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1. Introduction

The West African Craton stabilized at ca. 1900 Ma and includes two principal
Precambrian domains: the Réguibat Rise to the North and the Leo-Man Rise to
the South (Rocci, 1965). The Leo-Man Rise is composed of an Archean cratonic
nucleus in the southwest, the so-called Kéména-Man domain (KMD), surrounded

by some Paleoproterozoic belts in the north and east forming the Baoulé-Mossi
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domain (Figure 1; Milési et al., 2004; Baratoux et al., 2011; Jessell et al., 2016).
Based on new and historical U-Pb data, Parra-Avila et al. (2017) have identified
continuous magmatic activity between ca. 2300 and 2000 Ma, highlighting a di-
achronous evolution across the Baoulé-Mossi domain. In this context, the tec-
tonic evolution of the Baoulé-Mossi domain is divided into two main periods,
the Eoeburnean phase between ca. 2260 and 2150 Ma and the Eburnean phase
between ca. 2140 and 2050 Ma. During the Eoeburnean volcanic activity in the
region occurred coevally with the emplacement of felsic intrusions across Bur-
kina Faso and western Mali (Baratoux et al., 2011; de Kock et al., 2011; Feybesse
et al., 2006; Lahondeére et al., 2002; Tshibubudze et al., 2013). Generally, felsic
intrusions from across the Baoulé-Mossi domain have been previously described
as Paleoproterozoic chemical equivalents to Archean tonalite-trondhjemite-grano-
diorites (TTG) (Castaing et al., 2003; Doumbia et al., 1998; Egal et al., 2002; Gas-
quet et al., 2003; Lompo, 2009; Naba et al., 2004; Tapsoba et al., 2013; Vegas et
al., 2008). The Baoulé-Mossi domain is made up of an association of mainly
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Figure 1. Simplified tectonic map of West African Craton (Grenholm, 2014).
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low-grade Birimian (ca. 2.20-2.13 Ga) and Tarkwaian (ca. 2.10-2.09 Ga) sedi-
ments and plutono-volcanic rocks, which emplaced during a major juvenile crust-
forming event, referred as the Eburnean orogeny and dated between ca. 2250
and 1980 Ma (Allibone et al., 2002; Feybesse et al., 2006; Pouclet et al., 2006;
Vidal et al., 2009; Baratoux et al., 2011). Volcanic rocks’ geochemical signature is
compatible with the evolution from the tholeiitic oceanic crust or oceanic pla-
teau to juvenile calc-alkaline volcanic island arcs (Abouchami et al., 1990; Leube
et al., 1990; Boher et al., 1992; Baratoux et al., 2011). Eoeburnean intrusions do-
minate the eastern portion of the Baoulé-Mossi domain and during the Eburnean
period, intrusions are mainly concentrated across the western portion. This study
allows constraining the source and the geotectonic context of these plutonites. It

is therefore a contribution to the Paleoproterozoic crustal evolution.

2. Local Geological Context

Located in the Paléoproterozoic field, geological formations in the Bondoukou
region were structured during Eburnean orogenesis. The very open petrographic
range of geological formation in the Bondoukou region and the complexity of
structural phenomena make their study difficult. From a lithological point of
view, the study area is covered by a complex set of geological formations. There
are two major distinct fields: the quaternary domain (Holocene) and the Paleo-
proterozoic domain. Training in the quaternary field is the most recent in the

Bondoukou region and has been deposited precisely at the Holocene (Zeade et

al., 1995). They come from the alteration of the preexisting parent rock. There

are two types:

- vases and sands: these are observable fluvial sediments only along rivers.
These sediments have a wide lithological variety: more or less coarse sands,
vases, and clays, fine and very fine silts (Zeade et al., 1995).

- Lateritic cuirass: Laterites refer to all indurated materials which constitute the
soils, the superficial horizons as well as the deep horizons of the alteration
profiles (Zeade et al., 1995). These often red or brown materials consisting of
aluminum hydroxides and/or iron, come from the alteration of the rock with-
out transport of minerals (residual rocks). These formations cover almost the
surface of the study area and can be subdivided into three rock formations:

- Tarkwaien formations;

- volcanic and sedimentary formations;

- Intrusive formations.

2.1. Tarkwaien Formations

This template has been tailored for output on the custom paper size (21 cm x
28.5 cm). The Tarkwaien name is its origin in Ghana, named after the Ghanaian
locality “T'arkwa”. The arguments taken from the work carried out on the Tark-
waien (Touré, 2007) are most often divergent. According to Touré (2007), the

main reason for disagreements lies essentially in the existence of very little ra-
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diometric data on the formations attributed to Tarkwain. The Tarkwaien en-
semble of the Bondoukou region is essentially made up of conglomerate (met in
the region of Duakouamé and Zanzan) and Cinérite (in the region of Takoutou
and Siago). The presence of sandstone, quartz and Andesites is also reported by
(Touré, 2007). The Tarkwaien formations are based on the other Paleoprotero-
zoic formations (Siméon et al., 1995), notably metavolcanites in the north, me-

tasediments to the south and intrusive rocks (granodiorites, tonalites).

2.2. Volcanic and Sedimentary Formations

It is an intimate association of various volcanic rocks, pyroclastic rocks (fine
conglomerates, tufs, etc.), clay sedimentary rocks and essentially chemical rocks
(quartzite) (Zeade et al., 1995). So, this is a very complex formation for several
geological units of a different petrographic nature. This set outcrops in the
southern and northern regions of the study area with extensions to the East and
West. The undifferentiated volcano-sedimentary shales the most encountered in
this set constitute the large massif inside which is the whole sequence of volcanic
and sedimentary hectometric lenses. Thus, for volcanic sets, metadolerites and
metamicrogabbros which are massive rocks, with an isotropic appearance have a
grainy and porphyroid texture with plagioclase or ferromagnesians. They are
outcrop in several places in the formations of volcano-sedimentary schists. The
amphibole and chlorite schists north of the Bondoukou granodiorite are dark-
colored rocks and have a conglomeratic appearance with brecciated or angular
elements (Zeade et al., 1995). On the north and west flanks of the Bondoukou
granodiorite, outcrops metaandesites with porphyric microlithic texture. Besides
these formations which occupy relatively large surfaces, there are also metagab-
bros, metarhyolites with a vitreous appearance. The sedimentary rocks are
represented by calco-chlorito-schists who appear west of the Bondoukou grano-
diorite. It has a conglomerate aspect with more or less rounded and coarse ele-
ments. Small lenticles of quartz shale flip on the northern flank of the Bondou-
kou granodiorite. Volcano-sedimentary complexes are well marked in mor-
phology and are present in all intrageosynclines. These formations were very
studied everywhere in Cote d’Ivoire, given their genetic link with manganese
mineralization, one of the first to work on the Birimien brought lithostrati-
graphic and individualized details within a volcano-sedimentary complex of de-
trital formations (quartzites, arkoses, sandstones) and terms plutono-volcanic

(Andesites, gabbros, amphibolites).

2.3. Intrusive Formations

The intrusive formations in the Bondoukou region are the syntectonic granitoids

and the post-tectonic intrusive granites (Tempier, 1969).

2.3.1. Syntectonic Granitoids
In these formations, undifferentiated metatonalites and metagranodiorites are
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the most widespread and are outcrop to the east, north and west of the study

area. These formations with granonematoblastic texture, consisting of more or

less sericitized oligoclase, xenomorphic quartz as well as Hornblende and green

biotite (Zeade et al., 1995). Within the formations, we find:

- to the northeast: biotite metagranites which are medium-fine grain granites,
light color containing both biotite and muscovite.

- to the northwest: granites and monzogranites with biotite. These fairly dark
facies consist of more or less chloritized plagioclase and green biotite (Delor
et al., 1995);

- to the west: a granodioritic facies whose rocks are melanocrats, these are bio-
tite gran odiorites and/or hornblende with grainy texture with a percentage

of plagioclase which dominates on that of the microcline.

2.3.2. Post-Tectonic Granitoids

Post-tectonic (discordant granites of Bondoukou type) which are outcrop north-
east of the study area circumscribed around the city of Bondoukou, are essen-
tially made up of biotite granodiorites and/or porphyroid texture. They cause
contact metamorphism on the volcanic rocks. Most often isotropic in the central
areas of the massif, their periphery presents ferromagnesians (biotite and
hornblende) which are phenocrystals of plagioclase and individualize with them
a mineral and/or high dip stretch to the NNW (Zeade et al., 1995). These rocks
with melanocratic facies, give the impression of having been put in place after all
folding and all metamorphism. With the work of (Touré et al., 1987), the traces
of “Burkinian” orogenesis were highlighted in the Bondoukou region by the
Rb-Sr age at 2166 + 49 mA (on whole rock) of the porphyroid granodioritic facies
of Bondoukou. This facies is a particular type of discordant and post-tectonic
intrusive formation, hence the name of intrusive granite of the Bondoukou type
attributed to the similar formations encountered in other regions of the country
(Mankono, Dabakala, etc.). According to Touré (2007), the discordant granito-

ids of Bondoukou cannot be considered as younger than Baoulé type granitoids.

3. Analytical Methods

To obtain the results that will be presented in this study, we used two main me-
thods.

The methodology consisted in observing and describing the different litholo-
gies, either with the naked eye or using a magnifying glass on the ground. This
phase was accompanied by samples. The samples collected allowed for the mak-
ing of thin sections in the geochemical and geochronology laboratory of The
University of Rennes 1. Their study was done in the geology, mineral and energy
resources (LGRME) of the UFR Earth Sciences and the Mineral Resources (UFR
STRM) of Félix Houphouét Boigny University of Abidjan-Cocody, Céte d’Ivoire.

This phase makes it possible to come out for each facies of rocks: color, tex-
ture, alteration levels, constitutive minerals (primary and secondary) and if possi-

ble, their proportions, the presence of sulfides and veins or venules of quartz and
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carbonate, etc. Its main objective was to identify geological formations in the
area. In addition, to know their geotectonic protholites and contexts, geochemi-
cal analyzes on whole rock have also been carried out in the laboratory in Van-
couver in Canada by fluorescence X (XRF) to dose the major elements (SIO,,
AL,0s, Fe;03, MnO, MgO, CaO, Na,0, K;O, TiO, and P,Os) and ICP MS for the
dosage of trace elements (As, Ba, Be, Cd , Co, Cr, CS, Cu, Ga, Ge, Hf, In, Mo,
Nb, Nd, Ni, Pb, Rb, Sb, Sn, Sr, Ta, Th, U, V, W, Y and Zn) and rare earth ele-
ments (La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu). For this

geochemical study, 20 samples were selected (11 granitoids and 09 dioritoids).
4. Results

4.1. Petrography

Bondoukou plutonites are granitoids (granites, granodiorites and tonalites) and

dioritoids (Gabbro and Diorites).

4.1.1. Granite
These are medium grain rocks and leucocrats and of grainy texture. Macroscop-
ic, they are made up of quartz, feldspar and biotite minerals (Figure 2(A)). On

the microscope, the granites are made up of quartz crystals, generally altered

Figure 2. Granitoids and dioritoids of Bondoukou-Tanda region.
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carbonate and sericite feldspars, and chlorite. Biotite is also present with Zircon
inclusions and it shows on certain sections an alteration in chlorite. Preserved

plagioclases are also observed, as well as rare sulfides and oxides.

4.1.2. Granodiorite

The granodiorites are massive, weakly deformed and show medium to coarse
grains (Figure 2(B)). They are made up of quartz, feldspaths, amphibole and
biotite. These rocks often contain granophyres made up of quartz and feldspar;
as well as enclosures of mafic rocks. Under the microscope, they show a grainy
texture and are made up of Feldspaths minerals generally pseudomorphosed in
sericite, epidote and carbonates. We also observe green hornblende, chlorite,

preserved and zoned plagioclases, as well as rare sulfide.

4.1.3. Tonalite

On the outcrop, the tonalite are medium and more or less mesocratic grains
(Figure 2(C)). Macroscopically, we observe quartz crystals, feldspars, amphi-
boles and biotites. Microscopic observation, they show a grainy texture and are
made up of microcline minerals, quartz, and orthoses. Feldspar crystals (pla-
gioclase and/or alkaline) are often altered in carbonates, epidote and sericite.
The observed chlorite comes from the pseudomorphosis of minerals of biotite

and green hornblende. Rare sulphides as well as oxides are observed.

4.1.4. Gabbro

The Gabbros are outcrop in the form of massifs, melanocrats, with a grainy tex-
ture (Figure 2(D)). The minerals observed are plagioclases and ferromagne-
sians. Under the microscope, the gabbros have a porphyric texture with pyrox-
ene and green hornblende phenocrystals. Pyroxene crystals have generally un-
dergone uralitization. Plagioclases are generally pseudomorphosed in carbonates
(calcite + dolomie). Gabbros also contain chlorite, epidote, sericite, sulfides and
oxides. We also observe quartzo-feldspathetic venules often associated with epi-

dot crystals.

4.1.5. Diorite

The facies of diorite are mesocrats, of average granulometry and generally in en-
claves of granitoids (Figure 2(E)). They are dominated by two minerals of Pla-
gioclase and green hornblende. Under the microscope, these rocks show a grainy
texture. They are generally made up of green hornblendes and plagioclase; and
accessory epidote, chlorite and sericite. So, let’s note the presence of rare sulfides

and oxides.

4.2. Geochemistry

The results of intrusive analyzes are recorded in Tables 1-3. Inserted into the
classification diagram of (Middlemost, 1994) applied to plutonites the samples
are distributed from the fields of Tonalites to granites via the granodiorites
(Figure 3(A)) as well as gabbros and diorites (Figure 4(A)). Reported to the
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Table 1. Major (%) and trace (ppm) element composition of Bondoukou-Tanda region plutonites.

Granodiorite Granodiorite Granodiorite Granodiorite Granodiorite Granodiorite Granodiorite Granodiorite

Ref Echantillon
TA 010 TA 011 TA 019 TA 020 TA 026 TB 002 TB 023 TB 007
SiO2 67.25 67.60 68.70 69.36 68.56 68.79 66.81 69.98
Al;0Os 15.09 15.39 14.65 15.20 14.77 15.43 14.9 14.77
Fe;0s 4.15 3.87 4.51 3.28 4.06 3.04 4.28 2.65
MnO 0.06 0.05 0.06 0.04 0.07 0.05 0.06 0.05
MgO 1.69 1.57 1.41 1.04 1.73 0.96 1.65 0.81
CaO 3.84 2.50 3.06 2.87 3.70 2.99 3.32 2.41
Na:0 4.50 4.41 4.19 5.05 4.37 5.33 4.36 4.68
K.O 1.50 1.98 1.60 1.65 1.62 1.28 1.54 2.59
TiO2 0.42 0.40 0.38 0.33 0.42 0.32 0.39 0.27
P20s 0.18 0.14 0.15 0.14 0.15 0.12 0.12 0.1
Total 100.22 99.68 100.19 100.25 100.51 99.4 99.04 99.17
La 20.22 30.09 13.53 135.4 16.9 28.2 15.6 22.6
Ce 43.56 47.79 34.74 85.52 35.16 55.3 36.7 45.3
Nd 20.27 25.92 14.85 108.3 15.87 22.3 15.3 17.8
Pr 5.245 6.786 3.76 27.22 4.105 6.16 3.88 5.08
Sm 3.539 4.355 2.706 19.38 2.802 3.63 2.54 3.02
Eu 1.012 1.249 0.857 5.524 0.862 1.04 0.8 0.83
Gd 2.503 3.381 1.917 18.34 2.167 3.01 2.14 2.24
Tb 0.318 0.463 0.265 2.378 0.288 0.34 0.26 0.27
Dy 1.648 2.413 1.349 11.81 1.514 1.71 1.39 1.38
Ho 0.29 0.442 0.244 2.019 0.273 0.28 0.26 0.22
Er 0.76 1.19 0.634 4.871 0.763 0.79 0.73 0.69
Tm 0.109 0.171 0.099 0.655 0.115 0.13 0.11 0.11
Yb 0.741 1.105 0.666 3.832 0.734 0.72 0.78 0.74
Lu 0.108 0.168 0.102 0.553 0.118 0.12 0.11 0.12
Ba 322 530 364.7 358.2 315.1 380 312 665
Be 0.901 1.06 0.98 1.744 0.93 3 3 3
Cd <L.D. 0.137 0.168 0.178 0.159 <0.1 <0.1 <0.1
Co 11.5 10.58 11.15 9.238 12.37 6.5 10.7 6
Cr 214.5 226.5 360.7 343.2 154.1
Cs 0.566 0.759 0.652 0.907 0.629 1.7 0.8 1.4
Cu 44.57 45.86 32.56 11.61 27.06 24.7 32.6 9.7
Ga 19.27 19.72 19.19 20.72 18.73 19.7 17.1 16.5
Ge 0.908 0.935 0.949 1.07 1.072
Hf 2.778 3.259 3.383 3.337 3.036 3.2 3 2.9
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Continued
Mo 1.275 1.468 2.323 2.112 0.936 0.1 0.1 0.2
Nb 5.528 4.236 3.876 3.566 4.408 4 4 5.3
Ni 34.52 30.74 38.96 27.75 37.2 8.5 22.7 7.5
Pb 4.2595 4.8311 6.4487 9.1577 4.6234 1.5 1.9 4.3
Rb 40.27 45.27 42.18 52.48 42.83 45.6 48.8 88.5
Sc 8.04 7.17 7.53 5.18 8.12
Sn 0.668 0.67 0.797 0.803 0.567 <1 <1 <1
Sr 525.2 448.1 457.7 623.3 413 723.6 402.6 587.2
Ta 0.807 0.459 0.412 0.339 0.56 0.6 0.4 0.5
Th 2.635 2.863 3.378 5.246 2.886 33 2.8 4.9
U 0.793 0.993 0.998 2.571 0.866 1.3 0.6 1.7
Y 8.547 13.13 6.413 63.71 8.461 8.9 7.9 7.9
Zn 59.21 55.24 54.5 66.94 58.44 39 36 38
Zr 111.8 135.1 138.7 127.1 121.1 117.3 116.9 102.4

Table 2. Major (%) and trace (ppm) element composition of Bondoukou-Tanda region

plutonites.
Granite Granite Tonalite
Ref Echantillon
TA 048 TA 007 TA 033
SiO2 76.13 72.81 61.49
AlOs 12.68 11.18 15.78
Fe;0s 1.59 5.92 6.02
MnO 0.63 0.09 0.08
MgO 0.07 1.43 2.27
CaO 0.48 2.63 4.79
Na,O 4.28 2.70 4.57
K0 3.94 1.23 1.36
TiO. 0.09 0.59 0.58
P,0Os 0.05 0.09 0.20
PF 0.49 1.59 1.56
Total 100.43 100.24 98.69
La 16.73 27.33 17.8
Ce 27.43 51.61 37.99
Nd 9.771 20.05 18.57
Pr 2.864 5.553 4.615
Sm 1.501 3.385 3.587
Eu 0.348 0.93 1.082
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Continued
Gd 1.052 2911 2.752
Tb 0.125 0.436 0.374
Dy 0.61 2.581 1.969
Ho 0.096 0.496 0.359
Er 0.284 1.349 0.975
Tm 0.04 0.207 0.137
Yb 0.326 1.34 0.891
Lu 0.063 0.203 0.138
As 1.704 <L.D. 2.667
Ba 143.9 235.2 403.2
Be 1.816 0.824 0.979
Bi <L.D. <L.D. <L.D.
Cd 0.601 <L.D. 0.148
Co 10.35 16.37 18.13
Cr 254 233.9 257.4
Cs 0.82 0.676 0.705
Cu 21.41 27.43 36.84
Ga 21.1 13.67 21.7
Ge 1.467 1.084 1.05
Hf 3.181 2.46 1.535
Mo 2911 1.414 3.403
Nb 4.108 7.76 41.17
Ni 13.16 34.32 5.2048
Pb 10.9496 4.6343 41.63
Rb 122.9 33.13 10.9
Sc 2.63 12.36 <L.D.
Sn <L.D. 0.812 0.649
Sr 76.61 183.6 708.9
Ta 0.445 1.163 0.278
Th 15.9 4.049 2.126
2.799 0.875 0.796
18.89 102.7 93.35
Y 3.131 14.87 10.36
Zn 19.92 45.54 79.42
Zr 77.85 98.35 130
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Table 3. Major (%) and trace (ppm) element composition of Bondoukou-Tanda region

plutonites.
Ref
. TA 010 TAO011 TA 019 TA 020 TA 026 TB 002 TB 023 TB 007
Echantillon
SiO2 67.25 67.60 68.70 69.36 68.56 68.79 66.81 69.98

ALOs 15.09 15.39 14.65 15.20 14.77 15.43 14.9 14.77

Fe:Os 4.15 3.87 4.51 3.28 4.06 3.04 4.28 2.65
MnO 0.06 0.05 0.06 0.04 0.07 0.05 0.06 0.05
MgO 1.69 1.57 1.41 1.04 1.73 0.96 1.65 0.81
CaO 3.84 2.50 3.06 2.87 3.70 2.99 3.32 2.41
Na.O 4.50 4.41 4.19 5.05 4.37 5.33 4.36 4.68
K:0 1.50 1.98 1.60 1.65 1.62 1.28 1.54 2.59
TiO: 0.42 0.40 0.38 0.33 0.42 0.32 0.39 0.27
P,0s 0.18 0.14 0.15 0.14 0.15 0.12 0.12 0.1

PF 1.54 1.78 1.51 1.30 1.06 1.04 1.56 0.78

Total 100.22 99.68 100.19 100.25 100.51 99.4 99.04 99.17

La 20.22 30.09 13.53 135.4 16.9 28.2 15.6 22.6
Ce 43.56 47.79 34.74 85.52 35.16 55.3 36.7 45.3
Nd 20.27 25.92 14.85 108.3 15.87 22.3 15.3 17.8
Pr 5.245 6.786 3.76 27.22 4.105 6.16 3.88 5.08
Sm 3.539 4.355 2.706 19.38 2.802 3.63 2.54 3.02
Eu 1.012 1.249 0.857 5.524 0.862 1.04 0.8 0.83
Gd 2.503 3.381 1.917 18.34 2.167 3.01 2.14 2.24
Tb 0.318 0.463 0.265 2.378 0.288 0.34 0.26 0.27
Dy 1.648 2.413 1.349 11.81 1.514 1.71 1.39 1.38
Ho 0.29 0.442 0.244  2.019 0.273 0.28 0.26 0.22
Er 0.76 1.19 0.634  4.871 0.763 0.79 0.73 0.69
Tm 0.109 0.171 0.099 0.655 0.115 0.13 0.11 0.11
Yb 0.741 1.105 0.666 3.832 0.734 0.72 0.78 0.74
Lu 0.108 0.168 0.102 0.553 0.118 0.12 0.11 0.12
Ba 322 530 364.7 358.2 315.1 380 312 665
Be 0.901 1.06 0.98 1.744 0.93 3 3 3
Cd <L.D. 0.137 0.168 0.178 0.159 <0.1 <0.1 <0.1
Co 11.5 10.58 11.15 9.238 12.37 6.5 10.7 6
Cr 214.5 226.5 360.7 343.2 154.1

Cs 0.566 0.759 0.652 0.907 0.629 1.7 0.8 1.4
Cu 44.57 45.86 32.56 11.61 27.06 24.7 32.6 9.7
Ga 19.27 19.72 19.19 20.72 18.73 19.7 17.1 16.5
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Continued
Ge 0.908 0.935 0.949 1.07 1.072
Hf 2.778 3.259 3.383 3.337 3.036 3.2 3 2.9
Mo 1.275 1.468 2.323 2.112 0.936 0.1 0.1 0.2
Nb 5.528 4.236 3.876 3.566 4.408 4 4 5.3
Ni 34.52 30.74 38.96 27.75 37.2 8.5 22.7 7.5
Pb 42595 4.8311 6.4487 9.1577 4.6234 1.5 1.9 4.3
Rb 40.27 45.27 42.18 52.48 42.83 45.6 48.8 88.5
Sc 8.04 7.17 7.53 5.18 8.12
Sn 0.668 0.67 0.797 0.803 0.567 <1 <1 <1
Sr 525.2 448.1 457.7 623.3 413 723.6 402.6 587.2
Ta 0.807 0.459 0.412 0.339 0.56 0.6 0.4 0.5
Th 2.635 2.863 3.378 5.246 2.886 3.3 2.8 49
U 0.793 0.993 0.998 2.571 0.866 1.3 0.6 1.7
Y 8.547 13.13 6.413 63.71 8.461 8.9 7.9 7.9
Zn 59.21 55.24 54.5 66.94 58.44 39 36 38
Zr 111.8 135.1 138.7 127.1 121.1 117.3 116.9 102.4
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Figure 3. (A) Classification diagram from Middlemost (1994); (B) Diagram of Wright et al. (1969); (C) Diagram of Shand (1922)
and (D) Diagram of Chappell & White (1974) applied to the granitoids of the Bondoukou-Tanda region.
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Figure 4. (A) Classification diagram from Middlemost (1994); (B) Diagram of Wright et al. (1969); (C) Diagram of Shand (1922)
and (D) Diagram of Chappell & White (1974) applied to the granitoids of the Bondoukou-Tanda region.

diagram of (Wright et al., 1969) (Figure 3(B) and Figure 4(B)), the intrusive of
the Bondoukou region shows a chimism generally identical to that of sub-alkaline
rocks. However, it should be noted that the TB 07 granodiorite sample as well as
the granites TA 07 and TA 48 show alkaline chemicals. The diagram of (Shand,
1922) (Figure 3(C) and Figure 4(C)), indicates that these rocks are metaluminous
to pearluminous. The granitoides and dioritoides of Bondoukou region are type
I (Figure 3(D)) and unweathered rocks (Figure 4(D)).

4.2.1. Granite

SiO; and alkaline contents (Na,O + K,O) of granites vary from 75.25% to 76.18%
and from 6.94% to 8.23%. Their contents in ALO; and MgO vary respectively
from 12.68% to 13.13% and from 0.07% to 0.38%, with (Mg#) = 8.47 to 23.96.
Their TiO, value is very low (0.09% to 0.18%). The granites define a calco-alkaline
chemical (Figure 3(B)). The REE contents (XREE) of the granites are between
61.24 ppm and 68.10 ppm. The spectrum of the REE of these rocks normalized
to chondrites according to (Sun & Mc. Donough, 1995), presented to (Figure
5(A)) with average slope with an average fractionation: [(La/Sm)y = 5.47 - 6.79;
(La/Yb)n = 30.81 - 33.89]. These rocks generally have a negative anomaly to pos-
itive in Europium (Eu/Eu* = 0.86 - 1.84), probably due to a divergence in the
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Figure 5. Chondrite normalized rare earth spectra and primitive mantle normalized mul-
ti-element spectra applied to plutonites of the region of Bondoukou-Tanda.

magmatic evolution of these granites. Negative cerium anomalies (Ce/Ce* = 0.89
- 0.93) are observed. The compositions in trace elements of the granites are re-
ported on the multi-element diagrams normalized to the primitive mantle
(Figure 5(B)). The profiles are generally similar with an enrichment of litho-
phile elements (Rb and K). A generally negative anomaly in Ta, Nb, P and Ti is
observed. These spectrums have strong Nb negative anomalies but are relatively
smaller in Ti, characteristic of magmas relating to subduction zones. The nega-
tive anomalies in observed Ti are due to the fractionation of magnetite in the

source. Positive and negative anomalies in Sr and Th are observed.

4.2.2. Granodiorite

Granodiorites have SiO, contents from 68.79% to 69.98% and alkaline (Na,O +
K;0) from 6.03% to 7.27%. Their respective contents in ALO; and MgO vary
from 14.43% to 15.72% and from 0.81% to 1.74%, with (Mg#) = 40.22% to
48.36%. Their TiO, value is very low (0.33% to 0.42%). They belong to the cal-
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co-alcaline series (Figure 3(B)). The REE contents (XREE) of the granodiorites
are between 75.72 ppm and 125.50 ppm. The rare earth spectrum of these nor-
malized rocks in chondrites according to (Sun & Mc.donough, 1995) (Figure
5(A)), are on average slope with a fractionation of: [(La/Sm)x = 3.05 - 4.74;
(La/Yb)n = 13.21 - 25.86]. These rocks generally have trends in positive for nega-
tives in Europium (Eu/Eu* = 0.97 - 1.16) and in cerium (Ce/Ce* = 0.79 - 1.15).
These trends of positive and negative anomalies in Europium and Cerium are
probably due to a divergence in the magmatic evolution of these rocks. The
concentrations of elements in traces in the granodiorites of the region of Bon-
doukou-Tanda are as follows: the Ba (312 - 665 ppm), Co (6 - 12.37 ppm), Cu
(9.7 - 45.86 ppm), V (33 - 69.71 ppm), Y (6.41 - 13.13 ppm), Ce (34.74 - 55.3
ppm), Zr (102.4 - 138.7 ppm), Rb (41.63 - 52.48 ppm), and Zn (36 - 58.44 ppm).
Their U contents (0.87 - 1.70 ppm), Th (2.86 - 4.90 ppm), Hf (2.90 - 3.38 ppm),
and Nb (3.88 - 5.30 ppm) are weak. The compositions in trace elements of the
granodiorites reported on the multi-element diagrams normalized to the primi-
tive mantle (Figure 5(B)). These profiles are generally similar, marked by a gen-
eral enrichment of lithophile elements (Cs, Rb, and K) and negative anomalies of
Nb-Ta. The geochemical devices observed such as the enrichment in LILE and
the marked negative anomalies of Nb-Ta are characteristic of the magmas relat-
ing to the subduction emplacement. Negative Ti observed anomalies are due to

the fractionation of magnetite in the source.

4.2.3. Tonalite

SiO, and alkaline contents (Na,O + K,O) of Tonalites vary from 63.31% to
70.10% and from 6.10% to 6.77% (Figure 3(A)). AL,O; varies from 15.36% to
16.24%; TiO, varies from 0.33% to 0.60%; and MgO varies from 1.05% to 2.33%,
with (Mg#) = 41.02 - 45.32. The REE contents (XREE) of the tonalites are be-
tween 91.24 ppm and 425.8 ppm. The spectrum of the rare earth elements of
these rocks normalized at the chondrites according to Sun & McDonough (1995),
presented in (Figure 5(A)). These contents are around 4 to 429 times the chon-
drite content. The fractionation is: [(La/Sm)y = 3.02 - 4.26; (La/Yb)y = 13.19 -
23.33]. These rocks generally have a very slightly positive negative anomaly in
Europium (Eu/Eu* = 0.90 - 1.06). Negative cerium anomalies (Ce/Ce* = 0.33 -
0.99) are observed. The compositions in elements in traces of the tonalites, re-
ported on the multi-element diagrams to the primitive mantle (Figure 5(B)),
show significant enrichments in LILES (Cs, Ba, Rb, U) and LREEs (La, Ce, Pr,
Nd and Sm) relative to HFSE (Ta, Zr, Hf and Y) and HREE (Tb, Dy, Ho, Er, Tm,
Yb and Lu). A generally negative anomaly in K, Nb, P and TI is observed. These
enrichments thus the negative anomalies observed reflect the characteristics of
the magmas relating to the subduction. The negative anomalies in observed Ti

are due to the fractionation of magnetite and titanite in the source.

4.2.4. Gabbro
Gabbros are characterized by SiO, contents from 47.48% to 52.88%, in alkaline
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(Na,O + K,0) from 1.81% to 3.62%, in AL,O; from 14.80% to 17.26% and in
TiO, from 0.60% to 0.93%. Fe,O; varies 9.61% to 11.89% and MnO is between
0.12% and 0.19%. MgO values are between 4.5% and 6.93%, with (Mg#) =
51.39% - 60.12%. The REE contents (XREE) of the gabbros vary from 17.86 to 62
ppm. As reported on normalized chondrites diagrams (Sun and McDonough,
1995); (Figure 5(A)), the rare earth spectrum is depleted in LREE with a very
low fractionation: (La/Sm)yx = 0.57 - 3.89 and (La/Yb)y = 0.47 - 6.07. These rocks
show positive anomalies in Europium (Eu/Eu* = 1.08 - 1.17) We observe nega-
tive to positive anomalies in cerium (Ce/Ce* = 0.90 - 1). The compositions in
trace elements of the normalized gabbros with primitive mantles (Figure 5(B))
show generally similar spidergrams. The spectrum of these rocks shows a slight
enrichment in LILE (Cs and Rb), positive anomalies in Ta and negative Nb, K, Ti
and P.

4.2.5. Diorite

Diorites have SiO, contents from 57.91% to 58.07% and alkaline (Na,O + K,O)
from 4.37% to 5.28%. AL,O; varies from 14.85% to 15.97% and MgO from 3.22%
to 5.24%, with (Mg#) = 46.21 to 62.84. Their TiO, values are low (0.60%). Dio-
rites are calco-alkaline. The REE contents (XREE) of the Diorites are between
85.02 and 167.7 ppm. The spectrum of the rare earth elements of these norma-
lized rocks with chondrites according to Sun & Mc. Donough (1995) (Figure
5(A)) shows a fractionation of: [(La/Sm)y = 2.44 - 3.80; (La/Yb)x = 5.57 - 15.12].
These contents are around 6 to 76 times the chondritic content. These rocks
have negative anomalies of almost zero in Europium (Eu/Eu*) = 0.89 - 1.02.
Anomalies almost zero in cerium (Ce/Ce* = 0.97) are observed. The spectrum of
normalized diorites with primitive mantle (Figure 5(B)) is marked by an enrich-
ment of lithophile elements (Cs, Ba, U, Sr and Ta). The most characteristic fea-
tures are the clear negative anomalies in Nb, characteristic of the magmas enriched
in the mantle during an episode of subduction. The negative anomalies in Ti, K
and P that we find are due to the fractionation of magnetite, potassium feldspars

and sphenes in the source.

5. Discussion

5.1. Magmatic Evolution and Source of Magma

The intrusives of the Bondoukou-Tanda region are granites, granodiorites, tona-
lites, gabbros and diorites. The petrographic study highlights evidence of intense
hydrothermal alteration undergone by these facies. These are mainly sericitiza-
tion, chloritization and epidotation induced by epizonal metamorphism like the
intrusives of the Baoulé-Mossi domain (Vidal et al., 2009; Baratoux et al., 2011).
Still on the petrographic level, we have noticed that the granodiorites express an
extreme poverty in potassium feldspars which reflects their placement during
deformation. These rocks evolved by fractional crystallization, hence their enrich-
ment in Rb and their depletion in Sr. The Ba and Sr anomalies in the spectrum

suggest that feldspars are present in the residual liquid and the negative P ano-

DOI: 10.4236/gep.2022.109012

200 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2022.109012

B. R. Kouassi et al.

maly is the result of apatite fractionation. The high Ba contents compared to the
Sr show that there was an important fractionation of plagioclase in the rock. The
meta-aluminous to peraluminous trends in terms of the chemistry of these in-
trusives clearly show that they issued a hybrid source (mantle-crust). Structured
by Eoeburnean magmatism, these massifs are similar to the geological forma-
tions of Boromo-Houndé and Banfora in Burkina Faso (Parra-Avila et al., 2018).
They are also calc-alkaline and highly enriched in LREE. Indeed, for (Barbarin,
1990), granitoids with these characteristics have a hybrid origin (mantle and
crustal). According to Rogers & Hawkesworth (1989), Sigmarsson et al. (1990),
the presence of residual garnet and/or hornblende explains the low Yb contents
of the magmas. The (La/Yb)y ratios between 0 and 40 and Yby levels between 0
and 5 ppm observed in these samples support this assertion. This is also ex-
plained by the fact that it is type I. The low TiO, contents of the gabbros ana-
lyzed resemble those of the plutonic rocks of the magmatic arcs (Pearce & Cann,
1973), but are different from the basalts of those of the intra-plaque arrange-
ments, which often maintain the high TiO, concentrations (>2%). The rare earth
elements spectrum of Bondoukou-Tanda region intrusives is generally show
negative to almost zero anomalies in europium, with however very rare slightly
positive anomalies. Indeed, for Martin (1999), the absence of an anomaly in Eu
would come from the fusion of a hydrated subducted oceanic crust in a mod-
erately deep subduction zone which reacted with the mantle at the base of the
continental crust. Cerium anomalies are common to modern arc magmas but
can also result from post-magmatic alterations such as the dominant circulation
of hydrothermal fluids (Abouchami et al., 1990; Sylvester & Attoh, 1992).

5.2. Tectonic Implication

Figure 6(A) shows that the granitoides of the Bondoukou-Tanda region are
generally put in place in a context of volcanic arc, according to the diagram of
Pearce et al.,, 1984. In the diagram the/yb-yb of Martin (1986), in the Figure
6(b), these rocks are generally located in the common field with archaean TTG
and rocks of the island arcs. This position of these rocks shows that they have a
certain affinity for the Archaean TTG. This shows a possibility of mixing due to
the existence of a small archaean inherited component. Proponents of the arc-
type setting across the Baoulé-Mossi domain have identified whole-rock ele-
mental compositions which are commonly associated with modern arc envi-
ronments. These include negative Nb and Ta anomalies and variable degrees of
enrichment of the LILE (Arculus et al., 1999). Recent studies have identified
subduction-related geochemical signatures across Burkina Faso, Ghana, Guinea
and Mali (Fontaine et al., 2017; Lambert-Smith et al., 2016; Masurel et al., 2017;
Petersson et al., 2016). Furthermore, these rocks exhibit a highly fractionation
spectrum in the HREE portion, which is typical of most subduction zones. The
intrusives of the Bondoukou-Tanda region show an enrichment in lithophilic
elements (LILE), a depletion in HFSE elements, as well as a clear negative anomaly

in Nb-Ta. According to (Doumbia et al., 1998), these characteristics observed on
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Figure 6. (A) Ta vs Yb diagram from Pearce et al., 1984 and (B) La/Yb-Yb diagram from
Martin (1986) applied to granitoids in the Bondoukou-Tanda region.

these intrusives imply that they would have been emplacement in active conti-
nental margins. Significant negative Nb anomalies also indicate the role played
by titaniferous and/or amphibole phases (Martin, 1999). Positive Ta and nega-
tive Nb, K, Ti and P anomalies clearly indicate a subduction environment more

precisely in arc type.

6. Conclusion

The Bondoukou-Tanda intrusives are divided into four main facies which are
granites, granodiorites, tonalites, gabbros and diorites. These formations of the
Baoulé-Mossi domain structured by the Eburnean orogenic mega cycle are af-
fected by hydrothermalism, particularly sericitization, chloritization and epido-
tation which characterize the epizonal metamorphic facies which facies is fre-
quent at the level of the rocks of the West African craton. These resulting from

the Eoeburnean magmatism have evolved by the process of fractional crystalliza-
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tion also confirmed by geochemical data. Regarding their source, the intrusives
of the study area have a hybrid origin, hence their chemistry, which varies from
metaluminous to peraluminous. Concerning the geotectonic context, the argu-
ments of geochemistry show that these formations define an emplacement by the
mechanism of subduction more precisely in an arc context as the majority of the

rocks of the West African craton.
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