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ABSTRACT 

In this study, magnetic signatures were employed alongside with the geological settings in characterizing the structures that may 

host gold mineralization over Kabo and its environs. The interpretation of the aeromagnetic data extracted from the Total Magnetic 

Intensity (TMI) maps of the nationwide was carried out using automated techniques which are; IGRF/DGRF computation, 

reduction to equator (RTE), analytic signal, first and second vertical derivatives. Results from analytic signal map showed the 

geological structures of basement complex trend NE-SW direction of the study area with associated Fe-oxide mineral species 

during the formation of both intrusive and extrusive igneous rocks which revealed the existence gold mineralization potential in 

the study area. These regions were labelled as Zone A, which has the potentials of gold mineral due to present of ferromagnetic 

minerals as a result of mafic and ultramafic are more of Fe-bearing minerals (gold mineral) than that of felsic rock. The regions 

have covered the locations of; Shanono, Southern part of Kabo, Rimin Gado, Madobi, Garum Mallam, Bunkure and Rano LGAs 

of Kano State. The zones exhibit substantial magnetic anomaly that are more of ferromagnetic minerals such as gold mineralization 

potential. 
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INTRODUCTION 

Nigeria is richly endowed with vast solid minerals such as 

limestone, gold, marble, clay, etc that are widely distributed 

across the country. Mining in Nigeria especially of gold, has 

been viewed as a key driver for economic growth and 

development for sustainable social and economic wellbeing 

(Olalekan et al., 2016). 

 

Most gold deposits in Nigeria are found in quartz veins as 

visible gold and also as inclusion in some ore minerals 

within several metasedimentary and meta-igneous rocks 

across the diverse supracrustal rocks of the schist belts 

(Ramadan and AbdelFattah, 2010). They are structurally 

controlled and spatially associated with shear zones and 

hydrothermal veins formed in response to the regional stress 
field (Sani et al., 2017). 

Structures in the Nigerian basement complex usually control 

the mineralization and may be deep seated and therefore 

require greatly a geophysical approach to delineate the 

possible pathways for gold exploration and exploitation 

(Ejepu et al., 2018). Structures such as fractures play a very 

important role in gold mineralization; first as conduits for the 

mineralization solution and second, as loci of deposition of 

mineralization fluid. Faults and shear zones are potential 

pathways of fluids (Sani et al, 2019) and thus, knowledge of 

the structural architecture of a mineralized area, the 

distribution and orientation of faults and shear zones, their 
formation and possible reactivation during the structural  

 

evolution and the tectonic conditions is a key to understand 

the formation, origin and location of mineral deposits as well 

as for exploration and findings of new targets (Adewumi and 
Salako, 2018). 

In this study, aeromagnetic method was used because it 

measures magnetic responses associated with particular 

iron-bearing minerals (ferromagnetic). The method is one of 

the most reliable, cost-effective and fastest means of 

covering large area, even with rough terrain. The magnetic 

character of a rock is determined by several factors. These 

are; the Fe-bearing mineral species present, the different 

types of magnetization displayed by the magnetic mineral 

species, and the intensity and the orientation of the externally 
applied inducing field (Augie and Ologe, 2020). 

The magnetic method measures the variations in the earth 

magnetic field produced due to the induced and remnant 

magnetization of rocks by the Earth’s magnetic field (Ejepu 

et al., 2018). The strength of magnetization in rock is related 
to the local intensity of the earth’s field given as: 

𝑀 = 𝑘𝐻     (1) 

where M is the magnetisation per unit volume in Am-1, k is 

the magnetic susceptibility and H is the local intensity of the 

earth’s magnetic field in Am-1. The aim of this work is to 

assess gold mineralisation potential over Kabo and its 
environs using aeromagnetic method.  
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MATERIALS AND METHODS 

Location and Geological Settings of the Study Area 

The study area lies within the central part of Kano State 

between latitudes 11°30′0″N and 12°0′0″N, and longitudes 

8°0′0″E and 8°30′0″E.  The study area covers Kabo LGA 

and the other adjoining LGAs such as; Shanono, Gwarzo, 

Rimin Gado, Tofa, Ungongo, Gwale, Kano Manucipal, 

Tarauni, Kumboston, Karaye, Madobi, Kiru, Kura, Garum 

Mallam, Bunkure, Bebeji and Rano areas (Fig. 1). 

 

Geologically, the study area falls under the Basement 

Complex rocks of northern Nigeria, which divide into three 

groups of rocks namely; migmatites, high-grade gneisses 

derived from Birri main sedimentary rocks through high 

grade metamorphism and granitization, and the Younger 

Metasediments of the Upper Proterozoic (Bagare et al, 

2019). These comprise Granite, Rhyolite, Biotite-Granite, 

Metaconglomerate, Marbles, Quartz-Mica schist, 

Migmatite, Sandstones, Ironstones, Laterites, Gneiss and 
Older Granite (Fig. 2).

 

 

        Figure 1: Location Map of the Study Area 

 

         Figure 2: Geological Map of the Study Area 
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Methodology  

Aeromagnetic surveys over parts of the country were carried 

out by Fugro airborne surveys between 2006 and 2007 on 

behalf of the Federal Government of Nigeria. The data are 

under the custody of the Nigeria Geological Survey Agency 

(NGSA). In this study, sheet number 80 was used covering 

Kabo LGA and its environs of Basement Complex of 

northern Nigeria. The data were established under the 

following high-resolution survey conditions; Flight line 

spacing (500 m), Terrain clearance (80 m), Tie line spacing 

(2000 m), Flight direction is NW-SE and the Tie line 

direction is NE-SW. The acquisition of the magnetic dataset 

involves the attachment of the 3 ×3 Scintrex CS3 cesium 

vapour magnetometer sensor on a fixed wing of the aircraft.  

 

This method measures the combination of the earth’s core 

field and the field due to magnetically susceptible rocks in 

the crust + remanence field of the rocks. The acquired data 

were corrected by removing geomagnetic gradient using the 

main/core field (International Geomagnetic Reference Field, 

IGRF). The data was collected in grid form which was 
further converted it in digitized form (X, Y and Z). 

The X and Y represents longitude and latitude respectively 

measured in metres (m), and Z represent the magnetic 

intensity measured in nano Tesla (nT). The acquired 

corrected aeromagnetic dataset was subjected to the 

minimum curvature gridding method to produce the Total 
Magnetic Intensity (TMI) map. 

Data Processing  

In this study, different processing techniques were employed 

to process, enhanced, and interpreted magnetic data with aid 

of Geosoft (Oasis Montaj) and Surfer software. These 

techniques include: reduction of magnetic equator (RTE), 

first vertical derivative, second vertical derivative, and 

analytic signal. 

 

The Total Magnetic Field Intensity (TMI) value acquired 

from NGSA which was short-up 33,000 nT for the 

convenience of contouring or imaging. For these reasons, the 

value (33,000 nT) must be added back to give the TMI grids 

for the area (Augie and Ologe, 2020).  The generated core 

fields (DGRF for the epoch period) are subtracted from the 

grid values (TMI) to give the magnetic anomaly (TMI 
anomaly) as shown in Fig. 3. 

 

     Figure 3: Total Magnetic Intensity (TMI) Map 
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Reduction to Equator  

This study area falls within magnetic equatorial zones of low 

inclination (low latitudes) where reduction to pole technique 

cannot be applied; because the North to South bodies have 

no detectable induced magnetic anomaly at zero 

geomagnetic inclination. For this, the TMI map were reduced 

to magnetic equator in order to produce anomalies which 

depend on the inclination and declination of magnetized 

body, the local earth’s field and orientation of the body with 

respect to the magnetic north.  

 

With application of reduced to the equator (RTE), the 

regional magnetic field align horizontally and most of the 

source magnetizations are horizontal. The resultant 

composite color depicting reduced-to-equator residual 

magnetic anomalies are given in Fig. 4. 

 

Figure 4: Reduction to Magnetic Equator Map 

First and Second Vertical Derivatives (FSD and SVD)  

FVD and SVD techniques were applied to TMI anomaly in 

order to quantify the spatial rate of change of the magnetic 

field in horizontal, or vertical directions. Derivatives 

essentially enhance high frequency anomalies (that is 

shallow features) relative to low frequencies anomalies (that 

is deep features) and sharpen the edges of anomalies. 

Vertical derivatives are a measure of curvature, and large 

curvatures are associated with shallow anomalies. Thus, it 

enhances near-surface features at the expense of deeper 

anomalies.  

 

FVD technique improved the spatial and structural 

resolution as observed in Figure 5 and also the peak positions 

from RTE are retained in the FVD.  The anomaly in FVD is 

considerably narrow and more closely reflects the width of 
the magnetic rock body causing it. 

SVD is effective than FVD and its further reduces the width 

of the anomaly that are much more closely reflect the width 

of the causative magnetic rock body (Fig. 6). It seeks to 
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provide much more detail and it emphasizes and enhances 
the high frequency parts as measured in RTE map.  

The first and second vertical derivatives are given as: 

𝐅𝐕𝐃 =  
𝜕𝑀

𝜕𝑧
 and 𝐒𝐕𝐃 =  

𝜕2𝑀

𝜕𝑧2      (2) 

Where M is the potential field anomaly.  

 

            Figure 5: First Vertical Derivative Map 

 

             Figure 6: Second Vertical Derivative Map 
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Analytical Signal Amplitude (ASA)  

The analytic signal technique was applied to TMI map to 

estimate source characteristics and to locate positions of 

causative body (Figure 7). The ASA method is unlike the 

reduction to equator (RTE), that does not require the 

direction of magnetization source prior to the application of 

the filter. The AS filter is defined as the square root of the 

sum of the vertical and horizontal derivatives of magnetic 

field given as thus: 

 

𝐴(𝑥, 𝑦) = √(
𝜕𝑇

𝜕𝑥
)

2
+ (

𝜕𝑇

𝜕𝑦
)

2
+ (

𝜕𝑇

𝜕𝑧
)

2
     (3) 

total magnetic field and x, y and z are the directions and A 

(x, y) is the amplitude of the analytic signal at (x, y); T is the 

observed magnetic field at (x, y). The purpose of the 

reduction to the pole is to take an observed total magnetic 

field map and produce a magnetic map result for an area 
surveyed at the magnetic pole. 

 

Figure 7: Analytical Signal Map 

RESULTS AND DISCUSSION  

Different processing techniques were employed in this 

study, to enhanced magnetic data as shown in Figures 3, 4, 

5, 6 and 7. These techniques include: IGRF/DGRF 

computation, reduction to the equator (RTE), analytic signal 

amplitude, first and second vertical derivatives. 

 

Basement complex of northern Nigeria usually partitioning 

the Fe into various silicate and oxide mineral species during 

the formation of both intrusive and extrusive igneous rocks. 

The Fe-bearing silicate minerals that form in igneous rocks 

are too many, but commonly includes: olivine, pyroxene, 

amphibole and mica group, and they are not ferromagnetic 
(Augie and Ologe, 2020). 

The Fe oxide minerals commonly found in igneous rocks 

form three significant solid-solution series which are: 

titanomagnetite with end members magnetite, 

titanohaematite with end members haematite and the 

magnetite (Figure 2). The magnetic susceptibility values of 

some common rocks include magnetic minerals given in 
Figure 8. 
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Figure 8: Common Magnetic Susceptibility Ranges for Various Rocks Types (Clark, 2010) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Analytical Signal Map Showing Anomaly of Interest 
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The analytical signal map showing the anomaly of interest 

(Fig. 9) was used in the qualitative interpretation instead of 

the TMI map, because it provides direct evidence of the 

existence of the reservoir type structures or mineral bodies. 

The result presented in Fig. 9 shows that the regions is made 

of 3 magnetic zones, each having a unique magnetic 

anomaly pattern/or values and these values were compared 

in Figure 8. These zones were named as Zone A, B and C. 

For Zone A, looking at the Fig. 9 closely under the 

geographic co-ordinates positions of 11053′0″N to 1200′0″N 

and 800′0″E to 805′0″E (Shanono LGA), 11044′0″N to 

11056′0″N and 807′0″E to 8014′0″E (Southern part of Kabo 

LGA), 11054′0″N to 1200′0″N and 8015′0″E to 8022′0″E 

(Rimin Gado LGA), 11041′0″N to 11050′0″N and 8016′0″E 

to 8023′0″E (Madobi LGA)   and  the 11032′0″N to 

11040′0″N and 8021′0″E to 8030′0″E (Garum Mallam, 

Bunkure and Rano LGAs). When these magnetic values are 

considered in relation to Figure 8, it is observed that the 

regions exhibit substantial positive magnetic susceptibility 

values that are more of ferromagnetic minerals such as gold 

mineralization potential. These areas usually contained 

mafic and ultramafic that are more of Fe-bearing minerals 

(gold mineral) than that of felsic rock.  However, the 

distribution of the crystallized gold species highlighted in 

these areas increasingly with oxidized of Fe-bearing 

minerals from mafic to felsic rocks. 

Likewise, Zone B are magnetite and pyrrhotite minerals with 

moderate susceptibilities k (Figure 9), and are both typical 

metastable in low T/low P, high fO2 conditions; that is the 

condition prevailing in the post early palaeoproterozoic 

sedimentary rock – forming environment.  Usually Fe-

bearing minerals initially formed in these zones as sediments 

are generally dominated by haematite (Fe2O3), Siderite 
(Fe2CO3), pyrite (FeS2) and various hydrous oxides. 

The region of Zone C was observed that the susceptibility 

values coincided with that of the carbonaceous sedimentary 

rocks when considered in relation to Figure 8. The local 

redox states of sediments in Zone C are strongly controlled 

by carbonate content of the depositional environment and 

also the carbonates species are usually strongly dependent 

on both sedimentary facies and sediment provenance. 

CONCLUSION  

The result from this study has indicated that regions having 

a gold mineralization potential are Zones A. which is made 

up of basement complex of northern Nigeria. These regions 

were corresponded to Shanono, Southern part of Kabo, 

Rimin Gado, Madobi, Garum Mallam, Bunkure and Rano 

Local government areas of Kano State. However, Zone B 

and C were made up magnetite and pyrrhotite minerals and 

also sedimentary rocks which occupied Kiru, Bebeji, 

Karaye, Northern part of Kabo, Tofa, Kura local government 

areas of Kano State. 
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