as [ 173, L 174, .. L. 226, and the Oight parameters used in the |
survey are given in table 3.2, The closeness of the profiles makes it possible for an
anomaly to be crossed by more than one profile; thus making the correlation of anomalies

from one profile to another possible.

In order to sce the pictorial representation of the source body clearly, a sampling
interval 0f 0.5 km was used, The Werner's program used {or the Deconvolution was able
to reduce the digitizing interval to 0.25 km using lincar intcrpo]ation in order to reduce
the width of the smallest seven - point Werner operator to 1.25 km. The Werner operator
lengths used in this work varied from 1.25 km to 25 km in steps of 1.25 km. The typical

input parameters for the computer program used in this work is listed in table 3.1 below.



B +
'y

L
L

TABLE 3.1: Typical Input Parameters for the Wernerr Deconvolution Program
Used in this work :

Title of Profite | . =L173
Nurber of data points : =301
Sampling interval : : ) =035 km
Starting Werner Interval = |
Maximum Werner luterval - ' =10
Minimum number of consistent depth solution acceptable =2

Angle of Inclination =40

Angle of Declination =30

Total Magnetic Intensity Background of the Study Arca ' = 34000 nT

TABLE 3.2 Flight Parameters of the Digitized Aeromagnetic Maps

Flight line direction . =0"/180°
Tie line direction . o =90%/270°
Nominal flight line spacing S oo=2km
Nominal tie line spacing ' - =10km
Nomina! flying altitude above M.S.L , , . =0.762 km

Table 3.3 Typical Model Input Parameters for Profile AA’

Profile length =60km C
Model depth = 18 km B
Model azimuth = 430
Spacing between stations = (1.5 km
Number of magnetic stations .o=12
Inclination of earth’s magnetic ficld (F1) = 40
Declination of earth’s magnetic {icld (FD) =30
Intensity of earth's magnetic field (1) = 34,000 nT
'
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3.3.2 Quantitative Madelling.

1

Once we have obtained the Werner solutions from analysis of the total field and
. horizontal gradicent curves, we can conveniently use the solutions as initial estimates for

further refinement by GM - SYS modelling.

Quantilative modelling of the acromagnetic data along the pmﬁlcs:was done in
this work using the GM-SYS program. This program is an casy interacti;;pmgram that
can be uscq for modelling geological bodies of 2 - D or 2% - D cross-section. [t has the
ability to quickly calculate and display the magnetic response from the cross-section of
the source body as well as the cross- sectional view of the causative body concerned.

1"@0 - dimensional modeclling assumes that all bodics in the earth n“:odel are
prisms extending to infinmity in the strike direction; i.e. perpendicular to the line of the
profile (Talwani et al., 1959). While this is a valid approximation for man); geologic
situations, it breaks down in close proximity to faults, dikes, and other three-dimensional
feature (Rasnn;sen and pedersen, 19?~9). On the othcr.hand, two - and - a - half -
dimensional modelling permits one to limit the extents of the prisms in the "y' direction,
where the y - axis is in the strike direction. This allows the model to closely approximate
many three - dimensional structures. In the modelling exercise, attempts a‘re made to

attain the "best it" between the observed and the calculated anomalies. The model input

parameter for Profile AA’ is shown in table 3.3
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Basic Principle of the Modelling Program: The equations used to

c,&_llcuiatc the magnetic response for the 2-D bodies modc! responsce are based on the

methods of Talwani et al., (1959; 1964) and the algorithm uscd was that deseribed by

Won and Bevies (1987). The two and one half - diniensional calculations are based on
. . ! P

- the equations obtained in the work of Rasmussen and Pedersen (1979). Tn using the

program GM -~ SYS, stations (points at which inag,nclic values were observed and

caloulated) must be outside the source material (i.e. they must Le in an arca outside the

model where the magnetization or susceptibility value is equal to zero).



The qualitative interpretation of acromagnetic maps is carried out primarily to
detect the gross -;cﬁaractqgistics of the magnetic field over the study area and to also
deduce the anarﬁ;_ly distribu}ion and structural trends, etc within the study area. However,
the information that can be deduced from a survey is considerably increased if somé

geologic information is already available.

1
P

Figurc 4.1 shows the total ficld acromagnctic map over the study area. Inspection
of the map shows that most of the closed contours in the west and eastern portédns of the
map are aligned and elongated in the E - W direction. This is an indication that tlic source
of each of the anomalics may be a dike in which the direction of elongdtion most poséibly
indicates the strike of the dyke. Some anomalies at the SW and NW edge of the map are
more or less elliptical in shape suggesting the presence of structural trend§&long the long
axis of the ellipse and their trends are NE - SW. A careful study of the magnetic
anomalies discloses two clear trends. These ase’

(i) 'The Northeast - southwest (NE -SW) trends, found mostly in the SW portion of

the area.
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(1) The Bast - West (8 - W trend which e few and foand in the conteal part,

(i) A few NW - SE trends found in the SW portion of the area.

Towards the SE edge__.of the total ficld map, one can sce a complicated distribution
of short wavelength ahu;malies (i.e. anomalies which are small in widths, about 0.7 km)
as opposcd to those ol moderately long \,\I:a'vclength distributed at the central and top left
regions ol the map. The short wavelength anomafics located at SE edge of the map with
complicated distributions suggests that the magnetic sources arc shallower, and their
smaller widths is a pointer to smaller extent of their causative magnetic bodies. Thus,
from figure 4.1, it is clear, however, that the shallow magnetic sources are h_m;ing limited
strike lengths and stecp dips. Their susccptibility contrasts is large as wcl'{ wnth values
ranging from 0.0067 81 Unit -~ 0.0092 S1 Unit. The Northern edge of the map is a
boundary between Nigeria and Nigf;r Republic. High average magnetic susceptibilities
arc normally found in bodies with mafic to ultralmafic composition contmonly associated

with igheous rocks,

42 Quantitative Interpretation:

4.2.1 Procedure Followed ‘ - o

In the qualitative interpretation earlier discussed, effort was made to describe the

pattern of the acromagnetic field over the study area and to infer from the total field map,

v

the presence of structures in the area.  On the other hand, the quantilative interpretation

-
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was carried out to determine the parameters of the source (causative) bodies such as their

depths, dips, widths, and susceptibility contrasts.

*

4.2.2 Regional - Residual Separation

-

"ﬁ;’gﬁpotemial field observed over an arca is a combination of a regional
camponent and, a residual component. The regional component iF.. that compaonent of the
téta] ficld c'auscd by deep - seated sources wlliié the residual component of the field is
that component due to relativcly local sources. In processing ficld data, one of these
components (usually the regional) and then the other, i.¢. the residual component, is
obtained by subtracting from the measured field values of the estimated regional field at

. corresponding points.

The most common and flexible technique used for determining the regional
component of the observed (total) ficld is to {it a low degree poiynomial to the measured
magnetic tield data using the least squares method (Dobrin, 1982).  Saurces of regional
magnetic variation in sedimentary areas include large - scale dcep - seated structural
features, and suscelatibility-. cffects caused by intra-basement lithological changes.
Regional gradients like these often dis‘t'«_)rt or obscure the effects of relatively 'r;éar -
surface structures such as salt domes or buried ridges. The polynomial fitting method
presupposes  that the residual ficld has a-normal (Gaussian) distribution. However, in
field data, many points do not fit this presumed Gaussian model. These data points
whic}z do not it the normal distribution mode! for least - squares esttmation. These cause
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a distortion of the regional ficld fitted 1o the data by the least-squares method (Kangkolo
et al, 1994). The influence of the deviatory field points can be suppressed by using the
rabust estimation method of Kangkolo et al, (1994). In the method, coefficients of the

polynomial equationfage obtained by minimizing the absolute deviation of the field values

at the data points using the robust polynomial fitting of degree one (10 fitting).

e I
e

- BB

The obscrv;c(-l da'ta set arce used to compute, usually by lcast squares, the
nmlhcm:ﬂica!ly describable surface giving the closest it to the magnetic ficld that can b(;
obtained within a specified degree of detail. This surface is considered to be the regional
magnetic, and the residual is the dif'fcre‘nce between the regional field thus determined
and the total magnetic field. In practice, the surface is expressed mathematically as a two

- dimensional polynomial of an order that depends on the complexity of the regional

ficld, a first - order surface is of the form

Zo = AXHFBY HF C oot e 4.1)

Where A, B, C are constants and Z = regional surface.

Using the method of least squares, the values of the CoefTicients A, B and C obtained for

the total data set were

A =7802.288
B-=8.72602
=-44.12617
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A plot of regional ficld with the above coefficients is shown in figure 4.2, |
showing a trend of NE - SW. The residual {unction R for the abserved magnetic field is

of the form:

Fitting a linear or higher order interference term to an anomaly reduces its
amplitude ' L e
substantially, and this makes the analysis of the residual very susceptible to noise (Ku

-

and Sharp, 1983).

4.3 Profile -By- Profile Interprctations

4.3.1 Werner Profiles | Rena
The Werner profile derived for each profile by applying the Werner
deconvolution to the total field data along the profile was examined. This was used tb
obtain a rough cstimate of the depth to the top of the magnetic basement (i.e. the
maximum sediment thickness) and the presence of associated structures such as

intrusions and faults. The resulis obtained are as briefly described below.



Werner Profiles for L 211 and L 212 S

Figure 4.4 shows the interpretations of the Werner profiles as obtained for Profiles L
211 and L 212 (i.e, flight lines 211 and 212 of the pmjecf .area respectively). These
proliles are used to illustrate how adjacent profiles are corrclated. Each of the profiles is
120 km long and show.substantil'al scatter in the depth solutions, They do not ;:ieid
eﬁough solution to enable a basement sqrface to be adequatcely fitted because there is no
cc'}nsistency in their depth solutions. Although, considerable interpolations between
solutions were required to obtain these surfaces, the interpreted inferred basement surface

(dashed lines) show significant variations from profile to profile because a feature

highlighted in a profile were masked in another profile.

Werner Profiles for L. 178 and L 179

There is clustering of depth solutions in Profiles L .178 and L 179 the:réby
confirming the consistency of the solution and the presence of magnetic body (intmsidn),
Consistent depth solutions were observed in Préﬁles L 178 and L ]79 as shown in figures
4.5 and 4.6 respectively, they represent a set of profiles with similar magnetic features.
The profiles are each 140 km long and show substantial clusters of total field and
horizontal gradient solutions, Thus, for the. magnetic anomaly occurring at horizontal
" distance of fi?. km from the southern limitléf_ the profile, the depth (o the top of the
causative body in both Profiles varics from 4 km fo 2.1 km in figs 4.5 and 4.6

‘respectively.



For example, the intrusion that appears to be buried at depth of 4 km in figure 4.5
appears to cxist at a much shallower-depth of 2.1 km in figure 4.6, While, for the

adjacent Profile L 179, the anomaly occurning at horizontal distance of 65 km from the



southern limit of the profile has its depth to the tlop being 1.5 km in figure 4.5 appears to
be at a depth of 2.2 km in figure 4.6. Significant clusters of solutions associated with this
_magnélic ano:ﬁaly vary slightly in their distances and depths of occurrence. Thus, by
comparing the calculated depths of depth to the top of causative body, for adjacent _
profiles, a magnetic basement surface that is representative of the proﬁlczé&rﬁss the same
anomalies 1s produced. The surface gives a close approximation of the depth to the
magnetic basement and hence the maximum thickness of the sediments, The geometry of

the inferred magnetic bascmient surface makes it possible to infer or deduce the presence

. of structures associated with the basement underlying the study area. The magnetic

basement surface MM’ fitted to the proliles is consistent for given set of profiles e.g. in
prolile L 178 and L 179, the consistent depths recorded for profiles L 178 and L 179 vary
from 1.0 km to 2.2 km for a body located at an horizontal distance of 42 km from the

south and vary from 1.5 km 10 2.2 km for a body at 68 km distance from the south. !

Since the profiles in the study area are 2 km apart, differesices in computed depth
of adjacent profiles for the same anomalies may actually represent lateral variation in

depths of the magnetic structures giving rise to the anomalies.

4.3.2 Quantitative Modelling

The Chad Basin, just like the Benue Trough is assumed to be underlain by
granite-gneiss and intrusive being the dominant rock types of the Nigerian Basement

Complex (Ojo, 1990). Although no magnetic susceptibility data exists for the Chad
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Basin region, Ajakaiye (1981) and Ozasuwa et al. {1981) reported runges of 0.0059 -
0.0097 SI units and 0.1% - 1.030 S! units respectively for granitc-gneiss in the

, |
ncighboring Benue trough to the SW of the Chad Basin,

" In this work, three profiles (AA ‘, BB’ and CC' ) shown in fig 4.3 were slected
for modclling assuming a susceptibility value of 0.0059 SI units for the bedrock. This
.valuc lics w;lthi'n the range of susceptibility values obtained by Ajakaiye (1981) for the
Benue Trougﬁ. In all the models generated for the interpretation, efforts were made to
obtain a good fit between the calculated and the observed curves. The detailed description
of the final modcl (interpretation) obtained for each of the profiles is as givel{hclow.

A T

ModeHing Along Profile AA]

Profile AA’ is a short profile 60 km long o;iented in NE - SW direction. éo as to
make it GUI; across the major anomaly in the area at approximately 90° . In the quafntitative
mlodciling of Profile AA! (fig 4.8), a susceptibility value of 0.0059 SI units was a.lso used
for the bedrock and 0.0092 Sl units which was the overall average susceptibility value
obtained from the Werner depth solutions was used as the average Susceptibility va‘:ué of
the intrusive bofdy, This susceptibility value was kept constant and the boundarics of the
source bodies were allowed to shift positions by changing the body coordinates till a best

fit of the observed and calculated curves is obtained. The thickness of the sediments
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beneath profile AA' was allowed lo.range from 0.3 km - 0.8 km. The important

parameters of the interpreted profile are summarized in table 4.1. The depth values from

the Werner profile (fig 4.7) agrees with this result.

TABLE 4.1: Important Parameters of Interpreted Model for Profile AA’

Body Position (km) | Susceptibility Depth —to - | Depth —to - | Width (km)
(S1 Units) Top (km) Bottom

1 6.0 .0092 03 1.7 5.9

2 20.0 0.0092 0.6 33 53

3 370 0.0092 0.8 3.8 7.9

4 52.0 0.0092 0.5 4.9 6.5

Modelling Along Profile _BBf

This profile is long (140 km), compared to profile AA’ (60 km). Itisan N - §

profile cutting across the intrusions at the eastern part of the total field map. In the

interpreted model for Profile BB’ (fig 4.12), five intrusions were observed, a

susceptibility value of 0.0072 SI Units which was the overall average obtained from the

Werner depth analysis and which also lies within the range of susceptibility values

obtained by Ajakaiye (1981) for the neighboring Benue trough was used for these bodies

to obtain the best (it to the observed curve. The thickness of sediments within this
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profile ranges from 0.4 km - 1.3 km, and the depths to the top and bottom of the various

bodiecs range from 0.4 km - 1.3 km and 3.6 km - 10.2 kin respectively as can be seen in

Table 4.2. The Werner depth result shown in figure 4.11 agrees with the model result,

The divergence of the anomalies towards the surface could be as a result of the steady

cooling of the magmatic activity occurring in the host rock.

TABLE 4.2 Important Parameters of Interpreted Model for Profite BB’

Modelling along Profile CC’

Body Position (km) | Susceptibility Depth—to— | Depth —to — Width (km)
(SI Units) Top (kn) Bottom (km) .
] 4.1 0.0072 0.4 4.1 13.6
2 6.8 0.0072 13 6.6 12.8
3 3.8 0.0072 1.2 37 8.7
4 10.8 0.0072 0.9 10.2 22.0
5 2.6 0.0072 0.9 3.6 17.8

This profile is moderately long, 120 km. It is a NW - SE profile cutting across the

anomaly in the region. The interpreted model for Profile CC' (fiz 4.14) has six intrusive

bodies, a susceptibility value of 0.0067 SI Units which was the ovcrall average obtained

from the Werner analysis was used for these bodies to attain a good fit of the observed
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and calculated curves. The thickness of the sediments, which was the depth to the top of

the anomalies, ranges from 0.4 km - 1.1 km, and the depth to the bottom of the various

anomaly ranges from 1.7 km - 3.7 km (7able 4.3). The equivalent Werner depth result is

shown in figure 4.14. The suggestion of the presence of intrusive with high magnetic ‘

susceptibilities when compared with the susceptibility of the host rock as reveaicd by this

study may therefore, be the f(irst indication of basic to intermediate rocks and volcanic

activity along the chosen profiles. High magnetic susceptibilities are normally found in

Tdics with mafic to ultramafic composition.

TABLE 4.3: Important Parameters of lnterpreted Model for Profile CC’

Body Position (km) | Susceptibility Depth—to~ | Depth ~to — Width (km)
(S1 Units) Top (km) Bottom (km) |

| 35 0.0067 04 34 10.8

2 2% 0.0067 0.6 28 84
3 38 0.0067 L 37 15.8

4 | 36 |oooe7 |07 3.2 11.8

5 1.6 0.0067 0.4 w7 143

G 32 0.0067 0.5 29 11.8
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4.4  The Depth to the Magnetic Basc.aent Map.

Owing to the fact that the Werner Deconvolution method (Werner, 1953) provides
close approximations of depth to the top of the magnetic source and a carelul study of the
results of all profiles dccoqvolved in this work, a map giving an idea of the approximate
depths to the basement in the study area is produced and this is shown in figure 4.13. Tl;e
first step taken in preparing the map was to determine the acceptable depth to the top of
the intrusions from each profile dccor;volvcd in this work. The input parameters used in
the map included the longitude and latitude of cach accepted depth (Appendix 1). Figure
4.13 gives the topography of the basement underlying the project arca. It also suggests
that the thickness of the sediments in the study arca vary from 0.3 km to 2.1 km with a
general increase in depth from West to East. The basement surface map makes it possible
to infer or deduce the presence of structures associated with the bascmclr;i un;!crlying the
project area. Figure 4.14 depicts the contour map of the depth to the basement. The

intrusions are almost horizontal with slight orientation in the NE direction. The highest

depth to the top of the intrusions corresponding to 2.1 km is scen at the central portion of

the map- Shallower depths arc obtained in most of the locations except in_few areas

where the depths extends up to 2 km as scen in the central and NE portions of the map.

- The depth increases from west and east towards the center of the map.
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CHAPTER FIVE

DISCUSSION AND CONCLUSION

5.1 Discussion of res(xlts

The Werner deconvolution results of one proﬁie was correlated with th‘e result
obtained from the adjacent profiles 0 see clearly the extent of any anomaly that spans
through more than one profile. The information obtaincd from the Werner deconvolution
results for all the profiles used in this work are as follows: the horizontal location, the
depth, the dip, susceptibility value of the causative body and the w‘eightin.gl cocfﬂciéfll.ﬁt.,s“l-af

the source body {anomalous body).

3.1.1  Trends of Magnetic Field in the Study Area

s
Inspedion of the total ficld map (figure 4.1), the residual field map (fig 4.3), and the
regional ficld map (fig 4.2), shows that the magnetic {icid over the study area has three
distinct trends namely; the 12 - W and the NW ~ SE t'rcnds which arc few and the NE -
SW trend which is more common. Many of the anomalies in the maps have short
wavelengths and small widths suggesting that they are shallow. The a_ndma]ieé are more

or less elliptical in shape suggesting that they are likely to be dikes of basic igneous

racks. The analysis of the total field map shows that the NW - SE trending anomalies are
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few while anomalies with NE -~ SW trend are the most common. The residual field and
the regional ficld maps of the study area also confirm these facts. Although, shallow
bodies may effectively mask deeper sources, the Werner deconvolution method is good
for providing meaningful interpretations in many cases where magnetic anomalies

* originate at more than one level.

5.1.2 Types of Intrusions in the Study Area (Based on Susceptibility Values)

We can deduce from figures 4.4 - 4.6 that the observed magnetic contour over the area
could best be explained by a combination of variable basement topography and the
presence of deep intrabasement intrusive bodies as seen in the model results of figures
4.7, 4.§ and 4.11 respectively, where variation in basement structures and changes in
magnetic susceptibility were observed.

The configurations of the anomalics were obtained using GM—S“J"S modelling
procedure. The analyses in tables 4.1 - 4.3 indicate that the depth to the top of intrusions
causing the anomalies are at depths lying within 0.3 km - 1.3 km, and the depths to the
bottom of the intrusions range from 1.7 km - 10.2 km. With the assumed susceptibility
value of tbc basement being 0.0059 SI Unit, the susceptibility of the intrusions was
determined to range from 0.0067 SI Unit - 0.0092 SI Unit, which suggest t'hat it is
probably of basic igneous composition. In Telford et al, (1982), The values of basic

igncous rock is 0.0092 SI Units.
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Jfﬁ,&_;&., Thickness of the Basin in the Study Area

[
o

The basement surfaces were estimated by correlating the depth to the top of anomaly
_results obtained from all the fifty-six prbﬁlcs of the study area. The calculated depth,
which varics from 03 km - 2.1 km from the interpreted surfaces, was :um-d for
compilation of a basement surface map of the area. Werner deconvolution method can be
said to be a quick and reliable method of locating the top of intrusions causing the
anomalies with desired accuracy. The method shows that although the basement

topography varies considerably, depth to the top of the basement along the profiles are

generally not greater than 2.1 km. They range between depth of 0.3 km to 2.1 km
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APPENDIX
Title
Depths to the top of intrusions

Werner profile for profile 1. 184

Werner profile for profile L 19)....cccociveivmsmumiies cosmivaresssviine sasians

Werner profile for profile L. 201

Werner profiles for profiles L 187 and L 188...................

Werner profiles for profiles L 182 and L 183
Werner profiles for profiles L. 189 and L. 190
Werner profiles for profiles 1180 and L 181

Werner profiles for profiles L 194 and L. 195

Werner profiles for profiles L192and L 193 .................. ..

B
Werner profiles for profiles L196and L 197.............ooi i

Werner profiles for profiles L198 and L 199
Werner profiles for profiles L 202 aﬁd L 203

Werner profiles for profiles L 210 and L 211

75

....................

.....................

....................

.............

79

80

81

82

83

84

85

86

87
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Flight fines Lohgitude {Degree) Lalitude (Degree)  Depth (km)

173
173
174
175
175
176
177
177
178
178
179
179
179
180
181
181
181
182
182
183
183
184
185
186
187
188
189
190
191
191
192
192
192
193
194
193
196
197
197
198
199
200
201
201
201
202
203
203A
204

11.589
11.51
11.53
11.55
11.55
11.57

11.59

11.59
11.61
11.81

11.62

11.62

182 -

11.64
11.66

11.66 -

11.68
11.68

11.68

11.69
11.69
11.711
1.73
11.75

TM.77

11,79
11.80

11.82

11.84
11.84

11.86

11.86
11.86
11.88
11.80
11.91
11.93
11.95
11.95

11.97

11.99
12.01
12.03
12.03
12.03
12.05
12.05
12.07
12.08

12.50 .

12.50
12.47

1248 -

12.86
12.59
12.38
12.62
12.38
12.62
12.36
12.61
12.86
12.62
12.41
12.€1
12.59
12.62
12.93
12.41
12.59
12.41
12.41
12.41

13.01

12.91
12.27
12.47
12.40
13.02
12.20
12.40
13.10
12.37
12.37
12.58
12.69
12.36
12.93
12.93
12.93
12,15
12.16
12.44
12.95
12,16
12.92
12.16
12.18
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Flight ines  Longitude (Degrec)  Lalitude (Degree)  Depth (kimy)

205 | 12.10 T 1283 1.9

206 2411 1216 2.0
206A 1212 ' 12.16 20
. 207 12.14 _ 1218 7. 1.8
207 1218 1245 18
210 12.20 : 12.86 " 1.8
211 : 12.21 _ 12.16 1.8
212 12.23 12.54 2.0
213 . 1225 12.17 1.2
214 1227 &= - 12.18 1.8
215 : 12,29 ' 12.43 1.2
216 12.31 . _ 12.26 2.0
217 S 12.33 12.41 2.0
218 1235 12.24 2.0
219 12.36 C12.27 21
220 . 12.38 12.27 1.8
221 12.40 12.11 1.8
222 ' 1242 1213 1.8
223 S 12.44 © 1216 - 20
223 S 1244 12.43 2.1
223 ' 12.44 12.74 2.0
224 12.48 12.72 - 20
225 12.48 : 12.72 1.8
18

228 12.49 : 12.74
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