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1. INTRODUCTION

Lithium-bearing pegmatites are now a primary global source of Li, alongside Nb-Ta, Cs, Sn, Be and REE,

which are critical raw materials for batteries, electric vehicles and the renewable-energy transition.

Cote d'lvoire's West African Craton hosts numerous Paleoproterozoic (Birimian) pegmatite fields that
remain largely undocumented at petrographic scale despite growing exploration interest (ATEX Mining
Resources / Firering Holding, SODEMI, KHALEESI licences).

This study provides the first detailed petrographic characterization of two contrasting pegmatite fields
(Boundiali (NW) and Agboville (SE)), establishing mineralogical typologies, alteration histories, and
exploration criteria relevant to Li and rare-metal targeting.

2. REGIONAL and LOCAL GEOLOGICAL SETTING

4°W
L

10°N

9°N

8°N

7°N

6°N

LIBERIA

5°N

0_2

4

Legend

+ Town
Road
——Fault, Sassandra Shear zone

EX1 Mylonitic zone
CRETACEOUS-CENOZOIC(1,8-135 Ma)

[ Sedimentary basin

PERMIAN TO MESOPROTEROZOIC (280-1500 Ma)

= Kimberlite
== Dolerite (dyke)
Bl Gabbro, dolerite
PALEOPROTEROZOIC (1830-2200 Ma)
-GRANITOID TYPE 3:

[J Granitoids homogeneous and heterogeneous with

biotite, and migmatite
B subalkaline two-mica granitoids

6°W

5°W

-GRANITOID TYPE 2:

[l Granodiorite, syenite, diorite, alkaline granite

-GRANITOID TYPE 1:
B3 Granodiorite, granite
-GREENSTONE BELTS:

[ Sedimentary and volcano-sedimentary units D Agboville area

[ Undifferentiated volcanites

[ Gabbro and Basalt
ARCHEAN (2500-3200 Ma)

[ Various gneisses

B Granite

- Charnockite, anorthosite, norite

w \
\
\
Study areas\

[] Boundiali are

W

\
\

OLithium occurrences \

Spodumene-bearing
pegmatite fields

P74 Granitoids (TTG, granite, granodiorite)

-Amphlbohte pyroxenite
[ Quartzite

Both study areas lie within the Paleoproterozoic (Birimian)
hosted by greenstone belts
(amphibolites, schists) intruded by granitoids (granite,

West African Craton,

granodiorite, monzogranite).

Boundiali
mafic/felsic schists,

(NW Cote d'lvoire):
granite,

NNW-SSE structural trend.

pegmatites occur in
basalt and amphibolite;

Agboville (SE Cote d'lvoire): pegmatites hosted exclusively
in biotite-muscovite granites, granodiorites and schists;
spodumene-bearing bodies follow a NNW-SSE trend.
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7. ALTERATION TEXTURES
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4. BOUNDIALI PEGMATITE FIELD

distinguished by mineralogy and host-rock relationships.

Zone 1 shows a local mineralogical zonation: green mica-albite - muscovite-albite - spodumene—lepidolite—
columbite-tantalite core = mirrored sequence northward, ending in spodumene-cassiterite pegmatites.

Type Zone 1 Key assemblage

Spd+Ms+Qz+Alb + Lep + Ptl; coarse to fine
spodumene, SQI/SQS textures

& Spodumene-bearing (3
S subtypes)

' Lepidolite-bearing

Rich muscovite-bearing

Basic quartz-feldspar-Ms

Green-mica-bearing
foliation

~80 modal% Lep + Alb + Qz; pink-violet
radiating flakes

Greyish Ms clusters, partly chloritized,
deformed cleavage

~90% Qz-Fsp, minor Ms/Grt/Fe-Ti oxides

~80% green mica + Qz; discordant to N10

Type Zone 2

Biotite-rich

Titanite-rich

Garnet-rich

Biotite-zircon-bearing

Biotite-rich pegmatite Titanite-rich pegmatite Garnet-rich pegmatite

Chloritization Epidotization and 5|I|C|f|cat|on

>90% of Boundiali pegmatites show sericitization; chloritization; epidotization; silicification. }

Long-wave UV excitation (365 nm) and portable LIBS (SciAps Z-300) were used as rapid, field-deployable screening tools on
spodumene from Boundiali and Agboville, to Identify spodumene mineral within quartz-feldspar assemblage, correlate
relative fluorescence intensity to the weathering state of spodumene minerals, and test whether fluorescence intensity can
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Magmatic / deuteric
8. COMPLEMENTARY STUDY: UV FLUORESCENCE & LIBS GEOCHEMISTRY OF SPODUMENE

serve as a proxy for Li grade.

Key result:

G

00

¢ Long-wave UV excitation is a very effective tool for spodumene identification and they alteration state;
* Li does NOT correlate with fluorescence: weakly fluorescent BND 18F has higher Li (0.466%) than strongly fluorescent BND
42 (0.128%). Fluorescence tracks the Mn/Fe ratio instead (Mn?* = activator, Fe = quencher), which falls with weathering.
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AGB 51 under daylight vs. 365 nm UV: Bright yet Slightly Dull fluorescence

BND 42 & AGB 52 under daylight vs. 365 nm UV: bright, uniform orange-red
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aureoles

Granodiorite and pegmatite contact zone

0 5. AGBOVILLE PEGMATITE FIELD

. . . . 2 . 2
Subdivided into Zone 1 (ATEX licence, 134.96 km?, NW) and Zone 2 (SODEMI licence, 370.87 km?* SW), Hosted within biotite-muscovite granites, granodiorites and schists. Six petrographic groups defined from

mica type, structure and rare-metal content. Zone 2 spodumene bodies follow a NNW-SSE trend.

Key assemblage

AGB 51: pollucite + Nb-Ta oxides + Grt; AGB

1. Spodumene-
52-54: SQI/SQS, phengite at contacts

=S bearing

2. Tourmaline-
. bearing

Schorl + apatite £ Nb-Ta oxides; phengite
confirmed (EMPA)

Ms-Qz-Alb to Bt-Ms granite-pegmatites; Fe-

3. Two-mica biotite (AGB 1)

4. Green-mica zones Overmicaceous quartz hills (AGB 46/49/50)

Foliation, mineral stretching, sigma-Ms
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Qz-microcline runic intergrowth, no rare metals
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Graphic textureg pegmatite

Defo}med pegmatite

NB: Most evolved pegmatite of the dataset: spodumene + pollucite (CsAlSi,Os) + columbite-tantalite +
albite + quartz + garnet + apatite.

Biotite-zircon-rich pegmatite

\ Garnet, titanite, tourmaline; SQS Type 1 (both fields) and Type 2 with relic petalite

SQS Symplectlte (Flg 4 42)

6. Comparative overview
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Lepidolite / cassiterite / petalite
Pollucite (CsAlSi»Og)
Phengite (EMPA-confirmed)
Fe-biotite + muscovite (EMPA)
Biotite-dominant pegmatites
Tourmaline as major group

Host-rock range

SQS Symplectlte (Fig. 4.42)

(Boundiali only); phengite and pollucite (Agboville only)
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UV Lamp

(BSD-fl) (RFI 50% to 79%), Min**-activated, low Fe.

AGB 53A, BND 18F, and AGB 53B under daylight vs. 365
nm UV: brightAverage fluorescence (Afl) and Weak
fluorescence (Wfl) (RFI 20% to 49%)

Pollucite confirmed independently by SEM-EDS across 5 acquisition zones — the only confirmed
pollucite occurrence in either field, marking an exceptionally fractionated, Cs-enriched pegmatite melt.

Boundiali Agboville
Present Absent
Absent Present (AGB 51)
Absent Widespread
Absent Present (AGB 1)
Zone 2 only Absent

Host-rock only Major widespread group

Schist, basalt, amphibolite, granite Granite/granodiorite only

Fe-Ti-Mn oxidation Montmorillonite replacement

spodumene/plagioclase — Boundiali only.
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\ Fe-Ti-Mn oxidation in both fields; montmorillonite replacement of }

BND 18D under daylight vs. 365 nm UV: bright, very weak (VWfl) to weak (Wfl) fluorescence intensity
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LIBS binary plots (BND 42 vs. BND 18F): higher Fe and lower Mn/Fe in BND 18F
decouple Li enrichment from fluorescence intensity.

Tectonics, Resources and Sustainable Transitions

100, Relative Fiuorescence Intensity (RFI%) of spodumene samples Relative Fluorescence Intensity vs. Weathering Intensity
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Graphical summary of the inverse relationship between Relative Fluorescence Intensity (RFI, %) and
weathering intensity across the seven spodumene-bearing pegmatite samples from the Boundiali (blue) and

Conceptual Model: Mn Activation, Fe Quenching and Weathering
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KEY MESSAGE

Weathering drives Fe enrichment
and Mn loss, reducing the Mn/Fe ratio.
Thls shlfts spodumene from

dominated to

dominated, causing fluorescence
to progressively weaken.

PROGRESSIVE WEATHERING

HIGH Mn/Fe
STRONG FLUORESCENCE

Oxidation begins

LOW Mn/Fe \
WEAK FLUORESCENCE

Fe increases Mn decreases

Fluorescence weakens

Structural Geology in a Changing World:

9. CONCLUSION

The Boundiali and Agboville pegmatite fields record both shared and
contrasting petrogenetic histories within the same Birimian craton.
Each field is characterized by a distinct mineralogical signature and
rare-metal enrichment trend: NYF affinity in Boundiali Zone 2, Li-Sn-Cs-
Nb-Ta-REE enrichment in Boundiali Zone 1, and Li-Cs-Nb-Ta-REE
enrichment in Agboville. Based on these mineralogical assemblages,
the Agboville pegmatites, defined by a spodumene-pollucite-CGM
association, can be classified as "true LCT" pegmatites (van
Lichtervelde et al., 2025), whereas the Boundiali field comprises both
NYF-type and "basic" LCT-type pegmatites.

Together, these results establish the first systematic petrographic
framework for rare-metal pegmatite exploration in Cote d'lvoire.
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