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ABSTRACT 

This study presents a quantitative interpretation of high-resolution 

aeromagnetic data over Ilorin and its environs (sheet 223), North-Central 

Nigeria. The data, sourced from the Nigerian Geological Survey Agency 

(NGSA), processed using Geosoft Oasis 𝑀𝑜𝑛𝑡𝑎𝑗𝑇𝑀8.4v, and were analyzed 

to delineate subsurface structural features and lithological variations for 

geological mapping and mineral exploration. The computational techniques 

of field gradients in a clean pattern were highlighted alongside with the 

suggested new technique for rejecting invalid Euler solutions while the 

modified Euler deconvolution algorithm was equally demonstrated 

exemplifying it on synthetic models as well as on Ilorin and its environs. The 

analytical signal revealed a value range of 0.0002 to 3.4127 nT/m while the 

3D Euler Deconvolution revealed depth values ranging from 95m to 292m; 

depth estimation and geometry of magnetic sources. The integration of 

quantitative outputs indicates that the area is structurally complex, with 

multiple fractures, faults and lithological boundaries concealed beneath the 

surface..

1. INTRODUCTION  

The measurements of gradient or total magnetic field are geophysically acquired from the earth, 

either in the air, or on the ocean covering a large expanse of scales and for a diverse variety of 

environmental tasks. Therefore, expanded from the initial application principally as a significant 

device for exploration of iron ore and overall investigation for minerals [1-2], hydrocarbon 

explorations [3], groundwater investigation [4], archeological ruins [5-6] environmental 

contamination issues [7], geothermal resource studies [8] and complex fault system [9-14]. In areas 

of where geological formations conveying a magnetic signature dip at a notable angle, a magnetic 

survey can be undertaken to effectively and precisely map the subsurface geology [5, 15]. For both 

regional and detailed exploration studies, magnetic measurements are highly significant for 

unravelling the regional tectonic setting.  
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For instance, faults and other structural terrain boundaries are frequently acknowledged by the 

notable contrast in magnetic fabric across the line of contact [15].  Also, the structural study of 

tectonic setting is a significant economic implication of magnetic surveys particularly in a large 

hydrocarbon and geothermal explorations as well as in geotechnical cum foundation engineering 

investigations. Besides, for the most part, several published reports have typically revealed that 

basin fill possesses a much lower susceptibility than the crystalline basement. Therefore, it is 

highly possible to grant a common estimation of the depth to basement information and over 

favourable circumstances, quantitative mapping of basement structures such as faults and horst 

blocks are readily provided [16]. The incidences of magnetic anomalies are attributed to simple 

geophysical models such as dykes and faults and the model parameters are usually determined 

through a well-designed inversion scheme. Fast processing and consequent speedy interpretation 

of such simple geometric models is often undertaken through graphical approaches with 

characteristic curves included [17]; although rigorous analyses of the acquired data are often 

involved via varying inversion schemes on computers thereby harnessing various optimization 

techniques [18-22]. A significant view of the interpretation of magnetic data is the issue of location 

determination as well as the type of the magnetic source. This primary objective has become 

particularly significant recently due to the expanding volume of magnetic data that are acquired 

for diverse studies particularly for environmental, archeological and geological applications. For 

the sake of this objective, a variety of mathematical derivations centered on the employment of 

derivatives of the magnetic field applications and image processing techniques have been 

established to determine magnetic source parameters encompassing locations of boundaries as well 

as depths. The detail investigation of these studies has been undertaken by [5]. In this study Euler 

deconvolution, analytical signal and gradient methods were utilized. Euler deconvolution and the 

analytical signal are geophysical interpretation techniques used with aeromagnetic data to estimate 

the depth of magnetic sources, such as the basement rocks, and to characterize geological structures 

like faults, contacts, and intrusions. Euler deconvolution provides depth estimates by applying 

Euler’s homogeneity equation and requires a structural index related to the source geometry. The 

analytical signal, on the other hand is an operation that effectively removes the background field, 

allowing for both location and depth determination without needing to know the structural index 

beforehand [26]. 

 

The purpose of Euler deconvolution is to semi-automatically determine the location and depth of 

geological structures including the basement [27-31]. Euler deconvolution utilizes Euler’s 

homogeneity equation which relates the potential field (magnetic or gravity) to location of its 

sources and the degree of homogeneity (structural index) [32]; the quality of the depth estimation 

depends on selecting the correct structural index which represents the geometry of the causative 

bodies [26-27, 31]. It’s area of applied for delineating contacts between sedimentary layers and 

basement rocks, estimating depths to sources like dykes, faults, and intrusions [27-31].  The 

purpose of analytical signal is to enhance anomalies and, by removing the background field, to 

provide a model-independent tool for source location and depth determination. It is a mathematical 

transformation of the magnetic field that helps to remove the influence of the background regional 

field [27, 30]. The analytical signal allows for the solution of both the source location and structural 

index from the same data because it eliminates the background field making it a powerful 

interpretive tool. Analytical signal is primarily used in conjunction with Euler deconvolution to 

improve the accuracy of source parameter estimates and to delineate complex geological 

boundaries [32]. Euler deconvolution and analytical signal are highly significant in aeromagnetic 

data interpretation in different ways; the contributions of both methods enhance the understanding 

of the depth to the magnetic basement which is crucial for resource exploration (minerals, 

hydrocarbons) and geological mapping; they help in the characterization of geological structures 
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by identifying and mapping linear features such as faults, folds, and shear zones as well as contacts 

and intrusions, providing insight into the subsurface architecture [32]; it serves as a semi-automatic 

technique  making the interpretation of large aeromagnetic datasets more efficient and rapid 

compared to manual methods [33]; the analytical signal can improve the quality of data input for 

Euler deconvolution, leading to more reliable depth estimations and better characterization of 

geological features [34-36].  

The aeromagnetic method of geophysical investigation using Euler deconvolution and analytical 

signal technique is highly necessary and beneficial for basement depth investigation in Ilorin to 

identify subsurface geological structures like dykes, determine depth and thickness of sedimentary 

basins, and map mineralization zones for resource exploration and infrastructural planning. This 

method provides a cost effective, large scale, non-invasive overview of the subsurface, crucial for 

understanding the area’s complex Precambrian basement complex geology which has implications 

for groundwater potential, geothermal resources and engineering stability [37]. The method 

effectively identifies linear features such as faults, joints, and dykes which are zones of weakness 

in the subsurface that can influence groundwater flow and structural stability; it helps in 

ascertaining the depth to the magnetic basement and map the thickness of overlying sedimentary 

layers which is vital for understanding subsurface topography and potential resource locations [38-

40]; by mapping magnetic source bodies and identifying mineralization zones, the method aids in 

discovering potential solid mineral deposits within the basement complex [41]; the depth o 

basement and structural features identified through aeromagnetic surveys are crucial for evaluating 

groundwater potential and identifying areas suitable for geothermal exploitation [38, 42-43]; 

understanding the depth to basement and the distribution of subsurface structures is essential for 

selecting stable sites and avoiding risk-prone zones during infrastructure planning and 

development. [44-46]. Necessity of the study for basement depth investigation in Ilorin cannot be 

overemphasized. The Ilorin area is situated within the Precambrian basement complex which has 

undergone intense deformation through observed multiple phases of faulting and folding within 

the Pan-African Orogenic episodes. Investigating the basement’s depth and structure is thereby 

essential for effective characterizations of these complex geological formations [47]; the study 

area has potential for both solid mineral deposits and groundwater, requiring detailed subsurface 

mapping to locate and assess these resources effectively;  a comprehensive understanding  of the 

basement depth provides foundational information for broader regional geological mapping and 

analysis, linking the Ilorin area to larger tectonic framework [49]; aeromagnetic surveys are a non-

invasive, reconnaissance level technique that provides a broad-scale view of the subsurface, 

making it an efficient and cost-effective initial step before more detailed and expensive 

geophysical investigations are employed [50-65].  

Study Area 

Topographic and climate description of Ilorin 

The investigated area is well drained by various streams and their connecting tributaries. The 

tributaries often display a dendritic drainage pattern. The major rivers are Asa and Agba Rivers, 

while minor oners include Oyun and Aluko Rivers. The terrain is highly undulating and very much 

dissected by incursion of interfering rivers and streams. The highest recorded altitude is about 

1200m above the mean sea level corresponding to the peak of Sobi Hill (migmatite), while along 

major streams the altitude is about 250m above the mean sea level (Abolarin and Ibrahim, 2015). 

The study lies within the Guinea savannah ruminant tropical forest with two distinct seasons; rainy 

and dry season. The rainy season often begins around March and completes seasonal functions in 

October with annual average rainfall of 1200mm. The dry season commences in November and 

wrap-up its activities in March. The humidity ranges between 60% and 89% and mean annual 
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temperature is between 27 and 30°𝐶 [66]. Ilorin has a typical tropical savannah climate with a wet 

season from April to October and a dry season from November to April. The annual rainfall ranges 

from 990.3 to 1318 mm [67-68]. The maximum temperatures range from 33 to 37 °C with March 

being the hottest month. The relative humidity varies and impurities and humidity have increased 

between 1978 and 2017 [69]. Ilorin experiences the urban heat island effect with higher 

temperatures in the urban centre compared to surrounding areas due to land cover and other factors 

[67]. Ilorin has a dissected topography (Figure 1) located in North-central Nigeria and is situated 

in a transition zone between rainforest and Guinea Savannah, experiencing distinct wet and dry 

seasons. The city’s topography is characterized by varying elevations with higher elevations in the 

northern parts and a higher concentration of settlements in the Southern region. Ilorin also lies near 

the Awun river, a minor tributary of the Niger river [67]. 

 

Figure 1: Topographic Map of the study area [68]  

 

Physiography and Geology of the study area 

The study area (Ilorin Sheet 223) is bounded by Longitude 4°30"E and Longitude 5°00"E; and 

Latitude 8°00"N and Latitude 8°30"N covering an approximate area of 2,601km². The study area 

is part of Nigeria's basement Complex terrain. The age of the rocks is estimated to be Precambrian, 

with a principal occurrence of Biotite granite-Migmatite-Gneiss-Quartzite complex and Schist belt 

as the major geological compositions which are adjacent to each other [70]. Ilorin town is situated 

on the undifferentiated Precambrian basement complex rocks that are granitic and metamorphic in 

origin. These rocks are good representation of the deeper, fractured aquifer which is overlain partly 

by a shallow and porous aquifer within the lateritic soil cover [71]. The formed rock units are 

integral part of the regional Southwestern highlands of Nigeria that runs from NW to SE on a 
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parallel line to the river Niger [72-73]. Fractured zones trending SW-NE are present and can act 

as weak zones for groundwater potentials. 

 

Figure 2: Geological Map of the Study Area [74]  

MATERIALS AND METHODS 

Theoretical Background 

Integration of Euler Deconvolution Technique to Potential Field Gradients 

Different solid and ore mineral exploration projects undertakings are often accompanied with the 

gathering of large volumes of aeromagnetic field data which more often than not require further 

technical interpretation. Diverse semi-automatic interpretation techniques in existence such as 

Werner deconvolution [75], Source parameter imaging and Euler deconvolution [76-77] have 

always being sources of assistance to the interpreter.  These techniques utilize different physical 

models and consequently produce different outputs, but in the long-run, the task of obtaining 

source depth and location estimates will be accomplished. Some other techniques also provide the 

dip and susceptibility of certain kinds of source models [77]  

The principal function of Euler deconvolution is to model the subsurface of a geological structure 

as a set of simple sources such as monopoles and dipoles which are characterized by structural 

index often denoted with SI; this can be used to estimate the depth and location of potential field 

sources of a given structural index. Deterministic values of the structural index are 3 and 2 

respectively illustrated for a dipole and a point mass condition. The two-dimensional form of Euler 

deconvolution for a homogeneous anomaly field denoted as h measured at a specified location (p, 

r) is presented in equation 1 as 
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𝜕ℎ

𝜕𝑝 
 (𝑝 − 𝑝0) +

𝜕ℎ

𝜕𝑟 
 (𝑟 − 𝑟0) = − SI.h   (1) 

where 𝑝0 and 𝑟0 are respectively source location and depth [76, 78]  

Integration of Euler Deconvolution to Vertical and Horizontal Gradients 

There is a provision of an improved source resolution when Euler deconvolution is applied to the 

vertical gradient of either gravity or magnetic field such that  

𝜕

𝜕𝑝
 (

𝜕𝑡ℎ

𝜕𝑟𝑡) (𝑝 − 𝑝0) +
𝜕

𝜕𝑟
 (

𝜕𝑡ℎ

𝜕𝑟𝑡) (𝑟 − 𝑟0) = − (SI +t) (
𝜕𝑡ℎ

𝜕𝑟𝑡)   (2) 

where t is the order of the gradient used which may not necessarily be an integer [27, 79-83].  

Similarly, the same conceptual model can be applied to the horizontal gradient as illustrated in 

equation 3 [83-84]. 

𝜕

𝜕𝑝
 (

𝜕𝑡ℎ

𝜕𝑝𝑡) (𝑝 − 𝑝0) +
𝜕

𝜕𝑟
 (

𝜕𝑡ℎ

𝜕𝑟𝑡) (𝑟 − 𝑟0) = − (SI +t) (
𝜕𝑡ℎ

𝜕𝑝
)   (3) 

Solutions from the derivative data have the capacity to group over the body corners much more 

accurately than those obtained from the total field. It is worthy of notes that when utilizing a 

derivative of order t, the structural index used is increased by t. This enhances the reduction of the 

sensitivity of the solutions to the structural index utilized because if the structural index is altered 

by a given proportion of change, ∆, the fractional alteration in the effective structural index would 

be ∆ 𝑆𝐼⁄  if the total magnetic field is adopted but if the order of t derivative is adopted, the fractional 

change in the effective structural index would be ∆ (𝑆𝐼 + 𝑡)⁄ . One notable factor responsible for 

the horizontal derivative of the observed field to exhibit an improved state in the Euler solutions 

in comparison to those that are derived from total magnetic field implies that the resultant 

differentiation exhibited on the asymmetrical magnetic anomalies can rework them to be more 

symmetrical [83-84].  [85] applied Euler deconvolution technique to measured gravity tensor data 

and finally discovered that that it actually improved the performance of the gravity method. The 

main focus on this study is magnetic rather than gravity data and tensors were no even utilized 

because field measured gravity tensor data somewhat scarce and expensive to come by compared 

to aeromagnetic field data. 

The integration of Euler deconvolution simultaneously to the lateral and vertical derivatives on the 

field can be undertaken using several means. First and foremost, equation 2 and 3 can be simplified 

simultaneously to yield equation 4 as presented below. 

[

𝜕

𝜕𝑝
 (

𝜕𝑡ℎ

𝜕𝑝𝑡)

𝜕

𝜕𝑝
 (

𝜕𝑡ℎ

𝜕𝑟𝑡
)

](𝑝 – 𝑝0) + [

𝜕

𝜕𝑟
 (

𝜕𝑡ℎ

𝜕𝑝𝑡)

𝜕

𝜕𝑟
 (

𝜕𝑡ℎ

𝜕𝑟𝑡)
](𝑟 – 𝑟0) = −(𝑆𝐼 + 𝑡) [

(
𝜕𝑡ℎ

𝜕𝑝𝑡)

(
𝜕𝑡ℎ

𝜕𝑟𝑡)
]    (4) 

Also, addition or subtraction may be alternatively applied on equation 2 and 3 and consequently 

expressed as equation 5 

(
𝜕𝑡+1ℎ

𝜕𝑝𝑡+1   ±  
𝜕

𝜕𝑝
 (

𝜕𝑡ℎ

𝜕𝑟𝑡)) (𝑝 – 𝑝0) + (
𝜕

𝜕𝑟
 (

𝜕𝑡ℎ

𝜕𝑝𝑡)   ±  
𝜕𝑡+1ℎ

𝜕𝑟𝑡+1)(𝑟 – 𝑟0) = −(𝑆𝐼 + 𝑡) (
𝜕𝑡ℎ

𝜕𝑝𝑡   ±  
𝜕𝑡ℎ

𝜕𝑟𝑡) (5) 

It can be observed from equation 5 that the latter form of the equation involved the subtraction of 

the derivatives of the field which naturally makes it susceptible to noise challenges. Also, both of 
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the last equations (equation 4 and 5) were however recognized to be robust with respect to noise 

particularly when the noise is emanating from the uncorrelated horizontal and vertical gradients. 

This observed robustness therefore permits the integration of higher order derivatives, thereby 

projecting more accurate and precise source locations [84]. According to that deliberately chose 

an order of derivative sufficiently high to produce noise problems in different source models 

contacts and fault models inclusive; despite adopting order of 2.75 horizontal and vertical 

derivatives, the resultant effects of the computation reveals that the Euler solutions from all the 

different approaches were found clustering over the contact with those of equation 5 being located 

as the most accurate with similar output being recorded for a fault model. Hence, it was concluded 

that though, higher order derivatives improve the resolution of the Euler solutions, the noise 

problems generated from the processing are often displayed in a contrary manner for the 

degradation of the resolution [84]. 

Impacts of Euler Deconvolution on Analytical Signal 

[15] introduced the concept of the analytic signal for magnetic interpretation and revealed that its 

amplitude yields a bell-shaped function over each corner of a 2D body with polygonal cross-

section. When it is an isolated corner, the maximum deflection of the bell-shaped curve is locally 

positioned at the exact spot over the corner and the width of the displayed curve exhibited a 

localized position at half its maximum amplitude being equal to twice the depth to the corner. The 

determination of these aforementioned parameters may not be affected by the availability of 

remnant magnetization. Horizontal locations are usually appropriately determined by this method, 

but the actual depth determinations are only recognizable for polyhedral bodies [5]. The 3D 

analytical signal amplitude emanating from a total magnetic intensity (TMI) map was introduced 

by [23] is has since been expansively utilized in magnetic interpretation [5]. 

An Analytical signal can be produced from the gradients of the potential field as presented in 

equation (6) and is amplitude presented in equation (7) [84]. 

where Analytical signal is denoted as AS. 

AS(p, r) = 
𝜕ℎ

𝑑𝑝
 + i

 𝜕ℎ

 𝑑𝑟
                                          (6) 

|𝐴𝑆(𝑝, 𝑟) | = √(
𝜕ℎ

𝑑𝑝
)

2

+ (
𝜕ℎ

𝑑𝑟
)

2

                           (7) 

[84] suggested the integration of Euler deconvolution to analytical signal, |𝐴𝑆(𝑝, 𝑟) |, after the 

accomplishment of this, the structural index must therefore be increased by 1 in comparison to the 

chosen value used for the total magnetic field.  

Integration of Euler Deconvolution on Simple Model Analytical Signal (SMAS) and Complex 

Model Analytical Signal (CMAS) 

[84-86] and [87] while at different times exploited the properties of the observed analytical signal 

models for the primary purpose of deriving field information on source geometry and depth using 

the analytic signal amplitude in a singular fashion. Euler deconvolution can also be employed to 

the complex analytic signal function |𝐴𝑆(𝑝, 𝑟) | itself when the structural index is again increased 

by 1. This can be analytically proven for gravity anomaly from a point source as a case study as 

shown below from equation (8) to (15).  

From a point source, the gravity anomaly is presented as  
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g = 
𝐵𝐾𝑟

(𝑝2 +𝑟2)
3
2

           (8) 

where B mathematically represents the universal gravitational constant, K represents the body 

mass and p and r respectively represents the source locations and depth in Cartesian coordinates 

𝜕𝑔

𝜕𝑝
 = 

   −3𝐵𝐾𝑟𝑝

(𝑝2 +𝑟2)
5
2

         (9) 

𝜕𝑔

𝜕𝑧
 = 

   𝐵𝐾

(𝑝2 +𝑟2)
3
2

  − 
   3𝐵𝐾𝑟2

(𝑝2 +𝑟2)
5
2

       (10) 

when equation (10) is inserted into equation (6), the analytic signal response is produced for the 

point source and if this is further differentiated with respect to both p and r and consequently 

inserted into equation (1), produces equation 11. 

𝐵𝐾𝑝 [
(12𝑝2𝑟 −3𝑟3)+ 𝑖  (12𝑝𝑟2 −3𝑝3) 

(𝑝2 +𝑟2)
7
2

] + 𝐵𝐾𝑟 [
(−3𝑝3𝑟 +12𝑝𝑟3)+ 𝑖(−9𝑟2𝑝2 +6𝑟4) 

(𝑝2 +𝑟2)
7
2

]  = 

− (SI +1)[
−3𝐵𝐾𝑟𝑝  

(𝑝2 +𝑟2)
5
2

+  𝑖 (
   𝐵𝐾

(𝑝2 +𝑟2)
3
2

 − 
   3𝐵𝐾𝑟2

(𝑝2 +𝑟2)
5
2

)]   (11) 

Further mathematical simplifications of equation (11) produces equation (12) such that 

[
(12𝑝2𝑟 −3𝑝𝑟3−3𝑝3𝑟2+ 12𝑝𝑟4 )+𝑖 (−3𝑝4 + 12𝑝2𝑟2 − 9𝑝2𝑟3 + 6𝑟5) 

(𝑝2 +𝑟2)
7
2

]  = 

− (SI +1){[
−3𝑟𝑝  

(𝑝2 +𝑟2)
5
2

+  𝑖 (
   1

(𝑝2 +𝑟2)
3
2

 −  
   3𝑟2

(𝑝2 +𝑟2)
5
2

)]}   (12) 

= − (SI +1) [
−3𝑟𝑝 + 𝑖(𝑝2 −2𝑟2)  

(𝑝2 +𝑟2)
]     (13) 

Therefore, equation 13 is a proof that the equation of Euler deconvolution holds for the Complex 

Valued Analytical Signal of the Gravitational Anomaly from a point source such that when SI = 2 

and 3 equations (14) and (15) will be respectively produced. 

 

= [
9𝑝𝑟  + 𝑖(−3𝑝2  +6𝑟 2)  

(𝑝2  +𝑟2)
]       (14) 

= [
12𝑝𝑟  + 𝑖(−4𝑝2  +8𝑟 2)  

(𝑝2  +𝑟 2)
]       (15) 

 

The 3D analytical signal amplitude of a total magnetic intensity serves as interpretive technique as 

a means of positioning anomalies directly above or over their magnetic sources. The analytic signal 

of a magnetic field intensity anomaly has been empirically defined in 3D as  

|𝐴𝑆(𝑝, 𝑞, 𝑟) | = 
𝜕𝐼

𝜕𝑝 
 𝑝̂ + 

𝜕𝐼

𝜕𝑞 
 𝑞̂ + 𝑗 

𝜕𝐼

𝜕𝑟 
 𝑟̂    (16) 
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Where I is the magnetic intensity, j √−1 and p, q and r are unit vectors as emplaced in a Cartesian 

coordinate system [5, 23]. The outputs are however strongly dependent on the directional line of 

magnetization which are conspicuously in sharp contrast with the 2D [5, 88]. The observed 

steepest horizontal gradient of a potential field anomaly tends to overlie the edges of the source 

body. Indeed, the steepest gradient is technically expected to be located directly over the edge of 

the body on the limiting conditions that the delineated edge is vertical and are far separated from 

all other edges or sources [5, 88]. The horizontal gradient tends to possess maxima exhibition 

locally positioned over edges of magnetic or gravity sources. When this is integrated into two 

dimensional surveys, the horizontal gradient tends to reorganize narrow ridges over abrupt 

alteration in observed magnetization or density. The possible Location of maxima deflection in the 

horizontal gradient can be undertaken by simple inspection but [85] largely automation of the 

procedure with an algorithm that scans the rows and columns of gridded data and records the 

locations of maxima in a file for future analysis and plotting. The Interpretation of the horizontal 

gradient in terms of density or magnetization contrasts, and ultimately with regards to subsurface 

geology requires several underlying assumptions. In particular, it is assumed that the occurrence 

of the observed contrasts in physical proportions is located across the vertical and abrupt 

boundaries isolated from other sources. 

Though, [89] provided an interpretation method based on the wave numbers derived from the 

analytic signal of the field data, still, the approaches utilized did not involve Euler deconvolution. 

The integration of Euler deconvolution to the first vertical derivative of |𝐴𝑆(𝑝, 𝑟) | using structural 

index increased by 2 produced noticeably improved outputs compared to the application to 

just|𝐴𝑆(𝑝, 𝑟) |. However, its computations involved 3rd order derivatives and problems with noise 

were common when such higher order derivatives were used when working with measured field 

data. 

Computation of Field Gradients 

Field gradient refers to variation of magnetic field with spatial position typically described in three 

principal axes (𝐺𝑝, 𝐺𝑞 and 𝐺𝑧) which is generated by a set of gradient coils. This variation causes 

nuclei at different positions to experience slightly different magnetic field leading to distinct 

processional frequencies that can be utilized to allocate spatial information for image 

reconstruction.  

Computation of vertical gradients in a clean pattern 

Vertical gradients are computed in a clean manner such that any noise present in the data can be 

set on amplification when its gradients are computed since gradient filters are noted as high pass 

filters; field gradients of order greater than one are utilized in equation (2) and (5). When gradients 

are calculated in the frequency domain, they seem to exhibit higher noise levels than those that are 

calculated in the space domain due to the resultant practical problems associated with the 

implementation of the Fourier transform like data stationarity and edge effects. Notwithstanding, 

all hands must be on the desk to compute the gradient in a manner that is as noise-free as possible 

otherwise, the output of Euler deconvolution solutions would be adversely hampered. Though the 

direct computation of space domain of vertical gradients is impractical, there are existing 

techniques that can be adopted to reduce to one degree. These techniques exploit the fact that 

horizontal derivatives are simple to calculate in the space domain while the vertical derivatives 

can be calculated from the horizontal derivatives in various means [84]. A Hilbert transform pair 

is formed from the first horizontal derivative and first vertical derivatives [85]. Therefore, when a 

Hilbert transform is applied in the frequency domain, the first vertical derivative can be calculated 

from the first horizontal derivative mathematically derived from the space domain. This could just 
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be a mere rotation of datasets because it does not change the content embedded in the frequency. 

The second vertical derivative can equally be derived from the second horizontal derivative using 

Laplace’s equation as observed in equation 17 [84-85, 90] 

𝛻2h = 
𝜕2ℎ

𝜕𝑝2 + 
𝜕2ℎ

𝜕𝑞2 +
𝜕2ℎ

𝜕𝑟2         (17) 

In order to permit the stable calculation of vertical gradients of any order of integers, the 

generalized approach of [91] was utilized. There are three (3) distinct stages embedded in this 

concept. First and foremost, the vertical integral of the data is calculated. This is followed by the 

calculation of the second horizontal derivatives of the vertical integral in the space domain, and 

the derivation of the required vertical derivative from Laplace’s equation. This aforementioned 

procedure can further be enhanced to also obtain vertical gradients of fractional order. For instance, 

if the vertical derivatives of order 1.75 was needed, the second horizontal derivatives of the vertical 

integral of order −0.25 would in turn be calculated, the output emanating from this processing 

would then be used to produce the vertical derivative of the required order of 1.75 using the 

Laplace’s equation in equation 17. 

Though, the integer order of the horizontal gradients are quite simple to calculate in the space 

domain, greater efforts are required for the calculation of fractional order of clean field gradient. 

Also, despite the fact that fractional order of horizontal derivatives is computed in the space 

domain, several hundred coefficients are needed by the filters for the accomplishment of 

reasonable accuracy, making them redundant in practical sense. The modification of the adopted 

Fedi and Florio’s approach utilizing the generated algorithm for the computation of integer order 

of vertical gradients was found to be reliable in addressing the problem [91] [84, 92].  To obtain a 

horizontal gradient aligning itself to the fractional order a, first requires the integration of the data 

by b-a where b is the subsequent integer value greater than a. the bth horizontal gradient of the 

output can then be computed in the space domain. For instance, to obtain the horizontal gradient 

of order 0.75, the data is first integrated by order −0.25 (≈ −33%) in the frequency domain, then 

differentiated by order 1 (≈ 133%) in the space domain. It is quite worthy of note that this 

approach is computationally not much slower when placed side by side in comparison with the 

standard frequency domain operations due to the rapid processing of the space domain 

computations [84]  

Position of invalid Euler solutions 

Large numbers of invalid solutions are generated as consequents of reasons that are variable and 

analytical in proportions. Noise, interference between adjacent anomalies, extremely large window 

size of the anomalous data among others is possible factors responsible for the generation of 

invalid Euler solutions. Several strategies are utilized for the detection and removal of invalid 

solutions. Isolated solutions (solutions that are greater than certain specified distance from other 

solutions) are rejected and solutions lying far from the window where the data points producing 

them are concentrated may also be rejected. A workable approach which provides summarized 

useful methods was presented by [92]. 

Furthermore, a different approach can be used to examine how well Euler’s equation fits the 

solution fits the generated solution individually by each data as observed in equation 18. 

𝐸𝑟𝑟𝑖 =  
𝜕ℎ𝑖

𝜕𝑝𝑖
 (𝑝𝑖 − 𝑝0) + 

 𝜕ℎ𝑖

𝜕𝑟𝑖
   (𝑟𝑖 − 𝑟0) + SI. ℎ𝑖     (18) 
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where (𝑝0,  𝑟0) is the localized position of Euler solution that were generated from a window of 

data points centered on (𝑟𝑖 − 𝑟0) where 𝐸𝑟𝑟𝑖 is the resultant error function. It is worthy of note that 

the error function is not expected to be zero when calculated at any given point because a window 

of data points was utilized in the generation of each solution. However, when a large error is 

encountered, the problems are identified and the solution may consequently be rejected [84]. 

Though, smaller window sizes can enhance the identified possible solution clustering when 

permitted by the levels of the prevailing data noise. Also, though the method may not be computer 

intensive with the time taken being proportional to the number of generated solutions but searching 

for the isolated solutions by comparatively observing the distance between each solution and every 

other operation is highly intensive computationally, with the time taken being proportional to the 

square of the number of generated solutions. It has been proven overtime that the solution rejection 

techniques are capable and highly effective in retaining solutions that are found as clusters around 

or near the edges of the causative bodies, and rejecting those that are located far from them or 

extremely deep to be identified with them [84]. 

Data Acquisition and Processing. 

 The aeromagnetic datasets of Ilorin (sheet 223) that were acquired from the Nigerian Geological 

Survey Agency (NGSA) were prepared with Microsoft Excel program, and processed and 

interpreted using Oasis Montaj 8.4V. The datasets were imported and transferred to Universal 

Transverse Mercator (UTM) Zone 31N from UTM Zone 32N in order to maintain a constant 

coordinate system and to avoid misinterpretation of the acquired data by minimizing distortion 

over certain areas in the study location as it is found within UTM Zone 31N [93-94]. According 

to Nigeria Geological Survey Agency [95-96], the acquired datasets were part processed by Fugro 

Airborne Surveys (Leidschendam, Netherlands) using UTM of Zone 32N (UTM-32N) projection 

and World Geodetic System, 1984 (WGS84) as the reference datum. The WGS84 is a global datum 

used for determining position on the earth’s surface (Figure 3.10). The WGSS84 has been a 

reference system harnessed by the satellite navigation system like GPS and consequently utilized 

in various mapping applications. It is often employed in the determination of varying positions on 

the earth’s surface. The WGSS84 datum is expressly represented and maintained by the United 

States National Geospatial-Intelligence Agency (US-NGA). Coordinates computed from GPS 

receivers and are typically provided in terms of the WGS84 datum. WGS84 is highly compatible 

with the International Terrestrial Reference System (ITRS). De-culturing, tie-line and micro-

leveling are some of the pre-processing operations carried out on the data. The datasets were given 

out by NGSA as an ASCII file comprising of X, Y and Z columns corresponding to the longitudes, 

latitudes and their matching total magnetic field intensities respectively. The total magnetic field 

intensity “Z” was stripped of 33,000nT for ease of processing the airborne data [95]. 

Structural and Geological Limitations of Euler Deconvolution Technique 

Despite the widespread application of Euler Deconvolution, it has significant limitations and it is 

susceptible to errors if integrated without proper caution. Among these limitations are simplistic 

model assumption; Euler deconvolution assumes simple, isolated and homogeneous sources like 

prisms, cylinders and contacts. It struggles and negotiates with complex, dipping or non-

homogeneous geological bodies. Invalid for deep undulating surfaces; this record may be 

ineffective for mapping large scale, deep undulating surfaces like the Moho or deep sedimentary 

basins because these structures do not fit the required simple, homogeneous and isolated edge 

models. Linear regional issues; if a significant regional gradient is not removed, it can be 

misinterpreted as a source creating false solutions [93-94]. Also, the generation of spurious 

solutions could be as a result of misplaced solutions where the algorithm often generates a ray of 

solution often called Euler tails that are not located over the true source particularly when the 
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assumed geological model is incorrect. Interference issues may occur when multiple, closely 

spaced sources exist thereby making Euler deconvolution to create false, scattered solutions in 

between the actual bodies. Noise sensitivity is another is another critical issue that often produces 

spurious solutions because the technique involves the calculations of derivatives which amplifies 

noise and data with low signal to noise ratios often produces erratic, non-physical or scattered 

outputs [84, 92]. 

RESULTS AND DISCUSSION 

Analytical Signal Map 

The analytical signal (AS) map enhances the variations in the magnetization of magnetic sources 

and highlights peaks of magnetic signatures in the study area. The legend of AS map (Figure 3) 

reveals a value range of 0.0002 to 3.4127 nT/m with its highest peak (0.2071 to 3.4127 nT/m) 

mostly concentrated at the NE-SW portions of the area while the lowest peaks (0.0136 to 

0.0002nT) could be observed as splashes and dots of splashes concentrated from the NW and 

distributed across the SE portion trending more prominently to the NS portion of the area. Areas 

observed to exhibit high values from the Analytical Signal maps suggests that the structural 

features over those areas are playing host to these shallow sources or the lineaments in the areas 

were filled with magnetic minerals [92]. Anomaly values that ranged from 0.00 to 0.12 nT/m, with 

highest peak of 0.02 to 0.12nT/m have been reported in Abeokuta and its environs [93-94] 

 

Figure 3:  Analytical Signal Map of Ilorin and its environs 
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3D-Euler Deconvolution Technique 

This 3D Euler Deconvolution technique play a crucial role in analyzing magnetic data for the 

purpose of determining the depth of the interface between sedimentary and basement rocks. The 

precision of its outcomes is heavily impacted by elements like the structural index, sampling 

frequency and the quality of the Magnetic data. Additionally, a thorough grasp of the subsurface 

geological environment is crucial [76-77]. Euler’s homogeneity equation which incorporates a 

base level for the background magnetic field can be represented as follows: 

(𝑝 −  𝑝0) 
𝜕𝐻

𝜕𝑝
+ (𝑞 −  𝑞0)

𝜕𝐻

𝜕𝑞
 + (𝑟 −  𝑟0)  

𝜕𝐻

𝜕𝑟
 =  𝑁(𝐵 −  𝐻)   (19) 

In this context, H represents the total magnetic field observed at the coordinates (p, q, r) with the 

source located at (𝑝0, 𝑞0, 𝑟0). B represents the regional or background field while N otherwise 

termed the structural index indicating the level of uniformity. The structural index measures how 

quickly the magnetic field diminishes and is closely linked to the shape of the magnetic source 

[74-76]. The expressed equation above (19), which contains four unknowns 𝑝0, 𝑞0, 𝑟0  and B can 

be solved through a least square mathematical approach. 

In this study, 3D Euler Deconvolution method was used to estimate the depth to the basement of 

anomalies density present in the study area. The collected datasets were tested for different source 

geometries i.e., Contacts, thin beds, horizontal cylinders, and spheres which correspond to 

structural indices of 0, 1 and 2 respectively as captured in structural index for geological model 

(Table 1). Only the Euler solutions corresponding to source geometry of thin beds 

(faults/dykes/sills) of S.1=1 in the magnetic column was considered appropriate to be used (Table 

1). Therefore, the map (Figure 4) shows the result of Euler Solution for the structural index of 1 

which is used to solve for source geometry of a thin bed fault. This solution was considered more 

appropriate because it contains less spurious solutions after windowing and geologically 

meaningful interpretations can be deduced from the map. A depth range of 96m to 292m which 

was considered to be the depth range of near surface contact intrusive rocks was recorded while 

the maximum depth range of 268m to 292m depicts the location of long wavelength magnetic 

anomalies. While the entire depth values ranged from 96m to 292m, the patterned continuous 

elongation of contours and the NNE and SSW parts of the study area conforms to the fault 

structures interpreted in qualitative analysis and when compared with the geological map of Ilorin 

and its environs. The light blue/deep blue colourations of the patterned contours interpreted as 

fault structures shows that they were found to be at shallow depths. The presence of fault/structures 

serves as conduits or entrapment for solid or ore minerals as well as groundwater accumulation. 

Table 1: Structural Index for Geologic Models [65, 74-76] 

Geological Model Number of Infinite 

Dimension 

Gravity S1 Magnetic S1 

Sphere 0 2 3 

Pipe 1(Z) 1 2 

Horizontal Cylinder 1(X or Y) 1 2 

Dyke 2(Z and X or Y) 0 1 

Sill 2(X and Y) 0 1 

Contact 3(X, Y and Z) 0 0 
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Figure 4: 3D Euler Solution Map (S.I = 1) of Ilorin and its environs 

CONCLUSION 

 This study focuses on using high-resolution aeromagnetic data to investigate subsurface 

geological structures situated within the schist and Migmatite-Gneiss complex over Ilorin and its 

environs (sheet 223), North-Central Nigeria.  This study has revealed the robustness of a 

simultaneous Euler deconvolution of both horizontal and vertical gradients with respect to noise. 

The application of Euler deconvolution to a complex quantity like analytic signal produced 

superior outputs when compared with those derived from the conventional approach of the 

deconvolution of the analytic signal amplitude. The techniques for the computation of field 

gradients in a clean pattern were highlighted alongside with the suggested new technique for 

rejecting invalid Euler solutions while the modified Euler deconvolution algorithm was equally 

demonstrated exemplifying it on synthetic models as well as on the high-resolution aeromagnetic 

data of the study area. Data acquired from the Nigerian Geological Survey Agency (NGSA) were 

processed using Geosoft Oasis Montaj. Key processing filters (e.g., low-pass Gaussian), and the 

application of derivative techniques to highlight geological structures such as faults and 

lithological boundaries. Euler Deconvolution was used as a quantitative measure to estimate the 

depths and dimensions of magnetic sources. The application of Euler deconvolution to a complex 

quantity like analytic signal produced superior outputs when compared with those derived from 

the conventional approach of the deconvolution of the analytic signal amplitude. Structural trends 

mainly aligned NNW–SSE and NE–SW, consistent with known tectonic features from the Pan-

African Orogeny. This study has enhanced the understanding of Ilorin’s geology using high-
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resolution aeromagnetic data. The analytical signal revealed a value range of 0.0002 to 3.4127 

nT/m while the 3D Euler Deconvolution revealed a depth value ranging from 95m to 292m; 

estimating the depth and geometry of magnetic sources. The integration of quantitative results 

indicates that the area is structurally complex, with multiple fractures, faults and lithological 

boundaries concealed beneath the surface. The analysis revealed variations in magnetic intensity 

linked to different rock types and degrees of metamorphism within the basement complex. Depth 

estimates from Euler deconvolution showed both shallow and deep magnetic sources. Overall, the 

study revealed significant structural features that can guide further geological, mineral and 

hydrogeological exploration in the area. The structurally controlled and anomalous zones 

identified should be considered for future mineral exploration due to their potential economic 

value. These features serve as potential targets for mineral deposits, groundwater accumulation, 

and geotechnical assessments. This study has demonstrated the effectiveness of aeromagnetic 

techniques in unraveling subsurface geology and supports informed resource management in Ilorin 

and its environs. Findings from this study can also support informed decisions in urban 

development and infrastructure planning across Ilorin and its environs. 
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