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Abstract 

This article deals with the use of remote sensing with Aster and Landsat 9 imagery for mapping hydrothermal alteration 
minerals and oxides in relation to mineralization. Aster VNIR (Visible and Near Infrared) and SWIR (Mean Infrared) 
data are used to calculate PCA (Principal Component Analysis), RBD (Relative Band Depth) and BR (Band Ratio). These 
different parameters are used to highlight the groups of hydrothermal alteration minerals and oxides. Landsat data are 
used for mapping lithological units using PCA and BR. The identified mining areas coincide with the gold planning sites 
of Toumka and Lellé and allow to know the interesting areas for future mining prospecting campaigns in the 
departments of Abtouyour and Guéra (Guéra province). 
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1. Introduction

African countries in general and Chad in particular, are concerned about the development of the country which involves 
increasing GDP, building educational, health, road infrastructure, etc. All these needs imply a substantial budget and an 
increase in state revenue. In this same vision, the Chadian government has launched the promotion of the mining sector 
throughout the national territory. To realize this new vision, the National Mining and Control Company (SONEMIC) was 
created to effectively manage the evolution of the mining sector. This article contributes to the promotion of the mining 
sector by using a new technology, that of satellite imagery and GIS for the detection of areas likely to contain 
mineralization. 

The main objective of this work is to map hydrothermal alteration zones likely to contain mineralization. To achieve 
this objective, specific objectives are defined: 

Determine the Principal Component Analysis (PCA); determine the relative band depth (RBD); integrate, process 
information and print the results in the GIS. 
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1.1. Location of the study area 

The study area is located between 17°30’ and 19° East longitude, and 11° and 13° North latitude. The study area includes 
two departments: the department of Guéra and the department of Abtouyour. These two departments belong to the 
province of Guéra, the city of Mongo is the capital of the province. Figure 1 shows the location of the study area. 

 

Figure 1 localisation de la zone d'étude  

1.2. Regional Geological Framework 

Geologically, Chad belongs to the Pan-African mobile zone, limited to the south by the Congo craton, to the west by the 
West African craton and to the northeast by the Nilotic craton [1] and includes the Uweinat craton. The northern 
boundary with the Nilotic craton is very poorly defined and its southern boundary with the Congo craton is materialized 
by the Sanaga shear zone in Cameroon. But the concept of Nilotic craton and Uweinat has been questioned, because the 
geological formations of these cratons have different ages proving that some formations were remobilized by the Pan-
African orogeny [2] proposed the concept of metacraton, the arguments put forward of which convinced the scientific 
community and helped to dispel concerns about the ages of the formations. Consequently, the Tibesti, Ouaddaï and 
Massif Central formations belong to the Sahara metacraton, while the Mayo Kebbi and Baibokoum massifs belong to the 
Central African mobile zone. The Pan-African orogeny is at the origin of the formation of sedimentary basins (Doba 
basin, Lake Chad basin, Ennedi basin and Tibesti basin) formed by recent sedimentary formations [3]. 
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Figure 2 Location of cratonic and mobile zones in Central Africa  

1.3.  Geological Framework of the Guéra province 

The Guéra province is part of the Sahara metacraton constituting the central Chadian massif, formed mainly by the 
Guéra and Aboutelfan massifs and some smaller outcrops. These massifs are the result of the collision between the 
Congo craton and the Saharan metacraton [2][5].  

The Guéra massif is one of the smallest massifs of the Sahara metacraton, comprising Neoproterozoic magmatic and 
metamorphic rocks covered by Quaternary sediments. The granitoids of the province are grouped into two: those that 
are old, metalluminous to peralluminous, magnesian and alkaline, collisional and those that are young, peralluminous, 
ferrous and calc-alkaline and post-collisional. Overall, the province is composed petrographically of granites, 
granodiorites, diorites and gneisses with basaltic enclaves and cut by pegmatitic, aplitic and dolerite dykes. Between 
these formations are recent sedimentary covers. 
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Figure 3 Geological map of Guéra province [6] modified by Podo Mahamat Matar illustrating the lineaments in the 
NNW and NNE 

2. Materials, Data and Method 

2.1. Materials and Data 

As part of this work, equipment and data were used to map the alteration zones. 

The materials used include: 

 The Lenovo T46OS ThinkPad branded computer that serves as a platform for software installation; 
 GPS (Global Position System) for taking coordinates and identifying points on the ground; 
 A geologist's hammer and a sledgehammer for taking samples; 
 A clinometer compass for measuring the direction and dip of outcrops, veins, faults, fractures and fractures. 

2.2. Data 

The data used to map the weathering zones are mainly based on Aster and Landsat 9 image data from the study area. 
The potential of these images for mapping alteration zones has been successfully demonstrated by numerous studies 
[7][5][8] For the proper use of the Aster and Landsat 9 data, the information relating to these images is summarized in 
the table below (Table 1).  
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Figure 4 The Aster Landsat bands and their characteristics 

2.3. Methodology 

The Methodology used for the extraction of alteration zones is based on the calculation of directed component analyses 
(DCPA), band ratios (BR) and relative band depth (RBD).  

2.3.1. Simple Principal Component Analysis (PCA) and Directed Principal Component Analysis (APCD) 

Principal Component Analysis (PCA) is a highly effective image-enhancing approach for geological and mining mapping. 
PCAs will be carried out on the Landsat 9 and Aster bands and will surely allow a good lithological differentiation to be 
made. The PCAs performed on the OLI and Aster bands provided good results for the lithological characterization of the 
study area. 

Directed component analysis (DCPA) is a very powerful enhancement technique, based on the selection of bands in 
relation to the target studied and allowing to extract a specific alteration. To generate DCPA, Aster and Landsa bands 

The methodology used for the extraction of alteration zones is based on the calculation of directed component analyses 
(DCPA), band ratios (BR) and relative band depth (RBD).  

2.3.2. The PCAs performed on the OLI and Aster bands provided good results for the lithological characterization of the 
study area 

Directed component analysis (DCPA) is a very powerful enhancement technique, based on the selection of bands in 
relation to the target studied and allowing to extract a specific alteration. To generate the DCPA, Aster and Landsat 9 
bands are used in this study. The input Landsat bands for BCAH are bands 2, 5, 6, and 7. In addition, the Landsat 8 ratio 
bands (4:2, 6:4, 6:5 and 6:7) were used for the ACSI to highlight rocks enriched in ferric/ferrous iron oxides and Fe-OH, 
ferrous oxides, ferric oxides and hydroxylated minerals (Al–OH and Fe, Mg–OH). 

2.3.3. Band ratios (BR), relative band depth (RBD), and false-color compositions (FCC) 

Ratio bands are enhancement techniques used in geology to distinguish lithological or mineral information. It is a 
technique based on mathematical operations manipulating the digital data of images. 
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The ratios of the calculated bands 7/6, 7/3 and 1/5 of the OLI2 sensor and the color composition (red:7/6, green: 7/3 
and blue:1/5) gave a good result (Abdelnasser et al., 2023), (Banerjee et al., 2019). It effectively enhances the different 
facies of the granitoids.  

Other reports of the processed Landsat-9 bands, (a) Abrams (RGB-6/7, 4/3, 5/4); (b) Chica-Olma (RGB-6/7, 6/5, 4/2) 
and (c) Kaufmann report (RGB-7/5, 5/4, 6/7) are used for lithological discrimination and the identification of important 
contacts of rocks considered to be favorable zones for mineralization (For the Aster data, the band ratios combined with 
the false-colour colour compositions (4/7, 2/1, 4/3), comparted effectiveness of RBD in mining mapping has been 
demonstrated by numerous previous studies: This parameter has made it possible to discover mining areas in operation 
around the world and to locate new mining areas that will be the subject of future research. As part of this work, the 
RBD has made it possible to localize 

2.3.4. RBD1 for the alunite-kaolinite-pyrophyllite group of minerals 

 RBD2 for the mineral group sericite-muscovite-illite-smectite; 
 RBD3 for the chlorite epidote mineral group; and  
 RBD4 for the Si-OH-rich mineral group. 

2.3.5. Minimum Noise Factor (MNF) 

The minimum noise fraction is a mathematical approach, based on orthogonal rotation, to generate components with 
increasing noise percentages as opposed to PCR which produces components with decreasing variance. Numerous 
studies have used MNF for the detection of alteration zones associated with mineralization [13]. 

 

Figure 5 Directed Principal Component Analysis 
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2.3.6. Presentation of Relative Band Depth (RBD) Parameters 

Figure 6 shows the distribution of the alteration mineral group (alunite-kaolinite-pyrophyllite), determined by the 
RBD1 parameter, this mineral group is expressed by the yellow-brown color. This mineral complex occupies only a 
small part, representing 15% of the portion studied. It is poorly distributed, located in the extreme east (near the locality 
of Golonti) and west of the study area.  

 

Figure 6 The RBD1 relative band depth showing a group of alteration minerals (alunite-kaolinite-pyrophyllite) in 
dark blue and purple 
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RBD2 was used to highlight the minerals sericite-muscovite-illite-smectite, expressed on the imaging in Figure 6 in 
brown and yellow. In terms of distribution in the area studied, this mineral complex is larger than the previous one and 
is very well expressed in the department of Abtouyour and identified in the localities of Dabakalamar, Tialo-Ideba, Sara-
Arabe and Toumka.  

 

Figure 7 RBD2 relative band depth highlighting the sericity-muscovite-illite-smectite mineral complex, appearing 
yellowish-brown 

.  
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Figure 8 The RBD3 parameter, expressing two chlorite-epidote minerals, appearing in this figure in brown and 
yellowish. They are identified in the area of Tialo-Ideba and Dabakal-amar 
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Figure 9 The relative band depth RBD3 highlighting the chlorite-epidote mineral complex 

The Si-OH-rich rocks are highlighted by the RBD4, appearing in yellowish-green in Figure 7. They are identified and 
very concentrated in the north of the Sara-arabe and Toumka area in the department of Abtouyour. 
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.  

Figure 10 RBD4 relative band depth highlighting the Si-OH-rich mineral complex 

3. Results, analysis and interpretation 

3.1. Presentation of results 

Presentation of Directed Principal Component Analysis  
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Figure 11 Synthesis of RBDs, 1 (muscovite-sericite-illite), 2 (alunite-kaolinite-pyrophyllite), 3 (chlorite-epidote) and 4 
(SiOH-containing rocks) 

3.2. Introduction of Iron Oxides 

Figure 12 illustrates the spatial distribution of iron oxides, appearing in a reddish-yellow colour. These oxides are 
generally expressed in the areas near the granitic massifs.  
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Figure 12 Iron oxide zones are highlighted by the RGB colour composition of the 2:1, 4:3 and 4:5 ratios. Iron oxides 
appear yellow to reddish 

3.3. Presentation of the BR Aster 4/5  

The BR is used for the determination of the lithological units and has made it possible to distinguish six (6) units 
distributed over the entire portion studied.  
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Figure 13 The Aster 4/5 ratio band ensuring good lithological discrimination 

3.4.  Analysis and Interpretation 

The Aster and Landsat 9 images made it possible to carry out geological and mining mapping in record time, given the 
advantages offered by this new technology, which has been tested around the world with satisfactory results. RBDs, 
very effective parameters in the mapping of alteration minerals in relation to mineralization, have made it possible to 
locate hydrothermal alteration zones. The results obtained through imaging were validated by an incursion into the 
field. These different minerals have been recognized in the field, it has been found that these areas with alteration 
minerals coincide with the gold panning sites of Toumka and Lellé in the department of Abtouyour. 
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4. Conclusion 

The potential of Aster and Landsat 9 imagery is highly effective in mapping hydrothermal alteration zones and iron 
oxides and hydroxides, in relation to mineralization. The parameter, the relative band depth made it possible to map 
the hydrothermal alteration minerals of the study area. Four (4) RBDs (RBD1, RBD2, RBD3 and RBD4) were determined, 
and respectively highlighted the kaolinite-alunite-pyrophyllite groups, the smectite-muscovite-sericite-illite groups, the 
chlorite-epidote groups and the SiOH-rich mineral groups. RBD3 is observed in the field next to the dolerites from which 
the minerals identified are derived. The other RBDs are globally associated with granitoids. The results obtained show 
that the mapped hydrothermal alteration zones coincide well with the gold panning sites of Toumka and Lellé. These 
results make it possible to know the areas of interest for the barrels 
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