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Abstract

The Boke region, in north‑western Guinea, lies at the Atlantic margin of the West African Craton, where 
an Archean to Paleoproterozoic basement is largely concealed beneath the Paleozoic sedimentary 
cover of the Bowe Basin and a thick lateritic mantle. This setting hosts the Fouta Djallon‑Mandingo 
bauxite province, yet its concealed structure remains poorly documented. To characterize this structure 
aeromagnetic data were interpreted using an integrated workflow combining reduction to the equator, 
upward continuation, the analytic signal, the horizontal gradient amplitude, the tilt derivative, 
the tilt angle of the horizontal gradient (TAHG), and Euler deconvolution. The interpretation 
resolves three magnetic domains, two positive anomalies (PMA1 and PMA2), attributed to concealed 
mafic bodies deep Birimian or Archean mafic basement and shallow Mesozoic dolerite intrusions, 
respectively separated by a broad negative anomaly (NMA1) that corresponds to the weakly magnetic 
sedimentary fill of the Bowe Basin. Euler deconvolution yields source depths from about 400 m to 
9,600 m, the deepest sources forming an arcuate band in the north and the shallowest contacts 
dissecting the central basin. The magnetic lineaments, classified by length into three orders, define 
a polyphase fault network in which the most frequent set trends WNW‑ESE to E‑W and reflects an 
inherited basement fabric, whereas the tectonically most significant set corresponds to the NE‑SW 
to ENE‑WSW transform system, with subordinate NW‑SE and N‑S structures. The multi‑level 
analysis reveals a depth‑stratified architecture in which a dense, shallow, brittle fabric passes 
downward into a few deep, curvilinear structures indicative of ductile shear, interpreted as an inherited 
Eburnean‑Pan‑African transcurrent framework overprinted by Mesozoic, rift‑related brittle faulting. 
Beyond refining the tectonic architecture of this segment of the craton margin, the delineated fault 
and fracture framework particularly the structural intersections provides a structural guide to the 
fault‑controlled development of the region’s lateritic bauxite.

Keywords: Aeromagnetic data; Structural mapping; Magnetic lineaments; Upward continuation; 
TAHG; Euler deconvolution; West African Craton; Boke; Republic of Guinea
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1. Introduction

The Boke region occupies the north‑western part of the Republic of Guinea, on the Atlantic margin of the West 
African Craton (Fig. 1). It lies at the western edge of the Leono‑Liberien massif, where an Archean to Paleoproterozoic 
crystalline basement, consolidated during the Liberian and Eburnean (~2.2‑2.0 Ga) orogenic cycles (Bessoles, 1977; 
Boher et al., 1992; Grenholm et al., 2019), is largely concealed beneath the Paleozoic sedimentary cover of the Bowe 
Basin (Mamedov et al., 2010a). This basement was subsequently reworked during the Pan‑African orogeny and, above 
all during the Mesozoic break‑up of Gondwana and the opening of the Atlantic Ocean, which reactivated major fault 
systems and emplaced large dolerite and gabbro‑dolerite intrusions across western Guinea (Mamedov et al., 2010a). 
This succession of tectonic and magmatic events, combined with intense Cenozoic lateritic weathering, gave rise 
to the Fouta Djallon‑Mandingo province, one of the largest bauxite districts in the world (Mamedov et al., 2010a; 
Barry et al., 2021), making the region a prime target for both structural and mineral‑exploration studies.

Aeromagnetic surveying is one of the most effective geophysical methods for regional geological and structural 
mapping, particularly in areas where dense vegetation, lateritic weathering, or sedimentary cover obscures the bedrock 
(Cordell and Grauch, 1985; Nabighian et al., 2005; Bouiflane et al., 2017; Ouchchen et al., 2021; Ibraheem et al., 2019). 
By exploiting contrasts in the magnetic properties of rocks, it enables the delineation of lithological boundaries, faults, 
and other subsurface discontinuities, while imaging buried magnetic bodies, such as dolerite intrusions concealed 
beneath sedimentary cover (Blakely et al., 1995; Nabighian et al., 2005; Hinze et al., 2013; Mamouch et al., 2023; 
Ouchchen et al., 2021). Consequently, the interpretation of aeromagnetic data provides a solid basis for reconstructing 
the structural framework of a region and constitutes an essential tool for mineral exploration by identifying structures 
and lithological features that may control mineralization (Grant, 1972; Miftah et al., 2017; Ouchchen et al., 2021; 
Mohamed et al., 2022).

A wide range of processing techniques has been developed to enhance and map magnetic lineaments. Reduction 
to the equator repositions anomalies over their sources in low‑latitude regions (Baranov and Naudy, 1964), and 
upward continuation separates the responses of shallow and deep sources (Henderson and Zietz, 1949; Jacobsen, 1987; 
Mamouch et al., 2023). Derivative‑based filters like the horizontal gradient amplitude (Blakely and Simpson, 1986), the 
analytic signal, which locates sources independently of magnetization direction (Nabighian, 1972; Roest et al., 1992), 
the tilt derivative (Miller and Singh, 1994; Salem et al., 2008) and the tilt angle of the horizontal gradient (TAHG), 
which sharpens edge detection and resolves curvilinear structures (Ferreira et al., 2013), are the most widely used 
tools for detecting and enhancing the magnetic signatures of tectonic structures. Euler deconvolution complements 
these edge detectors by estimating the depth and position of the causative sources (Thompson, 1982; Reid et al., 1990). 
Applied together, and especially when computed at several continuation levels, these methods allow a structural 
network to be mapped and its geometry to be tracked as a function of depth.

Despite its economic importance, the Boke region has received relatively limited attention from the perspective 
of regional structural interpretation. Government airborne geophysical surveys conducted in 1980‑1981 and the 
extensive exploration campaigns of the 1970s established the region as one of the world’s major bauxite provinces 
(Wright et al., 1985; Mamedov et al., 2010a). Building on these datasets, the present study applies an integrated 
interpretation of aeromagnetic data using reduction to the equator, upward continuation at four levels, the analytic 
signal, horizontal gradient amplitude, tilt derivative, multi‑level TAHG with automated extraction of local maxima, 
and Euler deconvolution. The objectives are threefold: (i) to interpret the magnetic anomalies and delineate the 
concealed fault and lineament network; (ii) to characterize the magnetic domains and estimate the depth of their 
sources in order to reconstruct the depth‑dependent structural architecture of the basement; and (iii) to relate 
this structural framework to the regional tectonic evolution and to the structural controls governing the development 
of the lateritic bauxite cover.

2. Geological setting

2.1 Regional context

The study area belongs to the West African Craton, one of the Precambrian shields that, together with the Congo, 
Kalahari and Tanzania cratons, form the ancient nucleus of the African continent (Bessoles, 1977; Boher et al., 1992). 
The craton consists of an Archean to Paleoproterozoic crystalline basement, extensively migmatised, granitised and 
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metamorphosed, which is unconformably overlain along its margins by Neoproterozoic to Palaeozoic sedimentary 
cover (Boulangé et al., 1996; Mamedov et al., 2010a; Barry et al., 2021). In Guinea, this basement corresponds to 
the Leono‑Liberien massif, a domain of Archean migmatites, granite‑greenstone belts and granulite‑facies series 
exposed in the centre and south‑east of the country, which passes north‑westward, beneath the Atlantic coastal 
margin, into Palaeozoic sequences capped by Cenozoic deposits (Mamedov et al., 2010a; Sidibe and Yalcin, 2019). 
The north‑western region of Guinea, which constitutes the study area, lies within this cover domain and is underlain 
by a Palaeozoic clastic succession comprising the Ordovician Pita Formation (quartzitic sandstones, gravels and 
conglomerates passing up into mudstones and siltstones), the Silurian Telimele Formation (argillites, siltstones 
and shales) and the Devonian Faro Formation (fine‑grained sandstones, siltstones and mudstones), as shown on 
the geological map (Fig. 1) (Mamedov et al., 2010a; Barry et al., 2021; Sangaré et al., 2024).

2.2 Local context

The Boke region occupies the western, peripheral part of the Bowe syncline, on the south‑western flank of the 
Taoudeni syneclise, and forms part of the Fouta Djallon‑Mandingo bauxite province developed along the western 
margin of the West African Craton (Mamedov et al., 2010b; Mamedov et al., 2021). The area is characterized by 
a thick, gently dipping sedimentary succession ranging from the Ordovician to the Devonian, including the Pita, 
Telimele and Faro formations described above which is intruded locally by Mesozoic mafic trap rocks and capped 
by widespread lateritic weathering profiles. The region hosts some of the world’s largest bauxite deposits, which are 
developed mainly on the weathered Devonian and post‑Devonian shales, mudstones, siltstones, and sandstones, 
with a smaller contribution from weathered Mesozoic dolerite and gabbro‑dolerite intrusions (Hoppe,  1977; 
Mamedov et al., 2010a; Barry et al., 2021; Sangaré et al., 2024).

Although the Boke area is largely covered by the Paleozoic sedimentary succession and its lateritic mantle, its 
present‑day structural framework reflects the long and polyphase evolution of the underlying West African Craton. 
The crystalline basement preserves the imprint of the successive Liberian (Archean), Eburnean (Palaeoproterozoic, 
2.2‑2.0 Ga), and Pan‑African tectonic events, which collectively controlled the cratonization, deformation, and 
reworking of the basement (Bessoles,  1977; Boher et  al.,  1992; Mamedov et  al.,  2010a). During the Mesozoic, 
this Precambrian framework was further modified by the break‑up of Gondwana and the opening of the Atlantic Ocean, 
which reactivated major basement fault systems across western Guinea and promoted the emplacement of dolerite 
intrusions along these inherited structures (Mamedov et al., 2010a; Mamedov et al., 2021; Makarova et al., 2019; 
Akaemov, 1975).

The structural framework of the study area is dominated by NE‑SW to ENE‑WSW faults, accompanied by subordinate 
NW‑SE and E‑W fracture systems (Mamedov et al., 2010a). The NE‑trending faults belong to the regional transform 
system associated with the opening of the Atlantic Ocean and are particularly developed in the Cap Verga coastal 
region, which includes the study area. The NW‑SE and E‑W fracture sets represent conjugate structures that were 
repeatedly reactivated and served as pathways for the emplacement of mafic intrusions (Mamedov et al., 2010a). 
Together, these inherited structures controlled the regional geomorphology, drainage pattern, distribution of 
mafic trap rocks, and the development of lateritic weathering and bauxite deposits, resulting in the structural 
compartmentalization of the region. Because much of this fault network is concealed beneath the sedimentary cover 
and lateritic mantle, its geometry cannot be fully resolved from surface geology alone. Aeromagnetic data therefore 
provide an effective means of imaging and characterizing these buried structural features.

3. Data and methods

The aeromagnetic data used in this study were acquired between 1980 and 1981 by Amtec Resources Management 
Ltd on behalf of the Guinean Ministry of Mines and Geology. The survey was flown along NE‑SW traverse lines spaced 
1 km apart, with NW‑SE tie lines every 10 km, at a mean terrain clearance of 120 m, and the total magnetic field was 
sampled every 50 m along the flight lines. The recorded total magnetic intensity was reduced following standard 
potential‑field protocols (Reeves, 2005; Nabighian et al., 2005; Telford et al., 1990). Time‑varying external contributions 
were removed through a diurnal correction (Nabighian et al., 2005; Telford et al., 1990), and residual line‑to‑line 
levelling errors were suppressed by micro‑levelling with a 2 nT tolerance (Minty, 1991). The core‑field contribution 
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was then removed by subtracting the International Geomagnetic Reference Field (IGRF) appropriate to the survey 
epoch, isolating the crustal anomaly field. The resulting Residual Magnetic Field (RMF) was interpolated onto 
a regular grid (cell size ≈ one‑quarter of the line spacing) using the minimum‑curvature algorithm, which yields 
the smoothest surface consistent with the observations while limiting the spurious oscillations that can arise near 
steep gradients and geological boundaries (Briggs, 1974; Swain, 1976; Smith and Wessel, 1990).

Figure 1. �Geological Map of Guinea Showing Major Lithological Units and Structural Features with the Location of the 
Study Area (Mamedov et al., 2010b; Sangaré et al., 2024).

3.1 Field transformations and edge detection

The methodological approach combines qualitative and quantitative techniques, with the qualitative phase 
specifically contributing to improving data readability and geological interpretability. In low magnetic latitude regions 
(inclination < 15°) such as the study area, reduction to the pole (RTP) is numerically unstable. The low inclination 
amplifies noise and produces strong N‑S elongation of anomalies along the declination azimuth (Blakely et al., 1995; 
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Jayeoba and Odumade, 2015; Shehu et al., 2017). Reduction to the Equator (RTE) was therefore preferred to relocate 
anomalies symmetrically over their causative bodies while avoiding the directional distortion inherent to RTP at low 
latitudes (Awoyemi et al., 2018; Hartman et al., 1971). The transform was applied in the wavenumber domain using 
the field inclination and declination computed for the survey epoch from the IGRF. The resulting magnetic grids 
were subsequently used to compute five complementary enhancement transforms, including (i) upward continuation 
(UC), (ii) the analytic signal (AS), (iii) the horizontal gradient amplitude (HGA), (iv) and the tilt derivative (TDR) for 
qualitative edge detection, followed by the total amplitude of the horizontal gradient (TAHG) and Euler deconvolution 
(ED) for source depth estimation and structural mapping following the workflow in Fig. 2.

Figure 2. Processing workflow of the magnetic data illustrating the methodology adopted to accomplish the study objectives.

Upward continuation recomputes the field as if it had been measured on a higher horizontal plane and behaves 
as a low‑pass filter that attenuates short‑wavelength, near‑surface signals while preserving the long‑wavelength 
response of deeper sources (Henderson and Zietz, 1949; Jacobsen, 1987; Blakely et al., 1995; Mamouch et al., 2023). 
In the wavenumber domain it is a multiplication by:

	 � (1)

where |𝑘|  is the radial wavenumber and ℎ the continuation height. The field was continued to six levels, including 
four closely spaced heights (ℎ = 2, 4, 6, and 8 km) and two higher levels (ℎ = 15 and 20 km). These closely and 
regularly spaced levels were chosen to build a finely sampled, depth‑stratified set of grids that allows structural 
lineaments to be tracked continuously from shallow to mid‑crustal levels, rather than relying on a few widely spaced 
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heights, as h increases, shallow signals fade and deep‑seated sources progressively dominate (Jacobsen, 1987; 
Zhu et al., 2022; Mamouch et al., 2023). The four closely spaced levels (2‑8 km) provided the grids used for the 
multi‑level TAHG edge analysis, whereas the two higher levels (15 and 20 km) were computed specifically to 
provide an independent, regional‑scale discrimination of the relative depths of the magnetic domains (Fig. 4e‑f). 
The multiscale edge analysis derived from these continued grids (TAHG and local maxima) is developed below under 
source depth estimation and structural mapping.

The amplitude of the analytic signal was derived from the three orthogonal gradients of the residual magnetic 
field (Nabighian, 1972; Roest et al., 1992):

	 � (2)

where 𝑀 is the RMF field. By combining the vertical and horizontal derivatives, the 𝐴𝑆 amplitude is largely independent 
of the magnetization direction and the ambient field orientation, and its maxima occur approximately over the 
edges and corners of the sources. This makes it particularly valuable at the low inclination of the study area, where 
amplitude‑dependent filters are most affected (Roest et al., 1992). It was therefore used as an independent constraint 
on source location alongside the HGA, TDR, and ED solutions.

The HGA measures the maximum lateral rate of change of the field and produces ridges (local maxima) that 
overlie the lateral edges of magnetic sources such as faults, contacts, and dyke margins (Cordell and Grauch, 1985; 
Blakely and Simpson, 1986). It is defined as:

	 � (3)

The HGA is effective for delineating both shallow and deep magnetic sources, but its maxima can be displaced from 
the true edge when contacts dip steeply or when sources are closely spaced (Grauch and Cordell, 1987; Phillips, 2007; 
Benyas et al., 2021). To mitigate the amplitude dependence of the HGA, the tilt derivative of Miller and Singh (1994) 
was computed by normalizing the vertical derivative by the horizontal‑gradient amplitude:

	 � (4)

The TDR is bounded between −90° and +90° irrespective of anomaly amplitude, which equalizes the response 
of weak  and strong sources and makes it effective in noisy or multi‑source settings (Verduzco  et  al.,  2004; 
Salem et al., 2008; Marson and Klingele, 1993). Among its useful properties, the zero contour of the TDR closely 
tracks the lateral edges of magnetic bodies, while the horizontal separation between its +45° and −45° contours over 
a near‑vertical contact can provide a first‑order estimate of source depth (Salem et al., 2007; Verduzco et al., 2004; 
Mamouch et al., 2023). In this study, the TDR was used to trace and map structural lineaments and contacts, taking 
advantage of its stability where amplitude‑dependent filters lose resolution over weakly magnetized sources.

3.2 Source depth estimation and structural mapping

For quantitative interpretation, standard Euler deconvolution (Thompson, 1982; Reid et al., 1990) was applied 
to the RTE grid to estimate the horizontal position and depth of magnetic sources. The method solves Euler’s 
homogeneity equation:

	 � (5)
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where (𝑥0, 𝑦0, 𝑧0) are the coordinates of the source, 𝐵 is the regional (background) field, and 𝑁 is the structural 
index (SI), a parameter that describes the geometry of the assumed source and controls the estimated depth. The SI 
is diagnostic of source type, ranging from contacts and faults (𝑁 ≈ 0) through dykes, sills, and steps (𝑁 ≈ 0.5‑1) 
to cylinders and compact bodies (𝑁 ≈ 2‑3). Since the aim of this study was to map magnetic lineaments, a structural 
index of 𝑁 = 0 was adopted, corresponding to contact‑ and fault‑type sources. A 10×10‑cell moving window and 
a 15% depth tolerance were applied to reject poorly constrained solutions and limit the scatter of the depth estimates 
(Reid et al., 2014).

To delineate magnetic lineaments, the tilt angle of the total horizontal gradient (TAHG) of Ferreira et al. (2013) 
was applied to each upward‑continued grid. The TAHG normalizes the horizontal‑gradient amplitude defined in 
Eq. (3) by taking its tilt angle:

	 � (6)

where HGA is the horizontal gradient amplitude of the upward‑continued field. As a normalized derivative, the 
TAHG balances the responses of shallow and deep sources, generating well‑defined maxima over source boundaries 
while effectively suppressing spurious edge responses (Ferreira et al., 2013). Its ridge crests were extracted as local 
maxima marking the horizontal position of magnetic contacts at each continuation height. Superimposing the 
local‑maxima sets obtained at 2, 4, 6, and 8 km then yields a multiscale edge map in which shallow‑source edges 
appear only at low continuation heights and fade as h increases, whereas deep‑rooted structures persist across 
successive levels, allowing lineaments to be traced continuously from shallow to mid‑crustal depths.

4. Results

4.1 Field transformations and edge detection

4.1.1 Residual magnetic field and reduction to the equator

The residual magnetic field (RMF) map (Fig. 3a) and its reduction‑to‑the‑equator (RTE) transformation (Fig. 3b) 
provide the foundation for the structural interpretation. The RMF exhibits magnetic values ranging from approximately 
−227 nT to 217 nT, with strong positive anomalies concentrated in the northern and southern parts of the study area, 
while a marked negative anomaly characterizes the central and central‑eastern sectors. The observed anomalies 
show a predominantly N‑S orientation and a lateral displacement typical of low‑latitude magnetic fields, where 
anomaly peaks are shifted from their causative sources. The RTE transformation corrects this displacement by 
centering the anomalies over their sources, thereby improving the spatial correlation between magnetic signatures 
and geological structures. This enhancement provides a more reliable framework for the subsequent structural 
mapping and depth‑estimation analyses.

The RTE map (Fig. 3b) reveals magnetic intensities ranging from approximately −200 nT to 209 nT, indicating 
significant contrasts in magnetic susceptibility between the geological units. Three major magnetic domains can 
be distinguished: (i) a large positive magnetic anomaly (PMA1) in the northern and north‑western part of the study 
area, (ii) a dominant negative magnetic anomaly (NMA1) occupying the central sector and extending eastward, 
and (iii) a second positive magnetic anomaly (PMA2) of high amplitude located in the south‑eastern region near 
Bofa. The town of Boke is situated along the irregular boundary separating PMA1 from NMA1. The close spatial 
association of strong positive and negative anomalies suggests a structurally complex basement composed of blocks 
with contrasting magnetic properties. These three magnetic domains provide the main structural framework for 
the interpretation of the subsequent magnetic enhancement and depth‑analysis results.
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4.1.2 Upward Continuation

Upward continuation was applied to the RTE field at heights of 2, 4, 6, and 8 km, and at two higher levels of 15 
and 20 km (Fig. 4a‑f) to progressively suppress shallow magnetic effects and enhance the regional response associated 
with deeper sources. Despite the increasing continuation height, the three main magnetic domains (PMA1, NMA1, 
and PMA2) remain clearly identifiable. The numerous short‑wavelength anomalies visible at 2 km, particularly within 
NMA1 and along the margins of PMA1, gradually disappear with increasing altitude, producing a smoother magnetic 
field dominated by broad regional anomalies at 8 km. PMA1 in the north and NMA1 in the central part of the study 

Figure 4. Upward continuation of the RTE field to 2 km (a), 4 km (b), 6 km (c) and 8 km (d), 15 km (e) and 20 km (f).

Figure 3. Residual magnetic field of the study area (a) and its reduction‑to‑the‑equator (RTE) transform (b).
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area remain the most prominent features throughout the continuation sequence, indicating the presence of deep 
and laterally extensive magnetic sources. PMA2 in the south‑eastern sector also persists at all levels, although its 
amplitude decreases more noticeably and its spatial extent becomes slightly reduced, suggesting a comparatively 
shallower source. This contrast becomes explicit at the higher continuation levels 15 and 20 km (Fig. 4e‑f), where 
PMA1 remain strongly expressed, whereas PMA2 attenuates markedly and its amplitude decreases faster than that 
of PMA1, providing an independent, domain‑scale confirmation that PMA2 is shallower than the deeply rooted 
PMA1 domain. The preservation of the three magnetic domains up to 8 km confirms that the first‑order magnetic 
framework is controlled by deep‑seated geological structures, whereas the attenuated short‑wavelength anomalies 
reflect shallower structural features. The relative depths of these magnetic sources are further constrained by the 
Euler deconvolution results (Section 4.2.3).

4.1.3 Analytic Signal

The analytic signal amplitude (Fig. 5), which ranges from 0.001 to 1.111 nT/m, was computed to locate the edges 
and tops of magnetic sources independently of the direction of magnetization a property of particular value in the 
low‑latitude setting of the study area, where reduction‑based products remain sensitive to residual inclination 
effects. The AS map is dominated by a prominent, sinuous high‑amplitude belt that traverses the central part of 
the area in a broadly NNE‑SSW direction, together with pervasive high AS across the southern and south‑eastern 

Figure 5. Analytic signal amplitude of the magnetic field of the study area.
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sectors, including the PMA2 domain and the southern margin. These sharp, high‑amplitude maxima delineate 
shallow, strongly magnetized sources and steep, near‑vertical contacts. Localized high‑AS responses also mark the 
northern PMA1 boundary in the vicinity of Boke.

In contrast, low AS amplitudes dominate the north‑western sector and the core of the central NMA1 domain, 
reflecting smoother magnetic gradients could be associated with deeper or less strongly magnetized sources. 
The marked contrast between the high‑amplitude southern anomalies and the low‑amplitude response of NMA1 
supports a difference in source depth and geometry, with the southern structures and the central magnetic belt 
corresponding to relatively shallow, well‑defined sources, while the NMA1 core is linked to deeper or more diffuse 
magnetic bodies. Because the analytic signal is independent of magnetization direction, these features confirm that 
the identified magnetic domains and their boundaries represent real geological structures rather than artefacts 
related to low‑latitude magnetic effects.

4.1.4 Horizontal gradient amplitude and Tilt derivative

The horizontal gradient amplitude (HGA) map (Fig. 6a), with values ranging from 0.001 to 0.083 nT/m, was 
used to identify zones of strong lateral magnetic contrast, where high values indicate sharp geological contacts 
and faults. The most prominent feature is a narrow, continuous high‑gradient lineament extending through the 
central part of the study area in a NNE‑SSW direction, suggesting a major fault or near‑vertical structural boundary. 
High‑gradient zones are also observed in the southern and south‑eastern sectors, where they form elongated E‑W 
to ENE‑WSW trends along the margins of the PMA2 domain. Additional high‑gradient anomalies delineate the 
northern boundary of PMA1 near Boke. In contrast, the central part of the NMA1 domain is characterized by low 
gradient values, reflecting a relatively homogeneous magnetic response away from major contacts.

The tilt derivative (TDR) map (Fig. 6b), with values ranging from −1.48 to 1.48 rad, enhances magnetic sources 
regardless of their amplitude, allowing both shallow and deep structures to be detected with similar clarity. Compared 
with the HGA map, the TDR reveals a denser and more continuous network of structural lineaments across the study 
area, including the central‑eastern sector where the HGA response is relatively weak. This demonstrates the ability 
of the TDR to highlight subtle and deeply rooted structures that may not be clearly resolved by amplitude‑based 
filters. The structural fabric is dominated by NE‑SW to ENE‑WSW trends, locally changing to E‑W in the southern 
sector. These trends are intersected by a major NNE‑SSW lineament in the central part of the area. The coincidence 
of HGA and TDR anomalies along the boundaries between PMA1 and NMA1, as well as between NMA1 and PMA2, 
indicates that these contacts may represent major crustal‑scale discontinuities.

Figure 6. Horizontal gradient amplitude (a) and tilt derivative (b) of the RTE field.
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4.2 Source depth estimation and structural mapping

4.2.1 Multi‑level tilt angle of the horizontal gradient

The tilt angle of the horizontal gradient (TAHG) was computed on each of the four upward‑continued grids (2, 4, 6 
and 8 km; Fig. 7a‑d) in order to map the structural fabric as a function of depth. Because the TAHG normalizes the 
horizontal‑gradient response and balances the expression of shallow and deep edges, applying it across a series of 
continuation levels images how the structural network evolves with increasing source depth.

At the 2 km level (Fig. 7a), the TAHG map reveals a dense network of short and closely spaced lineaments with 
multiple orientations, although NE‑SW to ENE‑WSW and E‑W trends are predominant. This pattern reflects the 
complexity of the shallow structural fabric. As the continuation height increases to 4 and 6 km (Fig. 7b, c), many 
of the short‑wavelength features disappear, while the remaining structures become longer, more continuous, and 
easier to trace. At these depths, several broad curvilinear and sigmoidal lineaments become clearly visible. At the 
8 km level (Fig. 7d), only the most persistent regional structures remain. These include a major ENE‑WSW to E‑W 
lineament system in the northern part of the study area, characterized by distinct sigmoidal bends, as well as broad 
curved structures in the southern sector. The progressive simplification of the structural pattern with increasing 
depth represents a key result of this study. The shallow levels are dominated by numerous short and rectilinear 

Figure 7. �Tilt angle of the horizontal gradient (TAHG) computed on the upward‑continued fields at 2 km (a), 4 km (b), 
6 km (c) and 8 km (d).
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lineaments, whereas the deeper levels are characterized by fewer but longer and more continuous curvilinear 
structures. While part of this smoothing is an inherent effect of upward continuation, which acts as a low‑pass 
filter, the deeper structures do not merely become fewer but retain a distinct curvilinear and sigmoidal geometry, 
indicating a genuine structural organization rather than a purely filtering response. The persistence of these curved 
and sigmoidal features at depth suggests that they are deep‑seated geological structures, likely related to major 
shear zones. This contrast indicates a vertical variation in deformation style, with brittle structures predominating 
near the surface and more ductile deformation affecting the deeper crust.

4.2.2 TAHG Local Maxima

The local maxima of the TAHG were extracted from the four upward‑continuation levels (2, 4, 6, and 8 km) and 
combined allowing shallow and deep structural features to be visualized simultaneously (Fig. 8). This approach 
provides an objective and reproducible representation of the structural framework by highlighting the crest lines of 
magnetic edges.

The resulting lineament map reveals a dense structural network dominated by ENE‑WSW to E‑W trends, 
accompanied by NE‑SW and NW‑SE lineaments, with a few N‑S structures. The colour distribution clearly illustrates 
the depth organization of the structural system. Deep‑level maxima (red, 8 km) form long, smooth, and continuous 
lineaments that represent the major crustal‑scale structures, including the arcuate to sigmoidal feature identified 
in the northern part of the study area (inset a). In contrast, shallow‑level maxima (black, 2 km) are more numerous, 
shorter, and less continuous, reflecting the complexity of the near‑surface structural fabric. The highest concentration 
of lineaments occurs in the central sector and along the boundaries between the main magnetic domains, indicating 
zones of intense deformation. The enlarged views highlight key structural features, including a central intersection 

Figure 8. �Local maxima map of the TAHG derived from four upward‑continuation levels (black: 2 km; blue: 4 km; green: 6 km; 
red: 8 km).
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zone where E‑W, NE‑SW, and NW‑SE lineaments converge (inset b), and a major E‑W structure crosscut by shorter 
N‑S lineaments in the south‑central sector (inset c).

The spatial relationship between TAHG maxima at successive continuation levels also provides qualitative 
information on the dip of geological structures. Where maxima from all four levels are closely superimposed, the 
corresponding structure is interpreted as steeply dipping or vertical. In contrast, a progressive lateral displacement 
of maxima with increasing continuation height indicates an inclined structure, with the direction of displacement 
corresponding to the dip direction. This relationship can be observed in the enlarged areas of Fig. 8. In inset a, the 
maxima associated with different continuation levels are systematically displaced along the arcuate northern structure, 
suggesting inclined surfaces. In inset b, variable offsets between maxima indicate the presence of structures with 
different dip orientations. In inset c, the maxima of the major E‑W lineament are largely superimposed, indicating 
a steep to near‑vertical structure. The coexistence of vertical and inclined lineaments supports the interpretation 
of a complex and multi‑stage deformation history affecting the study area.

4.2.3 Euler Deconvolution

Euler deconvolution was applied to estimate the depth and location of the magnetic sources (Fig. 9). To provide 
an interpretation consistent with the resolving capability of the method, the solutions are presented as four broad 
depth classes (≈400‑2000 m, 2000‑3800 m, 3800‑6000 m, and 6000‑9600 m), highlighting the main depth trends 
rather than individual solution depths. The estimated solutions extend from approximately 400 m to 9,600 m across 
the study area and define three principal depth populations that correspond closely to the three magnetic domains 
identified on the RTE map. The deepest solutions (6000‑9600 m class) are associated with the northern PMA1 domain 

Figure 9. Euler deconvolution solutions showing the estimated depths of the magnetic sources.
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and define an arcuate to locally sigmoidal band that follows the northern boundary of the domain. These deep sources 
are interpreted as deeply rooted basement bodies, most plausibly mafic intrusions or high‑susceptibility crustal 
blocks concealed beneath the sedimentary cover. The PMA2 domain, in the south‑eastern sector, is characterized by 
intermediate depths, largely falling within the 2000‑6000 m classes.

In contrast, the central NMA1 domain is dominated by the shallowest solutions (≈400‑2000 m class, locally up to  
the lower part of the 2000‑3800 m class). These shallow sources are arranged along NE‑SW to ENE‑WSW trends, 
outlining a network of structural discontinuities. Although NMA1 remains clearly expressed on the upward-
continuation maps, the Euler results show that the structures controlling its internal geometry are relatively shallow. 
NMA1 therefore corresponds to a broad regional magnetic low dissected by numerous shallow faults and contacts. 
The overall depth relationship among the three domains is thus PMA1 (deepest) > PMA2 (intermediate) > NMA1 
(shallowest).

Considering the inherent uncertainty of Euler deconvolution, the estimated values should be regarded as depth 
ranges rather than exact depths. The solutions are not randomly distributed but are aligned along ENE‑WSW to 
NE‑SW trends, with a subordinate NW‑SE orientation, consistent with the structural framework revealed by the 
magnetic edge‑detection filters. Furthermore, the arcuate to sigmoidal geometry of the deepest PMA1 solutions 
closely matches the deep curvilinear structures identified on the multi‑level TAHG maps. This agreement between 
two independent approaches supports the interpretation of a deep‑seated shear zone in the northern part of the 
study area. The close spatial relationship between the deepest magnetic sources and the major structural lineaments 
suggests that both were controlled by the same tectonic processes.

5. Discussion

The aeromagnetic interpretation can be understood within the regional geological framework of north‑western 
Guinea. The study area is located at the north‑western margin of the West African Craton, within the Leono‑Liberien 
(Kenema‑Man) massif, where the Archean to Paleoproterozoic crystalline basement is largely buried beneath 
the Upper Proterozoic to Paleozoic sedimentary cover of the Bowe Basin, situated on the south‑western flank of 
the Taoudeni Syneclise (Mamedov et al., 2010b). The basement has experienced a long and complex geological 
evolution, including Archean cratonization, Paleoproterozoic Eburnean (~2.2‑2.0 Ga) tectono‑metamorphic 
consolidation within the Birimian framework of the West African Craton (Grenholm et al., 2019), Pan‑African (Late 
Riphean‑Cambrian) reactivation along the Rokel‑Bassari mobile belt, and Mesozoic reactivation associated with 
the breakup of Gondwana and the opening of the Atlantic Ocean (Mamedov et al., 2010a).

Within this geological framework, the three magnetic domains identified on the RTE map can be assigned clear 
geological significance. The central negative magnetic anomaly (NMA1), characterized by a broad, long‑wavelength 
magnetic low and relatively shallow bounding contacts (~400‑2000 m), corresponds to the Bowe Basin. The geological 
map (Fig. 1) shows that this area is mainly covered by weakly magnetic sedimentary rocks, including the argillites and 
aleurites of the Telimele formation, the quartzitic sandstones of the Pita formation, the sandstones of the Faro 
formation, and Cenozoic clays along the north‑western coastal plain. The low magnetic susceptibility of these 
sedimentary units explains the observed magnetic low. The persistence of NMA1 after upward continuation 
indicates the large lateral extent of the sedimentary basin, whereas the shallow Euler solutions delineate the 
faults that bound and compartmentalize the basin, some of which coincide with the major faults shown on the  
geological map.

Given that the sedimentary cover is essentially non‑magnetic, the positive magnetic anomalies (PMA1 and 
PMA2) are unlikely to originate from surface lithologies and are instead interpreted as the expression of strongly 
magnetized mafic bodies concealed beneath the sedimentary sequence. This geological setting highlights the 
value of aeromagnetic data, which are capable of imaging subsurface magnetic sources that lack surface exposure. 
This interpretation is consistent with the regional survey, which identified buried mafic intrusive bodies as 
positive magnetic anomalies beneath the Pita‑suite cover (Mamedov  et  al.,  2010a). In addition, the geological 
map (Fig. 1) indicates that the regional mafic magmatism comprises Mesozoic dolerites, conga‑diabases, and 
gabbro‑dolerites emplaced as sills and dykes, together with older anteorogenic Birimian metagabbros. The relatively 
high magnetic susceptibility of these mafic lithologies compared with the surrounding sedimentary rocks (Clark, 1999; 
Mamedov et al., 2010a) provides a consistent explanation for the observed positive magnetic response. The contrasting 
depths of the two positive magnetic anomalies indicate two distinct expressions of the regional mafic magmatic 



Aeromagnetic analysis of Boké, NW Guinea

15

record. The relatively shallow sources associated with PMA2 (2000‑6000 m) are consistent with Mesozoic dolerite sills 
and dykes emplaced within the sedimentary cover, a style of magmatism very widely developed in the neighbouring 
Telimele‑Kindia‑Koumbia region as part of the Mesozoic trap event (Mamedov et al., 2010a). The shallow character 
of PMA2 is independently supported by the upward‑continuation results, as PMA2 attenuates markedly at the higher 
continuation levels (15 and 20 km), whereas the deep PMA1 domain persists, confirming the depth contrast between 
the two positive anomalies. In contrast, the deeper PMA1 sources (6000‑9,600 m), which form an arcuate‑to‑sigmoidal 
trend, are more plausibly interpreted as concealed mafic basement bodies, most likely Birimian metagabbros 
or Archean mafic units, emplaced or preserved along a major deep‑seated structural zone. This interpretation 
is supported by the regional geological framework, the mapped lithostratigraphy, and the characteristic magnetic 
properties of mafic rocks.

The magnetic lineaments extracted from the horizontal gradient, tilt derivative, and multi‑level TAHG were 
integrated to produce a synthetic structural map of the study area. Based on their length, the mapped lineaments 
were classified into three hierarchical orders: (i) first‑order lineaments (>20 km), representing 12% of the total 
population, (ii) second‑order lineaments (5‑20 km), accounting for 40%, (iii) and third‑order lineaments (<5 km), 
constituting 48% (Fig. 10a, c). This hierarchical distribution characterized by a limited number of regional‑scale 
structures and a predominance of short fractures, is typical of well‑developed fault systems that have undergone 
multiple episodes of deformation. The rose diagram (Fig. 10b) identifies four principal structural trends: NE‑SW 
to ENE‑WSW, WNW‑ESE to E‑W, NW‑SE, and N‑S to NNE‑SSW. These orientation families are consistent with the 
regional tectonic framework and reflect successive phases of crustal deformation documented in the geological 
evolution of the area (Mamedov et al., 2010a).

The NE‑SW to ENE‑WSW trend corresponds to the regional Mesozoic transform fault system associated with the 
breakup of Gondwana and the opening of the Atlantic Ocean. These transform structures are concentrated within the 
Cap Verga coastal domain, which includes the study area, and exerted a major control on the emplacement of Mesozoic 
mafic magmatism, including dolerite, gabbro‑dolerite, and associated ultramafic intrusions (Mamedov et al., 2010a). 
Their orientation also coincides with the NE‑ENE structural grain that characterizes the Birimian terranes of 
the West African Craton (Grenholm et al., 2019), suggesting that the Mesozoic transform system preferentially 
reactivated inherited Eburnean basement fabrics. The N‑S to NNE‑SSW family, represented by a prominent 
first‑order sinuous lineament crossing the central part of the study area, is interpreted as a deeply rooted basement 
discontinuity. Regionally, this structural direction corresponds to the submeridian fault zones that controlled the 
development of the Bassari‑Rokel trough system and partitioned the Precambrian basement into large crustal 
blocks (Mamedov et al., 2010a). These structures therefore represent an inherited basement framework, probably 
established during the Pan‑African or earlier tectonic events and subsequently reactivated during later magmatic 
episodes. The NW‑SE lineaments coincide with the regional fault systems that delimit the terrigenous graben‑syncline 
structures and locally guided the emplacement of dolerite dyke swarms (Mamedov et al., 2010a). Their spatial 
distribution suggests that this orientation acted primarily as an extensional structural direction accommodating 
basin development and magmatic intrusion. The WNW‑ESE to E‑W trend represents another significant structural 
family. Regional geological studies identify this orientation as a distinct tectonic direction inherited from an 
earlier, possibly early Paleozoic deformational phase (Mamedov et al., 2010a). It is therefore interpreted as an 
inherited basement fabric that was locally reactivated during subsequent tectonic events. Furthermore, several 
NE‑trending faults in the southeastern part of the country progressively curve into E‑W orientations (Fig. 1), 
producing sigmoidal geometries indicative of transcurrent deformation within ductile shear zones. These four 
lineament families record a polyphase tectonic evolution, in which inherited submeridian and sublatitudinal 
basement structures were successively reactivated and overprinted by NE‑oriented transcurrent faulting associated 
with Mesozoic Atlantic rifting. This structural framework is consistent with the principal fault network depicted 
on the geological map (Fig. 1).

The integrated interpretation of the multi‑level TAHG and Euler deconvolution results reveals a systematic 
variation in structural style with depth. At shallow continuation levels, the magnetic fabric is characterized by 
a dense network of short, rectilinear, and multidirectional lineaments, typical of brittle upper‑crustal deformation. 
In contrast, increasing continuation height progressively suppresses these shallow features, revealing a simplified 
structural framework dominated by a limited number of long, curvilinear, and locally sigmoidal lineaments, 
particularly within the arcuate northern domain. This depth‑dependent evolution is consistent with the hierarchical 
organization of the synthetic structural map (Fig. 10), where the first‑order lineaments (>20 km; 12% of the mapped 
population) correspond to regional structures that remain identifiable at continuation levels of 6‑8 km, whereas 
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the more abundant third‑order lineaments (<5 km; 48%) are confined to the shallow crust and disappear rapidly 
with upward continuation.

The sigmoidal geometry of the deep‑seated lineaments is characteristic of ductile shear zones, while the lateral 
displacement of TAHG maxima between successive continuation levels indicates the coexistence of both steeply 
dipping and moderately inclined structures at depth. These observations suggest a vertically organized structural 
architecture reflecting successive tectonic episodes. The deep curvilinear structures are interpreted as inherited ductile 
shear zones developed during the Eburnean and Pan‑African orogenic events, which are regionally expressed by 
pervasive foliation, mylonitization, and transpressional to thrust‑related deformation within the Precambrian 
basement (Mamedov et al., 2010a; Grenholm et al., 2019). In contrast, the dense network of shallow rectilinear 
fractures is attributed to later brittle faulting associated with Mesozoic Atlantic rifting and the reactivation of 
pre‑existing basement discontinuities (Mamedov et al., 2010a).

The structural framework identified in this study has important implications for bauxite exploration within 
the Fouta Djallon‑Mandingo bauxite province. Although lateritic bauxite is a near‑surface weathering product 
and is not directly related to the deep magnetic sources, the mapped fault and fracture network, particularly the 
intersections of the NE‑ENE and NW‑SE lineament systems, exerts a primary control on drainage, weathering, 
and laterite development, thereby influencing the distribution of bauxite mineralization (Mamedov et al., 2010a). 
These results provide a coherent regional model of the basement structural framework as resolved by the available 
aeromagnetic dataset. Accordingly, the mapped lineament network and depth distributions are interpreted in 
terms of first‑order structural patterns, whereas smaller‑scale structural features remain beyond the resolving 
capability of the dataset. Similarly, the Euler depth estimates are considered to represent broad structural levels 
and the relative distribution of magnetic source depths rather than unique geometrical solutions. As the present 
interpretation is derived from legacy aeromagnetic data, future integration with complementary geological and 
geophysical information, including field structural observations, gravity data, satellite‑derived lineaments, rock 
magnetic measurements, and geochronological constraints, would further refine the proposed structural framework 
and its tectonic interpretation.

Figure 10. �(a) Synthetic structural map of the study area. (b) Rose diagram of lineament orientations. (c) Frequency 
distribution of the three lineament orders.
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6. Conclusion

This study used high‑resolution aeromagnetic data to characterize the concealed structure of the Boke region 
in north‑western Guinea, where a thick Paleozoic sedimentary cover and a lateritic mantle hide the basement of 
the West African Craton margin. An integrated workflow combining reduction to the equator, upward continuation 
at four levels (2, 4, 6 and 8 km), the analytic signal, the horizontal gradient amplitude, the tilt derivative, the 
tilt angle of the horizontal gradient (TAHG) at each continuation level, and Euler deconvolution was applied to 
map the structural framework and to estimate the depth of the magnetic sources. Three magnetic domains were 
identified. Two positive anomalies, PMA1 and PMA2, are attributed to concealed mafic bodies, shallow Mesozoic 
dolerite sills and dykes for PMA2, and deep Birimian metagabbroic or Archean mafic basement for PMA1 and are 
separated by a broad negative anomaly (NMA1) produced by the weakly magnetic sedimentary fill of the Bowe 
Basin. Euler deconvolution gave source depths between about 400 m and 9,600 m. The deepest solutions forming 
an arcuate band beneath the northern part of the area and the shallowest contacts bounding and dissecting the 
central basin. The magnetic lineaments, classified into three orders by length, define a polyphase fault network. 
The most frequent set trends WNW‑ESE to E‑W and reflects an inherited sublatitudinal basement fabric, whereas 
the NE‑SW to ENE‑WSW set, although less frequent, is the principal tectonic direction and corresponds to the 
Mesozoic transform system related to the opening of the Atlantic Ocean. The multi‑level analysis also revealed 
a clear depth‑stratified architecture, in which a dense, shallow, brittle fracture fabric passes downward into a few 
long, curvilinear and sigmoidal deep structures indicative of ductile shear. This organization is interpreted as an 
inherited Eburnean‑Pan‑African transcurrent framework overprinted by later Mesozoic brittle faulting. These results 
clarify the tectonic architecture of this segment of the West African Craton margin and are also of practical interest. 
By mapping the fault and fracture framework, and especially the structural intersections that control weathering, 
drainage and plateau preservation, the study provides a structural guide to the development and preservation of 
the lateritic bauxite for which the region is known. The workflow and in particular the multi‑level TAHG shows the 
value of aeromagnetic data for depth‑resolved structural analysis and offers a transferable approach for basement 
characterization in other cover‑masked cratonic areas. Field structural mapping, gravity data and geochronology 
will nonetheless be needed to validate and refine the interpretations proposed here.

Data availability statement. The aeromagnetic data used in this study were acquired during airborne surveys conducted 
in 1980‑1981 under the authority of the Guinean Ministry of Mines and Geology. The raw survey data are owned by the 
Ministry and are not publicly available, being subject to its data‑sharing policies. The derived interpretation products 
generated during this study including the magnetic lineament data, the Euler deconvolution depth solutions, and the 
structural interpretation layers are available from the corresponding author upon reasonable request.
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