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Abstract
The aeromagnetic data of this region was interpreted to delineate its structural framework, as well as 
the depth to magnetic basement that could support accumulation of economic minerals. The acquired 
data was subjected to different enhancement techniques which include: Reduction to the equator (RTE) 
analytical signal, center for exploration targeting (CET) as well as two depth estimation methods of source 
parameter imaging (SPI) and located Euler deconvolution. Results from analytical signal and CET, delineated 
and enhanced the magnetic signatures that reflect the structural features of the area as suggested by the 
rose diagram which showed lineaments along NE-SW, ENE-WSW and WNW-ESE major trends and NW-SE, 
NNE-SSW, NNW-SSE minor trends, with evident of ENE-WSW and NE-SW trends as most dominant in the 
area. The result of the located Euler deconvolution estimate depth to basement and location of geological 
structures such as contact, faults while the result from SPI revealed a depth range between -110.3 m 
to 866.7 m (shallow magnetic source bodies) and 997.5 m to 1967.1 m (deep-seated magnetic source 
bodies). The depths obtained from these estimation methods are theoretically insufficient for hydrocarbon 
accumulation.
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survey is to probe the internal structures of the 
earth based on  the magnetic field variations  that 
occur due to magnetic properties of rocks under 
the earth surface. It is of interest to know that, 
Structural interpretation and depth estimation have 
been carried out within the Trough; Onyewuchi, et 
al. [1] investigated Nkalagu area employing Landsat 
imagery and aeromagnetic in estimating basement 
morphology, depth to magnetic basement, relief 
and structural attributes associated with the area 
and to deduce the effects of such structures on 
the general tectonic history of the region. Their 

Introduction
The aeromagnetic methods have been employed 

in many geophysical investigations across the lower 
benue trough and Nigeria at large to map tectonic 
structures which serve as potential hosts for 
variety of mineral deposits, which could be guide 
for finding the requisite information on the mineral 
exploration campaign of the host rocks. Magnetic 
method play an important role in delineating 
structures like contacts, folds, faults, intrusions and 
shear zones for the detection of favourable areas of 
mineral deposits. The main objective of  magnetic 
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results revealed lineaments trending the NE-SW, 
NW-SE, N-S, and E-W directions and the dominant 
been the NE-SW trends. Their 2D spectral analysis 
obtained an average depth of 1.041 km for shallow 
sources and the deep sources with a mean depth 
of 3.574 km. Goodhope and Mamah [2] carried out 
structural interpretations of Abakaliki and Ugep 
using aeromagnetic and Landsat data to delineate 
tectonic lineaments areas, their result revealed 
NW-SE, NE-SW, N-S and E-W directions with 
dominant trends at the NE-SW directions.

Opara, et al. [3] Using qualitative methods on 
aeromagnetic data of Abakaliki, carried out the 
structural and tectonic features of the area and 
established lineaments trends aligned E-W, NE-
SW, NW-SE, N-S directions and NE-SW been most 
dominant in the area. Their 2D spectral results 
obtained two depth sources of 2.46 km to 3.29 km, 
with mean depth of 2.9 km for deep sources and 
0.35 km to 1.84 km with an average depth of 1.06 
km for shallow sources.

Ofoha [4] carried out geological interpretations 
from high- resolution aeromagnetic data of Mmaku 
and Environs, South Eastern, Nigeria. They adopted 
qualitative methods and delineated structural 
trends at the NW-SE, E-W, N-S, NE-SW and NNE-SSW 
directions with NE-SW as most dominate  trend. The 
purpose of this study is to investigate i) The structural 
framework, which are veins of minerals, that may or 
could aid exploration campaign within the study area 

(ii) depth of magnetic bodies and lastly, comparing 
the results obtained from the present study and that 
of previous research works within the area and parts 
of the Lower Benue Trough.

Geology and Location of Study Area
The study area is located between latitude 60  

within the lower Benue Trough. It has  a coverage 
area of around 6050 km2. The thick ssedimentary 
sequence that underpins the lower lower benue 
trough can be traced back to the tectonic processes 
that followed the separation of Africa and South 
America plates in the early crateceous (Burke 1996). 
The Anambra Basin, the Abakaliki Anticlinorium and 
the Afikpo Syncline are the main component units 
of the lower Benue Trough. The sequence’s belongs 
to the oldest sediment from the Asu River Group, 
which sits unconformably on top of the Precambrian 
basement complex that is made up of granitic and 
magmatic rocks (Ofoegbu and Onuoha 1991). The 
Asu River Group whose type outcrops in Abakaliki 
is Albian in age and has an approximated thickness 
of about 2km (Ofoegbu, 1985). It is made up of 
argillaceous sandy shales, laminated sandstone units 
and small limestones with magnetic volcanics which 
interfingers (Nwachukwu, 1972). The geological map 
of the study area is shown in Figure 1.

Materials and Methods of Data Analysis
Materials

The materials adopted in this research work 

Figure 1: Geological map of the study area.
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are aeromagnetic data of Nkalagu (302) and Abakaliki (303). carried out in Nigeria between the years 
2005 and 2009 by Nigeria geological survey agency (NGSA). A flight altitude of 0.08 km, tie and flight line 
spacing of 2 km and 0.5 km was used in acquiring the data. This digital data acquired was made available 
on scale of 1:50000. The Software application employed to interpret and analyze the data, are the Oasis 
Montaj 8.4.2 and the ArcGis.

Methods of data analysis
The data processing started with producing the Total Magnetic Intensity (TMI) map adopting Bi-

directional line gridding method, with further data enhancement method of separating the regional field 
from the total magnetic intensity field to obtain a residual data, using the polynomial fitting of the second 
order of least square method. The equation (1) below was adopted as the algorithm for the removal of 
regional data [9]. Thereafter, reduction to the magnetic equator (RTE) was carried out by filtering the 
residual data in accordance with the I.G.R.F reduction method using an amplitude correction of inclination 
14.1 and declination -2.0 as basic inputs, since the study area is located in a low latitude region (area with 
geomagnetic inclination less than 15°) in order to return anomalies, back into line with the structures that 
produce them. The algorithm employed for this, was equation (2) below,

( ) ( )0 1 2  - -ref refr a a X X a Y Y= + +                            (1)

Where r is the regional field, refX  and refY  are the x and y coordinates of the geographic center of the 
data set respectively and 0a , 1a  and 2a  are the regional polynomial coefficients.
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If (/Ia/</I/), Ia = 1

Where, 

L(θ) = Residual reduced to the equator, I = geomagnetic inclination, Ia = inclination for amplitude 
correction (never less than I), D = geomagnetic declination, Sin (I) = amplitude component and icos(I)
cos(D-θ) = phase components.

Analytical signal
The analytic signal filter which generates a particular pattern of calculated magnetic anomaly improved 

map, that define edges (boundaries) of geological anomalous magnetization distribution, actually takes 
the magnitude of the square root of the vertical and horizontal components of the magnetic responses 
[10]. The equation (4) below was the algorithm developed in producing the analytical signal map.

22 2

  F F FASG
x y z

 ∂ ∂ ∂   = + +    ∂ ∂ ∂    
                           (4)

Where F is the observed magnetic field at (x, y, z) directions.

Centre for Exploration Targeting (CET)
These are sets of algorithms which provides functionalities for enhancement, lineament detection and 

structural complexity analysis of the potential field data [11,12]. The process adopts the following method 
of identifing linear structures within an area through consecutive map byproduct forms of standard 
deviation which estimates magnetic variations. Equation (5) below was adopted as the algorithm [13].

( )2

1

1  
N

i
i

x
N

σ µ
=

= −∑                             (5)

This is followed by producing a structual map and rose diagram to identify several linear structures and 
directions of the orientation. 
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Source Parameter Imaging (SPI)
The technique developed by [14], which shows depths, edge locations, susceptibility contrasts and 

dips, utilizes the relationship between source depth and the local wave number (K) of the observed field 
and can be calculated for any point within a grid of data adopting vertical and horizontal gradients. The 
equation (6) below was the algorithm developed in producing the Source Parameter Imaging map [14].

22max

max

1 1    Depth
K Tilt Tilt

x y
δ δ
δ δ

= =
    +        

                       (6)

Where the tilt is given as

22
  arctan

T
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T T
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δ
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T
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δ
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Where HGRAD is horizontal gradient, T is total magnetic intensity (TMI) and T
x

δ
δ , T

y
δ

δ , T
z

δ
δ  are 

the first order partial derivates of the total magnetic intensity in x, y and z coordinates.

Euler deconvolution
Euler deconvolution is an inversion method that estimates the positions and corresponding depths 

Figure 2: Total Magnetic Intensity Map of the Area.
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of anomalous/geological sources, that relates the magnetic field and its gradient components to the 
anomalous sources with its degree of homogeneity expressed as a structural index [15]. The Euler 3D 
form of equation according to [16] is expressed mathematically as equation (7) below:

  o o o
T T T T T Tx y z T x y z b

dx dy dz dx dy dz
η η∂ ∂ ∂ ∂ ∂ ∂

+ + + = + + +                  (7)

Where; x , y and z are the coordinates of a measuring point; ox , oy  and oz  are the coordinates of the 
source location whose total field is detected at x , y and z. b is a base level, η  is structural index and T 
is potential field. Structural indexes of 0 and 1 representing contact, fault and dyke was adopted for the 
present study and all the analysis each method was carried out using Oasis Montaj software.

Results and Discussion of the Study
Results

The TMI map (Figure 2) is characterized by intensities ranging between 3310 to 33091 nT with high, 
moderate and low magnitudes (magnetically heterogeneous). It is clearly represented by the colour 
variations, which enhances visibility of wide range of anomalies and their intensities. This variations 
inherent, may be associated with differences in depths and subsurface materials. A dislocation zone is 
noticed at the southeastern (SE) part representing structural features. The reduction to the magnetic 
equator (Figure 3) revealed similar feature of faulted zone at the southeastern part observed in the TMI 
map, but appeared smoother and defined the high and low centers better than the TMI map because the 
regional field have been separated from the TMI data. Its magnetic intensities ranges between 12.40 to 
93.90 nT corresponding to lows and highs. Application of analytical signal filter on the aeromagnetic data 
(Figure 4) brought out distinctly the differences in edge extent of geological anomalous magnetization 
sources, showing prominent features of high analytical signal amplitude at the southeastern, northwestern, 
southwestern, central portions and spots trending northeastern borders of the area, which coincides 
closely well with the structural deformation of the area because areas of high analytical signal amplitudes 
are recorded around large areas of large mineral deposits [17]. The center for exploration targeting (CET), 
identified the presence of structures (lineament) within the area, through the standard deviation map 

Figure 3: Reduction to Equator Map.
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5c) to reveal the frequency and orientation of 
the extracted lineaments, which reflect younger, 
older and deeper tectonic trends in the area. This 
extracted structures are aligned ENE- WSW, NE-

(Figure 5a), which measures magnetic variations 
and thereafter, the structural map (Figure 5b) 
was produced to extract the lineaments, this was 
also followed by producing a rose diagram (Figure 

Figure 4: Analytical signal map.

Figure 5a: Standard deviation map.
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Figure 5b: Structural map.

Figure 5c: Rose diagram (Azimuth frequency) of the lineaments.

solotions of Euler 3D depth analysis using two 
different structural indexes (SI = 0 and 1), produced 
two 3D Euler maps as shown in (Figure 6a and Figure 

SW, WNW-ESE, NNE-SSW, NW-SE and NNW-SSE 
directions. with ENE-WSW and NE-SW been the 
most dominant trends in the area. Depth estimation 
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with structural index 0, representing (contact) 
while structural index 1 represents fault and dyke. 

6b). The Euler solution (depth) of structural index 
used presented a geological reasonable solution 

Figure 6a: Euler 3D (SI = 0).

Figure 6b: Euler 3D (SI = 1).
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the structural orientation and depth of shallow 
sources.

Conclusion
The aeromagnetic data proved very useful in 

delineating the structural architecture as well 
as the depth to the basement of this area, by 
presenting mineral exploration areas at ENE- 
WSW, NE-SW, WNW-ESE, NNE-SSW, NW-SE and 
NNW-SSE directions and the depths good for water 
exploration, environmental studies and mineral 
exploration depending on the depth been sort for.
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