
XXX-X-XXXX-XXXX-X/XX/$XX.00 ©20XX IEEE 

Mineral Potential of Parts of Southwestern Nigeria 

from Magnetic and Radiometric Methods 
 

 Leke Sunday Adebiyi 

Landmark University SDG 7 

(Affordable Energy and Clean) 

 Department of Physical Sciences, 

Landmark University 

Omu-Aran, Kwara State, Nigeria. 

adebiyi.leke@lmu.edu.ng 

 

 Sesan Cornelius Falade 

 Landmark University SDG 7 

(Affordable Energy and Clean) 

 Department of Physical Sciences, 

Landmark University 

Omu-Aran, Kwara State, Nigeria. 

falade.sesan@lmu.edu.ng 

 

 Kehinde Oladele Dopamu 

 Landmark University SDG 7 

(Affordable Energy and Clean) 

 Department of Physical Sciences, 

Landmark University 

Omu-Aran, Kwara State, Nigeria. 

dopamu.kehinde@lmu.edu.ng 

 

 Esther Adetola Alejolowo 

 Landmark University SDG 7 

(Affordable Energy and Clean) 

 Department of Physical Sciences, 

Landmark University 

Omu-Aran, Kwara State, Nigeria. 

alejolowo.esther@lmu.edu.ng

Abstract— The study area is part of Osun State in 

southwestern Nigeria and falls within the Ilesha schist belt. 

Airborne magnetic and radiometric data were utilized, provided 

by the Nigerian Geological Survey Agency (NGSA). The data were 

gridded and displayed, showing well-defined radiometric highs 

and magnetic belts. Geophysical mapping and structural analysis 

were conducted, leading to the identification of potential 

mineralization zones. The mineral potential map was developed, 

highlighting areas for further ground investigation. Overall, the 

study highlighted the presence of mineralized zones in the project 

area, with geophysical signatures such as high amplitudes of total 

gradient magnitude anomalies and anomalously high potassium-

to-thorium ratios. Follow-up ground investigations using various 

methods are recommended to establish the mineralization in the 

study area.   
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I. INTRODUCTION 

The occurrences of minerals in Nigeria are mostly associated 
with tectonic structures and rocks, encompassing faults, folds, 
intrusions, and the like. The occurrence of metallic ores and 
deposits of economically significant minerals is intricately 
linked to specific geological settings. For instance, petroleum is 
prevalent in sedimentary basins, while tin is commonly found in 
calc-alkaline ring complexes [1], [2], [3], [4], [5], [6], [7]. 

Efforts to identify potential mineralized zones often 
necessitate the delineation of suitable stratigraphic horizons and 
the recognition of appropriate geological structures like faults, 
folds, and intrusions. Recognition of anomalous responses 
arising from different geologic sources is essential for 
determining the source and for estimating the source location 
[8], [9], [10], [11]. In most cases, the integration of multiple 
geophysical methods including magnetic, radiometric and 
sometimes electrical methods may be suitable for this purpose. 
The magnetic method is recommended because of its 
applicability in delineating the lateral and vertical continuity of 
structures that commonly host minerals, while the radiometric 
method is suitable for detecting chemical changes resulting from 
mineral deposition. The study area is part of Osun State in 
southwestern Nigeria and falls within the Ilesha schist belt – a 
region that is renowned for gold and associated minerals [12]. 

II. AIRBORNE MAGNETIC AND RADIOMETRIC DATA 

Airborne magnetic and radiometric data used were provided 
by the Nigerian Geological Survey Agency (NGSA). The data 
is part of the recently acquired regional high-resolution airborne 
data of southwestern Nigeria [13], [14], [15].  The flight line and 
tie-line spacing used to acquire the data were 150 m and 1500 m 
respectively at an average barometric flight height of about 50 
m. Necessary corrections including the removal of background 
radiation from radiometric data and international geomagnetic 
reference field (IGRF) from magnetic data were implemented. 
The resulting data were gridded at 100 m spacing using the 
Minimum Curvature gridding algorithm and displayed as 2-D 
magnetic (Fig. 1a) and Radiometric data comprising Potassium 
(K-map), equivalent Thorium (eTh-map) and equivalent 
Uranium (eU-map) respectively (Figs 1b, 1c, and 1d). Visual 
inspection of each of the maps shows many well-defined 
radiometric highs in specific locations throughout the study area. 
They equally highlighted a gamma-ray depleted zone. (Fig. 1a) 
highlighted many magnetic and non-magnetic belts throughout 
the study area. 
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Fig.1: Two-dimensional gridded data comprising: (a) Aeromagnetic anomaly 
dataset (b) Potassium concentration (c) Thorium concentration 

III. GEOPHYSICAL MAPPING  

The analysis of the aeromagnetic data in this study includes 
the use of an edge detection filter aimed at discriminating 
magnetic sources. Subsequently, the aeromagnetic anomaly map 
underwent distinct assessments, specifically involving the 
application of total gradient magnitude analysis (Fig 2). The 
outcome of the total gradient magnitude analysis revealed 
regions within the project area exhibiting linear and isolated 
subsurface geological features, notably fractures and igneous 
rocks.  

Furthermore, the airborne radiometric data underwent 
qualitative analysis, to determine the ratio of potassium to 
thorium concentration (Fig. 3). This ratio map was instrumental 
in identifying potential alteration zones, serving as probable 
locations for hydrothermal mineralization. 

 
Fig. 2: Total Gradient Magnitude 

 

 
Fig. 3: Ratio of Potassium-Thorium Map 

IV. MINERAL POTENTIAL MAP  

The main indicators for mineralization from the results include 

the high amplitude of the total gradient magnitude anomalies; 

the presence of magnetic lineaments and an anomalously high 

potassium-to-thorium ratio. These indicators were used to 

develop a mineral potential map of the study area (Fig. 4). 

Notably, some of the suspected mineralized areas exhibit linear 

features that coincide with the amplitude of the airborne data. 

The suspected mineralized areas are presented for follow-up 

ground investigation to establish the mineralization. Given that 

the study area falls within the prominent gold belt in 

southwestern Nigeria, the majority of the mineralized zones 

identified in the study area may host gold and its associated 

minerals, including pyrite, chalcopyrite, argentite, and others. 
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 Fig. 4. Mineral potential map of the study area 

V. CONCLUSION AND RECOMMENDATION 

The mineral potential zones in the project area and the 
associated geological structures have been identified. The 
mineralized areas exhibit magnetic signatures including high 
amplitudes of the total gradient magnitude anomalies; the 
presence of magnetic lineament; and anomalously high 
potassium-to-thorium anomalies. The observed radiometric and 
magnetic signatures in the said locations are some of the 
qualities of major gold mineralized zones in Nigeria. Methods 
such as AI omni range, electrical resistivity tomography and 
magnetotelluric can be used to further establish the 
mineralization in the study area. 

REFERENCES 

[1] J. B. Wright, “Controls of mineralization in the older 

and younger tin fields of Nigeria,” Economic Geology, 

vol. 65, no. 8, pp. 945–951, 1970, doi: 

10.2113/gsecongeo.65.8.945. 
[2] N. Olasunkanmi, L. Sunmonu, M. Adabanija, J. Ajadi, 

and L. Sunday, Integrating Aeromagnetic and 

LandsatTM 8 Data for Geologic Features of Igbeti 

Schist Belt, Southwestern Nigeria: Implication for 

Groundwater Exploration, no. October. Springer 

International Publishing, 2019. doi: 10.1007/978-3-

030-01572-5_54. 

[3] N. Olasunkanmi, O. Bamigboye, O. Saminu, N. 

Salawu, and T. Bamidele, “Interpretation of high 

resolution aeromagnetic data of Kaoje and its environ, 

western part of the Zuru Schist belt, Nigeria: 

implication for Fe–Mn occurrence,” Heliyon, vol. 6, no. 

1, Jan. 2020, doi: 10.1016/j.heliyon.2020.e03320. 

[4] T. O. Lawal, D. M. Omar, M. K. Salami, T. Adewumi, 

J. A. Sunday, and O. Fawale, “Detection of Concealed 

Mineral Deposits using Magnetic Data in part of Osun 

State and its Environs, South-western Nigeria,” in IOP 

Conference Series: Earth and Environmental Science, 

IOP Publishing Ltd, Feb. 2021. doi: 10.1088/1755-

1315/655/1/012074. 

[5] K. O. Dopamu, C. O. Akoshile, and L. I. Nwankwo, 

“Regional estimation of geothermal resources of the 

entire Benue Trough, Nigeria using high-resolution 

aeromagnetic data,” Geomechanics and Geophysics for 

Geo-Energy and Geo-Resources, vol. 7, no. 3. 2021. 

doi: 10.1007/s40948-021-00276-z. 

[6] L. S. Adebiyi, A. B. Eluwole, A. O. Fajana, and N. B. 

Salawu, “A preliminary geophysical investigation of 

lead mineralization in parts of the crystalline basement 

complex of Nigeria,” Model Earth Syst Environ, 2023, 

doi: 10.1007/s40808-023-01782-7. 

[7] L. S. Adebiyi, A. B. Eluwole, A. O. Fajana, N. B. 

Salawu, and A. Saleh, “Contrasting structures of the 

Southern Benue trough and the contiguous crystalline 

basement as observed from high-resolution 

aeromagnetic data,” Sci Rep, vol. 13, no. 1, Dec. 2023, 

doi: 10.1038/s41598-023-48639-8. 

[8] R. J. Blakely and R. W. Simpson, “Approximating 

edges of source bodies from magnetic or gravity 

anomalies.,” GEOPHYSICS, vol. 51, no. 7, 1986, doi: 

10.1190/1.1442197. 

[9] S. Panepinto, L. De Luca, M. Mantovani, M. 

Sfolciaghi, and B. Garcea, “Using the pseudo-gravity 

functional transform to enhance deep-magnetic sources 

and enrich regional gravity data,” SEG Technical 

Program Expanded Abstracts, vol. 33, pp. 1275–1279, 

2014, doi: 10.1190/segam2014-1323.1. 

[10] N. Launay, Y. Quesnel, P. Rochette, and F. Demory, 

“Iron formations as the source of the west african 

magnetic crustal anomaly,” Front Earth Sci 

(Lausanne), vol. 6, Apr. 2018, doi: 

10.3389/FEART.2018.00032/FULL. 

[11] D. K. Oladele, F. S. Cornelius, A. L. Sunday, A. E. 

Adetola, and E. Gracia, “The Crustal Structure of 

Landmark University and OMU-ARAN Environment, 

Nigeria, using High-Resolution Aeromagnetic Data,” 

in 2023 International Conference on Science, 

Engineering and Business for Sustainable 

Development Goals, SEB-SDG 2023, 2023. doi: 

10.1109/SEB-SDG57117.2023.10124524. 

[12] N. B. Salawu, J. O. Fatoba, L. S. Adebiyi, M. M. 

Orosun, and S. S. Dada, “New insights on the Ife-Ilesha 

schist belt using integrated satellite, aeromagnetic and 

radiometric data,” Sci Rep, vol. 11, no. 1, Dec. 2021, 

doi: 10.1038/s41598-021-94813-1. 

[13] Nigerian Geological Survey Agency, “Nationwide 

Aeromagnetic and Aeroradiometric Data,” 2006 

[14] S. W. Reford, D. James Misener, H. A. Ugalde, J. S. 

Gana, and O. Oladele, “Nigeria’s nationwide high-

resolution airborne geophysical surveys,” Society of 

Exploration Geophysicists International Exposition 

and 80th Annual Meeting 2010, SEG 2010, pp. 1835–

1839, 2010, doi: 10.1190/1.3513199. 

[15] A. J. Kehinde, O. T. Omolewa, A. O. Noah, and A. T. 

Taiwo, “Hand geometry recognition: an approach for 

closed and separated fingers,” International Journal of 

Electrical and Computer Engineering, vol. 12, no. 6, 

2022, doi: 10.11591/ijece.v12i6.pp6079-6089. 
  

 

Authorized licensed use limited to: University of Houston. Downloaded on February 03,2026 at 18:51:16 UTC from IEEE Xplore.  Restrictions apply. 


