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ABSTRACT 

The study applied high-resolution aeromagnetic data for the 

characterization and consequent delineation of geological structures of 

Ado-Ekiti (sheet 244) and its environs in southwestern Nigeria. The 

principle of tensor Euler deconvolution was harnessed for the 

interpretation. The acquired data were processed using Excel package and 

Geosft Oasis Montaj 8.4v to model the subsurface topography. Euler 

Deconvolution (ED) showed the minimum depth of 132.2m and maximum 

depth of 2233.9m for shallow and deep magnetic sources, Werner 

Deconvolution (WD) were used to confirm magnetic anomalies and 

corresponding intrusive contacts like dykes and sills. The output from Euler 

deconvolution was associated with dykes with deeper depth range of 132.2 

beneath mean sea level. This study has therefore proven that the integration 

of Euler and Werner deconvolution techniques on the aeromagnetic data is 

valuable in the characterization of the subsurface geological structures 

delineation/ contact identification of most of the encountered structures in 

the area.  

1. INTRODUCTION  

The Earth's subsurface is a complex and dynamic system that holds valuable information about its 

geological history, mineral resources, and structural composition. Geophysical methods, 

particularly magnetic surveys, have proven to be effective tools for investigating subsurface 

structures, especially in basement complex terrains [1]. Magnetic surveys measure variations in 

the Earth's magnetic resulting from the impacts of magnetic minerals in the rocks, providing 

insights into the depth and geometry of magnetic sources [2]. Magnetic surveys explore the 

subsurface geology due to the corresponding anomalies in the Earth’s magnetic field particularly 

from the magnetic properties of rocks below the earth surface.  
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The delineation of depth to basement rocks and corresponding surface mapping of the topographic 

are accomplished through these techniques. Hence, structures and depths to basement rocks are 

delineated and mapped using field magnetic data in accurate manners [3]. Integrating Euler 

deconvolution and Werner Filtering (Werner deconvolution in geophysical in Geophysical 

context) enhances magnetic exploration by using Euler for fast, semi-automatic depth estimation 

and source location from potential field data, while Werner filtering optimizes the data by 

removing noise and isolating the residual anomalies that Euler deconvolution requires. This 

synergy provides more accurate and reliable basement depth maps and geological insights by 

addressing limitations inherent in each technique, leading to improved interpretations of 

subsurface structures and better targeting for resource exploration [4−12]. There are numerous 

benefits of the integration and juxtaposition of Euler deconvolution and Werner deconvolution in 

geophysical investigation. Werner filtering effectively removes noise and separates regional 

background fields from the residual anomalies that significantly beneficial in exploration studies, 

providing cleaner input data for Euler deconvolution [13−15]. By focusing on the signal of interest, 

the integrated approach leads to enhanced source delineation by focusing on the signal of interest, 

by creating allowance for more precise identification of geological sources like faults, dykes, and 

intrusive bodies. It creates opportunities for the provisions of more reliable depth estimates as the 

input data processed by Werner filtering leads to more coherent and accurate depth solutions from 

the Euler deconvolution, giving clearer picture of the magnetic basement [16−17]. It leads to a 

detailed and comprehensive interpretations of he acquired data by providing both the depth to 

magnetic sources from Euler solution and the geological context from Werner-filtered data, 

leading to a more complete organization of the geometry of the subsurface structure [18]. Euler 

deconvolution and Werner Filtering have over the years served as complementary tools in data 

preprocessing and  processing  as Wiener filters were used to estimate the background field and 

the noise within the observed magnetic data [4, 19−52]; the filter’s output, after removing the 

background and noise, is a residual anomaly map [53]; the residual map outlines and pinpoints the 

observed anomalies caused by shallow geological structures and the magnetic basement, which is 

essential for accurate depth estimation [54−55]. Euler deconvolution technique has been highly 

instrumental in depth estimation. It processes the residual anomalies for the determination of 

location and the corresponding depth of magnetic sources [56−57], it uses the relationship between 

the magnetic field data and its consequent derivatives to provide a semi-automatic solution 

[58−67], the solutions from Euler deconvolution are windowed and filtered to remove spurious 

solutions and ensure the accuracy of the final depth models [65−67]. 

The integration Euler deconvolution and Werner Filtering has been of immense geological insights 

because it allows for a better understanding of subsurface structures [68−70], it can reveal different 

basement depths, identifying shallower sources that might indicate areas of mineralization or 

deeper sources that define the overall basin structure [71−72]. Also, this integrated analysis 

supports broader geological mapping and aids in identifying areas with potential for resource 

deposits [73−74]. Furthermore, the integration of Euler and Werner deconvolution enhances litho-

structural identification, improves contact location accuracy, and refines magnetic basement depth 

estimations leveraging each method’s strength; Euler deconvolution a structural index-based  

technique, excels in locating 2D and 3D sources with variable depths and provides a measure of 

source shape., while Werner deconvolution , a profile biased method, is effective for determining 

depths to individual sources particularly thin dykes, based on a polynomial fit. Euler’s integration 

with Werner deconvolution can reduce the profile-bias Werner and account for the varying source 

shapes that Euler deconvolution can identify, thus providing more reliable results than either 

method alone [75−79].  The impact of the integration can be observed in improved litho-structural 

identification where the combination of Euler’s ability to delineate faults and sources of varying 

structural indices with Werner’s sensitivity to individual contact can help map complex geological 
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structures with greater confidence [80−88]; it provides an enhanced contact location since Werner 

deconvolution is excellent at identifying contacts, especially for thin dykes, whereas Euler 

deconvolution can make possible provision for location and associated depth information for 

sources with different shapes, such as contacts and faults. The integration allows for a more 

comprehensive identification of lithological boundaries [86−88]; it provides more reliable 

magnetic basement depth because Euler deconvolution estimates source depths with a structural 

index allowing for different source shapes, while Werner deconvolution provides a detailed depth 

estimate for simpler 2D sources. Their integration can improve reliability of depth estimations by 

validating findings and covering the limitations of each method [89−90].  In terms of method and 

application, Euler deconvolution solves a system of equations relating field gradients to the 

location and depth of magnetic sources, and a structural index (SI) applicable to 2D and 3D data 

while Werner deconvolution fits a polynomial to the observed magnetic field data and its 

derivatives, based on the assumption of thin, isolated sources primarily designed and applicable 

for 2D profile Data. In terms of source shapes, Euler deconvolution accounts for various source 

shapes like dykes, faults, contacts, prisms using the structural index and the output provides source 

locations (x, y, z), depth, and a structural index value while Werner deconvolution is best suited 

primarily for thin sheets and dykes or sources composed of multiple thin dykes and the 

corresponding outputs yield a more detailed depth estimation to a source based on a best-fit 

polynomial. Based on window biasness, Euler deconvolution is more resistant to window size 

variation but can be sensitive to poor structural index choices while Werner deconvolution is more 

sensitive to data window size and the presence of nearby sources. Certain technical conditions are 

considered before Euler deconvolution and Werner deconvolution can be integrated in field 

potential gradient studies; when both 2D and 3D geological structures are present, Euler 

deconvolution can provide a broader picture, while Werner deconvolution can be used to detail the 

depths and boundaries of specific 2D features [91−93]; findings can be validated from one method 

by cross-referencing with the results of the other [94]; for mineral exploration and engineering 

projects where accurate mapping of faults, basement depth, and sedimentary thickness is crucial 

[95−101]. 

The need to map the depth to the basement in Ado Ekiti and its environs has become more crucial 

due to urbanization, infrastructural development, and the potential for discovering mineral 

resources. Delineation and mapping of the basement depth provides a critical and significant field 

information of the depth at which the basement rocks lie beneath the overlying sedimentary layers. 

This study aimed at determining depth to the magnetic basement using magnetic survey data cum 

depth estimation of the causative bodies in Ado Ekiti and its environs using the combined effects 

of Euler and Werner Deconvolutions. 

STUDY AREA 

Location and Accessibility  

Ado-Ekiti Local Government Area is bounded on the North and West by Ifelodun/Irepodun Local 

Government Areas while other neighbouring towns like Aiyekire, Ikere, and Ekiti South-West 

Local Government Areas are found on the East and South. The area is generally accessible by 

major and minor roads, as well as footpaths, facilitating easy navigation for surveying, though the 

condition of some federal roads in the state can pose challenges [102]. 

Physiography and Geology of the Study Area 
Ekiti State is located between longitude 40 5’ and 50 45’ East of the Greenwich meridian and between 

latitude 7ᵒ 15’ and 8ᵒ 5’ North of the equator. The state is largely situated on an upland zone, rising well 

above the mean sea level with over 250m. On the general overview of the outlay, the study area possesses 

an undulating land surface area with a conspicuous landscape that is principally characterized by old plains 
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divided by steep-sided out-cropping dome rocks whose field occurrence are displayed in single fashion 

while others appear in groups or clusters of ridges. Ekiti State and its environs is typically a tropical climate 

characterized by two seasons that are of distinct representations, which are the wet season that runs from 

April to October and the dry season that runs from November to March. The topographic feature of the 

study area is predominantly an undulating plain with elevations whose approximate values above sea level 

varying from 200m in the southeast to 500m in the northeast. The prominent steep-sided outcropping dome 

rocks that punctuated the landscape is often referred to as inselbergs. The area forms the source of several 

streams, including Amu, Awedele, Ajilosun, and Adere. River Ajilosun, for instance, flows in a North-East 

to South-West direction and contributes to the larger Ogbese drainage basin [102].  

The geologic framework and subsequent attributes of the area is typical of the migmatite gneiss 

complex rocks emanating from the Precambrian Basement Complex of southwestern Nigeria, it is 

comprised of different rocks and associated mineral assemblages namely undifferentiated granite, 

charnockitic rocks, gneisses, schist/quartz schists. migmatite gneiss rocks, porphyritic biotite-

hornblende granite, alongside the superficial deposit of clay and quartzite, medium to coarse 

granite which are often associated with mineral resources and groundwater potential potentials of 

the area (Figure 1). The resultant effect of the association of the fine-grained charnokite and the 

porphyritic biotite-hornblende granite gives a suggestive outcome of a common age [103]. One of 

the notable area that serves as a miniature of the geology of southwestern Nigeria is Ado-Ekiti 

because the generality of the rocks in southwestern Nigeria with the exception of the schistose 

rocks are found in Ado-Ekiti. The Migmatite-quartzite complexes ranking as the oldest rocks into 

which other rocks (older granite, charnokite, aplite and quartz veins) later got intruded. During the 

Pan-African orogeny, the charnokites and the older granites intruded into these host rocks. Well 

over 60% of the study area is covered by Migmatite-gneiss (Figure 1) and was later intruded by 

other rocks in successions. The occurrence and representation of Migmatite rock exposures is in 

form of highly denuded hills essentially comprised of fine textures. The mafic portion of the rocks 

are principally composed of biotite, hornblende and opaque minerals while quartzo-feldspartic is 

a typical constituent of the felsic portion. The compositional variations displayed by the rock 

minerals is an indication of closely spaced alternating bands of leucocratic minerals (quartz and 

feldspars) and melanocratic minerals revealing the preponderance of biotite minerals. White to 

gray colourations exhibited by quartzite in the study area are typically due to varying iron-oxide 

in the rock.  Good examples of massive quartzite outcrops with heights of 100m above the 

surrounding terrain are observed occur around the southwestern portion of the study area. Quartzite 

is highly resistant to chemical weathering and often constitutes ridges and resistant hilltops. The 

observed shape of the outcropped charnokitic hilly rocks either oval or semi-circular hills ranging 

between 5 and 10m high with abundance of granite boulders distributed in some other outcrops. 

Ilara Mokin and Ipelu feature schists, gneisses, dolerite, and granites, shaped by tectonic 

deformation and weathering, leading to lateritic soils and inselbergs. Araromi, Ijare, and Italepo 

Oda are dominated by high-grade metamorphic rocks like gneisses, schists, and granites, with 

prominent folds and fractures reflecting regional tectonics. Ita Ogbolu and Ago-Binuyo exhibit 

coarse-grained granites, foliated gneisses, and pegmatites, shaped by intrusive and metamorphic 

events. Ise, Awodeyi, and Emure Ekiti also lie within this complex and show similar lithological 

compositions and tectonic imprints, with variations in mineralization and metamorphism intensity. 

The region experiences a tropical climate with distinct wet (March–November) and dry 

(December–February) seasons, which accelerate weathering and influence soil formation. The 

geology across these locations reflects uniform Basement Complex characteristics, with 

implications for structural mapping, mineral potential, and geotechnical applications [102, 

104−107]. The structural features like folds, faults, fractures, and shear zones found in the study 

area were typically due to the resultant effects of the shaping of the rock units during the Pan-

African Orogeny (~600 Ma). 
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Figure 1:  Inset map showing the Geology of the study area in connection with Nigeria Basement 

Complex [102] 
 

MATERIALS AND METHODS 

Theoretical Background and Modeled Formulation Techniques 

Principles of Euler deconvolution 

Euler deconvolution has been instrumental and applicable in different form to geophysical 

exploration studies involving gravity and magnetic for about sixty years. The principles of 

operations are based on Euler’s homogeneity equation that was enunciated as far back as 

eighteenth century [108]. The documentation of Euler deconvolution principles can be traced back 

to the technical reports of [109] who earlier penned down Euler’s homogeneity equation for the 

magnetic case and consequently derived the associated structural indices for a point pole and for a 

point dipole.  The study of Euler deconvolution was enhanced by [110] who further understudied 
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and implemented the varying method of application of Euler deconvolution to modeled and real-

time field acquired data along established profiles. This was accompanied by the work of [107] 

following up the suggestive publication of [110]; he developed the equivalent method operating 

on the gridded magnetic data otherwise known as 3D Euler deconvolution. The conceptual 

framework of the zero structural indexes for a contact was equally introduced and the Euler 

deconvolution was suggested as the recognized name.  It was afterwards suggested that the method 

could be applied to gravity data and gravity gradient data. The varying applications of the 

conventional Euler deconvolution to gravity data and gravity gradient data have been undertaken 

by several auhors [102, 111−136]. However, most of the investigative research outcomes in these 

studies were centered on model simulation of the acquired data or the utilization of the three 

principal gravity gradients calculated from the computed vertical component of the observed 

gravity.  

The Euler deconvolution technique can be harnessed for speed interpretation of any potential field 

data in terms of depth and geological structure. The basic conceptual framework of Euler 

deconvolution can be reviewed and tensor Euler deconvolution can be derived for gravity tensor 

gradient data 

Conventional Euler deconvolution 

Conventional Euler deconvolution (CED) utilizes three orthogonal gradients of any potential 

quantity as well as the potential quantity itself both for source locations and corresponding depth 

determination expressed in equation 1. 

(f − 𝑓0)Џℎ𝑓 + (g − 𝑔0)Џℎ𝑔 + (h −  ℎ0)Џℎℎ = W (ȣℎ − Џℎ)       (1) 

considering the potential  anomaly vertical component  Џℎ of a given body possessing a 

homogeneous gravity field as shown in equation 1, where 𝑓0, 𝑔0, and  ℎ0 are the unknown co-

ordinate systems of the source body centre or the estimated edge while the f, g and h are known 

co-ordinate systems of the observation point of the potential gradients. The values and Џℎ𝑓, Џℎ𝑔, 

and  Џℎℎ are the measured potential gradients along the f−, g− and h− directions; W represents the 

structural index; and ȣℎ represents the regional value of the gravity to be estimated. Equation (1) 

can be modified to produce equation (2). 

𝑓0Џℎ𝑓 +  𝑔0Џℎ𝑔 +  ℎ0Џℎℎ + Wȣℎ  = f Џℎ𝑓 + gЏℎ𝑔 + hЏℎℎ + WЏℎ   (2) 

Four unknown parameters (𝑓0,  𝑔0,  ℎ0, ȣℎ) are identified in equation (2) and there are n number 

of observation data points available for the derivation of the four unknown parameters. When the 

number is configured to be greater than four (n > 4), these parameters can be estimated using 

Moore-Penrose inversion Scheme or equivalent techniques [108, 137]. 

Tensor Euler deconvolution 

Tensor Euler deconvolution (TED) is inherently patterned for the consideration of the full potential 

gradient tensor and all components of the anomaly vector. It encompasses the conventional Euler 

equation (1) and utilizes two somewhat similar additional equations for the horizontal components 

are expressed in equation (3) and (4):  

(f − 𝑓0) Џ𝑓𝑓 + (g − 𝑔0) Џ𝑓𝑔 + (h −  ℎ0) Џ𝑓ℎ = W (ȣ𝑓 − Џ𝑓)       (3) 

(f − 𝑓0) Џ𝑔𝑓 + (g − 𝑔0) Џ𝑔𝑔 + (h −  ℎ0) Џ𝑔ℎ = W (ȣ𝑔 − Џ𝑔)       (4) 
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The values of  Џ𝑓 and  Џ𝑔 are the respective horizontal components of the potential vector along 

the f− and g− directions. If the horizontal component values are not available, these components 

can be derived from the vertical components or computed from the process of deconvolution. The 

list of values Џ𝑓𝑓, Џ𝑓𝑔,  Џ𝑓ℎ;  Џ𝑔𝑓,  Џ𝑔𝑔,  Џ𝑔ℎ are potential tensor gradients. ȣ𝑓 and ȣℎ are the 

regional values of the horizontal components to be estimated if values  Џ𝑓 and  Џ𝑔 are available, 

otherwise the quantities (ȣ𝑓 − Џ𝑓) and (ȣ𝑔 − Џ𝑔) can be further projected in the process. Therefore, 

n observation data points give rise to the product of 3 and n set of equations comprising of six 

unknowns (3n) but when n is found to be greater than 2 (n > 2), we can make calculation for the 

source position as well as the regional values using Moore-Penrose inversion scheme or its 

equivalent techniques. The merits of tensor Euler deconvolution is that all the measured tensor 

gradients are fully exploited and additional constraints are fashioned on the Euler solutions [108]. 

Application Euler deconvolution on different data types 

CED technique can be applied to profile data with 2-D Euler using a mobile window of n equally 

spaced nodes or gridded data with 3D Euler using a window size of n×n grid nodes. Although, 

using profile data ignores leveling problems, its principal pitfall lies on its true recognition of the 

2D source structures [108]. Furthermore, since observational space is an integration of 

multidimensional responses, the output of the 2D approximations in solutions possessing greater 

level of scattering compared to the grid-based methods. TED technique possesses additional merits 

over the CED in its utilization of measured gradients rather than the computed gradients. This 

singular advantage recognizes the multidimensional technical responses, and the deconvolution 

procedures can be implemented without gridding the data. It’s very inherent attribute of resampling 

of data onto profiles and grids is in essence an interpolation and functions as a low-pass filter for 

data that are prone to be more closely spaced than the node spacing. For this to be proven, CED 

and TED Programs are modified to conform to the irregularly spaced data representing ungridded 

data. However, adopting this form can lead to the formation of slower code when changing the 

position of the window within irregular data. 

Application Euler deconvolution on simulation studies 

Euler deconvolution can be applied on simulation studies using three models (point, prism and 

cylindrical mass models) purposely used to verify the Euler deconvolution methods and to 

demonstrate concepts that are related to gravity tensor gradients; these three models can be 

reviewed in the context of Euler deconvolution methods.  

Point mass model (PoMM) 

The potential for the point mass model is expressed in equation (5)  

Џ = − 
𝐺𝑀

𝑟
            (5)  

where 

 r = [(𝑓 −  𝑓0) 2  +  (𝑔 −  𝑔0) 2  +   (ℎ −   ℎ0) 2]
1

2       (6) 

G is the gravitational constant; M is the mass and Џ is the disturbing potentials.  If the first 

derivative is taken along the f−, g− and h− directions, equation (7), (8) and (9) are consequently 

produced 

Џ𝑓 = 
𝜕Џ

𝜕𝑓
  = 𝐺𝑀

(𝑓 − 𝑓0) 

𝑟3            (7) 

Џ𝑔 = 
𝜕Џ

𝜕𝑔
  = 𝐺𝑀

(𝑔 − 𝑔0) 

𝑟3            (8) 

Џℎ = 
𝜕Џ

𝜕ℎ
  = 𝐺𝑀

(ℎ − ℎ0) 

𝑟3            (9) 
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These formular for gravity anomaly are homogeneous of -2 degree. If the second derivatives of 

the disturbing potentials are taken along the f−, g− and h− directions, six of the nine second 

derivatives are produced as expressed in equation (10), (11), (12) (13), (14) and (15).  

Џ𝑓𝑓 = 
𝜕2Џ

𝜕𝑓2  = 𝐺𝑀
−3(𝑓 − 𝑓0)2+ 𝑟2 

𝑟5           (10) 

Џ𝑓𝑔 = 
𝜕2Џ

𝜕𝑓𝑔
  = 𝐺𝑀

−3(𝑓 − 𝑓0)(𝑔 − 𝑔0) 

𝑟5           (11) 

Џ𝑓ℎ = 
𝜕2Џ

𝜕𝑓ℎ
  = 𝐺𝑀

−3(𝑓 − 𝑓0)(ℎ − ℎ0) 

𝑟5           (12) 

Џ𝑔𝑔 = 
𝜕2Џ

𝜕𝑔2  = 𝐺𝑀
−3(𝑔− 𝑔0)2+ 𝑟2 

𝑟5           (13) 

Џ𝑔ℎ = 
𝜕2Џ

𝜕𝑔ℎ
  = 𝐺𝑀

−3(𝑔 − 𝑔0)(ℎ − ℎ0) 

𝑟5           (14) 

Џℎℎ = 
𝜕2Џ

𝜕ℎ2  = 𝐺𝑀
−3(ℎ− ℎ0)2+ 𝑟2 

𝑟5           (15) 

The remaining three other second derivatives can obtained using the symmetry features of the 

second derivative (Џ𝑓𝑔 =  Џ𝑔𝑓, Џ𝑓ℎ =  Џℎ𝑓, Џ𝑔ℎ =  Џℎ𝑔). All formulations are somewhat 

homogeneous of a degree of −3, with Џ satisfying the Lapalace equation as Џ𝑓𝑓+ Џ𝑔𝑔+ Џℎℎ = 0 

[102, 108]. 

The foretasted derivative relations between the disturbing potentials, gravity anomaly vector, and 

gravity tensor gradients result to varieties of distance weightings. These weight functions are 

representatives of inverse distance, inverse square distance and inverse cube distance respectively 

for the disturbing potential, the gravity anomaly and for tensor gradients which is much more 

conspicuous along the radial direction. In addition, the tensor gradient data with the accompanied 

rapid fall off extent with distance are less altered by possible interference from neighbouring 

geological structures than the other two [108, 138]. It also follows that gravity tensor gradients are 

more sensitive to shallower geological structures. The combination of the point model equations 

successively results in equation (16), (17), and (18).  

(f − 𝑓0)Џ𝑓𝑓 + (g − 𝑔0)Џ𝑓𝑔 + (h −  ℎ0)Џ𝑓ℎ = 𝐺𝑀
−2(𝑓 − 𝑓0) 

𝑟3   =  −2Џ𝑓   (16) 

(f − 𝑓0)Џ𝑔𝑓 + (g − 𝑔0)Џ𝑔𝑔 + (h −  ℎ0)Џ𝑔ℎ = 𝐺𝑀
−2(𝑔 − 𝑔0) 

𝑟3   = −2Џ𝑔   (17) 

(f − 𝑓0)Џℎ𝑓 + (g − 𝑔0)Џℎ𝑔 + (h −  ℎ0)Џℎℎ = 𝐺𝑀
−2(ℎ − ℎ0) 

𝑟3   = −2Џℎ   (18) 

This reveals that the model of the point mass appropriately fulfils the conditions of the Euler 

deconvolution methods for a structural index of two.  

Prism mass model (PrMM) 

Closed mathematical formulations for field potential anomaly have been systematically derived 

earlier by [139−140]. The formulae for potential field gradient were discovered in [141] Forsberg 

(1984). The lists of the formulae derived by [139] and [141] were compared by the formulae 

derived by [108] and further crosschecked with the Laplace equation and closed formulae for the 

horizontal components of the potential anomaly vector were consequently derived for this study. 
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In order to validate the Laplace equation derived for the prism mass model, the set of formulae of 

potential field and gradients for a prism model were defined by their respective co-ordinates 𝑥1, 

𝑥2,  𝑦1, 𝑦2, 𝑧1, and 𝑧2 as displayed in Figure 2 and sequentially expressed in equation (19), (20), 

(21), (22), (23), (24), (25), (26), and (27). 

 

Figure 2: A prism mass model with respective coordinates [102] 

Џ𝑓 = 𝐺∆𝜌 {𝑦 ln( 𝑧 + 𝑟1) + 𝑧 ln(𝑦+ 𝑟1) −  𝑥 tan−1 𝑦𝑧

𝑥 𝑟1
} × |

𝑓 −     𝑥2

𝑓 −   𝑥1
| |

𝑔 −     𝑦2 

𝑔 −   𝑦1
| |

ℎ −     𝑧2 

ℎ −   𝑧1
| (19) 

Џ𝑔 = 𝐺∆𝜌 {𝑥 ln( 𝑧 + 𝑟1) + 𝑧 ln(𝑥+ 𝑟1) −  𝑦 tan−1 𝑥𝑧

𝑦 𝑟1
} × |

𝑓 −     𝑥2

𝑓 −   𝑥1
| |

𝑔 −     𝑦2 

𝑔 −   𝑦1
| |

ℎ −     𝑧2 

ℎ −   𝑧1
| (20) 

Џℎ  = 𝐺∆𝜌 {𝑥 ln( 𝑧 + 𝑟1) + 𝑦 ln(𝑥+ 𝑟1) −  𝑧 tan−1 𝑥𝑦

𝑧 𝑟1
} × |

𝑓 −     𝑥2

𝑓 −   𝑥1
| |

𝑔 −     𝑦2 

𝑔 −   𝑦1
| |

ℎ −     𝑧2 

ℎ −   𝑧1
| (21) 

Џ𝑓𝑓 =  −𝐺∆𝜌 tan−1 𝑦𝑧

𝑥 𝑟1
 |

𝑓 −     𝑥2

𝑓 −   𝑥1
| |

𝑔 −     𝑦2 

𝑔 −   𝑦1
| |

ℎ −     𝑧2 

ℎ −   𝑧1
|     (22) 

Џ𝑓𝑔 = −𝐺∆𝜌 ln(𝑧 +  𝑟1)    |
𝑓 −     𝑥2

𝑓 −   𝑥1
| |

𝑔 −     𝑦2 

𝑔 −   𝑦1
| |

ℎ −     𝑧2 

ℎ −   𝑧1
|     (23) 

Џ𝑓𝑧 = −𝐺∆𝜌 ln(𝑦 +  𝑟1)    |
𝑓 −     𝑥2

𝑓 −   𝑥1
| |

𝑔 −     𝑦2 

𝑔 −   𝑦1
| |

ℎ −     𝑧2 

ℎ −   𝑧1
|     (24) 

Џ𝑔𝑔 = −𝐺∆𝜌 tan−1 𝑥𝑧

𝑦 𝑟1
   |

𝑓 −     𝑥2

𝑓 −   𝑥1
| |

𝑔 −     𝑦2 

𝑔 −   𝑦1
| |

ℎ −     𝑧2 

ℎ −   𝑧1
|     (25) 

Џ𝑔ℎ  = −𝐺∆𝜌 ln(𝑥 +  𝑟1)    |
𝑓 −     𝑥2

𝑓 −   𝑥1
| |

𝑔 −     𝑦2 

𝑔 −   𝑦1
| |

ℎ −     𝑧2 

ℎ −   𝑧1
|     (26) 

Џℎℎ  = −𝐺∆𝜌 tan−1 𝑥𝑦

𝑧 𝑟1
   |

𝑓 −     𝑥2

𝑓 −   𝑥1
| |

𝑔 −     𝑦2 

𝑔 −   𝑦1
| |

ℎ −     𝑧2 

ℎ −   𝑧1
|     (27) 
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Where  𝑟1 = (𝑥2  + 𝑦2  + 𝑧2 )
1

2 . ∆𝜌 is a mathematical symbol representing the density anomaly for the 

prism mass model. Laplace equation is further integrated to check the already derived formula. 

Џ𝑓𝑓 + Џ𝑔𝑔+ Џℎℎ = −𝐺∆𝜌 [ tan−1 𝑦𝑧

𝑥 𝑟1
+ tan−1 𝑥𝑧 

𝑦 𝑟1
 + tan−1 𝑥𝑦

𝑧 𝑟1
] |

𝑓 −     𝑥2

𝑓 −   𝑥1
| |

𝑔 −     𝑦2 
𝑔 −   𝑦1

| 

|
ℎ −     𝑧2 

ℎ −   𝑧1
|             (28) 

Џ𝑓𝑓 + Џ𝑔𝑔+ Џℎℎ = −𝐺∆𝜌 [ tan−1 𝑦𝑧

𝑥 𝑟1
+ tan−1 𝑥 𝑟1 

𝑦𝑧
 ] ×  |

𝑓 −     𝑥2

𝑓 −   𝑥1
| |

𝑔 −     𝑦2 

𝑔 −   𝑦1
| |

ℎ −     𝑧2 

ℎ −   𝑧1
| (29) 

Џ𝑓𝑓 + Џ𝑔𝑔+ Џℎℎ = −𝐺∆𝜌  tan−1 [

𝑥𝑧

𝑥 𝑟1
 +

𝑥 𝑟1
𝑥𝑧

1−
𝑥𝑧

𝑥 𝑟1
 .

𝑥 𝑟1
𝑥𝑧

 ] × |
𝑓 −     𝑥2

𝑓 −   𝑥1
| |

𝑔 −     𝑦2 

𝑔 −   𝑦1
| |

ℎ −     𝑧2 

ℎ −   𝑧1
| (30) 

Џ𝑓𝑓 + Џ𝑔𝑔+ Џℎℎ = −𝐺∆𝜌  tan−1 [∞ ] × |
𝑓 −     𝑥2

𝑓 −   𝑥1
| |

𝑔 −     𝑦2 

𝑔 −   𝑦1
| |

ℎ −     𝑧2 

ℎ −   𝑧1
|  (31) 

Џ𝑓𝑓 + Џ𝑔𝑔+ Џℎℎ = −𝐺∆𝜌  tan−1 [
𝜋

2
 ] × |

𝑓 −     𝑥2

𝑓 −   𝑥1
| |

𝑔 −     𝑦2 

𝑔 −   𝑦1
| |

ℎ −     𝑧2 

ℎ −   𝑧1
|  (32) 

Џ𝑓𝑓 + Џ𝑔𝑔+ Џℎℎ = 0          (33) 

Two principal orientations are considered for the prism mass model. The first orientation possesses 

model sides that were parallel to the coordinate axes while the second orientation possesses model 

sides that were rotated through 450 about a vertical axis. The state of validition of Euler 

deconvolution for the prism mass model can be assessed by employing the analytical formulae Џℎ, 

Џℎ𝑓, Џℎ𝑔, and Џℎℎwithout the integral limits by the relationship in equation (34). 

Џℎ𝑓 + yЏ
ℎ𝑔

+ 𝑧Џℎℎ =  𝑥𝐺∆𝜌 ln(𝑦 +  𝑟1) + 𝑦𝐺∆𝜌 ln(𝑥 +  𝑟1) − 𝑧𝐺∆𝜌 ln
xy

z 𝑟1
 = Џℎ    (34) 

The structural index is equal to −1. This is evidently shown that the analytical formulation for the 

prism mass model excluding integral limits is homogeneous. However, the analytical formula of 

the prism mass model in line with the integral limits does not satisfy the homogeneity equation 

due to the fact that the prism mass model is a finite 3D source body and the contribution of the 

surrounding edges cannot be separated. This in turn leads to an effective structural index with 

accompanied varying distance, against an assumption within the theoretical provisions of Euler 

deconvolution with the attribute of constant SI due to a single simple source body [108, 143]. 

However, Euler deconvolution can still be applied to the prism mass model to obtain the required 

absolute Euler solutions [108]. 

Cylindrical mass model (CMM) 

A cylindrical mass model has been thoroughly harnessed for the effective evaluation of the Euler 

deconvolution methods. Due to the absence of concrete closed formula readily available for the 

computation of the required potential field anomaly vector as well as the tensor gradients of the 

cylindrical mass model, the algorithm was consequently developed by [144] can therefore be 

applied. For the body to be modeled in this method, it is exemplified by a polyhedron comprising 

of triangular facets. After this approach, the anomaly can be transformed into two horizontal 

components of the anomaly vector using the empirical formula adopted by Vening-Meinez 

enshrined with Fast Fourier transform [108, 145]. On the basis of these three components, the 

convolution and deconvolution techniques described by [146] and [147] can be utilized in deriving 
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the six independent potential tensor gradient components thereby making the Euler deconvolution 

techniques to be successfully applied to a cylindrical mass model with potential field and gradients 

numerically estimated. 

The Werner deconvolution technique is very resourceful and simple for preliminary interpretation 

of potential field data for isolated bodies [148−149]. Werner deconvolution technique operates on 

based on the assumption that the source is vertical thin dike, but it can be applied to other type of 

bodies with assumption that the body is made up of diverse thin dikes. The significance and 

profitability of the method is widened by the fact that the horizontal gradient of the total field 

induced by the edge of a thick interface body is equivalent to the total field from a thin dyke. This 

technique has been proven to be very much appreciable, as no initial model for the interpretation 

is required [149, 150−152].  [148] once presented a method of interpreting magnetic anomalies of 

two-dimensional sheet like causative bodies where the anomalies and the distances from the point 

of observation along the profile of investigation are arranged to form a linear equation with its 

coefficients related to the parameters of the sheet. The method is widely called Werner 

deconvolution technique. If this method is placed side by side in comparison with the conventional 

method like the curves that characterized the method, the expectation of Werner deconvolution 

method is to produce a better and more reliable result, since all the data in disposition on the profile 

are well utilized in the interpretation. If compared to the normal inversion method which gives 

recognition to the initial values of the parameters and iteratively improve them, we observe that 

Werner deconvolution is more accurate and less engaging because it does not require any initial 

values of the observed parameters to be fed or imputed to the computing system. Over the years 

there have been increasing tendencies on the application of Werner deconvolution method to the 

tracing of basement structures on the basis of surrounding clusters of fictitious positions of sheets 

[150−156]. [157] pointed that these aforementioned clusters are confined to contacts and faults in 

the basement on the conditions that they are widely separated and very steep but when moderately 

dipping, close, slightly shallow and smooth edge structures are encountered, the Werner’s method 

does not make provision for any reliable interpretation. In essence, we can draw our inferences 

and attest that the method is simple in terms of approach, fast in terms of speed of accomplishment 

and proven to be reliable only when it is confined for the interpretation of the associated anomalies 

with simple isolated geometric bodies.  

Although, the presentation of Werner deconvolution is with reference to the magnetic anomalies 

of sheets, yet, the method can be generally adapted to variety of geophysical models. According 

to [158], the observed anomalies or its horizontal derivative of a large set of field geophysical 

models can be re-organized to form a linear set of ordered equation of the type illustrated in 

equation (35). 

ℎ0 (𝐹𝑔, 𝑈𝑔) = 𝐾1 ℎ1 (𝐹𝑔, 𝑈𝑔) + 𝐾2 ℎ2 (𝐹𝑔, 𝑈𝑔) + 𝐾3 ℎ3 (𝐹𝑔, 𝑈𝑔) + …….+  𝐾𝑛 ℎ𝑛 (𝐹𝑔, 𝑈𝑔)    (35) 

where 𝑈𝑔 represents the anomaly or its horizontal derivative, while 𝐹𝑔  is a representation of the 

distance of the anomaly or the derivative measured from a fixed reference, ℎ0 (𝐹𝑔, 𝑈𝑔), ℎ1 (𝐹𝑔, 𝑈𝑔), 

…………….ℎ𝑛 (𝐹𝑔, 𝑈𝑔), are the functions that are easily computed from 𝐹𝑔, and 𝑈𝑔 and 𝐾1, 𝐾2, 

𝐾3, ……………….𝐾𝑛 are the unknown coefficients that are empirically linked with the model 

parameters. Linear equations corresponding to the above type can be transformed for each 

observation point while n normal equations are systematically derived and solved for the unknown 

coefficients. The coefficients, 𝐾1, 𝐾2, 𝐾3, ……………….𝐾𝑛 can be conclusively utilized to deduce 

the parameters of understudied model. The principal challenge with this method is that the linear 

equation generally possesses more coefficients than the observed parameters, with their 
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corresponding number increasing with the regional components of the anomaly present in the 

profile. Werner deconvolution method can be consequently modified by utilizing the positions of 

point pairs with equal anomaly values, instead of adopting varying individual points in the Werner 

deconvolution technique. Such a modification goes a long way in reducing the set of linear 

equations to a great extent. The modified method is therefore applied to both the synthetic and 

actual field data of a horizontal circular cylinder [159]. 

The generally adopted equation for the magnetic anomaly ∆H in any component either vertical, 

total or horizontal field along a profile of a horizontal circular cylinder is presented in equation 

(36) as provided by [160]. 

∆T =   K 
 [𝐻2 − (F − d)2] L− 2M[(F − d)] H

[(F − d)2 +𝐻2]2             (36) 

where H represents the depth to the centre of cylinder, F represents the interval or distance covered 

by the anomaly point P drawn from an arbitrary reference R in the profile, d is the lateral distance 

from the reference horizontally drawn from the reference to the position of the cylinder.  

K  = 2𝜋 𝑅2 S′                      (37)  

L = sin Φ′ and M = cos Φ′              (38) 

where Φ′ represents the dip of the effective magnetization and S′ and Φ′ in equation (37) and (38) 

respectively are the adopted generalized parameters connecting the magnitude of effective 

magnetization S, its dip Φ and direction 𝐷𝑚 along which the anomalies are measured by the 

equations (39) and (40) respectively. 

S′ = S  (1 −  𝑐𝑜𝑠2 𝛼 𝑐𝑜𝑠2 𝐷𝑚 )
1

2          (39)  

Φ′ = Φ − 𝑡𝑎𝑛−1 (
sin 𝛼

𝑡𝑎𝑛 𝐷𝑚
)        (40) 

The values of i, 
𝜋

2
, and 0 are captured by 𝐷𝑚 to be taken for anomalies in the total field and its 

corresponding vertical and horizontal components respectively. 𝛼 is the representation of the strike 

of the cylinder with positive measurement tilted towards the east from the magnetic north. 

Adapting an inversion scheme in an attempt to determine the values of d, H and Φ′ setting aside 

the size parameter K. The subsequent cross multiplication and rearrangement of individual terms 

in equation 36 yields a linear equation of the form expressed in equation (41).  

𝐹4∆T = 𝐾1𝐹3∆T + 𝐾2𝐹2∆T + 𝐾3𝐹∆T + 𝐾4𝐹2∆T+ 𝐾5𝐹∆T+ 𝐾6∆T+ 𝐾7.    (41) 

where  

𝐾1 = 4d  

𝐾2 = − (6𝑑2 +2𝐻2), 

𝐾3 = 4d (𝑑2 +𝐻2), 

𝐾4 = − L 

𝐾5 = 2 (𝐿𝑑 – 𝑀𝐻), 
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𝐾6 = − (𝑑2  + 𝐻2)2 and 

𝐾7 = − (𝐿𝐻2  − 𝐿𝑑2 + 2MdH) 

Equation (7) is a representation of the seventh order equation versus four unknown model 

parameters. However, two points can at least be located with which the anomaly values are equal 

on a profile. If 𝐹1 and 𝐹2 are the observed distances linked to the points of equal anomaly, ∆T =∆T 

(𝐹1) = ∆T (𝐹2) as displayed in Figure 4. Independently, 𝐹1 and 𝐹2 are expected to satisfy equation 

(41). The expression of such equations and consequent subtraction of one equation from the other 

yields the output expressed in equation (42). 

 (𝐹2 2+𝐹1 2) (𝐹2+ 𝐹1) ∆T = 𝐾1(𝐹2 2+𝐹1 2+ 𝐹1𝐹2) ∆T+𝐾2(𝐹2 2+𝐹1 2) ∆T+𝐾3∆T+𝐾4(𝐹2+𝐹1) +𝐾5      (42) 

 
Figure 3: Geometric Parameters of the modeled Vertical Cylinder [102]  

 

Figure 4: A modeled example of synthetic vertical magnetic anomaly profile over a horizontal 

cylinder [102, 108] 
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Equation 42 is a representation of fifth order equation for the four model parameters. This linear 

equation serves as a connector the calculable function (𝐹2 2+𝐹1 2) (𝐹2+𝐹1) ∆T to other calculable 

functions (𝐹2 2+𝐹1 2+ 𝐹1𝐹2) ∆T, ( 𝐹1+𝐹2) ∆T, ∆T and (𝐹2+𝐹1). Several sets of values of ∆T, 𝐹1 and 𝐹2 can 

be scaled from the field profile as displayed in Figure 4. Many linear equation of the form of equation (42) 

can be framed as the number of these sets with five constructed normal equations and their corresponding 

coefficients 𝐾1 to 𝐾5  are determined.  These coefficients are then utilized to sequentially calculates the 

values of d, H and  Φ′. The values of d and H are obtained from 𝐾1 and 𝐾2, while L and M are solved 

from 𝐾4 and 𝐾5, in successive pattern as  shown equation  43 to 48.  

d = 0.25𝐾1             (43) 

Z = [− 0.5(𝐾2  +  6𝑑2)] 
1

2            (44) 

L = − 𝐾4                         (45) 

M = 
−0.5 ( 𝐾5 + 0.5 𝐾1 𝐾4)

𝐻
           (46) 

Φ′ = 𝑡𝑎𝑛−1 (
𝐿

𝑀
)         (47) 

K = [𝐾2  +  𝑀2] 
1

2               (48) 

The method can therefore be programmed in order to determine the model parameters of the 

horizontal cylinder. Despite the possible minor errors that may ensue due to digitization procedures 

and measurement of distances, these techniques have proven to be satisfactory with the interpreted 

values matching closely with the synthetic data [161]. 

Data Acquisition and Processing. 

 The aeromagnetic datasets of Ado-Ekiti and its environs (sheet 244) 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 to sustain a constant 

coordinate system and avoid incoherence and misinterpretation of the acquired data by minimizing 

possible distortion over certain location in the study area as it is found within the UTM Zone 31N 

[162−163]. According to Nigerian Geological Survey Agency [164−165], 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 standard and established global datum utilized for determining varying position 

on the earth’s surface. The WGSS84 is a reference system used by the satellite navigation system 

like GPS harnessed in diverse mapping applications. It is also utilized for determining positions 

on the earth’s surface. The WGSS84 datum is defined and maintained by the United States 

National Geospatial-Intelligence Agency (NGA). Coordinates computed from GPS receivers are 

typically provided in terms of the WGS84 datum. WGS84 is 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 [164]. 

In this study, the Euler deconvolution algorithm provided by Geosoft Oasis Montaj ™ was used 

for source location and depth determination of causative magnetic bodies from gridded 

aeromagnetic data. The map thus produced from the processing reveals the locations and the 
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corresponding depth estimation of geologic sources from investigated profiles at estimated level 

of certainty. This is in line with works of [111]. Structural Index (SI) values 1.0 and 2.0 were used 

on the bases of available geological models of the source to be individual dykes, sills and 

horizontal cylinder as in this case of large plutons respectively [167]. The derived solutions were 

further polished by using the windowing technique in order to reduce uncertainty to the barest 

minimum. This was accomplished by considering the obtained Euler deconvolution solutions to 

accept maximum % depth tolerance of 10%, thus depth uncertainty (DZ in %) greater than 10% 

were rejected consequently. Similarly, Horizontal uncertainty (DX in %) was set to 20% which 

automatically opens mask to the outputs that fall out of the specified windows. Minimum window 

size was adopted since the maximum width of anomaly dependent on field observation around 

250m [168]; this value ensures that a solution point constitutes a single anomaly point while the 

general solutions were obtained by plotting only solutions that are within acceptable limit in order 

further reduce possible spurious results. 
 

RESULTS AND DISCUSSION 

Total Magnetic Intensity Map of Ado- Ekiti 

The total magnetic data was gridded with a 100m grid space to show the spatial distribution of 

negative anomaly. The amplitude of a magnetic anomaly is directly proportional to magnetization 

which depends on magnetic susceptibility of the rocks [1, 170]. The magnetic intensity level in the 

study area ranges from -977nT to 428nT.  Which revealed the lithological variation of the 

subsurface of the study area classified as high and low amplitudes with patches of 

intermediate/moderate magnetic amplitude (Figure 5). Some negative magnetic values signifying 

prominent low amplitude magnetic anomalies ranges from -977nT to -1nT displayed in blue color 

in the Northern and southwest portion of the study area with further distribution in patches as a 

result of low magnetic rocks present in the study area namely un differentiated schists, quartz, 

porphyritic granite and migmatite gneiss that are noted for low magnetic signature [1, 170]. The 

regions of intermediate/moderate amplitude of magnetic anomaly range in values from 1 to 61are 

displayed in green and yellow colors. These were distributed across the study area which may be 

due to the presence of moderately high magnetic rocks (biotite-rich granite and migmatite-gneiss) 

formed under metamorphic condition. The total-field exhibiting high amplitude anomalies is 

associated with high intensities ranges from 68nT to 428 nT. Shown in red and pink colors were 

mostly observed in the central portion of the study area with patches in the NW and SW portions 

of the TMI map (Figure 5). These values identify charnockite, porphyritic granite as constituent 

rocks in Ijare, Ilara-Mokin and other settlements 

Charnockites are a type of igneous rock that contains significant amounts of orthopyroxene which 

can be associated with increased magnetic susceptibility. Porphyritic Granite with its distinctive 

large feldspar phenocrysts can also exhibit varying magnetic intensities. The presence of magnetic 

minerals within the porphyritic granite such as magnetite or ilmenite can influence its magnetic 

properties. The magnetic intensity of these rocks is influenced by various factors such as the 

presence and abundance of magnetic minerals, the orientation and alignment of these minerals and 

the overall rock texture. Magnetic susceptibility is a measure of how easily a material can be 

magnetized, and it is often used to characterize the magnetic properties of rocks. Charnockites 

generally exhibit higher magnetic susceptibility values compared to some granites. While 

charnockites and porphyritic granites can have relatively high magnetic intensities, there can be 

variations with their rock types. The presence of fractures and other geological features can also 

affect the local magnetic intensity in the investigated area. The output of total magnetic image 

revealed the difference in locations of high and low magnetic intensities (Figure 5) with an 
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indication that the study area is a typical basement terrain, with location of high, intermediate and 

pocket of low magnetic susceptible bodies  

 
Figure 5: Total Magnetic Intensity (TMI) Map of Ado Ekiti and Adjoining Areas  

 

Euler solution was integrated in the determination of the depth to the magnetic sources in the 

investigated area by setting up an appropriate structural index (SI) as displayed in Figure 6. The 

gridding intervals enable the recognition of any anomaly that is up to 75m wavelength. Therefore, 

many solution points with a sum of 34,595 were successfully obtained. Output with the tightest 

cluster winding around recognized sources is likely to grant the best solution and is consequently 

accepted. However, the obtained solution was windowed for the selection the most accurate output. 

These solutions were derived for varying SI values of 0, 1 and 2 with a mean error in depth 

estimation less than the required maximum tolerance of 11% while the window size of least unreal 

solutions was adopted. It was therefore observed that, for S.I equals to 1 (dike model) was the best 

fit (Figures 6). The solutions produced realistic outputs that were consistent with the geological 

model type of the study area. The solutions above the tolerance levels of the observed errors were 

rejected. Maximum depth limit was set for 250m, horizontal uncertainties that were found to be 

greater than 10% was rejected while the offset limit X and Y directions were likewise set to 

maximum of 5%. The windowed Euler deconvolution solution points were also found to coincide 

weakly with regions of heavy/high analytic signal amplitude and therefore serves as regions of 

representing meaningful anomalies and they are in dyke (Figure 7). 

 Table 1: Structural Index or Geologic Models [110, 169]  

Geological models  Number of infinite    

dimension  

Gravity  S.I Magnetic S.I 

Sphere 0 2 3 

Pipe 1 (Z) 1 2 

Horizontal cylinder  1 (X and Y) 1 2 
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Dyke  2  (Z and  X and Y )  0 1 

Sill  2 (X and Y) 0 1 

Contact  3 (X,Y and Z) 0 0 

 

Euler depth gives a crtical but beneficial inforrmation about the topographic architecture of the 

basement complexes. The windowed Euler depth solutions are with color coded circle which also 

serves as an indication of depth ranges with the corresponding size defining the depth variation 

within the range limits. The typical characteristics of magnetic model type are show in table 2 

while the Euler depths output are displayed in Table 3. Solutions revealed for Ado Ekiti reveals 

relatively deep basement source that were greater than 200m beneath mean sea level in depth 

observed at Ilawe Ekiti as it gets shallower both in the northwards and southwards direction. Euler 

depths output generally varied from 1m to 2223.9m overlapping with the rock contact in the study 

area but depths values found between 0 and 132m beneath sea level correspond to part of the study 

area where the basement rocks were overlain by clastic materials. Euler depth found below the 

datum were distributed over the investigated area and are less noticeable. 

Table 2: Structural indices for simple models and their characteristic magnetic model types 

[166]   

Structural Index Type of Magnetic Model Typical Characteristic 

0.0  Contact with large extent Interlocked Intertwined circles with no 

particular order 

0.5  Contact with small extent Interlocked/Intertwined circles in a linear 

pattern in rows 

1.0 Sills and dyke, thin prism with 

large circles 

Interlocked/intertwined circles in a 

straight line 

 

2.0 Vertical and horizontal 

cylinder 

Interlocked/intertwined circles with 

neatly with regular circumference  

and vertical pipe   

3.0 Sphere Sphere or spherical bodies of common 

circles connected to them 

 

The integration of the windowed Euler solution map with the proposed geologic map reveaLs that 

these magnetic sources are in alignment  with the observed  lineaments that serve as host structures 

to these bodies of dykes. Settlements around the study area such as Iyin-Ekiti (600-1000m); Ilawe-

Ekiti (1500-2200m) sections of Ogunru Forest Reserve (250-750m) Igbara Odo (0 to 100m and 0 

to 1500m) are respective indications of negative and positive anomalies with Erijiyan (750-1500m) 

and Apata Hill (250-1000m), all correlation to section of the study area underlain by lineament 

and folds which serves as host of these magnetic sources. These settlements fall within the 

basement terrain with varying source depths solution ranging from approximately 100m to 2200m 

[170]. 

Table 3: Statistical Reports of Depths Estimation output from Euler-Deconvolution 

Statistical  Depths to magnetic Source (m) 

Minimum  132.2 

Maximum 2233.9 

Mean  213.6 
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Werner deconvolution is a technique that is utilized in aeromagnetic data processing and 

interpretation to estimate the parameters of magnetic sources (depth, width, and dip) from 

magnetic anomaly profiles. It is a type of deconvolution method used by fitting elementary models 

to segments of a magnetic anomaly profile. The Werner deconvolution equation is a set of linear 

equations derived from the magnetic field response of a model, and these equations are solved 

using the anomaly data to find the source parameters. It helps to extract information about the 

subsurface from the location and depth of magnetic sources from magnetic anomaly data collected 

during aeromagnetic surveys. It helps to interpret the shape and characteristics of magnetic 

anomalies by assuming that the anomalies are caused by simple geometric bodies (like thin sheets 

or horizontal cylinders) [171]. 

 
Figure 6: Standard Euler Solution Map of the Ekiti and its adjoining areas. 
 

The core of Werner deconvolution involves formulating a set of linear equations based on the 

magnetic field response of a model (e.g., thin sheet) to the known magnetic field. These equations 

relate the observed magnetic anomaly values at different locations to the model parameters (like 

depth, location and dip). The equation is often expressed as a matrix equation, where the magnetic 

anomaly values are the measured and computed data as well as the model parameters are the 

unknowns to be determined. 

Solving the Werner Deconvolution equation is achieved by using techniques or Singular Value 

Decomposition (SVD). These techniques find the best solution to the equation system minimizing 

the error between the calculated and observed magnetic anomaly values. 

Werner deconvolution is widely used in geological and geophysical surveys to interpret 

aeromagnetic data. It can help to identify the presence of magnetic bodies, such as dikes, faults or 

ore deposits and estimate their depth and location. The results of Werner deconvolution can be 

Standard 142.7 

Deviation  3930483.8 



Ishola S. A. - Transactions of NAMP 24, (2026) 21-52 

39 

used to create models contour maps and understand the geological structure of the area. Limitations 

of Werner deconvolution are that it assumes that the magnetic anomalies are caused by simple 

geometric models which may not always be accurate. It can be challenging to interpret magnetic 

anomalies caused by Complex in multi-source equations; the accuracy of the results depends on 

the quality and resolution of the aeromagnetic data [149]. The Werner deconvolution method is 

more complex than the Euler method because it resolves the local regional and solve for two thin 

sheets or an interface within the same window. The basic formula for the magnetic field is defined 

by [148] as 

𝑇𝑛 =
(𝐴1𝑍1+ 𝐵𝑀1 (𝑥𝑜−𝑥1)

(𝑥−𝑥1)2+𝑧1
2 +

(𝐴2𝑍2 +𝐵𝑀2(𝑥1−𝑥2)

(𝑥−𝑥2)2+𝑧2
2 + (𝑌0 + 𝑌1𝑛 + 𝑌2𝑛2)    (49) 

The first two bracketed terms in Werner's expression given in equation 49 are the magnetic field 

response for two thin sheets and the last given in brackets is a second order regional field 

contributions. Since, there is a need to solve for a single source magnetic anomaly with a linear 

regional, we can resolve to a simplified formula in equation (50) 

𝑇𝑛 =
(𝐴2+𝐵𝑀(𝑛)+𝑌0+𝑌1𝑛)

(𝑥2+𝑧2)
   (50) 

where Y is the peak of MSS (Mineralized Source Strength) as the distance is set to zero. The last 

term represents the regional. The linear regional equation is employed for a number of locations 

and the matrix of the equations is solved for the source parameters while MSS peaks over the 

centre of magnetization and helps in the location of negative source. Figure 6 is a representation 

of Werner deconvolution function which utilized the horizontal and vertical derivatives in the 

computation of depth to basement of the anomalous magnetic bodies. The fundamental concept 

lies in the assumption that the magnetic source bodies are either dykes or contacts with infinite 

depth extent while applying a least-square approach to resolve for the location and position of the 

source body [170]. Two depth source models namely Dyke and contact models were assumed and 

their corresponding depths to basement were estimated using the Werner deconvolution function 

where he Dyke model fits the description of depth in the study area. Since Werner deconvolution 

transforms a complex magnetic anomaly into a linear set of equations to solve for these structural 

parameters, the resulting “curves” or “clouds” of points are interpreted to determine the depth of 

geological features of the study areas. 

 
Figure 7: Wenner-Deconvolution function of Ado Ekiti and its adjoining areas 



Ishola S. A. - Transactions of NAMP 24, (2026) 21-52 

40 

CONCLUSION 

The study applied high-resolution aeromagnetic data to characterize the subsurface geology and 

delineate underlying structures of Ado-Ekiti and its environs in southwestern Nigeria. Detailed 

subsurface characterization and delineation of geological structures of the study and its environs 

is necessitated with the integration of Euler and Werner deconvolution techniques using the 

developed algorithms for tensor Euler deconvolution to regulate the profile, gridded and ungridded 

data. The techniques permitted the full potential gradient tensor and the components of vector to 

provide constraints on the Euler solution. The theoretical background governing the investigated 

profile as well as the adopted grid tensor Euler methods have been illustrated on isolated models 

namely point, prism, rotated prism, and cylindrical mass bodies. The collection, processing and 

enhancement of the aeromagnetic datasets over the area, led to proper mapping of the shallow 

subsurface geological structures and delineated the lithological variation. The magnetic image 

enhancement filter and other complementary fitting techniques were applied to enhance the 

dataset. Euler Deconvolution (ED) showed the minimum depth of 132.2m and maximum depth of 

2233.9m for shallow and deep magnetic sources, Werner Deconvolution were used to confirm 

magnetic anomalies and delineated geological structures to be of intrusive contacts like dykes and 

sills. The output Euler deconvolution was associated with dykes on the other hand producing 

deeper depth range of 132.2 beneath mean sea level. While the contact model revealed shallow 

depth, the dyke model in the other hand revealed depth for the basement rock. The dike structure 

model therefore seemed to be of best fit for the study area because the occurrence of dyke model 

anomaly was positioned at a greater depth compared the contact model. The observed curve in 

Werner deconvolution plot represents the calculated clustered or best fit solution of anomalous 

geological bodies such as dikes or contacts along a geophysical profile of the magnetic survey in 

the study area (Figure 7).  The curve or plotted points represents the source location and depth, 

geological structure interpretation, consistency clustering where the points in the plot that cluster 

together represent consistent, reliable solutions while scattered points indicate non-physical or 

noise-related solutions. This study has therefore proven that the integration of Euler and Werner 

deconvolution have proven to be valuable, semi-automated techniques in magnetics for mapping 

basement depth because they have enabled the rapid calculation of depth and location of subsurface 

structures without requiring complex initial 3D geological models with Euler being superior for 

spatial gridded mapping and Werner offering higher precision for or along 2D profiles; the 

subsurface structural geological characterizations, the consequent delineation/contact 

identification of most of the encountered structures in the area as well as the depth to basement 

estimation of the magnetic source bodies thereby serving as effective tool for the mapping of the 

basement architecture. In this study, Werner and Euler deconvolution It is therefore recommended 

that further analyses should be carried out in the study area since the plotted points might also 

indicate the dip angle and the magnetic susceptibility-thickness product of the source. 
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