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Introduction:-

Various exploration approach including structural controls, geological and geochemical mapping amongst others
have been used to assess granitic bodies’ mineralization potential [1, 2, 3]. Granites concentrate important volumes
of metals, such as Mo, Rb, Sn, Li, Zr, Th, Be, Li, Nb, Ta, Cs, W, Cu, and Au [1, 2] which spatially and temporally
distributed within their different types. For example, [-type granites concentrate Ag, Au, Cu, Fe, Ga, Mo and Zn
while S—type granites concentrate Sn, U and W [1, 2, 3]. Numerous granitic bodies cropout along the NSOE branch
of the Central Cameroun Shear Zone (CCSZ). Their origin and evolution as well as their emplacement ages and
regimes have been largely debated by [4, 5, 6, 7, 8, 9, 10]. However their mineralization potentials remain poorly
understood. Some recent research works revealed that many of these rocks are potentially rich in major (e.g., Zn, Fe,
U, Cu, Pb, Ag, Sn, W), minor (e.g., Re, Bi, Te, Cd, and Sc, Sb), and rare (e.g., Ta, Nb, Li, Be, Zr, and Lanthanides)
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metals [1, 2, 11]. This paper presents a case in which petrographic data, histograms and box—plot representations
from geochemical data are used to evaluate and highlight the mineralization potential of the Bafoussam granitoids.

Geological setting:-

Pan—African granitoids are widely distributed throughout the Central African Fold Belt (CAFB) in Cameroon,
specialy in its southeastern part. Their relative emplacement ages range from the early stage of orogenic deformation
(640 Ma, [4]), after which they were metamorphosed into orthogneisses, to the late uplift stage of global geotectonic
evolution (572 Ma, [4]). They can be subdivided into three main types related to the orogenic deformation phases:
(i) pre— to syn-D, granitoids (640—-613Ma), (ii) syn— to post-D, granitoids (613—572 Ma), and (iii) post—orogenic
granitoids (>542 Ma,) [4, 12, 13]. In western Cameroon, some of the Pan—African plutons including the Bafoussam,
Dschang and Batie granitoids have been subject of detailed petrologic studies [4, 14, 15, 16, 17] which described the
aforementioned granitoids as syn— to post—collisional, emplaced during the D, and D; Pan—African deformation
phases. The study of the metallogenic aspect of these Pan—African granitods is becoming one of the main scientific
research targets [1, 2, 18, 19]. Such studies by [18] in Banyo, [19] in Mayo Darley and [1, 2] in Dschang and Batie,
highlighted oxides, hydroxides, trace element and rare earth elements enrichment in Pan—African granitoids. These
results thus emphasize the necessity of intensifying research works for potentially major, minor and rare metals
enrichment in Pan—African granitoids. This thus reinforce the relevance of further studies on the Bafoussam
granitoids, given their geological similarities and their belonging to this potentially mineralized CAFB [20] for the
base metal enrichment potential.

Methods:-

Fourteen fresh samples collected from the main lithologies (Fig. 1b) were used for thin sections and their detailed
petrographic analyses were carry out under a crossed polarizes light microscope in the Laboratory of Geosciences,
Natural Resources and Environment of the University of Douala. Fourteen whole—rock geochemical data from [14]
were used for the samples barrenness or fertility assessment in discrimination diagrams with respect to specific
elements/metals, according to established metallogenic granitoids protocols [21]. The geochemical data were
statistically processed using the GeoChemical Data Toolkit (GCDkit 6.0) software of [22], supported by R 3.6.0 (for
Windows), to identify positive and/or negative anomalies in the data that have implications for mineralization.
Results for selected metals/elements from the geochemical data were tested for normal distribution using histograms
and box—plots in which the median value (50th percentile) is denoted by a bold line within the box, Q; (25th
percentile) and Qs (75th percentile) respectively representing the lower and upper quartiles. The interquartile Range
(IQR), corresponds to the difference between Q; and Q;, serving as a measure to detect outliers within a specified
window of 1.5 x IQR. For the determination of elements with positive concentrations, the statistical threshold
formula was Threshold = Q; +1.5 x IQR, while for negative anomalies the statistical threshold formula was
Threshold = Q; — 1.5 x IQR. These formulas were applied following the [23] approach, therefore establishing an
upper threshold for anomaly detection. Data that exceeded or fell below this threshold were classified as anomalous,
with values above the threshold signifying positive anomalies and those below indicating negative anomalies.
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Figure 1. (a) Pan—African lithostructural map of Cameroon and location of the study. (b)Sketch of the study
area adapted from [16] showing the sampling stations

Results:-

Petrography:-

Five petrographic types including K—feldspar megacrysts granites, two—mica granites, biotite granites, amphibolites
and mylonites were recorded (Fig. 2).

K-feldspar megacrysts granites:-

At Bamougoum, K—feldspar megacrysts granites cropout as blocks on hilltops and hillslopes and, in places, as slabs
in valley and riverbeds (Fig. 2a). Some K—feldspar megacrysts may attain 4 cm major axis and 2 cm minor axis.
Thin sections (Fig. 2b) exhibit a granular, porphyritic texture made up of plagioclase (40%), quartz (20%),
potassium feldspar (15%), biotite (9%), and opaque minerals (2%).

Two—mica granites:-

Two—mica granites cropout as slabs in riverbeds (Fig. 2¢) in Banefo. They display gray color and a granular texture
with a slightly porphyritic tendency, punctuated by a few larger K—feldspar crystals. Biotite and muscovite are finely
distributed within the lighter phases. The abundance of light—colored minerals gives the rock a leucocratic character.
In thin sections (Fig. 2d, the mineral assemblage is dominated by quartz (40%), potassium feldspar (20%), and
plagioclase (15%), associated with biotite (10%) and muscovite (7%), along with opaque minerals.

Biotite Granites:-

Biotite granites cropout as veins, cuting across the two—mica granites or as a slab in riverbeds in Banefo (Fig. 2d).
At the outcrop scale, they display light gray to whitish color. In thin section (Fig 2e), it shows a granular texture
composed of quartz (35%), plagioclase (30%), potassium feldspar (15%), biotite (10%), and chlorite (5%).
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Figure 2. Field photographs and microphotographs of K—feldspar megacrysts granites (a, b) two micas
granites (c, d), biotite granites (c, ¢), amphibolites (f, g) and mylonites (f, h).

Amphibolites:-

Amphibolites cropout mainly as dark colored enclaves but also as veins within mylonites in Baleng and Gouache
(Fig. 2f). They exhibit marked bedding, linked to the alternation of layers respectively rich in amphibole and quartz
and K—feldspar. In thin section, the amphibolites display a foliated to nematoblastic texture, characterized by
alternating dark and light layers (Fig. 2g). The mineralogical assemblage is dominated by amphibole (45%),
plagioclase (20%), quartz (15%), potassium K—feldspar (7%), and biotite (5%).

Mylonites:-

Mylonites cropout as light gray to dark gray slabs in riverbeds, or as blocks on hillsides in Gouache. In Baleng, they
are mainly observed in a quarry where they form well-exposed corridor (Fig. 2f). The grain size is fine, a
consequence of the dynamic recrystallization of the minerals, but elongated K—feldspar porphyroblasts are visible
(Fig. 2f). Based on the intensity of deformation recorded in the Gouache and Baleng outcrops, two types are
distinguished: protomylonites and ss mylonites. Protomylonites in thin sections exhibit a porphyroblastic texture
mainly composed of plagioclase (40%) and quartz (25%), associated with a significant fraction of oriented biotite
(15%) and K—feldspar porphyroblasts (10%). Ss mylonites in thin section display heterogranular, predominantly
exhibiting a porphyroblastic texture. The porphyroblasts, mainly K—feldspar (20%), are embedded in a foliated
matrix of polycrystalline aggregates of quartz (40%), plagioclase (10%) associated with biotite sheets (9%) (Fig.
2h).

Metallogenic Potential:-

Geochemical studies show that the rocks in the Bafoussam area are, on the one hand, biotite— K—feldspar megacrysts
I-type granitoids, and two—mica S—type granitoids on the other hand. These rocks exhibit a metaluminous to slightly
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peraluminous character for the [-type sequences, and a slightly to strongly peraluminous character for the S—type
sequences, with a calc—alkaline characteristic particularly in the biotite and two—mica granites [14]. The Fe,O3/FeO
versus FeOt diagram from [24] shows that the analyzed rocks occupy the "oxidized" domain. Only two biotite
granites samples and one mylonites sample occupy the strongly oxidized domain (Fig. 3a). The Rb vs K,0 diagram
from [25] (Fig. 3b) shows that the samples belong to the domain of unspecialized granites. This suggests that the
analyzed rock samples are generally barren.

Sn—W-Cu—Mo Mineralization:-

The degree of differentiation and the oxidation state of the magma that gave rise to the granitoids are essential
parameters for evaluating their metallogenic potential [26]. The Bafoussam granitoids exhibit SiO, contents ranging
from 62.03% to 73.82% and K,O contents from 2.57% to 6.41% [14], typical values of highly evolved calc—alkaline
granites, comparable to those of Sn—W granites [27, 28] and K/Rb ratios between 0.0008057 and 0.025459 [14],
reflecting a high degree of magmatic differentiation. All these characteristics suggest a highly evolved and weakly
oxidized magma, consistent with a I-type peraluminous signature. Such granites are generally associated with Sn,
W, U, Li, and rare earth element (REE) mineralization [26, 28]. However, the Sm/Eu vs. Rb diagram in Figure 3¢
shows that the analyzed granitoids are poor in Sn. [29] used the Rb/Sr vs. Rb/Sr. Color Index diagram uses to
differentiate the granitoids and identify their economic potential for Sn—Mo—Cu shows that samples are productive
in Cu and Mo, specifically the two—mica granites and mylonites (Fig. 3d).

Zn and Sn mineralization:-

[30] and [31] highlighted a relationship between SiO, content and Zn concentration in granites: the Zn content
remains stable (85 ppm) in intermediate rocks, then decreases linearly beyond 60% to reach approximately 35 ppm
at 75% SiO, [14]. The analyzed rocks contain Zn with concentrations ranging from 21 to 80 ppm [14]. Furthermore,
according to [30], rocks containing more than 10% Fe are good targets for Zn prospecting. In the Fe,Ost vs. SiO,
discrimination diagram, samples predominantly occupy the barren field (Fig. 3e), except for one sample of K-
feldspar megacryst granites which occupies the fertile zone. In the Zn vs. SiO, diagram, samples predominantly plot
in fertile field with respect to zinc (Fig. 31).
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Figure 3. Discrimination diagrams for fertile and barren granites within the Bafoussam granitoids. (a)

Fe,05/FeO vs FeOt after [24]; (b) Rb vs. K,0 [25]; (¢) Sm/Eu vs. Rb; (d); Rb/Sr vs. CI after [29]; (e) Fe,O; vs.
SiO, after [30], (f) Zn vs. SiO, after [30]; (g) Sr/Y vs. SiO, after [32]; (h) ALO3/TiO, VS. SiO, after [32]; (j) Y
vs. MnO after [33].
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Cu Mineralization:-

The evaluation of the copper mineralization potential, using the St/Y and Al,05/TiO, versus SiO, diagrams of [28],
shows that K—feldspar megacryst granites, two—mica granites, biotite granites, and mylonites overlap the fertile and
sterile field (Fig. 3gh), suggesting copper mineralization [32]. In the Y = f(MnO) diagram of [33], samples plot in all
three fields (Fig. 3j): productive, unproductive, and sub—productive. It is worth noting that only two—mica granites
and biotite granites are predominantly productive.

Skarn Mineralization:-

Skarn—type mineralizations are generally associated with calc—alkaline or metalluminous granitic intrusions
characterized by low aluminum contents [34]. In the study area, the analyzed samples exhibit SiO, concentrations
generally higher than those reported in typical granites associated with Fe—Cu—Au skarn deposits [34]. When these
data are plotted on the Na,O+K,O vs. SiO, diagram, samples are close to fields of rocks associated with Mo—Sn—Zn
skarn systems (Fig. 4a). Furthermore, the Nb vs. Y of Figure 4b and Rb vs. (Y + Nb) of Figure 4c reveal that the
granites compositions are close to those of Cu—, Mo—, Sn—rich and skarn—rich granitoids. However, not all samples
within the skarn—associated granitoid range exhibit systematic enrichments in base metals such as Cu—Pb-Th—Zn.
The most common skarn—related minerals in the study area are Cu and Mo.

Th—U and rare metal mineralization:-

Th—U Mineralization:-

Th-U mineralization develops in the upper continental crust, particularly in placer deposits and veins. In the study
area, samples exhibit high U (8—11 ppm) and Th (8—70 ppm) contents [14] compared to the upper continental crust
(U =2.7 ppm, Th = 10.5 ppm [35]. These enrichments reflect the fractionation of U and Th in accessory minerals
such as zircon, monazite, allanite, and apatite [14, 36]. The Th vs. U diagram of Figure 4d suggests fractionation and
possible leaching during magmatic differentiation. Th/U ratios (2.375-7) generally exceed that of the continental
crust (~4), indicating that U is mostly trapped in refractory accessory minerals. Only samples with Th/U < 1 show a
proportion of mobilizable U [37, 38]. Thus, despite their U contents being higher than the crustal average, the
granites in the study area are not good hosts for uranium mineralization, as U is fractionated by in poorly soluble
phases. The evaluation of the metallogenic potential based on the P,O5*100/Th ratio vs. B (B = Ti + Fe + Mg) (Fig.
4e) according to [39], shows that the Th—mineralized rocks are rich in P/Th and exhibit an evolutionary trend
parallel to the Y—axis. The Bafoussam granites display a sub—vertical trend and are sub—parallel to the Y-axis,
suggesting that they are potentially Th—mineralized.
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Rare Earth Element (REE) Mineralization:-

The studied rocks show a progressive increase in total rare earth element contents (3 REE) as well as a significant
increase in normalized (La/Lu)N ratios (Fig. 5a). This geochemical signature is characteristic of a normal magmatic
differentiation process. A clear negative relative correlation between SiO, and Y HREE contents is observed (Fig.
5b), indicating that magmatic evolution towards more acidic granites is accompanied by a depletion of heavy rare
earth elements. This phenomenon reflects fractionation in selective magmatism, where early mineral phases
crystallize and are removed from the magma, altering the residual composition of the magmatic fluid. Similarly, the
> REE and Y} HREE vs. SiO, diagrams (Figs. Sc—d) also show a negative trend, reflecting a progressive evolution of
the magma through the partial removal of LREE-rich minerals such as monazite or allanite. Based on the above
observations, rocks in the study area resulted from normal magmatic differentiation devoid of magmatic fluid,
leading to HREE depletion.
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Figure 5. Discrimination diagrams of REE in the Bafoussam granitoids. (a) La/Lu vs. Y REE ; (b) > REE vs.
SiO; ; (¢) YLREE vs. SiO; ; (d) Y HREE vs. SiO,.

Statistical analysis for metallogenic potential:-

The objective of this analysis is to identify anomalies based on threshold values defining the lower and upper limits
of a dataset. These thresholds serve to differentiate normal variations observed within a given population from
outliers. Thus, values between these limits are considered representative of the geochemical background, while those
that deviate from them, either upwards or downwards, indicate significant anomalies. In mineral exploration,
attention is generally focused on positive anomalies, interpreted as reflecting enrichment in elements linked to the
presence of mineralization or to secondary leaching processes that have concentrated certain metals beyond their
average crustal content. However, negative anomalies also deserve consideration, as they can signal localized
depletion of certain elements resulting from alteration processes in the host rocks, often associated with the
emplacement of mineralization [40]. Histogram representations reveal a marked asymmetry in the distribution of
mineralization indices in the studied rocks (Fig. 6), with dominant multimodal distribution. The analysis of these
representations allows for several observations: (i) the bars located towards the left of the histogram corresponding
to samples whose concentrations are less than reference threshold; (i) median bars corresponding to samples whose
concentrations are around the normal crust values and (iii) the bars located towards the right of the histogram
corresponding to samples whose concentrations approach or exceed the reference threshold, thus identifying
geochemical anomalies (Figs. 6a—c).

185



ISSN:(0)2320-5407 ISSN(P) 3107-4928 Int. J. Adv. Res. 14(05), May-2026, 179-191

i_-.
e -
I s
. |
H z
14 3
............................................................................................. a
3 =4 -
: : : \
T A . U AP
] i E-
z ¥ |
I;, !u :!
g | = !'i b
;| .| | RE ."."‘-
& F i ﬂ;‘lﬂ-ﬂr an a . - -I' W N O
£ i | i |
-5
: ] 5 |
1?{ i 3
=4 -
1 ! |
£ §- ks

mE AE @ A F0 LE N

=
®
11

Figure 6. Histograms showing the distribution of elements within rocks of the study area.

Box—plot representations show that the small circles are concentrated towards the left for Si, K (Fig. 7a), suggesting
that their concentrations are below the critical threshold [12]. For Al, Cr and Eu, the distribution shows multiple
populations illustrated by circles concentrated to the left and right (Fig. 7b), reflecting the geochemical
heterogeneity of the samples and typical of natural geochemical data [41, 42]. For Mn, Ta, Mg, Ca, Mo, Ti, Fe, Na,
Sc, V, Ni, Rb, Sn, Ba and Yb, circles are represented to the right suggesting that their concentrations are above the
critical threshold.
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Figure 7. Box—plots showing major, REE and trace metal concentration variations and anomalies within
rocks of the study area.

According to the calculated thresholds (Table 1), some elements (e.g., Rb, Mo, Ta, Sn, Ba, Eu, and Yb) show
positive anomalies relative to the maximum measured concentrations (Fig. 7). The analyzed rocks exhibit
enrichment in Si, K, Al, Cr, Eu, Mn, Ta, Mg, Ca, Mo, Ti, Fe, Na, Sc, V, Ni, Rb, Sn, Ba, and Yb, reflecting
geochemical anomalies (Fig. 7).

Discussion:-

Petrography: Emplacement chronology:-

Petrographic data show that the study area is composed of K—feldspar megacrysts granites, two-mica granites,
biotite granites, amphibolites, and mylonites. The K—feldspar megacryst granites are the oldest; the two—mica
granites outcrops as a slab and is cut across by biotite granites veins (Fig. 2¢); amphibolites appear as lense—like
enclaves within mylonites (Fig. 2a), indicating later emplacement of mylonites. Mylonites result from solid—state
recrystallization of granites under the control of an active shear zone, the CCSZ, during the Pan—African orogeny [8,
9]. These mylonites exhibit a low proportion of clasts in favor of a high concentration of blasts (Figs. 2h). These
data show that granites were essentially mylonitized while still warm [44]. The emplacement chronology of these
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rocks, from oldest to youngest, is as follows: amphibolites — K—feldspar megacryst granites — two mica granites —
biotite granites — mylonites.

Table 1: Statistical data of major and trace elements concentration in both granites from the study area. The
Clarke values are after [43]. Elts =Elements; n =Number of samples; Av =Average; Min =Minimum; Max
=Maximum; Q =Quartile; Thr =Threshold.

Elts/metals |0 | AV Min |Q; [Q |Qs Max | Thr Clarke

Si 14712 [61.03]70.83[72.02(73.47 [73.82(77.43 | 288 (wioe)
Ti 14031 [0 [0.19 [028 [038 [0.72 [0.665 | 0401 Wik
Al 14]1447 [ 1281 14.12[ 14341461 [166 [15345 |7.06 (wees)
Fe 14218 (088 |14s [181 [244 [579 (3925 [432 wees)
Mn 14[0.04 002 [003 [0.04 [0.04 [01 [0.055 |007 wees)
Mg 14055 (0.9 [023 03 [os2 [241 [0955 22w
Ca 14149 037 [09 |11 [153 (459 (2475|385 (wios)
Na 14]353 278 328 (338 [3.66 |471 423|236 (W)
K 14]4.94 (257 469 [5.16 |54  |641 6465 | 2.14 (W)
Ba 1473524 |6.81 |459.5|688.5|953.75|2324 |1695.125 | 584 (ppm)
Sc 14 [ 4.63 0.82 |248 (4.2 5.18 14.6 |9.23 16 (ppm)
\'% 14 (29 11 13 18 30 115 |55.5 98 (ppm)
Cr 14]1629 [607 |13 |14 [1675 [37 [22375 | 126 (ppm)
Ni 14]6.11 [448 [504 [572 |7 10 994 |90 (ppm)
Rb 14241 [101 [183 [218 [280 [470 [4255 |78 (ppm)
Mo 14(1.42 0.68 1097 |[1.23 |1.57 3.16 |2.47 1.1 (ppm)
Ta 14 1.71 032 |1.02 (1.4 1.91 3.66 |3.245 1.1 (ppm)
Sn 14278 (068 099 [225 [349 [114 [724 |23 (opm)
Eu 14132 [057 [1.06 [125 [138 |24 [1.86 | 2.1 (ppm)
Yb 14| 1.18 0.16 [0.83 |1.14 [1.34 2.55 [2.105 2 (ppm)

Metallogenic Implications:-

Research works from of [14] shows that the Bafoussam granitoids have a calc—alkaline, metaluminous character,
typical of I- and S—type granitoids. These rocks are potentially fertile for Sn, W, Cu, Mo, Zn, Th, and rare earth
mineralization, but sterile for certain epithermal metals (Figs. 4). The comparison of the elemental and metal content
of metallogenic interest in the studied rocks with their natural abundance in the continental crust (Clarke) (Table 1)
shows significant enrichments in Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K, Sc, V, Cr, Ni, Rb, Mo, Ta, Sn, Ba, Eu, and Yb.
These enrichments result from magmatic differentiation and hydrothermal rock—fluid interactions linked to
mylonitization and the emplacement of plutonic massifs, sources of heat and magmatic fluids [45]. The positive and
negative geochemical anomalies observed on the histograms and box plots (Figs. 6 and 7) confirm these processes.
Mn, Ta, Mg, Ca, Mo, Ti, Fe, Na, Sc, V, Ni, Rb, Sn, Ba, and Yb positive anomalies (Figs. 6¢c and 7c) indicate a
mixed source of mineralization, originating from both the protolith and accumulations in its environment [41]. Mafic
elements (Fe, Mg, Ti, Mn, Ni, V, Sc) are mainly carried by ferromagnesian and accessory minerals such as biotite
(Figs. 2d—e) and amphibole (Fig. 2g), while the alkaline elements (Na, Ca, Rb and Ba) are mainly concentrated in
plagioclase (Figs. 2b, d—e, g—h), K—feldspar (Figs. 2d—e)) and the micas (Figs. 2d—e, h). Finally, the incompatible
elements (Ta, Sn, Mo and Yb) are mainly found in late accessory minerals such as zircon and monazite. The
negative and positive anomalies in Al present in aluminous phases such as micas and K—feldspar (Figs. 2d—e), in Cr
present in mafic minerals such as amphiboles (Fig. 2g) and in Eu which crystallizes in plagioclase (Figs. 2b, d—e, g—
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h), are linked to metamorphic effects following the increase in temperature and pressure [45]. This thermal and
barometric rise would promote the leaching of certain metals during the dehydration of minerals [2, 46]. On the
other hand, the strictly negative anomalies observed in Si and K (Figs. 6a and 7a) would be linked to lithogenesis
[45, 47], with Si crystallizing in quartz (Figs. d—e) and K in K—feldspar (Figs. 2d—e). These mineralogical
associations are consistent with the advanced magmatic differentiation of the granitoids in the studied area. Faults
and fractures act as hydrothermal conduits, controlling the emplacement and spatial distribution of the
mineralizations. All of these indicators show that in the Bafoussam area, rocks display significant metallogenic
potential. The Central and Western domains of the CAFB therefore warrant exploration due to their high potential
for base metals and rare earth elements.

Conclusion:-

Field and laboratory studies show that the area under examination is composed of various rock types, including K-
feldspar megacryst granites, two—mica granites, biotite granites, amphibolites, protomylonites, and mylonites.
Metallogenic analyses indicate that the samples predominantly plot in the oxidized field encompassing both
unspecialized zones, suggesting that they are barren. Some granites and mylonites samples particularly show
significant potential for skarn formation. Furthermore, these rocks exhibit moderate rare earth element (REE)
content, with a depletion of heavy REEs (HREE), limiting their potential for light REEs (LREE). Statistical analysis,
corroborated by histogram examination, reveals an asymmetrical distribution, characterized by a high concentration
of low values and the marginal presence of samples displaying higher values. Statistic data highlights mineralization
potential for Mn, Ta, Mg, Ca, Mo, Ti, Fe, Na, Sc, V, Ni, Rb, Sn, Ba, and Yb, thus underscoring the geological and
metallogenic importance of the studied area. The Bafoussam granitoids exhibits significant potential for Ba, Sn, Mo,
Rb and REE mineralization.
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