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ABSTRACT 

High resolution Aeromagnetic data of Chibok and Damboa area (sheet 112 and 134 

respectively), north eastern Nigeria, has been interpreted by applying spectral analysis 

technique in order to appraise the hydrocarbon accumulation potential of the area. The 

regional field was separated with a first order polynomial using Winglink software. The 

Total Magnetic Intensity Map (TMI) was subdivided into 18 spectral blocks allowing 

probe of 12.5km by 12.5km area for 15 minutes by 15 minutes windowing using Surfer 

10 software. Two prominent magnetic depth source layers were identified. The deeper 

source depth values obtained ranges from 1.592km to 4.093kmwith an average depth of 

2.390km as the magnetic basement depth while for the shallower source the depth 

values ranges from 0.403km to 0.795km with an average of 0.567km. The shallower 

depth source could attribute to the volcanic rocks that intruded the sedimentary 

formation and could possibly responsible for the mineralization found in parts of the 

study area. The significance of the magnetic depth values indicate that the sedimentary 

layer of the Albian age, Coniacian-Turonian age, and Turonian-Senonian age is thick 

enough to generate hydrocarbon. The temperatures at these depths range from 81.65°C 

to 169.16°C for the deeper sources and from 31.12°C to 32.82°C for the shallow sources. 

The temperature at the deep depth also satisfies a great condition for hydrocarbon 

generation/accumulation. 
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INTRODUCTION 

Magnetic surveying investigates the sub-surface based on variations in 

the earth’s magnetic field that result from the magnetic properties of the 

underlying rocks. Airborne geophysical surveying is a process of 

measuring the variation of several key physical or geochemical 

parameters of the earth. The most important parameters measured are 

conductivity, magnetic susceptibility, rock density, radioactive element 

concentration, and reflectance spectra. Any change in the Earth’s near 

surface that causes a measurable change in these parameters, presents a 

potential application for airborne geophysics. Airborne geophysics has 

always been at the forefront of technological developments and 

innovation. Modern exploration systems can measure minute changes in 

the geophysical properties of the earth with high sensitivity instruments 

and survey platforms. Exploration projects utilize GPS navigation and 

timing, laser and radar altimeters, satellite communications and 

innovative data processing techniques. The main use of any 

aeromagnetic data and their derivative maps in mineral prospecting is to 

make geological deduction from them [1]. And from the range of 

magnetic intensity values of these data, information on subsurface 

lithology, trend and geological structures can be obtained. Airborne 

geophysical surveys are used for oil and mineral exploration, engineering 

projects, geothermal mapping, land management, and for mapping 

exposed bedrock, geological structures (such as basements, faults, dikes, 

sills, kimberlites), sub-surface conductors, paleochannels, minerals 

deposits and salinity. 

In geophysics, a magnetic anomaly is a local variation in the Earth’s 

magnetic field resulting from variations in the chemistry or magnetism of 

the rocks. Mapping of variations over area is valuable in detecting 

structures obscured by overlying materials. Magnetic anomaly maps 
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provide insight into the sub-surface structure and composition of the 

earth’s crust. Anomalies trending parallel to the isochron (lines of equal 

age) in the ocean reveal the temporal evolution of oceanic crust. 

Since the release of aeromagnetic data in Nigeria by the Nigerian 

Geological Survey Agency (NGSA), there has been an upsurge of interest 

in the quantitative and qualitative interpretations of aeromagnetic data. 

Most recently, the chad basin in the North east has been Nigeria 

Government target to explore hydrocarbon. Interpretation of data from 

the region has been intensified.Interpretation of aeromagnetic data is 

aimed at mapping the subsurface regional structures (intrusive bodies, 

contacts, faults, basement rocks and mineralization). This could be 

performed both qualitatively and quantitatively. Qualitative 

interpretation involves the description of the survey in terms of the 

types of likely geological formation and structures that give rise to the 

evident anomalies. Typically, some geological information is available 

from outcrop evidence within the survey the survey area and very often 

the role of geophysical data is to extend this geological knowledge into 

areas where there is no outcrop information (that is extrapolation from 

known to unknown) or to extend mapped units into depths dimensions 

(that is to help add the third dimension to the mapped geology) [2]. 

Several quantitative methods of interpretation of aeromagnetic data that 

could be employed include: spectral analysis, analytical signal method, 

the Euler-3D methods, forward and inverse modelling method and 

graphical interpretation methods. Quantitative interpretation involves 

making numerical estimates of the depth dimensions of the sources of 

anomalies and this often takes the form of modelling of sources which 

could, in theory, replicate the anomalies calculated in order to see 

whether the earth-model is consistent with that has been observed, that 

is, given a model that is a suitable physical approximation to the 

unknown geology, the theoretical anomaly of the model is calculated 
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(forward modelling) and compared with the observed anomaly. The 

beginning of stages of magnetic data interpretations generally involve 

the application of mathematical filters such as the separation of regional 

field from the residual field, first and second vertical derivative filters 

etc to the observed data. The specific goals of these filters vary 

depending on the situation. The general purpose is to enhance anomalies 

of interest and/or gain some preliminary information on the source 

location or magnetization. 

Location of the Area 

The study areas (Fig. 1) are in Borno state (combined Chibok and Damboa 

sheet), North eastern Nigeria in the southern part of Chad Basin. The 

study area is bounded by latitudes 11° 13 - 12° 30ˈN and longitudes 13° 

00ˈ- 14°00ˈ E. Part of the study area is located within the sedimentary 

terrain of the Chad Basin. The geology of Nigeria is made up of three 

major litho-petrological components, namely; the basement complex, 

younger granite and the sedimentary basins. The Chad Basin is the 

largest intracratonic Basin in Africa [3], covering an area of about 

233,000km
2

. It straddles five countries namely; Nigeria, Chad republic, 

Niger republic, Cameroon and Central African Republic [4]. Its western 

margin is marked by the water shade between the river Niger and river 

Chad drainage systems, and approximately one-tenth of the surface area 

of the Chad Basin is in the North-East Nigeria, bounded to the east by the 

Massif (Mandara Mountains) and in the south by the Benue Trough and 

Biu Plateau [5]. The origin of the Chad Basin is associated with the 

separation of the African and South American continents in the early 

Cretaceous [5, 6, 7 and 8] and from the structural styles, there is a strong 

indication that the evolution of the Chad. 

With the vision of ascertaining the basement morphology and 

hydrocarbon bearing potential of the study area, which could probably 
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add to the economy of the nation thus reducing the dependence of the 

ever depleting Niger delta basin, the present study was undertaken. 

 

Fig.1:Geological map of the study area. 

MATERIALS AND METHODS 

Two sheets were assembled for this study (112,134) with each square 

block representing a map in a scale of 1:100,000. Each square block is 

about 55 by 55 km
2 

covering an area of 3025 km
2

 hence the total area 

studied was about 6050 km
2

. The new high resolution airborne survey 

carried out for the Nigerian Geological Survey Agency by Fugro airborne 

services in 2009 used for this study was flown at 500m line spacing and 

Damboa 

Chibok 
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80m terrain clearance using various survey parameters, software’s and 

errors corrected during surveys.  

 

 

Theoretical Background on Spectral Analysis. 

The Discrete Fourier Transform is the mathematical tool for spectral 

analysis and applied to regularly spaced data such as the aeromagnetic 

data. The Fourier Transform represented mathematically in Onwuemesi, 

(1997) [9] as: 

 =   1.0 

Where  is reading of the Fourier Transform at  position,  is length 

of the cross-section of the anomaly,  is harmonic number of the partial 

wave number of data points,  is real part of the amplitude spectrum 

and  is imaginary part of the amplitude spectrum for  

It has become a familiar concept to interpret aeromagnetic data with one 

or two dimensional spectral analysis consisting of various frequencies 

which characterize the anomalies. The application of the power spectrum 

method to potential field data was proposed by Bhattacharyya (1966) 

[10]; and the determination of the anomalous body depth was given by 

Spector and Grant, (1970) [11]. This method has been used extensively by 

many researchers like Mishra and Naidu (1974) [12]; Ofoegbu and Onuoha 

(1991). [13] It is based on the principle that a magnetic field measured at 

the surface can be considered the integrals of magnetic signatures from 

all depths. The power spectrum (obtained through Fourier transform) of 

the surface field can be used to identify average depths of source 

ensembles. In its complex form, the two dimensional Fourier transform 

pair may be written as in equations  [14]. 
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 =      1.1 

     1.2 

Where  and  are the angular frequencies in  and  directions 

respectively. when broken up into its real and imaginary parts is 

given as in equation : 

 

 =        

The energy spectrum is given by equation  as 

 

       

Expression for the energy spectrum in polar form  follows that [11]; 

 

If and        

The energy spectrum E(r, 𝜃) could be given by;   

 =  

Where  indicates the expected value,  is the 

magnitude of the frequency vector and  is the direction of 

the frequency vector; 

is magnitude of the moment/unit depth,  is depth to the top of the 

prism,  is thickness to the top of the prism,  is factor for the horizontal 

size of the prism,                                                          is the factor for 

magnetization of the prism and is the factor for geomagnetic field 

direction. 

The ensemble average depth h, enters only into the factor 

 

{          

 

The energy spectrum will then consist of two parts; the first spectrum 

which relates to the deeper source is relatively strong at the low 
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frequencies and decays rapidly. The second spectrum which varies from 

the shallower ensembles of sources dominates the high frequency end of 

the spectrum. In general case, the radial spectrum may be conveniently 

approximated by straight line segments, the slopes of which relate to 

depths of the possible layers [15, 16, 17, 18 and 19]. 

The spectrum is to be extracted from the residual value of total magnetic 

field intensity values which are used to obtain the two dimensional 

Fourier transformation  consisting of rows and columns in the 

 plane. The evaluation is done using an algorithm that is a two 

dimensional extension of the Fast Fourier Transformation [20]. Next the 

frequency intervals are subdivided into sub-intervals, which lie within 

one unit of frequency range. The average spectrum of the partial waves 

falling within this frequency range is calculated and the resulting values 

constitute the radial spectrum of the magnetic anomalies [21, 22, 23 and 

24]. 

Conclusively, we plot the logarithm of energy values versus frequency on 

a linear scale and locate the linear segments. Each linear segment is due 

to anomalies caused by bodies accruing within a particular depth. If is 

the mean depth of layer, the depth factor for this ensemble of anomalies 

is . 

The mean depth of burial of the ensemble is thus determined using [25, 

26, 27]. 

   

Where m is the slope of the best fitting straight line.  

DATA ANALYSIS AND RESULTS 

The following operations were performed on the acquired digitized 

aeromagnetic data leading to the quantitative determination of depth to 

magnetic sources. 

1. Regional-Residual Separation. 



www.idosr.org                                                                                          Bala et al    

9 

IDOSR JOURNAL OF SCIENTIFIC RESEARCH 1(1): 1-27, 2016. 

  

 

The regional field was removed from the total magnetic intensity data 

(Fig. 2a and 2b) to obtain the residual data with a first order polynomial 

using Winglink program. The residual data was subdivided into 18 

spectral cells allowing spectral probe of 12.5km by 12.5km area for 15 

minutes by 15 minutes windowing. 

2. Division into Spectral Cell and Windowing. 

For the purpose of easier handling of the large data involved the two 

residual block of the study area was subdivided into 18 spectral cells 

(Fig. 4) 12.5km by 12km in order to accommodate longer wavelength so 

that depth to about 12km could be investigated. Each signal was then 

windowed 15 minutes by minutes. 

 

 

 

 

 

 

 

 

 

 

 

Fig.2 (a).The residual anomaly map. 
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Fig. 2(b).The regional anomaly map. 
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Fig. 3 The TMI showing the 18 spectral block. 

1. Generation of Radial Energy Spectrum. 

Digital signal processing software program employing the fast Fourier 

transform technique was used to transform the residual magnetic data 

into the radial energy spectrum for each block. The average radial power 

spectrum was calculated and displayed in a semi-log figure of amplitude 

versus frequency. 

2. Plots of Log of Energy and the Frequency. 

Spector and grant, (1970) [11] have shown that the log spectrum of the 

source have a linear gradient whose magnitude is dependent upon the 
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depth of the source.  Graphs of logarithm of the spectral energy against 

the frequencies for the 18 spectral cells was plotted and shown on Fig. 4. 

 

(a) 

 

(b) 

Z1 Z2 
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(i) 
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(j) 

 

(k) 

 

(l) 
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Fig. 4 (a-r): Plot logarithm of the spectral energy against frequency. 

For each cell two linear segments could be identified which implies that 

there are two magnetic source layers in the study area. Each linear 

segment group points are due to anomalies caused by bodies occurring 

within a particular depth range. The line segment in the higher frequency 

range is from the shallow sources and the lower harmonics are indicative 

of sources from deep-seated bodies. 

3. Estimation of Depth to Magnetic Sources 

The gradient m of each of the line segments were evaluated. And is given 

as; 

       1.11 

 The mean depth  of the burial ensemble was as; 

        1.12 

The coordinates and the two depth estimates  for each of the 

eighteen spectral blocks are given in table 1. 

4. Estimation of Temperature at Depth 

Heat is transferred through the upper layers mainly by conduction; only 

small part of the heat is transported by advection like volcanism and 

fluid circulations. The temperature distribution in the upper layers can 

be determined with information about the heat flow from the underlying 

convecting mantle, the distribution of radioactive elements, the surface 

temperature, and the thermal conductivity. All of these parameters can 

vary with time and location, commonly, the thermal conductivity is 

treated as a constant bulk property in other to derive the depth of water 

ice layers [28], to constrain the surface heat flow as function of time [28, 

29] and to calculate the thermal evolution [30, 31]. This simplified view 
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neglects that the thermal conductivity is a highly variable parameter that 

depends on the temperature. 

Geologists often refer to the temperature range in which oil forms as oil 

window, below the minimum temperature, the organic matters remain 

trapped in the form of Kerogen and above the maximum temperature the 

oil is converted to natural gas through the process of thermal cracking. 

Usually, the oil window is often found in the 60-120
0

C interval with 

approximate depth of 2-4km, this values falls within the range of the 

thickness to sediment calculated with spectral analysis [32, 33, 34 and 

35]. 

 
     

1.13 

Where 

= temperature at depth in °C at depth (z); m = geothermal gradient; = 

depth of interestand = surface temperature. 

It was further assumed that the surface temperature was 30°C, while the 

average geothermal gradient in the study area was given by. Nwankwo 

and Ekine, (2009) as 3.4°C/100m. Equation 1.13 will be used to compute 

the temperature at both the deep and the shallow depth. 

The deep anomaly source depth averaging 2.390km deep represent the 

magnetic basement surface of the study area while the other depth 

averaging 0.567km represents the shallow source. 

Magnetic Basement Surface Plot 

Making use of  data, the surface plot of the magnetic basement depth 

depicting its undulating nature was plotted with surfer32 software and 

shown on Fig. 5. (a&b) 
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Fig. 5(a): 2-D contour plot of the magnetic surface. (Contour interval of 

100km) 
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Fig. 5 (b): 3-D model of the magnetic basement surface of the study area. 

DISCUSSION 

Spectral analysis of the high resolution aeromagnetic data of Chibok and 

Damboa areas in the chad basin has revealed two main magnetic anomaly 

sources depth as shown in Fig 5 (a&b). These are the deep magnetic 

anomaly sources and the shallow magnetic anomaly sources. The deep 

sources anomalies vary between 1.485km and 4.093km with an average 

depth of 2.390km and this represents the magnetic the magnetic 

basement depth. The shallow anomaly source varies from 0.361km to 

0.844km with an average of 0.567km and this may be regarded as the 

magnetic intrusions into the sediment. These depth results agree with 

some depth results obtained by other research works done in the Chad 
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basin [8, 17, 19 and 29]. This represents the average thickness of the 

sedimentary formation that overlay the basement complex within the 

central portion of the study area. Four maps were produced from the 

result of the spectral analysis for visual interpretation; these are the 

depth to basement contour maps and the 3D construction of the 

subsurface for both the deep and the shallow depths, Fig. 4.9 (a, b) and 

Fig.4.10 (a, b) respectively. The revelation from this study of 2.390km 

magnetic basement depth is synonymous to depth of overburden 

sediment which has a very important significance as regards to the 

hydrocarbon generation potential of the area.  

The temperatures at depth, ranges from 81.65°C to 169.16°C with an 

average value of 125.41°C for the deeper depth, while it ranges from 

31.12°C to 32.82°C with an average value of 31.90°C for the shallow 

depth. The temperature range for the deep depth falls within what 

geologist call the oil window temperature (60-120°C), below which the 

organic matters remain trapped in the form of kerogen and above which 

the oil is converted to natural gas [15]. Wright et al., (1985) reported that 

when all other conditions for hydrocarbon accumulation are favourable, 

and the average temperature gradient of 1°C for 30m obtainable in oil 

rich Niger delta is applicable, then the minimum thickness of the 

sediment required for to achieve the threshold temperature of 115°C for 

the commencement of oil formation from marine organic remains would 

be 2.3km deep. Therefore, the calculated maximum depth of 4.093 from 

the study area is sufficient for oil to generate if other basic conditions 

are met. 

CONCLUSION 

 Sedimentary basins are very important and should not be neglected 

for all natural resource exploration purposes. Hydrocarbon accumulation 

and its potentials is enhanced by the thickness of the sediments of the 

Basin, and also by the kind of geological structures existing within the 
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basement that form traps for oil and gas. Maximumdepth/thickness 

obtained from modelling results (2268 m), spectral analysis (4093.1 m), 

SPI (5026.6 m) and Euler deconvolution (2106.6 to 4808.6 m) show thick 

sediment that is fairly sufficient for hydrocarbon accumulation which 

agrees with the work of Wright et al. (1985) that the minimum thickness 

of the sediment required for the commencement of oil formation from 

marine organic remains would be 2300 m (2.3 km).The results obtained 

from the use of the new high resolution data have shown some 

similarities with results obtained by some previous researchers who used 

old aeromagnetic data. However, results from the new data shows a 

better striking features owing to the high resolution nature of the 2009 

data more than the 1970s data in terms of terrain clearance, line spacing 

and improvement of technology. The depth values estimated from the 

spectral analysis and the values of magnetic susceptibilities are 

indication that mineral prospecting should be intensified. This work will 

help to ascertain a better geophysical details of the southern part of the 

Chad-Basin, and further enhanced the full coverage of the whole basin in 

the exploration activity. 

RECOMMENDATION 

Full scale seismic reflection and well logging work in the study area are 

recommended to fully ascertain the presence of hydrocarbon 

accumulation. Gravity and land magnetic survey should also be carried 

out in the study area to confirm the results obtained in this work, most 

especially in terms of the minerals present. 
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