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 ARTICLE INFO   ABSTRACT 
 

 

Remote sensing technology is already widely used in various geological fields such as mineralogy, 
lithological mapping, geomorphology and so on. In our study, it is specifically used for lithological 
mapping. This work aims to map rock types in the Korbol region by integrating remote sensing 
applications of Landsat-8 image processing (OLI), field studies and petrographic investigations. The 
aim of the present work is to produce a geological map of the area north of Korbol, south of the Guéra 
massif, due to the absence of a geological map. We used the optimal indexing factor and correlation 
coefficient methods to identify the most effective results from false color composite (FCC), principal 
component analysis (PACP ) and band ratio (BR). These techniques, combined with supervised 
classification, enabled us to distinguish the different rock units on the basis of their spectral signatures. 
The results were combined with the aforementioned techniques, including principal component images 
(PACP1, PACP2, PACP3) and band ratio images (6/5, 4/5, 1/6 and 6/7, 6/2 and 6/5). As a result, 
geological mapping has been underpinned and field and laboratory petrographic studies confirmed. This 
approach identified six distinct lithological units, namely pyroxene amphibolite; biotite amphibolite; 
biotite gneiss, quartz diorite, biotite granite and biotite-amphibole granite. Landsat-8 image processing 
revealed that the geological basement of the northern Korbol massif is predominantly granitic. ESE-
WNW to NE-SW directions and a secondary NE-SW direction are the main fracture directions in these 
geological formations. 
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INTRODUCTION 
 
The Pan-African basement rock units north of Korbol are poorly 
known. The basement of the study area is located south of the Sahara 
metacraton and was formed during the Neoproterozoic Pan-African 
orogeny (Abdelsalam et al., 2002; Sadek et al., 2015, 2020). 
Nowadays, geological mapping has been improved by the use of 
remote sensing techniques. However, digital satellite imagery 
processing algorithms play an important role in lithological 
discrimination, geological mapping and the detection of mineralized 
alteration zones (Sadek et al., 2015, 2020, Parsa et Pour, 2021, 
Safianou et al., 2023). The development of satellite imagery analysis 
techniques has improved the accuracy of explored targets (Chen et al. 
2024; Safianou et al. 2023, 2024a; Zhao et al. 2024). In the present 
work, remote sensing techniques were used for lithological 
discrimination of basement rocks in northern Korbol, Moyen Chari 
province. The study area is undocumented, with no geological map. 
The study area is located at the southern margin of the Saharan 
metacraton and forms the Central African Pan-African Chain (Fig. 1a 
and b), which links it to the Congo Craton (Abdelsalam et al., 2002; 
Pin and Poidevin, 1987; Toteu et al., 2004). However, the geology of 
the S-SE region of Chad is relatively poorly understood due to its 
geographical isolation and recent sedimentary cover.  

 
Geological framework: In Chad, the basement formations are 
distributed to the north by the Tibesti massif, to the east by the 
Ouaddaï massif, to the south-west by the Mayo Kebbi massif, to the 
center by the Guéra massif and to the south by the Yadé massif, also 
known as the Baïbokoum massif (Fig. 1b). The Yadé massif, also 
known as the Baïbokoum massif, lies on the southern border of Chad 
and extends into the Central African Republic and Cameroon. It is 
characterized by an abundance of syntectonic granitoids containing 
enclaves of metamorphic rocks intersected by late granitic intrusions 
(Black, 1992, Seguem et al. 2014, 2022, Baïssemia Ronang et al. 
2025). This Yadé massif includes Neoproterozoic ages, notably a 
granite and syenite described by Mbaïtoudji (1982) and Liégeois 
(1992) that gave K-Ar and Rb-Sr ages on total rock of between 632 
and 568 Ma. The Ouaddaï massif is composed of metasedimentary 
series, with mafic magmatic intercalations in the form of amphibolite 
(Kasser, 1995; Djerossem, 2018; Djerossem et al. 2020). The age of 
the hyperaluminous granites was constrained by U-Pb dating on 
zircon, giving 635 ± 3Ma for a biotite leucogranite and 613 ± 8Ma for 
a muscovite-garnet leucogranite. The age of the metaluminous, calc-
alkaline and strongly potassic to shoshonitic series was determined at 
540 ± 5Ma by U-Pb zircon dating of a biotite granite (Liégeois, 1992, 
Shellnut et al., 2020, Djerossem et al., 2020; De Wit et al., 2021). 
The Mayo-Kébbi domain is an elongated NE-SW unit that lies 
between the Centre-Cameroun and Nord-Cameroun domains. It is 
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distinguished from these two domains by its juvenile Neoproterozoic 
crust (Penaye et al., 2006; Pouclet et al., 2006; Isseini, 2011; Isseini 
et al., 2012). This domain corresponds to a magmatic arc zone that 
formed between 800 Ma and 550 Ma by successive collision with the 
Centre-Cameroun and Nord-Cameroun domains respectively (Penaye 
et al., 2006; Pouclet et al., 2006; Isseini, 2011). It includes the 
greenstone belts, the Mayo-Kébbi batholith, and post-tectonic 
intrusions (Kasser, 1995; Doumnang 2006; Penaye et al., 2006; 
Pouclet et al., 2006; Isseini, 2011, Isseini et al., 2012, Mbaguedjé, 
2015). The Tibesti massif is made up of metasedimentary rocks and 
metavolcanites (Wacrenier, 1958) and a set of granoblastic 
amphibolites, locally migmatitic, associated with various gneisses and 
granitoids. Ages ranging from 1250 to 820 Ma have been obtained in 
the Lower Tibestian (El Makhrouf, 1988). The Upper Tibestian 
consists of slightly metamorphosed detrital rocks (Kasser, 1995). 
Various calc-alkaline intrusions dated between 600 and 530 Ma 
(Super-Tibestian magmatic series and Ben Ghnema batholith, Eghei 
magmatic series, Wadi Yebigue pluton) cut across Lower and Upper 
Tibestian formations (El Makhrouf, 1988; Suayah et al. 2006). 
 
The Guéra massif is composed of amphibole monzonitic granite 
(Abou Déïa type) or highly radioactive alkaline leucocratic granite 
(Kasser, 1995; Kusnir, 1995; Kusnir & Moutaye, 1997; Diontar et al., 
2020a, 2020b; Shellnut et al., 2020; De Wit et al., 2021). The 
metamorphic formations of the Guéra comprise the metavolcano-
sedimentary series, often in enclaves within the granite and attached 
to the Goz Beïda group (Kasser, 1995; Diontar et al., 2020a). The 
granites near Lake Fitri are presumed to be Neoproterozoic in age. 
New zircon U/Pb geochronology of granitic rocks from the Guéra 
massif, the Lake Fitri region and the Doba Basin in southern Chad 
have yielded weighted mean 206Pb/238U ages of 595 ± 8 Ma to 545 
± 6 Ma (Shellnutt et al., 2017). In the Lac Iro area, porphyritic 
granites yield zircon U-Pb emplacement ages corresponding to a 
period of 575.3 ± 5.6 to 581.3 ± 3.8 Ma (Couzinié et al., 2020). The 
post-Pan-African cover of the study area comprises Cretaceous to 
Quaternary terrigenous sedimentary formations (Genik, 1993; 
Guiraud et al., 2005) that constitute sequences notably several 
kilometers thick, in four transtensional extensional basins (Bongor, 
Doba, Doseo and Salamat). Sedimentation in these basins was 
controlled by normal to dextral brittle deformation along crustal 
structures parallel to Pan-African shear zones, suggesting a strong 
structural legacy (Genik, 1993). Prolonged alkaline volcanic activity 
from the Cretaceous to the Pliocene has also been recorded in the 
region (Nkouandou et al., 2008). 
 

MATERIALS AND METHODS  
 
The materials and methods used and followed in the study area are 
illustrated in the following flow chart (Fig. 2). The cloud-free scene 
of Landsat 8 OLI data (path/row: 180 ) obtained on March 12, 2025 
covering the northern Korbol region and downloaded from the United 
States Geological Survey website (https://earthexplorer.usgs.gov) was 
used to map rock units and detect lineaments. It belongs to Universal 
Transverse Mercator (UTM) zone 34 North, using the WGS-84 
reference system. Landsat 8 OLI data consists of a collection of nine 
bands (bands 1-9) and two TIR (thermal infrared) bands (bands 10-
11). In this study, the Landsat 8 visible and near infrared (VNIR), 
shortwave infrared (SWIR) and panchromatic (b8) bands were used. 
Principal component analysis (PCA) was applied to the spectral bands 
of Landsat-8 data to highlight the exposed rock units in the study area 
using petrography. Envi 5.3 software was used for radiometric 
correction on the Landsat 8 OLI bands. Radiometric calibrations and 
fast atmospheric corrections (QUAC) were applied to the Landsat 8 
VNIR-SWIR bands for high-precision detection. Indeed, QUAC 
performs a more approximate atmospheric correction than other 
methods such as Fast Line-of-sight Atmospheric Analysis of Spectral 
Hypercube (FLAASH), typically producing a reflectance spectrum 
that lies between 10 and 15% of ground truth (Bernstein et al. 2012). 
In addition, lineaments were extracted using PCI software version 9.1 
with two different datasets, namely the high-resolution digital 
elevation model. The rosette and lineament statistics were obtained 

from RockWorks software and finally the layout was done with 
ArcGIS 10.8 software. field campaigns collected samples on different 
lithological types and in the laboratory thin section making and 
description were carried out. 
 

RESULTS AND DISCUSSION  
 
Lithological mapping: As an approach to lithological discrimination, 
mapping frequently uses remote sensing coupled with geographic 
information systems (GIS). 
 
False color combination: The color composition was generated 
using the VNIR-SWIR bands of Landsat 8 OLI data. As a result, the 
combination of bands 751, 654 and 423 of Landsat-8 OLI data was 
assigned as RGB images to distinguish rock formations. The resulting 
751, 654 and 423 color composition image of the study area is shown 
in Fig. 3, where rock unit contacts are identified using their spectral 
reflection and absorption characteristics (Fig. 3a, b and c) from the 
United States Geological Survey spectral library (Clark et al. 1993). 
 
Band ratios (BR): We produced a true-color composition using 
combinations of bands 654, 751 and 423. Band ratios are techniques 
that divide the radiometric value of a pixel in one band by the 
radiometric value of a pixel in another band (Yang'tshi et al., 2018, 
Ngambi et al., 2025).  
 
Two separate BRs composed from Landsat-8 OLI data (6/5, 4/5, 1/6 
and 6/7, 6/2 and 6/5) were produced to discriminate rock units in the 
study area. Based on the spectral properties of the weathering 
minerals, these BRs were assigned to the RGB combination for rock 
unit discrimination and mapping. 
 

Principal component analysis: In order to map the different 
lithological types and deformation structures that have affected the 
Precambrian basement in the northern part of Korbol, we carried out a 
principal component analysis on the first seven (7) bands of the OLI 
instrument, ranging from the visible to mid-infrared 2. This resulted 
in 6 components (band 6 is not taken into account by the principal 
component analysis) CPA1, CPA2, CPA3, CPA4, CPA5 and CPA7. 
The statistical results show that band 1 (CPA1) has the maximum 
amount of decorrelated information (Fig. 4), and the first three bands 
provided by the principal component analysis (CPA1, CPA2 and 
CPA3), also show the maximum amount of information in a single 
image in RGB mode. 
 
Lineament analysis: In this study, Landsat 8's panchromatic OLI 
band (band 7) was used for lineament extraction, which includes 
manual and automatic extraction processes using PCI Geomatica 
2015 and ArcGIS software. Each lithological unit bears its lineament 
pattern, according to the lineament map and density map (Fig. 5a). 
The lineament rose diagram shows two structural directions (Fig. 5b): 
(i) a dominant ESE-WNW to NW-SE direction and (ii) a secondary 
NE-SW direction (Djerossem et al., 2024). Analysis of the lineament 
density map revealed that major lineaments are dominant in red tones 
in the northern, southern, western and central parts of the study area 
(Fig. 5a). 
 

Petrography: In order to validate the results obtained from the 
remote sensing data, field investigations and laboratory analyses (thin 
section observation) were carried out, resulting in the geological map 
(Fig. 6). Petrographically, the study area consists of granitoids 
(mainly biotite-hornblende granite and biotite granite) embedded in 
Pan-African amphibolites (biotite amphibolite and pyroxene 
amphibolite) and biotite gneisses. The amphibolites and gneisses form 
large enclaves in the study area. 
 

Pyroxene amphibolites: At outcrop, pyroxene amphibolite is 
enclosed by biotite granite or biotite-amphibole granite (Fig. 7a and 
b). Pyroxene amphibolite has a grano-nematoblastic texture. It 
consists mainly of amphibole, plagioclase and pyroxene blasts. Other 
mineral phases include biotite, quartz, alkali feldspar, apatite, titanite, 
opaque minerals and zircon. 
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Figure 1. a) Tectonic Map of Africa, location map of Chad. The main geologic features of Africa are indicated (Kogbe, C.A. (1981); 
Milesi et al. (2010). b) Geological map of Chad sho

Figure 2. Landsat
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a) Tectonic Map of Africa, location map of Chad. The main geologic features of Africa are indicated (Kogbe, C.A. (1981); 

Milesi et al. (2010). b) Geological map of Chad showing the Precambrian formations
 

Figure 2. Landsat-8 satellite image processing techniques 
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Figure 3. Color composition 751, 654and 432 of the study area 
 

 
 

Figure 4. Percentage of eigenvalues of different bands obtained by principal component analysis (PCA) 
 

 
 

Figure 5. Lineament mapping of the North Korbol area: a lineament density map; b rose diagram of lineaments 
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Figure 6.  Geological map of the study area 
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Figure 7. Photograph and microphotographs of metamorphic rocks from the study area. a) Photograph of mega enclaves of 
pyroxene amphibolites in biotite granites; b) microphotograph of pyroxene amphibolite showing a grouping of biotite, Cpx, and 
Hbl; c) photograph showing the outcrop of biotite amphibolite enclaves in granites; d) microphotograph of amphibolite showing 
biotite and Hbl minerals; e) photograph of the gneiss outcrop; f) microphotograph of gneiss showing Kfs, Pl, and albite minerals. 

 

 
 

Figure 8. Photograph and microphotographs of magmatic rocks from the study area. a) Photograph of diorite showing the contact between 
biotite granite and diorite; b) microphotograph of diorite showing its constituent minerals; c) photograph of the biotite granite outcrop; d) 
microphotograph of biotite granite showing biotite flakes; e) photograph of the biotite and amphibole granite outcrop showing the contact 
between biotite granite and fine-grained amphibole and biotite granite and coarse-grained amphibole; f) microphotograph of biotite and 
amphibole granite showing biotites and amphiboles 
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Biotite amphibolites: Biotite amphibolite outcrops as an enclave in 
granites and diorites (Fig. 8a and b). The rock has a grano-
nematoblastic, oriented texture and consists mainly of amphibole, 
plagioclase and biotite blasts in a preferential alignment. Other 
mineral phases include quartz, potassium feldspar, titanite, apatite, 
zircon and opaque minerals. 
 
Biotite gneiss: Biotite gneiss mainly outcrops as enclaves in granites 
(Fig. 7e). It exhibits a grano-lepidoblastic texture highlighted by 
blasts of quartz, plagioclase, and potassium feldspars in the light 
bands. However, the dark levels exhibit biotite flakes associated with 
a few feldspar blasts. Accessory minerals are represented by opaque 
minerals, apatite, and zircon (Fig. 7f).  
 
Diorite: Diorites outcrop in slabs or blocks, and the contact between 
biotite granite and diorite is diffuse. Diorites occur as mega-enclaves 
in biotite granites (Fig. 8a). The diorite has a porphyroid grain texture 
characterized by a finely grained matrix consisting of amphibole, 
plagioclase, potassium feldspar, apatite, zircon, opaque minerals, and 
biotite flakes, in which isolated clusters of plagioclase, quartz, and 
zoned plagioclase phenocrystals are embedded (Fig. 8b). 
 
Biotite granite: Biotite granite mainly outcrops in massifs, slabs, or 
blocks (Fig. 8c) and contains gneiss and amphibolite enclaves. It has a 
porphyroid grain texture with a mineralogical composition consisting 
of potassium feldspar, quartz, plagioclase, and biotite. Accessory 
mineral phases are represented by apatite, zircon, titanite, and opaque 
minerals (Fig. 8d).  
 
Biotite and amphibole granite: Biotite and amphibole granite 
outcrops in slabs or blocks (Fig. 8 e), with a diffuse contact with 
biotite granite and other lithological types. Biotite and amphibole 
granite with grains is found in clear contact with coarse-grained 
biotite and amphibole granite. It has a granular texture with fine-
grained and coarse-grained variants. The mineralogical composition 
includes potassium feldspar, quartz, plagioclase, biotite, amphibole, 
opaque minerals, titanite, apatite, zircon, and allanite (Fig. 8f).  
 

CONCLUSION 
 
The use of Landsat-8 OLI combined with field data has enabled us to 
produce the lineament map and to distinguish the different 
lithological types of northern Korbol. The color composition was 
generated using the VNIR-SWIR bands of the Landsat 8 OLI data. As 
a result, the combination of bands 751, 654 and 423 of Landsat-8 OLI 
data was assigned as RGB images to distinguish rock formations. 
Principal component analysis (PCA1, PCA2 and PCA3), also in RGB 
mode, shows the maximum amount of information in a single image. 
The automatic extraction method was used to extract the lineaments. 
The main lineaments are characterized by ESE-WNW to NW-SE 
directions and a secondary NE-SW direction. Two groups of 
formations can be distinguished: metamorphic formations (pyroxene 
amphibolite; biotite amphibolite and biotite gneiss) and granitoids 
represented by diorites, biotite granite and biotite-amphibole granite. 
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