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Abstract

The study of Birimian granitoids is of great importance because it allows us to
understand the architecture of the West African crust and the processes that
shaped it. In order to contribute to the improvement of knowledge on the
geodynamic context of the emplacement of certain granitoids of the West
African craton, this article addresses some essential problems of the Birimian,
namely distinguishing the real nature of the magmas and the mechanisms
that generated this Birimian crust. On the West African craton, there are in-
trusive granites in volcano-sedimentary furrows, in meta-sedimentary basins
and granites that form batholiths separating these structures. To provide an
answer to this scientific concern, we conducted a comparative study of the
granitoids of the Comoé basin (Tiassalé region) and those of the large batho-
lith of Ferkessédougou (Daloa region). From this study, it appears that these
Birimian granitoids have been identified as granites, granodiorites and tona-
lites in the Tiassalé region while in Daloa, they are assimilated to anatexites
and granites. They present very diverse aspects and contexts of emplace-
ment: the granitoids of the Comoé basin have characteristics of type I gra-
nite, indicating direct crystallization of mantle magmas in a syntectonic em-
placement, while in the Daloa region, some granitoids are magmatic, others
migmatitic or metasomatic, reflecting a certain complexity relating to their
genesis.
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1. Introduction

The West African Craton (Figure 1) is a vast complex of Archean and Palaeo-
proterozoic terrains with alternating greenstone furrows and large granitoid ba-
tholiths.

Greenstone belts or birimic volcano-sedimentary series in West Africa are of-
ten intruded by basin-type or belt-type granitoids (Pouclet et al., 1996; Hirdes &
Davis, 1998; Pouclet et al., 2006). The surrounding formations of these granito-
ids were metamorphosed between 2.2 and 2.0 Ga under greenschist facies condi-
tions that can reach amphibolite facies near certain granitoid plutons (Abou-
chami et al., 1990; Boher, 1991; Taylor et al., 1992; Hirdes et al., 1996; Pouclet et
al., 2006; Lompo, 2010).

For several decades, understanding the geodynamic context of rocks has been
the subject of numerous studies. While several authors (Bonhomme, 1962; Tagi-
ni, 1971; Feybesse et al., 2006; Pouclet et al., 2006; Vidal et al., 2009) agree that
the Eburnean cycle led to the tectonic assembly of the Archean core and the
various Paleoproterozoic domains between 2.15 and 2.07 Ga, following the ac-
cretion of juvenile crust between 2.25 and 2.15 Ga, the geodynamic evolution of
the Paleoproterozoic realm is the subject of one of the main debates.

Indeed, some authors such as Pouclet et al. (2006), Vidal et al. (2009) and
Lompo (2010) propose structural models of domes and basins set up by gravity
and vertical tectonics during the geodynamic evolution of the Eburnean.

Another stream of researchers composed of Milési et al. (1992), Billa et al.
(1999), Feybesse et al. (2006), interprets Eburnean orogenic events as the prod-
uct of modern nappe-like tectonics. Transcurrent shear zones, located at the in-
terface between greenstone belts and granito-gneissic domains, characterize the
late evolution of the Eburnean orogeny (Jessell et al., 2012; Teha, 2019).

From the foregoing, it emerges that despite the different currents of thought
relating to the geodynamic context of the placement of the rocks on this craton,
the authors are rather unanimous for the placement of these granitoids during
the Eburnean cycle between 2.25 and 2.07 Ga. Although they were emplaced
during the same orogenic cycle, do their geochemical characteristics place them
in the same magmatic lineage or in different lineages? To answer this question,
we compare the geochemical characteristics of granitoids from the Tiassalé re-
gion emplaced in a basin context with those from the Daloa region on the Ferké
batholith.

These birimian granitoids present very diverse aspects and contexts of em-

placement (Casanova, 1973). Some are magmatic, others migmatitic or metasomatic.
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Figure 1. Structural framework of the West African craton and the different study areas (modified from Mi-

lesi et al., 2004).

Granitoids emplaced in sedimentary and volcano-sedimentary basins can be dis-
tinguished from large batholiths separating volcano-sedimentary furrows.

As the geochemical relationship between inter-fault batholith granitoids and
basin-type granites has not yet been studied, this comparison between the gra-
nitoids of the Daloa region located on the Ferké large batholith and those of the
Tiassalé region located in the Comoé basin is important in characterizing the

magmatic sources that generated the West African crust.

2. Regional Geological Setting
2.1. Geology of the Tiassalé Region

The Tiassalé region is located in the southern part of the Comoé Basin (Figure
1) in the Lake District of Cote d’Ivoire. This region is essentially composed of
metasedimentary rocks and granitoid intrusions. Previous work on the lithostra-
tigraphy of the Comoé unit shows that it is essentially composed of quartzites,
basic to acidic vulcanites (Alric, 1985), shales and sandstones (Arnould, 1961;
Alric et al., 1987) resting in discordance on an antebirimic granito-migmatitic
basement. Volcanic formations are very little represented and are essentially
found at the periphery of the basin. Several granitoid plutons outcrop in the
southern part of the Comoé basin. However, other granitoids such as granodi-
orites and deformed tonalites observed in the basin seem to predate the sedi-

mentary deposits.
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2.2. Geology of the Daloa Region

The Daloa region is located in central-western Cote d’Ivoire (Figure 1) in the
Baoulé-Mossi domain (Tagini, 1971) at the level of the Ferkessédougou batholith
(Ferké). This batholith is a vast granitic unit 400 km long and 50 km wide
oriented N-NES8. Studies in the Katiola-Marabadiassa (Doumbia, 1997), Zuénoula
and SASCA areas (Ouattara, 1998) have shown the complex character of this
batholith formed by small amalgamated plutons.

The Daloa region is essentially made up of granitoids that intrude into me-
ta-sedimentary rocks. The geographical distribution of the different rocks de-
fines a magmatic suite that progressively evolves from migmatites in the north to
anatexia granites (Daloa sector) to a southern domain (Issia sector) essentially
made up of leucogranites, leucomonzogranites, pegmatites, albitites (Dago et al.,
2019).

The detailed study of these granitoids has enabled us to define three major
groups: 1) anatexites, whose facies evolve from metatexites to anatexite granites;
2) granites in the strict sense (s. s), which include leucogranites, two-mica gra-
nites and leucomonzogranites; and 3) granitic pegmatites and pneutomalytes
(Dago et al., 2019).

3. Materials and Methods

Granitoid samples were collected in different regions of Cote d’Ivoire: the one in
the region of Daloa in the center-west of Cote d’Ivoire and the others in the re-
gion of Tiassalé in the center of the country. For this geochemical study, 24 gra-
nitoid samples were selected for comparison between basin granitoids and those
constituting the batholiths separating the Birimian furrows.

To define the chemical characteristics of the different rocks, 18 samples rep-
resentative of the different lithologies encountered in the Daloa region (2 meta-
texites, 6 diatexites; 2 anatexia granites; 2 two-mica granites and 6 leucogranites)
and 6 granitoids from the Tiassalé region were selected for geochemical analysis
at Bureau Veritas Commodities Ltd (Vancouver-Canada). The samples were
first dried, then crushed and finally pulverized through a 200 um sieve. The ma-
jor elements SiO,, ALOs, Fe,0;, CaO, MgO, Na,O, K,0, MnO, P,Os and TiO,
were analyzed by X-ray fluorescence spectrometry (XRF) method with PANalyt-
ical Axios FAST multichannel and trace and rare earth elements by optical emis-
sion spectrometry (ICP-OES). Loss on ignition was obtained by heating to
1000°C.

XRF is a chemical analysis technique using a physical property of matter,
X-ray fluorescence When we bombard matter with X-rays, the matter re-emits
energy in the form, among other things, of X-rays; it is fluorescence X, or sec-
ondary emission of X-rays. The spectrum of X-rays emitted by matter is charac-
teristic of the composition of the sample, by analyzing this spectrum, we can
deduce the elementary composition, that is- that is, the mass concentrations of

elements.
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ICP OES is an inductively coupled plasma optical emission spectrometry. It is
an instrumental technique based on the separation, identification and quantifi-
cation of the constituent elements of a sample according to their mass, based on
the coupling of a plasma torch generating ions and a mass spectrometer, which
separates these ions by mass. Samples are frequently prepared by dissolving,
usually in acid, in order to analyze the solution. This is injected into the plasma
in the form of a fine aerosol, generated by a pneumatic (nebulizer), ultrasonic or

physico-chemical device.

4. Petrographic Characteristics
4.1. Petrographic Facies of Tiassalé
4.1.1. Granite

Granites are found in the southern and central-western parts of the study area.
The outcrops encountered at N’'Douci and Tiassalé are in the form of multi-
metric boulders intruding the metasediments. These granites have a normal
grainy to micrograined porphyritic texture (Figure 2(a)) and are made up of
quartz; plagioclase sometimes in the process of damouritisation or microclinisa-

tion, orthoclase; biotite and numerous opaque minerals.

4.1.2. Granodiorite

Granodiorite is present in the Bodo locality. Macroscopic observation of this
rock shows a mesocratic color and a grainy texture (Figure 2(b)). Microcline
and plagioclase feldspars are the most abundant minerals and are often slightly
altered to sericite. Quartz is less abundant than feldspars, with medium-sized
grains. The rock also contains amphibole, more precisely green hornblende, which
occurs as automorphic rods. Biotite generally forms large patches containing in-

clusions of quartz, zircon and opaque minerals.

4.1.3. Tonalite

The outcrops occur either as scattered blocks or as slabs. Macroscopically (Figure
2(c)), a number of characteristics bring these formations closer to granodiorites:
their mesocratic colour, the richness of quartz, biotite and amphibole. It is
sometimes difficult to distinguish between the two types of facies. In thin sec-
tions, the samples taken showed a grainy texture, sometimes with a porphyroid

tendency.

N'Douci granite Bodo Granodiorite Bodo tondlite

Figure 2. The Tiassalé region granitoids.
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4.2. Petrographic Facies of the Daloa Region

The study area is essentially made up of granitoids that intrude meta-sedimen-
tary rocks. The geographical distribution of the different rocks defines a mag-
matic sequence that progressively evolves from migmatites in the north to ana-
texia granites (Daloa sector) to a southern domain (Issia sector) essentially made
up of leucogranites, leucomonzogranites, pegmatites, albitites...

The detailed study of these granitoids has enabled us to define three major
groups: 1) anatexites, whose facies evolve from metatexites to anatexia granites;
2) granites in the strict sense (s. s), which include leucogranites, two-mica gra-
nites and leucomonzogranites; and 3) pegmatites and granitic pneutomalytes.

4.2.1. Anatexites

The anatexites form a continuous sequence from metatexites to anatexia granites
(Figures 3(a)-(c)). Depending on the appearance and quantity of the neosome
formed, which is itself dependent on the melting rate of the protolith, there is an
evolution from metatexites (migmatitic granodiorites), diatexites to anatexia
granites. At the outcrop, the migmatites have a ribbon-like appearance and show
alternating light and dark beds of variable thickness.

In the so-called anatexia granites, the segregation observed in the migmatites
is no longer present. The paleosome has completely disappeared, leading to a
pink granite rich in potassium feldspars.

All these rocks have similar mineralogy with a few exceptions. Microscopical-
ly, the leucosome is essentially granoblastic and the melanosome lepido-granoblastic.
The mineralogical assemblage consists of quartz, plagioclases varying from albite
to oligoclase, potassium feldspars often perthitic, biotites very rich in zircon,
magnetite, ilmenite and often pseudomorphosed into chlorite, muscovite often
resulting from the damouritisation of potassium feldspars or from the leaching

of titanium and iron from primary biotites, sillimanite in fine fibroradiated

T »

Daloa metatxite Gboguhé diatexite Amanikro antexia granite

Liga leucomonzogranite Bemadi pegmatite Issia leucogranite

Figure 3. The Daloa region granitoids.
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needles and numerous accessory minerals such as blue apatites, zircon, mona-
zite, xenotime and opaque minerals (ilmenite, rutile, magnetite) according to the

cleavages of certain altered biotites.

4.2.2. Granites

The granites cover almost all the rest of the region from the Mimia intrusives in
the centre to the town of Issia, with a few flakes of meta-sedimentary rocks. The
granites show a mineral paragenesis with two micas very often forming overmi-
caceous enclaves of orientation concordant with the magmatic fluidity. They are
generally two-mica leucogranites or leucomonzogranites (Figures 3(d)-(f)).

The massifs of leucogranites in the study area are made up of megacrysts of
quartz and potassium feldspar coarsely intergrown with muscovite and some-
times tourmaline. Biotite is difficult to identify with the naked eye and was only
revealed in thin sections because it was often pseudomorphosed into muscovite.
The accessory minerals are in order of abundance: apatite, beryl, allanite, xeno-

time, zircon and opaque minerals (titanomagnetite, ilmenite and rutile).

5. Geochemical Characterization and Interpretation

The chemical composition of the rocks in Daloa can be found in the Appendix

attached to the document.

5.1. Geochemical Major Element Composition

The plutonic rocks in this area consist of granite (TM33 and TM44), granodi-
orite (TM40), tonalite (TM42; TM42_1; TM43).

The granitoids and diorite in the study area show SiO, contents between
62.84% and 71.16%, ALLO; between 15.21% and 16.38%, Na,O between 4.01%
and 4.62%; K,O between 2.09% and 5.17%; CaO between 1.19% and 4.69% and
TiO, between 0.23% and 0.7%. The loss on ignition (LOI) is far from 1 which
shows that these rocks are highly altered.

The analysis of major elements in the Daloa rocks shows that all samples have
high SiO, (64% - 77%) and high ALO; (13.7% - 15.9%) contents. In contrast,
CaO (0.45% - 4.47%), TiO, (0.06% - 0.53%), P,Os (0.06% - 0.57%) and MgO
(0.09% - 4.61%) contents are low. The sum of alkalis (K,O + Na,O) is between
5.01% and 9.21%, which is lower than the values for Al,O;, attesting to the very
aluminous character of these rocks. The alumina saturation index (Al,O,/(CaO
+ Na,O + K,0)) of the granitoids ranges from 1.44 to 2.21 indicating that they
are hyperaluminous (Dago et al., 2019).

5.2. Characterization, Classification and Nomenclature Based on
Major Elements

By analyzing the Shand (1943) diagram modified by Chappell and White (2001),
which makes it possible to determine the aluminous character of the rocks, we
note that the rocks DAL06 from Daloa, TM42, TM42-1, TM43 of the Tiassalé

region are metaluminous and all other rocks are peraluminous (Figure 4). As for
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Figure 4. Position of the Daloa and Tiassalé granitoids in the A/CNK vs A/NK diagram of Shand (1943) modified by Chappell
and White (2001). The discrimination line (red dashed line) of the granitoids is based on the studies of Maniar and Piccoli (1989).

the origin of the rocks according to the line introduced in this graph by Chappell
and White (2001), all rocks in the Tiassalé area are of igneous or infracrustal
origin (Granite Type I). In this diagram, the metatexites and diatexites in the
Daloa area are of igneous origin; the two-mica granites and leucogranites in the
Issia area are of sedimentary or supracrustal origin (Type S granite).

In Middlemost’s Na,O + K,O (wt %) versus SiO, (wt %) diagram (1994), the
DALO06 metatexite from Daloa as well as the three tonalite samples from Tiassalé
(TM42, TM42-1 and TM43) fall into the tonalite field (Figure 5). In this dia-
gram, the Daloa diatexites (DAL11, DAL12, DAL13) and all granitic rocks fall
into the granite field. Sample TM40 from Tiassalé and metatexite DAL02.3 from
Daloa fall into the granodiorite field. These results confirm the names given to
them during the petrographic description. Samples TM33 and TM44 fall into the
granite field as do the diatexites, anatexia granites, two-mica granites and leuco-
granites of the Daloa region.

In Harpum’s (1963) K,O vs Na,O diagram (Figure 6), the two-mica granite
sample, the metatexite (DAL02.3) from Daloa and the tonalite-granodiorite
samples from Tiassalé fall into the Tonalites-Trondhjemite field. The TM44 gra-
nite sample from Tiassalé falls in the granodiorite field as does the DAL06 meta-
texite and all the diatexites. This position of these migmatites would rather indi-
cate the nature of the protolith from which they were derived than their actual
nature. Granite sample TM33 from Tiassalé and all other granitic facies display
an adamellite character. The weakly to moderately peraluminous nature of these
rocks shows that they were derived from a mantle source with crustal participa-

tion.

DOI: 10.4236/gep.2022.107007 105 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2022.107007

T. K. L.-D. Boya et al.

K0

0

I I —
DALOA REGION GRANITOIDS TIASSALE REGION
18 GRANITOIDS
R Métatexite
DALO02.3,DAL06 Granite 2M
16 O Diatexite TM33, TM44
DAL03,DAL05,DAL09, Granodiorite
DAL11,DAL12,DAL13 bt
14 OAnatex:a granite
DALO04.1, DAL04.2 2 ", Tonalite
Granite 2M et Leucogranite é‘ 48 ' TM42, TM42-1, TM43
12 DAL16,DAL17,DAL18, %Q °¢
1S12, 1S13, 1514, =) Q‘\'
1S15, IS16 O
Q .
o 10 % &
& 2 &
o' 8| 2 >
z 3;%9 e \ - o
ST o \ @ B
6l %2\ X Granite
X @
=
4 o 3
‘s ) 2 2
S (2] £[lE] 5
= o = St = =]
2 < 2= 8| = =
R EEIR A
O Q= =
o
0 1 | | 1 |
30 40 50 60 70 80
SiG,

Figure 5. Na;O + K;O (wt %) versus SiO2 (wt %) diagram from Middlemost (1994).

/
/y
Z

7

Py
-

S
qsc\sf

| | | o 1
/

/CDDALMQ P

s
7

DALA3 ™IS

DAL16 151 DAL18 .~
st ...‘.316 .

1IS15

® s
DAL1T
Q DAL09

DALO4.1
(OpALs

Opoain2

Qv,’
E//
O\

o

TM43 g

)
’bw,

\{~w , DALOS%

O’/
oW~
1

| o2 $LpAL023

7 T2
0%~ TM“O% Is12

P

4

”
y, s

o
s

&\,\@

&
&

4

&

N\

\\0

/Q/
&
p

0

|-\$¢

2 3
Na,0

a GRANITOIDS
OF DALOA REGION

Metatexite

DAL02.3, DALO06

Diatexite

DAL03, DALO0S, DALO09,

DAL11, DAL12, DAL13

OAnatex:a granite
DAL04.1, DAL04.2

@ Granite 2M & Leucogranite
DAL16, DAL17, DAL18,
1812, 1813, 1S14,
1515, 1S16

O

GRANITOIDS
OF TIASSALE REGION

Granite 2M
TM33, TM44

Granodiorite
TM40

<\, Tonalite
v TM42, TM42-1, TM43

Figure 6. Harpum’s (1963) classification and nomenclature diagrams of the granitoids (Na.O vs K.O).

5.3. Geochemical Comparison

To understand the geochemical link between the different magmas that gener-
ated the intrusive granitoids in the Comoé Basin and those constituting the

Ferké batholith, we used Harker diagrams (oxides vs. SiO,) and multi-element
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and rare-earth elements diagrams, as these elements do not fractionate very

much in relation to each other.

5.3.1. Harker Diagrams

The Harker elemental plots of Oxides vs SiO, show a continuous and linear dis-
tribution of representative points of the plutonic rock samples (Figure 7). This
distribution indicates negative correlations between SiO, and the majority of
elements, notably AL,O;, Fe,Os, CaO, TiO,, MgO, P,Os (Figure 7). The proximi-
ty of the diatexites to the granitic facies of Daloa suggests a common origin of
the rocks in this region.

In the K;O vs. SiO, diagram that allows to determine the magmatic series of
the rocks according to Le Bas et al. (1986), all these granitoids show high and
medium-K calk-alkaline affinities, except the granite (TM33) and the anatexia
granite (DAL04.1), located in the shoshonitic series.
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Figure 7. Distribution of granitoids in Harker-type oxide vs SiO- diagrams.
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The approximately linear distribution of the Daloa diatexites and the Issia
granites could indicate the intervention of magmatic mixtures between an acid
and a basic magma as well as fractional crystallization processes (Kouchi & Su-
nagawa, 1985; Liankun & Kuirong, 1989; Zorpi et al., 1989; Orsini et al., 1991;
Boukaoud, 2007). In the Tiassalé granitoids, a grouping or regression line is ob-
served that is very different from that of the Daloa granitoids, which probably
originated from the same source. Furthermore, the transition elements P,Os,
TiO, and Cr,0O; each represent less than 2% in the granitoids and show negative
correlations with SiO,. This is due to the effect of early crystallization processes
of rutile, ilmenite and apatite minerals from the beginning of magma formation
(Moyen et al., 1997).

Only the metatexite DALO6 (migmatitic granodiorite) has a behavior very
close to the granodiorite (TM40) and tonalites (TM42, TM42-1 and TM43) of
Tiassalé. As for the Tiassalé granites (TM33 and TM44), they are close in nature
to the Daloa granitoids.

The analysis of the behavior of the two families of granitoids in the Haker di-

agrams (oxides vs. SiO,) shows that they come from different sources.

5.3.2. Rare Earth Spectra and Multi-Element Diagrams

Opverall, the rare earth spectra (Nakamura, 1974) are highly fractionated with an
enrichment in LREE and almost no europium (Eu) anomaly. In detail, variations
appear between the spectra of each petrographic entity.

The Tiassalé granitoid plutons generally show fairly negatively sloping spec-
tra. The degree of fractionation of the LREEs in relation to the HREEs expressed
by the ratio (La/Yb)N varies from 16.10 to 37.90. This fractionation rate appears
very important and implies an enrichment in LREE and a significant depletion
in HREE, this highliths the importance of the fractionation of accessory minerals
incorporating LREE. The spectra of the different plutonites can be superimposed
(Figure 8(a)).

The multi-element diagrams of the Comoé plutonic rocks, normalized to the
primitive mantle, show strongly negative slopes with an enrichment of litho-
philic elements (LILE) and more incompatible elements (Cs, K, Rb, Ba, Th...)
compared to elements with high ionic potential (HFSE) and less incompatible
elements (Tb, Y, Yb, U, Nb...). In detail, these diagrams are quite comparable
and intersect each other (Figure 8(b)).

The K enrichment is thought to be due to the recrystallisation of biotites. The
pronounced P and Ti anomalies may be related to the fractionation of apatite,
ilmenite and sphene minerals in the melt residue. The negative Nb anomaly
suggests crustal contamination of the magma, and is typical of subduction zone
magmas.

The rare earth diagrams of the Daloa metatexites and those of the Tiassalé to-
nalite-granodiorites have similar appearances, although the latter seem to be
more enriched in HREE.
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Figure 8. Rare earth spectra (Nakamura, 1974) and multi-element diagrams (Sun & McDonough, 1989).

In the multi-element diagram, some small differences are to be noted. The Cs

content of the metatexites can reach up to 1000 times the value of the primitive

mantle; the value of Th and U in the metatexites can be three times that of the

tonalite-granodiorites of Tiassalé. There is a positive anomaly in Pb and a nega-

tive anomaly in P which can be explained by the apatite richness of these rocks.

For the Daloa diatexites and anatexia granites, the graphs show the same pat-

tern, suggesting that they were differentiated from the same source (Figure 8(c)

and Figure 8(d)).
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A comparative study of the diagrams of the granites of the Tiassalé region
shows that they are richer in rare earths elements and very flattened compared to
the granites of the Daloa region (Figure 8(e)) where the Eu anomaly is more
marked.

In the multi-element diagram, the difference between these two granite groups
is clearer (Figure 8(f)). The Daloa granites show a Cs enrichment that varies
from 2000 to 8000 times and the Tiassalé granites between 700 and 800 times the
Cs value in the primitive mantle. A positive P anomaly is observed in the Daloa
granites, unlike the Tiassalé granites, which show a negative anomaly in this
element. A very high Ta value is also observed in the Daloa granites (between
100 and 300 times) compared to the Tiassalé granites which have a Ta content

between 10 and 20 times the Ta value of the primitive mantle.

6. Geodynamic Context of the Setting up of the Plutons

In order to identify the geodynamic setting of the rocks of the Comoé basin
(Tiassalé region) and those of the Ferké batholith (Daloa region), the geochemi-
cal data were projected into the Rb versus Y + Nb binary diagram of Pearce et al.
(1984). This diagram provides information on the petrogenetic and geotectonic
relationships of the granitoids (Figure 9).

Due to their low Ta, Y and Nb contents, all Tiassalé rocks, migmatites and
anatexia granites from the Daloa area fall into the field of volcanic arc granites
(VAG) and are therefore of infracrustal origin (Figure 9(b)). Except for sample
IS12 which has a trondjhemite character (see Harpum diagram, Figure 6) which
also falls in the VAG field, the leucogranites and two-mica granites from the

Daloa area all fall in the Syn-COLG field and are therefore of supracrustal origin.

7. Discussion

7.1. Petrological Characteristics

The plutons of the Tiassalé zone show chemical compositions almost similar to
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Figure 9. Tectonic context discrimination diagram for Rb granitoids as a function of Y +
Nb after Pearce et al. (1984).
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those of other birimic domains; in particular those of the Singrobo and Dabakala
groups, respectively studied by Teha (2019) and by Gasquet et al. (2003) and
Gnanzou (2014). Most indicate medium calc-alkaline compositions, but some
tend towards the alkaline pole (shoshonite series). The calc-alkaline affinity of
the latter would come from spatial association with the metasedimentary rocks
of the Comoé basin (Glodji, 2012).

Granodiorites and tonalites are metaluminous and granites are moderately
peraluminous and all correspond to Type I granites of Pitcher’s (1983) classifica-
tion.

Based on their intrusive mode, petrographic and chemical characteristics (low
K/Na ratios), as well as the position of the Tiassalé granitoids in the classification
diagram of Chappell and White (1974) and the Rb vs Y + Nb diagram of Pearce
et al. (1984), it can be stated that the Tiassalé plutonites as a whole are derived
from an igneous source. In the rare earth diagrams and multi-element diagrams,
the graphs of these rocks overlap exactly, confirming their common origin.

As for the rocks of the Daloa region, they show a continuous sequence from
metatexites to leucogranites, which suggests that the rocks of this region are de-
rived from the same source magma37 that underwent several cycles. Originally,
the TTG rocks underwent partial melting to produce the metatexites and then
the diatexites. The sediments resulting from the meteoric alteration of the TTG
would have been transformed by simple metasomatosis into leucogranite thanks
to the heat brought by the late intrusives with two micas from Mimia.

The rocks of the Daloa region are clearly distinct from one another, which
would imply, from a geochemical point of view, the intervention of processes
such as differentiation and/or contamination of the magmas that generated these
rocks. One thing is certain: these rocks have a common origin (see Harker dia-
gram, Figure 8; multi-element diagrams, Figure 9).

The presence of diorite intrusions associated with granitoid intrusions in the
Tiassalé region (T¢ha et al., 2018), suggests the involvement of a mantle source
(Bussy, 1990; Abdallah, 2008). Ouattara and Koffi (2014) and Téha et al. (2018)
propose a double origin (anatexic and mantle) in the genesis of these granitoids.
As for the metatexites and diatexites of Daloa which are migmatites thus sug-
gesting anatexia and their belonging to the type I granites group (see Figure 4),
one can also grant them a double origin (mantle and then anatectic). This is
corroborated by the work of Chappell and White (1974) who attribute the origin
of type I or igneous granites on the one hand to the melting of the mantle and on
the other hand to the melting of crystalline rocks of the continental crust. Their
metaluminous character is, according to Debon and Lefort (1983), due to a man-
tle origin, or at least to a source derived from the mantle. As for the two-mica
granites and leucogranites, they are peraluminous plutons that are linked to the
continental crust.

These flat rare earth spectra with a slight slope are characteristic of Archean
GTTs (Martin & Moyen, 2011). The highly fractionated spectra; the near-zero

Eu anomaly (Euw/Eu*) and the negative Nb, Ti anomalies give the tonalite-
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granodiorites of Tiassalé and the migmatites of Daloa the characteristics of Arc-
hean GTTs (Dago, 2020). For Martin (1999), the absence of Eu anomaly would
result from the melting of a subducted oceanic crust, hydrated in a moderately
deep subduction zone, which reacted with the mantle wedge at the base of the
adjacent continental crust. Furthermore, the Nb anomaly also observed on the
multi-element diagrams are according to Dupuis (2005) and Hoffer (2008) con-
firm the existence of subduction which would have generated these magmas. On
the other hand, the significant negative Nb anomalies indicate the role played by
titaniferous and/or amphibole phases (Martin, 1999). The negative Eu anomaly
found in some leucogranite graphs would indicate plagioclase fractionation.
These granites are highly enriched in LILE and show spectra marked by negative
anomalies in Nb, Sr and Ti, characteristic of calc-alkaline magmas from orogenic
zones and continental crust. The arachnograms of these rocks are highly frac-
tionated with a weak or even absent europium anomaly (Eu/Eu*), low Ni and Cr
contents and a K;O/Na,O ratio of less than 0.5, giving them the characteristics of
potassic GTTs. These characteristics make it possible to link their emplacement
to a subduction context. Plutonic rocks are associated with volcanic and syn-
collisional arc granites, which were emplaced in a subduction environment
(Dago, 2020).

7.2. Source of Magmas

The comparative study of these intrusive granites in the Comoé basin (Tiassalé
granitoids) and the granites forming the Ferké batholith (Daloa granitoids)
shows some similarities in that they are close to the TTG. But all the analyses
show that they are quite different. Eu anomaly almost non-existent in Tiassalé
granites unlike Daloa granites. The Tiassalé granitoids are more enriched in rare
earths elements than the Daloa granitoids (Figure 8). The Tiassalé granitoids are
of infracrustal origin (Type I), whereas the Daloa granitoids, although having a
primitive infracrustal source, have undergone a polycyclic evolution until they
produce granites in supracrustal conditions. This is evidenced by the fact that
these granitoids align with common regression curves (see Harker diagram,

Figure 7).

8. Conclusion

The comparative study of the granitoids of the Comoé basin and those of the
Daloa region has shown that the West African Paleoproterozoic basement is the
result of various magmatic activities generating rocks of very diverse nature.

The granitoids emplaced in the Comoé basin are derived from the direct crys-
tallisation of mantle magmas. These granitoids are often intrusive and dome-shaped
within the volcano-sedimentary and meta-sedimentary rocks of the Comoé ba-
sin, reflecting syntectonic emplacement; they correspond to Type I granites. The
granitoids of the Daloa region constitute a magmatic suite evolving from mig-
matitic facies (metatexites, diatexites and anatexia granites) to leucogranites. The

migmatites were emplaced in a volcanic arc context (Type I) and the s.s. granites
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in a syn-collisional context. (Type S). Three interlocking origins are thus de-
noted to produce a diverse range of rocks in the Daloa region: magmatic, anatec-
tic and/or metasomatic. The granitoids of the Comoé basins are quite different
from those of the Ferkessedougou batholith.
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Appendix
Table Al. Composition of major elements (%wt) and trace elements (ppm).
Sample [ZJZ::;I Ea(sxu;l & NOZ;};ing $i0, ALOs Fe;0s z CaO MgO Na,0 KzO MnO TiO; P.0s Cr;0s Ba Be Co Cs Ga Hf Nb Rb
DAL02.3 29N 789,745 766,731 68.8 149 4.8 148 1.44 4.96 2.38 0.04 0.53 0.06 0.01 165 2 81 43275 8 183 181
DALO6 29N 783,206 755,175 64 14.6 524 447 4.61 2.79 222 0.09 0.48 04 0.04 1586 4 18.5 7.9 16.6 6.1 11.4 170.9
DALO5 29N 783,401 755,636 74.8 13.7 138 0.81 0.13 4.26 4.33 0.02 0.06 0.11 0.01 453 2 1.1 25 17.83.6 3 1415
DAL12 29N 766,352 747,149 73 146 175 126 0.39 4.71 3.63 0.03 0.22 0.07 0.01 617 2 2.4 1.4 203 4.4 9.7 173.3
DALO03 29N 794,908 774,497 72.6 146 221 1.2 0.38 4.53 398 0.03 0.22 0.07 0.01 693 3 24 14 174 4.7 3.9 115.7
DAL04.1 29N 795,755 769,145 724 153 2.01 0.75 0.41 4.03 4.19 0.02 0.13 0.12 0.01 246 2 1.8 1.3 21.6 1.7 8 146.2
DAL04.2 29N 796,174 769,182 744 14 126 049 0.23 3.58 5.63 0.02 0.09 0.13 0.01 489 1 1.2 1.9 15426 7.9 208.8
DAL09 29N 780,476 740,720 72.7 149 1.64 1.19 0.37 4.42 422 0.02 0.19 0.08 0.01 655 6 19 9 20334 8 2168
DAL11 29N 781,038 749,710 739 148 1.06 0.68 0.15 4.27 444 0.03 0.08 0.1 0.01 279 5 0.6 4.4 20.6 1.5 8.8 231.2
DAL13 29N 754,001 739,440 73.5 146 147 059 0.21 3.62 513 0.02 0.12 0.1 0.01 399 5 0.9 54 219 2.4 11.1 266.5
DAL17 29N 767,600 717,242 72.1 15.1 197 0.61 0.33 3.79 437 0.02 0.14 0.42 0.01 202 4 1.1 18.416.6 1.8 8.3 219.2
DAL18 29N 781,013 719,170 719 151 1.8 0.7 036 391 467 0.03 023 04 0.01 301 7 1.6 12.320.3 3.4 5.6 390.7
IS15 29N 772,939 731,650 72 154 1.6 0.66 031 4.01 476 0.02 0.16 03 0.01 29 2 1 16.819.3 1.7 6.8 246.1
1S16 29N 757,092 723,302 72.7 14.84 1.04 0.48 0.22 4.16 4.69 0.01 0.11 0.35 0.01 206.8 8 31.534.222.4 1.7 8 359.6
IS18 29N 763,268 720,342 719 151 1.8 0.7 036 391 4.67 0.03 023 04 0.01 301 7 1.6 123203 3.4 5.6 390.7
IS 14 29N 767,444 720,492 72.6 144 194 0.71 0.34 3.45 4.76 0.02 0.15 04 0.01 312 5 1.2 15817.2 2.1 6.2 213.8
DAL16 29N 779,689 719,555 729 14.5 1.68 0.61 0.21 3.54 4.88 0.03 0.07 0.51 0.01 223 22 0.8 57.115.8 1.7 7.2 265.9
1S12 29N 765,848 717,278 71.9 15.9 2 0.45 0.19 4.78 1.97 0.06 0.09 0.57 0.01 301 5 1.1 38.627.3 2.1 12.9 385.5
1S13 29N 759,662 724,386 719 15 1.72 0.63 0.34 3.78 4.81 0.02 0.17 0.41 0.01 258 7 1.5 20.718.8 2.2 7.6 286.1
TM33 30N 299,136 649,553 70.07 15.21 2.42 1.19 0.62 4.31 517 0.03 0.39 0.22 0.01 1411 4 4 5.6 20.6 5.8 9.8 207.5
TM40 30N 295,906 656,995 67.14 16.38 4.19 3.2 1.62 4.62 2.09 0.06 0.48 0.19 0.01 826 1 10 2.4 18.1 3.5 4.7 48.7
TM42 30N 297,131 660,902 64.79 16.27 5.39 3.99 192 4.33 2.39 0.08 0.67 023 0.01 898 1 14.7 1.9 174 4.1 6.8 64.1
TM42-1 30N 297,131 660,902 62.84 1597 6 4.69 257 4.01 237 0.09 0.7 0.28 0.01 897 4 173 2.1 16.6 44 7.5 63
TM43 30N 314,902 651,642 64.97 158 5.22 4.07 2.1 4.06 2.5 0.08 0.59 021 0.01 846 2 151 2 17.53.7 7.1 69.7
TM44 30N 295,734 657,095 71.16 15.62 2.35 198 0.56 4.38 3.33 0.04 0.23 0.12 0.01 1041 1 3.5 53 18 3.3 6.5 111.1
Sample St Your Th U V W Zr Y The This Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Mo Cu Pb Zn
DAL02.3 204.1 0.7 39.8 9.3 32 0.5 319.3 21.9 78.6 153.8 15.93 55.6 9.74 1.12 7.95 1.07 4.79 0.72 1.76 0.23 1.37 0.2 0.2 3.4 9.2 125
DAL06 1272 0.6 24.6 4.7 78 0.5 228.3 23.4105.7 183.3 23.82 94.2 15.87 3.96 11.65 1.26 5.15 0.79 1.89 0.25 1.45 0.23 0.2 1.7 7.6 57
DALO5 2232 03 83 5 18 0.5 997 5 139 29.1 3.26 11.8 2.75 0.66 1.83 0.22 0.96 0.16 0.47 0.07 0.46 0.08 0.1 1.6 13.2 12
DAL12 2546 0.6 245 5.7 18 0.5 147 55 37 67.8 6.53 22.7 3.19 0.73 2.12 0.24 1.06 0.17 0.44 0.06 0.41 0.05 0.1 2.8 9.2 38
DAL03 251.7 0.2 36.7 3.1 15 0.5 166.3 3.9 46.6 844 8.49 28.1 449 0.8 2.78 0.28 1 0.14 0.3 0.04 0.27 0.05 0.2 6.8 9.3 33
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Continued

DALO4.1 109.8 04 4.4 34 9 0.5 485 3.7 10.7 204 236 82 1.72 0.38 1.57 0.21 0.97 0.11 0.27 0.04 0.25 0.04 0.2 7.3 4 33

DAL04.2 1457 04 9.4 51 8 05 767 4 169 30.7 3.25 10.7 2 0.45 1.84 0.24 0.99 0.12 0.32 0.04 0.29 0.05 0.2 1.6 6.8 22

DAL09 242.1 0.8 22.6 43 14 0.5 1141 5 32.8 57.7 597 194 32 0.65 2.14 0.251.07 0.15 0.37 0.13 0.31 0.04 0.1 15.7 8.8 40

DAL11 1208 1 45 48 8 0.5 379 46 88 173 194 72 1.53 0.38 1.33 0.18 0.850.15 0.36 0.06 0.42 0.05 0.1 1.2 5.2 20

DAL13 1129 1.2 133 32 12 0.6 752 4.8 20.4 38.7 4.06 14.6 2.5 0.36 1.96 0.23 0.94 0.14 0.38 0.06 0.31 0.05 0.2 12.2 5.2 17

DAL17 782 15 1.6 63 10 1.1 564 4 7 143 1.68 6.7 193 0.29 1.76 0.31 1.01 0.14 0.3 0.03 0.23 0.03 0.2 3.7 7.2 34

DAL18 794 0.6 114 8 20 051093 3 202 454 592 235 5 0.44 2.83 0.29 0.89 0.11 0.24 0.03 0.25 0.04 0.9 3.9 4.9 59

IS15 916 1 28 35 13 0.7 57.1 3.5 9.7 189 225 9.1 2.12 0.33 1.68 0.22 1.01 0.14 0.26 0.03 0.26 0.04 0.1 3.2 5 36

IS16 954 6.14 2.83 7.4 12 1.2 1096 1 6.67 17.47 3.2 6.83 2.67 1.07 2.15 0.47 1.12 0.12 0.37 0.05 0.17 0.01 0.2 2.2 8.49 5.3

IS18 794 06 114 8 20 0.5 1093 3 202 454 592 235 5 0.44 2.83 0.29 0.89 0.11 0.24 0.03 0.25 0.04 0.9 3.9 49 59

IS14 1076 1.1 33 2.7 10 0.5 71.2 47 9.4 19.5 258 10 2.53 0.38 2.34 0.33 1.39 0.16 0.36 0.04 0.37 0.05 0.3 4.5 5.6 40

DALl16 899 116 0.7 43 8 1 364 3 41 84 1.03 48 1.16 031 1.16 0.19 0.7 0.1 0.22 0.02 0.19 0.02 0.2 3.1 8 10

IS12 839 42 65 54 8 15 527 46 15 298 3.36 12.3 2.61 0.57 2.13 0.27 1.25 0.18 0.41 0.06 0.41 0.05 0.3 2.2 7.6 10

IS13 932 1.1 29 43 8 07 71.1 34 102 234 28 11.2 262 04 224 0.26 0.9 0.1 0.23 0.03 0.18 0.02 0.3 4.8 7.6 45

TM33 7126 1 146 6 30 0.6 226.5 24.7 58.1 106.2 12.92 46.7 7.56 1.91 5.73 0.7 3.2 0.66 1.93 0.29 1.76 0.3 0.4 12.512.9 59

TM40 7918 04 2.7 1 61 0.5 1315 9.5 258 522 6.64 253 433 1.1 3 0.381.750.33 0.87 0.13 0.83 0.13 0.4 18.1 2.3 69

TM42 5973 0.5 3.4 08 83 0.5 1552 11.1 27.1 551 6.82 26.4 4.57 1.19 3.52 0.452.23 0.41 0.98 0.14 0.92 0.12 0.421.4 2 71

TM42-1 6458 0.6 4 12 96 0.6 165.6 14.3 35.8 729 8.77 33 55 1.45 4.02 0.53 2.55 0.5 1.38 0.21 1.27 0.19 0.4 23.7 2.1 68

TM43 563.6 0.6 4.1 1.5 80 0.5 131.5 129 27.8 56.3 7.02 264 449 1.2 3.49 0.46 2.32 0.43 1.29 0.17 1.14 0.17 0.2 22.5 2.5 62

TM44 4532 05 58 1.2 18 0.5110.1 6.1 28.7 50.8 6.09 21.1 3.27 0.81 2.22 0.26 1.22 0.18 0.52 0.06 0.5 0.07 0.4 8.1 4.7 56
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