


Integrated Landsat 9-OLI, SRTM-DEM, and field approaches for regolith mapping: implications for gold exploration in the Dabakala region, central-north Côte d’Ivoire

Abstract
Gold exploration in tropical West Africa is challenged by thick regolith cover and intense supergene weathering, which obscure bedrock geology and complicate anomaly interpretation. This study integrates Landsat 9-OLI imagery, SRTM‑DEM data, and field investigations to characterize regolith regimes and assess their implications for gold exploration in the Dabakala region, Côte d’Ivoire. Remote sensing analyses, including band ratios (B4/B2, B6/B7), selective PCA, and directional filtering, revealed spectral anomalies linked to iron oxides and clay minerals, enabling discrimination of residual, erosional, and depositional regolith regimes. DEM‑derived morpho‑regolith zoning further highlighted the relationship between relief, drainage, and regolith organization. Field sampling and geochemical assays validated these regimes, confirming that residual domains dominant across the northern and eastern area sectors preserve primary geochemical signatures and coincide with NNE-SSW structural corridors. Erosional regimes, restricted to slope interfaces, generate diffuse anomalies through crust dismantling, while depositional regimes in lowlands concentrate on transported materials, often producing displaced signals. The integration of spectral, geomorphological, and geochemical datasets demonstrates that regolith mapping is a critical decision‑support tool for exploration, reducing uncertainties in anomaly interpretation and guiding target prioritization. This methodological framework underscores the value of combining satellite data, DEM analysis, and field validation to improve understanding of surficial formations and their structural controls, thereby enhancing exploration efficiency in Birimian terrains of central‑north Côte d’Ivoire.
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1. Introduction
The mining industry in West Africa is experiencing remarkable growth, driven by a subsurface exceptionally rich in gold (Le Monde, 2018). Over the past fifteen years, the region has recorded an unprecedented 81% increase in industrial gold production, now rivaling major global mining powers (Le Monde, 2018). This potential is underpinned by the West African Craton, where Birimian terrains constitute the principal zones of mineral concentration (Milési et al., 1989). In Côte d’Ivoire, these formations cover nearly 75% of the national territory, representing about 33% of the entire West African Birimian domain. The Ivorian basement is subdivided into seventeen major volcano-sedimentary belts, whose tectono‑metallogenic framework controls the emplacement of gold mineralization (Yacé, 2002). Our study area, located in the Dabakala region, lies at the junction of the Haute‑Comoé, Haut‑N’Zi, and Fêtêkro belts (Allialy et al., 2017). However, gold exploration in this zone remains constrained by intense meteoric weathering and a thick regolith cover that obscures primary mineralization. Rock formations are, in places, overlain by extensive regolith surfaces derived from rock alteration, posing a major obstacle to exploration due to limited outcrop conditions (Butt & Zeegers, 1992). Several studies have highlighted the importance of regoliths in mineral exploration. Butt & Zeegers (1992) pioneered research on tropical regoliths, emphasizing their complexity. Taylor and Eggleton (2001) demonstrated the diversity of regolith profiles and their implications for prospecting. Anand & Butt (2010) showed that residual regimes preserve primary geochemical signatures, though their work was restricted to the Australian context. Arhin & Nude (2009) stressed that understanding regoliths is critical to improving the reliability of geochemical anomalies in tropical terrains, noting that conventional approaches remain insufficient to distinguish primary signatures from remobilization effects. Their findings underscore the need to integrate regolith mapping into gold exploration strategies.
In Côte d’Ivoire, several contributions have advanced knowledge of regoliths. Allou (2014) and Allialy et al. (2017) refined lithological and structural characteristics of the Dabakala region, but without specifically addressing regolith cover. Milési et al. (1989) described the gold potential of the West African Craton, while Yacé (2002) investigated volcano‑sedimentary belts in Côte d’Ivoire. These studies largely focused on regional geology and tectono‑metallogenic structures, without explicitly tackling regolith-related issues. More recently, Allou et al. (2022) demonstrated in northern Toumodi that regolith mapping, combined with remote sensing and drilling, improves discrimination of depositional, erosional, and duricrust regimes, thereby enhancing geological understanding of a prolific gold-bearing belt. These results confirm the value of integrated approaches in overcoming challenges posed by scarce outcrops and complex weathering profiles. Nonetheless, the geochemical approaches applied in Dabakala (Allou, 2014; Allialy et al., 2017) remained limited and failed to clearly distinguish primary signatures from secondary ones linked to remobilization processes. Such limitations reduce the reliability of identified anomalies and constrain exploration efficiency in the area. Other notable advances include the study by Diaby et al. (2023), who applied remote sensing and artificial intelligence methods (SVM and ANN) to regolith mapping at the Sissingué gold project, showing that integrating Landsat 8, ALOS PALSAR, and Sentinel‑1A data enables reliable predictive mapping. More recently, Lalonde (2026) initiated a regolith mapping and LiDAR survey program at the Zuénoula project, combining geochemistry, remote sensing, and high‑resolution imaging to improve structural interpretation and target definition. These studies demonstrate that regolith mapping, when integrated with geochemical and remote sensing approaches, can yield excellent results for gold exploration. However, despite these advances, the regolith issue remains insufficiently addressed in the Dabakala region. Previous studies concentrated on regional geology and tectono‑metallogenic structures, overlooking the complexity of regoliths and their role in controlling gold anomalies. In this context, the present study aims to fill these gaps by employing an integrated methodology that combines remote sensing, morpho‑regolith zoning, and geochemical data. The objective is to assess how regolith mapping can improve understanding of superficial formations and their relationship to gold mineralization. The central hypothesis is that the nature of regoliths governs the distribution of gold anomalies, with residual regimes representing priority exploration targets, while erosional and depositional regimes provide complementary indicators.
2. Physiography and regional geology
The study area is located in the Dabakala department, in the Hambol region of north‑central Côte d’Ivoire (Fig. 1). It covers approximately 564 km² and includes several localities such as Tendéné‑Bambarasso, Nakala, Sorolo, and Wendéné. Access to the area is provided by the Bouaké-Dabakala road, complemented by a network of rural tracks. The relief is generally undulating, with elevations ranging from 150 to 650 m. Four major morphologic units can be distinguished: the Gorowi Mountains (>500 m), the Dabakala granito‑gneissic peneplain, the rugged Fêtêkro belt (including Mount Niangbion, 600 m), and the N’Zi plain (150-250 m). The hydrographic network is dominated by the Comoé River to the east and the N’Zi River to the west, supplemented by temporary streams (Sagbo, M’Bé, Kinkéné, Niarga) that transport eroded materials toward lowlands. The climate is Sudanian, characterized by alternating wet and dry seasons, with mean annual temperatures ranging between 26 and 28 °C. Vegetation is dominated by wooded savanna, interspersed with large trees such as Ceiba pentandra (kapok), Chlorophora excelsa (iroko), and Khaya ivorensis (mahogany), as well as grassy savannas and gallery forests along watercourses. Soils are mainly clay‑ferralitic and clay‑sandy, shallow and friable, with fertility varying according to relief.
Geologically, the region belongs to the Baoulé‑Mossi domain of the West African Craton (Milési et al., 1989; Yacé, 2002). It is composed of Paleoproterozoic Birimian formations, including volcano‑sedimentary series (basic to intermediate metavolcanics, metasediments, tuffs) and diverse intrusive granitoids (granodiorites, diorites, granites, tonalites) (Fig. 1). The entire sequence is affected by shear zones-oriented NNE-SSW to NE-SW, which represent major discontinuities that facilitated hydrothermal fluid circulation and the trapping of gold mineralization (Feybesse et al., 1989). These structures, together with regional lineaments, control the localization of gold anomalies and explain the distribution of deposits in the region. The regolith cover, derived from supergene alteration of Birimian units, often conceals outcrops but locally preserves the geochemical signature of parent rocks, playing a key role in gold exploration (Butt & Zeegers, 1992; Arhin & Nude, 2009; Allou et al., 2022). 
The Dabakala region, situated within the Baoulé‑Mossi domain, exemplifies the lithostructural complexity characteristic of the Ivorian Birimian. According to Milési et al. (1989), two major lithological groups can be distinguished: volcano‑sedimentary sequences and granitoids. Structurally, the region is affected by brittle‑ductile deformation corridors-oriented NNE-SSW to NE-SW. These shear zones acted as major discontinuities that promoted hydrothermal fluid circulation and mineral trapping, thereby contributing to the potential localization of metallic deposits (Feybesse et al., 1989). The study area is largely covered by granitoids, together with metasediments and metavolcanics (Fig. 4), cross‑cut by a major fault network trending NE-NNE. The spatial organization of Birimian belts and plutonic complexes highlights the interaction between regional tectonics and intracratonic magmatism, making Dabakala a representative example of Birimian structures in Côte d’Ivoire.
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Figure 1. Simplified geological map of the Dabakala region
3. Material and methods
3.1. Fieldwork and Sampling
Field investigations were preceded by a documentary review that included the analysis of geological maps, technical reports, and previous studies on the Dabakala region. These data provided the basis for defining the sampling grid and guiding the field campaigns. A systematic grid was established to collect soil and regolith samples. Sampling was carried out systematically using appropriate tools (manual auger, crowbar, scoop) and georeferenced with GPS. The geomorphological environment observed during sampling revealed contrasts between plateau areas and lowlands, confirming the diversity of regolith regimes. To ensure data quality, a QA/QC protocol was applied, including the insertion of blanks, duplicates, and certified standards. The collected samples were then packaged and sent for chemical analyses using the Fire Assay method, which allowed determination of gold grades and other trace elements. These field data provided an essential basis for the characterization of regolith and the identification of gold anomalies.
3.2. Landsat 9 OLI and SRTM DEM data acquisition
Landsat 9 OLI data consist of a scene covering the study area (Path 196 / Row 054), downloaded from the United States Geological Survey (USGS) Earth Explorer website (https://earthexplorer.usgs.gov). The scene was selected due to its low cloud cover. It comprises nine spectral bands, including eight multispectral bands with a spatial resolution of 30 m. The specific scene used (LC09_L2SP_196054) was acquired on November 9, 2025, from USGS (Fig. 2). The table below (Table 1) presents the characteristics of the Landsat 9 sensor bands.
The elevation data derived from the Shuttle Radar Topography Mission (SRTM) Digital Elevation Model (30 m resolution) were downloaded as tiles specifically covering the geographic extent of the study area. These files, obtained via the USGS Earth Explorer platform, were selected based on the coordinates of the region to ensure complete and homogeneous coverage. After acquisition, the data were reprojected into the appropriate UTM coordinate system for the study area, thereby facilitating metric calculations and integration with other cartographic layers.
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Figure 2. Scene covering the study area (LC09_L2SP_196054)

Table 1. Landsat 9-OLI spectral bands
	Sensor
	Band number
	Band description
	Spectral-Range (µm)
	Spatial Resolution (m)

	



Landsat 9 OLI
	1
	Coastal aerosol
	0,435 - 0,451
	30

	
	2
	Bleu
	0,452 - 0,512
	30

	
	3
	Green
	0,533 - 0,590
	30

	
	4
	Red
	0,636 - 0,673
	30

	
	5
	NIR
	0.851 - 0.879
	30

	
	6
	SWIR-1
	1.566 - 1.651
	30

	
	7
	SWIR-2
	2,107 - 2,294
	30

	
	9
	Cirrus
	1,363 - 1,384
	30


                  *NIR: Near Infrared; SWIR: Short-wave infrared.

3.3. Preprocessing of Landsat 9 Data
Remote sensing analyses on the Dabakala area were conducted using Landsat 9 OLI imagery, which was first enhanced by applying adaptive filters to reduce background noise and Sobel directional filters through convolution methods to emphasize pixel‑level contrasts. The methodology adopted in this study is summarized in a workflow (Fig. 3). The images were processed in QGIS with the aim of identifying regolith units through spectral analysis. Radiometric and atmospheric corrections were performed using the Semi‑Automatic Classification Plugin (SCP) following the DOS1 method, converting sensor radiance into surface reflectance and enabling reliable band ratio comparisons. Band ratios were then calculated to highlight mineralogical contrasts: B4/B2 to detect iron oxides typical of ferruginous laterites, and B6/B7 to identify hydroxyl‑bearing minerals such as clays. Selective Principal Component Analysis (SPCA), based on Crosta and Moore (1989), was applied via the GRASS i.pca module to minimize vegetation influence, reduce redundancy, and emphasize spectral anomalies linked to supergene alteration, thereby isolating regolith signatures and facilitating the delineation of laterites and soils. 
[image: ]
Figure 3. Methodological workflow outlining the study procedure

3.4. Lineament extraction from Landsat imagery
Structural lineaments were extracted from enhanced Landsat 9 OLI imagery to characterize tectonic features controlling gold mineralization in the Dabakala area. Directional Sobel filters (7×7) were applied to the PC2 component in QGIS to emphasize morphological discontinuities. The resulting images were visually interpreted, and lineaments were manually traced to ensure accuracy. These alignments represent the surface expression of fractures and shear zones that play a key role in the emplacement of mineralization. Statistical analysis of lineament orientations and lengths was performed in Microsoft Excel, and rose diagrams were generated using GeoRose (v.0.5.2), providing quantitative insights into the structural framework of the study area.
3.5. Preprocessing of SRTM-DEM data
Preprocessing was carried out to correct potential anomalies related to water bodies or steep slopes, thereby ensuring greater reliability of the results. This treatment was performed in ArcGIS to better understand the relief and characterize the geomorphological dynamics of the terrain. The workflow included two main steps. First, multidirectional hillshading was generated to highlight slope breaks and plateau boundaries, often associated with lateritic crust zones. This technique reveals topographic details that are typically masked by vegetation in conventional optical imagery. Second, a morpho‑regolith zoning was established following the Bolster (2007) model, dividing the area into three key sectors: plateaus, stable zones where regolith develops in situ without significant transport; slopes, transitional zones where material is displaced downslope by colluvial processes; and lowlands, convergent areas where sediments accumulate through runoff and erosion (alluvium). These morphological units were delineated and mapped in ArcGIS. Relief extracted from the DEM was used as an indirect indicator of regolith regimes, with high‑relief landscapes correlated to residual environments and low‑relief landscapes associated with depositional environments.
3.6. GIS integration approaches
The results obtained from fieldwork and remote sensing were integrated into a Geographic Information System (GIS) to cross‑analyze geochemical, morphological, and spectral datasets. Both QGIS 3.10 and ArcGIS were employed for the compilation and overlay of information layers. Geochemical data were imported into the GIS and combined with morpho‑regolith maps, enabling the production of synthetic maps that establish relationships between regolith regimes and the spatial distribution of gold anomalies.
4. Results 
4.1. Spectral distribution of iron oxides and clay minerals
Spectral band ratios highlight zones enriched in iron oxides and clay minerals, which are key indicators of supergene alteration. The B4/B2 ratio derived from Landsat 9 OLI imagery (Fig. 4) reveals a contrasted distribution of iron oxides across the area. The highest values, reaching approximately 2.53, are concentrated in the central and western sectors, reflecting significant ferruginous accumulation associated with the advanced development of lateritic crusts. Conversely, lower values, close to 1.83, correspond to less altered zones where iron enrichment remains limited. This spatial variability underscores the heterogeneity of weathering processes and allows the delineation of high‑potential ferruginous zones for geological and mining investigations. The band ratio B6/B7 map further illustrates a heterogeneous distribution of values ranging between 1.19 and 1.90 across the study area (Fig. 4). Elevated values indicate more intense clay alteration, corresponding to advanced profiles linked to hydrothermal processes. In contrast, lower values reflect early or limited stages of alteration, pointing to reduced mineralogical transformation. This variability highlights the diversity of hydrothermal alteration stages and enables the identification of sectors where clay alteration is most pronounced.
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Figure 4. Spectral band ratios B4/B2 and B6/B7 highlighting the distribution of iron oxides and clay minerals across the study area
4.2. PCA‑based spectral signatures of minerals
Principal Component Analysis (PCA), performed using the Crosta-Moore method, revealed distinct spectral signatures associated with iron oxides and clay minerals across the study area (Fig. 5). The PC2‑oxides component (Fig. 5) highlights a significant anomaly concentrated in the central‑northern part of the study area, with spectral intensity values reaching up to 77. This confirms the results obtained from the B4/B2 band ratio and reflects pronounced supergene enrichment in iron oxides and hydroxides, linked to the development of a mature lateritic profile. In contrast, the PC2‑clays component (Fig. 5) shows maximum spectral intensity values of up to 112, forming several anomalies distributed across the study area. These results corroborate the B6/B7 band ratio and indicate intense clay alteration in the most evolved weathering zones. The concordance between band ratio analyses and Crosta-Moore PCA attests to the reliability of the mineralogical mapping, reinforcing the identification of regolith signatures and alteration anomalies relevant to gold exploration.
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Figure 5. Principal Component Analysis (PC2) highlighting spectral anomalies: iron oxides and clay minerals across the area
4.3. Spectral anomalies from PCA color composition
The RGB composite map generated from Principal Component Analysis (Compo_ACP_PC123, Fig. 6) highlights marked spectral contrasts across the study area. Dominant hues, ranging from bright red to yellow, reflect significant variations in surface responses to the principal component bands. Red and pink tones indicate strong spectral anomalies, generally associated with higher concentrations of iron oxides or altered minerals. These zones correspond to extensive areas on summits and lateritic plateaus, consistent with a residual regime where in‑situ lateritization has produced mature ferruginous crusts, in agreement with high B4/B2 ratios and PC2‑oxide results. Yellow and violet tones represent weaker or distinct spectral signatures, suggesting terrains less affected by hydrothermal or ferruginous processes. Violet hues delineate intermediate slope zones, reflecting an erosional regime where crust dismantling generates altered materials, consistent with intermediate band ratio values. Yellow tones mark the lower parts of the study area, corresponding to a depositional regime where colluvial and alluvial sediments accumulate from the transport of materials derived from the residual and erosional regimes. Thus, the RGB PCA composite (Fig. 6) discriminates three distinct regolith regimes across the study area. The coherent distribution of these regimes illustrates the logical progression of alteration from summits to lowlands, validating the results obtained from band ratio analyses and PCA spectral signatures.
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Figure 6. RGB color composite (RED model, Compo_ACP_PC123) highlighting spectral anomalies and regolith regimes across the study area
4.4. Lineament map
The processing applied to the second principal component (PC2) of the classical PCA highlighted several structural discontinuities using directional Sobel filters. The E-W Sobel filter revealed N-S lineaments (Fig. 7a), while the N-S Sobel filter emphasized E-W lineaments (Fig. 7b). The NE-SW Sobel filter accentuated NW-SE structures (Fig. 7c), and the NW-SE Sobel filter brought out NE-SW lineaments (Fig. 7d). Figure 9 presents a synthesis of the lineaments obtained from these different filters, establishing the lineament map of the Dabakala region. This map highlights the distribution and orientation of the main structural discontinuities. Lineaments appear as well‑defined segments spread across the area, reflecting a dense network of fractures and faults. The dominant orientations are N-S and E-W, complemented by oblique structures trending NE-SW and NW-SE, confirming the structural complexity of the study area.
[image: ]
Figures 7. Directional Sobel filters applied to PC2 highlighting structural lineaments: (a) E-W filter revealing N-S lineaments; (b) N-S filter emphasizing E-W lineaments; (c) NE-SW filter accentuating NW-SE structures; (d) NW-SE filter bringing out NE-SW lineaments.

Figure 8. Distribution of lineaments by direction class
4.5. Tele‑analytical map
The superposition of the lineament map on the PCA color composite produced the tele‑analytical map (Fig. 9), which highlights both the distribution and density of structural features as well as their relationship to spectral units. Lineaments are spread across the entire study area but with variable density: the northern and north‑western sectors show the highest concentration, characterized by numerous intersecting lineaments forming structural nodes; the central and south‑western sectors are moderately represented, with lineaments present but more widely spaced; while the eastern and south‑eastern sectors are the least dense, marked by rare and poorly interconnected structures. When analyzed in relation to spectral units, three main domains emerge. Red tones, dominant in the north and north‑east, coincide with the highest lineament density, suggesting strong structural control. Violet tones, present in the central and south‑western areas, are moderately intersected by lineaments, indicating intermediate structural influence. Yellow tones, scattered across the area, correspond to the lowest density of lineaments, reflecting areas less affected by tectonic structures. This integrated tele‑analytical approach provides a coherent view of how regolith regimes and structural discontinuities interact across the Dabakala area.
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Figure 9. Tele‑analytical map of the study area showing the superposition of lineament distribution on the PCA color composite, highlighting variations in density and spectral units across the study area
4.6. DEM‑derived morphological units
Processing of the DEM produced the relief map (Fig. 10), distinguishing three morphological units. The plateaus and summits (red and yellow tones), dominant in the northern, eastern, and western parts of the study area, represent the highest and most stable zones, reaching altitudes up to 600 m. In these areas, deep alteration of the bedrock favors the development of lateritic crusts and saprolites. The slopes or hillsides (green tones), located in intermediate positions, form transitional zones between high and low relief. They play a crucial role in the downslope transfer of materials through runoff and gravity and are particularly sensitive to erosion processes. Finally, the lowlands (blue and violet tones), concentrated mainly in the southern and north‑western parts of the study area, correspond to the lowest altitudes, around 150 m, where colluvial and alluvial deposits accumulate. This morphological structuring illustrates the interaction between altitude, drainage, and tectonic features, providing an essential interpretative framework for gold exploration. Plateaus are associated with primary anomalies linked to in‑situ alteration, while slopes and lowlands concentrate secondary anomalies displaced and trapped within depositional environments. This progression from summits to lowlands validates the consistency of geomorphological and regolith mapping results.
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Figure 10. Relief map of the study area, derived from DEM processing, showing three main morphological units: plateaus and summits (red-yellow tones, up to 600 m), slopes (green tones, intermediate elevations), and lowlands (blue-violet tones, around 150 m).
4.7. Regolith map of the study area
The integration of the morphological units map with the PCA color composite resulted in the regolith map of the study area (Fig. 12). This map reveals a spatially hierarchical organization of three principal regolith regimes (Fig. 11). The residual regime, dominant in the northern and north‑eastern sectors, is characterized by indurated laterite and altered saprolite, reflecting deep and prolonged in‑situ weathering of the bedrock (Fig. 11b). The erosional regime, concentrated in the central and south‑western parts, corresponds to dismantled crusts and degraded zones where gravitational and runoff processes promote lateral transfer of altered materials (Fig. 11a). Finally, the depositional regime, localized in the south‑eastern lowlands, comprises accumulations of colluvial and alluvial deposits derived from the transport of materials from adjacent slopes (Fig. 11c, d). This morpho‑regolith structuring illustrates the combined influence of relief, drainage, and tectonic features on the genesis and evolution of the regolith. It provides a critical interpretative framework for gold exploration: plateaus and residual zones indicate primary anomalies linked to in‑situ alteration, while erosional and depositional domains concentrate secondary anomalies displaced and trapped within sedimentary environments. This hierarchical organization validates the coherence of previous spectral and geomorphological analyses.
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Figure 11. Photographies of the different regolith regimes and samples from the study area          a : erosional regime; b: cuirassic regime; c, d : depositional regime ; e : Residual regime sample, f: erosional regime sample; g: depositional regime sample
[image: ]Figure 12. Regolith map of the study area
5. Discussion
5.1. Regolith regimes and supergene weathering constraints on the study area
The regolith regime map shows that the residual regime is dominant in the study area, covering about 65% of the area, mainly in the northern, northwestern, and eastern parts (Fig.12). It is followed by the depositional regime (~20%), concentrated in the south and southeast, and the erosional regime (~15%), restricted to the interface between the two previous regimes. This residual regolith type is characteristic of Precambrian basement terrains in tropical West Africa, where supergene weathering has acted for millions of years on exposed rocks. Butt & Zeegers (1992) describe this process as the progressive ferrallitization of the parent rock under the combined action of water, CO₂, and heat, leading to the decomposition of primary minerals into clays and iron/aluminum oxides. The result is a differentiated weathering profile ranging from fresh bedrock at depth to indurated ferruginous duricrust at the surface. At Toumodi, Allou et al. (2022) described an identical regolith organization on Birimian terrains of the Toumodi-Fètêkro belt, with an average weathering profile thickness of 18 m, reflecting a long history of supergene alteration common to Birimian formations in Côte d’Ivoire. The dominance of the residual regime is directly linked to the thick regolith cover masking the bedrock across most of the study area, thereby limiting the frequency of fresh rock outcrops. This feature is common to most Birimian terrains in West Africa, where lateritic cover constitutes a major obstacle to conventional geological mapping. Zalée (2018) documented this issue in Foutouri, Burkina Faso, where lateritic duricrusts cover large areas, complicating mineral exploration. At Dabakala, granitoids covering most of the area (Allialy et al., 2017) are mineralogically composed of feldspars and ferromagnesian minerals that are easily hydrolyzed, whose prolonged alteration leads to thick kaolinitic clay layers and iron oxides, masking lithological contacts and tectonic structures. Allou et al. (2022) reported the same observation at Toumodi, where intense lateritization makes geological mapping based solely on outcrop observation difficult, requiring the use of remote sensing and drilling data to map regolith and indirectly reconstruct bedrock geology.
5.2. Morphoregolithic organization and distribution of weathering regimes
Integration of the RGB composite according to the RED model (Fig. 6) with the relief map (Fig. 10) highlights a direct concordance between morphological units and regimes. Plateaus correspond to the residual regime, slopes to the erosional regime, and lowlands to the depositional regime. This distribution is consistent with the morpho‑regolithic zoning model proposed by Bolster (2007), which organizes regolith regimes according to topographic position and dominant geomorphological processes. On plateaus, vertical drainage allows water to infiltrate deeply and progressively weather the parent rock, enriching the profile in iron oxides by leaching soluble elements into lower horizons, ultimately forming ferruginous duricrust at the surface. Allou et al. (2022) obtained comparable results at Toumodi, where residual regimes on plateaus are associated with the highest iron oxide indices. On slopes, runoff and gravitational processes transport weathered materials laterally toward lower relief, causing progressive erosion of the weathering profile. This mechanism explains the limited representation of the erosional regime in the area, manifesting as narrow bands at the interface between residual and depositional regimes. Clay minerals derived from this erosion show heterogeneous distribution across the study area, confirmed by the B6/B7 ratio, which reflects weathering profiles at different stages of development. In lowlands, located in the southern and southeastern parts of the area, materials dismantled from plateaus and slopes accumulate as colluvium and alluvium, forming the depositional regime. Zalée (2018) described the same organization at Foutouri, Burkina Faso, where lowlands concentrate transported materials from duricrusted highlands, confirming that this morphoregolithic distribution is a common scheme in Birimian terrains of West Africa.
5.3. Influence of lineaments on regolith and metallogenic implications
Structural lineaments play a decisive role in the genesis and evolution of regolith, controlling both spatial distribution and weathering dynamics. The tele‑analytical map (Fig. 9) shows that lineaments are distributed across the study area, with higher concentrations in the north, northwest, and east where intersection nodes are most frequent. Statistical analysis of 498 extracted lineaments reveals two dominant directional families: N0-30° (NNE-SSW) with 121 structures and N30-60° (NE-SW) with 106 structures (Figs. 7 and 8). These orientations correspond to major Birimian shear zones described by Feybesse et al. (1989) at the scale of the West African Craton, formed during the Eburnean orogeny (2500-1600 Ma). The rose diagram reveals marked anisotropy dominated by N-S and E-W orientations, with secondary groupings toward NE-SW and NW-SE. This organization suggests regional tectonic control, where principal stresses favored orthogonal fracture families, while oblique directions reflect secondary systems or reactivations. The high density of lineaments in residual regime zones, particularly in the north, northwest, and east, suggests a relationship between fracturing and regolith development intensity. Fractures and shear zones act as mechanical discontinuities that facilitate meteoric fluid circulation at depth, locally enhancing chemical weathering and producing deeper profiles along structural corridors. Allou (2014) confirmed this mechanism in Dabakala, where weathering profiles are systematically developed near fractured or sheared zones. Beyond their role in deepening weathering, lineaments also influence regolith erosion dynamics. Shear zones, mechanically weakened during the Eburnean orogeny, offer lower resistance to erosive agents. Runoff and gravitational processes preferentially dismantle weathered materials along these structural corridors, exporting them to lower relief. This mechanism partly explains the heterogeneous distribution of the erosional regime observed on the regime map (Fig. 12), which frequently aligns with dominant structural directions NNE-SSW and NE-SW. From a metallogenic perspective, these structures constitute the main conduits for auriferous hydrothermal fluids. Allou (2014) established that mineralization at Bobosso, Dabakala sector, is controlled by structures oriented N075°-N080°, associated with hydrothermal alteration zones of silicification, sericitization, and sulfuration. Houssou et al. (2017) documented similar structural control at the Agbahou deposit in Côte d’Ivoire, where gold is localized in NE-NNE shear zones compatible with Birimian structures. Within the study area, dominant NNE-SSW to NE-SW lineaments are consistent with these recognized host structures, suggesting the presence of structural corridors favorable for auriferous mineralization (Assie et al. 2024). E-W to ESE-WNW lineaments (N90-120° class), though fewer (59 structures), exhibit the highest average lengths (~2391 m) (Fig. 8). These transverse structures correspond to late faults whose intersection nodes with NNE-SSW lineaments, particularly dense in the north and northwest of the area, represent tectonic release zones potentially favorable for gold mineralization.
5.4. Regolithic and structural control of gold anomalies
The integration of geochemical soil assay results with the regolith regime map represents a central step in this study, as it allows the spatial distribution of gold anomalies to be linked to the nature of the host regolith. The analysis reveals that anomalies vary according to regolith regimes, underscoring the geological role of each environment. Significant anomalies are generally associated with the residual regime, and to a lesser extent with certain depositional zones. This reflects the ability of homogeneous and deep weathering profiles to preserve primary geochemical signatures, while depositional environments may act as secondary traps for mineralization. Comparable findings have been reported in Côte d’Ivoire (Allou et al., 2022), Burkina Faso (Zalée, 2018), and Mali (Sawadogo et al., 2020), where residual regolith zones on plateaus consistently host the most representative anomalies. Moderate anomalies occur in both residual and erosional regimes, indicating partial redistribution of mineralization through dismantling and fracturing. This confirms that structurally fragile zones favor more diffuse geochemical dispersion, in line with observations from tropical terrains in Australia (Taylor & Eggleton, 2001) and Brazil (Freyssinet et al., 2005), where structural corridors enhance regolith development and influence anomaly dispersion.
Widespread low‑intensity signals are observed across all regimes, illustrating the generalized nature of surface geochemistry in tropical weathering contexts, often attenuated by leaching and dilution (Ntori et al., 2019). The predominance of anomalies within the residual regime highlights its major role in conserving geochemical signatures and makes it the primary exploration target. This is explained by the in‑situ formation of residual regolith, which faithfully preserves the geochemical imprint of mineralized bedrock without displacement linked to material transport. Similar conclusions have been drawn in Toumodi (Allou et al., 2022) and in Birimian terrains more broadly (Feybesse et al., 1989). In the erosional regime, partial dismantling of duricrust exposes saprolite, but lateral redistribution of materials produces diffuse anomalies of intermediate intensity. This effect is particularly evident where residual regimes coincide with NNE-SSW structural corridors, confirming the dual regolithic and structural control of anomalies. Comparable configurations have been documented in Burkina Faso (Zalée, 2018), where residual regolith zones aligned with Birimian structures host the strongest anomalies. Anomalies observed in depositional regimes must be interpreted with caution. They likely result from short‑distance transport from nearby residual sources, with gold deposited in low‑energy environments. In such cases, surface anomalies are offset relative to the primary source, limiting direct interpretation without complementary drilling. This phenomenon has been highlighted by Butt & Zeegers (1992) and confirmed in West African contexts (Sawadogo et al., 2020), reinforcing the need for integrated regolith mapping and geochemical analysis. Thus, regolith mapping proves to be a relevant tool for characterizing gold anomalies, as it enables distinction between primary anomalies located in residual regimes near NNE-SSW structures and directly reflecting mineralized sources at depth and secondary anomalies displaced and trapped in depositional domains. The combined use of regolith mapping and geochemical data provides a robust framework for prioritizing exploration targets, consistent with approaches applied in diverse lateritic terrains worldwide.
6. Conclusion
This study demonstrates that the integration of Landsat 9-OLI imagery, SRTM‑DEM data, and field investigations provides a coherent and effective framework for regolith mapping in the Dabakala region. The combined use of spectral band ratios, PCA analyses, DEM‑derived morpho‑regolith zoning, and geochemical validation enabled the identification of residual, erosional, and depositional regimes and clarified their relationship to gold anomaly distribution. Residual domains, which dominate the northern and eastern sectors, proved particularly favorable for preserving primary geochemical signatures and coincide with NNE-SSW structural corridors. Erosional regimes, restricted to slope interfaces, generate diffuse anomalies linked to crust dismantling, while depositional regimes concentrate transported materials, often producing displaced signals. These findings highlight the dual control exerted by regolith regimes and structural lineaments on anomaly localization. By integrating satellite data, digital elevation models, and field validation, this methodological framework reduces uncertainties in anomaly interpretation and strengthens exploration targeting in Birimian terrains and improves the understanding of interactions between bedrock, surficial formations, and geochemical anomalies. The results confirm that regolith mapping is not only a complementary tool but a decisive component of gold exploration strategies in tropical environments. Applied to the Dabakala region, this approach provides a reliable basis for prioritizing targets and guiding future exploration programs in central‑north Côte d’Ivoire.
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