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Abstract 
The Baïbokoum-Touboro-Ngaoundaye area is located in the Adamoua-Yade 
domain of the Pan-African Fold Belt in Central Africa. The present work 
concerns the petrographic and geochemical study. The study area is made up 
of plutonic rocks including two amphibole granites, four biotite and musco-
vite granites, two syenites and one monzonite sample. These rocks have a 
granular porphyroid texture, with a mylonitic tendency. The primary para-
genesis consists of Opx + Cpx + Amp + Bt + Pl + Or + Mic + Qtz + Ap + Sph 
+ Zr and the secondary paragenesis consisting of Ch + Op. Plutonic rocks are 
shoshonitic to calc-alkaline with a strong potassic affinity. The REE profiles 
of these rocks show a negative anomaly of Eu in the granites and no Eu ano-
maly in syenites and monzonite (syeno-diorite). Multielement spectra of plu-
tonic rocks present a negative anomaly in Nb-Ta and Ti. Fractional crystalli-
zation is the process that made these rocks of study area. These rocks are 
placed in a subduction to syn-collisional (VAG + Syn-COLG) and of intrap-
late granitoids (WPG) environment. 
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1. Introduction 

The Baïbokoum-Touboro-Ngaoundaye area belongs to the Adamawa-Yade 
Domain of the Pan-African Fold Belt of Central Africa (Figure 1). The Adama-
wa domain is located in central Africa and cross over central Cameroon, South-
ern Chad and Northwestern Central African Republic and continues to Sudan. 
The Adamawa-Yade domain is characterized by the abundance of granitoids and 
the presence of major accidents. One of its accidents is the Central African Shear 
Zone in Cameroon as the Center Shear Cameroonian and continues to Sudan at 
the level of the Baggara basin (Figure 2). Previous works [1] and [2] show that 
the study area is located between two shear branches which intersected at the 
level of Banyo: the Tchollire-Banyo Shear Zone (N50E) and the Central Came-
roonian Shear Zone (N70E). The Yaounde domain continues in the Bozoum and 
Nde area in the North of the Central African Republic. The geological works car-
ried out in the Adamawa-Yade domain are unevenly distributed and geologically 
discontinuous. In addition, within countries, research does not respect geological 
limits, but is subject to state limits. Many works have been done in this Adama-
wa-Yade domain, for example in Cameroon [1] [3] [4] [5] and previous works are 
very old in southern Chad [6]-[11] and the North of the Central African Republic 
[12] and some studies have been carried out on the Tchollire-Banyo shear [13]  

 

 
Figure 1. Geological sketch of the Pan-African fold belt of the north Congo craton showing 
the study area (simplified after [3]). 
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Figure 2. Geological sketch of Chad, North Cameroon and North-West of the CAR (Central Afri-
can Republic) (simplified after [19]) showing the location of the study area. 

 
[14] [15]. Despite its studies, none have been carried out simultaneously in the 
Baïbokoum-Touboro-Ngaoundaye area on the Chad-Cameroon-Central African 
border. Thus, the present work aims to contribute to the understanding of the 
geodynamic evolution of the Adamawa-Yade Domain in particular and the 
Pan-African Fold Belt of Central Africa in general, by petrographical and geo-
chemical study of granitoids from the tri-junction border area.  

2. Geological Setting 

The Baïbokoum-Touboro-Ngaoundaye area belongs to the Pan-African Fold 
Belt of Central Africa. This pan-African Fold Belt of Central Africa constitutes a 
large geological complex located in the north of Congo craton. It crosses over 
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Cameroon, the Central African Republic, Chad and is believed to extend into 
Sudan [16]. The Cameroon, Central African Republic and Chad are largely made 
up of formations from the Pan-African mobile zone [16] This mobile zone 
stretches from the Saharan Metacraton [17] in the North, to the Congo Craton in 
the South and from East to West, from the West African Craton to the 
Pan-African of the East Africa [16]. The Baïbokoum-Touboro-Ngaoundaye area is 
part of the Adamawa-Yade domain of the Pan-African fold belt of Central Africa 
[3] (cf. Figure 1) and is made up of Precambrian formations [18]. According to 
[18], this region is crossed by the Central African Shear Zone (Figure 2). It is 
made up of several petrographic types [10] (Figure 3). 

 

 
1. Amphibole and biotite granite; 2. Amphibole granite; 3. Biotite and muscovite granite; 
4. Biotite granite; 5. Syenite; 6. Monzonite; 7. Granodiorite; 8. Amphibolite; 9. Pyroxene 
and garnet gneiss; 10. Garnet and amphibole gneiss; 11. Amphibole and biotite gneiss; 12. 
Biotite gneiss; 13. Schist; 14. Quartzite; 15. Foliation; 16. Schistosity; 17. Lineation; 18. S2 
schistosity trajectory; 19. Fracturing; 20. Hydrographic Network; 21. Main road; 22. Sec-
ondary road; 23. Track; 24. Spot Height; 25. Villages; 26. Contour level. 

Figure 3. Geological map of the Baïbokoum-Touboro-Ngaoundaye area. 
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3. Methodology 

The determination of different rocks types observed in the field has been made 
deeper through the use of a polarizing light microscope. For the geochemical 
studies, nine (09) rock samples were selected, including two amphibole granites, 
four biotite and muscovite granites, two syenites and one mozonite (sye-
no-diorite). The characterization of the major, trace and rare earth elements of 
these analyzed samples was determined by the ICP-AES (Inductively Coupled 
Plasma-Atomic Emission Spectroscopy) quantification technique at ACME 
Analytical Laboratories (Vancouver, Canada). 

4. Results 
4.1. Petrography 

The Baïbokoum-Touboro-Ngaoundaye regions are made up of granites, syenites 
and monzonite. 

4.1.1. Granites 
1) Amphibole granite 
The amphibole granite forms a chaotic-looking outcrop, elongated hills 

ENE-WSW in the Department of Mayo-Rey in Touboro. The blocks are deci-
metric to decametric in size (Figure 4(a)). At the level of the Vina river, the 
amphibole granite outcrops as a slab and contains enclaves of amphibolite. The 
rocks have a pinkish color. 

Microscopic observations show granular porphyritic texture (Figure 4(b)) and 
consist of amphibole, orthoclase, microcline, plagioclase, quartz, sphene, apatite 
and opaque minerals. 

Amphibole is a green hornblende that forms elongated sections of 1 to 4 mm 
long and 0.5 to 1 mm wide. It represents 10% of the rocks. The elongated sec-
tions display single Carlsbad twinning. It contains inclusions of opaque minerals 
and apatite. Orthoclase (about 20%) forms elongated crystals of up to 5 mm long 
and 2 mm wide. It is regularly perthitic with exsolutions in bands. Orthoclase 
crystals have myrmekite buds at their edges. Orthoclase is associated with pla-
gioclase. Microcline (about 15%) forms elongated crystals 7.5 mm long and 2.5 
mm wide. It displays polysynthetic twinning of albite and pericline which gives 
it a shimmering grid. It is associated with plagioclase, quartz, orthoclase and 
opaque minerals. Plagioclase makes up 25% of the volume of the rock. It forms 
small crystals compared to orthoclase (on average 3 mm long and 1 mm wide). 
Small crystals of plagioclase are also found included in the orthoclase. Plagioc-
lase is often zoned with 3 to 4 concentric zones. This zoning is materialized by a 
differential distribution of submicroscopic inclusions in the mineral. Plagioclase 
shows myrmekite buds at its edges. Quartz (about 20%) forms polycrystalline 
mineral with rolling extinction. It contains trails of submicroscopic fluid inclu-
sions perpendicular to the elongation of the crystals. The sphene forms subau-
tomorphic crystals of 0.2 mm on average. It is arranged in a chain about 3 mm 
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long at the level of the rock. Accessory minerals (approximately 10%) are 
represented by sphene, apatite and opaque minerals. 

2) Biotite and muscovite granite 
The biotite and muscovite granite form hills respectively in the villages of 

Mbidere to the NW and Touga1 SE of the study area. These hills present a chao-
tic aspect, with decimetric to decametric blocks. Some of Mbidere blocks contain 
in places enclaves of amphibole and biotite gneiss. The biotite and muscovite 
granite also outcrops as a slab in the savannah and also contains enclaves of 
migmatitic gneiss at Koré (Figure 4(c)). It sometimes outcrops in stream beds 
and at the foot of certain hills. It has a dark gray weathering patina. Microscopic 
observation shows a granular porphyroid texture and is mylonitized in given 
areas. The rock is composed of 6-8mm orthoclase phenocrysts, in a grainy ma-
trix made of biotite, muscovite, plagioclase, microcline, quartz, zircon, apatite 
and opaque minerals. Biotite (7%) forms dark brown flakes of 1.5 mm x 0.2 mm 
to 2 mm x 0.4 mm. It often turns into chlorite with cleavages thickened by the 
concentration of opaque minerals. Its borders are corroded by alkaline feldspars, 
plagioclase, quartz and muscovite. It is sometimes associated with muscovite 
(Figure 4(d)). Muscovite (8%) forms elongated flakes 2.5 mm long and 1.3 mm 
wide on average, associated with other rock minerals. There are two types of 
muscovites (primary muscovite (Ms1) and secondary muscovite (Ms 2)). Sec-
ondary muscovite results from the phenomenon of feldspars alteration. Orthoc-
lase (25%) forms subautomorphic crystals with a cloudy appearance due to sub-
microscopic inclusions. We also notice a phenomenon of feldspar alteration to 
muscovite at the fracturing planes of the mineral. The size of the crystals in the 
grainy matrix of the rock varies from 0.7 mm to 1.5 mm. It has cracked sections 
in which small quartz crystals crystallize. Orthoclase crystals have myrmekite 
buds at their edges. It is poorly represented compared to plagioclases. Plagioclase 
(about 15%) forms subautomorphic to xenomorphic crystals 4.5 mm long on 
average. Plagioclases are often affected by microfractures which cause twins of 
the mineral to shift a little. These polysynthetic twins are sometimes blurry in 
places and end as a bevel in the mineral. The microcline represents 20% of the 
volume of the rock. It shows a very fine and almost subrectangular shimmering 
grid. It is sometimes surrounded by small crystals of quartz and plagioclase. 
Quartz (about 15%) forms automorphic to subautomorphic crystals of variable 
size from 0.3 to 2 mm. It is also found in small crystals around feldspars. Acces-
sory minerals (approximately 10%) are zircon, apatite, and opaque minerals. 

4.1.2. Syenite 
The syenite forms elongated hills WSW-ENE from Bingo village to Baibokum. It 
outcrops in the form of blocks on the hills (Figure 4(e)). The syenite shows large 
blocks scattered throughout the landscape from Mbaissaye to Libome (Yoli) 
passing through Baïbokoum. It sometimes outcrops as a slab around the village 
of Dagbao. This rock has a gray color with a dark gray weathering patina. The 
rock has a granular porphyroid texture. It is composed of pyroxene, amphibole,  
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Figure 4. (a) Blocks outcrop at Touboro; (b) Granular porphyroid texture in the granite at Toubo-
ro; (c) Enclave of gneiss in the 2 micas granite; (d) Biotite associated with muscovite to present the 
schistosity; (e) Outcrop in blocks of syenite at Baïbokoum; (f) Association of opaque minerals along 
orthopyroxene cleavages in the syenite; (g) Slab outcrop of monzonite; (h) Granular porphyroid 
texture in monzonite. 
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biotite, orthoclase, more or less quartz, sphene, zircon, apatite and opaque min-
erals. Pyroxene (approximately 7%) consists of orthopyroxene and clinopyrox-
ene. Orthopyroxene is characterized by its first order polarization tint and the 
presence of a very fine additional cleavage (010). Clinopyroxene is recognized by 
its vivid second order polarization color. Both types of pyroxenes have cleavages 
thickened by concentrations of opaque minerals (Figure 4(f)). Amphibole 
(about 10%) is a green hornblende varying in size from 1.3 to 3.5 mm. It grows 
on the edges and along the pyroxene cleavages. Amphibole is always associated 
with pyroxenes and biotite. Biotite (about 8%) forms brown to dark brown flakes 
measuring 1.3 mm × 0.5 mm on average. Biotite occurs under two habits. The 
first consists of flakes associated with quartz and feldspar in the grainy matrix of 
the rock. These flakes have cleavages thickened by concentrations of opaque 
minerals. This biotite often contains zircon inclusions. The second habit is 
represented by light brown biotite associated with amphibole. These biotites are 
arranged along the cleavages of the amphibole, which are planes of weakness al-
lowing the circulation of fluids. Orthoclase (about 35%) forms elongated slats of 
4 mm × 1.5 mm on average. All the crystals are perthitic with strips of exsolu-
tions perpendicular to the mineral’s elongation. 

Plagioclase (about 25%) forms crystals smaller than that of orthoclase and 
occurs only in the grainy bottom of the rock. It presents in places fine and irre-
gular twins. It is sometimes affected by micro cracks which shift the twins of the 
mineral. Quartz forms subautomorphic crystals associated with other minerals 
in the rock matrix. Quartz (about 3%) forms small crystals in the interstices be-
tween the orthoclase slats. Some quartz patches show a slight rolling extinction. 
Sphene forms crown around opaque minerals. It is generally associated with 
green hornblende and biotite. Opaque minerals form patches associated with 
amphibole. They are also found in inclusion in the latter. Zircon is generally in-
cluded in biotite. The accessory minerals (about 12%) in this rock are: apatite, 
sphene and zircon. 

4.1.3. Monzonite 
The monzonite forms small hills located to the SE of the study area. It outcrops 
as a slab in the savannah and sometimes at the foot of certain hills (Figure 4(g)). 
This rock is dark gray in color with a black weathering patina. The rock has a 
granular porphyroid texture (Figure 4(h)). It is composed of amphibole, biotite, 
quartz, orthoclase, plagioclase and opaque minerals. 

Amphibole (10%) is a green hornblende of 1 to 3 mm in length. It associates 
with biotite to materialize the schistosity of the rock. The amphibole changes to 
give biotite. Biotite (10%) forms small light brown flakes of dimension 0.4 mm × 
0.2 mm on average. It associates with the amphibole to materialize the schistosi-
ty of the rock. Biotite is well crystallized in shadows under pressure from alkali 
feldspar. 

Alkaline feldspar is primarily orthoclase (30% - 35%) which forms subauto-
morphic crystals. It is often associated with amphibole, plagioclase and opaque 
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minerals. Plagioclase (25% - 30%) forms subautomorphic to xenomorphic crys-
tals 4.5 mm long on average. The mineral of this plagioclase is often shifted by 
the microfractures which affect cause a small shift of the twins of the rock. These 
polysynthetic twins are sometimes blurry in places and end as a bevel in the 
mineral. Opaque minerals (15%) occupy along the cleavages of amphiboles. 

4.2. Geochemistry 

Chemical analyses of the studied rock samples are given in Table 1. 
 

Table 1. Major (wt%) and trace element content (ppm) content in the Baïbokoum-Touboro-Ngaoundaye 
Granitoids. 

Sample 
Amphibole granite Biotite and muscovite granite Syenite Monzonite 

MAK2 TOB TOBP TOUG1 TOUG2 MBID1 KO3 Bai G 

SiO2 65.62 67.78 75.29 71.35 72.54 75.22 62.39 62.31 55.03 

TiO2 0.48 0.32 0.12 0.26 0.21 0.08 0.83 0.83 1.32 

Al2O3 15.79 16.31 13.68 14.49 13.90 13.29 15.92 14.06 17.58 

Fe2O3 3.39 2.38 1.17 1.61 1.45 1.08 3.80 4.64 8.00 

MnO 0.07 0.05 0.04 0.03 0.01 0.03 0.05 0.07 0.09 

MgO 1.38 0.69 0.06 0.29 0.16 0.03 1.99 3.13 2.71 

CaO 2.70 2.12 1.03 1.33 0.89 1.04 2.19 2.92 5.65 

Na2O 4.37 5.21 3.74 3.78 2.60 3.42 4.66 4.14 3.81 

K2O 5.17 5.21 5.01 5.18 6.11 5.12 6.86 6.23 3.92 

P2O5 0.19 0.09 0.05 0.10 0.11 0.04 0.47 0.54 0.59 

LOI 0.43 0.21 0.76 0.36 0.47 0.28 0.22 0.45 0.50 

Sum 100.01 100.37 100.95 98.78 98.45 99.63 99.98 99.86 99.20 

Na2O + K2O 9.54 10.42 8.75 8.96 8.71 8.54 11.52 10.37 7.73 

Na2O/K2O 0.85 1.00 0.75 0.73 0.43 0.67 0.68 0.66 0.97 

A/CNK 1.29 1.30 1.40 1.41 1.45 1.39 1.16 1.06 1.31 

A/NK 1.66 1.57 1.56 1.62 1.60 1.56 1.38 1.36 2.27 

FeOt 3.70 2.51 1.80 1.23 1.38 1.72 3.95 4.93 6.73 

Cs 2.40 2.80 4.30 6.00 5.00 3.30 7.00 8.50 4.60 

Rb 124.30 136.50 280.40 361.30 250.30 257.60 281.30 263.60 104.60 

Ba 2605.00 2407.00 925.00 282.00 556.00 290.00 3000.00 2599.00 2360.00 

Sr 916.00 849.10 187.20 75.10 100.10 115.10 1248.50 1119.20 899.90 

Pb 13.20 14.70 8.70 13.80 4.70 6.00 45.20 58.10 4.60 

Th 13.80 9.00 42.90 39.30 25.80 42.00 14.30 18.20 4.40 

U 1.40 2.00 2.20 10.00 2.40 6.50 3.10 4.40 2.70 

Zr 221.40 198.60 201.60 95.20 97.70 93.90 764.10 685.00 439.70 
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Continued 

Hf 5.50 5.40 5.50 3.70 3.10 3.10 16.40 15.30 9.60 

Ta 1.00 0.50 1.40 4.30 0.30 1.30 1.80 2.10 0.50 

Y 22.00 14.20 10.00 39.70 4.70 10.70 15.80 21.00 18.00 

Nb 13.40 9.20 16.10 27.00 6.30 16.70 34.80 41.80 9.00 

Sc 7.00 5.00 3.00 4.00 2.00 3.00 6.00 9.00 8.00 

Ni 21.00 20.00 20.00 20.00 20.00 20.00 26.00 51.00 20.00 

Co 8.40 4.90 2.50 1.50 1.50 1.50 11.30 16.80 17.80 

V 59.00 45.00 19.00 8.00 8.00 8.00 88.00 95.00 97.00 

W 4.50 0.5 0.5 2.90 0.80 0.5 0.70 1.30 0.5 

Ga 16.70 15.90 21.50 20.70 21.70 16.20 20.90 18.80 20.60 

Zn 25.00 15.00 62.00 25.00 55.00 32.00 25.00 39.00 68.00 

Cu 12.40 4.40 4.10 2.00 1.30 2.50 84.60 72.10 12.00 

La 83.70 31.30 81.60 33.50 40.30 25.90 71.30 87.30 22.00 

Ce 104.90 51.30 148.60 66.90 77.00 49.90 126.60 155.90 50.60 

Pr 9.86 5.39 15.34 7.44 7.80 5.51 13.50 16.96 6.77 

Nd 32.90 19.20 49.50 25.90 27.80 19.10 48.20 60.50 28.90 

Sm 5.64 3.13 7.24 5.74 5.15 4.44 7.90 10.01 5.76 

Eu 1.36 0.89 0.94 0.48 0.61 0.42 2.13 2.51 1.75 

Gd 4.81 2.86 4.19 5.35 3.51 3.60 5.52 7.40 4.98 

Tb 0.69 0.43 0.48 0.98 0.34 0.50 0.68 0.88 0.68 

Dy 3.92 2.42 2.09 5.93 1.30 2.43 3.06 4.06 3.67 

Ho 0.75 0.50 0.31 1.29 0.15 0.41 0.50 0.69 0.68 

Er 2.18 1.51 0.94 4.19 0.34 1.09 1.38 1.99 1.87 

Tm 0.34 0.23 0.13 0.68 0.05 0.15 0.21 0.27 0.26 

Yb 2.24 1.49 0.80 4.68 0.32 1.00 1.39 1.75 1.62 

Lu 0.35 0.24 0.12 0.71 0.05 0.18 0.21 0.26 0.26 

Ti 3039.09 2026.06 1668.52 655.49 1191.80 536.31 4707.61 5243.92 6912.44 

Eu/Eu* 0.80 0.91 0.52 0.26 0.44 0.32 0.98 0.89 1.00 

(La/Sm)N 8.64 5.82 6.56 3.40 4.56 3.40 5.26 5.08 2.22 

(La/Yb)N 25.38 14.27 69.29 4.86 85.55 17.59 34.85 33.89 9.23 

(Gd/Lu)N 1.70 1.47 4.32 0.93 8.68 2.47 3.25 3.52 2.37 

4.2.1. Distribution of Major Elements 
Granitoids have variable major element contents: 55.92% to 74.75% SiO2, 0.09% 
to 1.16% for TiO2, 13.36% to 17.9% Al2O3, 1.36% to 7.47% Fe2O3, 0.01 to 0.09 
MnO, 0.98 to 5.2 for CaO, 2.81 to 4.43 of Na2O, 3.96 to 6.93 for K2O, 0.03 to 0.64 
of P2O5. The sum of the alkalis (Na2O + K2O) is between 7.73% and 11.52% and 
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the Na2O/K2O ratio varies from 0.43% to 1.0%. The diagram of Cox et al. [20], 
adapted to plutonic rocks by Wilson [21] allows discriminating the granitoids of 
the Baïbokoum-Touboro-Ngaoundaye region (Figure 5(a)) for granites, syenites 
and monzonite (syeno-diorite). In the K2O versus SiO2 diagram of [22] (Figure 
5(b)), the majority of samples fall into the shoshonitic series. Two (02) biotite and 
muscovite granites are observed in the field of the hyperpotassium calc-alkaline 
series. Harker diagrams [23] are used to see the evolution of major rock elements 
in the Baïbokoum-Touboro-Ngaoundaye region (Figure 6). There is a decrease 
in the content of TiO2, MgO, CaO, Fe2O3, MnO and P2O5 with increasing SiO2 
content. This illustrates a more or less clear negative correlation between these 
oxides and SiO2. The Na2O, Al2O3 versus SiO2 diagrams show a dispersion of the 
representative points of the samples analyzed. 

4.2.2. Trace Elements Distribution 
The rare earth spectra normalized to chondrites according to the values of [24] 
(Figure 7(a)), underline an enrichment in light rare earths element (LREE) 
compared to heavy rare earths element (HREE). Rare earth spectra of amphibole 
granite show high fractionation (La/Yb) N = 14.27 to 25.38 and heavy rare earth 
profile segments almost flat [(Gd/Lu) N = 1.47 to 1.70]. The negative Eu ano-
maly is very small, Eu/Eu* = 0.80 - 0.91. The earth spectra of the two-mica gra-
nite show a slightly variable light rare earth fractionation ((La/Sm) N = 3.39 to 
6.56) unlike the heavy earths which show a fractionation to the other. [(Gd/Lu) N 
= 0.93 - 8.68]. We note the presence of a negative anomaly in europium (Eu/Eu* = 
0.26 - 0.52). The syenite samples have parallel profiles, with a high fractionation 
[(La/Yb) N = 33.89 to 34.85] and an absence of an anomaly in Eu (Eu/Eu* = 0.89 

 

 
Figure 5. (a) Classification of plutonic rocks of the Baïbokoum-Touboro-Ngaoundaye region in the diagram of Cox et al. [20], 
adapted to plutonic rocks by Wilson [21]. The red line curve limits the fields of alkaline and sub-alkaline rocks according to Ir-
vine and Barragar [25]. (b) Diagram of K2O as a function of SiO2 according to Le Maitre et al. [22] showing a shoshonitic, 
calc-alkaline potassium to hyper-potassium affinity of granitoids from the Baïbokoum-Touboro-Ngaoundaye region. 
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Figure 6. Variation diagrams of major elements as a function of SiO2 ((a) TiO2-SiO2; (b) 
Al2O3-SiO2; (c) Fe2O3-SiO2 Al2O3-SiO2; (d) MnO-SiO2; (e) MgO-SiO2; (f) CaO-SiO2; (g) 
Na2O-SiO2; (h) P2O5-SiO2). 
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Figure 7. (a) Rare earth spectra of granotoïds rocks from the Baïbokoum-Touboro-Ngaoundaye area normalized to chondrites ac-
cording to the values of Mc Donough [25]. (b) Multielement spectra of granitoïds rocks of the Baïbokoum-Touboro-Ngaoundaye 
area normalized to the primitive mantle of Mc Donough [25]. 
 

to 0.98). The monzonite (syeno-diorite) shows strong fractionation [(La/Yb) N = 
9.23] and the almost horizontal heavy rare earth profile [(Gd/Lu) N = 2.37]. We 
also note an absence of an anomaly in Eu (Eu/Eu* = 1.00). The phased array 
spectra of rocks from the Baïbokoum-Touboro-Ngaoundaye region normalized 
to the primitive mantle (Figure 7(b)) show an enrichment in lithophile elements 
(LILE) compared to elements with high ionic potential (HSFS). We note for all 
these rocks the presence of a negative anomaly in Nb-Ta and Ti. The biotite and 
muscovite granite and amphibole biotite have a negative Ba and Sr anomaly. The 
monzonite presents positive Ba anomaly. Syenite and monzonite (syeno-diorite) 
show positive Zr and Hf anomaly. 

5. Discussion 
5.1. Petrogenic Implication 

The nomenclature of plutonic rocks in the Baïbokoum-Touboro-Ngaoundaye 
area places the samples in the fields of granitoids made up of granite, monzonite 
(syeno-diorite) and syenite (see Figure 5(a)). These granitoids belong to the 
calc-alkaline series, strongly potassic to shoshonitic (see Figure 5(b)). The dis-
tribution of the major elements in the Harker diagram [23] (see Figure 6) shows 
a linear correlation of rock formations in the Baïbokoum-Touboro-Ngaoundaye 
region. The linearly negatively correlated arrangement between SiO2 and the 
oxides Fe2O3, Al2O3, MgO, CaO, MnO, TiO2 and P2O5, explains the emergence of 
the processes of fractional crystallization [26] [27]. This approximately linear 
arrangement would indicate, according to several works by authors [26] [28] 
[29] [30] [31] [32] the intervention of magmatic mixing between a basic mag-
ma and an acid magma as well as fractional crystallization process. The high 
contents of Al2O3 wt% and K2O wt%, would mainly confirm the abundance of 
muscovite and microcline in these plutonic rocks (see. Figure 4(d)). The de-
creases in Fe2O3, Al2O3 and MnO reflect the fractional crystallization of the 
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first silicate minerals of ferromagnesians and that of titanium oxides [30]. The 
presence of hydrated minerals such as amphibole and biotite in the plutonic 
rocks of the study area suggests on one hand that the source is melting under 
hydrated conditions [33] and on the other hand, mantellic origin of the source 
magma [34]. 

The enrichment in light rare earths (LREE) (cf. Figure 7(a)) denotes the frac-
tionation of accessory minerals such as apatite, while the depletion of heavy rare 
earth elements (HREE) is attributed to the fractionation of zircon [35] [36]. The 
negative anomaly in Eu observed for the majority of granitoïds rocks in the 
Baïbokoum-Touboro-Ngaoundaye area reflects the fractionation of plagioclase 
during the evolution of the parent magma [37]. The absence of a negative Eu 
anomaly in the monzonite and syenite (cf. Figure 7(a)) despite the presence of 
plagioclase in these rocks; is explained by the fact that Eu may not have been in-
troduced into the plagioclase and may also reflect strong oxydation conditions 
where all of the Eu is in the form of Eu3+ or limited fractionation of the plagioc-
lase in the source [38]. The same observation was made in the granitoïds of 
Mbip and Doua-Kalaldi-Badzer respectively by [14] and [39]. The abundance of 
ferromagnesian minerals in these rocks, such as amphibole, suggests that the 
melting that occurred has a magmatic source of mantle origin [34]. 

5.2. Tectonic Context 

The Nb versus Yb discriminant diagram of [40] shows that most of the plutonic 
rock samples from the Baïbokoum-Touboro-Ngaoundaye area are found in the 
domain of volcanic arc granitoids and two samples of amphibole granite fall into 
the intraplate anorogenic domain (WPG) (Figure 8(a)). As for the discriminat-
ing diagram Rb as a function of (Y + Rb) of [40], the majority of the samples fall 
in the field of syn-collisional granitoids (Syn-COLG) and three samples (two 
syenites and one monzonite) in the field of intraplate granitoids (Figure 8(b)). 
The triangular diagram of [41] (Figure 8(c)) shows that almost the entire sam-
ples plot within the domain of volcanic arc granitoids. With the exception of a 
single sample of two-mica granite which falls in the intraplate anorogenic do-
main. The potassic to highly potassic and shoshonitic calc-alkaline character of 
the rocks studied (cf. Figure 5(b)) and the negative anomaly in Ta-Nb and Ti 
are compatible with a geodynamic environment of continental collision leading 
to subduction [42]. The characteristic of the negative Ta-Nb anomaly of subduc-
tion zone magmas [43] is assured during reflow from the subducted lithosphere 
[44] [45] and represents an important inherited imprint. In general, strongly 
potassic calc-alkaline granitoids show a continent-continent collision or volcanic 
arc tectonic environment [35] [46] [47]. 

5.3. Comparison of Granitoids from the Study Area with Granitoids 
from the Adamaoua-Yadé Domain 

The multi-element synthesis spectra of Baïbokoum-Touboro-Ngaoundaye  
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VAG: volcanic arc granitoids; WPG: intraplate granitoids; ORG: oceanic ripple granitoids; Syn-COLG: 
Syn-collisional granitoids 1. Biotite and muscovite granite; 2. Syenite; 3. Amphibole granite; 4. Monzonite. 

Figure 8. Position of rocks samples of Baïbokoum-Touboro-Ngaoundaye area in the discrimination diagram of 
the geotectonic setting of Nb as a function of Y (a) and Rb as a function of (Y + Nb) (b) by [40]; (c) Discrimina-
tion diagram of the geotectonic context after [41].  

 
granitoids with the primitive mantle [25] were carried out. The comparison be-
tween the granitoids of the study area and those of the region of Ngaoundere 
[48], Bafoussam [49] and Doua-Kalaldi-Badzer [39] is shown in Figure 9. On this 
diagram, the profiles of the Baïbokoum-Touboro-Ngaoundaye granitoids ob-
served, present a parallelism with the fields defined by the granitoids of 
Ngaoundéré, Bafoussam and Doua-Kalaldi-Badzer. All the spectra of these grani-
toids show negative anomalies in Ta-Nb and Ti. There is a difference between 
these granitoids for Ba and Sr elements. Monzonite show negative anamaly in Ba. 
The difference is also observed for positive anomalies in Sr (amphibole granite, 
syenite and monzonite) and the same positive anomalies for the Doua-Kalaldi- 
Badzer granitoids. Biotite and muscovite granite present positive anomaly in Th  
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Figure 9. Synthesis multi-element spectra of granitoids from the Baïbokoum-Touboro- 
Ngaoundaye area. 

 
similar to the granitoids of Bafoussam and Meiganga. The rest of the granitoids 
of the study area do not show a positive anomaly in Th. The various observa-
tions made allow us to deduce that the granitoids of the study area integrate the 
granitoids field of the Adamawa-Yade domain of the Pan-African fold belt of 
Central Africa. 

6. Conclusion 

Plutonic rocks of the study area consist of amphibole granite, two-mica granite, 
monzonite and syenite. Granite, monzonite and syenites have a granular por-
phyroid texture. The primary paragenesis consists of the Opx + Cpx + Amp + Bt 
+ Pl + Ort + Mic + Qtz + Ap + Sph + Zr assembly and the secondary paragenesis 
consists of Chl + Op. These rocks are shoshonitic to calc-alkaline strongly potas-
sic. The placement of these plutonic rocks is known by the process of fractional 
crystallization. The granitoids of Baïbokoum-Touboro-Ngaoundaye show an 
enrichment in light rare earth elements (LREE) compared to heavy rare earth ele-
ments (HREE), an enrichment in LILE (Large Ion Lithophile) compared to HSFE 
(High Field strength Element). The majority of these rocks present a negative 
anomaly in Eu. They are rocks of crustal origin (negative anomaly in Ta-Nb, Sr 
and Ti) with the addition of mantle material. Plutonic rocks are placed in a vol-
canic arc to syn-collisional environment and an intraplate environment. Petro-
graphy and Geochemistry of Baïbokoum-Touboro-Ngaoundaye Granitoids thus 
indicate compressional geotectonic setting implicating volcanic arc and conti-
nental plate. 
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