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of this area remain poorly constrained due to the scarcity of modern
analytical data. This study aims to characterize the mineralized granitoi
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Chad, Batha Massif, Pan-African, Post- ds and pegmatites of the Djombo and Gleb mounts (Haraze Djombo
collisional granite, X-ray diffraction Department) through an approach combining field prospecting, optical
(XRD), Saharan Metacraton. petrography, and powder X-ray diffraction (XRD). Observations reveal
two post-collisional magmatic facies emplaced during crustal relaxation
(~570-560 Ma): a peraluminous biotite-muscovite granite (Djombo)
and a calc-alkaline amphibole-biotite granite (Gleb). XRD analysis of
the Djombo granite confirms a differentiated felsic assemblage (quartz,
microcline, albite) and reveals the presence of secondary tremolite. The
unprecedented identification of this amphibole indicates intense hydrot
hermal alteration in greenschist facies, demonstrating that the southern
margin of the Saharan Metacraton corresponded to a reactivated and
fractured margin that drained deep fluids. Furthermore, analysis of
Gleb veins reveals a single-phase signature of exceptionally pure quartz
(>95%) coupled with spectacular cataclastic texture. The conjunction
of allanite-bearing fertile granites, marked hydrothermal alteration
(tremolite), and injection of pure siliceous fluids into active shear zones
constitutes the classic signature of orogenic gold mineralization, thus
scientifically validating the strong regional economic potential.

"© 2026 by the Author(s). Published by IJAR under CC BY 4.0. Unrestricted use allowed
with credit to the author.”

Introduction:-

In Chad, the Precambrian basement crops out in the massifs of Tibesti (North), Ouaddai (East), Guéra (Center),
Yadé, and Mayo-Kebbi (West), the latter belonging to the Central African Pan-African belt (Fig. la). These
formations cover 15-20% of the territory, the remainder consisting of Phanerozoic sedimentary formations. Most
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studies (Abdelsalam et al., 2002; Liégeois et al., 2013; Shellnutt et al., 2017) place these regions within the Saharan
Metacraton, a vast continental domain of 5,000,000 km? extending from the Arabian-Nubian Shield to the Tuareg
Shield and from the Mediterranean to the Congo Craton (Fig. 1b). The Guéra Massif, in the center of the country,
consists essentially of heterogeneous Ediacaran granitoids (570-560 Ma) interpreted as post-collisional, emplaced
during crustal relaxation following the Saharan Metacraton — Congo Craton collision (610-590 Ma). Inherited
zircons (~1.0 Ga and ~1.9 Ga) attest to a contribution from ancient basement (Shellnutt et al., 2017, 2020; Blades et
al., 2021). However, previous studies, mostly limited to petrographic descriptions (Vincent, 1956; Kasser, 1995),
have not constrained the geodynamic evolution or the origin of mineralized occurrences (gold, graphite, iron)
identified in the region. This study aims to characterize the mineralized granites and pegmatites of the Djombo and
Gleb mounts (Haraze Djombo Department, Batha region) through a petrographic and mineralogical (XRD) approach
in order to: (i) define their mineralogical assemblage and emplacement context; (ii) constrain the applicable
geodynamic model; (iii) assess the regional metallogenic potential.
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Figure 1.Different geological correlations of the southern boundary of the Saharan Metacraton. (a)
Correlation of Central African rock units as interpreted by Penaye et al. (2006). (b) Boundary of the Saharan
Metacraton as delineated by Abdelsalam et al., (2002) and Liégeois et al., (2013).

Materials and Methods:-

Sampling and fieldwork

Sampling was conducted on the Djombo and Gleb mounts (Batha), a sector extracted from the geological map of
Chad (Kasser, 1995). In situ exploration (compass, GPS, hammer) enabled identification and photographing of
major facies. Twelve (12) representative samples were collected and coded: DJ (Djombo granite), GL (Gleb
granite), and PGL (pegmatites/quartz veins). The spatial distribution of these sampling points is illustrated in Figure
2.

613



ISSN:(0)2320-5407, ISSN(P) 3107-4928

Int. J. Adv. Res. 14(05), May-2026, 612-625

b

GEOLOGICAL MAF OF CHAD

Wupris W, 1BEA, madTiia par | Niror of 4 Shis Woia, 1884

19°35'E 19°37'E

%
5 A
e

‘5 L\. ﬁﬂ%{‘é}@

"CJD_" Y By

.},“
5

13°59'N
13°59'N

13°58'N
13°58'N

‘ "\\ g
L o 8 %OCF Ja ou‘h
19°35°E

Legend:

© Localities e== Track —— Contourline

®  sampling stations

~ Watercourse Moderate sand cover

Figure 2.Location and geological map of the study area. (a) Situation of the Haraze Djombo massif in the
geological context of central Chad; (b) Detailed geological map of the Djombo and Gleb mounts (extracted
and adapted from Kasser, 1995) showing the spatial distribution of sampling stations. DJ: Djombo granites;
GL: Gleb granites; PGL: Gleb pegmatites and quartz veins.

Petrography

Selected samples were prepared as polished thin sections (standard thickness of 30 um). Observation of textures and
mineralogical assemblages was performed at the Geology Laboratory of Babes-Bolyai University (Cluj-Napoca,
Romania) using a Nikon Optiphot T2-Pol polarizing microscope in plane-polarized light (PPL) and cross-polarized
light (XPL).

X-ray diffraction (XRD)

Mineralogical analysis by XRD was performed on powder at the Geology Department of Babeg-Bolyai University
(Romania). Samples were finely ground (<10 um) using an agate mortar and then analyzed using a Bruker D§
Advance diffractometer equipped with a Cu Ka source (A = 1.54060 A), an Fe filter (0.01 mm), and a one-
dimensional LynxEye detector. Operating parameters were: 40 kV, 40 mA, scanning from 5° to 65° (20) with a step
size of 0.02° and a counting time of 0.2 s/step. Identification of mineral phases was performed using Diffrac.Suite
EVA software and the PDF2 database (version 2.1202) from the ICDD (International Centre for Diffraction Data).

Results:-

Macroscopic and microscopic description

Lithology and Petrography

The Djombo and Gleb mounts, approximately 8 km apart (Fig. 3a-b), form prominent granitic reliefs dominating a
vast alluvial plain. This sector is currently subject to intense gold prospecting activities due to the presence of
mineralized structures. Rock outcrops mainly expose pink granites with coarse-grained texture, partially masked by
wind-blown sand cover.
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Figure 3.Macroscopic facies of the Gleb and Djombo Mounts. a-b: Outcrop and rock blocks on the Gleb and
Djombo Mounts.

Amphibole-biotite granite (Gleb Mount)

The amphibole-biotite granite is characterized by medium grain size and a mesocratic tendency, related to biotite
enrichment at the expense of K-feldspar. Some blocks are superficially marked by alteration giving a pink color to
the rock (Fig. 4a). On fresh fracture surfaces, the whitish facies speckled with black allows clear distinction of
quartz, feldspars, and biotite (Fig. 4b). Polarizing microscope observation reveals a heterogranular granular texture.
Plagioclases undergo intense saussuritization, highlighted by sericite-clay felting that masks twin planes, while
quartz exhibits clear microfracturing (Fig. 4c-d). Mafic minerals form synneusis aggregates where prismatic green
hornblende and yellow-brown biotite undergoing chloritization coexist (Fig. 4e-f). Euhedral allanite (up to 0.45 mm)
is very abundant and spatially associated with opaque minerals. The mineralogical assemblage is complemented by
apatite, zircon, granular epidote, and secondary calcite (Fig. 4g-h). Microstructurally, myrmekites characteristically
develop at plagioclase margins, at the interface with perthitic orthoclase crystals (Fig. 4i-j).
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Figure 4.Macroscopic and microscopic characterization of amphibole-biotite granite. a-b: Mesocratic
macroscopic appearance on fresh fracture. c-d: Intensely saussuritized plagioclase masking twins. e-f: Mafic
aggregate of green hornblende and chloritized biotite. g-h: Development of myrmekites at plagioclase
margins.
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Biotite-muscovite granite (Djombo Mount)

Biotite granites crop out as chaotic blocks on Djombo Mount and display a coarse-grained texture on fresh fracture
surfaces (Fig. 5a-b). Under the microscope, it exhibits a granular texture with porphyritic tendency (Fig. 5c).
Subhedral plagioclase (1.4 mm) and enclosing microcline are molded by large patches of quartz with undulatory
extinction (Fig. 5d). The petrographic peculiarity of this facies lies in the association of large brown chloritized
biotite laths (rich in metamict zircons) with primary muscovite in clear flakes, attesting to differentiated
peraluminous magmatism. Prismatic zoned allanite (up to 1.4 mm), yellow-brown titanite, and magnetite constitute

the accessory assemblage (Fig. Se).

ol
-
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Figure S5.Biotite-muscovite granite from Djombo (sample DJ). a-b: Fresh fracture with coarse-grained
texture. c: Granular porphyritic texture (XPL). d: Plagioclase, microcline, and quartz with undulatory
extinction (XPL). e: Primary biotite-muscovite association and accessory minerals: zoned allanite, titanite,
magnetite (XPL/PPL).

Pegmatites and quartz veins (Gleb sector)

Pegmatites and massive milky quartz veins frequently appear at the summit of the mounts and in drill cores,
intimately linked to gold mineralization (Fig. 6a-b). Pegmatites are frequently more or less altered at the surface and
at depth in gold exploration drill holes, associated with quartz crystals (Fig. 6¢-d). Observations on contacts between
granites and host rocks are quite sharp. Microscopic examination of the pegmatite reveals a spectacular cataclastic
texture (Fig. 6e). Large angular sharp-edged quartz porphyroclasts (up to 3.3 mm) are dispersed in a finely crushed
dark matrix. The dense network of anastomosing microfractures fragmenting the crystals is highlighted by iron
oxide deposits and hydrothermal cements, witnesses of major brittle fracturing (Fig. 61).
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Figure 6.Pegmatites and quartz veins from the Gleb sector. a: Mineralized pegmatite outcrop. b: Massive
milky quartz vein. ¢: Cataclastic texture with angular porphyroclasts (XPL). d-e: Cataclastic texture and
anastomosing microfractures filled with iron oxides.
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Mineralogical characterization by XRD

Amphibole-biotite granite from Djombo (Sample DDJ)

The X-ray diffraction pattern (Fig. 7) of sample DDJ, acquired in coupled 620 geometry with Cu Ka radiation (A =
1.54060 A), reveals a polyphase mineralogical assemblage with crystalline dominance. The obtained spectrum
shows a succession of sharp and well-defined peaks, indicating the presence of crystalline phases. Major peaks are
located mainly at positions 20.8°, 26.6°, 27.5°, 29.4°, 40.2°, and 50.1° in 20, with variable intensities reaching
approximately 2900 counts. The spectrum shows a series of variable intensity peaks distributed between 5° and 65°
20, indicating the presence of well-developed crystalline phases. The reduced width of the peaks suggests well-
ordered crystals.
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Figure 7:X-ray diffraction (XRD) spectrum of the Djombo sample, showing reflections of quartz, albite,
orthoclase, biotite, and tremolite.

The most intense reflection of the diffractogram is located at 26 ~ 26.6°, a characteristic position of the main quartz
(Si02) line. The marked intensity of this peak indicates that quartz constitutes one of the main phases of the sample
(Fig. 8). This identification is corroborated by the presence of several secondary reflections observed notably around
20.8°, 36.5°, 39.5-40°, 42.5°, 50.1°, and 59.9° (20), in accordance with reference file PDF 01-079-1910. The
sharpness of these peaks indicates a well-ordered structure of the quartz phase, although this does not appear to be
the only component of the mineral assemblage.

620



ISSN:(0)2320-5407, ISSN(P) 3107-4928 Int. J. Adv. Res. 14(05), May-2026, 612-625

Commander Sample ID (Coupled TwoTheta/Theta)

m: I .rv.kﬂ. o Llnh I L by L

T I 7 T T T
60

2Theta (Coupled TwoTheta/Theta) WL=1.54060

Figure 8:X-ray diffraction (XRD) spectrum of the Djombo sample, showing quartz reflections.

The feldspar reflection pattern is manifested by the presence of calcic albite [(Na,Ca)Al(Si,Al);Os], identified from
reference file PDF 00-041-1480, suggested by several low to medium intensity reflections, mainly concentrated in
the ranges of 22-30° and 40-50° (20) (Fig. 9). This phase indicates the presence of a sodic-calcic plagioclase in the
sample. The diagram also indicates the presence of microcline (KAISi:Os), referenced in file PDF 00-019-0932,
several lines of which are observed in the intervals 20-23° and 27-30° (20). This K-feldspar contributes
significantly to the complexity of the intermediate angular range. Additionally, certain reflections are compatible
with the presence of orthoclase [(Ko.osBao.02)(AlSi30s)], identified from file PDF 01-083-6912. This phase, which
also belongs to K-feldspars, presents peaks in regions close to those of microcline, making their discrimination
difficult due to overlapping of their respective lines. The coexistence of plagioclase and K-feldspars therefore
indicates a complex assemblage of quartz and feldspars.
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Figure 9:X-ray diffraction (XRD) spectrum of the Djombo sample, showing feldspar reflections.

The diffractogram also reveals the presence of subordinate phases of ferromagnesian and silicate nature (Fig. 10).
Biotite-1M [K(Mg,Fe?")s(Al,Fe*")Si:010(OH,F):], identified from PDF file 00-042-1414, is suggested by several
low-intensity reflections, particularly at low angles, around 8.5-9° (20), as well as in certain overlap zones with
feldspars. This mica phase is present in minor proportions, but its presence indicates a significant ferromagnesian
contribution to the mineral assemblage.
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Figure 10:X-ray diffraction (XRD) spectrum of the Djombo sample, showing biotite reflections.
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The mineralogical assemblage recorded in the Table is typical of a peraluminous granite that has undergone
hydrothermal alteration in greenschist facies (Evans, 1982).

Table: Mineralogical composition of Djombo granite (DDJ)

Mineral Chemical formula PDF reference Relative abundance
Quartz SiO2 01-079-1910 Dominant phase
Microcline (K- | 155 0, 00-019-0932 Second major phase
feldspar)

Albite (Na, Ca . .

feldspar) (Na,Ca)AI(Si,Al)sOs 00-041-1480 Second major phase
Biotite K(Mg,Fe?*")s(AlFe*)Si:010(OH,F)2 00-042-1414 Subordinate phase
Trémolite CaMgsSis022(OH)2 00-009-0437 Phase secondaire

Gleb pegmatite (Sample PGL I)

The X-ray diffraction pattern of sample PGL I, recorded in 6260 geometry under Cu Ka radiation (A = 1.54060 A),
reveals a particularly simple mineralogical signature, dominated by a largely predominant crystalline phase (Fig.
11). The diffraction pattern is characterized by a limited number of reflections, all narrow, intense, and well-defined,
on a very low diffuse background. The spectrum is dominated by a series of intense, sharp, and well-defined peaks,
indicating a high degree of crystallinity of the analyzed mineral.

The main peak appears at an angle of 20 =~ 26.6°, with an intensity exceeding 11,000 counts, which is typical of
primary quartz (SiO-) diffraction. Other significant peaks are observed at 20.8°, 36.6°, 39.5°, 50.1°, and 59.9°, and
are also characteristic of this mineral.
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Figure 11:X-ray diffraction (XRD) spectrum of the pegmatite sample, showing quartz reflections.
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Discussion:-

Petrogenesis and magmatic affinities of granitoids

Our results reveal two post-collisional magmatic facies: a peraluminous granite (Djombo) and a calc-alkaline granite
(Gleb), whose mineralogical assemblage was precisely confirmed by XRD. These data corroborate the work of
Isseini et al., (2013) and Shellnutt et al., (2017, 2020) on Ediacaran (~570-560 Ma) magmatism in central Chad. The
originality of our approach lies in the microstructural demonstration of crystallization in a decompression context
(crustal relaxation), favoring alkali feldspar exsolution and the appearance of primary muscovite.

Significance of tremolite and dynamics of the Saharan Metacraton

The formal identification by XRD of tremolite within an initially peraluminous granite constitutes a major
particularity of this work. The presence of this amphibole indicates intense hydrothermal alteration (greenschist
facies) by calcium- and magnesium-rich fluids. This observation fits perfectly with models of Saharan Metacraton
destabilization (Abdelsalam et al, 2002; Liégeois et al, 2013). It demonstrates that the southern margin of the
metacraton was not a rigid block, but a reactivated and fractured margin, acting as a drain for deep hydrothermal
fluids during Pan-African post-orogenic relaxation.Synthesizing our results with regional data, we propose that the
Batha Massif is located in a zone of major tectonic reactivation at the southern margin of the Saharan Metacraton,
probably corresponding to the eastern extension of the heavy gravity anomaly identified by Louis (1970) and
Braitenberg et al., (2011). This structure, which crosses the Guéra Massif and separates Mayo-Kebbi from Ouaddai,
could represent a deep suture marking the boundary between the relict Chad craton to the north and more strongly
reactivated domains to the south.

Structural evolution and metallogenic potential

Finally, analysis of Gleb veins reveals a single-phase signature of exceptionally pure quartz (>95% by XRD)
coupled with spectacular cataclastic texture. This result proves the injection of siliceous fluids into active shear
zones, corroborating classic models of orogenic gold (Sibson et al., 1988; Goldfarb et al., 2005). The unprecedented
conjunction identified in this studyallanite-bearing fertile granites, greenschist facies alteration (tremolite), and
brittle deformation (cataclasis) scientifically validates the strong gold potential of the Batha Massif and encourages
mineral exploration along the lineaments of the Saharan Metacraton.

Conclusion:-

The different approaches used on the formations of the Djombo and Gleb mounts (Batha Massif) have clarified their
petrographic nature, mineralogical composition, and geodynamic framework in the context of Pan-African
orogenesis. Results reveal two post-collisional granitic facies: a peraluminous biotite-muscovite granite (Djombo)
and a calc-alkaline amphibole-biotite granite enriched in allanite (Gleb), emplaced during crustal relaxation (~570-
560 Ma) following the Saharan Metacraton — Congo Craton collision. XRD analysis confirms a typical quartz-
feldspar-biotite assemblage and identifies tremolite for the first time, a mineral absent from previous Guéra studies.
The presence of tremolite indicates intense hydrothermal alteration (greenschist facies) by Ca-Mg fluids, indicating
that Batha is located in a zone of major tectonic reactivation at the southern margin of the Saharan Metacraton. This
mineral constitutes a marker of the metacratonic heritage partially remobilized during Pan-African orogenesis. The
Gleb pegmatite, composed of pure quartz (>95%) with cataclastic texture, represents the ultimate stage of this
hydrothermal evolution. The association of fertile granites + tremolite + cataclastic quartz veins constitutes a
signature favorable to orogenic gold deposits, validating the metallogenic potential of the Batha Massif and opening
perspectives for regional exploration along Saharan Metacraton structures. Complementary studies (U-Pb
geochronology, geochemistry, isotopes) would refine this model and better constrain the evolution of Batha within
the framework of the Saharan Metacraton.
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