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Abstract

The study area lies between latitudes 13°15° and 13°45” North and
between longitudes 21°24° and 22°2° East. Administratively, it is
located in the department of Asougha, province of Ouaddai. The aim of
this work was to carry out a morphotectonic analysis by coupling a
digital terrain model, radar data and field data. We used SRTM images,
Sentinel 1-C radar and field campaigns. The satellite images were
analysed using cartographic software (Argis, SNAP, Geomatica PC,
RockWork, Global Mapper, Surfer) and Stéronet. Observations from

the 3D map were used to divide the study area into three morphological
units: Unit I, the lowest (altitude < 700m) where the watercourses are
located; it is made up of plains andvalleys. Unit II, the largest, has a
medium to high altitude (700-900m). This geomorphological unit is
made up of hills and plateaux; and Unit III is that whose altitude is >
900m.This unit is made up of circumscribed hills and mountain ranges.
The lineaments obtained from Sentinel -C radar gave two main fracture
directions: ESE-WNW and SE-NW. Field data provided the
lithological type, mainly granitoids. These granitoids are fractured
almost everywhere in the study area. These fractures follow the
directions of their host rocks.

Copyright, IJAR, 2025., All rights reserved.

Introduction:

Chad is part of the Central African orogenic belt, formed during the Neoproterozoic (Isseini, 2011); (Bessoles, B.
&Trompette, 1980). This orogenic belt remains the last tectonic event. The result of this event is the formation of
five major mountain ranges of Pan-African age, with a mainly granitic basement interspersed with metamorphic
formations (Kusnir, 1995). Alongside this basement are volcanics and surface and groundwater resources. The
basement is covered by overburden formations (approximately 85% of Chad's total surface area) made up of two
major sedimentary basins: the Erdis basin in the north, which accounts for most of the surface area, and the Lake
Chad basin, located throughout the southern and central parts of the country (Schneider-J.L and Wolff, 1992;
B.R.G.M, 2010b).Basement zones and sedimentary basins are rich in mineral resources (Chaussier, 1970; B.R.G.M,
2010a; World bank group, 2023).

In this work, we review the literature on basement zones and their associated mineralization.
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Geological context

Studies into the geology of Chad began in the colonial years (around 1900). Research increased after 1945. We
might mention the work of Garde, 1911 on the Kanem; Tiho, 1913; Lacroix, 1919 on the BourkouEnnedi Tibesti;
Cartier, Grossard, Fenayer and Fritel (1924-1925) on the Ouadda; Babet, 1940 on the Chari-Baguirmi; Van Aubel,
1942 on the Mayo-Kebbi. Unfortunately, these data are not currently available in the archives. Work intensified
around 1990, leading to the production of several maps (sheets) by the Central African Mining and Geology
Directorate, the Burecau de Recherche Géologique et Miniére (B.R.G.M) and the Institut Equatorial de
RecherchesGéologiques et Minicres. These include: (Bessoles, B. &Trompette, 1980; Chaussier, 1970; Gsell, J. and
Sonnet, 1962; Gsell J and Sonnet J., 1960; J, 1960; Mestraud, 1964; Pias, 1964; Wolff, 1964). Most of these offices
have carried out reconnaissance mapping of the various geological formations in Chad. On the basis of these data,
the lithostratigraphy of the geological formations of Chad can be divided into: neoproterozoic granitoids,
crystallophyll formations, paleozoic cover formations or sediments and volcanics (Wolff, 1964).

Following this work, further work was carried out within the framework of international correlation on stratigraphy
or lithostratigraphy ((Kasser, 1995); (Penaye et al., 2006). This work led to the definition and identification of the
major lithological structures in the Mayo-kebbi massif, the Tibesti massif to the north, the Ouaddai massif to the
east, the central massif, which extends the Ouaddai massif to the west, and the Mbaibokoum massif to the south
(Kasser, 1995).

More recent work has been carried out, especially in the context of training for trainers. Examples include work
carried out in the Mayo-kebbi massif (Mbaguedje, 2015); (Isseini, 2011); (Doumnang, 2006); and in the
Mbaibokoum massif (Mbaitoudji, 1984). Other more recent work has been carried out as part of university studies or
mining research. These include work carried out in the Tibesti massif (Doumnang et al., 2024); in the Ouaddai
massif (DjerossemNenadji, 2018; Djerossem et al., 2020, 2024; Malik et al., 2024); (Hingue et al., 2024, 2025);
(Malik et al., 2024); (De Wit et al., 2021); or in the Central massif (Shellnutt et al., 2017, 2018, 2020). Most of these
studies describe the crystalline massifs of Chad as being mainly granitic.

The Ouaddai massif is located in the southern part of the metacraton (Abdelsalam et al.,, 2002, 1998, 2011;
Abdelsalamé& Stern, 1996; Elsheikh et al, 2011; Ibinoof et al., 2016, 2021; Liégeois et al, 2013; Stern
&Abdelsalam, 1998). It has the shape of a plateau and covers more than 500 km2. They outcrop from the border
with the Tibesti massif, mainly in its southern part (to the north, the Ennedi). To the east, it extends into Darfur in
Sudan. In the west, the Ouaddai massif is bordered by the Central massif (Schneider, 2001).

In lithostratigraphic terms, the Ouaddai massif is mainly granitic. However, in its southern part, metamorphic
formations outcrop in abundance (Gsell J and Sonnet J., 1960; Gsell, J. and Sonnet, 1962; Pias, 1964; Wolff, 1964;
Kusnir, 1989, 1995).

On the lithostructural basis, (Gsell J and Sonnet J., 1960; Gsell, J. and Sonnet, 1962) describe the Ouaddai massif as
: (1) metasedimentary and metavolcanic rocks (quartzite schist, marble, cipolin, migmatite); (ii) rocks with little or
no metamorphism (migmatite, anatexis granodiorite, anatexis granite); (iii) post-tectonic plutonic formations (calc-
alkaline granite with two micas, alkaline granite, porphyroid calc-alkaline granites with biotite and amphibole,
granulites, aplitic granites, microdiorites, syenites, diorites, microgranites, basalts); (iv) eruptive rocks and various
plutonic rocks of intermediate to felsic composition, forming plutons and veins intersecting the metamorphic rocks

(Fig. 1).

The work of (Kusnir, 1995) illustrates that the Ouaddai massif is purely granitic and migmatitic. The metamorphic
rocks identified consist of : (1) graphitic schists associated with micaceous quartzites and amphibolites, located near
WayaWaya, to the north-west of Guéreda; (2) banded ferruginous quartzites (Hadjer Hadid to the south-west of
Adré); (3) highly bedded fine-grained amphibole gneisses forming elongated reliefs in a migmatitic zone (about 50
km to the north-east of Iriba) ; (4) migmatites and embréchites, which form the main formations in the region near
the Sudanese border; (6) to the west of Mourah, cordierite and sillimanite anatexites appear in a diffuse zone within
the migmatitic granite; (7) meta-ultrabasites, which are less rich and include pyroxenites, which form numerous
outcrops between Adré and Am Leiouna. Massive amphibolites outcrop in several places (to the north and north-
west of Guereda, at the foot of the Modoina sandstone cliff). More recently, the geological formations to the east of
the Ouaddai massif have been mapped as : (1) migmatites, on the Hadjer-Hadid axis; Farchana- Abougoulam-Molou-
Biské; (2) calc-alkaline granite around Abougoulem and north of Hadjer-hadid; (3) granite around Abéché, at Molou
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; (4) calc-alkaline granite with porphyritic facies south-east of the village of Kadigu¢, around 14 km east of Molou;
(5) calc-alkaline granite around Abéché¢, west of Hadjer-hadid, at Abougoulem (B. R.G.M, 2010b); (Hingue et al.,
2024, 2025). All these rocks are Neoproterozoic in age. In the vicinity of Iriba, the geological formations are
mapped as basanites with a SiO2 content of around 41-45%. These basanites are described as an extension of the
Cameroon volcanic line, located to the west and south of Cameroon (F. N. Djerossem et al., 2024).

In the Am Zoer sector, the rocks are mainly migmatitic and more or less differentiated (Si02=55.8 to 74.70%), calc-
alkaline, metaluminous to peraluminous. They are predominantly type I granites (A/CNK<1.1) with the exception of
mylonite and migmatite, which belong to type S granites (Pazeu, 2018); dated by U/Pb on zircon, the granitoids give
Pan-African ages (620-585Ma (Alexis et al., 2019).

Towards the south of the massif, metamorphic rocks outcrop very widely (Michael, 2017); (Mbaiade, 2023). These
are metasedimentary rocks, mainly of Neoproterozoic age (amphibolites, cipolins, gneisses, micaschists, micaceous
quartzites, metapelites, schists and marbles), amphibolites and basalts interbedded with S-type leucogranites dated at
635Ma +3 and 612 Mat 8 by U-Pb on zircon; type-I granitoids of Pan-African age (538+5Ma on zircon),
(Djerossem, 2018).
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Figure 1: Reconnaissance geological map of the Adré sheet, scale 1:500,000, adapted from (Gsell J and Sonnet J.,
1960).

Materials and Methods:
Four types of data are used in this article: the digital terrain model, radar (Sentinel-1C), bibliographic data and field
data.

The digital terrain model generated from the SRTM image extracted using Global mapper and Arcgis is used to
provide an overall morphological view of the massif and to generate several thematic maps (3D map, topographical
profile map, etc.). The Sentinell-C radar was used to extract the lineaments in SNAP, Geomatica PC and the
steering rosette in Arcgis and Rockwoks 17. The polarisation used is called cross-polarisation (horizontal-vertical
polarisation). The various steps used in this work are summarised in Figure 2.
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The bibliographic data consisted of articles, doctoral theses, master's theses, books and reviews:

= A geological reconnaissance map of Adré at a scale of 1:500,000. This map was published by the Institut
Equatorial des Recherches et d'EtudesGéologiques et Miniéres by Gsell and Sonet, 1960, based on a 1/200,000
scale photograph from the InstitutGéographique National. It was used to identify geological formations and
locate structural features;

= Vector data (shapefiles). The vector data consists of the administrative boundaries of the study area, localities,
watercourses and roads.

Terrain data consists mainly of geological structures (fracturing, foliation) and lithologies. This data was obtained
during various field campaigns. This data is analysed using Stéronet software and analysed in the form of a
directional rosette. This field data is used to validate the lineament and digital terrain model data and to better
interpret the geological structures in the study area.

SRTM, 2020| | Radar Sentinel 1C, 2024

i
:l( Données cartographiques
Prétraitement i
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Extraction de la zone T i
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Figure 2:Image processing stages using the software.

Results:

Contribution of remote sensing to geological and structural mapping

Remote sensing has become a modern, effective tool for mapping geological and structural formations with a high
degree of accuracy (Scanvic, 1986).

Orography
The orography of the study area is divided into four geomorphological units (units I, IT and IIT).
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Unit I comprises the lowest relief. It includes landforms at altitudes of <700m (Fig.3). It corresponds to the
OuadiHamra depression and isolated flood plains in several places.

Unit (IT) consists of the intermediate relief (700-900 m). This is the largest geomorphological unit. It comprises
moderate to high relief. The slopes in this unit are moderate to steep (Fig. 4).

Unit (IIT) has an altitude >900m. It characterises the mountains to the east of Abougoulem, to the north of Hadjer-
hadid and to the north-east of Molou. It has steep slopes (Fig.4).
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Figure 3: 3D digital terrain model.
Relief typology

The orographic units (I) are those that drain the watercourses. They are located mainly to the north-east and south of
the study area. They follow a NE-SW alignment. This unit is controlled by the OuaddaiHamra valley and the Bitéa
streams, a tributary of the Batha (Fig. 4).

Geomorphological Unit II consists of hills forming mountain ranges from the north of the town of Hadjer-hadid to
the south of the village of Abougoulem. This range is oriented SW-NE. Other mountain ranges can be seen to the

north of the village of Molou, and to the east of the town of Farchana, specifically to the west of Biské, where it
forms hills in several places.

Unit 11 is the largest, and is dominated by medium-altitude hills (Hadjer-hadid

Unit IV corresponds to the high altitude areas. It is defined by hills oriented SW-NE.
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Figure 4: Topographical profile showing the different altitudes and slopes of the study area.

Lineament mapping

Lineaments symbolise linear geological objects, arrays of geological objects (faults, joints, schistosity) that are fairly

close together, geomorphological discontinuities, (Faure, 2001); (Théodore et al., 2012). These are structural faults

of variable length (Faure, 2001); (Richards, 2000). The lineaments extracted from Sentinel 1-C radar were used to

produce the lineament map. A total of 1096 lineaments were detected and extracted (Fig.5). They are unevenly.
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Figure 5: Lineament map extracted from Sentinel -IC RADAR images.

Directional rosette

The directional rosette shows a spread of lineaments in all directions (Fig. 6). However, certain lineament directions
stand out. These are ESE-WNW (90° to 115°), SE-NW (45° to 65°), ESE-WNW and SSE-NNW (165° to 180°).
Two of these directions are the main ones. These are: the SE-NW direction (115° to 160°), and the ESE-WNW
direction (90° to 115°) and (135° to 160°).
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Rose Cagram

L=
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Figure 6: Directional rosette extracted from Sentinel-1C Radar images

The density of lineaments is mainly located in geomorphological units III and IV (to the south-west, south-east and
north of the study area. to the north-east and south of the study area. They are oriented parallel to the hydrographic
network and the relief. This orientation would suggest a tectonic (geological) origin.

Field data contribution

Lithology

On a landscape scale, the geological formations to the east of the Ouaddai massif (Adré group) outcrop as slabs,
blocks and domes, or even mountain ranges. At the outcrop and rock scale, they are arranged metrically,
decametrically and even kilometre-wise (Fig. 7).

l‘f‘ﬁ- .I et b T ul b B Fa TR S AT
Figure 7: Photograph of the formations in the study area. a) Panoramic view of the diorites at Farchana; b) Blocky
outcrop of the granodiorites at Hadjer-hadid; c) Foliation in the granodiorites at Hadjer-hadid; and d) Fracturing of

the alkaline granites at Farchana.
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The lithology of the study area consists purely of granitoids (biotite and amphibole granite, alkaline granite,

granodiorite, diorite, anatexis granite).
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Figure 8: Segment of the geological map of the eastern Ouaddai massif.

Tectonics

The study area is made up of rocks with little or no deformation. Nevertheless, a number of structures have been

identified and described.
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Figure 9: Structural segment of the Eastern Ouaddai massif.
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The foliation observed is magmatic (Fig. 9). This foliation is observed in granodiorites, biotite and amphibole
granites and alkaline granites. This is the first phase of deformation observed in the study area.

Veins are found throughout the study area. Pegmatite veins are found throughout the lithologies (Fig.9). They are
mapped in abundance in the kadigué anatexis granites to the north-east of Molou, where they form SW-NE trending
foci.

All the fracturing data thus obtained were used to produce the directional rosette (Fig.10). There are two main
directions in this rosette: NE-SW and ESE-WNW.

NNE

SSE

Figure 10: Directional rosette of fractures in the study area.

Discussion:
The topography of the study area is a plateau with a summit altitude of 110m. This altitude corresponds to the
mountain ranges observed to the north-east of Molou and to the north of Hadjer Hadid.

Data control and validation
The control and validation of the lineament data enables the lineament data obtained to be validated against that
obtained from the literature and field data (Scanvic, 1986).

Checking existing tectonic data in the study area

The lineaments mapped by Radar Sentienel 1-C yielded two main fracturing directions: ESE-WNW and SE-NW.
These fracturing directions were also obtained by (Oussama, 2023); (Al-Djazouli et al., 2019). The geological map
drawn up by (Gsell J and Sonnet J., 1960) (Schneider, 2001) also gives a similar fracturing direction. This direction
corresponds to the main direction of the Precambrian basement of the Ouaddai massif (B.R.G.M, 2010b; World
bank group, 2023).

Checking DTM data against field data

The 3D DTM map obtained from the SRTM images was used to divide the morphology of the study area into map
units: valleys, flat areas and hills (units I, II and III). On the ground, in the low-lying areas (unit I), the diorites are
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widely mapped. They follow the course of watercourses. Units I and III, mapped in the 3D DTM map as high-
altitude areas, are mapped on the ground as circumscribed hills and mountain ranges with altitudes > 110m. These
units are mapped precisely to the north-east of Molou and to the north of Hadjer-hadid. The hills are described as
consisting mainly of biotite and amphibole granites, alkaline granites, anatexis granites, metagranites, quartz
breccias and granodiorites. These results are confirmed in the work carried out by (Hingue et al., 2024, 2025).

Checking lineaments against field data

The validation of lineament data with that obtained in the field enables the physical recognition of lineaments
mapped in the field, especially those of great importance in geology such as faults and shears. This technique is the
most appropriate method for recognising lineaments. Over 300 fracture planes are measured in the field. The
directional rosette obtained gave two main directions: ESE-WSW or N1115°-135° and NE-SW or N45-70°. These
latter directions are the same as those obtained from the Sentinel 1-C radar. This result corroborates those of
(Hingue et al., 2025).

Conclusion:

The morphotectonic study coupled with the DTM and radar data yielded three geomorphological units ranging from
valleys to circumscribed hills. The lineaments obtained from Sentinel 1-C radar are those of geological origin and
are oriented ESE-WNW and SE-NW. These directions also correspond to the direction of the different lithologies
in the study area and follow the watercourse corridors. The field data thus obtained has enabled us to validate the
various maps obtained from the radar images and the digital terrain model. It is now possible to map the geological
structures using the radar digital terrain model and simply validate them with the field data.
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