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PETROGRAPHIC AND MINERALOGICAL CHARACTERIZATION OF GRANITOIDS 1 

AND PEGMATITES IN THE PAN-AFRICAN HARAZE DJOMBO MASSIF (BATHA, 2 

CENTRAL CHAD). 3 

ABSTRACT 4 

The Batha Massif, located in central Chad, occupies a key position at the transition between 5 

the Saharan Metacraton and the Pan-African Central African Fold Belt. The geodynamic 6 

evolution and metallogenic potential of this area remain poorly understood due to the scarcity 7 

of modern petrographic and mineralogical data. This study is based on a combined approach 8 

involving field surveys in the Djombo and Gleb sectors (Haraze Djombo department), optical 9 

microscopy for petrographic characterization, and high-resolution powder X-ray diffraction 10 

(XRD) for mineralogical analysis. The observations highlight two main facies: a 11 

peraluminous biotite-muscovite granite (Djombo) and a strongly altered amphibole-biotite 12 

granite (Gleb). XRD analysis of the Djombo granite reveals an assemblage dominated by 13 

quartz, microcline, albite, biotite, and tremolite. The Gleb pegmatite sample displays a 14 

monophasic signature of extremely pure and highly crystalline quartz, associated with a 15 

cataclastic texture. These data evidence post-collisional felsic magmatism emplaced during a 16 

period of crustal relaxation (~570-560 Ma). The massive quartz veins reflect an intense 17 

circulation of late- to post-orogenic hydrothermal fluids, controlled by shear zones, thereby 18 

confirming the strong metallogenic (particularly gold) potential of the area. 19 
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Hydrothermalism, Gold potential. 21 

1. INTRODUCTION 22 

In Chad, the Precambrian basement outcrops in the Tibesti (North), Ouaddaï (East), Guéra 23 

(Central), Yadé, and Mayo-Kebbi (West) massifs, the latter belonging to the Pan-African 24 

Central African Fold Belt (Fig. 1a). These formations cover 15-20% of the territory, while the 25 

rest consists of Phanerozoic sedimentary covers. Most studies (Abdelsalam et al., 2002; 26 

Liégeois et al., 2013; Shellnutt et al., 2017) locate these regions within the Saharan 27 

Metacraton, a vast continental area of 5,000,000 km² extending from the Arabian-Nubian 28 

Shield to the Tuareg Shield, and from the Mediterranean to the Congo Craton (Fig. 1b). The 29 

Guéra Massif, in the center of the country, mainly consists of heterogeneous Ediacaran 30 

granitoids (570-560 Ma) interpreted as post-collisional, emplaced during the crustal relaxation 31 

that followed the collision between the Saharan Metacraton and the Congo Craton (610-590 32 
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Ma). Inherited zircons (~1.0 Ga and ~1.9 Ga) attest to the contribution of an ancient basement 33 

(Shellnutt et al., 2017, 2020; Blades et al., 2021). However, previous studies, mostly limited 34 

to petrographic descriptions (Vincent, 1956; Kasser, 1995), have not constrained the 35 

geodynamic evolution nor the origin of the mineralized occurrences (gold, graphite, iron) 36 

identified in the region. This study aims to characterize the mineralized granites and 37 

pegmatites of the Djombo and Gleb mountains (Haraze Djombo department, Batha region) 38 

through a petrographic and mineralogical (XRD) approach in order to: (i) define their 39 

mineralogical assemblage and emplacement context; (ii) constrain the applicable geodynamic 40 

model; (iii) assess the regional metallogenic potential. 41 

42 
Figure 1.The different geological correlations of the southern boundary of the Saharan 43 

Metacraton. (a) Correlation of rock units in Central Africa as interpreted by Penaye et al. 44 

(2006). (b) Boundary of the Saharan Metacraton as delineated by Abdelsalam et al. (2002) 45 

and Liégeois et al. (2013). 46 

2. MATERIALS AND METHODS 47 

2.1. Sampling and Fieldwork 48 

Sampling was conducted in the Haraze Djombo department, specifically at Mount Djombo 49 

and Mount Gleb. The equipment used included: a compass, GPS, geological hammer, and 50 

topographic maps. Representative facies and mineralized zones were identified, described, 51 

and photographed in situ. 52 

2.2. Petrography 53 
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Selected samples were prepared as polished thin sections (standard thickness of 30 µm). 54 

Observation of textures and mineralogical assemblages was carried out at the Geology 55 

Laboratory of Babeș-Bolyai University (Cluj-Napoca, Romania) using a Nikon Optiphot T2-56 

Pol polarizing microscope under plane-polarized light (PPL) and cross-polarized light (XPL). 57 

2.3. X-Ray Diffraction (XRD) 58 

Mineralogical XRD analysis was performed on powder samples at the Department of 59 

Geology, Babeș-Bolyai University (Romania). Samples were finely ground (<10 µm) using 60 

an agate mortar and then analyzed using a Bruker D8 Advance diffractometer equipped with a 61 

Cu Kα source (λ = 1.54060 Å), an Fe filter (0.01 mm), and a one-dimensional LynxEye 62 

detector. Operating parameters were: 40 kV, 40 mA, scanning from 5° to 65° (2θ) with a step 63 

size of 0.02° and a counting time of 0.2 s/step. Identification of mineral phases was performed 64 

using Diffrac.Suite EVA software and the PDF2 database (version 2.1202) from the ICDD 65 

(International Centre for Diffraction Data). 66 

3. RESULTS 67 

3.1. Lithology and Petrography 68 

Mounts Djombo and Gleb, located approximately 8 km apart (Fig. 2a-b), form prominent 69 

granitic reliefs dominating a vast alluvial plain. This area is currently the focus of intense gold 70 

prospecting activities due to the presence of mineralized structures. The rock outcrops mainly 71 

expose pink granites with a granular texture, partially masked by an aeolian sand cover. 72 

 73 
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 75 

Figure 2.Macroscopic facies of Mounts Gleb and Djombo. a-b: Outcrop and boulders on 76 

Mounts Gleb and Djombo. 77 

 78 

3.1.1. Amphibole-biotite granite (Mount Gleb) 79 

The amphibole-biotite granite is medium-grained, slightly darker, and distinguished by an 80 

increased abundance of biotite and a reduced presence of K-feldspar. On a fresh fracture, the 81 

rock displays a whitish color speckled with black, with visible minerals being biotite, 82 

feldspar, and quartz (Fig. 3a). Under the microscope, this granite shows a heterogranular 83 

texture affected by intense saussuritization of plagioclases (a felted mass of sericite and clays 84 

masking the twins) and microfracturing of quartz (Fig. 3b). The mafic minerals cluster into 85 

synneusis aggregates, associating prismatic green hornblende and chloritized yellow-brown 86 

biotite (Fig. 3c). Euhedral allanite (up to 0.45 mm) is exceptionally abundant, accompanied by 87 

apatite, zircon, granular epidote, and secondary calcite (Fig. 3d). 88 
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 90 

Figure 3.Amphibole-biotite granite of Mount Gleb. a: Outcrop of altered pink boulders. b: 91 

Granular texture with saussuritized plagioclases (XPL). c: Mafic hornblende-biotite 92 

aggregate (PPL). d: Allanite, apatite, and zircon crystals (PPL). 93 

3.1.2. Biotite-muscovite granite (Mount Djombo) 94 

The biotite granites outcrop as chaotic boulders on Mount Djombo and display a granular 95 

texture on fresh fractures (Fig. 4a-b). Microscopically, it exhibits a granular to slightly 96 

porphyritic texture (Fig. 4c). Subhedral plagioclase (1.4 mm) and enclosing microcline are 97 

molded by large quartz patches with undulose extinction (Fig. 4d). The petrographic 98 

particularity of this facies lies in the association of large chloritized brown biotite laths (rich 99 

in metamict zircons) with primary muscovite in clear flakes, indicating a differentiated 100 

peraluminous magmatism. Zoned prismatic allanite (up to 1.4 mm), yellow-brown titanite, 101 

and magnetite constitute the accessory assemblage (Fig. 4e). 102 
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Figure 4. Biotite-muscovite granite of Djombo (sample DJ). a-b: Fresh fracture with granular 106 

texture. c: Porphyritic granular texture (XPL). d: Plagioclase, microcline, and quartz with 107 

undulose extinction (XPL). e: Primary biotite-muscovite association and accessory minerals: 108 

zoned allanite, titanite, magnetite (XPL/PPL). 109 

3.1.3. Pegmatites and quartz veins (Gleb Sector) 110 

Pegmatites and massive milky quartz veins appear frequently at the top of the mounts and in 111 

drill cores, intimately linked to gold mineralization (Fig. 5a-b). The pegmatites are often more 112 

or less altered on the surface and at depth in gold exploration drill holes, associated with 113 

quartz crystals (Fig. 5c-d). The contacts between the granites and the host rocks are quite 114 

sharp. Microscopic examination of the pegmatite reveals a spectacular cataclastic texture (Fig. 115 

5e). Large, sharp-edged angular porphyroclasts of quartz and feldspar (up to 3.3 mm) are 116 

dispersed in a finely comminuted dark matrix. The dense network of anastomosing 117 

microfissures fragmenting the crystals is highlighted by iron oxide deposits and hydrothermal 118 

cements, indicating major brittle fracturing (Fig. 5f). 119 
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 123 

Figure 5. Pegmatites and quartz veins of the Gleb sector. a: Outcrop of mineralized 124 

pegmatite. b: Massive milky quartz vein. c: Cataclastic texture with angular porphyroclasts 125 

(XPL). d: Anastomosing microfissures filled with iron oxides (PPL). 126 

3.2. Mineralogical characterization by XRD 127 

3.2.1. Amphibole-biotite granite of Djombo (Sample DDJ) 128 

The diffractogram of sample DDJ (Fig.6) highlights a polyphasic assemblage with a dominant 129 

crystalline nature, as evidenced by the low background noise. The major peaks are located at 130 

20.8°, 26.6°, 27.5°, 29.4°, 40.2°, and 50.1° in 2θ, with intensities reaching ~2,900 counts. 131 
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 133 

Figure 6:X-ray diffraction (XRD) spectrum of the Djombo sample, showing reflections of 134 

quartz, albite, orthoclase, biotite, and tremolite. 135 

- Quartz (SiO₂): Main phase confirmed by the major peak at 2θ ≈ 26.6° and secondary 136 

reflections at 20.8°, 36.5°, 42.5°, and 50.1° (PDF 01-079-1910) (Fig.7). 137 

 138 

 139 
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 140 

Figure 7: XRD spectrum of the Djombo sample, showing quartz reflections. 141 

- Feldspars: Presence of calcic albite [(Na,Ca)Al(Si,Al)₃O₈] with peaks between 22-30° and 142 

40-50° (PDF 00-041-1480), microcline (KAlSi₃O₈) at 20-23° and 27-30° (PDF 00-019-0932), 143 

and potentially orthoclase [(K,Ba)(AlSi₃O₈)] (PDF 01-083-6912) overlapping with microcline 144 

(Fig.8). 145 

 146 
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 147 

Figure 8 :XRD spectrum of the Djombo sample, showing feldspar reflections. 148 

- Ferromagnesian phases: Biotite-1M [K(Mg,Fe²⁺)₃(Al,Fe³⁺)Si₃O₁₀(OH,F)₂] is detected by 149 

low-intensity peaks around 8.5–9° (PDF 00-042-1414). Medium-intensity reflections also 150 

suggest the presence of tremolite [Ca₂Mg₅Si₈O₂₂(OH)₂] (PDF 00-009-0437) (Fig. 9). 151 

 152 
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 153 

Figure 9:XRD spectrum of the Djombo sample, showing biotite reflections. 154 

The identified mineralogical assemblage (Table 1) is typical of a peraluminous granite having 155 

undergone hydrothermal alteration under greenschist facies conditions. 156 

Table 1: Mineralogical composition of the Djombo granite (DDJ) 157 

Mineral Chemical formula PDF reference Relative abundance 

Quartz SiO₂ 01-079-1910 Dominant phase 

Microcline (K-

feldspar) 
KAlSi₃O₈ 00-019-0932 Second major phase 

Albite (Na, Ca 

feldspar) 
(Na,Ca)Al(Si,Al)₃O₈ 00-041-1480 Second major phase 

Biotite K(Mg,Fe²⁺)₃(Al,Fe³⁺)Si₃O₁₀(OH,F)₂ 00-042-1414 Subordinate phase 

Trémolite Ca₂Mg₅Si₈O₂₂(OH)₂ 00-009-0437 Phase secondaire 
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3.2.2. Pegmatite of Gleb (Sample PGL I) 158 

The diffractogram of sample PGL I (Fig.10) reveals a remarkably simple mineralogical 159 

signature, dominated by a quasi-single phase. The spectrum is characterized by intense, 160 

narrow, and well-defined peaks on an extremely low background, indicating very high 161 

crystallinity. 162 

- α-Quartz (SiO₂): The main peak at 2θ ≈ 26.6° exceeds 11,000 counts, with sharp secondary 163 

reflections at 20.8°, 36.6°, 39.5°, 50.1°, and 59.9° (PDF 01-078-2315). All diagnostic quartz 164 

reflections are present and perfectly resolved. 165 

No other mineral phase (feldspars, micas) was detected within the resolution limits of the 166 

instrument, indicating quartz of exceptional purity (>95%) and high crystallinity, typical of 167 

late hydrothermal veins. 168 

 169 

Figure 10:XRD spectrum of the pegmatite sample, showing quartz reflections. 170 

4. DISCUSSION 171 

The mineralogical assemblage of the Djombo granite (quartz-feldspars-biotite-muscovite-172 

tremolite) reflects a peraluminous magmatism derived from crustal anatexis (Chappell and 173 

White, 1974; Barbarin, 1999), while the Gleb granite, enriched in amphibole and allanite, 174 

presents a calc-alkaline affinity typical of Pan-African post-collisional granites (Ferré et al., 175 

2002; Penaye et al., 2006). The tremolite identified by XRD indicates hydrothermal 176 
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circulation under greenschist facies conditions (Evans, 1982), consistent with post-collisional 177 

tectonic relaxation (~570-560 Ma; Shellnutt et al., 2020; Diontar et al., 2020). This evolution 178 

fits into the model of partial destabilization of the Saharan Metacraton (Abdelsalam et al., 179 

2002; Liégeois et al., 2013), confirmed by inherited Paleo- to Mesoproterozoic zircons 180 

(Shellnutt et al., 2017, 2020; Blades et al., 2021). The Gleb pegmatite, consisting of pure 181 

quartz (>95%) with a cataclastic texture, represents the ultimate stage of this hydrothermal 182 

evolution (Sibson et al., 1988). The association of pure quartz + cataclasis + iron oxides 183 

constitutes a classic signature of orogenic gold deposits (Groves et al., 1998; Goldfarb et al., 184 

2005). The Haraze Djombo sector meets several favorable criteria: fertile granites enriched in 185 

rare earth elements, an active fault system, and optimal hydrothermal alteration for gold 186 

concentration (Robert and Poulsen, 2001), thereby confirming the economic potential of the 187 

Batha massif. 188 

5. CONCLUSION 189 

This multidisciplinary study conducted on the formations of Mounts Djombo and Gleb (Batha 190 

Massif, central Chad) has clarified their petrographic nature, mineralogical composition, and 191 

geodynamic setting within the context of the Pan-African orogeny. The host rocks are post-192 

collisional granitoids (peraluminous biotite-muscovite granites and calc-alkaline amphibole 193 

granites) emplaced during a crustal relaxation phase (~570-560 Ma). The X-ray diffraction 194 

approach confirmed the presence of differentiated felsic assemblages (quartz, alkali feldspars, 195 

and plagioclases) modified by secondary hydrothermal alteration (tremolite). The 196 

characterization of veins and pegmatites revealed the presence of cataclastic quartz of very 197 

high crystalline purity. These structures testify to an intense circulation of late- to post-198 

orogenic hydrothermal fluids, channeled by shear zones. This context of brittle fracturing 199 

coupled with fluid circulation confirms the strong metallogenic potential of the region, 200 

particularly for gold mineralization. 201 
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