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ABSTRACT 

The Aboudeïa locality, situated in the Guera massif, is part of the Central African Orogenic Belt (CAOB). 

Petrographic and geochemical investigations conducted in the Aboudeïa region have identified four main 

types of granitoids: monzonite (MZ), biotite granite (BG), biotite microgranite (BM) and leucogranite 

(LG). The monzonites exhibit a metaluminous character with a shoshonitic affinity, whereas BG, BM, 

and LG range from metaluminous to weakly peraluminous and display a high-K calc-alkaline affinity. All 

studied granitoids are characterized by positive anomalies in Rb and Th, enrichment in light rare earth 

elements (LREE), and pronounced negative anomalies in Ba, Nb, Ta, Eu, Sr, and Ti. These geochemical 

features suggest a magmatic origin involving partial melting of the continental crust, within various 

tectonic settings: volcanic arc for MZ, and syn-collisional to intraplate environments for BG, BM, and 

LG. Their evolution is mainly dominated by fractional crystallization, with possible mantle contamination 

linked to subduction processes. These characteristics indicate the presence of a former subduction zone, 

followed by a collisional episode and subsequent post-collisional tectonomagmatic reactivation. 

Collectively, the Aboudeïa granitoids constitute key evidence for reconstructing the geodynamic history 

of the Guéra Massif and the central Chad region within the broader framework of the Pan-African 

orogeny. 
 

Keywords: Central African Orogenic Belt, Guéra Massif, Aboudeïa, volcanic arc granite, syn-collisional 
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1. INTRODUCTION 

The Central African Orogenic Belt (CAOB), also known as the Central African Pan-African Belt or 

Central African Mobile Zone, represents a segment of continental crust reworked during the Pan-African 

orogeny, between 700 and 500 million years ago (Jackson and Ramsay, 1980; Bessoles and Trompette, 

1980). This orogenic belt resulted from the convergence and collision of the West African and Congo–

São Francisco cratons, along with the Saharan metacraton, during the assembly of Western Gondwana 

(Castaing et al., 1994; Abdelsalam et al., 2002). The CAOB extends across several Central African 

countries, including Cameroon, the Central African Republic, and Chad (Figure. 1a). It records a complex 

tectonic history marked by successive episodes of subduction, continental collision and crustal 

reactivation (Pham et al., 2020). 

In Chad, located in the northern part of the CAOB, granitoid massifs are distributed across several 

regions: Tibesti in the north, Ouaddaï in the east, Guéra in the center, Mayo Kebbi in the southwest, and 

Baïbokoum in the south (Figure. 1a). These massifs host post-collisional granitoids that represent the final 

stages of the Pan-African orogenic cycle (Pouclet et al., 2006; Isseini et al., 2012; Shellnutt  et al., 2018; 
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Djerossem et al., 2020; Diontar et al., 2020; Seguem et al., 2022; Assadi et al., 2022; Baïssemia Ronang 

et al., 2024). Studies conducted in the Guéra Massif have revealed geochemical features typical of post-

collisional granites, including crystallization under moderate temperatures and variable pressures, 

reflecting late magmatic evolution associated with tectonic relaxation (Shellnutt  et al., 2018;  Pham et al., 

2020). 

 

 
Figure 1. (a) Simplified geological map of the Saharan Metacraton, showing the location of the 

study areas modified from (Abdelsalam et al., 2002). (b) Geological map of Aboudeïa. 

The Aboudeïa area (figure. 1b), located in the southeastern part of the Guéra Massif, has been the subject 

of early petrographic investigations. However, these previous studies did not provide sufficient insight 

into the petrogenesis of the granitoids. The present study, based on petrographic observations and the 
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geochemistry of major and trace elements, aims to determine the nature, source, and tectonic setting 

responsible for the emplacement of the Aboudeïa granitoids. 

2. GEOLOGICAL SETTING 

Chad is a vast territory located in the heart of Africa, integrated into the Central African Orogenic Belt 

(CAOB; Kusnir and Moutaye, 1997), which extends northward into the Saharan Metacraton (Shellnutt  et 

al., 2018). According to Kasser (1995), the Precambrian basement formations of Chad are subdivided into 

two major domains, separated by a gravimetric anomaly (Louis, 1970; Braitenberg et al., 2011). This 

anomaly represents the continuation of the Banyo–Tcholliré shear zone in Cameroon, crossing the Mayo 

Kebbi Massif in southwestern Chad, the Guéra Massif in the center, and gradually attenuating toward the 

Tibesti in the north (Figure. 1a). This lineament, oriented N–S to ENE–WSW (Braitenberg et al., 2011; 

Liégeois et al 2013), is now considered a major structural feature of the Saharan Metacraton. It may 

correspond to the eastern boundary of the Chadian cratonic core, integrated into the Saharan Metacraton  

(Shellnutt  et al., 2018;  Pham et al., 2020). 

The Guéra Massif, which is the focus of this study, is located in central Chad and represents the eastern 

domain of this suture. It is mainly composed of granitoids, crosscut by a weakly metamorphosed volcano-

sedimentary sequence (Kusnir and Moutaye, 1997; Kasser, 1995). Recent investigations in this region 

have revealed the presence of fine-grained mafic enclaves, gabbros, diorites, granodiorites, biotite 

granites, and fine-grained granites (Isseini  et al., 2013; Shellnutt et al., 2016; Pham et al., 2020; Diontar 

et al., 2020; Assadi et al., 2022). 

The gabbro–diorites and mafic enclaves are derived from mantle-origin magmas modified by subduction-

related fluids (Shellnutt et al., 2019; Diontar et al., 2020). Their evolution is controlled by fractional 

crystallization processes, associated with crustal contamination. 

Studies show that the Guéra granites display varied tectonic contexts. Biotite granites, ranging from 

metaluminous to peraluminous, with compositions from ferroan to magnesian and calc-alkaline affinity 

are distinguished (Le Maitre, 1989; Shellnutt et al., 2019). The magnesian granites (595 ± 8 Ma) are 

similar to volcanic arc granites, whereas the ferroan granites (589 ± 6 Ma) are typical of syn-collisional 

granites. These formations correspond to the ancient basement of the Guéra Massif. 

Finally, biotite–amphibole granites, ranging from peraluminous to metaluminous, calc-alkaline, and 

ferroan in composition, were emplaced in a post-collisional setting between 561 ± 6 Ma and 556 ± 7 Ma. 

These rocks correspond respectively to intermediate granites and younger granites. 

 

1. ANALYTICAL METHODS 

Geological field campaigns were conducted in Aboudeïa locality in the center of Chad. This phase 

enabled the macroscopic identification of rock facies and the collection of key lithological parameters, 

including color, texture, mineralogical composition, degree of alteration, and deformation features. A 

total of ten (10) fresh, unaltered samples were selected. These include two samples of monzonite, tree 

biotite granite, tree biotite microgranite and two leucogranite. 

Rocks samples were sawed into chips for thin section preparation and trimmed to small blocks for 

geochemical investigations. About 200 to 500 g of each sample was crushed into a steel jaw crusher and 

then pulverized with an agate ball mill. Powders were digested using an alkali fusion procedure where the 

powder was mixed to lithium metaborate and melted to produce a glass pellet. The pellet was digested 

into diluted nitric acid before analyses. Analyses and digestions were made at the ALS Geochemistry-

Loughrea (Irland). Prepared samples (0.100 g) are added to lithium metaborate/lithium tetraborate flux, 

mixed well and fused in a furnace at 1000°C. The resulting melt is then cooled and dissolved in 100 mL 

of 4% nitric acid/2% hydrochloric acid. This solution is then analysed by ICP-AES and the results are 

corrected for spectral inter-element interferences. Oxide concentration is calculated from the determined 

elemental concentration and the result is reported in that format. The Whole Rock analysis is determined 

in conjunction with a loss-on-ignition at 1000°C. The resulting data from both determinations are 

combined to produce a “total”. For the determination of trace-elements, the samples were mixed well and 
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fused in a furnace at 1025°C. The resulting melt is then cooled and dissolved in an acid mixture 

containing nitric, hydrochloric and hydrofluoric acids. This solution is then analyzed by ICP–MS. 

4. PETROGRAPHIC RESULTS OF PLUTONIC ROCKS FROM ABOUDEÏA 

4.1. Monzonite (MZ) 

The monzonite (MZ) occurs as decimetric to metric blocks and slabs. It displays a yellowish-grey 

weathering patina, with dimensions ranging from 1 to 5 cm (Figure. 2a, b). The rock is composed of 

feldspar, quartz, and ferromagnesian minerals (amphibole and biotite). It contains microgranular mafic 

enclaves and dolerite, and is crosscut by quartz–feldspar pegmatite veins. The stretching of minerals such 

as biotite indicates deformation during emplacement. In thin section, the monzonite exhibits a coarse-

grained porphyroid texture (Figure. 3a). The mineral assemblage consists of K-feldspar, plagioclase, 

quartz, biotite, clinopyroxene, amphibole, and accessory phases (sphene, epidote, and oxides). K-feldspar 

(~40%) is xenomorphic, occurring as large, partly altered patches that enclose inclusions of biotite and 

plagioclase. Plagioclase (~35%) appears as large xenomorphic crystals, occasionally associated with 

small quartz crystals (~10%), and also occurs as inclusions within K-feldspar phenocrysts. Quartz is 

present as small elongated grains or as large lobate patches. Biotite (~8%) occurs as elongated flakes. 

Clinopyroxene (<5%) is moderately elongated and shows well-developed cleavage. Amphibole (<5%) is 

less abundant, occurring as small crystals associated with plagioclase and quartz. Numerous oxide 

inclusions are observed within altered crystals. Sphene, epidote, and oxides are accessory minerals (<2%), 

occurring as minor intrusions. 

4.2. Biotite Granite (BG) 

Biotite granites (BG) are predominant in the study area, occurring as blocks and boulders (Figure. 2c, d). 

At the outcrop scale, BG display a dark to grey coloration due to weathering, and are crosscut by quartz–

feldspar veins while containing mafic enclaves. They are not in direct contact with the monzonite (MZ), 

but show comparable deformation features. 

In thin section, biotite granites exhibit a coarse-grained porphyroid texture (Figure. 3b). The mineral 

assemblage consists of K-feldspar, quartz, plagioclase, biotite, and oxides. K-feldspar (~45%) occurs as 

large, partly altered crystals enclosing inclusions of biotite and oxides. Quartz (~30%) forms irregular 

crystals, locally marked by lobate margins indicative of high-temperature recrystallization. Plagioclase 

(~15%) appears as sub- to euhedral crystals associated with K-feldspar and quartz. Biotite (~10%) occurs 

as lamellae within the interstices of K-feldspar and quartz, and contains inclusions of opaque minerals. 

4.3. Biotite Microgranite (BM) 

Biotite microgranites (BM) crop out as metric to decametric boulders and blocks in Aboudeïa and its 

surroundings (Figure. 2e, f). At the outcrop scale, BM displays a yellowish coloration due to weathering 

patina. The rock mass is affected by microfractures that break it into boulders or blocks. BM occasionally 

occurs as dykes or veins crosscutting the biotite granites (BG) and leucogranites (LG). 

In thin section, biotite microgranites exhibit a fine-grained texture (Figure. 3c). The mineral assemblage 

consists of quartz, alkali feldspar, plagioclase, biotite, and minor accessory phases such as zircon, pyrite, 

and opaque minerals. Quartz (~45%) is xenomorphic and occurs in two generations: the first generation 

forms large lobate patches, while the second generation is represented by neograins filling the interstices 

between K-feldspar and plagioclase phenocrysts. K-feldspar (~25%) occurs as altered phenocrysts 

enclosing inclusions of biotite and plagioclase. Plagioclase (~15%) is present as xenomorphic crystals, 

partly altered, associated with quartz and biotite, and containing inclusions of biotite. Biotite (~5%) 

occurs as elongated patches, associated with quartz and plagioclase, and occasionally enclosing inclusions 

of oxides and zircon (<2%). 

4.4. Leucogranite (LG) 

Leucogranites (LG) crop out as slabs (Figure. 2g, h). These rocks are whitish in color and are 

predominantly composed of quartz, plagioclase, muscovite, and biotite, which are visible to the naked 

eye. The rock is crosscut by fine-grained granite veins oriented E–W. 
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Figure 2. Field views of the Aboudeïa granitoids. (a) and (b) Outcrop and photographs of 

monzonite (MZ), crosscut by a mafic enclave and a dolerite dyke. (c) and (d) Outcrop photographs 

of biotite granite (BG), crosscut by a quartz–feldspar vein. (e) and (f) Outcrop and photographs of 

biotite microgranite (BM) in sharp contact with biotite granite. (g) and (h) Slab outcrop of 

leucogranite (LG). 
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In thin section, leucogranite exhibits a coarse-grained texture (Figure. 3d). It is largely composed of 

leucocratic minerals such as K-feldspar, quartz, and plagioclase, with minor biotite crystals. Accessory 

minerals are represented by opaque phases. K-feldspar (~45%) occurs as large elongated xenomorphic 

patches, forming the bulk of the rock. Quartz (~30%) ranges from euhedral to xenomorphic, and 

occasionally occurs as inclusions within plagioclase crystals. Plagioclase (~12%) is xenomorphic and 

characterized by polysynthetic twinning. Biotite (~10%), brown in color, occurs as small elongated 

flakes, representing a minor proportion of the rock-forming minerals. Oxides (~2%) are generally 

interstitial and occur as inclusions within feldspar crystals. 

 

 
Figure 3. Representative photomicrographs of thin sections of the granitoids. (a) Coarse-grained 

texture of monzonite (MZ) rich in quartz. (b) Photomicrograph of biotite granite (BG). (c) Fine-

grained texture of biotite microgranite (BM). (d) Coarse-grained texture of leucogranite (LG). 

 

5. GEOCHEMICAL RESULTS OF PLUTONIC ROCKS FROM ABOUDEÏA  

5.1. Major and Trace Elements  

The geochemical compositions (major and trace elements) of the plutonic rocks from the study area are 

presented in Table. 1. These data are plotted in binary diagrams, rare earth element (REE) diagrams, and 

multi-element diagrams to identify the main magmatic trends of these rocks. Four petrographic types are 

generally studied: monzonite (MZ), biotite granite (BG), biotite microgranite (BM), and leucogranite 

(LG). In Harker-type diagrams (oxide vs. SiO₂), the Aboudeïa granitoids show negative linear 
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correlations for Fe2O3, TiO2, MnO, MgO, P2O5, Al2O3, CaO, and Na2O with increasing SiO2 content 

(Figure. 5). 

 

Table 1. Major (wt%) and trace elements (in ppm) compositions for the Aboudeïa granitoïds 
  Monzonite Biotite granite Biotite microgranite Leucogranite 

Sample AB6 AB10 AB7a AB3 AB6a AB9 AB6b AB9a AB2 AB5 

SiO2 66.60 66.20 70.80 75.10 74.00 74.20 73.00 75.00 73.70 74.00 
Al2O3 15.40 15.20 13.45 12.75 13.10 13.00 12.95 13.50 12.85 12.64 
Fe2O3 4.57 4.71 4.17 1.92 2.38 2.73 3.10 2.11 3.10 3.07 
CaO 2.33 2.36 1.56 1.08 1.40 1.06 1.01 1.03 1.09 1.20 
MgO 0.84 0.82 0.29 0.21 0.19 0.21 0.25 0.10 0.15 0.18 
Na2O 3.69 3.72 3.34 3.27 3.11 3.10 3.90 3.03 3.01 3.50 
K2O 5.01 4.77 4.96 4.57 4.26 5.34 4.41 5.08 5.32 4.77 
Cr2O3 0.02 0.02 0.02 0.03 0.03 0.02 0.06 0.10 0.02 0.03 
TiO2 0.70 0.70 0.41 0.21 0.19 0.32 0.22 0.36 0.28 0.30 
MnO 0.06 0.06 0.07 0.03 0.05 0.04 0.03 0.05 0.04 0.04 
P2O5 0.24 0.25 0.11 0.04 0.09 0.04 0.02 0.07 0.05 0.02 
SrO 0.05 0.05 0.02 0.03 0.01 0.02 0.01 0.04 0.02 0.04 
BaO 0.17 0.17 0.11 0.06 0.09 0.09 0.05 0.10 0.08 0.05 
LOI 0.65 0.77 0.38 0.57 0.41 0.76 0.29 0.82 0.66 0.53 
Total 100.33 99.80 99.69 99.87 99.31 100.93 99.30 101.39 100.37 100.72 
Na2O+K2O 8.70 8.49 8.30 7.84 7.37 8.44 8.31 8.11 8.33 8.27 
Mg# 26.83 25.78 12.18 17.91 13.74 13.30 13.86 8.64 8.80 10.47 
FeOt 4.11 4.24 3.75 1.73 2.14 2.46 2.79 1.90 2.79 2.76 
A/NK 1.34 1.35 1.24 1.23 1.35 1.19 1.16 1.29 1.20 1.16 
A/CNK 0.98 0.98 0.98 1.04 1.07 1.02 0.99 1.09 1.01 0.96 
Sc 5.90 5.40 5.80 1.10 4.20 3.40 2.10 3.02 3.70 3.21 
V 34.00 36.00 10.00 5.00 6.12 11.00 3.40 2.87 <5 4.03 
Cr 130.00 168.00 173.00 227.00 222.00 152.00 162.00 149.00 172.00 180.00 
Rb 147.00 141.00 272.00 196.00 215.00 244.00 235.00 218.00 283.00 277.00 
Sr 386.00 384.00 151.00 152.50 150.00 89.90 91.09 82.90 89.20 90.30 
Zr 525.00 526.00 553.00 183.00 287.00 423.00 417.00 397.00 485.00 456.00 
Nb 28.70 29.70 34.30 22.80 30.00 34.10 29.00 33.40 40.80 40.80 
Cs 0.51 0.52 3.83 0.62 2.90 2.12 2.54 2.46 2.92 2.80 
Ba 1590.00 1525.00 1005.00 519.00 851.00 792.00 634.00 765.00 770.00 745.00 
Y 21.50 22.00 63.40 13.60 59.00 52.70 50.50 49.80 78.40 76.80 
La 166.50 160.50 111.00 60.40 70.30 59.20 60.10 48.40 155.00 149.60 
Ce 300.00 293.00 235.00 113.00 110.00 132.50 122.00 129.00 324.00 290.00 
Pr 28.30 27.80 26.30 11.30 15.60 15.70 14.50 12.70 35.70 30.30 
Nd 92.00 88.40 98.50 35.00 77.50 59.40 50.50 49.80 128.00 123.10 
Sm 12.40 12.40 18.45 5.13 10.30 12.65 11.40 14.50 22.60 19.60 
Eu 2.24 2.20 2.21 1.30 1.13 1.17 1.20 1.24 1.59 1.32 
Gd 7.71 7.94 15.00 3.32 7.33 10.65 9.21 7.98 17.10 13.60 
Tb 0.92 0.93 2.08 0.43 1.90 1.59 1.14 1.39 2.40 2.11 
Dy 4.79 4.83 12.10 2.40 6.20 9.31 9.04 7.66 14.15 13.56 
Ho 0.82 0.78 2.30 0.43 1.80 1.81 1.50 1.77 2.77 2.39 
Er 2.02 1.99 6.44 1.20 5.10 5.22 4.78 5.03 7.58 6.23 
Tm 0.23 0.26 0.86 0.19 0.53 0.77 0.45 0.33 1.06 0.99 
Yb 1.56 1.50 5.52 1.19 3.40 5.01 2.34 4.10 6.94 5.62 
Lu 0.23 0.23 0.82 0.16 0.24 0.75 0.42 0.65 1.03 1.14 
Hf 11.70 11.90 13.70 5.26 7.70 11.05 8.23 7.41 13.20 12.20 
Ta 1.40 1.50 2.20 2.30 2.07 2.00 1.99 2.09 2.90 2.54 
W 1.00 0.80 1.30 0.70 1.O5 1.10 0.79 1.18 1.60 1.15 
Th 29.00 28.00 26.60 54.90 33.00 27.20 25.00 26.76 39.30 28.56 
U 1.47 1.47 3.13 7.81 2.70 3.13 3.04 2.48 4.33 3.90 

Ga 25.50 25.80 25.60 22.20 21.70 21.90 22.01 21.70 24.10 23.40 

 

5.1.1. Monzonite (MZ)  

MZ samples exhibit relatively low SiO2 contents (62.2–66.6 wt.%) compared to other lithologies. K₂O 

(4.77–5.01 wt.%) and Na₂O (3.69–3.72 wt.%) contents are moderately variable, with K2O/Na2O ratios 

ranging from 1.28 to 1.37. Total alkali contents (Na2O + K2O) range between 6.13 and 6.37 wt.%. In the 

(Sun and McLennan 1989), classification diagram (Figue. 4a), MZ corresponds to quartz monzonite. It 

displays a shoshonitic affinity (Fig 4b) and belongs to the calc-alkaline series (Figure. 4c). These rocks 
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are metaluminous I-type granitoids, as indicated by molar ratios A/CNK (Al2O/[CaO + Na2O + K2O]) and 

A/NK (Al2O3/ [Na2O + K2O]), ranging from 0.97–0.98 and 1.33–1.35, respectively (Figure. 4d). MZ also 

shows high Na2O₃ (15.2–15.4 wt.%) and low Fe2O₃ (4.57–4.71 wt.%), CaO (2.33–2.36 wt.%), MgO 

(0.82–0.84 wt.%), and TiO2 (0.7 wt.%). In the chondrite-normalized REE diagram (Figure. 6a), MZ is 

enriched in light rare earth elements (LREE) ((La/Yb)N = 76.55–76.75) relative to heavy rare earth 

elements (HREE) ((La/Sm)N = 8.35–8.67), and displays negative Eu anomalies (Eu/Eu* = 0.67–0.70). In 

the primitive mantle-normalized multi-element diagram (Figure. 6b; Sun and McLennan 1989), MZ 

shows negative anomalies in Ba, Nb, Ta, Sr, and Ti, with progressively decreasing HREE and enrichment 

in Th. 

 

 
Figure 4. Geochemical classification of Aboudeïa granitoids: (a) SiO2 vs. Na2O  + K2O diagram of 

(Le Maitre, 1989); (b) K2O vs. SiO2 diagram illustrating the low and high-K calc-alkaline affinities 

(Le Maitre, 1989; Rickwood, 1989); (c) SiO2 vs. Na2O + K2O - CaO diagram (Maniar and Piccoli, 

1989); (d) A/NK = Al2O3/(Na2O+K2O) vs. A/CNK = Al2O3/(CaO+Na2O+K2O) (Maniar and 

Piccoli, 1989). Dashed line represents boundary between I- and S-type granites (Chappell and 

White, 1992). G (Gabbro), GD (Gabbro Diorite), D (Diorite), G+t (Granodiorite+tonalite), Gt 

(Granite), Gg (Monzogabbro), Md (Monzodiorite), M (Monzonite) et Qm (Monzonite quartzeux). 

 

5.1.2. Biotite Granite (BG)  

BG samples have slightly higher SiO2 contents (70.8–75.1 wt.%) than MZ. Na2O, K2O and total alkalis 

(Na2O + K2O) range from 3.11–3.34 wt.%, 4.26–4.96 wt.%, and 7.37–8.30 wt.%, respectively. K2O/Na2O 
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ratios vary from 1.36 to 1.49. BG displays a strongly potassic to shoshonitic calc-alkaline affinity (Figure. 

4b) and corresponds to metaluminous to weakly peraluminous I-type granitoids, with A/CNK and A/NK 

ratios ranging from 0.98–1.06 and 1.23–1.35 (Figure. 4d). Al2O3₃ contents (12.75–13.45 wt.%) are lower 

than in MZ, and Fe2O3₃ (1.92–4.17 wt.%), CaO (1.08–1.56 wt.%), MgO (0.19–0.29 wt.%), and TiO2₂ 

(0.19–0.41 wt.%) are also low. In the chondrite-normalized REE diagram (Figure. 6c), BG is enriched in 

LREE ((La/Yb)N = 14.42–36.41) relative to HREE ((La/Sm)N = 3.88–7.60), with negative Eu anomalies 

(Eu/Eu* = 0.39–0.96). In the primitive mantle-normalized diagram (Figure. 6d), BG shows negative 

anomalies in Ba, Nb, Ta, Sr, and Ti, and is enriched in Th with flat HREE patterns. 

 
Figure 5. Distribution of the granitoids in the Harker diagram (oxides vs. SiO2 in wt. %). 

 

5.1.3. Biotite Microgranite (BM)  

BM samples have SiO2₂ contents of 73–75 wt.%, with K2O (4.41–5.34 wt.%) and Na2O (3.03–3.90 wt.%) 

similar to BG. K2O/Na2O ratios range from 1.13 to 1.72, and total alkalis range from 7.08 to 7.38 wt.%. 

BM displays a strongly potassic calc-alkaline affinity (Figure. 4b) and corresponds to weakly 

metaluminous to peraluminous I-type granitoids, with A/CNK and A/NK ratios between 0.99–1.09 and 

1.15–1.29 (Figure. 4d). Al2O3₃ contents (12.95–13.5 wt.%) are similar to BG, while Fe2O3₃ (2.11–3.1 

wt.%), CaO (1.01–1.06 wt.%), MgO (0.1–0.25 wt.%), and TiO2₂ (0.22–0.36 wt.%) remain low. In the 

chondrite-normalized REE diagram (Figure. 6e), BM is enriched in LREE ((La/Yb)N = 8.47–18.42) 

relative to HREE ((La/Sm)N = 2.15–3.40), with negative Eu anomalies (Eu/Eu* = 0.30–0.36). In the 
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primitive mantle-normalized diagram (Figure. 6f), BM shows negative anomalies in Ba, Nb, Ta, Sr, and 

Ti, and is enriched in Th with flat HREE profiles. 

 

 
 

Figure 6. Chondrite-normalized REE patterns and primitive-mantle-normalized trace element 

spider diagrams of Aboudeïa granitoids after (Sun and McLennan 1989). 
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Figure 7. Sources and tectonic discrimionation diagram of the Aboudeïa granitoids: (a) Molar 

CaO/(MgO + FeOt) vs Al2O3/(MgO + FeOt); (b) Nb vs Nb/U. (c) Zr vs Nb/Zr and Rb vs Rb/Th. 

CC= Crustal Contamination; AFC= Assimilation Fractional Cristallization ; FC= Fractional 

Cristallization. 

 

5.1.4. Leucogranite (LG)  

LG samples show SiO2₂ contents of 73.7–74 wt.%, similar to BG and BM. Total alkali contents (Na2O + 

K2O) range from 8.27 to 8.33 wt.%. LG displays a strongly potassic calc-alkaline affinity (Figure. 4b) and 

corresponds to weakly metaluminous to peraluminous I-type granitoids, with A/CNK and A/NK ratios 

between 0.96–1.01 and 1.15–1.20 (Figure. 4d). Al2O3₃ contents (12.64–12.85 wt.%) are comparable to 

BG and BM, while Fe2O3₃ (3.07–3.1 wt.%), CaO (1.09–1.2 wt.%), MgO (0.15–0.18 wt.%), and TiO2₂ 

(0.28–0.3 wt.%) remain low. In the chondrite-normalized REE diagram (Figure. 6g), LG is enriched in 

LREE ((La/Yb)N = 16.02–19.09) relative to HREE ((La/Sm)N = 4.42–4.93), with a negative Eu anomaly 

(Eu/Eu* = 0.25). In the primitive mantle-normalized diagram (Figure. 6h), LG shows negative anomalies 

in Ba, Nb, Ta, Sr, and Ti, and a positive anomaly in Th. 
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DISCUSION 

6.1. Nature and Sources of the Aboudeïa Granitoids 

Understanding the source and tectonic environment of granitoids has crucial implications for continental 

crustal growth within the Central African Orogenic Belt (CAOB) in general, and within the Guéra Massif 

in particular. The Aboudeïa granitoids, represented by monzonite (MZ), biotite granite (BG), biotite 

microgranite (BM), and leucogranite (LG), are characterized by A/CNK ratios ranging from 0.96 to 1.09, 

typical of metaluminous to weakly peraluminous I-type granites (Chappell and White, 1974; Barbarin, 

1999). Their elevated K₂O contents (4.26–5.34 wt.%) indicate a calc-alkaline to shoshonitic affinity. The 

molar ratio CaO/(MgO + FeOt) versus Al₂O₃/(MgO + FeOt) (Altherr et al., 2000) further highlights the 

diversity of source rocks that underwent partial melting to produce these granitoids. In this diagram 

(Figure. 7a), MZ are derived from partial melting of metabasalts and metatonalites. Two BG samples, 

along with BM and LG, plot within the field of granitoids generated by partial melting of 

metagreywackes, while one BG sample falls between these two sources. This interpretation is consistent 

with the Nb/U vs Nb diagram, where BG, BM, and LG plot close to the upper continental crust (UCC), 

whereas MZ are closer to the lower continental crust (LCC; Figure. 7c). Low V contents and Mg# values, 

together with low Nb/U and Ta/U ratios, reflect a crustal signature (Hofmann et al., 1997; Wu et al., 

2020). However, these granitoids also display high Cr contents (>151 ppm), coupled with negative 

anomalies in Ba, Nb, Ta, and Ti, which are typical of mantle-derived magmas (Hofmann et al., 1997; Wu 

et al., 2020). These mixed geochemical features support the hypothesis of partial melting of a 

metasomatized mantle, coupled with crustal contamination (Moyen et al., 2017). 

In the Arker diagram (Figure. 5), all granitoids show negative linear correlations with increasing SiO₂ 

content (Al₂O₃, TiO₂, Fe₂O₃, MgO, CaO, Na₂O, and P₂O₅). These correlations play an important role in 

the crystallization of mineral phases. Decreases in Al₂O₃ and CaO with increasing SiO₂ are linked to 

plagioclase and apatite fractionation. This plagioclase fractionation is further evidenced by pronounced 

negative Eu and Sr anomalies. Decreases in Na₂O and K₂O with increasing SiO₂ reflect feldspar 

fractionation. Decreases in Fe₂O₃, TiO₂, MnO, MgO, and P₂O₅ with increasing SiO₂ are related to 

fractionation of magnetite, ilmenite, titanite, amphibole, biotite, and apatite. These successive mineral 

fractionation processes confirm that fractional crystallization was the dominant mechanism during the 

emplacement of these granitoids. This is further supported by the parallelism of rare earth element (REE) 

spectra (Figure. 6) and by the consistency of immobile element ratios (Nb/Zr vs Zr), where all granitoids 

plot along the fractional crystallization trend (Figure. 7c), probably associated with crustal assimilation as 

indicated in the Rb/Th vs Rb diagram (Figure. 7d). 

 

6.2. Tectonic Environment of the Aboudeïa Granitoids 

In the Rb vs (Yb + Ta) diagram (figure 8a), the monzonites plot within the field characteristic of volcanic 

arc granites, whereas the biotite granites and biotite microgranites fall into the syn-collisional granite 

domain, typical of ancient basement granites as described respectively in the Ngoura and Bitkine 

localities (Guera Massif) (Shellnutt et al., 2018; Pham et al., 2020).  

However, the calc-alkaline affinity with a strongly potassic to shoshonitic trend, combined with 

pronounced negative anomalies in Nb, Ta, and Ti across the granitoid suite, indicates a lithospheric 

convergence tectonic setting, consistent with the works of (Pearce (1975); Thompson et al., 1984, Pouclet 

et al., 2006). Moreover, the high ratios of incompatible trace elements Nb/Ta (9.91 to 20.5), La/Nb (1.44 

to 5.80), and La/Ta (29.60 to 118.92), associated with low Rb contents; suggest a magmatic origin related 

to a subduction environment. In the Zr vs (Nb/Zr)N diagram (Figure 8b), the entire granitoid suite plots 

within the collisional granite field. These geochemical features support the hypothesis of the existence of 

a former subduction zone in the studied region or its immediate vicinity, followed by a collisional tectonic 

episode. This reflects a stage of continental accretion and crustal reorganization, comparable to events 

described in other segments of the Central African Orogenic Belt (CAOB) or the Saharan Metacraton 

(Abdelsalam et al., 2002). The leucogranites, on the other hand, are distributed within the intraplate 
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granite field. They thus indicate a post-collisional tectonomagmatic reactivation and most likely mark a 

late phase of crustal differentiation associated with tectonic relaxation. 

 
Figure 8 : Discrimination diagrams of Aboudeïa granitoïdes. (d) (Y+Nb) versus Rb (Pearce et al., 

1984). VAG (volcanic arc granites), COLG (collision granites), WPG (within-plate granites), and 

ORG (ocean-ridge granites). (c) Zr vs (Nb/Zr)N diagram of Thiéblemont and Tegyey (1994) for the 

granitoids of Aboudeïa. A = subduction-zone magmatic rocks; B = collision zone rocks; C = alkaline 

intra-plate zone rocks. Normalization to primitive mantle values from (Sun and McLennan, 1989). 

 

CONCLUSION 

Petrographic and geochemical studies conducted on the Aboudeïa granitoids provide essential insights 

into their source and tectonic framework. The identified facies include monzonite (Kfs + Pl + Qtz + Bt + 

Cpx + Amp + Sph + Epi + Ox), biotite granite (Kfs + Qtz + Pl + Bt + Ox), biotite microgranite (Qtz + Kfs 

+ Pl + Bt + Zr + Py + Ox), and leucogranite (Kfs + Qtz + Pl + Bt + Ox). These rocks display granular to 

microgranular textures. 

The lithological diversity observed in the study area reflects the coexistence of multiple magmatic 

processes associated with distinct tectonic environments. The monzonites, with shoshonitic and 

metaluminous affinities, originated from partial melting of metabasalts and metatonalites in a volcanic arc 

setting influenced by subduction. Biotite granites and biotite microgranites, characterized by a strongly 

potassic calc-alkaline affinity, derived from partial melting of metagreywackes and were emplaced in syn-

collisional environments. Leucogranites, also characterized by a strongly potassic calc-alkaline affinity, 

originated from partial melting of metagreywackes, emplaced in an intraplate setting, and thus indicate a 

post-collisional tectonomagmatic reactivation. Overall, the magmatic evolution of these granitoids 

appears to have been dominated by fractional crystallization and significant crustal contamination, 

supporting the hypothesis of a former subduction zone followed by collisional tectonics. 
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