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Abstract

The Garga-Sarali granitoids outcrop in form of large slabs and undistorted large blocks, into a schisto-gneissic basement. These rocks
contain mainly muscovite and microcline, followed by K-feldspar, quartz, biotite, pyroxene, zircon and oxides, with coarse-grained to
fine-grained textures. Geochemical analysis show that it belongs to differentiated rocks group (granodiorite-granite) with high SiO2 (up
to 72 wt%) contents. Their genesis was made from a process of partial melting and fractional crystallization. These rocks are classified as
belonging to I- and S-Type, meta-peraluminous, shoshonitic granites; belonging to the domain of volcanic arcs. The rare earth elements
patterns suggest a source enriched of incompatible elements. The Nb-Ta and Ti negative anomalies from the multi-element patterns are
characteristics of the subduction domains.
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1. Introduction

Garga-Sarali is part of the Adamawa-Yade Orogenesis Domain occurred between 700 and 500 Ma (Fig. 1). During this orogenic period,
two kinematic episodes were reported to have controlled the implementation of several generations of Pan- African granitoids (Njanko et
al. 2006; Tchameni et al. 2006; Ganwa et al. 2011). The Garga-Sarali granitoids (GSG) outcrop intruded in a schisto-gneissic basement at
the South Betare-Oya, a gold mining province. In the studied zone, some lithological surveys of rapid recognition (Gazel and Gerard,
1952; Bessoles and Trompette, 1980; Vairon et al. 1986), partial mapping of field and geophysical works have been formerly carried out.
From this previous work, it was found that the Garga-Sarali granitoids have not undergone any geochemistry study (Soba, 1975 ; Ngako
et al. 2001). This work aims to present the geochemical data of these rocks in order to identify their petrological origin.
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Fig. 1: Geology of Southeastern Cameroon. (A) Geological Map of Cameroon (Modified After [11]). the Inset Is the Map of the African Continent, Show-
ing the Location of Cameroon Relative to the Distribution of Cratons and Mobile Belts. NWC, Northwestern Cameroon Domain; AYD, Adamawa-Yadé
Domain; YD, Yaoundé Domain.

2. Geological setting

The central Cameroon domain (Fig. 1) appears as a subset of the Pan-African chain which is highly dominated in the structural point of
view by major NE-SW shearing: the Adamawa fault, the Tibati-Banyo fault and the Sanaga Shear zone (Dumont 1986). The Centre-East
Cameroon (CEC) is with Toteu et al. (1991) and Toteu et al. (2001) : (1) a Paleoproterozoic age set (2100Ma) consisted of granulite
metasediments and metaplutonites ; (2) a Meso to Neoproterozoic set (1000Ma-700Ma) which includes volcanosedimentary basins, actu-
ally distorted and metamorphized into schist (Lom series) and gneiss ; and (3) a Pan-african set offset by faults (Nguessi and Vialette,
1994 ; Tagne-Kamga, 2003) consisted of pre- to syntectonic granitoids including dioritic orthogneiss and calc-alkaline granodiorite
(630-620 Ma), syn-tectonic granitoids of S-type granites, porphyroid granites (600-580 Ma) and post-tectonic granitoids represented by
alkaline sub-circular masses (550-500 Ma).

3. Methodology and analytical methods

This study is carried out through fieldworks, petrographic description at naked eye and on thin section with polarized microscope.
Whole-rock analysis of Garga-Sarali granitoids were done on the representative samples. The analytical methods of ICP-ES and ICP-MS
were used at Veritas laboratory in VVancouver, CANADA, to perform are representative analysis of major and trace elements on thirteen
samples. The analytical detection limits for major elements are under 0.05 weight % and less than 20 ppm for trace elements.

4. Petrography

Garga-Sarali granitoids (GSG) outcrop as the large slabs (8—50m) and blocks (2—7m). Three petrographic types are identified: the biotite
granite (N05°23°33°’; E014°01°26°"), and the granite with two micas (N05°12°12”’; E014°00°08°”). (1) The main constituents of biotite
granites are quartz, microcline and other feldspars, biotite, Zircon and opagque minerals. Some have a porphyroid texture (western Kongo-
lo granites), medium grained texture (Ndanga-Gadima granite) and others a fine-grained texture (Kongolo granite). These biotite granites
are slightly altered and undistorted. (2) Granites with two micas contain quartz, feldspar, muscovite, biotite, pyroxene and oxides. Some
enclaves of orthogneiss are intruded in these granitoids. Apart from these rocks, (3) the leucogranites from Petit-Ngaoundere with mus-
covite are present in the studied zone. These leucogranites are characterized by a fine grain or aplitic texture constituted mainly of mus-
covite, quartz and feldspar. Some veins of pegmatites and aplites are also present in this area (Fig. 2 and 3).
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Fig. 2: Sketched Geological Map of Garga-Sarali. 1. Biotite Granite (Ndanga-Gadima, Kongo and West Kongolo) 2. Granite with Two Micas from Cen-
tral Garga-Sarali Zone; 3. Muscovite leucogranite from Petit-Ngaoundéré 4. Schist; 5. Orthogneiss; 6. Migmatite; 7. Locality; 8. Main Road ; 9. Water
Bodies ; 10. Fractures; 11. Tracks.
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Fig. 3: (A) Muscovite Granite with A Vein of Pegmatite; (B) Enclaves of Schist in the Biotite Granite; (C) Large Microcline Crystals in Thin Section
Porphyroid Granite; (D) Block of Biotite Granite with Turtle-Shell ; (F-H) Thin Section of Biotite Granite; (E-H). Thin Section of Granite with Two Mi-
cas.

5. Nomenclature and geochemistry data

According to the plutonic rocks classification diagram of (Cox et al. 1979), the studied granitoids are granodiorite for samples from
Ndanga-Gadima and West Kongolo. Only the data of one sample from West Kongolo fall in the granite field (Fig. 4. a). However, all the
samples from Kongolo, Garga-Sarali Centre and Petit-Ngaoundere are granites. These rocks belong to the shoshonitic domain, excepted
two samples from Petit-Ngaoundere and one from Garga-Sarali which fall in to the field of the highly potassic calc-alkaline rocks (Fig. 4.
b). SiO2 contents range from 62.98 wt % to 64.94 wt % for the granodiorite and from 65.13 wt% to 72.72 wt% for the granite (Table 1).
Al203 contents are more or less constant between 14 wt% and 16 wt% for all the studied rocks. The K20 discrimination in relation to
SiO2 (Fig 4. b) indicates that one sample from West Kongolo is alkaline and all others granitoids studied are of sub-alkaline nature.
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Fig. 4: (A) Plutonic Rocks Classification in the Diagram of (Cox Et Al. 1979) Adapted to Plutonic Rocks by (Wilson 1989). The bold line curve delimits
the fields of Alkaline and Sub-Alkaline rocks. This border is from (Irving and Baragar 1971). (B) K;O vs. SiO, Diagram for the classification of potassic
domain of the rocks. 1. Ndanga-Gadima biotite granite, 2. Kongolo biotite granite, 3. West Kongolo biotite granite, 4. Granite with two micas from Garga-
Sarali Centre, 5. Muscovite leucogranite from Petit-Ngaoundéré.

The Fig. 5 shows that all the biotite granites and granites with two micas of Garga-Sarali Centre belong to the I-type granitoids and leu-
cogranites of Petit-Ngaoundere are from the S-type. The biotite granites of Ndanga-Gadima and West Kongolo are located in the
metaluminous field, the biotite granites of Kongolo and the muscovite facies (Garga-Sarali centre and Petit-Ngaoundere) both in
metaluminous field. In the Fig. 6 below (Harker, 1909), the Fe2Os, MgO, CaO and Zr contents of the studied Garga-Sarali granitoids
decrease. Diagram (Le Maitre, 1989) in Fig. 6 indicates that all Garga-Sarali granitoid types presence a linearly decreasing concentration
in the Fe203, MgO, CaO and Zr diagram in relation to SiO2, and a sub-linearly decreasing concentration in the Al2Os, Ba, Sr and Nb
diagram in relation to SiOo.
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Fig. 5: (A) AICNK Versus SiO, Diagram (After Chappell and White 1992) of the GSG; (B) A/NK Versus A/CNK Diagram (After Shand 1943) For GSG.
GSG = Garga-Sarali Granitoids; A = Al,O3 ; NK = Na,0+K,0 ; CNK = CaO+Na,0+K;0. 1. Ndanga-Gadima Biotite Granite, 2. Kongolo Biotite Granite,
3. West Kongolo biotite granite, 4. Granite with two micas from Garga-Sarali Centre, 5. Muscovite leucogranite from Petit-Ngaoundéré.
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Fig. 6: Al,O3, Fe;0;, MgO, CaO, Ba, Sr, Zr and Nb Diagram in Relation to SiO, (Le Maitre 1989) of GSG. GSG = Garga-Sarali Granitoids. 1. Ndanga-
Gadima Biotite Granite, 2. Kongolo Biotite Granite, 3. West Kongolo Biotite Granite, 4. Granite with two micas From Garga-Sarali Centre, 5. Muscovite
Leucogranite from Petit-Ngaoundéré.

Trace elements data from Garga-Sarali granitoids have been normalized to the primitive mantle (McDonough and Sun, 1995). The REE
patterns show a high concentration of light rare earths (LREE) compared to heavy rare earths (HREE) ((La/Lu) N > 1 and (La/Sm)N >
1). The Eu negative anomalies are common to all samples and more or less emphasized (Fig. 7, a. and c). The multi-element patterns
show a high Large-lon Lithophile Element (LILE) contents compared to High Field Strength Element (HFSE) contents in these for-
mations. The strong Nb, Ta and Ti negative anomalies characterize all samples of biotite granites, leucogranite and muscovite granites.
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Fig. 7: (A) Rare Earth Elements patterns of Biotite Granites; (B) Multi-Element patterns of Biotite Granites; (C) Rare Earth patterns of Granites with Two
Micas and Muscovite Leucogranites; (D) Multi-Element patterns of Granites and Muscovite Leucogranites. All the samples were normalized to the primi-
tive mantle (Mcdonough and Sun, 1995). 1. Ndanga-Gadima biotite granite, 2. Kongolo biotite granite, 3. West Kongolo biotite granite, 4. Granite with
two micas from Garga-Sarali Centre, 5. Muscovite Leucogranite from Petit-Ngaoundéré.

6. Tectonic setting and magmatic protolith nature

According to the Fig. 8 (a and b) all samples fall in the volcanic arc granitoids (VAG) field, which belongs to the subduction zones of
magmatic rock as evidenced by Fig. 8 (a, b and c). The molar discrimination of Al203s/(MgO+FeOt) in function of CaO/(MgO+FeOt)
(Hoffman et al. 1998) is represented in figure 8.d. This diagram indicates that Kongolo biotite granites are in the partial melting field of
metapelites, those of Ndanga-Gadima and West Kongolo fall into the partial melting field of metabasaltics and metatonalitics. The gran-
ites with two micas of Garga-Sarali Centre and the muscovite leucogranites of Petit-Ngaoundéré are located in the partial melting field of
the metagrauwackes.
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Fig. 8: Tectonic Discrimination Diagram for the Garga-Sarali Granitoids (GSG). Ta vs. Yb (A) and Rb Vs. (Y + Nb) (B) with Discriminative Field After
Mcdonough And Sun (1995): WPG = within Plate Granites; VAG = Volcanic Arc Granites; Syn-COLG = Syn-Collisional Granites; ORG: Oceanic Ridge
Granite; (C) Zr Vs. (Nb/Zr)y Diagram of (Thieblemont and Tegyey 1994) for the Studied Granitoids ; (D) Position of the Rocks of Granitoids of Garga-
Sarali in the Molar Al,O4/(MgO + FeOt)-CaO/(MgO + FeOt) Diagram (Altherr et al. 2000). Fields of Partial Melts Derived from Experimental Dehydra-
tion Melting of Various Source Rocks: (Douce and Beard 1996, Singh and Johannes 1996, Wolf and Wyllie 1994). A = Subduction Zone Magmatic
Rocks; B = Collision Zone Rocks; C = Alkaline Intra-Plate Zone Rocks. 1. Ndanga-Gadima Biotite Granite, 2. Kongolo Biotite Granite, 3. West Kongolo
Biotite Granite, 4. Granite with Two Micas from Garga-Sarali Centre, 5. Muscovite Leucogranite from Petit-Ngaoundere.

7. Discussions

The granites (Garga-Sarali Centre and Kongolo) are of type | and leucogranites (Petit-Ngaoundere) are of S-type (Fig. 5), but have a
hyperaluminous composition (A/CNK >) which can justify the fact that they are issued from the partial melting of metapelites and meta-
grewackes which are of nature rich in aluminum oxide (Altherr et al. 2000 ; Nedelec and Bouchez, 2011). The decreasing linear evolu-
tion of all petrographic types in the Al20s, Fe20s, MgO, CaO, Ba, Sr Zr and Nb diagrams with respect to SiO2 (Harker, 1909) would
simply reflect their formation by fractional crystallization. All samples fall in the volcanic arc granitoid field, thus highlighting a context
of active margin that is more justified by their belonging to the calc-alkaline series. Their high potassic character implies that the arc
crust was thicker (Nedelec and Bouchez 2011 ; Barbarin, 1999). The high contents of Al.Os wt% and K20 wt%, would mainly confirm
the abundance of muscovite and microcline in these petrographic types (Fig. 3). The slope ((La/Lu)N >1 and /Sm)N > 1) (Fig. 7) reveal
high contents of Light Rare earth Elements (LREE), this enrichment in incompatible elements is quite evident as they are issued from the
crustal melting of stuffy nature in these elements. The Eu negative anomalies common to all samples has to do with its divalent. The
correlation of the multi-element spectra of GGS with the granitoids of Tcholliré (Negue et al. 2015), of Meiganga on the Adamawa plat-
eau (Ganwa et al. 2011) and their extension in Central African Republic (Naimou et al. 2014) is positive. This similarity is based on their
positive anomalies in K-Nb-Ta-Ti, which is one more argument to the tectono-magmatism of GGS (Fig. 9). The only significant differ-
ence is the behavior of Pb which is slightly positive in these rocks other than GGS. This difference is negligible and not significant, espe-
cially since the positive or negative anomaly in Pb is not very determining in the geodynamic context. Its behavior in these other rocks
(Meiganga and Tcholliré) can be linked to an effect of magmatic circumstance (impulse of magmatic or hydrothermal fluids, contamina-
tion) and sometimes to the initial composition of the magmatic source (Middlemost, 1997). The use of new ICP-MS analysis techniques
can simultaneously measure Nb and Ta of GGS with a detection limit of less than 20 ppm, thus improving the accuracy of the Nb / Ta
ratio. The average of these ratios barely reaches 11.7 + 0.6 against 17.5 + 0.6 of the chondritic ratio considered to be constant (Hoffman
et al. 1998; Wedeppohl, 1995) (Fig. 9.b). Some have seen in the variations of this Nb/Ta ratio and for the Zr/Hf ratio a manifestation of
particular processes such as metasomatism by carbonate fluids (Rudnick et al. 1993). But this argument is antagonistic with the processes
having controlled the formations of our GGS.
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Fig. 9: (A, B). Comparison of the Multi-Element Patterns of the Garga-Sarali Granitoids (GGS) with Those of the Meiganga Granitoids (GM) and Those
of the Tcholliré, Meiganga Massif (GMT), Standardized to the Mantle. (C) Nb/Ta as A Function of Zr/Hf of the GGS Compared to the Initial Crust (Bal-
louard Et Al. 2016).

8. Conclusion

The study of the Garga-Sarali granitoids permitted us to classify them into three groups: biotite granites (Ndanga-Gadima, Kongolo and
West Kongolo), granites with two micas and muscovite leucogranites (Garga-Sarali Centre and Petit-Ngaoundere). They are particularly
characterized by their outcrops size and structured texture (fine, medium and coarse grains). They are part of the highly evolved term
facies (granodiorites and granites) and are shoshonitic, metaluminous to hyperaluminous. They are mostly issued from the infracrustal
melting apart from leucogranites which are of S-type. Metagrewackes, metapelites, metabasalts and metatonalites constitute the main
nature of their melted protolith. Both partial melting and fractional crystallization are magmatic processes that are at the origin of their
genesis. Their geodynamic context is intimately linked to the subduction of a volcanic island arc lithosphere.
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