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Abstract

This study presents an integrated petrographic and geochemical investigation of granitoid and metamorphic rocks from the Pamsi locality
in the North Cameroon Domain of the Pan-African Fold Belt. Field observations, microscopic analysis, and whole-rock geochemistry
reveal five main lithological units: amphibole-biotite granite, leucogranite, granodiorite, orthogneiss, and amphibolite. These rocks form a
calc-alkaline suite ranging from syeno-diorite to granite, classified as I-type, sub-alkaline, potassic to hyperpotassic, and predominantly
peraluminous to metaluminous. Geochemical signatures include strong LREE enrichment, negative Eu anomalies in most samples, and
multi-element patterns showing negative Ta-Nb, Sr, and Ti anomalies with positive Th, Zr, and U anomalies, characteristic of differentiated
magmas from mixed crustal-mantle sources. Tectonic discrimination diagrams indicate volcanic arc to syn-collisional settings consistent
with Pan-African orogenesis. Pathfinder element analyses reveal preliminary indications of lithium exploration potential, with samples
N11 and N51 showing notable cesium enrichment (8.80—11.30 ppm) and elevated Cs/Rb ratios. Based on established geochemical corre-
lations—and pending direct lithium measurements—estimated lithium contents of 200-800 ppm are proposed as preliminary targets for
further investigation. These results highlight the Pamsi area as a promising prospect for lithium mineralization associated with evolved
pegmatitic systems, warranting systematic follow-up studies.
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1. Introduction

Lithium has emerged as a critical metal in the global transition toward renewable energy and electric mobility, with demand projected to
increase exponentially in the coming decades [1]. While traditional lithium sources have been concentrated in South America and Australia,
recent exploration efforts have shifted toward identifying new lithium-bearing provinces, particularly within granite-pegmatite systems
associated with evolved magmatic complexes [2], [3]. In Central Africa, the Pan-African orogenic belt presents significant potential for
hosting lithium mineralization, yet systematic geochemical and petrological investigations remain limited.

The North Cameroon Domain, part of the Central African Pan-African chain (Fig. 1), is characterized by extensive Neoproterozoic to
Cambrian magmatism that includes calc-alkaline granitoids, post-tectonic granites, and associated pegmatite systems [4], [5]. These mag-
matic suites, formed during various stages of continental collision and crustal reworking, exhibit geochemical signatures indicative of
evolved melts with potential for rare metal enrichment. Despite growing interest in the metallogenic potential of this region, comprehensive
studies integrating field observations, petrographic analysis, and whole-rock geochemistry to assess lithium prospectivity remain scarce.
The Pamsi locality, situated within the North Cameroon Domain, exposes a variety of granitoid rocks whose petrogenesis and metallogenic
significance have not been previously investigated. Understanding the geochemical evolution and crystallization history of these rocks is
essential for evaluating their potential to host lithium mineralization, particularly in pegmatitic phases associated with highly fractionated
granitic melts.

This study presents the first integrated petrographic and geochemical investigation of the Pamsi granitoids and associated metamorphic
rocks. The objectives are to: (1) characterize the petrographic features and mineral assemblages of the main rock types; (2) determine their
geochemical signatures and magmatic evolution; (3) establish their geodynamic setting within the Pan-African orogeny; and (4) assess

Copyright © Amadou Diguim Kep et al. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



http://creativecommons.org/licenses/by/3.0/

44 International Journal of Advanced Geosciences

their preliminary lithium mineralization potential based on pathfinder element associations. The results contribute to a better understanding
of the metallogenic framework of the North Cameroon Domain and provide preliminary exploration targets for future lithium prospecting
in the region.
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Fig. 1: Geological Map of the Pan-African Fold Belt (PAFB) of the North Congo Craton Showing the Study Area (Simplified After [4]).

2. Geological Setting

The study area (Fig. 2) belongs to the North Cameroon Domain, also referred to as the North-West Cameroon Domain [4, 5] in relation to
its location northwest of the Tcholliré-Banyo fault (and continuing into neighboring Nigeria). To the south and southwest, it is separated
from the Central Cameroon Domain by the Tcholliré-Banyo fault, and to the east, it is connected to the Mayo Kebbi Domain. Its western
boundary remains unclear. This part of the Pan-African chain has been the subject of several research works, including those of [6 -11].
The basement is covered by metasediments and metavolcanics of Upper Proterozoic age (830 Ma, U/Pb on zircon). Calc-alkaline granitoids
dated at 530 Ma and post-tectonic granites of alkaline composition are also found in this domain [12]. Structurally, three phases of defor-
mation—D1, D2, and D3—have been identified [12 - 14].

The D1 phase is characterized by tangential tectonics responsible for early planar (S1), linear (L1), and folded (P1) structures. The D2
phase corresponds to sinistral N-S or WSW-ENE strike-slip faults. The D3 phase is marked by E-W-trending shear zones generally asso-
ciated with E-W or N-S axis drag folds. Previous work conducted in this domain allows the distinction of five geological units: (1) the Poli
group (schists and gneisses with a significant Neoproterozoic juvenile component and a minor Paleoproterozoic contribution, without any
Archean material [15], [16]); (2) pre- to syn-tectonic granitoids (metadiorites and metagranodiorites); (3) syn- to late-tectonic granitoids
(medium-grained to porphyroid granites with pink alkali feldspar); (4) post-tectonic granitoids (leucogranites and syenites); and (5) mo-
lassic depositional basins (e.g., the Mangbai series). These geological units are intruded by alkaline granites, syenites, and Tertiary-age
mafic dykes, and are sometimes covered by plateau alkaline basalts.
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Fig. 2: Geological Map of Pamsi Locality.
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3. Materials and Methods

3.1. Petrography

The petrographic investigation began with field-scale observations, which allowed for the macroscopic identification of the various gran-
itoid facies and their constituent minerals. Representative samples were collected from outcrops across the Pamsi area. Thin sections were
prepared at the Department of Earth Sciences, Faculty of Sciences, University of Yaoundé I, Cameroon. Petrographic examinations were
conducted using a polarizing microscope to determine mineralogical compositions, textural relationships, and alteration features of the
different granitoid types.

3.2. Geochemistry

Geochemical analyses were performed on seven representative samples from each granitoid type identified in the field. While this sample
size is modest, samples were selected to ensure coverage of all five identified lithological units across the accessible outcrop exposures.
The samples were crushed, pulverized, and analyzed for major, trace, and rare earth elements at ACME Analytical Laboratories (Vancou-
ver, Canada) using ICP-AES (Inductively Coupled Plasma-Atomic Emission Spectroscopy) and ICP-MS (Inductively Coupled Plasma-
Mass Spectrometry) techniques.

Sample preparation followed the alkaline fusion method, where 200 mg of each powdered sample was mixed with 900 mg of lithium
metaborate (LiBO2) flux. The mixture was then fused and dissolved in a nitric acid (HNOs) solution. Major elements were determined by
ICP-AES and reported as weight percent oxides, while trace and rare earth elements were determined by ICP-MS and reported in parts per
million (ppm). Quality control procedures included the analysis of certified reference materials, duplicates, and blanks. Analytical precision
was better than +2% for major elements, 5% for trace elements with concentrations >10 ppm, and +10% for trace elements with concen-
trations <10 ppm.

It should be noted that lithium was not directly measured in this study. Lithium potential is assessed indirectly through pathfinder elements
(notably Cs, Rb, Ta, and U), and all lithium estimates presented herein are preliminary and require validation through direct analysis.

4. Results

4.1. Petrographic study

Field investigations and petrographic analyses reveal that the rocks in the Pamsi area comprise five main types: amphibole-biotite granite,
leucogranite, granodiorite, orthogneiss, and amphibolite (Fig. 3).
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Fig. 3: Sampling Map of Pamsi Region. 1. Sandstone; 2. Leucogranite; 3. Amphibole and Biotite Granite; 4. Granodiorite; 5. Orthogneiss; 6. Amphibolite;
7. Aplite Dyke; 8. Quartz Dyke; 9. Hydrography; 10. Main Road; 11. Secondary Road; 12. Track; 13. Locality: 14. Side Point; 15. Sample.

4.1.1. Amphibole-biotite granite

Under the microscope, the amphibole-biotite granite exhibits a granular texture (Figs. 4a and 4b). It is composed of amphibole, biotite,
quartz, plagioclase, orthoclase, chlorite, and opaque minerals. Amphibole is a green hornblende in subhedral to anhedral crystals averaging
approximately 1 mm, constituting about 10% of the rock volume. It contains inclusions of quartz and opaque minerals (Fig. 4a). Biotite
(approximately 10%) forms dark brown flakes 0.5—1.5 mm long, associated with amphibole and opaque minerals. Quartz represents 25%
of the rock volume, forming subhedral to anhedral crystals of variable size (0.2—1.5 mm) with undulatory extinction. Orthoclase (approxi-
mately 20%) forms elongated, sometimes perthitic crystals 2-3 mm long. Plagioclase (approximately 20%) forms euhedral to subhedral
crystals averaging 1.5 mm in length, recognized by polysynthetic twins tapering to a wedge shape at the mineral edge (Fig. 4c). Opaque
minerals (approximately 5%) occur as inclusions in amphibole, biotite, and feldspars.
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4.1.2. Leucogranite

The leucogranite exhibits a granular texture at thin section scale (Fig. 4d) and is composed of amphibole, biotite, quartz, plagioclase,
orthoclase, microcline, and opaque minerals. Amphibole (approximately 5%) is a green hornblende ranging from 0.1 to 0.5 mm. Biotite
(10%) forms dark brown flakes averaging 0.25 mm, containing quartz inclusions. Quartz (30%) forms patches of variable size (0.1-0.8
mm) with undulatory extinction. Plagioclase (20%) forms subhedral, albite-twinned crystals averaging 1 mm, containing submicroscopic
opaque inclusions and partially replaced by sericite. Orthoclase (20%) and microcline (10%) form subhedral crystals of comparable size
to plagioclase; the latter is recognized by cross-hatched (tartan) twins with myrmekite buds at its margins (Fig. 4f). Opaque minerals (5%)
occur as inclusions in amphibole and plagioclase.

4.1.3. Granodiorite

The granodiorite has a granular texture (Figs. 4g and 4h) and is composed of amphibole, biotite, quartz, plagioclase, orthoclase, microcline,
chlorite, and opaque minerals. Amphibole (20%) is a green hornblende with crystals ranging from 1-3 mm. Biotite (25%) forms brown
flakes of 0.5-2 mm, locally altered to chlorite. Quartz (10%) occurs as subhedral to anhedral grains averaging 0.5 mm. Plagioclase (25%)
forms subhedral crystals with well-developed albite twins (Fig. 41). Orthoclase (20%) and microcline (15%) form subhedral crystals of 1—
2 mm with opaque mineral inclusions. Opaque minerals (5%) are found as inclusions in all major mineral phases.

Fig. 4: Photomicrography of Plutonic Rock Thin Sections. A) Granular Texture of Amphibole-Biotite Granite (XPL); B) Granular Texture of Amphibole-
Biotite Granite (PPL); C) Plagioclase with Wedge-Shaped Twin Termination (XPL); D) Granular Texture of Leucogranite (XPL); E) Biotite Flake with
Quartz Crystal Inclusion (XPL); F) Microcline with Myrmekite Bud Development at Its Margin (XPL); G) Granular Texture of Granodiorite (XPL); H)
Granular Texture of Granodiorite (PPL); I) Plagioclase Crystal with Albite Twins (XPL).

,

4.1.4. Orthogneiss

The orthogneiss shows a granoblastic texture with a tendency toward grano-lepidoblastic texture (Fig. 5a), composed of biotite, quartz,
plagioclase, orthoclase, chlorite, apatite, and opaque minerals. Biotite (approximately 25%) occurs in flakes grouped in discontinuous beds,
defining the rock's foliation, and is locally transformed into chlorite. Quartz (approximately 35%) forms polycrystalline patches and rib-
bons, averaging approximately 1.5 mm, with undulatory extinction. Plagioclase (approximately 25%) forms subhedral patches of 0.5-1.5
mm. Orthoclase (approximately 10%) is perthitic with vein-like quartz exsolutions (Fig. 5¢). Accessory minerals include chlorite (approx-
imately 3%), apatite (approximately 2%), and opaque minerals (approximately 10%).

4.1.5. Amphibolite

The amphibolite has a granoblastic texture (Figs. 5d and 5e) and is composed of amphibole (approximately 60%), biotite (approximately
5%), quartz (approximately 10%), plagioclase (approximately 8%), orthoclase (approximately 7%), and opaque minerals (approximately
10%). Amphibole is a green hornblende reaching up to 3 mm in length, containing inclusions of quartz and opaque minerals (Fig. 5e).
Biotite forms very fine flakes and is locally altered to chlorite. Quartz forms parallel polycrystalline ribbons in places. Opaque minerals
occur as inclusions in biotite and quartz (Fig. 5f).
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Fig. 5: Micrography of the Metamorphic Rock of Pamsi Locality. A) Grano-Lepidoblastic Texture of Orthogneiss (XPL); B) Biotite and Opaque Mineral
Association (XPL); C) Perthitic Orthoclase (XPL); D) Granoblastic Texture of Amphibolite (XPL); E) Granoblastic Texture of Amphibolite (PPL); F)
Opaque Mineral and Biotite Association (PPL).

4.2. Geochemistry
Chemical analyses of the rock sample are given in Table 1.

Table 1: Major (Wt%) and Trace Element Content (Ppm) in the Pamsi Rock

Rock Amphibole and biotite granite Leucogranite Granodiorite Orthogneiss Amphibolite
Sample N51 N52 N31 N11 N13 E41 E02
Si0, 70.12 70.92 73.04 74.40 64.12 63.54 53.19
ALO; 14.76 14.66 14.98 14.18 14.51 14.24 13.98
Fe,05 2.834 1.95 0.65 0.58 4.01 4.83 12.83
MgO 1.66 1.71 0.12 0.28 2.61 3.94 3.78
CaO 1.72 1.52 1.21 1.18 6.52 4.12 5.61
Na,O 3.34 3.38 4.19 4.18 2.51 3.48 2.98
KO 4.86 4.84 4.09 3.87 4.01 4.86 4.86
TiO, 0.06 0.07 0.88 0.49 0.64 0.56 2.16
P,0s 0.08 0.08 0.06 0.07 0.08 0.09 0.09
MnO 0.04 0.04 0.06 0.05 0.02 0.03 0.03
Total 99.99 99.99 99.99 99.98 99.97 99.98 99.99
Loi 0.51 0.82 0.71 0.70 0.94 0.29 0.48
Na,O+K,0 8.20 8.22 8.28 8.05 6.52 8.34 7.84
K,0/Na,O 1.46 1.43 0.98 0.93 1.60 1.40 1.63
A/NK 1.06 1.08 1.11 1.07 0.71 0.77 0.69
A/CNK 1.37 1.36 1.32 1.28 1.71 1.29 1.37
Cs 8.80 1.40 5.90 11.30 1.60 1.20 4.60
Rb 99.00 114.00 108.00 93.00 111.00 82.00 133.00
Ba 814.00 1553.00 872.00 1053.00 1329.00 867.00 967.00
Sr 293.00 431.00 162.00 503.00 333.00 420.00 212.00
Pb 23.00 23.00 31.00 21.00 24.00 19.00 25.00
Th 30.70 430 33.20 18.80 22.60 7.60 245.70
U 9.90 0.60 35.40 11.30 1.00 1.20 4.00
Zr 480.00 820.00 713.00 405.00 423.00 1199.00 843.00
Hf 5.50 2.50 4.90 2.40 1.20 4.80 4.00
Ta 2.70 0.20 8.10 2.60 0.50 0.30 5.40
Y 27.00 19.00 31.00 15.00 20.00 15.00 30.00
Nb 33.00 16.00 32.00 12.00 10.00 16.00 22.00
Sc 8.80 1.40 5.90 11.30 1.60 1.20 4.60
Cr 106.00 112.00 43.00 86.00 67.00 55.00 65.00
Ni 50.00 28.00 25.00 46.00 39.00 17.00 25.00
Co 1.90 1.40 0.80 0.50 10.70 5.60 19.00
\% 14.00 14.00 10.00 10.00 73.00 48.00 181.80
W 0.90 0.70 0.80 0.50 1.00 1.20 0.30
Ga 24.80 17.20 23.00 19.70 24.30 21.60 99.81
Zn 82.00 45.00 51.00 96.00 79.00 64.00 52.00
Cu 44.00 23.00 25.00 33.00 40.00 32.00 30.00
La 40.10 20.30 45.20 25.20 88.10 31.00 171.00
Ce 90.50 37.20 92.60 52.90 161.90 60.40 60.20
Pr 10.88 3.94 9.91 5.98 18.30 6.51 8.40
Nd 42.50 13.40 33.80 21.30 64.70 23.40 20.00
Sm 9.87 1.83 6.30 4.23 9.96 3.64 430
Eu 0.45 0.74 0.60 0.37 1.44 0.95 1.20
Gd 10.87 1.15 6.16 3.94 7.06 2.65 4.78
Tb 1.84 0.11 1.14 0.66 0.80 0.33 0.82
Dy 11.53 0.65 7.81 442 3.67 1.69 4.11
Ho 2.39 0.13 1.65 0.95 0.52 0.30 1.35
Er 7.32 0.40 5.57 3.19 1.16 0.88 433

Tm 0.96 0.05 0.80 0.49 0.14 0.11 0.60
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Yb 6.00 0.44 5.67 3.40 0.86 0.81 3.56

Lu 0.80 0.06 0.77 0.50 0.12 0.11 0.72

Ti 357.54 417.13 5243.92 291991 3813.76 3337.04 12871.44
(La/Yb)N 4.54 31.34 5.42 5.03 69.59 26.00 32.63
(Gd/Lu)N 1.68 2.37 0.99 0.97 7.27 2.98 0.82
Euw/Eu* 0.13 1.56 0.29 0.28 0.52 0.93 13.07

4.2.1. Determination of the nature of protholite of metamorphic rocks

The metamorphic rock samples plotted on the Werner [17] diagram (Fig. 6) confirm that the orthogneiss is ortho-derived and the amphib-
olite also has a magmatic origin. Because both metamorphic rocks have a magmatic protolith, they are discussed together with the granit-
oids.
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Fig. 6: Determination of the Nature of the Protolith of Rock from Pamsi Locality.

4.2.2. Geochemical characterization

The rocks of the Pamsi region show the following oxide weight percentage ranges: 53.19—74.40% SiO2; 13.98-14.98% Al20s; 3.87—4.86%
K20; 0.58-12.83% Fe20s; 2.51-4.19% Na.0; 1.18-5.61% CaO; 0.12-3.94% MgO; 0.06-2.16% TiO-; and 0.06-0.09% P-Os. The sum of
alkalis (Na20 + K:O) varies between 6.52 and 8.34%, and the K2O/Na:O ratio varies between 0.92 and 1.63. Overall, the analyzed samples
show medium Ba contents (814—1553 ppm), low Sr (162—-503 ppm), and low Rb (82—-133 ppm).

4.2.3. Classification and nomenclature

The classification diagram of [18], adapted to plutonic rock by [19], allowed for the discrimination of samples from the study area (Fig.
7a). The rocks of the Pamsi locality form a suite ranging from syeno-diorite to granite through granodiorite. All rock samples fall within
the sub-alkaline rock domain, except the orthogneiss sample, which is located in the alkaline rock field.

In the K20 versus SiO: diagram of [20] (Fig. 7b), the analyzed rock samples occupy the field of potassic and hyperpotassic calc-alkaline
series and shoshonitic rocks.

The A/NK versus A/CNK diagram of [21] (Fig. 7¢) indicates a molar ratio Al2Os/(Na2O+K20) or A/NK that varies between 1.28 and 1.71
and a molar ratio Al20s/(CaO+Na:0+K>0) or A/CNK that varies between 0.69 and 1.11. This diagram shows that the Pamsi rocks are
predominantly peraluminous to metaluminous in nature, except the amphibolite sample, which falls in the hyperalkaline domain. All sam-
ples belong to the I-type granitoid domains.

In the FeOt/(MgO-+FeOt) versus SiO2 diagram of [22] (Fig. 7d), the rocks of our study area are predominantly magnesian except for two
(02) samples (a leucogranite and the orthogneiss), which fall in the ferroan field.

4.2.4. Majors and traces elements

In the [25] diagrams type major element variation (Fig. 8), the representative points of rocks from the Pamsi region show a decrease in
ALOs, Fe:0s, CaO, TiOz, and P-Os with increasing SiO- content. MgO, Na.O, and K-O vary little and show no correlation with SiOs-.

The [25] diagrams of some trace elements versus silica (Fig. 9) show a dispersion of representative points of rock samples from the study
area for Ba, Rb, Sr, Nb, Th, and Ni contents with increasing silica. The Zr-SiO: and V-SiO: diagrams show a linear regression with
increasing SiO: content.

4.2.5. Magmatic evolution (Rare Earth Elements (REE) and multielement)

The chondrite-normalized rare earth element (REE) spectra according to the values of [26] for rocks from the Pamsi region (Fig. 10a and
10c) are characterized by their high light rare earth element (LREE) content compared to heavy rare earth elements (HREE). The primitive
mantle-normalized multi-element spectra (Fig. 10b and 10d) show their enrichment in LILE (Large lon Lithophile Elements) compared to
HFSE (High Field Strength Elements).
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Fig. 9: [25] Diagram of Sum Trace Elements of Pamsi Rocks, Showing the Variation of the Trace Elements Versus Sio,. 1. Amphibole-Biotite Granite; 2.
Leucogranite; 3. Granodiorite; 4. Orthogneiss; 5. Amphibolite.

The REE spectra of plutonic rocks (Fig. 10a) show strong fractionation [(La/Yb)N = 4.54 — 69.59] and nearly flat profile segments for
heavy rare earth elements (HREE) [(Gd/Lu)N = 0.97 — 7.27]. The samples show profiles with negative Eu anomaly (Eu/Eu* =0.13 - 1.56),
with the exception of one amphibole-biotite granite sample, which shows no Eu anomaly.

The analyzed plutonic rock samples from the study area show multi-element spectra profiles with negative anomalies in Ta, Sr, and Ti
(Fig. 10b). These sample profiles show positive anomalies in U, Nb, Sr, and Zr.

The REE spectra of metamorphic rocks (Fig. 10c) show high fractionation [(La/Yb)N = 26.00 — 32.63] and nearly flat spectral segments
for heavy rare earth elements [(Gd/Lu)N = 0.82 — 2.98]. No negative Eu anomaly is observed (Euw/Eu* = 0.93 — 13.07) for these two (02)
analyzed samples.

The analyzed metamorphic rock samples from Pamsi show multi-element spectra profiles with negative anomalies in Ta, Nb, Sr, and Ti
(Fig. 10d). These sample profiles show positive anomalies in Th, Zr, and Hf.
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Fig. 10: Rare Earth Element Spectra (A and C); Multi-Element Spectra (B and D) of Rocks from the Pamsi Locality Normalized to the Values of [26].
5. Discussion

5.1. Petrography

The nomenclature of Pamsi rocks places the samples in the fields of granitoids ranging from syeno-diorite to granite (Fig. 7a). Based on
textural relationships and mineral associations observed in thin sections, the crystallization sequence can be established as follows: oxide
— apatite — amphibole — plagioclase — biotite — microcline — orthoclase — quartz. This sequence is typical of I-type granitoids and
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reflects the progressive crystallization of a cooling magma under changing pressure-temperature conditions. Rocks with similar character-
istics have been described in the Poli [4], Guider [9], Pitoa [10], and Ka¢lé [11] sectors of the North Cameroon Domain.

5.2. Geochemistry

The two metamorphic rock samples are ortho-derived (Fig. 6), indicating a magmatic protolith, and are therefore discussed alongside the
plutonic rocks. The Pamsi rocks are characterized by hyperpotassic to shoshonitic calc-alkaline affinities (Fig. 7b), magnesian to slightly
ferroan compositions (Fig. 7d), and metaluminous to peraluminous I-type signatures (Fig. 7c). Similar geochemical characteristics have
been documented in the North Cameroon Domain at Poli [4], Guider [9], Pitoa [10], Kaélé [11], and Sinassi [27].

5.2.1. Petrogenesis

The REE patterns exhibit significant LREE enrichment relative to HREE, a characteristic feature of evolved granitic systems. The LREE
enrichment reflects fractionation of accessory minerals such as apatite and monazite [28, 29], while HREE depletion is attributed to zircon
fractionation during magmatic evolution. The negative Eu anomaly observed in most studied samples reflects plagioclase fractionation
during parental magma evolution [30]. The absence of a negative Eu anomaly in one amphibole-biotite granite sample and in the two
metamorphic samples can be explained by (1) limited incorporation of Eu into the plagioclase structure, (2) highly oxidizing conditions
where Eu exists predominantly as Eu** rather than Eu®*, or (3) minimal plagioclase fractionation in the magma source [31]. Positive Eu
anomalies in certain samples indicate plagioclase accumulation in the original magma [34]. The abundance of ferromagnesian minerals,
particularly amphibole, suggests a significant mantle contribution to the magmatic source [35]. The overall parallelism of REE profiles
indicates that these rocks are cogenetic and derived from a common parental magma [36 - 38].

Multi-element spider diagrams reveal pronounced negative Nb, Ta, and Ti anomalies, diagnostic of continental crust-derived magmas [39],
[40]. The negative Ti anomaly indicates fractionation of Fe-Ti oxide minerals, consistent with the presence of opaque minerals in thin
sections. Positive Zr and Ba anomalies further support a crustal signature. The metaluminous to peraluminous I-type character of the Pamsi
granitoids, combined with their geochemical signatures, suggests derivation from a mixed magmatic source involving both continental
crust and mantle components, similar to hybrid sources documented for metaluminous I-type granitoids in comparable tectonic settings
[41], [42].

5.2.2. Geodynamic context

Tectonic discrimination diagrams provide insights into the geodynamic setting of granitoid emplacement. In the Nb vs. Y diagram of Pearce
et al. [43] (Fig. 11a), most samples plot in the volcanic arc granitoid (VAG) to syn-collisional granitoid (Syn-COLG) field, indicating
formation in a convergent tectonic setting. Two samples plot in the within-plate granitoid (WPG) field, suggesting possible post-collisional
or extensional emplacement. In the Rb vs. (Y+Nb) diagram (Fig. 11b), samples predominantly occupy the VAG field, with the same two
samples at the VAG—WPG boundary. This distribution indicates that the Pamsi granitoids were emplaced during the transition from active
subduction to post-collisional extension, consistent with the late Pan-African orogenic evolution in the Central African Fold Belt (CAFB).
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5.2.3. Comparison with Panafrican granitoids from Cameroon

Comparative geochemical analysis reveals strong similarities between the Pamsi granitoids and other Pan-African plutonic rocks from the
North Cameroon Domain. The granitoids from Guider [9], Pitoa [10], Mbip [32], Bafoussam [44], and Hangloa [45] display comparable
geochemical signatures, including systematic negative Nb-Ta anomalies characteristic of subduction-related magmatism, negative Ti
anomalies indicating Fe-Ti oxide fractionation, and positive Th anomalies. Regional variations in Sr behavior likely reflect differences in
plagioclase fractionation intensity or source composition. The geochemical coherence among these granitoid suites confirms that they are
products of the Pan-African orogenic cycle (ca. 630-580 Ma) in the CAFB [4, 10, 27]. The Pamsi granitoids are thus consistent with syn-
to late-collisional magmatism associated with the assembly of Gondwana during Neoproterozoic to Early Paleozoic times [4, 10, 27].

5.3. Preliminary assessment of lithium exploration potential
The geochemical analysis of the seven rock samples reveals distinct pathfinder element signatures relevant to evaluating lithium exploration

potential. It is important to emphasize that lithium was not directly measured in this study; all estimates presented below are indirect and
preliminary, based on established geochemical correlations, and must be confirmed by direct analytical methods.
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Samples N11 (amphibole-biotite granite) and N51 (amphibole-biotite granite) are distinguished by notable cesium enrichment, with Cs
contents of 11.30 ppm and 8.80 ppm, respectively—values exceeding typical crustal reference values of 1-5 ppm [47]. These concentra-
tions, combined with elevated Cs/Rb ratios (0.121 and 0.089, respectively), suggest an advanced degree of magmatic differentiation con-
sistent with LCT-type granites (Lithium-Cesium-Tantalum) [48, 49]. Elevated tantalum (2.60-2.70 ppm) and uranium (9.90-11.30 ppm)
in these same samples further suggest association with an evolved, possibly pegmatitic system [50].

Based on geochemical correlations between Cs and Li established for similar geological contexts [51], [52], and acknowledging the sig-
nificant uncertainties inherent in such indirect estimates, the following preliminary lithium contents are proposed: N11: approximately
300-800 ppm Li; N51: approximately 200—500 ppm Li. Sample N31 (leucogranite), with a notably high tantalum content (8.10 ppm) and
elevated uranium (35.40 ppm), also warrants attention as a secondary target, with an estimated Li content of approximately 150400 ppm
[53]. Several important limitations must be stated. First, the Cs-Li geochemical correlation is well-established for LCT pegmatite systems
in general, but its quantitative application to the Pamsi rocks is uncertain without site-specific calibration. Second, no quantitative regres-
sion equation or calibration model was applied; the ranges given are order-of-magnitude estimates. Third, no direct mineralogical evidence
(e.g., spodumene, lepidolite, or other Li-bearing minerals) has been documented at Pamsi. Consequently, the lithium values reported here
should be treated solely as preliminary exploration indicators, not as resource estimates.

5.4. Metallogenic implications for exploration

The geochemical data from this study provide a basis for prioritizing future lithium exploration at Pamsi. Samples N11 and N51 exhibit

geochemical signatures consistent with evolved LCT granites [48], making them the highest-priority targets for follow-up investigation.

Sample N31 presents a distinct but potentially complementary geochemical signature. The Cs-Li correlation in LCT-type systems [51]

supports using Cs and related pathfinder elements as first-order exploration guides, while recognizing that direct lithium analysis is essential

before any economic significance can be attributed.

A preliminary ranking of exploration targets, based exclusively on indirect geochemical indicators, is as follows:

e NI11: Highest-priority target; elevated Cs (11.30 ppm), high Cs/Rb ratio (0.121), elevated U; estimated Li 300-800 ppm (indirect,
preliminary).

e N51: High-priority target; elevated Cs (8.80 ppm), high Cs/Rb ratio (0.089), elevated U; estimated Li 200—500 ppm (indirect, prelim-
inary).

e N31: Secondary target; high Ta (8.10 ppm) and very high U (35.40 ppm); estimated Li 150—400 ppm (indirect, preliminary).

Recommended follow-up steps include: (1) direct lithium analysis of all samples, with priority on N11, N51, and N31; (2) systematic

geological mapping and extended sampling to improve spatial representativeness; (3) mineralogical investigation (XRD, electron micro-

probe) to identify potential Li-bearing phases; and (4) prospection for associated pegmatite bodies in the field area. Comparison with well-

documented LCT granite systems globally (e.g., Greenbushes, Australia; Bikita, Zimbabwe) would also help contextualize the Pamsi ge-

ochemical signatures and refine the exploration model.

6. Conclusion

This study presents the first integrated petrographic and geochemical characterization of granitoid and metamorphic rocks from the Pamsi
locality in the North Cameroon Domain. The following principal conclusions are drawn: five main lithological units are identified, namely
amphibole-biotite granite, leucogranite, granodiorite, orthogneiss, and amphibolite, all belonging to I-type, peraluminous to metaluminous,
magnesian calc-alkaline granitoids; geochemical signatures characterized by strong LREE enrichment, negative Eu anomalies, and nega-
tive Ta-Nb and Ti anomalies indicate derivation from a mixed crustal-mantle magmatic source in a subduction to syn-collisional tectonic
setting, consistent with the Pan-African orogenic cycle (ca. 630-580 Ma); the broader geodynamic context places the Pamsi granitoids
within the syn- to late-collisional magmatism of the Central African Fold Belt, comparable to coeval suites across the North Cameroon
Domain; indirect pathfinder element data, including elevated Cs, high Cs/Rb ratios, and elevated Ta and U in samples N11 and N51,
suggest a preliminary exploration potential for lithium mineralization associated with evolved pegmatitic systems, although these indica-
tions remain provisional since lithium was not directly measured and all Li estimates are subject to significant uncertainty, thus requiring
direct analytical confirmation and detailed mineralogical investigation before any resource-related conclusions can be drawn. This study
provides a foundation for future lithium prospecting in the Pamsi area, with recommended priorities including direct Li analysis, particu-
larly for samples N11, N51, and N31, extended systematic sampling, mineralogical identification of Li-bearing phases, and field prospec-
tion for associated pegmatite bodies, while comparison with global LCT pegmatite systems will help refine the local exploration model;
more broadly, this work contributes to the understanding of the Pan-African metallogenic framework in Central Africa and highlights the
region’s potential as an underexplored critical mineral province.
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