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Petrography and geochemical signatures of
pegmatites from the southeastern part Comoé
basin (south-east Cote d'lvoire, north Alépé)

ABSTRACT

The pegmatitic rocks located in the south-east of Cote d'lvoire between the Comoé
basin and the Sefwi belt are the subject of this study. The geology of this region
consists of gneisses, granites, microgranites, amphibolites, mylonites and
metasediments. All these rocks are generally crosscut by quartz and pegmatite
lodes. The petrographic studies allow us to discriminate four groups of pegmatites
on the basis of mineralogy: (i) beryl-muscovite bearing pegmatite (Aboisso-Comoé),
(i) albite-tourmaline bearing pegmatite (Aboisso-Comog), (iii) micas-tourmaline
bearing pegmatite (Alosso) and (iv) muscovite-garnet bearing pegmatite (Songan
forest). XRD analyzes on 4 samples revealed the presence of lepidolite (lithium ore)
in the muscovite-garnet bearing pegmatite (Songan forest) and phengite in beryl-
muscovite bearing pegmatite (Aboisso-Comoé). The pegmatite diffractograms of
Aboisso-Comoé (beryl-muscovite bearing pegmatite) and Songan forest (muscovite-
garnet bearing pegmatite) show almost same signatures and would suggest that
those pegmatites come from the same source. Geochemical analyzes by portable
XRF carried out on muscovite and feldspar minerals indicate that the samples from
Aboisso-Comoé and Songan forest have the characteristics of Lithium-Cesium-
Tantale type (LCT) pegmatites. The geochemical diagrams indicated the probable
presence of beryl and spodumene type mineralization in the muscovite-garnet
bearing pegmatite.
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1. INTRODUCTION

According ‘to [44],  "pegmatites are rocks that are essentially magmatic in origin,
predominantly granitic in composition and considered to be the most differentiated on earth".
The ‘pegmatites are sources of raw materials such as industrial minerals (quartz,
feldspathoids, corundum, micas, phosphates, etc), gemstones and rare metals (Li, Rb, Cs,
REE, U, Zr, Nb, Ta, etc.) [24]. Indeed, pegmatites are the main source of strategic metals,
indispensable elements used in new technologies (electric vehicles, solar panels, batteries,
wind turbines, etc). According to [18], pegmatites are grouped into five classes on the basis
of the pressure and temperature conditions of their emplacement and trends of enrichment
in trace elements. Base on this classification, we find: the abyssal pegmatites (AB),
muscovite bearing pegmatites (Ms), muscovite and rare elements bearing pegmatites (Ms-
REL), rare elements pegmatites (REL) as well as the miarolitic pegmatites (MlI). Another
classification is based on the geochemical signature of the pegmatites (trace element
enrichment), which is strongly related to the mineralogy, but also to the geochemical nature
of the associated granites [16,17,18]. It comprises three families designated by the elements
enriched in pegmatites: Lithium-Cesium-Tantalum (LCT) family, Niobium-Yttrium-Fluorine




(NYF) family and mixed LCT+NYF family. The genesis of these rocks is explained by two
distinct models: the partial melting model of a protolith [57, 64, 55, 56, 63, 29] and the
magmatic differentiation model of a granite parent [38, 57, 45, 44, 19, 10, 30]. In Cobte
d'lvoire, Precambrian pegmatites have been studied through scientific and mineral
exploration work (Adam, SODEMI, Céte d'lvoire, Unpublished results); [3, 11]. Fifteen zones
of interest have been identified throughout Cote d'lvoire [1]. Two zones of interest are
located in the south-east of Cote d'lvoire around Agboville and Alépé towns. The present
study will focus on the pegmatites of the Alépé area, precisely to the north of this town.
Adam's work (SODEMI, Céte d'lvoire, Unpublished results) in this area indicates the
presence of two types of pegmatite: muscovite-biotite-oligoclase bearing pegmatites and
tourmaline-beryl-microcline bearing pegmatites. Except the work of Adam [1], very few
studies have been carried out on the pegmatitic rocks of this part of Cote d'lvoirexlt is.in this
context that the present study is developed with the general objective to improve geological
knowledge of the pegmatites in the south-eastern part of Cote d'lvoire (north of ‘Alépé). The
specific objectives are (i) to identify the mineralogy and petrography of the pegmatites in the
south-eastern part of the Comoé Basin, (ii) to determine the geochemical characteristics of
muscovites and feldspars from pegmatites studied by portable XRF and (iii) to highlight the
potential mineralization of the pegmatites in the south-eastern part.of the Comoé Basin.

1.1 Geological context
1.1.1 Regional geology

The study area is located in the south-eastern part of Céte d'lvoire. This country is located in
the southern part of the West African Craton, more precisely at the Leo-Man shield (Fig.1A).
The geology of Cote d'lvoire is marked by two main areas: the sedimentary basin (2.5% of
territory) and the Precambrian basement (97.5% of territory). The basement is consisted of
two domains separated by the Sassandra Fault [9, 40]: a nucleus with Archean age (3600-
2500 Ma) located at the western part,of the fault and a domain with Paleoproterozoic age
(2500-1800 Ma), also called the Baoulé-Mossi domain, located at the east of fault. This
Paleoproterozoic domain is made, up of so-called Birimian formations [12, 40, 47, 28, 53, 7,
33]. Birimian rocks are essentially consisted of greenstone belts and birimian basins, all
intruded by several generations of granitoids [43, 25, 31, 28, 7, 54]. A total of seventeen
birimian volcano-sedimentary ‘belts have been identified in Cote d'lvoire [61, 73]. According
to some authors [47, 48, 36,.70, 25, 53, 7, 4], the sedimentary basins are mainly siliciclastic,
composed of turbidite mudstones and grauwackes; the latter being occasionally carbonated.
However, some basins.may also contain significant amounts of volcanoclastics, as well as
subordinate volcanic rocks and chemical sediments, including manganese deposits [41, 49,
50, 53, 68]. The:geological units of the Comoé Basin consist of a terrigenous sedimentary
series including phyllitic matrix sandstones, arkoses and pelitic layers [6, 69, 22]. Several
granitoid plutons’intrude these metasedimentary series [22, 39, 4]. The study area is marked
by, metamorphism ranging from greenschist to amphibolite facies [36, 25, 68, 4]. The
pegmatitic rocks are heterogeneously distributed on the Man-Leo shield. Several studies
conducted on the Man-Leo shield have identified rare metal pegmatites:

e In Burkina Faso, sodic and quartz-feldspathic pegmatites with cassiterite,
spodumene, tourmaline, garnet and apatite have been reported in the Zorgho-
Zoungou locality [13]. The pegmatites with cassiterite, colombo-tantalite, tourmaline,
garnet, beryl, muscovite and quartz are observed in the locality of Kankounadéni at
the northern end of the Ferkéssédougou granite batholith [13]. To this must be
added the rare metal pegmatites of Mangodara (southwestern Burkina Faso) hosted
in the granite-gneiss complex [72];



e In Mali, lithium occurrences associated with spodumene bearing pegmatites have
been identified in the localities of Bougouni and Goulamina. These pegmatites are
intrusive in granites and their metasedimentary host rocks [8, 71];

e In southwestern part of Ghana, pegmatites have been identified in the localities of
Saltpond, Mandkwazi and Winneba. They are intrusive in metavolcanic,
metasedimentary and granitic rocks. These pegmatites contain rare metal bearing
minerals such as cassiterite, columbite-tantalite, ixiolite, and rutile [2].

¢ In Cote d'lvoire, studies on pegmatites come from the work of SODEMI (Adam,
SODEMI, Céte d'lvoire, Unpublished results) [2] which defined 15 areas of interest
throughout the country. The pegmatites of the Issia locality (Centre-Ouest). have
been the subject of several studies [5, 11]. The pegmatites of this locality are hosted
and around 3 generations of granites (G1, G2 and G3). Some of the granites and
pegmatites would be the source of the Issia columbite-tantalite deposit.

1.1.2 Local geology

The Comoé Birimian Basin or Comoé Unit, deformed during the Eburnean orogeny, is one of
the most important Birimian formations in the West African craton [69]. It covers the following
countries: Cote d'lvoire, Burkina (known as the Houndé Basin) and Ghana (known as the
Sunyani Basin). In C6te d'lvoire, this basin is subdivided.intestwo units: (i) the Haute-Comoé
unit (in the northern part of Dabakala up to the Burkina-Faso border) and (ii) the Comoé unit
s.s (the Abengourou- Dimbokro group in the central-eastern and southeastern part of Cote
d'lvoire) [61].The study area is located in the southeastern part of the Comoé unit s.s. The
lithology of Comoé unit s.s consist of a terrigenous sedimentary series comprising
sandstones with phyllitic matrix, arkoses,and pelitic layers [6, 70, 22]. In addition, the work of
[3] identified other lithologies including “:micaschists, mylonites, paragneisses and
metawackes. These rocks mainly “have shale compositions and weakly sandstone
compositions, with protoliths having a predominance for the mafic pole [3]. Several weakly
metamorphosed granitoid plutons (metamonzogranites, metagranites and
metagranodiorites) intrude the metasediments (metarenites and metasilstones) [22] (Fig.1B).
All the geological formations mentioned above are intersected by several pegmatites and
quartz lodes. The work carried out by [1] in the area study distinguishes two main types of
pegmatites: calc-alkaline pegmatites with biotite-oligoclase-muscovite intrusion in paragneiss
and tourmaline-beryl-microcline bearing pegmatites. All those geological units were affected
by polyphase deformation: D1, D2, D3 and D4 [48, 22, 70, 28, 4]. The metamorphism is
mainly from greenschist facies. It reaches amphibolite facies conditions around the
leucogranite plutons-{34, 68].

2. METHODOLOGY

To.achieve these specific objectives, the methodology was carried out in three stages:
petrographic observations, whole rock XRD analysis and portable XRF analysis for
muscovite and feldspar minerals.
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Figure 1: Regional and local geology of study area

(A): Schematic geological map of the Man-Leo shield showing the study area [33]; (B): Geological map
of the study area at 1:200 000 with samples location [22].



2.1 Macroscopic and microscopic petrography study

This stage required field work which consisted of geological surveys in the study area. The
following criteria were used to describe the rocks and provide it the name: mode of
outcropping, color, structure, texture, degree of weathering, magnetic test, mineralogical
composition. Additional observations have been done in the Geology, Mineral and Energy
Resources Laboratory on the samples collected in order to clarify certain minerals and
assess their abundance in the rock. Samples have been located on the geological map
(Fig.1B). Microscopic studies have been performed in the same laboratory with OPTIKA
microscope.

2.2 Portable XRF analysis

The chemistry of some pegmatite minerals was obtained using the Niton XL3t:GOLDD+
portable X-ray fluorescence analyzer. The principle of X-ray fluorescence/is to bombard
matter with X-rays, the matter re-emits energy in the form of X-rays. The X-ray spectrum
emitted by the material is characteristic of the composition of the sample. Within the
framework of this study, measurements were obtained on .the=feldspar and muscovite
minerals of the pegmatites, at the Geology, Mineral Resources and Energy Laboratory. In
view of the large size of these minerals, the measurements are carried out directly on the
rock. The compositions obtained are extracted from the device using NDT 8.2.1 software
and sorted, converted with Excel sheet.

2.3 X-ray diffractometer analysis

The X-ray diffractometer analysis was cafried.out:at the scientific center of the University
Félix Houphouét Boigny at Bingerville. The principle is as follows: the X-ray beams produced
by the tube are sent onto the sample (rock powders) in which they are deflected by the
atoms. These diffracted beams interfere with each other, leading to the production of an
intense signal in specific areas.of space. This signal is collected by the detector and plotted
as a curve (diffractogram). X-ray diffraction is based on the recording of a diffractogram and
the analysis of its peaks in-erder to characterize the crystals present in the sample from the
following elements:

e position of peaks:“gualitative analysis, identification of the crystalline phases
present;

e peak widths: size, crystallite shape and internal stresses;

e¢. peak “intensity: chemical composition estimation, quantitative analysis and
preferential orientation.

A totaliof 4 pegmatite samples (P-502, P-503, P-1661 and P-549) were analyzed using this
method.

3. RESULTS AND DISCUSSION

3.1 Results

The main results obtained take into account the petrographic data, the XRD and XRF
analysis.

3.1.1 Petrography of pegmatites



The petrographic study allows us to group the pegmatites according to mineralogy into 4
groups: (i) muscovite-tourmaline bearing pegmatite, (ii) albite-tourmaline bearing pegmatite,
(iif) micas-tourmaline bearing pegmatite, (iv) muscovite-garnet bearing pegmatite. These
pegmatites are found in various types of host rocks: gneisses, micaschists, amphibolites and
granitoids. The pegmatites studied can also be grouped according to locality: Aboisso-
Comoé pegmatites, Alosso pegmatites and Songan forest pegmatites.

3.1.1.1 Alosso pegmatites
» Micas-tourmaline bearing pegmatite

The samples collected are the following: P-507, P-1718 and P-1710. This=pegmatite
outcrops as dislocated blocks near Alosso in a cocoa plantation. The rock'is weakly
weathered, massive, leucocratic color with the following mineralogical cemposition: quartz
(40%), orthoclase (25%), other feldspars (10%), biotite (10%), muscovite (10%) and black
tourmaline (5%) (Fig. 2A&B).

3.1.1.2 Songan forest pegmatites

In this part of the study area, no pegmatite had been observed according to previous works.
The petrographic study identified a muscovite-garnet bearing pegmatite.

» Muscovite-garnet bearing pegmatite

Observed in the Songan forest, this pegmatite with.a leucocratic color outcrops in the form of
a boudin lode-oriented NW-SE hosted in_a garnet:bearing micaschist (Fig.2C&D) and also
like dislocated blocks. This pegmatite orientation is concordant with the schistosity of the
host rock. The mineralogical composition :consists of quartz (45%), feldspar (30%),
muscovite (20%) and garnet (5%).

3.1.1.3 Aboisso-Comoé pegmatites

Two types of pegmatites have been observed in the vicinity of this locality. These are beryl-
muscovite bearing pegmatites and albite-tourmaline bearing pegmatites.

* Albite-tourmaline bearing pegmatite

This pegmatite (sample P-1661) outcrops as dislocated blocks at 200 m from the mouth of
the Comoé and Malamasso rivers in a cocoa plantation. Rock is massive, leucocratic color,
graphitic texture (Fig.2E&F) with the blocks showing a N40° orientation. The graphitic texture
is typical of granitic pegmatites. This cuneiform texture is due to the inter-growth of quartz
and. alkali feldspar, it's a typical edge texture in granitic pegmatites. The mineralogical
compesition is: quartz 40%, albite 30%, other feldspars 20%, muscovite 5% and accessory
black tourmaline.

e Beryl-muscovite bearing pegmatite

This pegmatite (sample P-549) outcrops in the form of dislocated blocks or intrusive lodes in
micas bearing granites near the mouth between Comoé and Malamasso rivers (Fig.3A&B).
Leucocratic in color and affected by a schistosity oriented N127°, this pegmatite has the
following mineralogical composition: quartz (40%), feldspar (35%) and muscovite (15%) with
accessory apatite, black tourmaline and green pale beryl mineral.



Figure 2: Macroscopic aspects of the southeastern part Comoé basin pegmatites.
(A)&(B): Mica-tourmaline bearing pegmatite of Alosso outcrop and hand specimen sample; (C)&(D):
Muscovite- garnet bearing pegmatite from Songan forest; (E)&(F): Albite-tourmaline bearing pegmatite
from Aboisso-Comoé showing graphitic texture.



Microscopic observation allowed to describe in more details some minerals. Muscovite
occurs as subhedral to euhedral (some megacrystal with size up to 1 cm), elongate, oriented
and deformed (Fig.3C&D). They marked the schistosity in the rock. Muscovite is associated
with the anhedral quartz mineral showing ondulating extinction. In the fracture plane, small
subhedral tourmaline is visible (size less than 200 ym) (Fig.3D). Hexagonal euhedral beryl
mineral (size around 0.8mm) with imperfect cleavage planes shows some fractures
(Fig.3E&F). Beryl is often associated with muscovite and quartz and exhibit some muscovite
inclusion.

3.1.2 Mineral abundance and zonation of the pegmatites studied

The petrographic study revealed the mineralogical composition of the pegmatites studied.
The main minerals observed are: quartz, feldspars, muscovites, biotites, tourmalines,
apatites and garnets. The Table 1 shows the abundance of the different minerals in the
pegmatites studied. They are generally rich in quartz and feldspar. Muscovite is generally
present in all the pegmatites studied with a pronounced abundancefin the central and
northern parts of the study area (samples from Aboisso-Comoé and:Songan forest). The
biotites are located in the pegmatites of the southern part of the study area (the Alosso
samples). Tourmalines are found in the localities of Alosso and*Aboisso-Comoé, i.e. in the
southern and central parts of the study area. The pegmatites of Aboisso-Comoé are the only
ones to contain apatite minerals. According to Fersman (1940), pegmatites can be grouped
into two families according to the temperature of crystallisation of the minerals: low
temperature pegmatites (paragenesis : muscovite,. muscovite-beryl, muscovite-albite,
muscovite-spodumene and spodumene-lepidolite-albite) and high-temperature pegmatites
(paragenesis: feldspar, biotite-magnetite, biotite-muscovite, biotite-tourmaline-muscovite and
tourmaline-muscovite). In view of the mineralogical abundance, it is possible to establish the
following zonation: the pegmatites of northern. part (Songan forest) are rather low-
temperature while those in the southern zone (Alosso) are high-temperature. Both families
have been found in the pegmatites of Aboisso-Comoé.

Table 1. Abundance of minerals in the pegmatites studied

Samples Localities Qtz Fsp MsMineI;?log'ly'ur Ap Grt Brl
P-507 Alosso ++ +++ - +  ++ - - -
P-1718 Alosso ++ ++ + + + - - B
P-1661 Aboisso-Comoé  +++ ++ + - + + - -
P-549 Aboisso-Comoé  +++ ++ ++ - + + - +
P-502 Songan forest  +++ ++ ++ - - - +
P=503 Songan forest ++ ++ +++ - - - -

Qtz: Quartz; Fsp: Feldspar; Ms: Muscovite; Bt: Biotite; Tur: Tourmaline; Ap: Apatite; Grt: Garnet;
Brl: Beryl.



Figure 3: Macroscopic and microscopic aspects
from Aboisso-Comoé

(A)&(B): Outcrop and hand specimen of beryl-muscovite bearing pegmatite; (C): subhedral muscovite
mineral deformed associated with anhedral quartz showing ondulating extinction; (D): tourmaline in
fracture plane border of muscovite mineral; (E): hexagonal beryl mineral with imperfect cleavages in
LPNA,; (D): hexagonal beryl mineral with imperfect cleavages in LPA.

Brl: Beryl; Ms: Muscovite; Qz: Quartz; Tourmaline: Tur.

F
of beryl-muscovite bearing pegmatite



3.1.3 DRX analysis of the pegmatites studied

The X-ray diffraction analysis helped to confirm the presence of some minerals identified
during the petrographic study and at the same time highlighted some unidentified minerals.
Four diffractograms were made from samples P-1661, P-549, P-502 and P-503. The
different diffractograms results are presented below:

e the diffractogram of sample P-1661 (Albite-tourmaline bearing pegmatite from
Aboisso-Comoé) shows the presence of quartz, albite and andesine. It therefore
confirms the presence and the abundance of the albite in this pegmatite (Fig.4A);

e The diffractogram of sample P-549 (Beryl-muscovite bearing pegmatite. from
Aboisso-Comoé€) indicates the presence of quartz, muscovite and phengite (Fig:4B).
The presence of phengite is an indicator of the setting conditions of this‘pegmatite.
Indeed, this mineral is typical of high-pressure metamorphism zones. The
importance of the schistosity planes observed within this. pegmatite-is also an
indication that it was formed under high pressure conditions;

e The diffractogram of sample P-502 (Muscovite-garnet, bearing pegmatite from
Songan forest) highlights crystalline phases such as quartz, muscovite and lepidolite
(Fig.4C). The presence of lepidolite (lithium ore) is an excellent indicator for lithium
exploration in this part of the study area;

e The sample P-503 diffractogram is quite similar to sample P-502 (Fig.4D). The same
mineral phases have been identified. (quartz-muscovite-lepidolite). These two
samples located in the Songan forest, are about 100 metres apart. This
diffractogram therefore confirms;the,interest in exploring for lithium ore in this part of
the study area.

The diffractograms of sample P-549, P-502 and P-503 show almost the same patterns
although the minerals are different in some points (Fig.4B, C &D). The difference is observed
in some peaks which are.marked by the presence of muscovite or lepidolite (in the
diffractograms of P-502 and P-503) rather than the phengite (in diffractogram P-549). All
those observations may be'suggesting that the pegmatites P-549, P-503 and P-502 would
come from the same source, We can also suggest that due to metasomatism process or
high pression and temperature, the lepidolite and/or muscovite is replaced by the phengite in
beryl-muscovite bearing pegmatites deformed (P-549).

3.1.4 Geochemistry of pegmatite minerals with portable XRF

The geochemical characteristics of some pegmatite minerals were studied from the
chemistry obtained by portable XRF. This study was conducted exclusively on muscovite
and feldspar minerals. A total of 5 muscovite samples (PM-549, PM-557; PM-502; PM-503;
PM-1710) and 3 feldspar samples (PF-1661; PF-502; PF-1718) located in the vicinity of
Aboisso-Comoé, Alosso and in the Songan forest were analyzed.

3.1.4.1 Trace element concentrations
The contents of trace elements are recorded in Table 2. Elements such as Ba, Cs, Sr and

Rb could be quantified in all samples while elements such as Ni, Co, Cr, Hf, Nb, Ni, Sb, Sc,
Ta, Ti, Th, U, Zn and Zr could not be detected in all minerals.
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Figure 4: The different diffractograms of the pegmatites of Aboisso-Comoé and
Songan sites.

(A): diffractogram of sample P-1661; (B): diffractogram of sample P-549; (C): diffractogram of sample
P-502; (D): diffractogram of sample P-503.Qtz: quartz; Ms: Muscovite; Ab: Albite; And: Andesine; Lpd:
Lepidolite; Ph: phengite.



Ta was detected in 3 muscovite samples (PM-549, PM-503 and PM-1718) with
concentrations of 150, 270 and 50 ppm respectively. The highest concentration was
observed in sample PM-503 from the Songan forest. Nb was also detected in PM-549 and
PM-503 with concentrations of 30 and 50 ppm respectively. Ta levels are higher than Nb
levels in PM-549 (Nb/Ta = 0.2) and PM-503 (Nb/Ta = 0.18). Rb contents vary between 47
and 2697 ppm in the muscovite samples. Maximum values are observed in samples PM-503
(2697 ppm) and PM-502 (1830 ppm) and PM-549 (899 ppm). In the feldspar samples, Rb
concentrations range from 9 to 149 ppm. As for Cs, it varies between 51 and 187 ppm for
muscovite minerals and from 37 to 546 ppm for feldspar minerals. The highest
concentrations are observed in samples PF-502 (546 ppm) for feldspar and PM-502
(187ppm) for muscovite. The K/Rb ratio of muscovites is an excellent indicator. for the
degree of fractionation. This ratio varies from 26.27 to 91.52 in the muscovites studied. The
lowest values are identified in muscovites PM-502 (38.77) and PM-503 (26.27) from the
Songan forest.

All this information indicates that the Songan and Aboisso-Comoé pegmatites have
geochemical characteristics close to LCT pegmatites (LILE abundance and Ta>Nb).

Table 2. Trace (ppm) element concentrations of muscovites, and feldspars in
pegmatites of studied area

i Muscovites Feldspars
glgi"nngr?til PM-549 PM-557 PM-502 PM-503, PM-1710 PF-1661 PF-1718 PF-502
AC AC SO SO AL AC AL SO
As <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
Ba 637.51 481.92 279.98 " 356.23 ~ 358.88 305.86 309.85 261.18
Co 9856 <LOD <LOD .<LOD <LOD <LOD <LOD <LOD
Cr <LOD 8859 <lODb/ <LOD <LOD <LOD <LOD 1351
Hf <LOD 40.00 - <LOD .110.00 <LOD <LOD <LOD <LOD
Nb 30.00 <LOD «<«lLOD 50.01 <LOD <LOD <LOD <LOD
Ni 102.37 <1OD 14922 120.19 110.01 46.69 <LOD 78.52
Cs 51.92 72.08..187.89 80.99 51.47 37.78 53.81 546.54
Rb 899.80 47.86 1830.69 2697.87 506.09 149.59 9.74 51.99
Sr 13.39 « 119.28 20.11 29.74 5.88 23.58 42.22 -
Sb 21.21 64.26 25.66 < LOD <LOD 32.55 46.13 63.29
Sc <LOD <LOD <LOD <LOD <LOD <LOD 13.95 23.24
Ta 150.02 <LOD <LOD 270.03 50.01 <LOD <LOD <LOD
Th 6.03 <LOD <LOD <LOD <LOD 7.30 5.27 <LOD
Ti 1718.03 104.43 518,50 429.38 2078.62 289.48 <LOD 874.18
U <LOD 6.68 <LOD <LOD <LOD <LOD <LOD <LOD
Zn 61.48 16.24 246.82 336.51 38.70 32.42 <LOD 155.71
Zr <LOD <LOD <LOD <LOD 2.78 <LOD <LOD <LOD

K/Rb 91.52 81.53 38.77 26.27 93.21 163.32 236.87 40.23

elements in ppm; AC: Aboisso-Comoé; Al: Alosso; SO: Songan.
3.1.4.2 Typology of the pegmatites studied

The K/Rb vs Rb diagram of [58] was used to differentiate barren from mineralized
pegmatites. This diagram indicates that two samples PM-557 (Aboisso-Comoé) and PF-502



(Songan pegmatite) are in field of mineralized pegmatites (Fig.5A). The K/Rb versus Cs
diagram [62] applied to feldspars and muscovites also allows to distinguish barren from
mineralized pegmatites (Fig.5B). It also led to specify the type of mineralization. The diagram
applied to the muscovites shows that the Songan pegmatites are found in the field of beryl
type for PM-503 and at the boundary between beryl type and spodumene subtype for PM-
502 (Fig.5C). Sample PM-557 (Aboisso-Comoé pegmatite) is located at the boundary
between barren and beryl mineralized pegmatites. The same diagram applied to the
feldspars indicates that sample PF-502 belongs to the field of pegmatites mineralized in
beryl and spodumene type.

The Rb versus Sr diagram of [20] gives an indication of the distance to the source plutons
(Fig.5D). This diagram indicates that samples PM-502, PM-503 and PM-549 are the furthest
from the source at about 30 km. This diagram confirms the results obtained, from, the
diagrams of [58] and [62] for the mineralization of the Songan forest samples (PM-502 and
PM-503). Indeed, the distance from the source is an excellent factor contributing to the
evolution and mineralisation of pegmatites. The different diagrams. used highlight the
mineralization potential of the Songan and Aboisso Comoé samples.

3.2 Discussion

The present work has identified several groups of pegmatites according to mineralogy.
These are: beryl-muscovite bearing pegmatite, albite-tourmaline bearing pegmatite, micas-
tourmaline bearing pegmatite and muscovite-garnet bearing pegmatite. They can also be
grouped into two distinct families according to-the mineral“crystallization temperatures: (i)
low temperature pegmatites or “cold pegmatites” and (ii), high temperature pegmatites or “hot
pegmatites”. The results of [1] in the Alépé region:had indicated the presence of these two
groups with a predominance for the hot pegmatites. According to this author, their host rocks
are essentially metamorphic rocks. The present_study has also highlighted the presence of
metamorphic rocks (micaschists, gneiss; etc.). Nevertheless, in the Aboisso-Comoé area,
beryl-muscovite bearing pegmatite is observed in a two-mica bearing granite.

Metasediments are regularly referred to as protoliths of LCT-type rare metal pegmatites, or
in terms of rare metal reservoirs ([57, 64, 55, 56, 63, 29]. The presence of metasediments in
the study area and. particularly. the discovery of muscovite-garnet bearing pegmatite
concordant with the schistosity of the host rock garnet bearing micaschists (Songan Forest)
are excellent observations on the para-derived origin of the pegmatites in this part of the
study area.

The presence of. albite and lepidolite in Aboisso-Comoé and Songan forest pegmatites,
could indicate that their belonging to the rare metal pegmatite class and the REL-Li subclass
as deseribed by authors such as [32, 18, 26]. According to [23], pegmatites belonging to the
complex type'albite-spodumene and albite are the most evolved and have the particularity of
being.the most lithium-rich.

The diffractograms allowed to indicate that the beryl-muscovite bearing pegmatite from
Aboisso-Comoé and the muscovite-garnet bearing pegmatite from Songan forest, may come
from the same source. The diffractograms also show the possible replacement of muscovite
or lepidolite by phengite in the beryl-muscovite bearing pegmatite from Aboisso-Comoé. This
replacement seems to be linked to the metamorphism which affected this pegmatite. The
replacement of muscovite by phengite known as Tschermark substitution has been
described by many authors [63, 14, 35, 42, 66, 67]. The temperature or pressure controlled
contribute to change the chemical composition of muscovite. Muscovites from Aboisso-
Comoé and Songan forest samples show enrichments in LILEs (Cs, Rb, K...). Micas



composition is used to define trace

pegmatites [64, 46, 59, 60, 37].

element enrichment trends for evolved granites and
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Figure 5: Geochemical=diagrams applied
pegmatites south-eastern part of Comoé Basin.

to muscovites and feldspars from

(A) : K/Rb versus Rb diagram[58] applied to muscovites and feldspars from pegmatites of south-
eastern part Comoé basin.;(B): K/Rb versus Cs diagram [62] applied to the muscovites from
pegmatites of south-eastern part Comoé basin;(C): K/Rb versus Cs diagram [62] applied to feldspars
from pegmatites. of south-eastern part Comoé basin; (D): Rb versus Sr diagram [20] applied to
muscovites and feldspars from pegmatites of south-eastern part Comoé basin.

The Nb/Ta:and K/Rb ratios in the muscovites of the Songan Forest pegmatites are low. Both
ratios in micas are known to decrease with melt fractionation after a Rayleigh-type
fractionation model [15, 46, 59, 60]. These ratios confirm that the pegmatites of the Songan
Forest are the most evolved.

The Lithium-Cesium-Tantalum (LCT) family is characterised by an enrichment in the alkaline
elements Li, Cs, Ta over Nb, Be, P and F generally hosted by spodumene/petalite, minerals
of the lepidolite, pollucite and columbite group [16]. The Songan forest and Aboisso-Comoé
pegmatites have geochemical characteristics close to the LCT type pegmatites (abundance
of LILE and Ta>Nb). This type of pegmatite has also been identified by several authors [51,
5, 21, 52, 71, 11, 72] in the Paleoproterozoic domain of the West African Craton as rare
metal pegmatites (Saraya in Senegal, Winneba in Ghana, Issia in Cb6te d'lvoire and
Goulamina in Mali). They are generally spodumene mineralized.



4. CONCLUSION

This petrogeochemical study on the pegmatites of the southeastern part of the Comoé basin
has made it possible to distinguish them. According to Petrographic studies, 4 types of
pegmatites have been identified: beryl-muscovite bearing pegmatites (Aboisso-Comog),
albite-tourmaline bearing pegmatites (Aboisso Comoé), muscovite and garnet pegmatites
(Songan forest) and micas-tourmaline bearing pegmatites (Alosso). XRD analysis revealed
the presence of:

o lepidolite in muscovite-garnet bearing pegmatites (Songan forest);
¢ phengite in beryl-muscovite bearing pegmatites (Aboisso-Comoé);
o albite and andesine in albite-tourmaline pegmatites (Aboisso-Comoé).

The diffractograms of Songan and Aboisso-Comoé showed almost the same signature and
would suggest that they are coming from the same source. The replacement of lepidolite or
muscovite by the phengite in beryl-muscovite bearing pegmatites is may be due to the
metamorphism.

The chemistry of feldspars and muscovites analyzed by portable XRF in the Songan (PM-
502 and PM-503) and Aboisso-Comoé (P-549) pegmatites.indicate that these minerals are
rich in LILEs (Cs, K, Rb...) and have a Nb/Ta<l ratio. The Songan and Aboisso-Comoé
pegmatites have geochemical characteristics close to'LCT pegmatites (abundance of LILE
and Ta>Nb). The geochemical diagrams indicate the presence of probable beryl and/or
spodumene mineralization for the Songan;pegmatite. According to geochemistry results,
muscovite-garnet bearing pegmatite from- Songan forest seems to be the more evolved
pegmatites in this region.
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