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Introduction:-

The Mayo Kebbi orogenic chain is part of the Central African Pan-African Chain (CAPC), which underwent
remobilization during the Pan-African orogeny between 700 and 500 Ma [1]. The CPAC is located between the
Congo Craton and the Sahara Metacraton (Fig. 1) and is the result of the convergence of the West African and
Congo-Sao Francisco Cratons, as highlighted by[2]. This chain is connected to the Borborema region in northeastern
Brazil, which is also part of the Neoproterozoic Brasiliano Belt [3, 4, 5]. Numerous studies focusing on tectonics
and associated magmatic activities have led to the assertion of a collision between continents in the CAPCJ6, 7].

In Chad, the CAPC consists of Precambrian formations divided into five massifs: (1) the Tibesti massif in the north,
formed of Pan-African granites [8], and a metamorphic Paleoproterozoic unit dominated by metasedimentary
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formations[9]; (2) the Ouaddai massif in the east, composed of an Archean to Paleoproterozoic crust remobilized
during the Pan-African orogeny and a juvenile Neoproterozoic crust[10, 11, 12]; (3) the Guéra massif in the center
of the country, which encompasses a Neoproterozoic crust made up of Pan-African calc-alkaline granites[13, 14];
(4) The Baibokoum massif in the far south has a Neoproterozoic crust composed of calc-alkaline granite and
syenites containing metasedimentary and amphibolite enclaves[15, 16]. (5) The Mayo Kebbi massif in the southwest
is characterized by a juvenile Neoproterozoic crust composed, from bottom to top, of: (a) a mafic to ultramafic
plutonic grouping, (b) belts of green metasedimentary-metavolcanic rocks, (c) various calc-alkaline granites,
accumulated in an intra-oceanic arc setting during successive phases of expansion and contraction[17, 18]. Although
several studies have been conducted in the western section of the Mayo Kebbi massif (Leré¢), the meta-mafic rocks
located in the east (Goueigoudoum) remain largely unexplored in terms of geochemistry.

In this paper, we present petrographic and geochemical data (major elements, trace elements, and rare earth
elements) relating to the metamafic and granitoid rocks of the eastern section of the Mayo Kebbi massif (Bagaroua-
Fianga). The objective is to determine their provenance, establish their tectonic context, and compare them with
other granitoids from Precambrian formations in Chad.
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Figure 1: Geological map of Central Africa (based on [19, 20, 21, 22, 23, 24, 25, 26]highlights the main litho-
tectonic units and zones of the Central African Orogenic Belt (SZ - Shear Zone; CCSZ - Central Cameroon
Shear Zone; MNSZ - Mayo Nolti Shear Zone; SSZ - Sanaga Shear Zone; MBSZ - M'Béré Shear Zone; BOSZ
- Bozoum-Ndélé Shear Zone; TBF - Tcholliré Banyo Fault; CAR - Central African Republic; R.Congo -
Republic of Congo; DRC - Democratic Republic of Congo).
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Geological context of the Bagaroua-Fianga massif:-

The Bagaroua-Fianga massif (Fig. 2) in Mayo-Kébbi is an elongated NE-SW feature located between the Central
Cameroon and North Cameroon domains. It differs from these two domains in its juvenile Neoproterozoic crust [17,
18, 27, 28, 29, 30]). In the southeast, it is separated from the Central Cameroon domain by the Massenia-Ounianga
gravimetric anomaly, which is an extension of the Tcholliré-Banyo shear zone [27,30, 31]. It is separated from the
North Cameroon domain by the Zalbi volcano-sedimentary chain, which is considered to be a northeastern extension
of the Poli group [31]. This domain corresponds to a magmatic arc zone that formed between 800 Ma and 550 Ma
through successive collisions with the Central Cameroon and North Cameroon domains, respectively [17]. It
comprises: (1) Greenstone belts comprising volcanosedimentary series (Gouegoudoum in the east and Zalbi in the
west) and a complex of mafic to intermediate rocks (metadiorite, metagabbro-diorite, and metagabbro) dated to
around 748 Ma and 700 Ma, respectively.

These rocks are deformed and metamorphosed in green schist facies. They result from juvenile accretion in an island
arc or back-arc basin context. (2) The Mayo-Kebbi batholith consists of three generations of granitoids: (i) the syn-
tectonic quartzite metadiorite of the Gauchiot Falls magmatic complex dated to 665 + 1 Ma, whose emplacement is
contemporary with the first collision involving the Mayo-Kébbi domain and the Central Cameroon domain. This
collision marks the beginning of crustal thickening and the closure of the Zalbi back-arc basin; (ii) hornblende and
biotite tonalites dated to 647 £ 5 Ma, formed by partial melting of green rocks and syn-tectonic quartzic
metadiorites; and (iii) syn-tectonic tonalites dated to 618 Ma, formed during the second collision between the Mayo-
Kebbi/Central Cameroon block and the North Cameroon domain; and (3) There are two types of post-tectonic
intrusions: post-tectonic calc-alkaline potassium granites and alkaline granites. The former resulted from the partial
melting of the lower crust [32]. Alkaline granites result from extreme fractional crystallization of mantle magma
contaminated by Archean to Paleoproterozoic crust during its ascent [18]. These two types of granite formed in
green rocks around 570 Ma (U/Pb zircon[ 18, 33].
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Figure 2: Geological map of the study area

Analytical method:-

The chemical composition of whole rock was determined for 10 rock samples collected from the Mayo Kebbi massif
using ICP-AES methods. This technique was used to measure the major elements and some trace elements in the
rock samples. All analyses were performed at the ALS Geochemistry-Loughrea Ireland laboratory, which is
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equipped with an inductively coupled plasma emission spectrometer (ICP-AES). Chemical analyses of whole rocks
were performed, and the results are presented in Table 1. Data on major and trace elements from the Bagaroua and
Fianga massif are listed in Table 1. Whole rock analyses of major elements were performed by inductively coupled
plasma atomic emission spectrometry (ICP-AES) and trace elements were analyzed by inductively coupled plasma
mass spectrometry (ICP-MS) from pastes. 0.2 g of rock powder was fused with 1.5 g of LiBO; and then dissolved in
100 mm 35% HNO;. REE contents were determined by ICP-MS from pastes after dissolving 0.25 g of rock powder
with 4 acid digestions. Analytical precisions range from 0.1% to 0.02% for major elements; from 0.01 to 0.5 ppm
for trace elements; and from 0.01 to 5 ppm for rare earth elements.

Results:-

Petrography:-

Granodiorite:-

Granodiorites outcrop as enclaves in granites (Fig. 3a). The rock texture is granular, rich in ferromagnesian minerals
(biotite, amphibole) and poor in felsic minerals (quartz, alkali feldspar). Under the microscope, the microstructure of
granodiorite is porphyroid, mainly rich in plagioclase, biotite, amphibole, and interstitial crystals of feldspar and
quartz (Fig. 3b). Plagioclase (50%) is generally sub-rectangular with regular or corroded contours. Polysynthetic
albite twinning is common, but sporadically, polysynthetic albite twinning and Carlsbad twinning, synneusis
accolades, or concentric zoning are observed. Inclusions of biotite flakes, hornblende crystals, titanite, apatite, and
opaque minerals are observed in the plagioclase. Damourite alteration is noted. Alkaline feldspars (10-15%) appear
as sub-tabular Carlsbad twinned crystals (orthoclase). Inclusions are represented by biotite lamellae and crystals of
titanite, apatite, hornblende, and opaque minerals. Alteration to sericite is noted on some potassium feldspar crystals.
Quartz (10-15%) occurs as irregularly shaped crystals exhibiting weak undulating extinction. It is also observed in
interstitial sections between feldspar crystals. Biotite, apatite, and opaque minerals constitute the inclusions in
quartz. Biotite (8—10%) occurs as brown subtabular flakes with strong pleochroism in dark brown. It often forms
crystal aggregates with hornblende and opaque minerals. The cleavage marks are clear but sometimes highlighted by
exsolutions of opaque oxides. Locally, biotite flakes border the alkaline feldspars and plagioclase. The biotite flakes
contain numerous inclusions of zircon, titanite, and opaque minerals. The amphibole (3—5%) is dark green to
greenish yellow in color, reminiscent of green hornblende. It occurs as sub-rectangular or irregular crystals. Green
hornblende crystals locally exhibit hl twinning. They are associated with opaque minerals, titanite crystals, and
biotite flakes.

Granite:-

Granite outcrops in blocks and slabs (Fig. 3¢). Under the microscope, granite 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. 3d). The sub-tabular crystals of
potassium feldspars (30—40%) have irregular boundaries. However, Carlsbad twinned orthoclase crystals are also
observed, which locally exhibit a transformation into microcline. Biotite, plagioclase, and opaque minerals are
frequently observed inclusions. They are locally altered and replaced by sericite. Quartz (20-30%) occurs locally in
elongated sections with sinuous contours and weak undulating extinction. Inclusions are represented by biotite,
titanite, and opaque minerals. Plagioclase (15-18%) occurs as sub-tabular crystals. They frequently exhibit
polysynthetic twinning of albite, but sometimes polysynthetic twinning of albite and Carlsbad twinning are also
observed. Some plagioclase crystals show exsolutions of fine quartz vermicules (myrmekites) at their edges in
contact with adjacent potassium feldspars. Biotite (5-8%) is light brown to greenish brown and strongly pleochroic
in dark brown and greenish brown. Biotite is locally altered to form pale green chlorite at its edges or along its
cleavage traces.

Metagabbro:-

Metagabbro occurs in dark-colored blocks (Fig. 3e), with blurred boundaries between them and neighboring
lithologies. Under the microscope, metagabbros (Fig. 3f) display a microlithic porphyritic texture. The microlites
consist of feldspar, albite, biotite, chlorite, and quartz. Scattered patches of leucoxene are observed, likely derived
from the alteration of magmatic iron and/or titanium oxides. They are associated with areas of green chlorite,
sometimes associated with actinolite, carbonate masses, and quartz. The matrix contains rare prismatic feldspar
crystals with polysynthetic twinning, in addition to a multitude of actinolite prisms and partially chloritized biotite.
The subhedral plagioclase microlites, which are rather stocky in shape, transform into albite, sericite, chlorite,
quartz, and occasionally calcite.
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Metadiorite:-

Metadiorite outcrops in blocks or slabs, often weathered, and occupies a large area of the analyzed zone (Fig. 3g). It
displays a granoblastic texture characteristic of metamorphic rocks, whose mineralogical composition is dominated
by plagioclase, quartz, biotite, and secondary minerals such as chlorite and calcite (Fig. 3h). Plagioclase ¢ 60%) is
the predominant phase of the rock and forms subhedral to euhedral crystals arranged in lamellae of varying sizes.
Quartz (10-20%) appears as interstitial grains stretched between plagioclase crystals, indicating recrystallization
under ductile conditions. Biotite (<10%) is generally found as inclusions in plagioclase phenocrystals, indicating
crystallization prior to or concurrent with that of plagioclase. Secondary minerals, such as chlorite and calcite, are
found in varying proportions and are associated with alteration processes.

i

Figure 3. Photograph and microphotograph of granitoids, metagabbro, and metadiorite from the study area;
a: outcrop of granodiorite enclave in granite; b: microphotograph of granodiorite; c: outcrop of granite; d:
microphotograph of granite; e: outcrop of metagabbro; f: microphotograph of metagabbro; g: outcrop of
metadiorite; h: microphotograph of metadiorite.
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Mayjor elements and classification:-

SiO, and Al,O; concentrations range from 47.2% to 50.7% and 7.21% to 15.4% in the Mayo Kebbi metagabbros.
These metagabbros have low alkali contents, with K-O = 0.16% to 1.44% and Na:O = 1.31% to 2.44%, and Fe.Ost
(total Fe) = 7.9% to 10.1%; but low abundances of MnO (0.13% to 0.18%), TiO2 (0.44% to 0.83%), and P,Os
(0.01% to 0.13%), and high abundances of MgO (9.53% to 17.15%) and CaO (8.04% to 12.2%) (Table 1).

The contents of orthoclase (0.98% to 8.92%), albite (12.01% to 23.34%), anorthite (13.62% to 36.66%), olivine
(6.56% to 15.87%), ilmenite (0.87% to 1.65%), magnetite (1.41% to 1.80%), apatite (0.02% to 0.30%) and
hypersthene (13.23% to 20.04%) are present in the analyzed metagabbro samples. The normative differentiation
index (DI = 14.26% to 37.04%) shows that the metagabbros are very poorly differentiated.

However, SiO, abundances in metadiorites, granite, and granodiorite range from 67.2% to 75.7%, with Al,0; values
ranging from 12% to 19%. These rocks have high alkali values, with K-O = 0.86% to 3.45% and Na:O = 4.04% to
7.54% and Fe:0st (total Fe) = 0.37% to 5.06%, but low abundances of MgO (0.06% to 1.4%), MnO (0.01% to
0.16%), P205 (0.01% to 0.016%), CaO (1.06% to 3.12%), and TiO, (0.02% to 0.69%). Normative minerals such as
quartz (16.19% to 35.89%), orthoclase (5.10% to 20.62%), anorthite (4.47% to 13.36%), albite (34.58% to 63.21%),
hypersthene (0.55% to 8.21%), corundum (0.54% to 1.35%), magnetite (0.11% to 1.36%), ilmenite (0.04% to
1.32%), and apatite (0.02% to 0.35%) are present in the granodiorite, metadiorite, and granite samples. Some
samples contain diopside at concentrations of 0.44% for CEO1, 1.09% for CEll and 0.68% for CE13. The
normative differentiation index (DI = 78.63% to 91.09%) shows that the samples are highly differentiated.

Harker's diagrams (1909) show fairly clear trends for the major elements (Fig. 4). In the variation diagrams, SiOx,
Al:Qs;, Ca0, Fe20s, MnO, TiO2, and P-Os show linear trends with negative correlation. K20 shows limited data
dispersion and a linear trend with positive correlation with SiO2. These trends probably reflect the variation in
amphibole and plagioclase ratios in metamafic and granitoid rocks.
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Geochemical affinity:-

In the Na20O + K20 vs. SiO: diagram (Fig. 5a:[34], the rocks in the study area belong to the subalkaline series, which
allows the use of the K>O vs. SiO: diagram (Fig. 5b: [34, 35]. This diagram shows that these rocks are weakly to
moderately potassium-rich calc-alkaline.

In the modified alkali-lime index (MALI) vs. SiO, diagram[36], samples from basic enclaves, metadiorites,
granodiorites, and metagabbros occupy the alkaline-calcic to calcic granite domain (Fig. 5c). Furthermore, the high
alkali content (6.75-8.47%) of the rocks in the study area compared to CaO (1.06-3.12%) is characteristic of
Cordillera magnesian rocks (Fig. 5d) according to the classification of[36].
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Figure 5.Geochemical affinity diagram of rocks from the study area; a: Na:O + K:O vs. SiO: diagram from
[34]. The boundary between the alkaline and subalkaline series is based on[37], b: KzO vs. SiO: diagram. The
dashed lines are from [34] and the bands arefrom [35]; ¢: (Na20+K:0-CaO) vs. SiO: diagrams; d: FeOt
/(FeOt + MgO) vs. SiO: according to[36]

Trace elements and rare earth elements:-

The analyzed samples of granodiorites, basic enclaves, metadiorites, and metagabbros (Table 1) show a slight
enrichment in large ion radius elements (LILE) such as Ba (64-795 ppm), Rb (0.5-109.5 ppm) and Sr (71.9-704
ppm) compared to high-potential elements (HFSE) such as Y (2.3-159 ppm) and Nb (0.29-18.05 ppm). However, Zr
exhibits high concentrations (19-268 ppm).

The diagrams in Figure 6a-b provide a clearer picture of the evolution of Rb-Sr and Sm-Nd concentrations in the
granites, granodiorites, metadiorites, and metagabbros in the study area. Looking at Figure 6a, the Rb-Sr pair shows
a distribution that allows the different lithological types to be distinguished; granodiorite and granite are richer in Rb
and fairly rich in Sr compared to metadiorite and metagabbro. Sm-Nd contents are distributed along a positive slope,
showing a continuous enrichment in Sm and Nd from metadiorite to granodiorite (Fig. 6b). Based on the work
0f[38],[39], and[40], the regularity of the distribution and evolution of the Sm-Nd pair is thought to be related to the
stable nature of these elements during post-solidus magmatic processes.
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The Zr/Hf ratio (26.38-33.75) increases from metagabbro to metadiorites (Fig. 6¢c; [41], reflecting an increasing
fractionation index in these rocks. Furthermore, Cs concentrations (< 4.28 ppm) are low in all samples from the
study area, explaining the fractional crystallization of plagioclases and magnesian minerals (Table. 1).

Table 1: Major, trace, and rare earth element concentration data for granodiorite, granite, metadiorite, and
metagabbros samples from the eastern part of Mayo Kebbi.

E;Zk Granodiorite Metadiorite Granite Metagabbro

Samples | CEO1 CE15 |CE19 CE20 CE21 CE11 CE13 CE24 CE27 |CE28
Si02 67,2 68,1 70,2 74,4 73,5 73,4 75,7 50,7 49,1 47,2
Al203 15,25 14,8 19 15,45 15,75 13,2 12 14,05 7,21 15,4
Fe203 5,06 4,32 0,37 0,75 1,3 2,77 2,27 8,62 10,1 7,9
CaO 2,25 3,12 2,73 2,24 2,15 2,03 1,06 8,04 11,75 12,2
MgO 1,2 1,4 0,06 0,09 0,34 0,63 0,26 9,53 17,15 12,45
Na20 6,26 5,62 7,54 5,88 5,9 4,25 4,04 2,63 1,31 1,37
K20 1,29 1,8 1,02 0,86 0,94 2,86 3,45 1,44 0,2 0,16
Cr203 0,022 0,017 0,015 0,029 0,023 0,023 0,022 0,068 0,084 0,057
TiO2 0,69 0,63 0,02 0,04 0,14 0,29 0,21 0,83 0,78 0,44
MnO 0,14 0,11 0,01 0,01 0,03 0,06 0,05 0,14 0,18 0,13
P205 0,16 0,12 0,01 0,02 0,04 0,05 0,01 0,13 0,03 0,01
LOI 1,78 0,82 0,74 0,73 0,99 1,08 0,75 2,36 0,98 2,19
Total 99,522 {100,037 | 100,975 {99,769 |100,113 99,563 [99,072 |96,178 [97,894 |97,317
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Ni 6 9 <1 1 1 4 2 190 309 140
Pb 9 11 5 5 5 13 12 7 4 6

Ba 364 262 385 496 413 667 795 339 53,3 64
Cs 0,76 428 0,13 0,26 0,29 1,46 23 0,77 0,08 0,19
Ga 26,8 222 20,6 16,1 21,9 23,4 24,9 232 12,3 15,4
Hf 6,24 5,71 12 1,57 2,06 7.8 9,14 1,53 1,41 0,72
Nb 18,05 |10,6 0,29 0,65 1,4 12,65 [17,65 |2,64 1,68 0,61
Rb 34,4 109,5 |8 7,6 12,3 65,2 76,4 22,6 0,5 0,9
Sc 11,8 11 1,9 2,3 34 6,3 5 374 62,9 38,8
Sr 126 109,5 | 704 555 629 121,5 |71,9 345 184,5 |557
Ta 1.4 0,8 0,1 0,1 0,1 0,8 1,2 0,3 0,2 0,1
Th 4,82 6,06 0,18 0,08 0,24 5,68 6,74 0,19 0,06 0,09
Ti 0,43 0,39 0,01 0,03 0,09 0,17 0,13 0,53 0,49 0,28
¥} 1,94 2,36 0,14 0,05 0,06 1,4 1,58 0,16 <0.05 |<0.05
v 74 77 <5 7 13 26 13 227 216 128
Y 159 56,1 2,3 2,9 33 75,2 96,1 18,4 17,2 8

Zr 191 192 39 53 67 238 262 42 39 19
La 27,7 27,3 3.8 1,6 4,7 31,5 36,4 74 3,7 1,8
Ce 52,3 49,8 6,2 2.8 10,2 71 87,6 17,2 11,8 4,9
Pr 10,05 |7.85 0,92 0,39 1,26 9,38 10,9 2,95 1,95 0,81
Nd 48,1 32,8 3,7 1,7 5,6 41,3 478 14,4 10,8 42
Sm 13,45 |7,78 0,78 0,33 1,18 1025 [12,35 |34 3,13 1,45
Eu 2,85 1,86 0,34 0,26 0,36 1,53 1,86 1,12 0,84 0,55
Gd 18,65 |84 0,58 0,4 0,88 12,25 | 14,1 3,47 3,08 1,56
Tb 3,27 1,44 0,08 0,08 0,12 2,18 2,5 0,53 0,55 0,25
Dy 22,1 9,14 0,42 0,44 0,65 13,1 16,05 [2,96 3,04 1,62
Ho 4,92 1,88 0,08 0,09 0,11 2,71 3,35 0,62 0,64 0,31
Er 15,1 5,58 0,24 0,28 0,27 8,04 10,5 1,74 1,85 0,91
Tm 2,3 0,9 0,04 0,06 0,04 1,17 1,62 0,26 0,26 0,12
Yb 1325 |5,81 0,21 0,36 0,24 7,43 10,4 1,52 1,54 0,72
Lu 2,16 0,92 0,04 0,06 0,03 1,16 1,6 0,23 0,22 0,11
Zo/Hf 30,61 [33,63 [3250 [33,76 [32,52 30,51 [28,67 [27.45 [27.66 [2639
Nb+Y  [177,05 [66,70 [2,59 3,55 4,70 87,85 [113,75 [21,04 |18,88 [8,61
La/Sm  [2,06 3,51 4,87 4,85 3,98 3,07 2,95 2,18 1,18 1,24
LREE  [506,62 [40536 [4942 |21,47 |7027 50944 |601,98 |145,555 [100,65 |43,30
HREE [721,84 [29848 |1435 |16,51 |18,42 |41575 [527,55 |95,69 |95,38 |46,51
La/Lu  |133 3,08 9,86 2,76 1626 |2,81 2,36 3,33 1,74 1,69
La/Sm |1.28 2,19 3,04 3,02 2,48 1,91 1,84 1,35 0,73 0,77
Gd/Lu  |1,06 1,12 1,79 0,82 3,62 1,30 1,08 1,86 1,73 1,75
EwEu* |0,54 0,70 1,54 2,18 1,07 0,41 0,42 0,99 0,82 1,11

The rock spectra of the Bagaroua-Fianga massifs are heterogeneous (Fig. 7) and characterized by low fractionation
(1) [(La/Lu)N = 1.33-3.08] of LREE [(La/Sm)N = 1.28 - 2.19] compared to HREE [(Gd/Lu)N = 1.06-2.12] in
granodiorite (Fig. 7a), (ii) moderate [(La/Lu)N =2.36 - 2.81] of LREE [(La/Sm)N = 1.84 - 1.91] compared to HREE
[(Gd/Lu)N = 1.08 - 1.30] in granite (Fig. 7b), (iii) moderate [(La/Lu) N = 2.76—16.26] of LREE [(La/Sm)N = 2.48—
3.04] compared to HREE [(Gd/Lu)N = 0.82-3.62] in metadiorite (Fig. 7c) and (iv) moderate [(La/Lu) N = 1.69—
3.33] of LREE [(La/Sm)N = 0.73—1.35] relative to HREE [(Gd/Lu)N = 1.73—1.86] in the metagabbro (Fig. 7d). The
granodiorites show pronounced negative anomalies in Eu (Fig. 7a) with 6Eu = 0.54—-0.70 (Table 1).
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Figure 7.Rare earth spectra of granites from the study area. Normalized to[42] chondrite values.

The contents of certain trace elements in the study area are normalized to[43] primitive mantle average values. The
spidergrams in Figure 8 reveal a strong enrichment in the most incompatible elements (Cs, Ba, Rb, Th, U, etc.)
compared to the least incompatible elements (Y, Ho, Er, Tm, YD, etc.), with negative anomalies in Th, Nb, Sm, Sr,
Zr, and Ti and positive anomalies in Ba, Th, U, K, Hf, and Gd, which are characteristic features of calc-alkaline
magmas in orogenic zones and the continental crust in general[44, 45, 46]. In detail, fundamental variations appear
between the spidergrams of the different rocks in the study area. The spidergrams for these granitoids show a
pronounced negative anomaly in Ti (Fig. 8a), except in the metagabbros (Fig. 8d). In the metadiorite and
metagabbro, the profile shows a negative anomaly in P and a positive anomaly in Sr (Fig. 8c, d). Furthermore, the
negative anomaly in Ba in the granites (Fig. 8a) suggests that fractional crystallization of potassium feldspars and

biotite was very significant during the formation of these rocks.
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Figure 8.Spider diagrams of trace elements in granitoids from the study area. Normalization relative to the
primitive mantleof [43].

The spectra of granitoids in the study area are homogeneous and characterized by significant fractionation (i)
[(La/Lu)N = 1.38-16.87] of LREE [(La/Sm)N = 0.76-3.13] relative to HREE [(Gd/Lu)N = 0.82-3.64].

Discussion:-

Nature of the rocks:-
The rocks in the study area are calc-alkaline to calcic, moderately potassic, and magnesian. The granite and

granodiorite (A/CNK = 0.30-1.08) are metaluminous to peraluminous. Metadiorite (A/CNK = 1.03 and 1.08) is
peraluminous, while metagabbro (A/CNK = 0.30-0.69) is essentially metaluminous. Metadiorite (A/CNK = 1.03 and
1.08) has the characteristics of S-type granitoids according to the classification of [47] and [48]. Furthermore, in the
Pb vs. SiO2 diagrams (Fig. 9a), Pb abundances increase with rising SiO, contents in granitoids and metadiorites,
following the respective trends for type 1 and S granites proposed by[49] and[47]. In the Na.O vs. K.O
discrimination diagram (Fig. 9b:[48,50]), granodiorite and metadiorite are type 1. In contrast, all of the metagabbro
and granite analyzed are restricted to the field of type S rocks. In general, this diagram shows that the most sodic
samples exhibit a relationship to type-I rocks, while the least sodic samples have an affinity for type-S rocks.
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Figure 9. Genetic relationship between granitoids and metadiorites and metagabbros in the study area. (a) Pb
vs. SiO2 diagrams with evolution vectors for type-I and -S granites [47, 49], (b) Na20 vs. K20
diagram|[48,50].

Source of granitic magmas:-

The metaluminous to peraluminous nature of the rocks analyzed suggests a source consisting of immature plutonic
materials or metaluminous basaltic to andesitic rocks [51, 52]. However, such basaltic to andesitic metaluminous
rocks generally show enrichment in Na2O and Sr [53] and K2O/Na.O ratios < 1 [54], which contrasts significantly
with the granodiorites and metaluminous granites in this study, for which the Sr (71.9-126 ppm, mostly < 150 ppm)
and Na20 (4.04-6.26%) contents are low and the K2O/Na:O ratios (0.20-0.85) are < 1.

There is considerable evidence to suggest that the peraluminous granites and granodiorites in the study area derive
mainly from a continental source comprising metasediments under supracrustal conditions: (i) they exhibit low Mg-
number values (Mg# = 0.26-1.39), high SiO2 (67.52-76.40%), K20 (1.29-3.48%) contents and A/CNK ratios (0.96-
1.08), suggesting essentially a crustal source through meta-igneous protoliths [55, 56]; (ii) their weakly fractionated
HREE spectra [(Gd/Lu) N = 0.82-3.64] and very low Sr/Y ratios (0.74-1.95) indicate that the peraluminous granites
and granodiorites in the study area derive from a relatively shallow crustal source above the garnet stability depth
[57, 58]and (iii) these granites and granodiorites are more enriched in Rb, Th, K, Nb-Ta, Nd and more depleted in
Sr, P, Ti (Fig. 8d) than the upper continental crust, indicating that their source was more felsic than typical
supracrustal magmas [59].

Fractional crystallization:-

Harker diagrams and distribution patterns of the major elements MgO, Fe.0Os, and MnO with SiO: indicate fractional
crystallization of clinopyroxene and hornblende. Furthermore, in the La/Sm and (La/Yb)y vs. La diagrams (Fig. 10a-
b;)[60], the Bagaroua-Fianga granitoids in Mayo Kebbi also align with the fractional crystallization trajectory.
Negative correlations between SiO, and MgO, CaO, TiO,, Fe,O; indicate fractionation dominated by
ferromagnesian phases (biotite, amphibole: Fig. 4), while elements (e.g., TiO, and P,0s) inversely correlated with
Si0O, suggest fractionation of accessory minerals (apatite, titanite, zircon, monazite).
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Figure 10. Evolution process of Mayo Kebbi granitoids. Diagrams (a-b) La/Sm and (La/Yb)y vs. La
[60]defining the trajectories of fractional crystallization (FC) and partial melting (PM).

The enrichment in LREE relative to HREE (Lay/Yby varying between 1.42-3.19) and the flat profile (Dyn/Yby
varying between 0.80—1.31) of HREE in the rocks of the Bagaroua-Fianga massif lead us to propose that these rocks
originate from fractional crystallization of mantle rocks [61].

Geodynamic context:-

Structural observations in the field reveal a NS to NE-SW oriented hill formation of metadiorites and metagabbros.
This arrangement is identified in the Bagaroua-Fianga granitoids and is similar to those described in the syn-folding
granitoids of southern Chad, such as the Baibokoum syenitic pluton[15], the Guider granitoids in northern
Cameroon [62], the Ouaddai granodiorite [10], the Bitkine gabbro-diorites in Guéra[63] and the post-collisional
granitic complex in western Cameroon[64]. Furthermore, using the tectonic diagram by[65], these diorites from
Guider, Ouaddai, Guéra de Baibokoum, and Mayo Kebbi were interpreted as syn-subduction alkaline rocks. In this
same diagram [Zr-Ce-Sm-Y-YbINYTS vs. [Rb-Th-U-Ta] NYTS[65], the granites, granodiorites, metagabbros, and
metadiorites of the study area also occupy the domain of strongly potassic calc-alkaline granitoids (CAFP), which is
that of syn- to post-collisional syn-shearing granitoids (Fig. 11).
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mean [Zr-Ce-Sm-YYb]|NYTS. NYTS = normalization to the Yenchichi-Telabit series [65].

The Mayo Kebbi massif is composed of calc-alkaline granitoids with low to medium potassium content and exhibits
a volcanic arc geochemical signature [66]Fig. 12. However, a magnesian series reflects an affinity with relatively
hydrated and oxidizing magmas and source regions[67], which corresponds to origins largely linked to subduction.
Low-potassium calc-alkaline magmatism is widespread in post-collisional stages [65, 68], but it also occurs at active
continental margins [68, 69]. Furthermore, the granitoids of the Mayo Kebbi massif formed in a post-orogenic
tectonic environment. Post-orogenic extension is always triggered by the delamination of the subducted plate [64,

701.
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Conclusion:-

Based on field and petrographic data collected on the Bagaroua-Fianga massif in Mayo Kebbi, four rock categories
have been identified: granodiorite, granite, metadiorite, and metagabbro. The predominant mineral phases in these
rocks include alkali feldspar, quartz, plagioclase, clinopyroxene, and biotite in smaller quantities, as well as apatite,
zircon, and various accessory opaque minerals. Geochemical data for the whole rock indicate a subalkaline affinity
to the rocks of the Mayo Kebbi massif, which is part of the calc-alkaline to shoshonitic series with average K
content. The field, petrographic, and geochemical evidence presented here suggests that fractional crystallization
and magma interpenetration mechanisms may be more significant for understanding the origin of the granites and
granodiorites of the Mayo Kebbi massif, which may have resulted from the melting of metagabbros. Nevertheless,
the rocks of the massif appear to have been established in a post-collisional setting. Their magmas possess the
characteristics of a mantle source altered by subduction material. This transformed source would have undergone
partial melting during the lithospheric delamination of the post-collisional phase of the Pan-African orogenic cycle
in Chad.
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