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Abstract 
In order to interpret the airborne magnetic data and to evaluate the approximate location, depth, and 
geometry of the magnetic sources within Obudu area using standard Euler deconvolution method, high 
resolution aeromagnetic data over the area was processed digitally and analyzed using Oasis Montaj 
8.5 software. Data analysis and enhancement techniques including reduction to equator, horizontal 
derivative, first and second vertical derivatives, upward continuation and regional-residual separation 
were carried out. Standard Euler deconvolution for structural indices of 0, 1, 2, and 3 were obtained. 
Results show that the total magnetic intensity ranges from -122.9nT to 147.0nT, regional intensity 
varies between -106.9nT to 137.0nT, while residual intensity ranges between -51.5nT to 44.9nT 
indicating the masking effect of deep-seated structures over surface and shallow subsurface materials. 
Results also show that the positive residual anomalies have a NE-SW orientation which coincides with 
the trend of major geologic structures in the area. Euler deconvolution for all the structural indices has 
depth to magnetic sources ranging from <0m to >2000m. Interpretation of the various structural 
indices revealed the locations and depths of the source bodies and the existence of geologic models 
including sills, dykes, pipes, and spherical structures. This area is characterized by shallow basement 
materials and represents a good prospect for solid mineral exploration. 
Keywords: Magnetic sources; Obudu; Euler Deconvolution; Aeromagnetic data; Horizontal derivatives; 
Structural indices. 

 

1. Introduction  

The aim of magnetic geophysical surveying is to carry out an investigation of the subsurface 
geology of an area based on the anomalies observed in the Earth’s magnetic field as a direct 
result of the magnetic properties of the underlying rocks [1]. Magnetic surveys can be per-
formed in the air, on land, and at sea. It is widely applied and the operation speed of the 
aeromagnetic surveys makes this method a very attractive tool in the search for deposits of 
ore containing magnetic mineral [1]. It is a potential field technique and, in most cases, used 
to validate that an area is underlain by shallow seated basement rocks [2]. This method has a 
wide range of applications ranging from small-scale archaeological and engineering surveys 
to large-scale surveys done to evaluate geological structure on a regional basis [1]. 

One of the several methods employed in the determination of basement depth and depth 
to magnetic source bodies in an area is the standard Euler deconvolution technique. It is a 
technique employed in the determination of the approximate depth of subsurface magnetic 
sources. It is also applicable to any other magnetic data of homogeneous field [3]. This tech-
nique is an interpretation method that is semi-automatic and it is regularly applied with gravity 
and magnetic datasets. In this technique, a given type of magnetic source is specified by the 
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term known as structural index, and the approximate location of this source is also provided. 
This technique is relatively simple to implement and use, hence, it is a tool for fast initial 
interpretation. Euler deconvolution maps reveal good constraints on the horizontal position of 
an anomaly source. According to [4], accuracy of the results of Euler deconvolution can be 
significantly improved by calculating the solution space of individual data points and picking 
common source locations. 

Several authors including [5-7], and others have studied the basement depths and depth to 
magnetic sources of various areas using Euler deconvolution method. These previous authors 
made telling contributions to the subject of Euler deconvolution in their various locations of 
study. Several of these authors, however, did not analyze all the structural indices from 0 to 3 
which in most cases respectively reveal varying geologic models. This study has also been 
made with a much-improved software package which revealed more detailed source body 
information about the study area. 

This study is therefore, aimed at interpreting the airborne magnetic data and determining 
the approximate location, depth, and geometry of magnetic source bodies within Obudu area, 
Southeastern Nigeria. 

2. Location and geology of the study area 

Obudu area is located in Cross River State of Southeastern Nigeria. This area lies within 
latitudes 6º30'N to 7º00'N and longitudes 9º00'E to 9º30'E. The study area shares boundaries 
with Obanliku to the east, Bekwarra and Ogoja to the west, Boki to the south, and Benue 
State to the north. Figure 1 shows the map of Cross River State showing the study area. 

 
Figure 1. Map of Cross River State, Nigeria showing Obudu area (Source: Cartography/GIS unit, Depart-
ment of Geography and Environmental Sciences, University of Calabar). 

Geologically, there is an outcrop of the Nigerian precambrian basement in Obudu area. This 
area is underlain dominantly by gneissose rocks having migmatitic characteristics [9]. The 
hornblende-granite gneiss is widespread in Obudu area, in fact, gneissose rocks cover about 
two-thirds of the entire area [9]. There is a banding arrangement of the gneisses with quartz 
and plagioclase being the major minerals in the leucosome. Hornblende and biotite are found 
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in the paleosome. According to [9], the gneissose rocks clearly show bands having alterations 
of dark and light colour. The rocks are also described as being mesocratic and medium grained. 
In addition to the hornblende granite gneiss and granite gneiss, other rock types in this area 
include migmatite, porphyritic granite, charnockite, Asu River Group, and Eze Aku Formation. 
Figure 2 shows the geological map of the study area. 

 
Figure 2. Geological map of Obudu area (after [10]). 

3. Methodology 

3.1. Materials 

The high resolution aeromagnetic data used for this study was obtained from the Nigerian 
Geological Survey Agency (NGSA). This data was acquired between 2005 and 2009 and is part 
of the newly acquired digital aeromagnetic data for most parts of Nigeria. The data was ac-
quired at a line spacing of 500m and a terrain clearance of 80m and the flight direction was 
along the northwest-southeast (NW-SE). Fugro Airborne surveys carried out this acquisition. 
A portion of the nationwide aeromagnetic grid covering Obudu area with latitude and longitude 
as stated in the location section of this paper was made available for this study by NGSA. The 
2005 International Geomagnetic Reference Field (IGRF) formula was used to remove the ge-
omagnetic gradient from this data. The resolution of this data is very high when compared 
with the data previously acquired and used for interpretation in this area. The Geosoft Oasis 
Montaj software, version 8.5 was used for data analysis and enhancement. 

3.2. Methods 

Initial processing of this data which includes editing and filtering was carried out by con-
tractors named Paterson Grant and Watson Ltd. They performed cultural editing which takes 
care of rough effects as a result of interference due to local structures in the area. Corrections 
for diurnal variations were done through subtraction of filtered and IGRF corrected ground 
station data. Upon IGRF and diurnal corrections, data variations occurring at traverse and tie 
line recordings intersections were taken care of through a leveling process. There was inter-
polation of the products into a regular grid which then gave rise to the total magnetic intensity 
(TMI) map. 
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Reduction to equator (RTE) was then applied to the TMI data. This is a process of transfor-
mation of the TMI field at its declination and inclination observed to that of the magnetic 
equator. This is usually done to solve problems that occur due to magnetic data having low 
latitude. Reduction to equator is expressed mathematically in Eqn. 1 [3] as 
RTE = sin I + i cos I sin (D - θ)2             (1) 
where I = geomagnetic inclination; D = geomagnetic declination; Sin I = amplitude compo-
nent; i cos I sin (D - θ)2= phase component. 

This was followed by data enhancement of the raw total magnetic intensity map in order to 
greatly enhance anomalies of interest. Fast Fourier Transform (FFT) was used to carry out this 
enhancement in the spatial frequency domain where the raw TMI was subjected to some fil-
ters. Horizontal derivative, first and second vertical derivatives, and upward continuation are 
some of the enhancement processes carried out in this study. More detail on these enhance-
ment processes can be found in [11-14]. Standard Euler deconvolution for structural indices of 
0, 1, 2, and 3 was also carried. Residual magnetic intensity map was obtained by subtracting 
the regional magnetic intensity from the total magnetic intensity using the polynomial fitting 
method. 

As described earlier in introduction section, the standard Euler deconvolution is a very im-
portant technique that enables the determination of the location as well as the depth and 
geometry of magnetic sources in a given area. The Euler homogeneity equation [13] is a for-
mula relating the components of the total magnetic field to the source location with the degree 
of homogeneity which can be said to be the structural index. This relationship is expressed in 
Eqn. 2 as 
(x−𝑥𝑥0) ∂T/∂x + (y−𝑦𝑦0) ∂T/∂y + (z−𝑧𝑧0) ∂T/∂z = N(B−T)     (2) 
where T = total magnetic field measured at x, y and z; 𝑥𝑥0, 𝑦𝑦0 and 𝑧𝑧0 = position of the magnetic 
body; N = degree of homogeneity interpreted as the structural index; B = background value 
of the total magnetic intensity. 

The standard Euler deconvolution technique is based on this equation. The technique pro-
duces estimates of depth while leveraging on a structural index. A combination of depth esti-
mates and structural index is more than capable of identifying and computing estimates of 
depth for a range of geologic models like sills, dykes, pipes, horizontal cylinders, spherical 
structures and geologic contacts. It is important to note that each geologic model has a struc-
tural index peculiar to it. According to [15], spherical structures are characterized by a magnetic 
structural index of 3, pipes and horizontal cylinders are characterized by structural index of 2, 
dykes and sills by structural index of 1, thick steps by structural index of 0.5 while geologic 
contacts are characterized by structural index of 0. The workflow employed in data analysis 
and enhancement is shown in (Figure 3) while (Figure 4) shows the workflow used for standard 
Euler deconvolution. 

 
Figure 3. Workflow employed in data analysis and enhancement. 
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Figure 4. Workflow used for standard Euler deconvolution. 

4. Results and discussion 

4.1. Total magnetic intensity of the area 

The total magnetic intensity anomaly in this area ranges between -122.9nT to 147.0nT. 
About 70% of the entire area is characterized by positive anomaly while the remaining portions 
are of negative. High positive anomaly is observed in the northwestern axis with amplitude 
values reaching 147nT and a wavelength of about 31.4km. A similar high amplitude anomaly 
also exists in the southwest axis but with a shorter wavelength of about 27.7km. Bipolar 
anomalies exist between the northwest and southwest axes and the area separating them. A 
negative pole exists in this intervening area with amplitude of -122.9nT and wavelength of 
about 37km. Also, it is observed that a weak gradient limits the positive anomalies of the 
northwest and southwest from the area separating them. This is traceable to the overlapping 
intensity of the geological formations. Positive anomalies in the central and southern parts of 
the study area are limited by a high gradient and this can be linked to the presence of normal 
fault or fracture. The central and southern parts are characterized by heterogeneous magnetic 
anomalies and this is attributable to the magnetic susceptibilities of the heterogeneous base-
ment materials in these areas. Figure 5 shows the total magnetic intensity map of the area. 

4.2. Residual magnetic intensity of the area 

Map of the residual magnetic intensity of the study area is shown in (Figure 6). Residual 
intensity anomaly in this area vary between -51.5nT and 44.9nT. Comparison of this map with 
the total intensity map shows a decrease in positive anomaly amplitude of 102.1nT and this 
clearly points to the fact that the effects of underlying materials mask the effects of surface 
and shallow subsurface materials. There is a marked disappearance of the magnetic highs 
observed in the northwestern (NW) and southwestern (SW) axes of the TMI map. On the other 
hand, areas of magnetic highs and lows observed on the TMI map are retained on the regional 
magnetic intensity map as shown in (Figure 7). 

The positive residual anomalies are purely due to localized materials and tend to have a 
northeast-southwest (NE-SW) direction as also observed on the TMI map. This trend of posi-
tive residual anomalies is related to the directions of major geologic structures rich in magnetic 
minerals and will make it possible to locate them. According to [9], the direction of dominant 
foliation in the study area is N-S to NE-SW with 55º as the mean dip, hence, direction of 
magnetic anomalies is closely related with lines of tectonism.  The magnetic peaks are broken 
and appear dissociated at close observation; these peaks are possibly as a result of intrusions 
in the area. 
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Figure 5. Total magnetic intensity map of the 
study area. 

Figure 6. Fourth degree residual magnetic inten-
sity map of the study area. 

 

 
 

Figure 7. Fourth degree regional magnetic inten-
sity map of the study area. 

Figure 8. Standard Euler deconvolution map for 
structural index of 0. 

The regional magnetic anomaly in this area range between -106.9nT and 137.0nT, showing 
a decrease in positive anomaly amplitude of 10nT. The decrease observed in residual anomaly 
is very much higher than that observed in regional anomaly and points to the fact that regional 
fields dominate the total fields in a given area. The regional field preserves most of the fea-
tures of the total field as observed in the maps. 

4.3. Standard Euler deconvolution 

As described earlier, this is one of the techniques applied in the determination of depth and 
geometry of magnetic sources in an area. In the present study, Euler deconvolution for struc-
tural indices of 0, 1, 2 and 3 were carried out, each index revealing characteristic geologic 
model(s). Results of this process are superimposed on the upward continuation map of the 
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total magnetic intensity. Four maps as presented in (Figures 8, 9, 10 and 11) show results of 
the Euler technique for the four considered structural indices respectively. On each of the 
maps, the source bodies are represented by circular features of varying colours. Green repre-
sents deep-lying structural features sitting at a depth of more than 2000m while brown rep-
resents surface features lying less than 0m on the surface. 

The map for structural index of 0 reveals the existence of mostly deep-seated and shallow-
lying geologic contacts in this area. The deep-seated contacts lie above 1500m whiles the 
shallow ones lie about 250m and less. Clearly, these solutions are clustered in the southeastern 
part of the area. 

  

Figure 9. Standard Euler deconvolution map for 
structural index of 1. 

Figure 10. Standard Euler deconvolution map for 
structural index of 2. 

 

 
Figure 11. Standard Euler deconvolution map for 
structural index of 3. 

The pattern of the clusters for structural 
index of 2 is very similar to those of struc-
tural index of 1 where most are in the south 
of the study area. This structural index is 
characteristic of magnetic sources having 
the geometry of pipes and horizontal cylin-
ders. Most of these structures are sitting 
deep at depths of 1000m and above. There 
are also shallow-lying structures sitting at 
250m and less. One remarkable occurrence 
in the maps for structural index of 1 and 2 is 
that across the entire northern axis of the 
study area, these cluster groups appear only 
in the northwestern axis. For these two 
structural indices (1 and 2), these cluster 
groups in the southern axis occur within an 
area of about 1,283.4 km2. 

Structural index of 3 reveals the exist-
ence of magnetic sources exhibiting spheri-
cal shapes. This implies that some of the 
magnetic sources in this area are spherically 
shaped and are clustered in various groups  
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mainly also in the south of the study area but more widespread than those of structural 
index of 1 and 2.Like in the structural indices earlier interpreted, most of these magnetic 
spheres are deep-seated, lying at depths of about 1000m and above. Some of these spheres 
lie between 500m to 1000m while the shallow ones lie less than 250m from the surface. 

Most of the clustered solutions are limited in the southern axis implying that the sills, dykes, 
horizontal cylinders, pipes, and spherical structures are more prevalent in the southern part 
of this study area. For structural index of 3, these cluster groups which are more widespread 
in this case occur within an area of about 2,628.8 km2. 

5. Conclusion 

High resolution airborne magnetic data over Obudu area have been leveraged on to inter-
pret the magnetic characteristics of this area. Also, the much reliable standard Euler decon-
volution technique has been utilized in the evaluation of the approximate location, depth, and 
geometry of magnetic sources in the area. Tectonic lines associated with the Pan-African mo-
bile belt in Central Africa control the trend of residual anomaly and by extension mineralization 
in this area. Intrusions may be present in this environment as inferred from the peaks on the 
residual magnetic anomaly map. Also, shallow, moderate and deep-seated geologic structures 
including geologic contacts, dykes, sills, pipes, horizontal cylinders, and spheres are dominant 
in this area though most are situated within 1,283.4𝑘𝑘𝑘𝑘2 south of Obudu. The findings of this 
study clearly indicate that this location is very good for solid mineral prospectivity. 
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