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INTRODUCTION 

Regional and subsidiary fractures evolve owing to 

movements and changes in the Earth's crust. Their 

depths range from shallow to deep and act as plumbing 

systems and migratory pathways through which 

hydrothermal and non-hydrothermal fluids flow 

(Maltman, 1990; Fornwald, 2017; Galerne et al., 2021; 

Yin et al., 202). Most of these fractures are hidden in 

the subsurface and are difficult to detect or identify. 

Discontinuous quartzite ridges serve as structural 

indicators of the remaining portions of the sample, 

most of which are not exposed on the surface. 

However, geophysical analysis is a useful technique for 

identifying and studying these hidden and revealed 

fractures. 
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The Nigerian Basement Complex is characterized by numerous extensive 

fractures, most of which are concealed beneath the surface. This research aims 

to identify and delineate these fractures within the north-central part of the 

basement complex and elucidate their tectonic evolutionary occurrence. To 

achieve this, High-Resolution Aeromagnetic Data (HRAD) of Sheet 103 (Ikara) 

were acquired and processed using Reduced-to-Equator (RTE), First Vertical 

Derivative (FVD), Analytic Signal, and 3D Euler Deconvolution techniques. 

These were used to interpret the characteristics of anomalous bodies and 

delineate regional fractures across the fracture and shear zones. The results 

revealed very low magnetic signatures of an anomalous region suspected to be 

a depression/trough sited between two prominent fractures trending NW-SW. 

These fractures exhibit moderate to high magnetic susceptibility, with depths 

ranging from 1.5km to above 2km. Results also reveal a curvilinear/semi-

circular magnetic anomaly suspected to be a ring structure. However, the 

dominant fractures within the study area, trending WNE-ESE and E-W, exceed 

1500 meters. The NW-SE regional fractures, as well as minor NE-SW fractures, 

evolved during the late-stage Pan-African Orogeny (600 ± 150 Ma). In contrast, 

the WNW-ESE and E-W trending fractures evolved during the Eburnean 

(1800± 2500 Ma) and Kibaran Orogeny (1100 ± 200 Ma). The results also 

reveal that the northern parts of the study area exhibit more fractures than the 

southern parts. 
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Geophysical investigations are used for, but not 

limited to, reconnaissance survey mapping 

exercises. It unravels, solves, and provides 

meaningful interpretations of problems 

concerning deep crustal studies of both 

lithologies and geological structures and their 

geometry hidden in the Earth's subsurface 

(Nwosu, 2018; Reeves, 2005; Dahuwa et al., 

2018; Agboola et al., 2024a; Agboola & Beni, 

2024). Geophysical surveys reveal fractures in 

the earth's interior via gravity, seismic, and 

magnetic measurements at preferential scales 

(regional and localized) (Dobrin & Savit, 1988; 

Reeves, 2005; Aminu et al., 2022; Ibrahim et al., 

2023). 

Reeves et al. (1997) and Betts et al. (2015) 

acquired and processed aeromagnetic datasets, 

thereby revealing and recognizing fractures, 

faults, and shear zones with strike-slip 

components. The geometry and tectonic 

evolution of fractures can also be determined 

using aeromagnetic and ground magnetic data 

(Betts et al., 2015). Thus, the lateral extensions of 

fractures were delineated and characterized 

based on depth derived from the datasets (Gunn 

et al., 1997a; Direen et al., 2001; Schetselaar, 

2001). However, these aeromagnetic data have 

limitations in detailing and analyzing regional 

fractures present in an area of interest (Irvine & 

Smith, 1990; White et al., 2001; Moreira & Iiha, 

2011; Moreira et al., 2012).  

In structural geology, fracture depth is an 

important characteristic. The fractures, whether 

shallow or deep, facilitate the movement of fluids 

(mineralisation fluids or water) within the 

lithosphere. To determine fracture depths from 

airborne or ground magnetic data, the 3D Euler 

Deconvolution technique is employed. Three-

dimensional (3D) Euler Deconvolution is a 

powerful tool for determining the geometry, 

depth, and location of magnetic anomalies caused 

by multiple and isolated sources in metres (m) or 

kilometres (km) (El Dawi et al., 2004).  

Euler's homogeneity equation is inverted over a 

data window at each point to accomplish 3D 

Euler Deconvolution (Thompson, 1982; Reid et 

al., 1990; Dare & Ayodeji, 2015). Reid et al. 

(1990) explained the use of 3D Euler 

Deconvolution as a boundary detector and depth 

estimator. It is preferred over other techniques 

because its formula, known as Euler's equation, 

is independent of geological models and is 

insensitive to changes in magnetic inclination, 

declination, or remanence (Whitehead & 

Musselman, 2008). 

The relationship between the anomaly source 

and its gradient components (x, y, and z) and the 

magnetic field, with a degree of homogeneity 

represented by a Structural Index (S.I.), is 

referred to as "3D Euler Deconvolution". The 

Structural Index (S.I.), which is defined as the rate 

of alteration with distance in physical terms, 

indicates the degree of homogeneity of a source 

body and the rate at which a source geometry at 

a certain anomalous field diminishes with 

distance. 3D Euler Deconvolution uses a 

Structural Index to produce depth estimates of 

variations in geological structures (Thompson, 

1982). The source geometries of the crusts 

include rock contacts (at 0.0–0.5 S.I.); dikes and 

sills (at 1.0- 1.5 S.I.); cylinders and pipes (at 2.0- 

2.5 S.I.); and spheres (at 3.0- 3.5 S.I.). As stated by 

Thompson (1982), Reid et al. (1990), Whitehead 

and Musselman (2008), Osinowo and Olayinka 

(2013), Kayode et al. (2016b), and others, it can 

be defined as the field's measured "fall-off" in 

relation to a given source's distance. 

Lawal et al. (2016) and Awoyemi (2017) 

employed 3D Euler Deconvolution on 

aeromagnetic data from Ilorin and Osi (north-

central Nigeria), as well as the Ilesha area and its 

surroundings, to identify the depths and widths 

of various regional cracks. However, previous 

work carried out on Sheet 103 (Ikara) used FVD 

and the Analytic Signal to delineate lineaments 

(Balarabe et al., 2017). It was recommended that, 

for further tectonic interpretations of this area, a 

quantitative approach would provide more 

detail. Hence, the "3D Euler Deconvolution" was 

efficiently carried out during RTE processing to 

delineate lineaments, estimate their depths, and 

determine their orientations. This paper focuses 

on the application of 3D Euler Deconvolution on 

the entire Sheet 103 (Ikara) underlain by the 

basement complex to ascertain, evaluate, and 

interpret the lineaments generated from the 

subsurface. The results obtained from the FVD, 

Analytic Signal, and 3D Euler Deconvolution 

were correlated to determine the region's 

conclusive structural/tectonic evolution.   
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The Nigerian Basement Complex and Regional 

Faults 

One of the largest crustal complexes resulting 

from the interaction of the active Pharusian 

continental margin of the Congo Craton with the 

passive continental margin of West Africa is the 

Nigerian Basement Complex, which has 

undergone numerous orogenic episodes (Burke 

& Dewey, 1972; Dada, 2006). It is situated south 

of the Tuareg Shield, northwest of the Congo 

Craton, and east of the West African Craton 

(Black et al., 1979; LeBlanc, 1981; Caby et al., 

1981). The Nigerian Basement Complex lies in 

the Neoproterozoic Trans-Saharan band, 

commonly referred to as the Pan-African Belt. 

The Congo Craton, the West African Craton, and 

the East African Block collided to form it 

(McCurry, 1976). Caby (1989) and Boullier 

(1991) proposed that the Neoproterozoic Trans-

Saharan Belt extended from North Africa to 

Brazil because of several deformational features, 

including zones of weakness, metamorphism, 

and the extrusion of alkaline to calc-alkaline 

volcanics (Wright, 1976; McCurry & Wright, 

1977; Holt et al., 1978). It was created by several 

collisions among sedimentary basins, island arcs, 

and fragments of continental crust dating to 750–

500 million years ago (Ajibade & Wright, 1989; 

Wright et al., 1985) (Fig. 1). 

 

Fig. 1: Generalized geological map of Nigeria in relation to West African geology (adapted from Wright et 

al., 1985). 

There are differences between the Nigerian 

Basement Complex and the Tuareg Shield. These 

include the wide-ranging mylonite and shear 

zones that divide the Tuareg Shield into several 

structural provinces (Ajibade et al., 1987) (Fig. 2) 

and the occurrence of higher-grade supracrustal 

rocks in the Central Hoggar, located in the 

southern half of the Tuareg Shield. N-S-trending 

mylonite and fault zones have been identified 

specifically between the Nigerian Basement 

Complex, even though their formations are 

identical (Ajibade et al., 1979; Hubbard, 1975).  

page 50 



Abdulmalik, N. F. et al.                          Geosciences Review 2(1)2026 48 – 67                           page 49       

 

 

Fig. 2: Geographical scope of the Nigerian and Hoggar (south of the Tuareg) shields' conjugate fault 

system (derived from Almeida and Black, 1967; in Ball, 1980). 

 

It is thought that at least four major orogenic 

cycles involved deformation, metamorphism, 

reactivation, and remobilization, shaping the 

rocks of the Nigerian Precambrian Basement 

Complex. Correlations between these cycles have 

been suggested by the Liberian (2650 ± 150 Ma), 

Eburnean (1800± 2500 Ma), Kibaran (1100 ± 

200 Ma), Pan-African (600 ± 150 Ma), Odeyemi 

(1981), Rahaman et al. (1983), Grant (1970), Van 

Breemen et al. (1977), Grant (1978), and others. 

Based on the International Geologic Time Scale 

(2002), these ages correspond to the following 

periods: Mesoproterozoic to Neoproterozoic 

(1600 to 1000 Ma) for the Kibaran; Paleoarchean 

to Mesoproterozoic (3600 to 1600 Ma) for the 

Liberian and Eburnean; and Neoproterozoic to 

Early Palaeozoic (1000 to 545 Ma) for the Pan-

African. Each of these orogenies structurally 

marks the Basement. Hence, the Nigerian 

Basement is linked to intricate constructions. 

However, the most recent and widespread Pan-

African orogenic event has largely overprinted 

the earlier three cycles. This collision established 

a dominant N-S to north-northeast-southwest 

structural pattern across the entire Nigerian 

Basement Complex (Russ, 1957; McCurry, 1973, 

1976; Rahaman, 1988; Obaje, 2009). As part of 

the Pan-African mobile belt, the Nigerian 

basement consists of older crustal fragments 

from the Archean, Proterozoic, and Mesozoic 

periods (Grant, 1970; Grant et al., 1972; Oversby, 

1975; Dada, 1998). The collision of these crustal 

fragments led to the formation of various 

deformational features, including 

metamorphism, zones of weakness, and the 

extrusion of alkaline to calc-alkaline volcanic 

rocks (Wright, 1976; McCurry & Wright, 1977; 

Holt et al., 1978). During the Pan-African 

Orogeny (600±150 Ma), several reactivation 

episodes occurred within the Nigerian Basement 

Complex (Burke & Dewey, 1972; Black et al., 
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1979; LeBlanc, 1981; Caby et al., 1981; Turner, 

1983; Fitches et al., 1985; Wright et al., 1985).  

According to McCurry (1976) and Rahaman 

(1976), the Pan-African ultimate tectono-

thermal event was so extensive that it obliterated 

prior buildings. However, some contend that 

although the Pan-African event was broad in 

scope, the ruins of older structures in the 

Basement were not entirely homogenized by it 

(Grant, 1978; Onyeagocha & Ekwueme, 1982; 

Ekwueme, 1987; Oluyide, 1988). This latter 

group agrees that separate structural tendencies 

emerged from the diverse orogenies. In terms of 

structure, Rahaman (1976) stated that the 

Nigerian Basement Complex had two folding 

stages connected to the Pan-African (600±150 

Ma) Older Granite orogeny. He added that a 

pronounced N-S foliation tendency, the product 

of prolonged E-W stress, characterizes the Pan-

African Orogeny. Significant structural features 

exhibiting polyphase deformation include 

foliation, major and minor folds, joints, faults, and 

lineations. While the E-W and WNW-ESE lines 

are thought to provide evidence of pre-Pan-

African deformation and metamorphism, most 

likely resulting from the Eburnean/Kibaran 

orogeny, the NE-SW trends show evidence of 

penetrative Pan-African deformation. 

Study Area 

The research area is located in northwest Nigeria, 

within the North-Central Basement Complex, 

spanning latitudes 11° 00′ 00′ N to 11° 30′ 00′ N 

and longitudes 08° 00′ 00′ E to 08° 30′ 00′ E. 

Covering an area of 3,032 square kilometers, the 

topography is documented on Sheet 103 (Ikara), 

a 1:100,000 scale map given by the Department 

of the Surveyor General of the Federation, Abuja, 

Nigeria (2008). The Ikara, Tudun Wada, and Kiru 

Local Government Areas in the states of Kaduna 

and Kano are responsible for this area. It borders 

Kiru, Bebeji, and Tudun Wada in Kano State and 

Makarfi, Soba, and Kubau Local Government 

Areas in Kaduna State. The primary rock 

formations in the underlying lithology are gneiss 

and granite. The general topography of the study 

area ranges from slightly rugged in the southern 

parts to mostly moderately undulating terrain in 

the northern parts. Topography is highest 

towards the southeast at about 738.4m, then 

decreases towards the southwest, with heights 

ranging from about 691.0m to 700.0m. It gently 

slopes downwards towards the northwest, with 

elevations ranging from about 569.0m to 682.6m, 

and is lowest in the northeast, where there is a 

major river basin with elevations ranging from 

486.5m to 526.1m. The drainage pattern of the 

area ranges from trellis to dendritic, with water 

channels originating in the north-western and 

eastern parts flowing downstream towards the 

river basin in the northeast of the study area. The 

southwestern drainage flows downstream 

towards the western part of the area. A few other 

drainages were observed in the southeastern and 

northwestern parts of the study area. These 

rivers are structurally controlled by regional 

intrusive rock/ridge trending NW-SE across the 

study area. According to the Köppen–Geiger 

classification, Ikara experiences a tropical 

savanna climate. The study area falls within the 

Sudan Climatic region, which is marked by a 

short rainy season of about five months. Annual 

temperature ranges generally lie between 21 °C 

and 31 °C, although minima may occasionally 

approach 10 °C and maxima may reach 40 °C. 

Total annual precipitation averages 761 mm, 

distributed over approximately 101 days with at 

least 1 mm of rainfall. The location receives an 

average of 3,868 sunshine hours per year, while 

daylight duration varies by season (Udo, 1978; 

Nomadseason, 2025). 

MATERIALS AND METHODS 

The Nigeria Geological Survey Agency (NGSA) 

provided the High-Resolution Aeromagnetic 

(HRAM) data used in this study (NGSA), with a 

coordinate system/projection of Universal 

Transverse Mercator (UTM) and the official 

geodetic datum for Nigeria of the Arc 1960 

datum. Geological features (major and minor 

lineaments) could be directly detected once the 

data were processed, allowing for the 

determination of trends and depths. These 

structures, represented as magnetic anomalies, 

were detected and recorded by an airborne 

magnetometer towed behind an aircraft. The 

flight elevation (altitude), flight line spacing, 

flight direction, and tie-line spacing all affected 

the resolution of the aeromagnetic data. The 

altitude at which the aircraft was flown (flight 

height) was 80 m; the flight spacing and direction 

were 500 m and 150˚/330˚ (NW-SE), 

respectively; the 60˚/240˞ tie-line spacing was set 

at 5000 m and ran opposite to the flight line. The 

gridding type is the minimum-curvature gridding 

method, and the grid mesh size is 50-100 m, 

given that the flight spacing is 500 m. The 
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International Geomagnetic Reference Field 

(IGRF) served as the basis for the specific 

correction of aeromagnetic data (2004–2010). 

The study region has magnetic field strengths 

ranging from 33103.6 nT to 32919.3 nT. 

However, 33,000nT was subtracted from all the 

units (magnetic intensities) recorded to enable 

smooth running and computation of results in 

software packages (IGRF:2004-2010).  

 

 

Fig. 3: Map of the study area (right) covering parts of Kaduna and Kano States (bottom left). The arrow 

shows the border between Kaduna and Kano States. 

Magnetic anomalies may be shifted from their 

sources at non-polar and non-equatorial 

latitudes (Salawu et al., 2019); as such, TMI data 

were reduced to the equator (RTE) for gridding. 

This centers anomalies on their magnetic sources 

and is equally suitable for low-latitude regions 

such as the present research area. The RTE filter 

was preferred on the assumption that the 

observed magnetic field is due to induced 

magnetic effects. This assumption is based on the 

fact that the study area has no mafic or volcanic 

rocks, as it is dominantly underlain by gneisses 

and granites (Abdulmalik & Ahmed, 2024). 

Earth's present-day magnetic field 

overwhelmingly induces the weak natural 

magnetization of these rocks. This makes the 

application of the RTE filter, which corrects for 

the effects of dipolar-induced magnetism at low 

latitudes, a fundamentally sound and effective 

processing step. The parameters for applying the 

reduction-to-equator filter include inclination 

(magnetic dip angle is approximately 3.0° north; 

a positive angle indicates the field vector is 

pointing downward into the Earth); declination 

(magnetic declination is approximately -2.9° 

west; a negative value indicates magnetic north is 

west of true north); and total magnetic Intensity 

is approximately 33,120 nT. The anomalies of the 

resulting TMI-RTE anomaly maps are shifted 

such that they are centred over their respective 

sources. Shorter-wavelength anomalies were 

muted to improve the signal-to-noise ratio and 

reduce noise in the data. It works best for 

geological interpretations.  

The Analytic Signal and First Vertical Derivative 

were computed from the RTE grid. The first 

vertical derivative (FVD) was used to enhance 

the edges of magnetic anomalies and to enable 

more distinct imaging of the causative structures. 

It shows areas with shallow-to-deep anomalies, 

including lineaments and delineated zones. The 

enhancement of FVD revealed sharper edges of 

magnetic anomalies, representing structural 

features, and provided clearer imaging of 

causative structures. It revealed structures both 
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closer and farther from the surface, with short 

and long wavelengths, respectively (Reeves, 

2005). Vertical derivative, which is also named 

vertical gradient‖) Filters preferentially amplify 

short-wavelength components of the field at the 

expense of longer wavelengths (Foss, 2011). 

Vertical derivative filters (in this case, "first") are 

generally applied to gridded data using FFT (Fast 

Fourier Transform) filters. Various vertical 

derivatives of the magnetic field can be computed 

by multiplying the amplitude spectra of the field 

by a factor of the form  

1/𝑛 [( 𝑢2+𝑣2)1/2]𝑛  

Where n is the order of the vertical 

derivative/gradient, this vertical derivative is 

physically equivalent to measuring the magnetic 

field concurrently at two points vertically 

overhead each other, subtracting the data, and 

dividing the result by the vertical spatial 

separation of the measurement points (Okpoli, 

2019). The Analytic Signal (A. Signal) is a filtering 

technique used to delineate structures and 

lithologies from magnetic susceptibility data. It is 

used for boundary detection, which prominently 

reveals magnetic anomalies (Balarabe et al., 

2017; Lawal, 2020). The first researcher to use 

this concept was Nabighian (1972), who applied 

it to interpret aeromagnetic data and to detect 

structures responsible for observed magnetic 

anomalies in a given area. These constitute the 

qualitative interpretation aspect of the results. 

He used it to interpret aeromagnetic data, to 

detect the structures responsible for the 

observed magnetic anomalies across an area, to 

enhance magnetite-rich or magnetite-depleted 

zones distinguishable from host rocks, and to 

detect the edges of magnetic anomalies/bodies 

with the expression below: 

AS(x,y)= √(
∂t

∂x
) 2 + (

∂t

∂y
) 2 + (

∂t

∂z
) 2 

Whereby the first derivatives ∂T/∂x; ∂T/∂y; 

∂T/∂z of the magnetic field are in the x, y, and z 

directions of differentiation. 

To estimate fracture depths throughout the study 

area, 3D Euler Deconvolution was employed, 

followed by a tolerance-based solution-reduction 

process to generate a 3D Euler map of clustered 

solutions. 3D Euler Deconvolution is achieved by 

flipping the homogeneity equation of Euler over 

a certain amount of data at each location 

(Thompson, 1982; Reid et al., 1990; Dare & 

Ayodeji, 2015). For each grid point within a 

window, a collection of techniques is applied to 

solve Euler's equation (Whitehead & Musselman, 

2008). Geophysical maps were processed using 

the 3D Euler Deconvolution technique, which 

revealed the positions and depths of geologic 

structures associated with magnetic anomalies in 

the 2D grid. In contrast, the solution to Euler's 

homogeneity equation below served as the 

foundation for the typical 3D Euler 

Deconvolution: 

(x – x0) 𝜕𝑇/𝜕𝑥 + (y – y0) 𝜕𝑇/𝜕𝑦 + (z – z0) 𝜕T/𝜕z = 

N (B -T)  

where the derivatives of the field in the x, y, and 

z directions are 𝜕𝑇/𝜕𝑥, 𝜕𝑇/𝜕𝑦, and 𝜕𝑇/𝜕𝑧. Where 

the causal magnetic source's point (x0, y0, z0) is 

where the total field T is measured (x, y, z), for 

the full field, "B" represents the overall value. It 

connects the position of the sources to the 

magnetic or gravitational field and its 

constituents by a degree of uniformity "N" that 

can be interpreted as a Structural Index, 

according to Thompson (1982), Mushayandebvu 

et al. (2001), Nabighian and Hansen (2001), and 

Fitzgerald et al. (2003). This is the original 

version of Euler's equation before it was 

extended by other scholars (see equation above). 

 (x –x0) 𝜕𝑇/𝜕𝑥 + (y – y0) 𝜕𝑇/𝜕𝑦 + (z – z0) 𝜕𝑇/𝜕𝑧 = 

A 

In this case, A combines the features of 

amplitude, strike, and dip, which are difficult to 

distinguish clearly (Reid et al., 1990). 3D Euler 

Deconvolution will be used for quantitative 

interpretation of the data, rather than FVD or 

Analytic Signals. 

RESULTS AND DISCUSSIONS 

The study area lies within the eastern province of 

the north-central basement complex, which is 

occupied by a variety of gneisses and a large 

volume of Pan-African granitoids (granitic 

intrusions). Based on field studies and previous 

work, the study area consists of migmatitic and 

granitic gneisses, with the former dominant in 

the northern part and the latter in the southern 

part. The study area is dominantly made up of 

varieties of gneisses (migmatitic gneiss, granite 

gneiss, porphyroblastic gneiss) and older 

metasediments belonging to the Migmatite-
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Gneiss Complex, and the porphyritic granites and 

medium to coarse-grained granites belonging to 

the Older Granites (Fig. 4) 

 

Fig. 4: Geological map of the study area showing the lithological units 

Oasis Montaj™ 8.3.3 was used to process the 

Total Magnetic Intensity (TMI) data and perform 

the Reduction-to-Equator (RTE). The raw TMI 

magnetic field strengths (Fig. 5) in the study area 

range from 33103.6 to 32919.3 nT. The gridded 

aeromagnetic data for the study area was 

subsequently processed into RTE and 

interpreted. The study area is close to the 

magnetic equator; as such, the magnetic bodies 

tend to exhibit more frequent low-negative 

anomalies than high-positive ones. However, the 

TMI map shows variations in the magnetization 

field of the magnetic bodies buried underground. 

It depicts prominent high-amplitude anomalies 

in extensive, circular, and sub-circular forms 

distributed across the northern and southern 

parts of the study area. 

RTE pseudo-colour map (Fig. 6) shows various 

colorations depicting positive and negative 

magnetic sources of varying wavelengths and 

amplitudes ranging from (-83.9nT to 81.1nT). 

RTE centered the magnetic anomalies on their 

sources to aid interpretation. As such, the visual 

description of the map segregates the study area 

into 2 major domains: the first domain, which is 

characterized by medium to low negative 

magnetic anomalies (-83.9nT to -1.1nT), is 

observed at the northeastern area from Rurum 

Forest Reserve, Tiga Dam, towards a few areas 

around Kunkumi, heading down south of 

Gubuchi, areas north of Ikara, Mahangi, and the 

southeast corner of the study area around Itache. 

These anomalies trends mainly WNW-ESE, E-W, 

and NW-SE, with a few trending NE-SW. These 

areas are underlain by mainly porphyroblastic, 

migmatitic and granite gneisses which evolved 

during the pre-Pan-African Orogeny (Grant et 

al.,1972; Oversby, 1975; Ogezi, 1977; Dada, 1989; 

Bruguier et al., 1994); the second domain 

comprises of high positive magnetic anomalies 

(1.0nT to 81.1nT), observed mainly in parts of 

the north east and extends down towards the 

southeast (areas around Tudun Wada and Pala), 

and from areas extending from the northwestern 

corner of the study area (west of Tarau) to the 

east (Gubuchi). These anomalies are 

predominantly oriented NW-SE and NE-SW, with 

page 55 



Abdulmalik, N. F. et al.                          Geosciences Review 2(1)2026 48 – 67                           page 49       

 

a few trending E-W. These anomalies are 

primarily exhibited by porphyritic granites that 

formed during the Pan-African Orogeny (Van 

Breeman et al., 1977; Rahaman et al., 1983; 

Rahaman, 1988; Ademeso & Alaba, 2007). 

The First Vertical Derivative (Fig 7) was 

processed from the RTE and revealed numerous 

linear and curvilinear fractures that extend from 

tens to hundreds of kilometres and trend as 

follows: WNW-ESE, NNW-SSE, NW-SE, NNE-SSW, 

NE-SW, N-S, and E-W. Two major 

regional/extensive fractures trending NW-SE 

were observed to crosscut the study area. The E-

W and WNW-ESE were suggested to have 

evolved from Eburnean (1800± 2500 Ma) to 

Kibaran (1100 ± 200 Ma) Orogeny (Rahaman, 

1976, 1988; Dada, 1989), and the NE-SW and 

NW-SE fractures evolved during the late Pan-

African (600±150 Ma) (Grant, 1970; Turner & 

Webb, 1974; Burke et al., 1976). 

The Analytic Signal (Fig. 8) is a filtering process 

applied to the RTE that reveals the magnetic 

susceptibility of these anomalies; the lowest is 

less than 0.01 × 10^-7 S.I. unit, and the highest is 

above 0.24 × 10^-3 S.I. unit. The magnetic 

susceptibility depends on the presence or 

absence of magnetic minerals in the lithological 

units. The Analytic Signal revealed magnetic 

intensities/signatures of the magnetic bodies 

within the subsurface of the study area, and 

exhibits extensive, discontinuous, linear, and 

curvilinear fracture/sheared zones. These 

anomalous bodies within the study area have 

very high magnetic intensities. These bodies are 

quite conspicuous and easy to delineate. The 

high, moderate, and low magnetic intensities of 

these bodies exhibit anomalous textural 

contrasts across the study area. These zones 

represent variations in the magnetic gradients. 

The 3D Euler Deconvolution was used to 

determine the estimated depths of causative 

magnetic anomalous bodies or structures across 

the study area. It was used to determine the 

location and depth of magnetic bodies and to 

detect anomalies caused by multiple and isolated 

sources. The 3D Euler Deconvolution relates the 

magnetic field and its gradient components (x, y, 

z) to the anomaly source with a degree of 

homogeneity expressed as Structural Index (S.I.), 

hence the name "3D Euler Deconvolution". 

Structural Index is a measured "fall-off" of the 

field with distance from the source. Thus, Oasis 

Montaj™ 8.3.3 was used to estimate the depths of 

magnetic bodies within the study area using 

windowed Euler depth solutions. This technique 

has proven to be a powerful tool for directly 

determining the depths of causative magnetic 

bodies (Muzala et al., 1999; Roy et al., 2000). The 

windowed Euler depth solutions use colour-

coded circles; the colours indicate depth ranges, 

and their sizes represent depth variation within 

those ranges across the fracture zones (Fig. 9).  

Several steps were taken to achieve a clean result 

of Euler's Deconvolution: grid processing; 

creation of a solution database; creation of a new 

map; drawing a base map; plotting solution 

symbols; solution reduction of the outcome; and 

plotting. The Euler solutions were superimposed 

onto the generated FVD and Analytic Signal 

results (Figs 10 and 11). The 3D Euler cluster 

solutions from the processed RTE were treated 

using a windowing technique to minimize 

uncertainty to the lowest possible level (15%). 

Tolerance levels were used alongside windowing 

to reduce this uncertainty and improve edge 

smoothness. Statistical values for maximum, 

minimum, and mean solutions, along with 

Tolerance and Window size values of clusters for 

S.I 0 and 1 (contacts (0) and dykes (1)) were 

calculated. Window sizes of solutions could not 

exceed 20 due to the logarithms, but the 

tolerance level for the solutions of dykes could 

exceed 20. Any value above 20 will not generate 

a result; hence, 15 was used, with a tolerance 

level of 20 to ensure a higher-quality dataset for 

interpretation. Hence, the window size and 

Tolerance levels were varied simultaneously 

until a preferred window size and Tolerance level 

were found that yielded a clear representation of 

lineaments and their estimated depths across the 

study area.  

For clear delineation and exhibition of 

lineaments represented as dykes within the 

fracture zones, S.I of 1, a tolerance level of 20%, 

and a window size of 15 grid cells were utilised 

after several attempts at variations to arrive at 

accurate and meaningful results/solutions. This 

data were used to generate the final 3DEuler 

image using the Oasis Montaj Software. This gave 

the estimated depths of the fractures within the 

basement rocks underlying the study area. The 

higher the tolerance, the greater the noise from 

shorter wavelengths at shallow depths; as such, 
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shorter wavelengths from the surface had to be 

eliminated by decreasing the tolerance level. 

However, the higher the tolerance level, the 

higher the cluster solutions; thus, a balance 

between reducing noise and achieving more 

accurate solutions had to be found. 

The entire study area consists of various fracture 

and shear zones. As such, the 3D Deconvolution 

results reveal the estimated depths of these 

zones basically in three categories: the zones 

with depths of about >1500m to ≥2000m (within 

the migmatitic gneisses); zones with depths 

between >400m to 1500m (within migmatitic 

gneiss, granite gneiss, porphyroblastic, and 

porphyritic granite); and zones with depths of 

about ≤100 to ≤400m (in all the lithological 

units). Fractures with depths ranging from 400 to 

1500m dominate the northern regions compared 

with the southern parts of the study area. These 

fractures are found in migmatitic gneiss, granite 

gneiss, and porphyritic granites. Over thirty-two 

thousand solutions were generated, the 

shallowest depth at which a fracture was 

identified from the solutions was at less than 

100m (83m), and the deepest fracture(s) were 

identified above 2000m (2156m).   

The FVD and Analytic Signal results display the 

lateral extensions and magnetic susceptibility of 

the anomalies, respectively, with estimated 

depths acquired from the 3D Euler 

Deconvolution. The lineament solutions from the 

3D Euler reveal similar orientations to those 

generated by the FVD. The cluster solutions 

derived from the 3D Euler Deconvolution were 

superimposed over the FVD and revealed a 

merging correlation with the generated 

lineaments from the FVD. The above-mentioned 

orientations of the lineaments from the FVD were 

as observed from the 3D Euler solutions. Both 

reveal the positioning of the major NW-SE 

fractures with depths ranging from 400m to 

above 2000m; fractures in zones suspected to be 

curvi-linear structure (northeastern part of the 

study area) and possible trough presence 

(northcentral of study area in between two 

extensive fractures) with depths ranging from 

100m to about 2000m; and other fractures with 

depths below 1500m distributed across the 

study area.   

The 3D Euler solution, superimposed on the 

Analytic Signal, revealed regions with deep-

seated fractures ranging from 1500-2000m that 

have low magnetic susceptibility; regions that 

have fractures with depths ranging from 400-

1500m have moderate to high magnetic 

susceptibility, and they dominate the northern 

regions more than the southern parts of the study 

area. These fractures are found within the 

gneisses and the granites. High magnetic 

susceptibility was observed in parts of the 

northeast, where the Rurum Forest Reserve and 

the Tiga Dam are located. These regions are 

underlain by porphyritic granites with 

curvilinear features. Low magnetic susceptibility 

was also observed between the two extensive 

fractures, which are underlain by migmatitic 

gneiss. As interpreted from the FVD-Euler, this 

low magnetic susceptibility zone is suspected to 

be a possible trough or graben caused by a relay 

fault between two extensive faults or by 

extensional stress evolving into a releasing bend. 

This proposal can be correlated with the research 

and findings of Ajakaiye et al. (1991), which 

highlighted the magnetic anomalies and 

characteristics of major fault zones in the Atlantic 

basins. The depths of these extensive fractures 

are consistent with the work of Raimi et al. 

(2014) and Balarabe et al. (2018). The faults 

extend beyond the study area; accordingly, the 

maximum, minimum, and average lengths are 70 

km, 56 km, and 63 km, respectively.  

The gneisses had more fractures, discordant 

veins, and dykes relative to the granitic rocks. 

This was because the gneisses are more 

competent than the granitic rocks. Higher 

frequencies, smaller displacements, and shorter 

faults were observed in the gneissic rocks of the 

study area. In contrast, lower frequencies, larger 

displacements, and longer faults were observed 

in the granitic rocks. This is similar to the 

analysed and documented works on gneiss and 

granite rock units by Higgins (1971) and Ball 

(1980). Tensile fractures (joints) are caused by 

extensional stress, where no displacement 

occurs. They are usually oriented parallel to 

maximum stress (σ1) and perpendicular to 

minimum stress (σ3), and these cracks/fissile 

structures open horizontally while extending 

vertically. Metamorphic rocks are stiffer, denser, 

and drier and therefore tend to exhibit more 

tensile fractures, whether open or closed, than 

granitic rocks (Ball, 1980). The fractures that 

facilitated the formation of discordant structures 

were older than those that eventually cut across 
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them and evolved into fault planes along which 

the dissected veins/dykes slid laterally. Based on 

the ages of these fractures, as determined by 

geochronological studies, it is logical to conclude 

that the tectonic evolution of the Pan-African 

Orogeny superimposed the Eburnean and 

Kibaran Orogeny fractures. Fig. 12 is the 

lineament map, which was automatically 

generated from the FVD-RTE using ArcGIS 

Software, showing the distributions of the 

fractures across the fracture/shear zones; and 

Fig. 13 is the rose diagram (with intervals of 50) 

that displays the orientations of dominant and 

least fractures across the study area. 

 

Fig. 5: Total Magnetic Field Intensity (TMI) aeromagnetic data showing regions of high (pink/purple to red) 

to low (green and blue) magnetic intensities representing structural features and lithological units. 

 

Fig. 6: Reduced-to-equator (RTE) aeromagnetic anomaly map of Sheet 103 (Ikara), processed from the 

Total Magnetic Intensity grid. 
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Fig. 7: First Vertical Derivative (FVD) generated from the RTE grid showing regional NW-SE extensive 

fractures and NE-SW lineaments cross-cutting WNW-ESE and E-W fractures. 

 

Fig. 8: Analytic Signal produced from the RTE grid, revealing low-to-high magnetic anomalies of extensive 

structural features within the fracture and sheared zones identified within the subsurface. 
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Fig. 9: 3D-Euler Deconvolution solution clusters showing estimated depths of regional fractures ranging 

from less than 100m to above 2000m.  

 

Fig. 10: 3D Euler Deconvolution cluster solutions superimposed on FVD-RTE. This shows a close correlation 

between the solutions generated from Euler and the fractures from the FVD. 
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Fig. 11: 3D Euler Deconvolution solutions superimposed on the Analytic Signal-RTE. This shows the 

magnetic susceptibilities of the anomalous bodies and fractures, along with their corresponding depths. 

 

 

 

Fig. 12: Lineament map generated from FVD: the arrows and broken lines show minor and major fractures 

trending NE-SW and NW-SE, which are superimposed on the WNW-ESE and E-W fractures. 
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Fig. 13: Rose plot showing WNW-ESE and E-W lineaments to be dominant and NW-SE, NE-SW, and N-S 

lineaments to be least dominant. 

CONCLUSIONS 

Qualitative and quantitative geophysical 

approaches were successfully employed to 

delineate extensive lineaments, determine their 

depths and magnetic susceptibilities, and 

elucidate the tectonic evolution of Sheet 103 

(Ikara). This was achieved by processing a 

Reduced-to-Equator (RTE) from the raw Total 

Magnetic Intensity (TMI) data. This was further 

processed to acquire the FVD-RTE and Analytic 

Signal-RTE and to generate the 3D Euler 

Deconvolution solutions. RTE revealed magnetic 

anomalies categorised into two major structural 

domains with low (negative) and high (positive) 

magnetic signatures. First Vertical Derivative 

showed the positions and orientations of linear 

and curvilinear fractures. The trends of these 

fractures were predominantly WNW-ESE and E-

W, with minor NE-SW, NW-SE, and N-S. Analytic 

Signal revealed the magnetic susceptibility of the 

magnetic anomalies (lithological units and 

structures) across the study area, their proximity 

to the surface, and the presence of a broad 

curvilinear magnetic anomaly. The 3D Euler 

Deconvolution displayed estimated depths of 

these anomalies (lineaments) in the subsurface. 

The lineament solutions from the 3D Euler reveal 

similar orientations of the lineaments as those 

generated from the FVD. The 3D-Euler 

Deconvolution solutions revealed the presence 

and estimated depths along the regional NW-SE 

fractures, curvilinear structure (circular 

magnetic anomaly), and other fractures within 

the fracture/shear zones in the study area. 

Superimposing the 3D-Euler Deconvolution 

solutions over the FVD and the Analytic Signal 

results revealed a clearer understanding and 

correlation among lineaments, depths, and 

magnetic susceptibility in the study area. The 

presence and depth of these fractures will serve 

as potential migration pathways for fluids 

(groundwater and mineralisation fluids) within 

the study area. The results from these two 

geophysical approaches revealed lineaments 

with different orientations, suggesting they may 

have evolved during different Orogenic events. 

These fractures may lead to further mechanical 

deformation within the lithologies and serve as 

migration pathways for hydrothermal fluids and 

water in Ikara and its environs.   
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