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Abstract

A quantitative interpretation of the aeromagnetic namalies of
Maiduguri (sheet 90) in the North Eastern region dfigeria has been carried
out using spectral analysis method.

The study area covers approximately 3, 052, 13kdgmetre and forms a
part of Chad Basin. Regional anomalies were removédm the total
magnetic field using 2D least square analysis. Thesulting residual data
were plotted to obtain 64 profile depth estimatiori&he depth estimations
were obtained from spectral analysis. The estimatgepths to magnetic
sources were found to vary from 0.175 km to 1.3582. K he results indicate
that the sedimentary basin in the area is approxitelg 1.4 km

This study has revealed that the study area may thegeted for
hydrocarbon prospecting based on the magnitudehsf sedimentary basin
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1.0 Introduction

Airborne geophysical surveying is the process ofsueing the variation of different physical or geemical parameters of
the earth such as distribution of magnetic mineddssity, electric conductivity and radioactiveraent concentration. The
methods used to measure these kinds of parametenhagnetic, gravity, electromagnetic and gammasgsctrometry
respectively [1].

Aeromagnetic survey is used for mapping the vammabtf the geomagnetic field, which occurs due ® ¢hanges in the
percentage of magnetite in the rock. It reflecésvariations in the distribution and type of magmetinerals below the earth
surface. Aeromagnetic data allow fast coverageafd and inaccessible areas for subsurface ressamaie, which makes
magnetic data analysis an essential tool of geaghlysxploration. Magnetic minerals can be mappednfthe surface to
greater depth in the rock crust depending on thigirension, shape and the magnetic property of tlok. rSedimentary
formations are usually non-magnetic and consequéraie little effect whereas igneous and metamorpbeks exhibit
greater variation and become useful in explorindrbek geology concealed below cover formations.

Variation in magnetic susceptibility combined witither geophysical data and known geology providegortant
information about the regional geology especialheve rock outcrops are scarce or absent [2].

Magnetic anomaly studies in Nigeria have mainlyrbegerpreting large scale subsurface structurgb high magnetic
susceptibility such as volcanic intrusions. Numergoagnetic anomaly interpretations have used thisacteristic for
location and depth estimation of these mostly Bitrei bodies. Many countries, including Great Bntand Canada, have
already been covered by high-sensitivity aeromagrsetrveys. In Nigeria however, a high-resoluti@mcmagnetic survey
covering the whole country has not been conduc&dTihe aeromagnetic survey analyzed in this reparhe of the largest
existing within Nigeria [3].

The separation of anomalies of regional and lodgimis an important step in the interpretatioragbotential field data [4]
and even in the field it may be necessary to estirnackground so that the significance of localnaages can be assessed
[5]. These methods for regional-residual separdtmve been successfully incorporated into the msing and interpretation
of magnetic data. They, however have their limitasi
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The focus of this study is to isolate the magnatiomalies of geologic interest from aeromagnetia dsing computer
processing, and interpretation of these anomatiesaick types and possible mineral concentratiomd Aore importantly,
estimating magnetic depth to basement of the Apeassto be able to elucidate the topography ob#sement rock giving
rise to the observed magnetic anomalies.

2.0 Description of the Study Area and Geological Settings
The Chad basin is an intra-continental rifted basihich extends from Northeastern Nigeria to Chapublic, Niger
Republic and the Cameroon within latitudeSNL@o 14N and longitudes TE to 15E (Figure 1).
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Figure 1: Map of Nigeria showing the location of Chad (BorBasin, inset is a map of Africa showing the lémat(source:
[6])

It is believed to be genetically related to the Bz rough, which resulted from a failed arm ofiplérjunction when South
American continent separated from the African awetit in Early Cretaceous. These two basins are Vmweeparated by
the Zambuk Ridge [7,8]. Since the late 70s, theeN&m sector of the basin has been an area ofesitén terms of
hydrocarbon exploration mainly by the Nigerian Natl Petroleum Corporation (NNPC). Early explonatworks were by
Shell-D Arcy in 1938; and later Mobil Exploratiorigeéria Limited in 1955. About 60 percent of theibas in a grid zone
on the southern edge of the Sahara desert anchdbesntribute to the surface flow towards the L&ked.

The Chad basin is one of several basins within/est and Central African rift system and is gerignalated to the Benue
trough [7]. It consists of several sub-basins sprawund the republics of Niger, Chad, Cameroon Miggria [8]. The
Nigerian section are delineated into three subrsasvhich are prolific for hydrocarbons accumulati®). These are
centered around Gubio to the SW, Maiduguri to tbetls and Lake Chad to the North (Figure 1). TheddBasing, which is
located on Lake Chad, is the largest inland basifffiica occupying an area of approximately 2,500,8nt extending over
parts of the republic of Niger, Chad, Sudan anditinthern portions of Cameroon and Nigeria [10]e Hititude of the basin
ranges from 300 m within the lake to about 530 rthatwestern margin, along a distance of aboutk?d0The Basin has
developed at the intersection of many rifts, mainlyan extension of the Benue Trough. Major gralibes developed and
sedimentation started [11].

3.0  Methodology, Data Acquisition and Analysis

3.1 Data Source

Airborne magnetometer survey map (sheet 90) ofczwstto total magnetic field intensity (TMI) pultiesd by the Nigeria
Geological Survey Agency (NGSA), airborne geophsfsiseries on a scale of 1:100,000 were used as lokmta for

determining the nature of magnetic anomalies okerarea. The contours interval is variable at 2.50band 50 nT. The
survey was carried out along a series of Northisdnes with a spacing of 2 km and an average é@avaf 152m above
the ground level.

The map was carefully digitized using semi-automatethod. Although hand digitization is the mostneéntary and least
efficient method of digitization, but an introdwati of AutoCAD software in gridding the map made thgitization easier.

The spacing interval of 0.875km imposes a Nyquésgdency of 0.57k¢h

3.2 Regional - Residual Separation

After the deduction of total magnetic field datarfr the aeromagnetic map, Regional field were sotetdafrom Total

Magnetic Field to give Residual Anomaly and thissviplemented using a least square polynomiabfitpiotential field

data analysis and short programmed was writteMatlab [4]; i.e.

(X, y)=a+apX+agy+ax +axy+aey +......... (b

The general form of equation (1) is a polynomiatie§ree n, which gives
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g(xy) =X7=1  aj pj(xi, yi) )
Where @ &... &, are coefficient to be determined by adjustmentgiast square method an;... P, are chosen function
of x and y called the basic function [4].

Solving the series of simultaneous equation or imatill give coefficients of , &, and i; of the best fitting linear
trend surface by the least squares criterion [#]ckvrepresents the regional tre
g(x,y) =a+ ax+ ay. 3)
3.3 Result of RegionaResidual Separatiot
Coefficients @ & and g were deduced from digitized magnetic intensity ealusing least square methods through a M.
code and a linear trend equation of this form wataioed
g(x,y) =773.09 — (0.5898)X + (1.3326)Y 4
where X and Y are grid cordinates which deribe the position of the data points with respedhie origin taken axes of tl
data array. The regional values were then subttadiectly from the observed aeromagnetic datakttaio the residuz
anomalies i.e. R(X,y) = T(x,y) - g (X,y)
=T(x,y) — 773.09 £0.5898)X + (1.3326) 5)
where T = observed magnetic data total magnetnaity
Figure 2, Figure 3 and Figure 4 show, respectivied-contoured, contoured residual and regional anomep obtaine:
from the implementation of the least squares pfam&ace polynomial fi
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Figure 4. Regional anomaly map of Maidugt

3.4  Qualitative Interpretation of the Residual Map

The Residual magnetic map (Figure 3), is relativetynplex, with predominance mormal magnetization i.e. a hi
magnetic value occurring in the North and Southregion of the map, relatively low magnetic valudiceable in the Nor*-
East, through the central, down to the S-Western region of the map; while a bit lower magnvalue is spotted at the
Western part of the map. The magnetic contourshefresidual map are relatively smooth and the transa are small
reflecting the basement rocks rather than the-surface features [12]. Deep features are frequeathyouflagd by higher
frequency magnetic effects originating nearer togtirface [12] as noticed in some points towardsNortt-East and South-
Western part of the map.
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It was observed that the magnetic sources areostellat the North-East as well as the Southerroregf the map. This is
arrived at from the fact that, the closer the cargpi.e., the greater the gradients, the shallpimegeneral, is the source.
Also a major basement fault is suspected at thealeegion of the map as a result of a well-dedib®undary between the
contours with appreciably different relief [13].n&ily, the prominent elliptical closures and nosaigontours as identified
on the residual anomaly map represent geologicaiatnents [14]. The main trend of the lineamentBlESSW with a
subordinate E-W trend.

3.5 Estimates of the Magnetic Basement Depths
A MatLab program was written to compute theD1Fourier Amplitude Spectrum of the Residual Anoynalap which was
taken across the profile (SoutiNorth) of Maiduguri (sheet 90). The program wasoatsodified to incorporate L'ow
Hanning pass filter"which was used in Smoothing Aeromagnetic Data.
The Smoothed Aeromagnetic Data was then Fast Fdtaiesform(fft) using 4D, Each profile generated from the Regional-
Residual Separation was then divided into segnarth that each Segment consists of fourteen (1#) plaints with
overlapping of four data point [i.e. 1-14(4egment), 11-24 {2Segment),...]

The depths to magnetic Source were obtaisedjuhe equations below:

hy= -7 (®)

P  RLLLLLLELEREELY

h=— 72 Y]

41
These two sources; land B, account for the first depth deriving from spek&aaluation. The first is magnetic sources on

the surface of the basement complex bounding thehNoentral block. The second and more importantrcas are the

magnetic rocks that intrude on the basement surfat@-basement features like fractures and farksother sources of the
second depth.

The Slope M, of the straight line segment for epaffile was determined and the depths for deepdrsimallow sources

were calculated. This is one of the important aspdécmagnetic interpretation, the results of dep#timates supply

information about the thickness of the younger geabasement complex, and it is therefore posdiblelelineate the

configuration of the basement complex at low cost khigh accuracy [15]
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Figure 5: Spectral analysis graph from Profile 10

3.6  Discussion and Conclusion

The Residual aeromagnetic anomaly divides the stwdg into regions of positive (high), intermediatel negative (low)

magnetic anomalies as shown in figure 3. This shitnas magnetic data usually display positive-negatinomalies which

are due to the dipolar nature of the magnetic smuand their interaction with the Earth’s field 16t can be observed that
in the North central region down to the south-wastl some other part of the map, there is an oaweref hyperbyssal

intrusions (Dikes) which are sheet-like in shapkeyl cross-cut the older granite rocks at about redslof meters at the
time of intrusion, which is an existence of a faulffracture in the zone. Likewise laterally spréatdusion (sills) can also be
found in the North West and some other part ofrtfag, this shows that the bedding plane zone offeeaker resistance to
the intruding magma that is, there is no fault sysin the roof zones. The negative anomalies oeduat the southern
region and up north of the basement complex ofthdy Area, this implies that some of the promineegative anomalies
may not be accompanied by any surface expressiangtomplex.

This raises the interesting possibility that behetitese anomalies lie unexposed younger graniteisions buried at

relatively shallow depth; such unexposed structarespotentially of economic interest. The Interratglanomalies form the
most extensive anomalies, which were found to lrglwlmost all over the undifferentiated basemeanhglex and older

granites, then extends to a less extent to thegeruBranites. The positive magnetic anomalies apipelae lying over parts
of the older granites, and it can be observed timbed in the North-East region, which then exteddenward from the
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central part to the south-west region of the ueddhtiated basement complex. The rock types ad$sdcisith positive

magnetic anomaly values are usually made up ofchiasiusive or rocks rich in ferromagnesian mingralg. gabbros,
norites, anorthosites, trocolites, dolerites thannmainerals in basic rocks are calcic plagioclagsgioxenes (augite and
hypersthenes), olivine e.t.c. It can also be oleskihat basic rocks are under saturated and tmerdfbnot usually contain
free silica (quartz). This is because both remaaedtinduced magnetism can contribute to the magfietd produced by

basic rocks, and for every old basic intrusive, rfdfmanent magnetization can be a dominant factatriboting to magnetic
anomalies. More so basic rocks generally have hih content and are more magnetic than othersnagnetic methods
can be used to map them efficiently.

The Results of the Depth Estimate is as follows

1. The results show that the thickness of the sediangntock varies from 0.00079km (0.79m) to 1.35227km
(1,353.3m).

2. The depths estimated along the profiles, reveddedlepths at specific regions of anomalies. Thd&cates that the
North-Eastern part of the map is averagely dedyer the Southern part of the map.

3. The shallow depths obtained ranges from 0.0007@kf46136km this is probably due to exposed magmetks.
The deeper depths of the magnetic sources vary @@ib to 1.35227km.

4. The depths correlation of gradient inversion method earlier depths estimated using 1D- Spectrlyais found
to be in good agreement.

It can be inferred from the earlier discussion thtrpretation of aeromagnetic data has somefiignt features:

1. Depth estimates from spectral analysis of magmktta indicate a two depth source model. The defptireodeeper
source range from 175m to 1,352m, this could betified with basement. The shallow source rangenfo79m to
461.64m, this could be attributed to near surfateisive and low-laying river valleys. The deepepiths Estimate
are in agreement with those from gravity data alerupper Benue trough by [8]

2. Recently, exploration works for hydrocarbon begarthie Chad Basin. In the present study area, hgdooo
prospects are largely doubtful because of the poesef basalt in the area whose emplacement may destroyed
geological traps.

3. Also, the high temperature that accompanied themplacement may have converted any existing liquid
hydrocarbon to gas. This could be lost by escammitih fractures in the area [14].

4. Finally, depth estimates in the area is generallyto favour hydrocarbon formation except in the $¢€tion.

The results obtained indicate two depth sourcesar®a the average the deeper sources range from frabout 1,352m
while the shallower sources range from 0.78m taualdé1m. The interpretation of the aeromagnetic svafppart of Chad
Basin area revealed that the Sedimentary covearisrally low and therefore is not likely to favdwdrocarbon formation.
The results of this study are within the range ejfttis predicted by some earlier workers. Sincexman depth of 1,353m
was obtained, the area may be a target for oilnaineéral exploration. This correlates with the wofK6].

4.0 Recommendation

The nature of the residual anomaly and the rockkraimerals associated with the magnetic susceitigsilsuggests that
further geophysical prospecting should be carrigdio the area. Though, exploration for hydrocarlbanks were recently

carried out in the Chad Basin, Nigeria, in the gtadea, hydrocarbon prospects are largely doulbfgluse of the low
values of the residual magnetic anomalies. Howetleer valuable rocks/minerals may be sought for this could only be

confirmed if a quantitative interpretation is cattiout over this region. Furthermore, the relatigméetween the anomalies
and mineralization in the study area should be ddolto. A detailed geophysical study of elucidatgeas with high

basement depths is also recommended to be carrierhdhe study area.
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