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Abstract

This study investigates the potential for gold mineralization in Dangbala and its environs in Edo North, Nigeria. By
integrating aeromagnetic and aeroradiometric data, the research aims to map lithological and structural features
associated with mineral deposits, particularly gold. The study highlights the importance of airborne geophysical
methods in mineral exploration, offering insights into the geological structures that host these minerals. The findings
provide a basis for further exploration and the economic assessment of mineral deposits in the region.

Keywords: Gold Mineralization; Aeromagnetic Data; Aeroradiometric Data; Lineament Analysis; Hydrothermal
Alteration

1. Introduction

The use of geophysical methods, such as magnetic, gravity, and gamma-ray spectrometry, is vital in exploring mineral
deposits in areas with complex geological structures. This study focuses on Dangbala, an area with significant untapped
gold reserves. The research uses aeromagnetic and aeroradiometric data to identify gold-bearing structures and
hydrothermal alteration zones, key indicators of mineralization. The study emphasizes the socio-economic impact of
mineral exploitation, highlighting its potential to reduce unemployment and boost local economies.

1.1. Study area

The study area, located in Edo State, southwestern Nigeria, covers approximately 8,100 km? and lies within the
basement complex hosting the Igarra Schist Belt. The geology includes diverse rock types such as coal, sandstone, shale,
granite, gneiss, migmatite, and quartzite. The region is part of the Pan-African mobile belt and has undergone four major
orogenic cycles: Liberian, Eburnean, Kibaran, and Pan-African, leading to deformation and metamorphism.

Four key geological units are present

Migmatite-Gneiss Complex

Schist Belt

Older Granites

Undeformed Acid and Basic Dykes

The Igarra Schist Belt, along with the Oba and Ibillo belts, is characterized by varied lithology, including conglomeratic
sandstone, schist, lignite, claystone, and formations like the Mamu Formation.
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Figure 1 Location and Geologic Map of the Study area (Adapted from NGSA, 2006)

2. Materials and Methods

Aeromagnetic and aeroradiometric data were obtained from the Nigerian Geological Survey Agency (NGSA). The data
covered two sheets (OWO and AUCHI) and were processed using Oasis Montaj software. The analysis involved
generating composite maps of the study area, removing geomagnetic gradients, and inspecting various magnetic and
radiometric maps to identify geological anomalies indicative of gold mineralization.

3. Results and discussion

The study focuses on analyzing airborne magnetic and radiometric data over parts of Edo North and its surroundings
to identify subsurface structures and mineral potential zones. Several digital filters were applied to enhance and
interpret the data both qualitatively and quantitatively.

e Lineament Mapping: The area, predominantly basement in the north and sedimentary in the south, is dissected
by lineaments trending EW, NE-SW, and ENE-WSW. These lineaments, mapped using CET lineament analysis,
are potential veins hosting minerals.

e Analytic Signal Analysis: This was performed to define source boundaries and mineralized lineaments. The
analytic signal map shows high amplitudes (0.109 - 0.233 nT/m) in areas with magnetic minerals, such as tin,
iron, zinc-lead ores, and gold, especially where lineaments overlap with high analytic signal zones.

e Distance to River Map: Mineral occurrences, mapped using gold detection machines, are found to be in
proximity to rivers, as shown in Figure 1.
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o Depth to Magnetic Source: Depths to magnetic sources range from 3.32 m to 1764 m. Shallow depths (3.32 m -
130 m) are typical of mineralized veins in the basement areas (Dangbala, Ojah).
e Hydrothermal Alteration: Hydrothermal alteration zones, with values above 0.2 %/ppm, indicating potassic
specialization, are associated with mineralization. These zones are predominantly around areas like Igwe,
Ikpeshi, Imiekwi, Otuo, and Dagbala. Overlaying the magnetic lineaments shows structural associations,
confirming that hydrothermal fluids have altered and mineralized the rocks in these areas.
e Geology and Hydrothermal Alteration: Granitic rocks (porphyritic and undifferentiated granite) are the most
affected by hydrothermal alteration, followed by granite gneiss, schist, and adjacent shale and mudstone. These
rocks host mineralization, confirming the importance of hydrothermal zones in mineral deposits.

The aeroradiometric maps allowed for the correlation between radioactivity and rock units, aiding in the identification
of hydrothermal alteration zones. The study demonstrated that the NE-SW trending structures were the most favorable
for gold deposits. Additionally, the findings suggest that further exploration and drilling in identified zones could lead

to economically viable mining operations.
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Figure 2 Lineament map showing the Area
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Figure 3 Lineament map indicating Field data Area for enlargement
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Figure 4 Hydrothermal Alteration Zones across (Auchi Sheet 266)
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Figure 7 Hydrothermal alteration on geologic map
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Figure 8 Hydrothermal alteration on geologic map
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4., Conclusion

This research contributes to the understanding of gold mineralization potential in Edo North. It provides a detailed
mapping of lineaments and hydrothermal zones that are conducive to mineralization. The study also highlights the
importance of airborne geophysical surveys in mineral exploration and recommends further studies to assess the
economic feasibility of mining in the region.

Compliance with ethical standards

Acknowledgments
A special thank you to Naomi adjekughele, whose friendship and persistent support have been invaluable. Your

encouragement and insightful advice have helped me navigate the challenges and celebrate the triumphs of this project.

Finally, [ am eternally grateful to my supervisor, professor Isaac Aigbedion, for his invaluable guidance and support.
Your expertise, patience, and dedication have been instrumental in shaping this project and my professional growth.

This project is a testament to the collaborative effort and unwavering support of those who have believed in me.

Disclosure of conflict of interest

The authors declared that there is no conflict of interest.

References

[1] Adewumi, T, and Salako, K. A. (2018). Delineation of mineral potential zones using high-resolution aeromagnetic
data over part of Nasarawa State, North Central, Nigeria. Egyptian Journal of Petroleum, 27(4), 759-767.

[2]  Aigbedion, I. (2022). Environmental effect of mineral exploitation in Nigeria. International Journal of
Environmental Studies, 79(2), 123-130.

[3] Aigbedion, I. A, Arochukwu, K. 0., Ozegin, K. 0., and Atama, ]. 0. (2024). Marble deposits in Okpella. IJSGS.

[4] Augie, A. L, Salako, K. A, Adewuyi, A. R, and Jimoh, M. 0. (2022). Geophysical assessment for gold mineralization
potential over southern part of Kebbi State using aeromagnetic data.

[5]  Bilotti, F., and Shaw, ]. H. (2005). Seismic paleo-geomorphic systems of the extensional province of the Niger
Delta: An example of the Okari field.

[6] Broding, R. A, Zimmerman, C. W,, Somers, E. V., Wilhelm, E. S, and Stripling, A. A. (1952). Magnetic well-logging.
Geophysics, 17(1), 1-26. https://doi.org/10.1190/1.1437724

[7] Campbell, W. C. (1997). Introduction to geomagnetic fields. Cambridge University Press.

[8] Campos-Enriquez, J. 0., Diaz-Navarro, R., Espindola, ]. M., and Mena, M. (1996). Chicxulub: Subsurface structure
of the impact crater inferred from gravity and magnetic data. The Leading Edge, 15(3), 357-359.

[91 Ceron, ], Horscroft, T. R, and Bain, ]. E. (1997). Airborne gravity and magnetic interpretation of the Putumayo
and Upper  Magdalena  Valley, Colombia. SEG Expanded  Abstracts, 16, 707-709.
https://doi.org/10.1190/1.1885950

[10] Dickson, B. L., and Scott, K. M. (1997). Interpretation of aerial gamma-ray surveys: Adding the geochemical
factors. AGSO Journal of Australian Geology and Geophysics, 17(2), 187-200.

[11] Diorio, F., and Mahanta, A. I. (2003). Falcon AGG surveys in detecting IOCG mineralization deposits.

[12] Elkahteeb, M., and Abdellatif, M. A. G. (2018). Mapping of potential lithium mineral deposits in some parts of
northwest Nigeria using magnetic and gamma-ray spectrometry data. Journal of Applied Geophysics, 160, 105-
114. https://doi.org/10.1016/j.jappgeo.2018.02.014

[13] Greene, E. F,, and Bresnahan, C. M. (1998). Gravity’s role in a modern exploration program. Geophysics, 63(4),
1290-1299.

2219



[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

International Journal of Science and Research Archive, 2025, 16(01), 2210-2221

Hanna, W. F. (1990). Some historical notes on early magnetic surveying in the U.S. Geological Survey. In W. F.
Hanna (Ed.), Geologic applications of modern aeromagnetic surveys (pp. 63-73). U.S. Geological Survey
Professional Paper 1924.

Hardwick, C. D. (1984). Important design considerations for inboard airborne magnetic gradiometers.
Geophysics, 49(12), 2004-2018. https://doi.org/10.1190/1.1441591

Heezen, B. C.,, Ewing, M., and Miller, E. T. (1953). Trans-Atlantic profile of total magnetic intensity and topography:
Dakar to Barbados. Deep-Sea Research, 1, 25-23.

Hess, H. H. (1962). History of ocean basins. In A. E. ]. Engel, H. L. James, and B. F. Leonard (Eds.), Petrologic studies:
A volume to honor A. F. Buddington (pp. 599-620). Geological Society of America.

Hinze, W. ]. (Ed.). (1985). The utility of regional gravity and magnetic anomaly maps. Society of Exploration
Geophysicists.

Huston, D. C., Huston, H. H., and Johnson, E. (2004). Geostatistical integration of velocity cube and log data to
constrain 3D gravity modeling, deepwater Gulf of Mexico. The Leading Edge, 23(9), 842-846.

Jensen, H. (1965). Instrument details and application of a new airborne magnetometer. Geophysics, 30(6), 875-
882. https://doi.org/10.1190/1.1439687

Langel, R. A, and Hinze, W. ]J. (1998). The magnetic field of the Earth’s lithosphere: The satellite perspective.
Cambridge University Press.

Levanto, A. E. (1959). A three-component magnetometer for small drill holes and its use in ore prospecting.
Geophysical Prospecting, 7(2), 183-195. https://doi.org/10.1111/j.1365-2478.1959.tb01491.x

Macnae, J. C. (1979). Kimberlites and exploration geophysics. Geophysics, 44(8), 1395-1416.
https://doi.org/10.1190/1.1441014

Mason, R. G. (1958). A magnetic survey off the west coast of the United States between latitudes 32° and 36° N,
longitudes 121° and 128° W. Geophysical Journal International, 1(3), 320-329.

Maxwell, A. E., Von Herzen, R. P., et al. (1970). Initial reports of the Deep Sea Drilling Project covering Leg 3 of the
cruises of the drilling vessel "Glomar Challenger," Dakar, Senegal to Rio de Janeiro, Brazil, December 1968 to
January 1969. Deep Sea Drilling Project. U.S. Government Printing Office.

McElhinny, M. W. (1973). Paleomagnetics and plate tectonics. Cambridge University Press.

Mclntyre, J. I. (1980). Geological significance of magnetic patterns related to magnetite in sediments and
metasediments--A review. Bulletin of the Australian Society of Exploration Geophysicists, 11(2), 19-33.

Millegan, P. S. (1998). High-resolution aeromagnetic surveying. In R. I. Gibson and P. S. Millegan (Eds.), Geologic
applications of gravity and magnetics: Case histories (pp. 18-19). Society of Exploration Geophysicists and
American Association of Petroleum Geologists.

Morley, L. W. (2001). The zebra pattern. In N. Oreskes (Ed.), Plate tectonics: An insider’s history of the modern
theory of the Earth (pp. 67-85). Westview Press.

Morley, L. W., and Larochelle, A. (1964). Paleomagnetism as a means of dating geological events. Royal Society of
Canada Special Publication, 8, 39-50.

Oreskes, N. (Ed.). (2001). Plate tectonics: An insider’s history of the modern theory of the Earth. Westview Press.

Olsen, N., Holm, R, Hulot, G., Sabaka, T., Neubert, T., Tgffner-Clausen, L., Primdahl, F., Jgrgensen, |., and Leger, |-
M. (2000). @rsted initial field model. Geophysical Research Letters, 27(23), 360-363.
https://doi.org/10.1029/1999GL010761

Peirce, . W., Glenn, W. E., and Brown, K. (Eds.). (1998). High-resolution aeromagnetics for hydrocarbon
exploration. Canadian Journal of Exploration Geophysics, 34, 115-130.

Pratson, L. F., Bell, R. E., Anderson, R. N., Dosch, D., White, J., Affleck, C., Grierson, A., Korn, B. E., Phair, R. L., and
Biegert, E. K. (1998). Results from a high-resolution, 3-D marine gravity gradiometry survey over a buried salt
structure, Mississippi Canyon area, Gulf of Mexico. In R. I. Gibson and P. S. Millegan (Eds.), Geologic applications
of gravity and magnetics: Case histories (pp. 137-145). Society of Exploration Geophysicists.

2220



[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]
[44]

[45]

[46]
[47]

[48]

[49]

[50]

International Journal of Science and Research Archive, 2025, 16(01), 2210-2221

Pratsch, J. C. (1998). Gravity data define basin structure and the location of major oil and gas reserves: Examples
from Subandean basins, Tunisia, and the U.S. Rocky Mountain region. In R. I. Gibson and P. S. Millegan (Eds.),
Geologic applications of gravity and magnetics: Case histories (pp. 28-31). Society of Exploration Geophysicists.

Ransone, K., and Rosaire, E. E. (1936). The growth of company-owned operations in Gulf Coast geophysical
prospecting since July 1930. Geophysics, 1, 306-312.

Reford, M. S, and Sumner, J. S. (1964). Aeromagnetics. Geophysics, 29(3), 482-516.
https://doi.org/10.1190/1.1439385

Reid, A. B,, Allsop, J. M,, Granser, H., Millett, A. ]., and Somerton, I. W. (1990). Magnetic interpretation in three
dimensions using Euler deconvolution. Geophysics, 55(1), 80-91. https://doi.org/10.1190/1.1442836

Reigber, C., Luehr, H., and Schwintzer, P. (2002). CHAMP mission status. Advances in Space Research, 30(2), 289-
293. https://doi.org/10.1016/S0273-1177(02)00232-1

Robson, D. F., and Spencer, R. (1997). The New South Wales government's Discovery 2000: Geophysical surveys
and their effect on exploration. Exploration Geophysics, 28(3), 296-298.

Roux, A. T. (1970). The application of geophysics to gold exploration in South Africa. In L. W. Morley (Ed.), Mining
and groundwater geophysics, 1967: Economic Geology Report No. 26 (pp. 425-438). Geological Survey of Canada.

Silva, ]. B. C,, and Hohmann, G. W. (1981). Interpretation of three-component borehole magnetometer data.
Geophysics, 46(12), 1721-1731. https://doi.org/10.1190/1.1441174

Telford, W. M., Geldart, L. P., and Sheriff, R. E. (1990). Applied geophysics (2nd ed.). Cambridge University Press.

Vine, F. ]. (2001). Reversals of fortune. In N. Oreskes (Ed.), Plate tectonics: An insider’s history of the modern
theory of the Earth (pp. 46-66). Westview Press.

Vine, F. ], and Mathews, D. H. (1963). Magnetic anomalies and sea-floor spreading. Geophysical Research Letters,
10, 360-375.

Woollard, G. P., and Rose, |. C. (1963). International gravity measurements. Geophysics, 28, 17-31.

Woollard, G. P. (1979). The new gravity system: Changes in international gravity base station values and anomaly
values. Geophysics, 44(8), 1352-1366. https://doi.org/10.1190/1.1441006

Zumberge, M. A, et al. (1991). Advancements in gravity gradiometer instrumentation for mineral exploration.
Gravity Studies Journal, 5,90-112.

Mclntyre, J. I. (1980). Geological significance of magnetic patterns related to magnetite in sediments and
metasediments--A review. Bulletin of the Australian Society of Exploration Geophysicists, 11(2), 19-33.

Hinze, W. ., et al. (1985). Fault detection in hydrologic investigations using gravity and magnetic methods.
Journal of Applied Geophysics, 35(3), 221-228.

2221



