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Abstract This article presents original geological and geochemical data on more or less deformed granitoids rocks
of the Pitoa region in Domain North Cameroon. The Pitoa granitoids consist of leucocratic, gray and pink
colored, fine to medium grained granites as well as quartz monzonite, containing numerous enclaves of mafic rocks,
intruded in gneiss and amphibolite and cut by dykes of pegmatite, aplite and dolerite. They present porphyritic,
inequigranular, granophyric and microgranophyric textures consisting essentially of quartz, K-feldspar, plagioclase,
biotite and the accessory minerals are zircon, apatite, titanite and opaque minerals. The Plutonic rocks of Pitoa show
the characteristics of the shoshonitic and calc-alkaline series with high-K content. They are magnesian to ferrous,
luminous to slightly hyper-luminous metallic and exhibit the characteristics of type 1 granitoids. REE data and
normalized chondritic plots show variable enrichment of all rocks in LREE compared to HREE with a negative
europium anomaly (Eu/Eu*= 0.19 - 0.8), except for the pink granite sample DS15 which shows a positive Eu
anomaly (14.6). They are distinctively depleted in Th, Nb, Ba, Sr, Ti and Ta. The data indicate that this assemblage
of granitic rock did not result from the simple differentiation of a common parental magma, but show that the
plutonic rocks of Pitoa arose from different crustal protoliths. Trace element and major composition are consistent
with the magmatism which may have involved reworking of a composite protolith of metagrey-wackes in the upper
crust and amphibolitised high -K calc-alkaline basaltic andesites in the northern domain of the Orogenic belt from
Central Africa. These granitoids were set up in a tectonic context of continental subduction collision. They are
emplaced in the active continental margin and fractional crystallization (FC) is a major process that controls
magmatic differentiation.
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of processes of crustal assimilation and fractional
crystallization [1,2].

1. Introduction

Calco-alkaline granitoids are generally characterized by
their hybrid petrographic aspect and their richness in
enclaves. Their geochemical and isotopic compositions
are intermediate between those of alkaline mantle
granites and crustal leucogranites. These great
characteristics reflect their mixed origin and their genesis
by acid-base magmatic mixtures with the intervention

Also, the petrogenetic model of AFC (Assimilation
Fractional Cristallization) developed by [3], has been
widely accepted to explain the genesis of several
calc-alkaline granitic plutons throughout the world [4,5].
Although the global model of the genesis of calc-alkaline
granitoids seems well established, it turns out that each
pluton has its own characteristics: distribution of granitic
facies; nature; diversity of enclaves; magmatic evolution;
and geochemical trend. This could be explained as much
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by the diversity of the petrological processes that may
occur simultaneously or in different orders as by the
magmatic dynamic linked to the conditions of rise and
establishment of the granitic magma which vary according
to the geological context [6,7]. Also, each pluton constitutes a
particular case whose analysis sheds light on a specific
aspect of the petrogenesis of calc-alkaline granitoids. It is
in this order of ideas that we have chosen to study the
calc-alkaline granitoids of Pitoa. Moreover, with the
exception of the geological reconnaissance work carried
out by [8], the more or less deformed calc-alkaline
granitoids of the eastern sector of Pitoa in particular have
never been the subject of a detailed geological study. The
integrated petrological and geochemical study of the main
granite facies was carried out with the aim of
characterizing the nature and origin of the various
petrographic entities. This allowed us to clarify the
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relationships and interactions between them and therefore
to reconstruct the history of the genesis of its granitoids.

2. Regional Geological Setting

The northern part of Cameroon (Figure 1), consists of
(i) Neoproterozoic (~700 Ma) med- to high-grade
Neoproterozoic shales and gneisses of the Poli-Léré
group that formed in the context of a magmatic arc [9];
(ii) Pan-African pre-, syn- and late-tectonic calc-alkaline
granitoids emplaced between 660 and 580 Ma [10,11];
(iii) post-tectonic alkaline granitoids including mafic and
felsic dykes cross-cut by intrusive granites and syenites;
followed by the formation of (iv) several basins made up
of unmetamorphosed sediments and volcanic rocks
[12,13].
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Figure 1. Geological context (A) Geology of West-central Africa and NE Brazil in a Gondwana (pre-drift) reconstruction modified from [10,19].
Dashed line boundary of Cameroon. Thick line, boundary of the two continents: (1) Phanerozoic cover; (2) Neoproterozoic formations; (3) Regions of
Brasiliano/Pan-African deformation in which Paleoproterozoic basement is absent or only present as small isolated blocks; (4) Regions
of Brasiliano/Pan-African deformation with large amounts of reworked Paleoproterozoic basement; (5) cratons. (B) Simplified
geological map of Cameroon showing the location of the Pitoa area and major lithotectonic units. KCSZ = Kribi - Campo shear zone;
CCSZ= Central Cameroon shear zone; SSZ=Sanaga shear zone; TBSZ =Tchollire-Banyo shear zone
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Isotope dating indicates that most of the gneissic and
granitic rocks in this domain are of Neoproterozoic age
with a minor Palaeoproterozoic contribution, contrasting
with the abundant Paleoproterozoic dating that
characterizes the Adamawa-Yadé domain. This suggests
that the Tcholliré-Banyo shear zone is a major boundary
separating a juvenile Neoproterozoic upper crust on the
west side, from older formations to the east [10,14].

Structurally, two deformation phases followed by late-
orogenic shear zones are recorded in the NW-Cameroon
domain, particularly in the Poli area [15,16] (Nzenti et al.,
1992; Ngako et al., 2008). Flattened foliations associated
with isoclinal folds and N110°-140° stretch lineations are
locally well preserved. The second deformation is marked
by vertical and NNE oriented foliations and by tight and
upright folds. In this Poli area, syn-migmatitic N80°-N110°
dextral and N160° —180¢ sinistral shear zones characterize
to this second event. According to [17] the first event is
attributed to crustal thickening and ended around 630-620
Ma. In the NW-Cameroon domain, the second event is
characterized by left lateral (613-585 Ma) then by right
lateral (585-540 Ma) tearing mouvements which controlled
the emplacement of post-collision granitoids [16,18].

3. Methodology

For petrographic observations, polished thin slices of
standard-size 27 x 46mm were prepared according to
standard procedures. 25 x 40 mm sections of rock material
were mounted with epoxy on carrier glass, covered with
carborundum paper up to 2000 mesh to ~30 pm, and
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finished with diamond pastes 4-2-10.25um on cloth to
achieve a mirror finish.

For the geochemical analyses, rock powders were also
obtained using standard methods. Geochemical analyses
are carried out at Acmelabs in Canada. The prepared
sample is mixed with the LiBO,/Li,B4O,; stream. The
crucibles are melted in a furnace. The cooled bead is
dissolved in ACS- grade nitric acid and analyzed by ICP
and/or ICP-MS. Loss on ignition (LOI) is determined by
igniting a fractionated sample and then measuring the loss
in weight. Total Carbon and Sulfur can be included and
are determined by the Leco method (TCO003). The LF202
package includes 14 additional elements from an AQ200
aqua regia digestion to provide Au and volatile elements
that are not part of the LF200 package.

4. Results

4.1. Field Data and Petrography

This study produced a geological map of Pitoa at a
scale of 1: 50.000 including the sampling points (Figure 2).
Two main types of lithology are observable: quartz
monzonite and granite sensu stricto. They outcrop in slabs
and metric to decametric blocks over several km in the
localities of Badjouma Center and Badjouma radié. The
vein rocks present in the area consist of gabbro,
leucogranites, quartzo-feldspathic pegmatites and aplites.
These vein rocks will be the subject of another study and
will therefore not be studied in this work. The thin
sections presented are those of the granites.
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Figure 2. Geologic sketch map of the studied area
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Figure 3. Some field observations of the studied rocks: (a) Block and slab outcrop of quartz monzonite, (b) Samples of quartz monzonite with
coarse-grained texture, (c) porphyritic texture of the quartz monzonite showing associations of biotite, quartz and feldspar phenocrystals, (d) Highly
billed granite flowing in a sheet that shows a preferential NE orientation, (¢) Sample of the granite (deformed biotite granite), (f) photograph showing
the protomylonitic to mylonitic texture in deformed biotite granite, (g) Stripe marked by alternating aplitic and grainy levels, (h) sample of granite
(fine-grained biotite granite), (i) Fine-grained texture in biotite granite; (j) ) Blocks of pink granite; (k) Sample of pink granite, (I) Pink granite with

equant grained texture
4.1.1. Quartz Monzonite

They are represented in the field by coarse-grained
biotite granites. The sample was collected near the Badjouma
village (Figure 3a and b). It is light pink in color and has a
coarse-grained texture. It is characterized by a porphyritic
texture, consisting of plagioclase (showing fractures filled
by sericite), K-feldspar, quartz phenocrysts and biotite.
Opaque minerals are very low proportions and appear in
the interstices of feldspars and biotite (Figure 3c).

4.1.2. Granite

Depending on the grain size, color, deformation and
minerals, several types of granite are distinguished:
deformed biotite granite, fine to medium-grained biotite
granite and pink granite.

4.1.2.1. Deformed Biotite Granite

The deformed granite is a mylonitized granite outcropping
in scattered or grouped blocks on the western flank of the

massif (Mont Bayémi) and the village of Djaouro Sambo
(Figure 3d). Highly fractured (cataclastic), the rock shows
a preferential orientation towards the North. It is a fine-
grained granite (Figure 3e) made up of millimeter-sized
crystals (<1mm) of feldspar (K-feldspar, more abundant
plagioclase), quartz, the rare biotite becoming chloritizing.
At the microscopic scale, this sample shows a protomylonitic
to mylonitic texture (Figure 3f) consisting of K-feldspar
and plagioclase phenocrysts within a recrystallized
groundmass made up of plagioclase, quartz, sericite, chlorite,
zircon, rare small crystals of chloritized biotite and minor
accessories minerals including epidote, apatite and oxide.

4.1.2.2. Fine Grained Biotite Granite

Fine-grained biotite granite outcrops near the Guebaké
and Badjouma village. The rock outcrops in blocks and
decametric slabs (Figure 3g). The slab presents bands
marked by the alternation of aplitic levels. The rock is
pinkish in color due to the abundance of K-feldspar
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crystals, with a fine-grained structure (Figure 3h). Under
the microscope, the texture is a fine-grained texture
(Figure 3i), composed of quartz, plagioclase, K-feldspar
and biotite. Secondary minerals are microcline, muscovite,
sericite, calcite and opaque minerals. The essential
minerals are millimeter-sized quartz and feldspar.

4.1.2.3. Pink Granite

Pink granite was collected near the village of Badjouma.
The rock outcrops in blocks and decametric flagstone
(Figure 3j). It is light pink in color and has an equant grain
texture (Figure 3Kk). This variable-grained rock contains
quartz and very abundant alkaline feldspar. Biotite and
plagioclase are found in very small proportions in the rock.
At the microscope scale, the texture is graphitic
(Figure 3lI), consisting of crystals of quartz (0.2 — 0.8mm),
plagioclase, potassium feldspar and accessory minerals
(calcite, zircon and opaque). These phenocrysts are
embedded in an underground mass composed of quartz,

feldspar, biotite and opaque minerals. Opaque minerals
(5%) are included in quartz and feldspar crystals.

4.2. Geochemical Characterization

For geochemical studies, nine samples of granitic rocks
were prepared. The sample weighing 0.5 to 1Kg was
reduced and finely ground at the CRGM of Garoua
(Geological and Mining Research Center of Garoua). The
sample chips were cleaned, ground in an agate mortar,
quarter split and finely ground. Representative samples
were analyzed by ICP-AES and ICP-MS at “Acme
Analytical Laboratories Ltd at Vancouver Canada”.

4.2.1. Distribution of Major Elements

Major and trace element data for representative samples
of granitoids are listed in Table 1. In the classification
diagram of [20], the granitoids samples belong to the
monzonite and QZ granite fields (Figure 4)
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Figure 4. (a) Na,O + K;0O - SiO; diagram [20], the line dividing the alkaline domain from the calc-alkaline domain is after [29], (b) Diagram A/NK -
AJ/CNK [21] showing the metaluminous to peraluminous nature of the plutonic rocks. (c) and (d) K20-SiO2 (Peccerillo and Taylor, 1976) and
Na20+K20-Ca0-SiO2 [23] diagrams showing the calc-alkaline to shoshonite nature of the rocks studied. (e) FeO/MgO+FeO - SiO2 diagram [23]

showing the magnesian and ferriferous nature of the Pitoa granitoids
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Table 1. Bulk-rock main element oxide (in wt%) and trace element contents (in ppm; pg-g-lug/) measured by ICP and/or ICP-MS in
representative plutonic samples from Pitoa

Rock type Granites Quartz monzonite
Samples DS01 | DS15 | BA03 [ PIolb | P04 | BCO2 BCO3 | BRO6 | BCOL
main element oxide contents and ignition loss in weight percent [wt%]

Sio2 75.37 78.44 70.29 76.46 74.04 74.79 66.13 67.28 68.01
AI203 12.76 11.56 15.19 11.71 13.35 13.27 15.09 15.11 15.4
Fe203 1.35 0.91 1.84 1.69 1.78 147 4.02 3.22 2.94
MgO 0.05 0.08 0.61 0.29 0.36 0.18 1.23 1.22 0.86
Ca0 0.64 0.88 1.69 0.57 0.79 0.67 2.48 1.84 1.79
Na20 3.58 3.12 4.98 1.84 3.69 3.88 3.65 3.84 3.81
K20 5.14 3.96 3.43 6.57 4.9 4.77 5.32 5.49 5.48
Tio2 0.09 0.04 0.26 0.16 0.18 0.16 0.69 0.53 0.44
P205 0.01 0.02 0.07 0.03 0.02 0.06 0.21 0.15 0.15
MnO 0.04 0.01 0.02 0.01 0.06 0.02 0.06 0.07 0.04
LOI 0.9 0.7 14 0.5 0.7 0.6 0.8 1 0.8
Total 99.92 99.72 99.78 99.83 99.87 99.87 99.68 99.75 99.72
CIPW NORME

Quartz 33.13 43.19 23.49 38.59 3112 32.04 16.81 17.45 19.18
Orthose 30.09 23.65 20.63 39.14 29.24 28.42 31.90 32.94 32.82
Albite 30.62 26.68 42.90 15.70 31.52 33.11 3134 32.99 32.67
Anorthite 3.20 4.29 8.12 2.67 3.84 3.00 9.21 7.90 8.10
Magnétite 0.42 0.28 0.58 0.52 0.55 0.46 1.00 0.80 0.92
liménite 0,17 0.08 0.50 0.30 0.34 0.31 1.33 1.02 0.85
Corindon 0,14 0.59 0.37 0.60 0.59 0.64 0.00 - 0.27
Apatite 0,00 0.04 0.16 0.07 0.04 0.13 0.47 0.33 0.33
Na20+K20 8.72 7.08 8.41 8.41 8.59 8.65 8.97 9.33 9.29
K20/Na20 1.44 1.27 0.69 3.57 1.33 1.23 1.46 1.43 1.44
ANOR 9.46 15.36 28.20 6.39 11.60 9.53 22.40 19.34 19.81
Q' 3391 44.15 24.70 40.16 32.51 33.17 18.83 19.11 20.68
Al/(Ca+Na+K) mol 1.01 1.05 1.00 1.05 1.04 1.04 0.93 0.97 1.00
Al/(Na+K) mol 1.11 1.23 1.28 1.15 1.17 1.15 1.28 1.23 1.26
trace element contents in partz per million [ppm; pg-g—1]

Cr Id Id Id Id Id Id 271.37 61.58 Id
Ba 86 1542 758 588 269 120 838 1091 707
Ni Id Id Id Id Id Id Id Id Id
Sc 3 Id 3.0 1 3 2 5 6 3
Be 6 Id Id Id Id 6 3 5 4
Co Id 0.7 2.2 1.4 0.8 1.7 7 4 5.2
Cs 4.5 0.6 25 0.2 0.5 5.9 7.8 2.9 7.1
Ga 204 10.9 21.1 15.3 17.6 18.5 19.5 18 17
Hf 5 5.6 3.5 7 2 4.6 10 7.6 6.6
Nb 26.2 0.5 33 54 10.2 9.7 235 17.2 14.4
Rb 367.6 69.2 88.7 149.4 129.6 291.1 245.2 185.2 271
Sn 4 Id 1.0 1 2 1 4 2 3
Sr 283 322 723.8 153.7 115.8 755 396.6 290.1 363.9
Ta 1.8 Id 0.3 Id 0.5 0.9 1.9 1.1 1.2
Th 63.9 0.5 7.0 26.4 6.7 44.7 54.6 20.1 415
) 7.9 0.3 2.1 0.8 0.5 12.5 8.2 3.2 6.6
\Y Id 13 27.0 17 10 Id 50 27 31
w 13 Id Id Id Id Id Id Id 14
Zr 125 168.8 126.3 174.3 52.6 125.4 362.9 276.1 247.2
Y 24.7 15 6.5 16.4 9.4 6.2 19.5 20.5 12.7
Rb/Sr 12.99 0.21 0.12 0.97 1.12 3.86 0.62 0.64 0.74
Y/Sr 0.87 0.00 0.01 0.11 0.08 0.08 0.05 0.07 0.03
Nb/Zr 0.21 0.00 0.03 0.03 0.19 0.08 0.06 0.06 0.06
Rare Earth element contents in parts per million [ppm; ug-g—1]

La 334 9.7 17.8 57.6 13.3 325 83.3 51.4 46.6
Ce 674 10.3 34.80 125.9 275 45.8 147.6 102.9 85.8
Pr 6.72 0.99 3.84 14.58 3.09 4.12 14.8 11.52 8.17
Nd 20.1 2.8 14.00 54.6 12 12.8 51.2 40.2 284
Sm 3.25 0.28 2.68 9.84 2.61 1.9 7.53 6.99 44
Eu 0.2 1.34 0.59 0.98 0.33 0.28 1.36 1.6 1
Gd 2.93 0.28 1.95 8.01 214 141 5.73 5.71 3.28
Th 0.46 0.04 0.23 0.95 0.3 0.19 0.73 0.73 0.4
Dy 3.07 0.24 1.35 4.37 1.82 0.98 3.82 4 2.2
Ho 0.73 0.06 0.20 0.63 0.3 0.22 0.68 0.69 042
Er 2.39 0.25 0.70 1.44 0.9 0.64 2.04 2.03 1.22
Tm 0.47 0.03 0.09 0.18 0.11 0.09 0.28 0.28 0.17
Yb 3.79 0.24 0.59 11 0.86 0.73 1.85 191 1.17
Lu 0.66 0.06 0.09 0.17 0.13 0.14 0.29 0.28 0.19
YREE 145.57 26.61 78.9 280.35 65.39 101.8 321.21 230.24 183.4
(La/Yb)N 6.32 29.00 21.65 37.58 11.10 39.53 33.21 22.49 27.87
(La/Sm)N 6.64 22.39 4.29 3.78 3.29 11.05 7.15 4.75 6.84
(Dy/Yb)N 0.54 0.67 153 2.66 1.42 111 1.42 1.63 1.23
Eu/Eu* 0.19 14.6 0.74 0.34 0.42 0.52 0.63 0.78 0.8
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Based on the Al saturation index (A/CNK = molar
Al,O3/(Ca0 + Na,0 + K,0)) of [21], the granites are
peraluminous; quartz monzonites are distributed in the
orefield and all conform to type-I granitoids (Figure 4a).
In the MALI and K,O vs SiO, diagrams, the granitoids
show a calc- alkaline to shoshonitic trend and trace mainly
in the domain of the high-K calc-alkaline series [22].

Using the classification of [23] to discriminate ferriferous
granitoids from magnesian granitoids, the quartz-monzonites
are magnesian and the granites are ferroian, except sample
BAO03 which is magnesian (Figure 4b, c et d). They
present the same geochemical characteristics as those of
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the Mayo-Kebbi domain studied in the locality of Pala by
[24] and those of the Adamaoua-Yadé domain mainly in
the localities of Ngaounderé [25]; Meiganga [26]; Kékem
[27] and Mbé-Sassa-Mbersi [28]. The SiO, vs oxide diagrams,
of Harker type, show a quasi-linear and continuous
distribution of points representing different petrographic
facies of the plutonic rocks of Pitoa. This distribution
established good negative correlations between SiO, and
the other oxides (TiO,, Al,O3, CaO, Fe,O3, MnO; P,0s,
and MgO), and a random distribution for Na,O and K,O.
Their contents decrease with the increase in the
differentiation index expressed here by silica (Figure 5).
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4.2.2. Distribution of Trace Elements

4.2.2.1. Quartz Monzonite

Represented by the coarse-grained biotite granite on the
field, they are characterized by high abundance of Ba (707
- 838ppm), Rb (271 — 245.2ppm), Sr (363.9 — 396.6ppm),
Zr (247.2 - 362.9ppm) and Th (20.1 - 54.6ppm);
moderate REE content (XREE =183.4 — 321.21ppm) and
low Y content (12.7 — 19.5ppm). The Rb/Sr ratios vary
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Figure 6. Chondritic-normalized REE patterns (a, c...) for the Pitoa granitoids. Normalizing values from [31].
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from 0.62 to 0.74. Chondrite-normalized REE patterns
(Figure 6a) are moderately fractionated (Lan/Yby= 28.58
— 33.21), and show negative Eu anomalies (Eu/Eu* = 0.63
— 0.8) and an HREE profile flat (Gdn/Yby= 2.2 — 2.9). In
the diagram of incompatible trace elements normalized by
the Primitive mantle, the rocks show a homogeneous
composition with strong negative anomalies in Ti
(TiN/GdN: 03—04), P, Sr (SrN/NdN: 05 - 08), Nb
(Nby/Lan=0.3) and Ba (Figure 6b).

1000

Samoles /Primitif mantle

Primitive mantle-normalized

incompatible element patterns (idem) for the Pitoa granitoids. Normalizing values from [32]
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4.2.3. Granites

4.2.3.1. Distorted Biotite Granite

The deformed biotite granite is characterized by high
Ba contents (588 - 758ppm), Sr contents (153.7 —
723.8ppm), Th contents (26.4ppm, except sample BAO3
with low concentration in Th, 7.0ppm), moderate in Rb
(88.7 — 149.4ppm), Zr (126.3 — 174.3ppm) and REE
(ZREE =78.9 — 280.4ppm). The Rb/Sr ratios vary from
0.12 to 0.97. Chondrite-normalized REE models
(Figure 6¢) show enrichment in LREE relative to HREE
(Lan/Yby= 2.65 — 37.58) and negative Eu anomalies
(Eu/Eu*= 0.34 — 0.79). Compared to other Ngaoundéré
granitoids, they are significantly depleted and fractionated
in HREE (Gdy/Yby= 2.73 — 6.02). In the primitive
mantle-normalized  incompatible  element  diagram
(Figure 6d), all deformed biotite granite samples show
patterns with negative Ba, U, Nb-Ta anomalies (Nby/Lay
=0.09 - 0.18), P and Ti (Tiy/Gdy= 0.05 — 0.37). Negative
EU and BA anomalies are explained by the fractionation
of plagioclase. But, Nb, Ta and some Ti negative
anomalies are inherited from the petrogenetic process.

4.2.3.2. Fine-grained Biotite Granite

Fine-grained biotite granite is characterized by high Ba
(120 — 1091ppm), low to moderate Rb (129.2 — 291.1ppm),
Zr (52.6 — 276.1ppm), Sr (75.5 — 290.1ppm), Rare earths
(XREE =65.39 — 230.24) and low Y contents (6.2 — 20.5ppm).
The REE models normalized to Chondrite (Figure 6e) are
moderately fractional (Lay/Yby= 11.09 -39.53), and have
negative Eu anomalies (Eu/Eu* = 0.42 — 0.78) and a flat
HREE profile (Gdn/Yby= 1.6 — 2.9). In the normalized
plot of the primitive mantle of incompatible trace elements,
the rocks show a homogeneous composition with strong
negative anomalies in Ba, U, Nb-Ta, P, Smand Ti (Figure 6f).

4.2.3.3. Pink Granite

Pink granite is characterized by high Ba (1542ppm, except
sample DSO1 with low Ba concentration, 86ppm), Rb
(367.6ppm, except sample DS15 with low Rb concentration,
69.2ppm), Zr (125 — 168.8ppm) and Sr (28.3 — 322ppm)
contents. REE are low in these samples (EREE = 26.6 —
145.6ppm). The REE spectra of pink granites show common
characteristics (Figure 6g). They are moderately fractionated
((La/ Yb)y = 6.32 — 29) with heavy REE spectra concave
upwards ((Gd/Yb)y = 0.63 — 0.94). Yb contents normalized
to chondrites are generally variable (Yby = 1.50 — 23.54).
The pink granite (DS01) shows a negative EU anomaly
((Eu/Eu* = 0.19)) while the DS15 sample shows a positive
Eu anomaly ((Eu/Eu * = 14.6)). Multi-element spectra of
pink granites are discordant. The spectra show negative
Ba, Nb-Ta, P, Sm and Ti anomalies for sample DSO1
while sample DS15 shows positive Ba, Sr anomalies and
negative Th, Nb-Ta, Sm, Ti anomalies (Figure 6h).

5. Discussion

5.1. Source Rock Characteristics

The chemistry of granitic rocks is mostly controlled by
the composition of the source. Granitoids can result either

from fractional crystallization of mantle-derived magma
or from partial melting of crustal rocks. Regarding the
production of high-K magmas in convergent tectonic
environments such as the Pan-African folded Belt in
Cameroon, two main processes have been identified to
explain: 1) in continental arc environments, fluid-enriched
parent mantle magmas could be contaminated by crustal
material during the ascent [33]; 2) in syn- to post-
collisional environments, crustal rocks could melt as a
result of post-peel decompression at the base of the
lithosphere [34]. The differences in composition of the
magmas produced by the partial melting of these different
protoliths under varying melting conditions are illustrated
in Figure 7a. In this diagram of [35], several observations
can be made: i) The parental magmas of the studied
plutonic rocks probably originated from a partial melting
of a meta-greywacke source with a contribution of
metabasic to tonalitic source ; ii) The magma of quartz
monzonite (coarse-grained biotite granite) are mostly
derived from partial melting of metabasic to tonalitic
sources (except sample BCO1 which derived from partial
melting of metagreywacke) ; iii) Granitic magmas
resulting from partial melting of a source of
metagreywacke. Similar sources are found in the
granitoids of eastern Nigeria and north eastern Brazil.
These source rocks are predominantly found in the lower
part of the continental crust and we suggest that the source
of the quartz monzonite was metamorphosed mafic
igneous rocks of the lower crust. The abundance of
hydrous minerals (biotite) in the plutonic rocks suggests
that the protolith melting took place under hydrous
conditions. The differences observed in the granites can be
explained by variations in the degree of mineral
fractionation, differences in the melting conditions and/or
minor variations in source compositions. The low Rb/Sr
ratios (except sample DS01) and the LREE enrichment of
the rocks are probably inherited from the source. As
indicated by [36], the calc-alkaline to shoshonitic and
metalluminous K-rich characters of the studied rocks
involve a metalluminous and relatively K-enriched source.
The metaluminous to weakly peraluminous feature as well
as the presence of Magnetite and Sphene as main
accessory minerals in the studied plutonic rocks suggest
that their magma may have been formed by partial melting
of a basic component according to [37]. The REE and
multi-elements models in Figure 6 suggest genetic
processes involving amphiboles and possibly garnets.
High LREE contents in granites and quartz monzonites
could be related either to LREE enrichment of their source
materials or to a low degree of partial melting of crustal
protoliths resulting in garnet and amphibole as residual
phases. Moreover, the spider diagrams show no negative
Y anomalies, suggesting that garnet was not involved in
the residual phase. LREE enrichment, associated with
HREE depletion during fractional crystallisation, is
compatible with amphibole fractionation, which tends to
concentrate HREEs. The heavy rare earth enrichment
observed in pink granites reflects the presence of sphene
and zircon in these rocks. Spider plots characteristically
show negative anomalies for Ba, Nb and Ta. These
anomalies result either from the low content of these
elements in the source, or from their retention in the
residue during partial melting. Thus, the magmatism of
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the Pitoa plutonic rocks may have involved the reflow of a
composite basic amphibolitic protolith into the deep crust.
Low concentrations of Co, Ni and Cr are a geochemical
characteristic of calc-alkaline granites of crustal origin.
Large-scale melting of the source rocks may have been
promoted by high heat flux during Pan-African Orogeny
or under the plating of mantle derived magmas in the crust.
In contrast, whole rock K/Rb ratios are relatively low in
the quartz monzonite (136-180) and the sample of granite
DSO01 (116); moderate in granite (246-365, except for one
sample, DS15 with 475), indicating highly evolved
magma for the quartz monzonite and moderately evolved
magma DS01 granite sample for other granites except
sample DS15 which have a magmatic Figure 7b.

5.2. Magmatic Differentiation

The Pitoa plutonic rocks show a relative wide range of
major and trace element compositions. Several processes
could therefore be considered to explain their genesis,
such as magmatic mixing and/or fractional crystallization.

5.2.1. Fractional Crystallization

The fractional crystallization process is well evidenced
in the Harker diagrams. Straight curves symbolize the
fractionation of a constant mineralogical assemblage,
while breaks in slope generally indicate a change in the
composition of the assemblage [40]. Graphs of selected
major oxides Figure 5 shows well-defined negative or
positive correlations with increasing SiO, content, which
reveal the splitting of common mineral phases in granitic
magmas. These rocks are characterized by a high SiO,
content (66.13 - 78.44%) and incompatible elements
suggesting a high degree of differentiation for the different
granites studied. This differentiation is visible on the
diagram FeOt / (FeOt + MgO) versus SiO, diagram
(Figure 4e) with an increase in iron content compare to
magnesium during differentiation. This increase in iron
content during crystallization is due to the high degree of
oxidative conditions in the magmas which promote the
crystallization of iron oxides and which prevail in arc
regions [40]. Plagioclase crystallization is confirmed by
the negative Eu and Sr anomaly observed in the rare earth
diagram (Figure 6). The Sr vs Ba diagram (not shown here)
shows that magmatic differentiation in the biotite granites
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of Pitoa is controlled by alkali feldspar. Depletions of Ti,
P, Sr, Ba, and Nb in the mantle-normalized primitive trace
element patterns indicate the separation and crystallization
of plagioclase, K-feldspar, apatite, ilmenite and others
minerals (Figure 6). Within the pitoa granitoids in the
northern domain of the Central African Orogenic belt,
strong splitting of plagioclase, biotite, and K-feldspar is
indicated by negative correlations of SiO, with CaO, Fe,0s,
MgO, K,O, MnO, Na,O, P,0s and Al,O; (Figure 5).
These features suggest that fractional crystallization
played a major role in the magmatic process. According to
[40], the fractional crystallization could be incomplete if
the residual liquid (or part of it) remained trapped in the
crystal matrix. This is generally reflected in our case by
the presence of a protomylonitic texture in the deformed
biotite granitoids marked by the presence of large
phenocrysts molded by fine interstitial crystals. The
Rb/Th Vs Rb diagram (Figure 8a) shows that several
petrogenetic processes influenced the emplacement of
the Pitoa granites, The Rb / Th Vs Rb diagram shows
that several petrogenetic processes influenced the
emplacement of the Pitoa granite, the major process is
fractional crystallization and several criteria plead in favor
of the intervention of the continental crust in the genesis
of the intermediate and evolved terms present in the area.

5.2.2. Magma Mixing

In granitic terrains, the magmatic mixture is most often
marked by the presence of dark enclaves of variable size
[42,43]. The presence of these mafic enclaves of various
shapes in the granitic slabs therefore seems to be a strong
argument to suggest the intervention of such a process in
the differentiation of the granitoids of the eastern sector of
Pitoa (Figure 8c and d). Moreover, the progressive and
unclear contacts between these enclaves and the granitic
relief encountered in the field indicate a limited
contamination of the enclave by the host and vice versa
[42]. This process of magmatic mixing associated with
fractional crystallization is observed in the granitoids of
the Mbé —Sassa — Mbersi region by [28], granitoid rocks
of the Mbengwi region by [43]. The role of mixing in the
genesis of Pitoa plutonic rocks was further examined
using the Yb/Hf ratio plotted against Ti/Zr (Figure 8b;
e.g. [41]). The increasing linear correlations between these
ratios are all expected characteristics for magma mixing.
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Figure 8. (a) Rb vs Rb/Th diagram for the Pitoa granitoids. AFC, assimilation—fractional crystallization; CC, crustal contamination; FC, fractional
crystallization, (b) Ti/Zr vs. Yb/Hf diagram indicative magma mixing in the evolution of the studied rocks after [41]; (c) rounded mafic enclave in
Badjouma biotite granite; (d) Mafic enclaves with elongated shapes in granite

5.2.3. Tectonic Settings and Tentative Geodynamic
Context

The global geochemical characteristics of the Pitoa
granitoids are compatible with the compositions of the
calc-alkaline magmas of the orogenic domains. In the
Yb vs Ta and the Y + Nb vs Rb discrimination
diagram (Pearce et al., 1984; Figure 9a et b), the Pitoa
granitoids clearly lie within the volcanic-arc granite
field and are syn-collisional granites while the DS01
sample lies within the intra-plate granitic field. Pitoa
granites are characterized by negative Ti, Nb, Ta and
HREEs anomalies (Figure 6) characteristic of melting of
oceanic and continental crust in subduction zones
(e.g. [45]). The Ti anomaly suggests the crystallization
of titano-magnetite oxides, and the abundance of iron
oxides observed in the thin section would indicate a
partial melting produced under oxidising conditions [46]
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within the lower crust. This abundance may reflect the
melting of fluid and oxide-rich mantle material emanating
from subducted oceanic lithosphere. Negative Nb-Ta
anomalies can have several origins: petrogenesis
associated with a subduction zone, strong crustal
contamination or metasomatism of the mantle source [47].
The petrographic and geochemical data of the Pitoa
granites argue in favor of a petrogenesis associated with a
subduction zone. HREE depletion is also suggestive of
refractory garnet at the magma source [48]. Negative
anomalies in Zr and Hf also characterize certain rocks
associated with subduction zones (White et al., 1984). On
the Zr vs (Nb/Zr)N diagram (Figure 10) of [49], most of
the samples trace fields from the collision zone to the
subduction zones. These features and their high potassium

calc-alkaline compositions are consistent with a
continental collision context [12,50].
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Figure 9. (a). (Y + Nb) vs Rb discrimination diagram and (b) Y vs Nb discrimination diagram for the Pitoa granitoids after [44]. Syn-COLG, syn-
collision granite; VAG, volcanic arc granite; WPG, within-plate granite; ORG, ocean ridge granite
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Figure 10. Zr vs (Nb/Zr)N diagram of Thiéblemont and Tegyey (1994)
for the Pitoa granitoids: (A) subduction-zone magmatic rocks,
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peraluminous leucogranites related to collision zones. Normalization
values from Sun and McDonough (1989)

5.3. Relationship with Neighboring Domains

The North-Cameroon domain which extends to the
Mayo kebbi [51,52] occupies a pivotal position between
the formations of the East Nigeria domain and those of the
Adamawa yadé domain. The geochemical studies carried
out in this northern area on the syn-tectonic granites of the
Guider and Bossoum-Pologozom plutons show trans-
alkaline, meta-aluminous to hyper-aluminous characters
on the one hand and ferro-potassium on the other hand
[53]. These data made it possible to correlate them with
the East-Nigeria and NE Brazil domains (Séridé Jaguaribe)
which present the same geochemical characteristics
[54,55]. The granitoids of the eastern sector of Pitoa
located further south of Guider in the same area are
slightly different. They are generally metalluminous to
slightly hyperaluminous type | granites belonging to the
calc-alkaline to high potassic shoshonite series. These
granites tend to be much more ferriferous than magnesian
and their silica content ranges from 66.13% to 78.44%.
They present the same geochemical characteristics as
those of the Mayo-Kebbi studied in the locality of Pala by
[24,43] and those of the Adamaoua-Yadé domain mainly
in the localities of Ngaounderé [25]; Meiganga [26]; Kékem
[27] and Mbé-Sassa-Mbersi [28]. The same geochemical
characteristics are also observed in the Pan-African granites
of eastern Nigeria, emplaced during a collision-subduction
of the eastern edge of the West African craton [56]. The
approximately linear distribution of Pitoa granitoids in
Harker diagrams and the presence of mafic enclaves in the
granite would indicate the intervention of magmatic
mixing (acidic and basic magma) as well as fractional
crystallization processes [57,58]. Two magmatic processes
are also highlighted in the Mbé — Sassa - Mbersi granitoids
(Saha et al., 2019) [28]. The multi-element spectra show
all the negative anomalies in Nb-Ta and TiO,, reflecting
the presence of a crustal component in the parent magma
linked either to a mantle modified by subduction

phenomena, or to crustal contamination during their setting in
place. The Pitoa granitoids are established in contexts of
active continental margins just like those of Mbé - Sassa-
Mbersi. They are all syn-collisional volcanic arc
granitoids resulting from a multi-source magma (melting
plunging plate, upper continental crust, and magmatic
mixture) placed in a situation of subduction-continental
collision. Fractional crystallization (FC), assimilation
by fractional crystallization (AFC), and magmatic
differentiation controlled by crustal contamination (CC).

6. Conclusions

The aim of this study was to identify the lithologies of
Pitoa and their emplacement conditions emplacement. To
achieve these objectives, petrographic, and geochemical
characterizations were necessary. The main results show
that the Pitoa zone is made up of quartz monzonite and
granites with porphyritic, inequigranular, granophyric and
microgranophyric textures. They are composed of quartz,
feldspars (plagioclase and K-feldspar) and biotite.
Muscovite and calcite are secondary minerals. Accessory
minerals are epidote, apatite, zircon and opaque minerals.

The Pan-African Pitoa granitoids are calc-alkaline, high
K, I-type and metaluminous to peraluminous that are
related to the rocks of Mbengwi, Mbé-Sassa-Mbersi and
Ngaounderé. Differences in these granitoid groups can be
explained by variations in source composition, melting
conditions and degree of mineral fractionation. They are
syn-collisional volcanic arc granitoids resulting from a
multi-source magma (molting plunging plate, upper
continental crust and magmatic mixture) placed in
subduction — continental collision.

Fractional crystallization played a major role in the
magmatic process.
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