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Abstract 

The aeromagnetic data over Lafia, Akiri, Makurdi and Akwana, parts of the Middle Benue Trough of Nigeria, were interpreted 

by source parameter imaging (SPI) and Euler deconvolution techniques in order to determine the sediment thickness of the 

area. The data were analyzed and interpreted using Oasis Montaj and PotentQ software. The regional fields were separated 

from the total magnetic intensity (TMI) fields to obtain the residual fields using first order polynomial fitting. The residual 

anomalies were also successively sharpened using first, second and horizontal derivatives. The result of the SPI interpretation 

revealed two depth models; the deep depth and the shallow depth. The depth to magnetic bodies estimated from the SPI ranged 

from 318.7 m (shallow magnetic bodies) to 4409.5 m (deep lying magnetic bodies. The depth estimates obtained from the 

Euler deconvolution technique, using two structural indices of 0 and 0.5, ranged from 902.3 m (out cropping magnetic bodies) 

to 4909.3 m (deep lying magnetic bodies). The maximum sediment thicknesses obtained from the two interpretation methods 

are in agreement with each other and indicate the possibility of hydrocarbon accumulation, especially at the northeastern 

(Akiri) part of the study area). 
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1. Introduction 

Aeromagnetic survey is a modern geophysical method that 

has widely gained preeminence, especially as a 

reconnaissance tool. The method guarantees faster and 

usually cheaper coverage of the exploration area compared to 

other geophysical methods. It also has the advantage of being 

used in regions not accessible for ground work such as over 

water bodies. This method of investigating the earth 

subsurface is based on the magnetic anomalies in the earth’s 

magnetic field due to the magnetic properties of the 

underlying rocks/minerals. The shape, dimensions and 

amplitude of an induced magnetic anomaly in a function of 

the orientation, geometry, size, depth and magnetic 

susceptibility of the body as well as the intensity and 

inclination of the earth’s magnetic field in the survey area [1-

3]. 

Rocks differ in their magnetic mineral content hence the 

magnetic intensity map of a survey area depicts the 

geological structures of the area. The main purpose of 

magnetic survey is therefore to detect rocks or minerals 

possessing unusual magnetic properties that reveal 

themselves by causing disturbances or anomalies in the 

intensity of earth’s magnetic field. 
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Figure 1. Geological map of the study area [16]. 

As the prolific hydrocarbon reserves of the Niger delta of 

Nigeria continues to be depleted due to its continuous 

exploitation over decades, there have been renewed calls for 

diversification of Nigeria’s economy and re-investigation of 

the hydrocarbon potentials of other inland basins. 

Identification of other mineral deposits in Nigeria will yield 

increased revenue to the economy while exploration and 

consequent exploitation of the oil and gas in other basins will 

check the already depleting Niger Delta reserves. 

The Benue Trough has been reported by so many authors to 

possess a unique economic importance due to the 

mineralization along the belt. Intense geological and 

geophysical investigations have been carried out along the 

belt by so many researchers in search for these minerals [4-

7]. On the contrary, not much geographical investigations 

have been carried out in the zone for hydrocarbon 

occurrences. A few successful attempts in the use of SPI 

and Euler deconvolution to interpret the aeromagnetic data 
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of the Middle Benue Trough recently include the works of 

Nwosu, Ugwu and Ugwu, Ugwu et al. [8-10]. This paper 

reports the result of geophysical interpretation of high 

resolution aeromagnetic data of parts of the Middle Benue 

Trough of Nigeria using SPI and Euler deconvolution 

techniques. 

The study area lies within longitude 8° 30
Ꞌ
 to 9° 30

Ꞌ 
East and 

latitude 7° 30ꞌ to 8° 30ꞌ North. This covers an area of about 

12100km
2
. 

The stratigraphic succession in the Middle Benue Trough 

started with the Asu River Group whose age ranges from 

Middle Albian to late Albian [11, 12]. The Asu River Group 

whose type section outcrops in the Asu River near Abakaliki 

consists of dark shales, siltstones, fine grained sandstones 

and limestones [13, 14]. Typical exposures of this formation 

have been reported east of Keana and near Arufu, where it 

overlaps the older sediment to rest unconformably on the 

crystalline basement rocks [12-14]. The Asu River Group is 

overlain by the Turonian Eze-Aku Formation which consists 

mainly of shales, clay, siltstones and limestones. The Eze-

Aku Formation has an estimated thickness of 95m [12]. The 

Keana/ Awe Formation overlies the Ezeaku Formation. The 

thickness of the Keana/Awe Formation has been estimated at 

800m around Keana-Awe area [12, 13]. In the Keana-Awe 

area, the overlying Keana/Awe Formation consists of flaggy 

whitish coarse to medium grained sandstones, inter-bedded 

with carbonaceous shale, clay and sandy limestones [13-15]. 

The thickness of Keana/Awe Formation which can be traced 

over a large area of the Benue Trough has been put at about 

1000m [12]. Overlying the Keana/Awe Formation are the 

marine deposits of The Turonian – Santonian Agwu 

Formation. The Agwu Formation whose thickness was 

estimated at 290m [13] composed mainly of black shales, 

sandstones, seams of coal and subordinate limestones. The 

Lafia Formation is the youngest formation in the Middle 

Benue and consists of coarse grained ferruginized 

sandstones, loose sand, flaggy mudstones and clay [11-14]. 

The type locality is seen around Lafia. Its thickness is 

estimated to be about 500 to 1500m [12]. Figure 1 shows the 

geological map of the study area while Figure 2 shows the 

stratigraphic sequence of the Middle Benue Trough. 

 

Figure 2. Stratigraphic sequence of the Middle Benue Trough [17]. 

2. Materials and Method 

2.1. Source of Data 

Aeromagnetic data of Lafia (sheet 321), Akiri (sheet 232), 

Makurdi (sheet 251) and Akwana (sheet 252) were obtained 

from the Nigeria Geological Survey Agency (NGSA). The 

data were acquired for NGSA by Fugro Airborne Surveys 

Limited in 2008 using proton precession magnetometer at a 

flight altitude of 80m above the ground surface. The nominal 

flight line spacing was 500m while the tie line spacing was 

2km apart. The flight line direction was 135° while the tie 

line direction was 225°. The digitized data were recorded in 

(X, Y, Z) format on a scale of 1: 100,000. The X and Y value 

respectively represents the longitude and latitude of each data 

point (in meters) while the Z value represents the magnetic 

field intensity (in nanoTesla) at that point. 
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2.2. Data Reduction 

The four digitized aeromagnetic data sheets were first 

merged into a single composite sheet which formed the study 

area using Oasis Montaj Software. The regional geomagnetic 

gradients were first removed from the data using the 

international geomagnetic reference field (IGRF). The 

merged data were then gridded into 18 equally spaced cells 

using Oasis Montaj. This was followed by polynomial fitting 

for regional-residual separation. Other processing results 

obtained include the first vertical derivatives, second vertical 

derivatives and horizontal derivatives. 

2.3. Source Parameter Imaging 

The source parameter imaging (SPI) technique is based on 

the relationship between the source depth and the local 

wavenumber (K) of the analytic signal of the observed field 

[18]. The analytical signal A1 (x, z) is given as [19]: 
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 � ��,�

 �  −  � 
� ��,�


                    (1) 

where M (x, z) is the magnitude of the anomalous total 

magnetic field, j is an imaginary number; x and z are 

Cartesian coordinates respectively for the vertical and 

horizontal directions perpendicular to strike. 

The local wave number K1 is defined as [18]: 
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The analytic signal could also be defined based on the second 

order derivatives, A2 (x, z), such that ([19]): 
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Equation 3 gives rise to a second-order wavenumber, K2, 

defined as [18]: 
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The SPI technique therefore requires first and second order 

wavenumbers (K1 and K2) and hence good data quality. The 

first and second order wavenumbers are then used for the 

depth estimates based on the appropriate model chosen. 

Nabighian [19] gives the expression for the first and second 

order wavenumbers applied to three models: a sloping 

contact, thin sheet and horizontal cylinder. 

Using the first vertical derivatives and the horizontal 

gradients and employing the Oasis Montaj software, the SPI 

depth estimates from the local wavenumbers of the analytic 

signals were computed for the study area. 

2.4. Euler Deconvolution 

The Euler deconvolution is a technique used for locating and 

determining the depth of a potential field source based on the 

amplitude and gradient. The standard Euler equation [20] can 

be expressed as: 
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where x, y and z are the coordinates of a measuring point; x0, 

y0 and z0 are the coordinates of the source whose total 

magnetic field M is being detected at the point x, y and z. B 

is the base level and η is the structural index. The value of η 

depends on the type of source body being considered. For 

example η = 3 for centre of a magnetic sphere or dipole, η = 

2 for centre of a horizontal or vertical cylinder, η = 1 for top 

of a vertical thin dyke, η = 0.5 for a vertical contact and η = 0 

for a horizontal contact [20, 21]. 

The Oasis Montaj was employed in computing the locations 

and depth of the magnetic bodies using equation 5 for two 

structural indices (η = 0 and η = 0.5). The 2-D Euler 

deconvolution maps were then generated. 

3. Results and Discussion 

Figure 3 shows the total magnetic intensity map while 

Figure 4 shows the residual magnetic intensity map of the 

study area after the regional – residual separations. Figure 5 

to 7 respectively shows the first vertical derivatives, second 

vertical derivatives and the horizontal derivatives after data 

reductions. Figure 8 shows the 2-D SPI depth estimates 

over the study area. The depth estimates range from – 319.7 

m (shallow magnetic bodies) to – 4409.5 m (deep lying 

magnetic bodies). The map shows that deep magnetic 

bodies are located around the Akiri area, northeast of the 

study area. Figures 9 and 10 show the 2-D Euler depth 

estimates for structural index η = 0 and η= 0.5 respectively. 

For η = 0, the Euler depth ranges from 902.3 to – 3402.8 m 

while for η = 0.5, the Euler depth ranges from 753.6 to – 

4909.3 m. Deep depths from Figures 9 and 10 were also 

estimated around Akiri area, in agreement with the SPI 

result. 
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Figure 3. TMI map of the study area. 

 

Figure 4. Residual magnetic intensity map. 
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Figure 5. First vertical derivative map. 

 

Figure 6. Second vertical derivative map. 
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Figure 7. Horizontal derivative map. 

 

Figure 8. 2-D SPI depth map. 
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Figure 9. 2-D Euler depth map (η=0). 

 

Figure 10. 2-D Euler depth map (η=0.5). 
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Overall, the results of these interpretations are in agreement 

with the depths obtained by earlier researchers in the study 

area. Ofoegbu [22] obtained a depth range of 0.5 to 7 km in 

the Lower and Middle Benue Trough. Nwosu [8] using SPI 

technique obtained a depth range of 2000 to 6291.5 m for the 

Middle Benue Trough while Ugwu et al. [18] obtained depth 

estimates of 272 to 5060 m from SPI technique carried out at 

the Lower Benue Trough. 

The maximum depth of 4409.5 and 4909.3 m obtained in the 

present study from the SPI and Euler deconvolution 

techniques respectively shows that the sediment thickness is 

capable of holding hydrocarbon accumulation. This follows 

from the assertion of Wright et al. [23] that the minimum 

thickness of the sediment required for the commencement of 

oil formation from marine organic remains would be 2.3km, 

if other conditions are favourable. 

4. Conclusion 

The aeromagnetic data over parts of Middle Benue Trough of 

Nigeria have been quantitatively interpreted using source 

parameter imaging and Euler deconvolution techniques to 

determine the sediment thickness of the area. Maximum 

sediment thickness of about 4409.5m and 4909.3m was 

obtained from SPI and Euler deconvolution techniques 

respectively. The maximum sediment thickness obtained 

around Akiri area in the northeastern part of the study area 

holds hydrocarbon accumulation prospect. The result of this 

study is useful as a reconnaissance for the hydrocarbon 

potential of the Benue Trough of Nigeria, prior to employing 

more deterministic methods such as seismic and well logging. 
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