E3S Web of Conferences 607, 01001 (2025) https://doi.org/10.1051/e3sconf/202560701001
ERRACHIDIA GIS-USERS'2024

GIS-Driven mineral exploration: Enhancing
geological insight through aeromagnetic
integration

Kawtar Benyas'*, Assia Idrissi?, Abdelmounim Qarbous’, Slimane Sassioui!, Abdellatif
Aarab!, Abdellah Lakhloufi' and Rajaa Aitali*

I Laboratory of Analysis and Modelling of Water and Natural Resources, Mohammed V University,
Rabat, Morocco.

2 Department of Earth Sciences, Faculty of Sciences, Mohammed V University, Rabat, Morocco.

3 Department of Geology, Regional Centre for Education and Training Professions RSK, Rabat,
Morocco.

4 Geophysics and Natural Hazards Laboratory, GEOPAC Research Center, Scientific Institute,
Mohammed V University, Rabat, Morocco.

Abstract. The Rehamna Variscan massif, located in the western Moroccan
Meseta, is known for its geological complexity and mining potential,
requiring detailed investigation to uncover its hidden resources. This study
combines spatial analysis with aeromagnetic geophysical prospecting
methods, using Geographic Information Systems (GIS), which are effective
for integrating spatio-temporal data and organizing research phases. The
goal is to demonstrate that incorporating aeromagnetic data into GIS
enhances the detection and analysis of geological structures, thus facilitating
mineral prospecting. This integration identified a significant bipolar
magnetic anomaly, similar to that of the Hajjar mine, indicating favorable
geological structures for mineralization. It also helped map faults and other
geological discontinuities, revealing new target areas for in-depth mineral
exploration, particularly for precious metals. The findings highlight the
effectiveness of GIS in mineral prospecting in geologically complex regions.
However, interpreting the data requires expertise in geophysics and geology
to improve model accuracy. This combined approach allows for more
precise analysis and better planning of mining exploration efforts.
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1 Introduction

The variscan Rehamna massif, situated in the western part of the Moroccan Meseta, stands
out as a geological formation of significant importance due to its structural complexity and
mineral wealth. Formed during the Hercynian orogeny, this massif is a geological mosaic of
diverse rocks and structures, shaped over millions of years of tectonic and magmatic activity.
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The intricate interactions among these varied lithological units have created a terrain that is
favorable for the accumulation of mineral resources, making the region a focal point for
mineral exploration. To thoroughly understand the geological intricacies of the Rehamna
massif and to enhance the likelihood of uncovering new mineral deposits, more advanced
and integrated exploration techniques are required.

This paper introduces an innovative approach for mineral prospecting in the Hercynian
Rehamna massif by leveraging aeromagnetic geophysical data and incorporating them into a
Geographic Information System (GIS). Aeromagnetic data capture the variations in the
Earth's magnetic field caused by differences in the magnetic properties of underlying rocks.
Integrating these data into a GIS permits a sophisticated spatial analysis and three-
dimensional visualization of magnetic anomalies and geological structures. This integration
helps identifying potential areas for mineral exploration and enhances our understanding of
the complex geology of the Rehamna massif.

2 Geological framework

The Rehamna massif is located in north-western Morocco, in the western part of the
Moroccan Meseta, between the cities of Casablanca and Marrakech (Fig. 1). Geologically
(Fig. 1), the Hercynian Rehamna massif, is a geological region of remarkable complexity and
mineral wealth. The first geological explorations were carried out by [1]Gigout in 1951 and
were followed by in-depth studies by researchers such as [2]Hoepftner et al. (1975) and
[3]Aghzer and Arenas (1998), who provided a detailed understanding of the stratigraphy and
tectonic deformation of the massif. The base of the massif consists of Precambrian felsic
volcanic formations, as described by [4]Hoepffner (1974) and confirmed by more recent
research by [5]Pereira et al. (2015). These formations support a succession of varied
Paleozoic sedimentary deposits, including detrital and carbonate facies extending from the
Lower Cambrian to the Visean.

The Hercynian orogeny profoundly modified the region through several tectonic phases of
deformation, identified as D1, D2 and D3. These processes have been well documented by
researchers such as [6]Chopin et al. (2014) and [7]Wernert et al. (2016). In addition, the
interactions between metamorphism, tectonics and magmatism have been examined at depth,
revealing intense regional metamorphism and significant magmatic intrusions at the end of
the Hercynian cycle, contributing to the current geological structure of the massif and the
formation of hydrothermal mineral deposits. The region's post-Paleozoic sedimentary cover
is dominated by Cretaceous and Mio-Plio-Quaternary deposits, with a minor Triassic
presence that is often eroded, as highlighted by [8]Hoepftner et al. (2005) and [7]Wernert et
al. (2016).

Overall, the Hercynian Rehamna massif illustrates the complexity of geological processes,
ranging from Precambrian stratigraphy to Hercynian tectonic phases, enriched by
metamorphism and magmatism (Fig. 1). These features make the massif a major area of
interest for geological research and ongoing mining exploration..

3 Data and methodology

The aeromagnetic data has been provided to us, in the form of residual field maps. They are
the product of the airborne magnetic survey carried out by the Airborne Magnetism
Campaign (C.A.G., 1970), which was commissioned by the Moroccan Directorate of Mines
and Geology. To process the available digital data, we used Geosoft Oasis montaj 7.0.1 and
Arcgis 10.1 software. The analysis of the airborne magnetic data enabled us to highlight the
various magnetic components of the bodies likely to be mineralized and their spatial
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positioning. The residual magnetic field (Fig. 2) was reduced to the pole using the Fourier

transform (Fig. 3).
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Fig. 1. Geological setting of the Hercynian Rehamna massif

Fig. 2: Residual magnetic field map of the large

bipolar anomaly in the Rehamna massif

Fig. 3¢ The reduction to the pole of the bipolar
anomaly of the Rehamna massif
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3.1 Upward continuation

Upward continuation is considered as a clean filter, regarding that it produces almost no side
effects that would require the application of other filters to correct. In order to separate
anomalies due to surface sources from those due to deep sources, we carried out a theoretical
calculation by applying the “Upward continuation (UP) Filter” [9]. The magnetic anomaly
map reduced to the pole is upwarded. The expression of the upward continuation operation

(1) is of the following form [10]Sailhac (1999), based on Green's identities:
Ulx'y',0
U(x,y,Z0 —AZ) = > (*y.0) ;dx'dy’ (€Y

((x—x)2 + (v —y')? + AZ2)?

With AZ>0
Where Z0 is the aircraft elevation and AZ the reference plane.

4 Results and discussion

The integration of aeromagnetic geophysical data into GIS identified significant magnetic
anomalies and geological structures favorable for mineralization. A large bipolar magnetic
anomaly was detected (Fig. 4), similar to the one at the Hajjar mine [11] (Fig. 5), suggesting
the presence of favorable conditions for the formation of mineral deposits (Fig. 4 and 5). This
discovery suggests that the Rehamna massif may host geological structures conducive to
mineralization.

In addition, mapping of geological discontinuities has identified several faults and fractures
that could play a crucial role in locating mineralization [12], [13]. These discontinuities are
often conduits for mineralizing fluids, and their identification is essential for targeting areas
with high mineral potential.
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Fig. 4% Superposition of the bipolar anomaly of Fig. 5: Residual magnetic field map of
the Rehamna massif and mineral showings and the Hajjar mine [11]
geological faults

The target areas identified for deep exploration are mainly located in regions where magnetic
anomalies are most pronounced. These zones also show overlap with existing mineral
showings, reinforcing the hypothesis of their high mineral potential.

For a more in-depth analysis, the reduced to the pole magnetic field map was upward
continued to different altitudes: 500 m, 1000 m, 2000 m, 18000 m, and 30000 m (Fig. 5).
These continuations help mitigate the effects of superficial anomalies and better visualize the
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deep sources of the same magnetic anomaly across various depths, providing a more
comprehensive view of its vertical extent.

At 500 m and 1000 m: These altitudes allow for the reduction of interference from surface
structures and highlight the deeper anomaly related to shallow geological structures. The
maps show extensive areas of anomalies, which could correspond to granitic magmatic
intrusions around Sebt Labrikiyine and Bengrir.

At 2000 m: This altitude emphasizes the deeper components of the magnetic anomaly. The
continuation of the anomaly indicates the presence of significant magnetic bodies at depth,
which could reflect magmatic reservoirs or zones of concentrated ferrous minerals at
intermediate levels.

At 18000 m and 30000 m: These very high-altitude continuations help visualize anomalies
associated with regional or deep crustal geological structures. At these levels, the maps reveal
regional trends of this magnetic anomaly, which may be linked to variations in the Earth's
crust composition or large-scale structural weaknesses. This deep anomaly could be related
to large-scale mineralized systems or major tectonic structures influencing the formation of
mineral deposits.

Fig. 5: 3D presentation of upwardly-extended maps (500m, 1000m, 2000m, 18000m and 30000m) in
ArcScene.

By following the anomaly through these different altitudes, it is possible to trace its continuity
and better understand the geometry and depth of its sources. This provides crucial
information for deep mineral exploration in the Rehamna massif, indicating potential targets
for significant mineral discoveries.

5 Conclusion

This study demonstrates the effectiveness of integrating aeromagnetic geophysical data into
a GIS for mineral exploration in geologically complex regions such as the Rehamna massif.
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The combined approach of aeromagnetics and GIS not only enables precise detection and
analysis of geological structures but also improves the planning of future mineral exploration
campaigns. Identifying magnetic anomalies and geological discontinuities provides valuable
clues for targeting deep zones with high mineral potential. However, precise interpretation
of these data requires in-depth expertise in geophysics and geology. The use of this integrated
approach could be extended to other regions in the search for new mineral deposits.
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