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Abstract 
The Fianga Massif belongs to the Pan-African Range of Central Africa in 
Chad. The Fianga Massif belongs to the Chadian sector of the Pan-African 
Range of Central Africa. The Fianga area has not been the subject of a detailed 
geological study. Many gaps remain in terms of the petrography and geochem-
istry of the massif. The Fianga Massif is composed of small, elongated NW-SE 
plutons. It consists of granitoids (granodiorites, hornblende and biotite gran-
ites, biotite granites and biotite microgranites) intruding into metamorphic 
rocks (quartz chlorite schists and massive amphibolites). These granitoids 
contain enclaves of metamorphic rocks and are cut by aplite and pegmatite 
veins. Geochemistry demonstrates that the Fianga granitoids are highly potas-
sic and peraluminous. These studied rocks originate from a single magmatic 
source that evolved and differentiated by fractional crystallization in a mag-
matic reservoir. REE profiles show weakly enriched REEs (LaN/YbN = 0.69 - 
40.29) while heavy REEs show a nearly flat profile (DyN/YbN = 0.52 - 1.13), 
and the La/Sm and Sm/Yb ratios led to the proposal that the Fianga rocks were 
derived from the partial melting of a mantle source enriched in spinel-garnet 
lherzolite. The partial melting of this mantle source is linked to large-scale 
movements along the Central Cameroon or Adamawa-Yadé shear zone and 
the Tchollire-Banyo shear zone, which controlled the emplacement of the plu-
ton in the study area during the Pan-African period. This partial melting 
would be the origin of the emplacement of the granitoids of the Fianga massif. 
The high La/Nb (0.30 - 8.66) and low La/Ba (0.012 - 0.36) ratios of these gran-
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itoids are consistent with their origin by partial melting of the subcontinental 
lithospheric mantle modified by subduction. Pink granites (A/CNK = 0.91 - 
0.96), pink microgranites (A/CNK = 0.98 - 0.07), syenites (A/CNK = 0.02), 
and granodiorites (A/CNK = 0.94 - 1.40) are metaluminous to peratalumi-
nous. The data suggest emplacement of this Fianga pluton in a subduction 
zone. The granitoids occur in the domains of volcanic arc granitoids and syn-
collisional granites.  
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1. Introduction 

The Pan-African Range of Central Africa (CPAC), identified in the early 1960s, is 
a vast geological complex located north of the Congo Craton [1]. It extends from 
the Central African Republic (CAR) to eastern Nigeria via Chad and Cameroon, 
and continues across the Atlantic in the Borborema Province in northeastern Bra-
zil ([1] [2]; Figure 1). This chain corresponds to an orogen that formed between 
700 and 500 Ma. In Chad, the identified Precambrian formations are distributed 
between the Tibesti massifs in the north, Ouaddaï in the east, Yadé or Baïbokoum 
in the south, Mayo Kebbi in the southwest and Guéra in the center. These for-
mations are part of the Pan-African mobile zone [1] [3]-[6]. Granitoids, being a 
major component of the continental crust, appear to be extremely common in 
collisional belts, particularly in shear zones [7] [8]. They are intrinsically associ-
ated with the dynamics of mountain ranges and record deformation structures 
during their emplacement. It is through shear movements in the lithosphere that 
magmas in general are injected to lead to the complete formation of plutons. 

The Fianga region, located on the peneplained surface of Paleo-Chadian for-
mations [16], where the granitoids of the Fianga massif outcrop, is a geologically 
poorly known area that has been little studied in detail. This area has not been the 
subject of a detailed geological study. Many gaps remain in the petrography and 
geochemistry of the massif. There are many gaps in the petrography and geochem-
istry of the Fianga massif. Consequently, major questions remain about its petro-
genesis and the geodynamic context of its formation. However, the Léré (SSW) 
and Pala (SW) regions which border it have better studied geological formations 
(magmatic, metamorphic and sedimentary) [3]-[5] [17]-[19]. What is the contri-
bution of the geology of the Fianga massif to the geological knowledge of the Pan-
African Range of Central Africa? 

2. Geological Context 

In Africa, there are several Pan-African belts, including those of Central Africa, 
or the Central African “mobile zone” [1] [20]. It corresponds to an orogenic 
megabelt elongated in an E-W direction, over 5000 km long and 300 km wide,  
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Figure 1. (a) Map of Africa showing he different orogens, craton and central African mobile zone (after [9]); (b) Geological map of 
Central Africa [10]-[15] showing the main litho-tectonic units and domains of the Central African Fold Belt (SZ: Shear Zone; CCSZ: 
Central Cameroon Shear Zone; MNSZ: Mayo Nolti Shear Zone; SSZ: Sanaga Shear Zone; MBSZ: M’Bere Shear Zone; BOSZ: Bo-
zoum-Ndele Shear,Zone; TBF: Tchollire Banyo Fault; CAR—Central African Republic; R. Congo: Republic of the Congo; D.R. 
Congo: Democratic Republic of the Congo). 

  
extending across Nigeria, Cameroon, Chad, and the Central African Republic. The 
Precambrian formations identified in Chad cover between 15% and 20% of the 
territory’s surface. The Mayo-Kebbi domain is an elongated NE-SW area located 
between the Central Cameroon and North Cameroon domains. To the south-east 
it is separated from the Central Cameroon domain by the Massenia-Ounianga 
gravimetric anomaly, an extension of the Tcholliré Banyo fault (Figure 2) [21] 
[22]. To the northwest it is separated from the North Cameroon domain by the 
Zalbi volcano-sedimentary series, considered as a northeastern extension of the 
Poli group [22]-[24]. This domain corresponds to a magmatic arc zone which 
formed between 800 Ma and 550 Ma by successive collision with the Central Cam-
eroon and North Cameroon domains respectively [4] [22] [25]. It includes 1) 
greenstone belts, 2) the Mayo-Kebbi batholith, and 3) post-tectonic intrusions [3] 
[4] [18] [22] [25]. 
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Figure 2. Pan-African structural map of Cameroon [26] and location of the study area. 1: Quaternary sediments; 2: Cameroon 
Volcanic Line; 3: Cameroon Plutonic Line; 4: Mesozoic sediments (Benue Basin); 5: Lom syntectonic Basin (metasediments, con-
glomerates, volcanic ash and lavas); 6: West Cameroon Domain (WCD; pre-syntectonic basic to intermediate calc-alkaline intru-
sions, 660 - 600 Ma); 7a: Poli Group (active Neoproterozoic supracrustal margin and juvenile intrusions); 7b: Yaoundé Group (in-
tracratonic deposits); 8: Late syntectonic subalkaline granitoids; 9: Paleoproterozoic remains of Adamaoua-Yadé and Nyong; 10: 
Craton (Archean Ntem Complex); 11: Trajectories of S2 foliation and L2 lineation; 12: F2 normal faults and overturned antiforms; 
13: Main syn-D2 frontal thrust zone; 14: Syn-D1 thrust zone (separating the low pressure and medium pressure zones in the North 
from the high pressure zones in the South); 15: Syn-D3 shear direction; 17: Large gray arrows represent the direction of the regional 
principal stress syn-D1-3. Thick lines: shear zones: BSZ: Balché shear zone; BNMB: Buffle Noir-Mayo Baléo shear zone; CCSZ: 
Central Cameroon shear zone; GGSZ: Godé-Gormaya shear zone; MNSZ: Mayo Nolti shear zone; RLSZ: Rocher du Loup shear 
zone; SSZ: Sanaga shear zone. 

 
Covering an area of approximately 10,000 km2, the Mayo-Kebbi region is lo-

cated in the southwest of Chad, near the Cameroonian border. It is made up of a 
crystalline basement. The Mayo-Kebbi domain is an elongated NE-SW complex 
located between the Central Cameroon and North Cameroon domains. It differs 
from these two domains by its juvenile Neoproterozoic crust [4] [22] [25]. To the 
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southeast, it is cut off from the Central Cameroon domain by the Massenia-Ou-
nianga gravity anomaly, an extension of the Tcholliré Banyo fault [22]. To the 
northwest it is separated from the North Cameroon domain by the Zalbi volcano-
sedimentary series, considered as a northeast extension of the Poli group [22] [24] 
(Figure 2). This domain is a magmatic arc zone that formed between 800 Ma and 
550 Ma by successive collision with the Central Cameroon and North Cameroon 
domains respectively [4] [22] [25]. It is composed of 1) greenstone belts, 2) Mayo-
Kebbi batholith, and (3) post-tectonic intrusions [3] [4] [18] [22] [25]. 

- The greenstone belts contain the volcano-sedimentary series (Goueïgoudoum 
in the East and Zalbi in the West) and the mafic to intermediate complex (metadi-
orite, metagabbro-diorite and metagabbro) dated around 748 Ma and 700 Ma re-
spectively. 

- The Mayo-Kebbi batholith is made up of three generations of granitoids: (i) 
the syn-tectonic quartzitic metadiorite of the Gauchiot Falls magmatic complex 
dated at 665 ± 1 Ma, (ii) the hornblende and biotite tonalites dated at 647 ± 5 Ma, 
and formed by partial fusion of syn-tectonic greenstones and quartz metadiorites; 
and (iii) the syn-tectonic tonalites dated at 618 Ma. Post-tectonic intrusions are 
divided into two groups: post-tectonic calc-alkaline potassic granites and alkaline 
granites. The former are derived from the partial melting of the lower crust 
(Pouclet et al., 2006). As for the alkaline granites, they are derived from an extreme 
fractional crystallization of a mantle magma contaminated by an Archean to 
Paleoproterozoic crust during its ascent [27]. 

3. Materials and Methods 

Data acquisition in the study area focused primarily on a petrographic study. The 
fieldwork phase allowed for the macroscopic identification of four (4) rock facies 
(pink granites, pink microgranites, syenites, and granodiorites) and the collection 
of key lithological parameters, namely color, texture, mineralogical composition, 
degree of alteration, and deformation. Samples were selected based on their loca-
tion and lithological relevance. 

Rock samples were sawn into chips to prepare thin sections, then cut into small 
blocks for geochemical studies. Twenty thin sections were thus produced. The 
petrographic study of the thin sections was carried out at the Dschang Geology 
Laboratory. The laboratory phase served to refine the petrography. After grouping 
the main lithological groups constituting the area, this study focused on the geo-
chemistry of granitoids. Eleven rock samples underwent geochemical analyses 
(major, trace, rare earth elements). These are four (4) pink granites, three (3) pink 
microgranites, two (2) syenites and two (2) granodiorites. Approximately 200-500 
g of each sample was crushed in a steel jaw crusher and then pulverized in an agate 
ball mill. The powders were digested by alkaline fusion: the powder was mixed 
with lithium metaborate and melted to produce a glass pellet. This pellet was di-
gested in dilute nitric acid before analyses. Analyses and digestions were carried 
out at ALS Geochemistry-Loughrea (Ireland). The prepared samples (0.100 g) 
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were added to a lithium metaborate/lithium tetraborate flux, mixed well, and 
melted in a furnace at 1000˚C. 

The resulting melt is then cooled and dissolved in 100 ml of 4% nitric acid and 
2% hydrochloric acid. This solution is then analyzed by ICP-AES and the results 
are corrected for inter-element spectral interferences. The oxide concentration is 
calculated from the determined elemental concentration and the result is pre-
sented in this form. Whole rock analysis is performed in conjunction with loss on 
ignition at 1000˚C. The data resulting from both determinations are combined to 
produce a “total”. For the determination of trace elements, the samples were thor-
oughly mixed and melted 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. 

The elements SiO2, Al2O3, Fe2O3, CaO, MgO, Na2O, K2O, Cr2O3, TiO2, MnO, P2O5, 
SrO, and BaO were analyzed by ICP-AES (Inductively Coupled Plasma-Atomic 
Emission Spectrometry). The results were then corrected for spectral inter-element 
interferences. This analysis is used for certain transition metals (Sc, V, Cr, Ni) and 
Ba, Cu, and Sr. In contrast, Inductively Coupled Plasma-Mass Spectrometry (ICP-
MS) was used to examine the rare earth elements (La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, 
Dy, Ho, Er, Tm, Yb, and Lu) and for Zr, Hf, Y, Cs, Rb, Th, U, Nb, and Ta. 

4. Petrographic Study 
4.1. Host Rock 

The metamorphic formations consisting of massive amphibolites and quartz chlo-
rite schists constitute the host rock for the formations in the study area. These 
rocks are collectively known as greenstones [3]. The massive amphibolites outcrop 
as beds and blocks in the floodplains and as enclaves within the biotite granites. 
The lateritic coating obscures their contact with the biotite granites. While the 
quartz chlorite schists are observed as remnants at the quarry site, the contact with 
the hornblende and biotite granites of Mont Doré is clear. 

4.2. Plutonic Formations 

The plutonic formations that constitute the rocks of the study area are granitoids. 
Pink granites, syenites, and granodiorites outcrop as intrusive plutons in the met-
amorphic rocks: massive amphibolites and quartz chlorite schists constitute the 
host rocks of the formations. All of these rocks are referred to as greenstones [3] 
[28] hile pink microgranites outcrop as veins cutting the granodiorites, pink gran-
ites, and syenites. Magmatic foliation is not observed on these magmatic for-
mations. Magmatic fluidity is only revealed by the orientation of the enclaves. 

4.2.1. Pink Granites 
Pink granites outcrop in the form of balls and slabs (Figure 3(a)) on the flanks 
and summits of Mounts Mouta and Gabra, as well as in the surrounding areas. 
These massive rocks are crossed by dry fractures and sometimes intersected by  
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Figure 3. (a) Slab outcrop of pink granites from Mount Mouta; (b) Portion of thin section of pink granites. 
Note the coexistence of orthoclase and microcline crystals, (c) Slab outcrop of pink microgranites to the SW of 
Mount Gabra, note the presence of microfractures on the slab of pink microgranites; (d) Portion of thin sec-
tion of biotite microgranites; (e) Block outcrop of syenite from Mount Doré; (f) Portion of thin section of sye-
nite; (g) Enclave of granodiorites in the syenite from Mount Illi; (h) Portion of thin section of granodiorites. 
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veins of pink microgranites. The pink granites are grainy (Figure 3(a)), leuco-
cratic, and composed of quartz and feldspar crystals. Under the microscope, the 
texture of these pink granites is porphyritic grainy with jointed crystals. They con-
tain plagioclase phenocrysts ranging in size from 0.125 × 0.25 mm to 1 × 1.5 mm. 
These rocks are rich in plagioclase, quartz, and microcline; they contain incidental 
muscovite, chlorite, sericite, epidote, oxides, and sulfides (Figure 3(b)). The min-
eralogical composition is mainly composed of quartz, plagioclase, alkali feldspar, 
biotite and muscovite (Figure 3(b)). Accessory minerals are opaques, sphene and 
apatite. Alkali feldspars are composed of microcline and orthoclase. Orthoclase is 
in automorphic to xenomorphic sections ranging in size from 0.5 mm × 0.75 mm 
to 0.75 mm × 1 mm with Carlsbad twinning. Microcline is recognizable by the 
polysynthetic twins of albite and pericline. Quartz sometimes occurs in aggregates 
of contiguous crystals arranged in the interstices left by alkali feldspar and plagi-
oclase. Biotite occurs in subautomorphic flakes. Biotite sections are preferentially 
oriented in the rock. Biotite is included in large alkali feldspar crystals. Plagioclase 
presents polysynthetic albite twinning (Figure 4). Some crystals present quartz 
grains in contact with alkali feldspar. Sphene is in rhombic sections attached to 
biotite flakes. Apatite appears in the form of small rods about 0.125 mm long dis-
seminated abundantly in the rock. Opaque minerals are disseminated in the frame-
work. The opaque ones are in inclusions in the crystals of alkali feldspars, plagio-
clases and biotite flakes. Chlorite occurs in the form of flakes linked to those of 
biotite. Muscovite appears in aggregate or in small colorless and limpid crystals. 

4.2.2. Pink Microgranites 
Pink microgranites outcrop in the form of spheres, slabs (Figure 3(c)), and blocks 
in the floodplain SE of Mount Gabra, and in the form of centimeter-thick veins 
cutting through granodiorites, syenites, and pink granites. The pink microgranite 
has a microgranular texture. Mineralogically, the rock is composed of quartz, pla-
gioclase, alkali feldspar, biotite, and, to a lesser extent, zircon, sphene, and oxides 
(Figure 3(d)). It is also composed of chlorite. The alkali feldspars are composed 
of microcline and orthoclase. Microcline is easily identified by the pericline twin-
ning on its edges and is observed as xenomorphic crystals, while orthoclase occurs 
as augenous to subaugenous patches. Perthitic orthoclase is generally the most 
abundant. It contains opaque inclusions. Quartz occurs in the framework as sub-
augenous to xenomorphic crystals. Some quartz crystals are in interstitial form, 
while others occur as quartz aggregates. Plagioclase crystals exhibit Carlsbad twin-
ning and contain opaque inclusions. Biotite occurs as flakes and contains opaque 
minerals, apatite, and zircon as inclusions. Apatite is found as an inclusion in al-
kali feldspar and biotite. Zircon is an inclusion in biotite. Opaque minerals are 
found alongside plagioclase crystals, alkali feldspar, and biotite flakes. Damourite 
occurs in the form of xenomorphic crystals. 

4.2.3. Syenites 
Syenites outcrop in slabs and blocks (Figure 3(e)) on the slopes and summits of 
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the Doré-Illi Mountains and in the plains. They are broken into blocks ranging 
from meters to decimeters thick, forming a chaotic landscape. These are dark gray 
rocks with an orange patina due to weathering. Quartz and feldspars are observed 
with dimensions ranging from 0.5 cm to 0.75 cm. On a fresh break, more or less 
chloritized biotite flakes appear. The syenite has a porphyritic grainy texture with 
alkali feldspar megacrysts. The constituent minerals are: plagioclase, alkali feld-
spar, quartz, green hornblende and biotite (Figure 3(f)). The alkali feldspars are 
represented in the rock by orthoclase and microcline. The orthoclase crystals are 
perthitic and show cracks filled with quartz grains. They exhibit microcline desta-
bilization. In sections, the twins form a very fine, almost rectangular, shimmering 
grid. Plagioclase occurs as subautomorphic to xenomorphic phenocrysts ranging 
in size from 0.5 × 0.75 mm to 1 × 1.25 mm. It contains opaque minerals as inclu-
sions. Quartz is arranged between the interstices left by other minerals. Green 
hornblende occurs in longitudinal sections. Some sections contain apatite and 
opaque minerals as inclusions. Hornblende destabilizes into chlorite. Biotite oc-
curs as elongated flakes and contains inclusions of apatite, zircon, and opaque 
minerals. Accessory minerals are zircon, sphene, apatite, and opaque minerals. 
Opaque minerals are very abundant in the rock. Some sections are found as inclu-
sions in orthoclase, plagioclase, biotite, and hornblende crystals. 

4.2.4. Granodiorites 
At outcrop, granodiorites occur in the form of balls on the slopes of Mount Illi. It 
should be noted that these rocks locally contain enclaves of massive amphibolite 
(Figure 3(g)). These enclaves are dark gray in color with a grainy texture. Gran-
odiorites are composed of alkali feldspar, quartz, biotite, and amphibole. Gran-
odiorites are mesocratic, with a grainy texture (Figure 3(g)). They generally con-
tain abundant feldspar crystals (plagioclase and/or microcline) (Figure 3(h)). In 
addition, crystals of quartz, green hornblende, biotite, chlorite, sericite, epidote, 
albite, and sphene are present. They also contain ferrotitanium oxides (magnetite 
and/or hematite). Plagioclase is of low relief. This mineral shows overall subauto-
morphic to xenomorphic crystals with a size between 0.2 × 0.5 mm and 0.6 × 1 
mm. Plagioclase alters into damourite (Figure 4(b)). Quartz occurs in the form of 
xenomorphic crystals with a size varying from 0.3 × 0.5 mm to 0.65 × 0.8 mm. 
Orthoclase is in the form of automorphic to subautomorphic crystals with an av-
erage size of 0.35 × 0.5 mm. Amphibole occurs in elongated or rhombic sections 
with a size varying from 0.25 × 0.5 mm to 0.65 × 0.5 mm. Biotite overall occurs as 
yellowish-brown flakes. Opaque minerals are arranged along the cleavages. Biotite 
contains zircon as an inclusion. Apatite occurs as inclusions in alkali feldspar, pla-
gioclase, and biotite crystals. Zircon occurs as inclusions in biotite flakes. Opaque 
minerals occur as inclusions in plagioclase, alkali feldspar, biotite, and amphibole 
crystals. Chlorite occurs as flakes with a greenish coloration. 

The relationships between the different mineral phases (Table 1) suggest the 
following crystallization order: 
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Table 1. Synoptic table of mineral associations of granitoids of the Fianga massif. 

Petrographic Set Petrographic Types Streckeisen Diagram Textures Primary Paragenesis Secondary Paragenesis 

Granitoids 

Syenites Granodiorites Grenue 
Hbl + Bt + Pl + Kfs + 
Qtz + Ap ± Zr ± Spn 

Op + Chl + Da 

Pink granites Monzo-granites Grenue 
Hbl + Bt + Pl + Or + 

Qtz ± Zr ± Ap 
Chl + Ep + Op + Mc ± 

Spn 

Granodiorite Granites alkaline 
Grenue 

Porphy-roid 
Bt + Pl + Kfs + Qtz ± 

Spn ± Zr ± Ap 
Chl + Op + Da + Ms 

Pink Microgranites Microsyeno-granites Micro-grainy 
Bt + Pl + Kfs + Qtz Myr 

± Ap ± Zr 
Chl + Op + Da 

 
- in granodiorites: accessory minerals, Hbl, Bt, Pl, Kfs, and Qtz; 
- in pink granites: accessory minerals, Hbl, Bt, Pl, Or, and Qtz; 
- in pink syenites and microgranites: accessory minerals, Bt, Pl, Kfs, and Qtz. 

4.3. Microscopic Deformation 

Microstructural studies reveal the presence of several types of deformation struc-
tures. This deformation is evidenced by the following minerals: plagioclase, alkali 
feldspar (orthoclase), quartz, biotite, and amphibole. It is composed of submag-
matic and post-magmatic deformation (solid-state deformation). 

4.3.1. Submagmatic Deformation 
Submagmatic deformation corresponds to the deformations acquired by minerals 
during magmatic crystallization. This deformation is observed in granodiorites, 
pink granites, and pink microgranites. In these rocks, biotite and feldspar sections 
exhibit microfractures filled with fine quartz grains. In granodiorites and pink 
granites, the generally perthitic orthoclase exhibits a microcline transformation. 

4.3.2. Solid-State Deformation 
Solid-state deformation is reflected in the behaviors exhibited by quartz, feldspar, 
and biotite sections. In pink granites, syenites, and granodiorites, plagioclase and 
alkali feldspar exhibit oriented cracks. Quartz is deformed in the form of poly-
crystalline bands. This indicates high-temperature deformation. Biotite and horn-
blende are generally destabilized and pulverized as chlorite (Figure 4(c)). 

4.3.3. Magmatic Deformation 
Magmatic deformation results in flow with a preferential orientation of minerals. 
This deformation is observed in quartz chlorite schists and massive amphibolites. 

5. Classification 
5.1. Elemental Distributions 

The geochemical analysis of the major elements in the rocks studied presents the 
following four groups of rocks (Table 2): 
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Figure 4. Deformation of minerals under the microscope: (a) coexistence of orthoclase and microcline in syenites, (b) myrmekites 
bordering alkali feldspars in pink microgranites, (c) biotite destabilized and arranged in orthoclase microfissures in pink granites 
and (d) plagioclase in the process of destabilization into damourite in granodiorites. 
 
Table 2. Results of geochemical analyses of the Fianga granitoids. 

Rock Type Pink Granites  Pink Microgranite Syenite Granodiorite 

Sample CE02 CE03 CE07 CE16 CE10 CE14 Fk02 R-132 R-191 CN003 MN005 

Latitude (N) 09˚93'62'' 09˚91'63'' 09˚88'11'' 09˚85'35'' 09˚86'13'' 09˚85'13'' 09˚90'31'' 09˚88'34'' 09˚75'32'' 09˚79'36'' 09˚85'53'' 

Longitude (E) 15˚13'33'' 15˚15'17'' 15˚11'97'' 15˚10'73'' 15˚10'33'' 15˚99'50'' 15˚17'44'' 15˚10'03'' 15˚10'36'' 15˚12'39'' 15˚16'23'' 

SiO2 77 77.7 74.9 76.1 78 77.2 75.96 75.644 66.34 75.5 66.2 

Al2O3 11.9 11.8 11.8 12 12.25 12.4 12.24 0.252 0.395 13.65 15.2 

Fe2O3 2.31 1.96 2.29 2.13 1.16 1.04 2.07 13.419 17.43 1.3 5.49 

FeOt 2.079 1.7636 2.061 1.9166 1.0438 0.936 1.8626 12.074 15.69 1.1697 4.9399 

MnO 0.05 0.04 0.05 0.05 0.04 0.02 0.04 1.502 3.288 0.01 0.08 

MgO 0.13 0.09 0.27 0.26 0.04 0.04 0 0.008 0.072 0.09 1.26 

CaO 0.81 0.63 1.32 1.1 0.29 0.55 0.16 0.193 1.199 0.93 2.92 

Na2O 4.24 4.32 4.17 4.09 4.37 3.95 4.2 <LD 3.678 3.93 4.17 
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Continued 

K2O 3.57 3.75 3.35 3.48 4.37 4.76 3.89 3.836 5.226 4.85 3.68 

TiO2 0.18 0.15 0.2 0.2 0.05 0.06 0.13 4.812 2.106 0.07 0.83 

Cr2O3 0.034 0.025 0.025 0.019 0.028 0.025    0.009 0.005 

P2O5 0.01 0.01 0.03 0.03 0.01 0.01 0.05 0.025 0.137 0.02 0.26 

Mg# 10.09 8.3915 19.04 19.582 6.4362 7.126 0 0.1188 0.817 12.135 31.406 

LOI 0.62 0.33 1.03 0.58 0.4 0.36 0.6 0.713 0.578 1.09 1 

Total 100.9 100.81 99.44 100.04 101.01 100.4 99.79 100.4 100.5 101.47 101.2 

Trace elements (ppm)         

Sc  44.8 80.9 68.7 7.1 21 9.3 1.86 0.68 1 7 

V 8 <5 14 17 <5 <5 4 5.8 52.4 11 54 

Co 1 <1 1 1 1 <1 18 0.94 6.47 2 13 

Ni 2 1 2 2 1 <1 18 3.5 6.7 7 13 

Ga 25.8 26.6 22.3 23.5 30.9 21.1 24.1 20.1 21.6 18.4 26.6 

Rb 70.5 80.8 56.5 81.2 245 116.5 88 117.4 33.2 219 182 

Sr 61.1 44.8 80.9 68.7 7.1 21 41 47.2 786.6 53.5 286 

Rb/Sr 1.154 1.8036 0.698 1.182 34.507 5.548 2.1463 2.4873 0.042 4.0935 0.6364 

Y 97.5 110 84.9 86.4 103 66.6 89.5 264 120.5 9.2 32.1 

Zr 286 288 254 257 121 102 256 264 120.5 83 411 

Nb 16.55 19.3 16.55 17.35 53.2 13.8 16.9   15.35 32.9 

Sn 4.3 5 4.2 4.7 18.8 4.7  4.32 0.69 1 5.3 

Cs 1.66 1.62 2.95 2.89 4.85 1.95 9.3 1.86 0.68 10.25 9.83 

Ba 988 859 849 797 44.5 213 876 454.6 957.6 91.2 533 

La 40.3 40.3 35.5 37.4 16.4 17.8 30.1 28.77 11.58 32.911 285.23 

Ce 92.8 95.9 82.4 86.9 44 37.4 74.6 51.59 26.05 23.491 215.33 

Pr 12.25 12.6 10.8 11.35 5.95 5.35 10.5 7.595 3.086 18.534 160.02 

Nd 53.9 56.1 47.3 48.9 23.9 22.6 48.4 27.45 11.48 13.129 116.63 

Sm 13.85 14.3 12.35 12.55 6.64 6.09 13.9 5.917 2.09 11.554 63.176 

Eu 2.21 2.14 1.81 1.92 0.13 0.28 2.15 0.714 0.715 3.73 26.465 

Gd 15.35 16.3 13.9 13.6 8.23 7.24 13.3 5.541 1.597 6.3317 37.286 

Tb 2.64 2.9 2.35 2.38 1.78 1.38 2.34 1.05 0.223 4.9861 30.471 

Dy 16.85 18.5 15.4 15.05 12.9 9.38 14.3 7.041 1.228 5.1626 24.309 

Ho 3.45 3.85 2.99 3.08 2.94 2.05 3.07 1.449 0.228 4.7619 19.78 

Er 10.4 11.85 9.49 9.62 10.95 6.73 8.91 4.423 0.638 5.625 19.688 

Tm 1.59 1.79 1.45 1.46 2.1 1.14 1.44 0.736 0.103 0.001 17.004 

Yb 9.71 11.4 9.09 9.34 16.1 7.69 9.56 5.256 0.787 8.3851 18.82 
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Lu 1.52 1.78 1.44 1.52 2.76 1.3 1.45 0.81 0.133 54.878 123.17 

Hf 9.83 10.4 9.16 9.41 10.9 5.35 8.95 8.124 3.177 3.94 11.1 

Ta 1.1 1.2 1.2 1.2 5.2 1.5 1.36 2.17 0.374 2.1 2.7 

W 1.2 1 0.8 1.5 1.6 3 1.88 <LD <LD 19.2 21.6 

Th 5.94 6.84 6.19 7.45 22.2 11.55 9.598 1.016  25.8 37.6 

U 1.71 2.02 2.26 2.49 9.27 3.79 3.845 0.447  13.45 7.77 

Ti 0.11 0.09 0.12 0.13 0.03 0.04 1512 2370   0 

Cr 233 166 171 125 194 172 4.7 7  68 35 

Ag <0.5 <0.5 <0.5 <0.5 <0.5 <0.5    <0.5 <0.5 

As <5 <5 <5 <5 <5 <5    <5 7 

Cd <0.5 <0.5 <0.5 <0.5 <0.5 <0.5      

Cu 3 6 12 3 2 8    9 20 

Li <10 10 10 10 <10 <10    <10 40 

Ni 2 1 2 2 1 <1  3.5 6.7 7 13 

Pb 11 10 13 12 23 13 9.48 16.9 8.89 32 19 

Zn 118 123 105 108 76 32  40.1 79.7 11 75 

Ti 1079 899.25 1199 1199 299.75 359.7 779.35 28848 12625 419.65 4975.9 

K 29636 31130 27809 28889 36277 39514 32292 31844 43383 40261 30549 

(Dy/Yb)N 1.136 1.0621 1.109 1.0546 0.5244 0.798 0.979 0.8767 0.403 0.8454 1.0212 

(La/Sm)N 1.817 1.7599 1.795 1.861 1.5424 1.825 1.3523 3.0363 1.779 2.8194 3.46 

(Ce/Yb)N 2.51 2.2094 2.381 2.4436 0.7178 1.277 2.0495 2.578 0.736 3.0051 8.6936 

(La/Ce)N 1.123 1.0869 1.114 1.1132 0.9641 1.231 1.0436 1.4424 3.624 3.4261 1.1498 

(La/Yb)N 2.819 2.4015 2.653 2.7202 0.692 1.572 2.1389 3.7185 2.666 10.296 9.9957 

(Gd/Yb)N 1.279 1.1568 1.237 1.1781 0.4136 0.762 1.1256 0.8529 0.611 1.6029 1.6417 

Eu/Eu* 0.462 0.4273 0.421 0.448 0.0536 0.129 0.482 0.3801 1.329 1.6622 1.193 

Ce/Ce* 1.01 1.0296 1.018 1.0204 1.0776 0.927 1.0152 0.8443 0.23 0.2438 1.0542 

 
- In the pink granites of Fianga, SiO2 contents range from 74.29% to 77.7%; 

Na2O from 4.09% to 4.32%; K2O from 3.35% to 3.75%. The high Al2O3 contents 
(11.8 to 12%) reflect the high plagioclase content in this facies. The Na2O/K2O 
ratio of 1.15 to 1.24 is characteristic of rocks that are more sodic than potassic. 
Their variable contents of CaO (0.63% to 1.32%), Rb (56.5% to 81.5%), and Sr 
(44.8% to 80.9%) are related to the degree of plagioclase alteration. This high de-
gree of alteration is also expressed by the high loss on ignition content (0.33% to 
1.03%). Iron, with contents varying from 1.96% and 5% to 2.31%, comes from 
biotite, the only ferromagnesian mineral of this facies, and from chlorite. 

- Compared to the previous pink granites, the pink microgranites show higher 
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contents of silica SiO2 (77.2% to 78%), Al2O3 (12.25% to 12.4%) and K2O (4.37% 
to 4.76%) and lower contents of Fe2O3 t (1.04% to 1.16%), MgO (0.04%), CaO 
(0.26% to 0.55%) and TiO2 (0.05% to 0.06%). The Na2O/K2O ratio is between 
0.82% and 1.07%. These ratios characterize the more sodic than potassic rocks. 
These pink microgranites are richer in Rb (88 to 245 ppm), Zr (102 to 256 ppm), 
Ba (44.5 to 876 ppm), U (3.28 to 9.27 ppm) and Th (9.59 to 22.2 ppm), and poorer 
in Zn (0 to 76 ppm) and Ta (1.36 to 5.2 ppm). 

- Syenites are more differentiated than other facies. They are distinguished by 
higher SiO2 contents (75.5% to 75.64%) and lower Al2O3 contents (0.25% to 13%), 
CaO (0.19% to 0.93%), MgO (0.008% to 0.09%), Fe2O3t (1.3% to 13.41%) and TiO2 
(0.04% to 4.8%). The Na2O/K2O ratio is 0.703% to 1.133% and characterizes po-
tassic rocks rather than sodic ones. It also shows higher Nb (15.33 ppm), Zr (83 
to 264 ppm) and Ta (2.1 to 2.17 ppm) contents. Higher Rb contents (117.4 to 219 
ppm), and low Ba (91.2 to 454.6 ppm), and Sr (47.2 to 53.5 ppm) contents are 
related to lower plagioclase and alkali feldspar rates compared to these facies. 
Their more differentiated character is also marked by lower transition element V 
contents (5.8 to 11 ppm). 

- Granodiorites are distinguished from other facies by higher SiO2 (66.2% to 
66.34%), K2O (3.68% to 5.22%); Na2O (3.67% to 4.17%) and lower Al2O3 (0.39% 
to 15.2%) contents. These low CaO contents (1.19% to 2.92%) are accompanied 
by high Sr contents in other samples reaching 786.6 ppm. TiO2 and P2O5 contents 
vary from 0.83% to 2.10% and 0.13% to 0.26%, respectively. These contents reflect 
the low levels of ferromagnesian minerals and plagioclase in this facies. The ratio 
(Na2O/K2O) is equal to 0.810% and is characteristic of rocks more potassic than 
sodic. These rocks have lower contents than pink granites in Nb, Zr, Zn and higher 
in Ba (533 to 957.6 ppm). 

In the classification diagram of the studied rocks K2O + Na2O vs SiO2 [29]; (Fig-
ure 5(a)), all pink granites, microgranites and a sample of syenites are plotted in 
the field of granites with the exception of granodiorite samples which are placed 
respectively in the quartz monzonite domain and a sample of syenite which is in 
the granodiortes domain. In the diagram (A/NK vs A/CNK) of Maniar and Piccoli 
[30], all the studied rocks are found in the domain of peraluminous granitoids and 
S-type granites (Figure 5(b)). This character is confirmed by the diagram of Maniar 
and Piccoli [30] (Figure 5(d)). This diagram also clearly separates metaluminous 
granitoids, whose A/NK ratio is defined as an Al2O3/(Na2O + K2O) molar ratio 
greater than 1, and peralkaline granitoids (A/NK < 1). All the studied rocks are lo-
cated in the peraluminous domain except for one syenite sample and one pink mi-
crogranite sample which are found in the metaluminous domain. The position of 
these samples could be explained by their mineralogy; they are rich in alkaline min-
erals (e.g., potassium feldspar) which lower the Al2O3/(Na2O + K2O) ratio. 

5.2. Variation of Major Elements 

In the various oxide diagrams as a function of SiO2 (Figure 6), the different  
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Figure 5. (a) Classification of the rocks studied in the diagram of Na2O + K2O vs SiO2 [29], (b) Fianga granitoids in 
the diagram (A/NK vs A/CNK) of Maniar and Piccoli [30]; A/NK: Al2O3/(Na2O + K2O), A/CNK: Al2O3/(CaO + Na2O 
+ K2O), (c) Classification of Fianga rocks in the K2O vs. SiO2 diagram with compositional domains of the different 
calc-alkaline series [31]; (d) (Peraluminous characteristics of the Fianga rocks. (a) Aluminum saturation index, 
A/CNK = Al2O3/(CaO + Na2O + K2O) molar as a function of SiO2 (mass %). The boundary separating the metalu-
minous and peraluminous domains (solid line) is that of Chappell and White [32], while the dotted line dividing the 
peraluminous domains into weak and strong is that summarized by Zen [33]. In this K2O vs SiO2 diagram of Pecerillo 
and Taylor [31], all the granitoids studied occupy the strongly elevated potassic domain (Figure 5(c)). The generally 
potassium-rich character of the studied rocks is consistent with their Al2O3 content greater than 9%) [34] [35] and 
with their notable abundance of potassium feldspar (and therefore K2O). 

 
compatible elements generally define a trend of decreasing evolution with increas-
ing SiO2. These rocks appear to evolve following the same process. However, a 
peculiarity is noted in certain diagrams. MgO, CaO, P2O5, TiO2, and Fe2O3 show 
a decrease in content from granodiorites to pink granites. Na2O, K2O, and Al2O3 
show an increasing trend from granodiorites to pink granites. In the various dia-
grams, pink granites, pink microgranites, and syenites are intercalated. The be-
havior of the alkali elements Na2O and K2O confirms these trends. However, some 
elements have a high oxide content. The large variation in Al2O3 (0.252% - 15.2%) 
suggests a correlation with silica (Figure 6). 

5.3. Trace and Rare Earth Elements 

Pink granites have lower values of Ba (797 - 988 ppm), low Sr (44.8 - 80.9 ppm), 
and low Rb (56.5 - 81.2 ppm). Pink microgranites have relatively lower values of  
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Figure 6. Harker diagram of major element concentrations versus SiO2 in granitoids. 
 

Ba (44.5 - 876 ppm) and very low Sr (7.1 - 41 ppm) and Rb (88 - 245 ppm). Syenites 
have low values of Ba (91.2 - 454.6 ppm), Sr (47.2 - 57.3 ppm), and Rb (117.1 - 219 
ppm). Granodiorites have slightly elevated values of Ba (553 - 957.6 ppm), high Sr 
(286 - 786.6 ppm), and low Rb (33.2 - 182 ppm). In the different diagrams of ox-
ides as a function of SiO2 (Figure 6), the different incompatible elements generally 
define a trend of decreasing to increasing SiO2 evolution. These rocks appear to 
evolve following the same process. However, a particularity is noted in certain 
diagrams. Zr, Sr, Ta, and Nb show a decrease in content from granodiorites to 
pink granites. Zn, Ba, Y and Rb show an increasing appearance going from gran-
odiorites to pink granites. In the different diagrams, pink granites, pink mi-
crogranites, syenites and granodiorites are intercalated. The Rb/Sr ratios are low 
in pink granites (0.69 - 1.80), high in pink microgranites (2.14 - 34.50), moderately 
high in syenites (2.48 - 4.50) and very low in granodiorites (0.04 - 0.63). 

6. Discussion 
6.1. Petrogenetic Process 

The enrichment in Rb, Ba, and K, and the high K/Nb and La/Nb ratios are con-
sistent with crustal-derived enrichment fluids. Compared to mid-ocean ridge bas-
alts, the subducted sediments are highly enriched in several interesting elements, 
including moderately enriched K, Rb, Sc, Ba, Sr, U, Th, Pb, Sm, Nd, Lu, and Hf. 
During differentiation, the LREE content increases (the latter are incompatible in 
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some minerals), while the HREE contents stagnate during differentiation (amphi-
bole effect, clinopyroxene). The negative Europium anomaly is characteristic of 
granitoids, which confirms that plagioclase crystallizes late in the differentiation 
series of tholeiitic magmas in general (Figure 7). 

 

 
Figure 7. Rare earth spectra of Fianga granitoids normalized to chondrites [36]: (a) Pink granites, (b) Pink microgranites, (c) Sye-
nites and (d) Granodiorites. 
 

Large ion lithophile elements (LILE) and high field strenght elements (LREE) 
enrichment in the Fianga granitoids has been shown to result from enrichment 
from an ancient lithospheric source and not from crustal contamination during 
ascent. Rare earth elements have generally played an important role in the char-
acterization and identification of the processes responsible for incompatible ele-
ment enrichment in mantle rocks. The high Ba/Nb ratios (5.94 - 53.83) suggest a 
subduction or shear environment for the source enrichment of the Fianga rocks. 
Indeed, in the Nb/Yb vs. Th/Yb diagram (Figure 8(a)) the Fianga rocks are pre-
dominantly from the mantle system. Dans le diagramme Ba/La vs. Th/Yb (Figure 
8(b)), les granitoïdes sont issus de la fusion partielle de MORB. Furthermore, the 
Fianga rocks exhibit relatively high Nb/Zr ratios and low Rb/Y ratios (Figure 8(c) 
and Figure 8(d)), characteristics similar to magmas produced by the interaction 
between planar-derived fluids and subarctic mantle peridotites [37]. The Fianga 
rocks have a medium Nb/Zr ratio, indicating that they were enriched during melt-
ing. This suggests that Th enrichment may be fluid-mediated. 
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Figure 8. (a) Nb/Yb vs. Th/Yb diagram shows the importance of subduction environment in the generation of sye-
nitic pluton magma (SZ: subduction zone, CC: continental crust, AFC: assimilation fractional crystallization, FC: 
fractional crystallization); (b) Ba/La vs. Th/Yb; (c) Nb vs. Th/Zr and (d) Rb/Y vs Nb/Y diagrams after [37] show the 
influence of slab derived fluids during the generation of the syenitic pluton magma. 

 
The rocks in the study area are derived: (i) either from a mixture of acidic and 

basic magmas with the intervention of crustal assimilation and fractional crystal-
lization processes [38] [39], (ii) or by the process of assimilation coupled with 
fractional crystallization (AFC) (Figure 9(d)). This process has been widely ac-
cepted to explain the genesis of several plutons worldwide [40]-[43]. The source 
of alkaline-potassium magmatism is linked either to the melting of a crust or to 
the partial melting of the enriched subcontinental lithospheric mantle [41] [44]. 
These geochemical features indicate that the granitoids may have formed by par-
tial melting of metasomatized mantle in a post-collisional subduction setting [45] 
[46]. The high La/Nb (0.30 - 8.66) and low La/Ba (0.012 - 0.36) ratios of these 
granitoids are consistent with their origin by partial melting of subduction-mod-
ified subcontinental lithospheric mantle [47] [48]. 

6.2. Crystallization 

Harker diagrams and rare earth element distribution patterns suggest that frac-
tional crystallization played an important role in the differentiation of the pluton 
rocks. Furthermore, the distribution of MgO, Fe2O3, and MnO with SiO2 indicates 
the fractional crystallization of clinopyroxene and hornblende. The moderate Ba 
content and the weak negative Eu anomaly are consistent with K-feldspar frac-
tionation. Compared to primitive mantle magmas, the highly variable MgO, mag-
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nesium number (Mg #: 32.8 - 62.6), and transition element (Sc, Cr, Co, Ni) con-
tents of the studied granitic rocks suggest that some degree of fractional crystalli-
zation occurred during granitoid emplacement [19] [49] [50]. These sufficiently 
high contents in these rocks demonstrate that the primary magmas underwent 
fractional crystallization [19] [49]-[51]. The behavior of trace and major elements 
is consistent with the crystallization of amphiboles and plagioclases, which are 
the most important mineral phase. In detail, the progressive decrease in TiO2 and 
Fe2O3 contents is related to the continuous fractionation of ferro-titanium oxides. 
The decrease in Al2O3 and Sr contents is the result of the significant fractionation 
of plagioclase feldspars. It is important to note that the increase in Al2O3 contents 
and the negative Eu anomaly in the rare earth spectra of granitoids is consistent 
with the presence of plagioclases in thin sections (5% - 10%) and consequently 
the crystallization of mafic minerals. The high Ba and Rb contents indicate the 
significant crystallization of alkali feldspars in granitoids as well as suggest meta-
somatism or crustal contamination. The magmas, rising towards the surface, 
would have evolved by fractional crystallization while assimilating part of the 
continental crust, i.e. by the process known as AFC (assimilation coupled with 
fractional crystallization) [19] [50]-[52]; Figure 9(d)). The AFC phenomenon  

 

 
Figure 9. Discrimination of magmatic differentiation process: (a) Zr vs. Zr/Nb, (b) La vs. La/Yb [53]; (c) Nb vs. 
Nb/U [54]; (d) Rb vs. Rb/Th [55]. AFC; assimilation-fractional-crystallization; CC: crustal contamination; FC: frac-
tional crystallization. 

https://doi.org/10.4236/ojg.2025.1512055


M. N. Klamadji et al. 
 

 

DOI: 10.4236/ojg.2025.1512055 1080 Open Journal of Geology 
 

helps explain the presence of syenites between pink granites and granodiorites. 
In the trace element diagrams as a function of Zr, Rb and La highlighting frac-

tional crystallization (Figure 9(a), Figure 9(b) and Figure 9(d)). This behavior of 
the rocks suggests the presence of a single alkaline magma from a deep source 
(mantle) that would be at their origin. These correlations indicate that the mag-
mas at the origin of the granitoids probably came from the same source. Colline-
arities of trace element variations shown by the different diagrams (Figure 9(a), 
Figure 9(b) and Figure 9(d)) also indicate the development of fractional crystal-
lization processes operating in more or less enriched and/or contaminated man-
tello-derived magmas. In the Nb vs. Nb/U diagram (Figure 9(c)), we note that the 
granitoids originate from the partial melting of the lower continental crust. 

6.3. Geochemical Affinity 

The Fianga pink granitoids are predominantly alkaline, sodic rocks with a 
K2O/Na2O ratio ≤ 1. Pink granites (A/CNK = 0.91 - 0.96), pink microgranites 
(A/CNK = 0.98 - 1.07), syenites (A/CNK = 0.02), and granodiorites (A/CNK =0.94 
- 1.40) are metaluminous to peraluminous. This process has been widely accepted 
to explain the genesis of several alkaline plutons worldwide [41]-[43] [46] [56]. 
The source of high-potassic alkaline magmatism is related either to crustal melt-
ing or to partial melting of the enriched subcontinental lithospheric mantle [43] 
[44]. However, these rocks generally contain magnesium number (Mg#) rich 
mafic minerals (0.11 - 31.40) such as diopside, magnesiohornblende, and magne-
sian biotite. These characteristics could exclude their grouping as alkaline rocks. 
On the other hand, K2O is more or less high than Na2O (K2O/Na2O = 0.84 - 1.42, 
mean = 0.922) in the study rocks and the fact that they are found in the high K 
field on a K2O vs SiO2 diagram (Figure 5(c)) suggests that these rocks have a ra-
ther high potassium affinity, i.e., for their SiO2 values, they are higher than usual 
in K2O [57]. Geochemical analysis shows that the granitoids are Type-I, metalu-
minous to peraluminous. The enrichment of LREEs relative to HREEs (LaN/YbN 
= 0.69 - 10.29) and the flat profile of HREEs lead us to propose a spinel-lherzolite 
peridotite as a mantle source [58]. The balance of moderately incompatible ele-
ments (HREE, HFSE, and Ti) is largely controlled by partial melting processes 
[59]. In particular, HFSE are used to constrain the nature of mantle sources that 
may have been depleted by previous melt extraction in back-arc basins or in the 
arc environment [60]. However, Nb/Ta and Zr/Hf ratios can be significantly frac-
tionated and positively correlated during partial melting of the lower mantle. This 
process should also lead to positive correlations between subchondritic Nb/Ta ra-
tios and La/Yb, Th/Yb, and Y/Sc ratios, which would decrease with increasing 
mantle wedge depletion [59]. However, the Fianga granitoids do not show such 
correlations (Figure 10), suggesting that their region of source was a rather prim-
itive lithospheric mantle, which had not been depleted by previous extraction of 
molten material [59]. 

The Nb/U (<30) and Nb/Th (<8) ratios of the Fianga pluton rocks are close to  
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Figure 10. Plots of Nb/Ta vs. Th/Yb (a) and Nb/Ta vs. Zr/Hf, (b) for the Fianga granitoids. N-MORB, OIB, and primitive mantle 
values are from Sun and McDonough [61]. Nb/Ta ratios are constant around 31, the primitive mantle value. 
 

the values of the primitive mantle. Therefore, the LREE enrichment suggests an 
enriched source in the mantle rather than an evolved magmatic process. The gran-
itoids have Sm/Yb ratios above the spinel-lherzolite melting curve, but below the 
garnet-lherzolite melting trend, so that all analyzed samples lie between the two 
trajectories on the E-MORB side (Figure 11(b)) except for one granodiorite sam-
ple. In the La/Sm vs. La diagram (Figure 11(a)), most samples lie between the 
garnet-lherzolite and spinel-lherzolite curves, suggesting that they originate from 
a mantle reservoir, slightly deeper than the garnet-spinel lherzolite level. This 
source region is expected to be located in the spinel lherzolite and garnet lherzolite 
transition zone corresponding to depths of about 70 - 80 km [59]. This postulate 
can be confirmed by the (La/Yb)N ratio. A (La/Yb)N ratio < 5 identifies a mantle 
composed of spinel lherzolite, while a (La/Yb)N ratio > 5 is characteristic of a man-
tle composed of garnet lherzolite [61]. This ratio is high in granodiorites (9.99 < 
(La/Yb)N < 10.25), therefore the source is a mantle composed of garnet lherzolite. 
Conversely, this ratio is low in roceogranites, pink microgranites, and syenites 
(0.69 < (La/Yb)N < 3.71). This ratio demonstrates that a mantle composed of spinel 
lherzolite would be the source of these rocks. This study reveals a mantle source 
composed of spinel-garnet lherzolite that could be the origin of the rocks studied. 

The rocks of the Fianga pluton crystallized from weak partial melting (Figure 
11(c)). This low degree of partial melting is consistent with their high HFSE con-
tents and high (La/Yb)N ratios. The relatively high K2O/La ratios (0.012-0.451) but 
low U/La ratios (0.015 - 0.565) in the rocks of the study area may also be consistent 
with a lithospheric mantle of similar composition to garnet lherzolite followed 
probably by modification by lower crustal contamination or subduction zone en-
richment. 

6.4. Crustal Contamination 

Crustal contamination may play a role in the petrogenesis of magmas as they 
breach the continental crust in the case of plutons. Fractional crystallization  
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Figure 11. Rare earth element variations in the Fianga granitoids (a) La/Sm vs La, (b) Sm/Yb vs Sm and (c) Sm/Yb vs La/Sm. 
Mantle lattice defined by the compositions of the MORB-depleted mantle [58] and the primitive mantle [61]. Melting curves 
for spinel-lherzolite and garnet-lherzolite sources of DM and PM compositions from [62]; circled points on each melting 
curve correspond to the degrees of partial melting for a given mantle source. The N-MORB and E-MORB compositions of 
Sun and McDonough [61] are also shown. 

 
associated with crustal contamination (FCC) is an important process during 
magma evolution [52]. It can modify the elemental compositions of magmas. 
Crustal materials are rich in LILE, K2O, and Na2O and depleted in P2O5 and TiO2. 
Therefore, crustal contamination will increase significantly with K2O, Na2O, and 
LILE. The lower K2O concentrations and variable Na2O concentrations in rocks 
suggest low crustal contamination with a K2O/Na2O ratio ≤ 1. The cause may 
therefore be a slightly more enriched source or a lower degree of partial melting. 
Generally speaking, minor crustal contamination can result in negative Nb-Ta 
anomalies but also positive Zr-Hf anomalies due to the enrichment of these ele-
ments in crustal materials. The studied samples show negative Nb-Ta and positive 
Zr-Hf anomalies, suggesting that crustal contamination was not significant 
(Green, 2006). The relatively high Zr/Sm ratios (6.50 - 57.65) in these samples 
reflect the presence of a residual mineral that produces Zr (such as zircon). These 
high (Zr/Sm) ratios may be the result of crustal contamination because the upper 
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crust generally has high Zr/Sm ratios (32). Moreover, the absolute concentrations 
of incompatible elements (Nb, Ta, Zr, Sm, etc.) are much higher than those usually 
observed in crustal rocks [63]. In addition, the Ba (44.5 - 957.6 ppm) and Sr (7.1 - 
786.6 ppm) of some rocks are much higher than those of the continental crust (Ba 
= 259 ppm; Sr = 348 ppm; Rudnick and Gao, 2003). Indeed, the continental crust 
exhibits relatively high Th/Ce ratios (0.15) and negative Eu anomalies [63], 
whereas mantle-derived magmas exhibit low Th/Ce ratios (0.013 - 0.05) [36] in 
pink granites but high in pink microgranites, syenites and granodiorites (0.14 - 
0.56). 

6.5. Geodynamic Context of Granitoid Emplacement 

The geodynamic evolution of the Fianga Massif begins with the emplacement of 
quartz chlorite schists and massive amphibolites during the opening of the ocean 
around 770 Ma [3]. The granitoids of the outcropping massif are in the form of 
plutons of varying sizes intruding into the metamorphic rocks. These granitoids 
contain enclaves of quartz chlorite schists and massive oriented amphibolites. Pe-
trography shows the micro-grained to coarse-grained texture of the granitoids. 
The plutonic intrusions represent the last magmatic manifestations associated 
with the Pan-African orogeny at the scale of the Fianga Massif. 

The triangular diagram of Harris [65] (Figure 12(a)) shows that the pink  
 

 
Figure 12. Position of franitoids of Fiangain the discrimination diagram ofthe geotectonic setting: (a) Hf-
Rb/30-Ta*3, (b) Hf-Nb/4-Rb/30, (c) Rb vs (Y + Nb) discrimination diagram for the Fianga granitoids after 
Pearce et al. [64] and (d) Nb vs. Y [64]. 
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granites, granodiorites and two pink microgranite samples fall within the domain 
of volcanic arc granitoids, except for the syenites and one pink microgranite sam-
ple which fall within the intraplate anorogenic domain. In the Hf-Nb/4-Rb/30 ter-
nary diagram (Figure 12(b)), the pink granites, granodiorites and two pink mi-
crogranite samples fall within the domain of volcanic arc granitoids while the sy-
enites and one pink microgranite sample fall within the intraplate anorogenic do-
main. In the Rb vs (Y + Nb) discrimination diagram ([64]; Figure 12(c)), all the 
studied rocks are clearly located in the field of syn-collisional granites except for 
one syenite sample and one granodiorite sample which belong respectively to the 
syn-collisional granitic field and to the intraplate anorogenic domain (WPG). 
These features and their potassium-rich calc-alkaline compositions are consistent 
with a continental collision context [13] [66]. Therefore, some intra-plate granitic 
features observed in most of the studied rocks (Figure 12(c)) can be interpreted 
as an evolutionary trend of the calc-alkaline suites. The Nb vs. Yb discriminant 
diagram [65] shows that pink granites and pink microgranites are located in the 
Oceanic Ripple Granitoids (ORG) domain and that syenites and granodiorites be-
long to the syn-collisional granitoids (Syn-COLG) domain (Figure 12(d)). 

Multi-element diagrams (Figure 13) provide more information on the granit-
oid formation process, and in particular on the composition of the mantle source.  

 

 
Figure 13. Multi-element diagrams of the Fianga granitoids normalized to the primitive [36]: (a) Pink granites, (b) pink microgran-
ites, (c) Syenites and (d) Granodiorites. 
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Granodiorites show positive and negative anomalies in lithophile elements (LILE: 
Ba, Rb, Sr) and abnormally high contents of highly incompatible strong field effect 
elements (HFSE) (Th, U, LREE). The enrichment in these mobile elements can be 
explained by the input of water into the magma source during subduction. Indeed, 
the subducting plate contains water in the argillaceous pelagic sediment film and 
in the magmatic oceanic crust altered by seawater (ridge hydrothermalism). This 
water contained in the subduction rocks will be released when the plate reaches 
high depths and temperatures. The water from this plate will be transferred to the 
mantle wedge source of arc magmas and the mobile elements contained in the 
plate will follow the same path. 

Immobile incompatible elements (Th, REE) may also be added to the magma 
source because when the temperature exceeds 600˚C in the submerging slab, pe-
lagic sediments can melt. 

The major characteristic of these magmas is their negative anomaly in Nb-Ta, 
two strong field effect elements (HFSE), highly incompatible and highly immobile 
(Figure 13). Several explanations can explain these anomalies: 

- Nb and Ta are present at very low concentrations in the pelagic sediments; 
their contents are equivalent to those of MORBs. During dehydration of the sub-
merging slab, due to their low content in the depleted mantle and their highly 
immobile behavior, there will be no enrichment in Nb-Ta in the mantle wedge 
source of the granitoids (Figure 13). 

- Nb and Ta are highly incompatible elements, except in certain titaniferous 
minerals including rutile. During dehydration and melting of the sedimentary 
film covering the plunging plate, these elements will remain trapped in the dehy-
dration or melting residue in the rutile (a refractory mineral that only melts at 
very high temperatures). The mantle wedge will therefore not be enriched in Nb-
Ta compared to other mobile and incompatible elements (Figure 13). 

In the Mayo-Kebbi domain, two types of post-collisional granitoids are known: 
calc-alkaline potassic [25] and alkaline [27]. The alkaline type formed following 
extreme fractional crystallization of a magma of mantle origin contaminated by a 
pre-Neoproterozoic source, while the calc-alkaline type results from partial melt-
ing of the lower crust. The Fianga granitoids are thought to have been emplaced 
in metasedimentary and metavolcanic formations around 570 Ma (U/Pb zircon, 
[25] [27]. These granitoids have geochemical and mineralogical similarities with 
the granitoids described as late post-tectonic or post-collisional, which only out-
crop in the Adamawa-Yadé and North-West Cameroon domains [12] [13] [26] 
[24] in the Cameroonian portion of the Pan-African chain. Composed of granites, 
diorites, gabbros and syenites, they are predominantly very potassic calc-alkaline. 

7. Conclusion 

The Fianga area consists of plutonic formations intruding into metamorphic (am-
phibolite) formations: 1) pink granites, 2) pink microgranites, 3) syenites, and 4) 
granodiorites. Whole-rock geochemistry reveals an alkaline to transalkaline affin-
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ity and a strong potassic affinity for the rocks of the study area. Combined field, 
petrographic, and geochemical data from the Fianga pluton suggest that these 
rocks originate from a single magmatic source and are differentiated by fractional 
crystallization in a deep magma chamber. The chemical composition of the me-
dium-grained syenite suggests that the parental magma originated from partial 
melting of a metasomatized source in the lithospheric mantle. Major elements and 
rare earth elements indicate that the source of the Fianga magma was located near 
the base of the garnet-bearing herzolite peridotite mantle, in the lithospheric man-
tle. Petrographic relationships allow us to conclude that these plutonic formations 
were formed by a process of magmatic differentiation, notably fractional crystal-
lization. All the facies studied, ranging from pink granite terms to granodiorite 
terms via syenite facies, form a transitional suite, characterized by moderate TiO2 
and P2O5 contents, and slightly enriched spectra of incompatible elements. For the 
Fianga magmatism, a process of fractional crystallization of a transitional felsic 
magma, which would produce the felsic series, coupled with an assimilation of 
continental crust, which would occur mainly at a late stage of magmatic differen-
tiation, can be considered. This process would be responsible for the observed 
chemical peculiarities, namely the slight negative anomalies in Nb and the in-
crease in certain ratios between incompatible elements, such as the Zr/Yb ratio in 
granitoids. The interaction of contaminated magmas with intermediate liquids 
would be at the origin of the heterogeneous facies and immiscibility figures. 
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